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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
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 hercin by reference in their

cntireties.

FIELD
e present invention relates to compounds effective in inhibiting replication of Hepatitis
Th t t lates t I ds effect hibiting replicat f Hepatitis C
virus (“HCV”). The present invention also relates to compositions comprising these compounds and

methods of using these compounds to treat HCV infection.

BACKGROUND

HCV is an RNA virus belonging to the Hepacivirus genus in the Flaviviridae family. The
enveloped HCV virion containg 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, 2 membrane bound protein
p7, and the non-structural proteins NS2, NS3, NS4A, NS4, NS5A and NS5B.

The nonstructural protein NS5A is a membrane-associated phosphoprotein present in basally
phosphorylated and hyperphosphorylated forms. T is a critical component of HCV replication and is
believed 1o exert multiple functions at various stages of the viral life cycle. A full-length NS5A
protein comprises three domains — namely, Domain I, Domain I, and Domain [II. Domain I (residues
I to 213) contains a zinc-binding motif and an amphipathic N-terminal helix which can promote
membrane association. Domain H (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 I (residues 356 to 447) plays a role in infectious virion assembly, and
can be modulated by phosphorylation within the domain. NSS5A has been identified as a promising

therapeutic target for treating HCV.



SUMMARY
The present invention features compounds of Formulae I, I, Ig, I, Ip, Iz, Iz and I 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 invention provides methyl {(25,3R)-1-[(28)-2-{5-[(2R,5R)-1-
{3,5-difluoro-4- {4~ (4-

flucropheny!)piperidin-1-yliphenyl}-5-(6-fluoro-2-{ (25)-1-[ N-(methoxycarbony}-O-methyl-L-
threonytjpyrrolidin-2-y1}-1 H-benzimidazol- 5-yljpyrrolidin-2-yl}-6-fluoro-1 H-benzimidazol-2-

y1}pyrrolidin-1-yl}-3-methoxy-1-oxobutan-2-yl}carbamate
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( ¢\ ), or a pharmaceutically acceptable salt thereof.

In one aspect, the present invention provides a pharmaceutical composition
comprising methy) {(25,3R)-1-[(285)-2-{5-[(2R,5R)-1-
(3,5-difluoro-4-{4-(4-fluorophenyl)piperidin-1-yljphenyl }- 5-(6-fluoro-2-{ (25)-1-{N-

(rmethoxycarbonyl)-O-methy}-L-threonyljpyrrolidin-2-yl }-1 H-benzimidazol-5-yl)pyrrolidin-2-yI}-
¢-fiuoro-1H-benzimidazol-2-y1 }pyrrolidin-1-yl}-3-methoxy-1-oxobutan-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.



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 NSSA protein in
conjunction of computer modeling to design or select NS5A inhibitors.
To improve interactions with the NSSA 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: ; WO2008144380 (BMS)

depicts  compounds  with  the  formula:
WO2008021927(13MS) shows compounds with the formula:

(R6> (R
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with the formula: RY ; and US20100068176 (BMS)
shows compounds with the formula: , wherein L is selected from aryls (e.g.,

$ N
¢ N ) heteroaryls (ccr ), ali

phatic groups (e.g.,

§), or a combination thereof (e.g.,
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Certain modifications to the above formulac have also been provided. For instance,

RS F\Ve
F
AmBmA'——Q
R;‘: —_—y /Y’\_N_\ Rk
WO2010065681 (Presidio) discloses the formula: - : , wherein B

1s 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
5 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;, WO2010096777 (Presidio) describes a similar formula:

R4 R®
Hrmeme{

F{&'“"’—"" Y

\“N 3

; N
z 2!
7 , wherein B is W-W or W-X""-W, and wherein each W is

optionally substituted aryl or heteroaryl, and X’ is selected from -O-, -S(O), -N(R™- and ~CR’,-;

WO02010091413 (Enanta) and US20100266543 (Enanta) show the formula:

GON N
,@_ =T
HN AN\ /)
s, 2= |
a” N {

» R?),
10 {1-h

J

, wherein A is substituted aryl, heteroaryl, heterocyclic, Cs-
Cseycloalkyl or Cs-Cgeycloalkenyl and is optionally substituted with selected substituents; and
US20100221215 (Enanta) depicts the formula:

, Wwherein A is selected from aryl,
heteroaryl, heterocyclic, Cs-Cgeycloalkyl or Cs-Cgeycloalkenyl, 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 generically covered by WQO2010065681 (Presidio)
W02010096777 {Presidio), WO2010096462 (Fnanta), US20100266543 (Enanta), WO2010096462
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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. WO2010065681 (Presidio)
WO2010096777 (Presidio), WO2010096462 (Enanta), US20100266543 (Enanta), W02010096462
(Enanta) and US20100266543 (Enanta) also fail to identify any advantage of these compounds over

those described in the BMS applications.
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(BMS-790052) employs a biphenyl
linker between the imidazole moieties. Sce WO2008021927(BMS). The ECs values of BMS-
790052 agamst different HCV genotypes were shown by Nettles er of., “BMS-790052 is a First-in-
class Potent Hepatitis C Virus (HCV) NS5A Inhibitor for Patients with Chronic HCV Infection:
Results from a Proof-of-concept Study”, 59th Annual Meeting of the American Association for the
Study  of  Liver  Discascs (Oct 31-Nov 1 2008, San Francisco, CA;
www.natap.org/2008/AASLD/AASLD _06.htm). Specifically, Nettles et af., observed that the BCs
values of BMS-790052 against HCV genotypes 1a ib, 3a, 4a and 5a were 0.05, 0.009, 0.127, 0.012,
and 0.033 nM, respectively. See also Gao ef al,, NATURE 465:96~100 (2010). The compounds in
Table 1 use different linkers between the imidazole moieties. Table 1 depicts the ECyg 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 bipheny! linker with other linkers

can significantly reduce the compounds’ activities against various HCV genotypes.

Table 1. Biphenyl linker versus other linkers

ECs (nM)
1a | 1b | 22 | 2b | 3a | 4a | 5a | 6a

—N 7 LN B
et i O,,J\_/N\n,o\ see Nettles et al., supra
/°-F<\o / /L\ °
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(isomer 1, in which the cyclohexanyl
moiety has a different cis/irans
configuration than isomer 2)
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(isomer 2, in which the cyclohexanyl
moiety hag a different cis/trans
configuration than isomer 1)

Table 2 compares compounds confaining unsubstituted benzimidazole to those containing
halo-substituted benzimidazole. Anti-viral activities were assessed using wild-type replicons (e.g., 1b
WT or la WT) as well as replicons containing specific NS5A mutations (e.g., 1b L28T, 1b Y93H, la
L31V, 1a Y93C, la M28Y, or la Q30E) in the absence of FBS. As compared to the reference
compound which contains unsubstifuted 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

ECs (nM)

1h ibh 1b 1a ia 1a 1a ia
WT 28T Y93H WT .31V Y93C | M28V | Q30E

0.01 2.7 0.9 0.09 36 40 1.0 40

0.003 1.8 0.5 0.14 | 109 26 2.4 119

(.004 4.3 2.4 0.26 5.5 34 1.8 59

0.005 | >10 5.7 0.28 33 103 (1.6 306
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0.007 | >10 3.6 0.1 80 141 58 52

benzimidazole (e.g., ) can have better activity against certain

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

5 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
mvention features methods of using the compounds containing halo-substituted benzimidazole (e.g.,

10 - or )} to treat HCV

variants (e.g., la M28T or 1a L31V). These methods comprise administering an effective amount of
such a compound 1o a patient infected with such a HCV variant (e.g., 1a M28T or 1a L31V),
It was also found that when the phenyl hnker between the benzimidazole moietics was
A
replaced with a pyrrolidiny! link (e.g., w_), the process chemistry fo introduce halo
15 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
gm". Scheme XXIV and various Example of the present application (c.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 cnabling disclosure
that allows such substitutions in compounds with substituted pyrrolidiny] Hinkers.
Table 3 compares compounds with different linkers between the benzimidazole moicties.
Anti-viral activities were determined using 1a and 1b replicon assays. “HP” refers to human plasma.

The compound containing the pyrrolidiny! linker showed significantly worse anti-HCV activities than
those containing the pyridinyl linker. As compared to the phenyl linker (%—@% ) used in

SN
US20100068176 (BMS), the pyridiny] linker (g@%—) or like 6-membered aromatic linkers are

expected to provide similar or comparable anti-HCV activities.

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

ECso (nM, in the BCs (1M, in the
N . presence of 5% FBS and
presence of 5% FBS) 40% HP)
(4] 3

ia 1b 1a 1b
> 250 > 2350 2500 - 8000 > 4500
<0.32 <0.32 <32 <32

6.8 2.9 83 190

1.7 1.7 <32 6

82 73 166 548
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Table 4 further shows that when the phenyl linker is replaced with a pyrrolidiny! linker, the

1 I 5 150 - 4 ~ . :
pou ctivity againgt HCV can be significantly reduced. The compound in Table 4 containg a

compound’s activity againgt HCY
pyrrolidinyl linker and has ECse values of over 200 sM. In comparison, BMS-790052, which
containg a biphenyl linker, has ECs values of no more than 0.2 nM. see Nettles et al., supra.
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.



WO 2012/051361 PCT/US2011/056045

Table 4. Non-aromatic heterocyclic linker versus aromatic heterocyclic linker

ECs) (1M, in the ECso (aM, in the
resence of 5% FBS) presence of 5% FBS and
P S e KBS 40% HP)
1a 1b 1a ib
290 320 1200 2400
> 1000 10 > 10000 60

It was unexpectedly discovered that when the nitrogen atom in the pyrrolidinyl linker is
substituted with carbocycle or heterocycle, the anti-viral activities of the compound can be drastically
mproved. Table 5 shows the anti-HCV activities of compounds in which the pyrrolidiny] linker is

substituted with substituted carbocycele or heterocycle,

Table 5. Substituted pyrrolidinyl linker

ECs
(nM, in
the EC5 (nM, in the abscnce
presence of HP)
of 46%
HP)
Ia | 1b 2a 2b 3a 4a

I < < | s
O 0L 03102 1005 | 00s | 00s
SO

G

o

(Example 109 of U.S. Patent Application Publication
No. 2010/0317568)
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(Example 163 of U.S. Patent Application Publication
No. 2010/0317568)
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(Example 236 of U.S. Patent Application Publication
No. 2010/0317568)
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(Examplc 245 of U.S. Patent Application Publication
No. 2010/0317568)
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(Examp e 251 of U.S. Patent Application Publication
No. 2010/0317568)
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(B xamplc 256 of U.S. Patent Application Publication
No. 2010/0317568)
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{Example 257 of U.S. Patent Application Publication
No. 2010/0317568)
®
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o o’
W %-umii<
NH HIN
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O=< : o>=
O \
(Example 258 of U.S. Patent Application Publication
No. 2010/0317568)
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(Example 271 of U.S. Patent Application Publication
No. 2010/0317568)
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(Bxample 302 of U.S. Patent Application Publication
No. 2010/0317568)
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(Example 3.20 described below)
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(Example 4.3 described below)

= = < <
011020 605 | 0.05 | 005 | 0.05
(Example 5.1 described below)
Ho
N N~ H < < < <
- ]w N 0y \l(\N O\ - - - -
YNV&\ O\(_] @ o) O/}jﬁwc() 021914 605 | 005 | 005 | 0.05

(Exampie 37 of U.S. Patent Application Publication
No. 2010/0317568)
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It is noted that the anti-HCV activity of  / O has not been shown
ﬂ\_, N /R
NN \c/\\l
N e \ _'lJ‘ 7y
[N N
N R H /'N/
\ \':O O’\ ./\
A~ )
.- NH HN
5 0
to be better than that of 7 S

Table 5 also demonstrates that additional halo substitution(s) on the carbocycle/heterocycle
substituents on the pyrrolidinyl linker can significantly improve the compounds’ anti-HCV activities
{e.g., comparc Example 4.25 1o Example 3.20 or Example 5.1).

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

salts thereof,

wherein:

X is Cs-Cpcarboeycele or 3- to 12-membered heterocycle, and is optionally substituted with
one or more Ry or Ry

L, and L, are each mdependently selected from bond; or C;-Cealkylene, Cy-Cealkenylene or
Cy-Cealkynylene, each of which 18 independently optionally substituted at cach
occurrence with one or more Ry

L; is bond or —Lg~K~Ls -, wherein K is selected from bond, —-O—, -S—, -N(Rg)—, -C{O)~, —
S(O)y—~, =S(0)-, -0OS(0O)-, —0S(0),—, —S(O0)0-, -S(O)0-, ~C(0)YO~, ~OC(O)-, -~
OC(O)O—, C(OINRg)-, -N(Rp)C(O)-, -N(Rp)C(O)O-, ~OC({O)N(Rp)-, “N(R5)S(O)-,
“NRp)S(O)o=, =S(OIN(Rp)-, =S(0)NR ), “C(O)N(Rg)C(O)—, -N(Rp)C(OIN(Rg ), —
N(Rp)SON(Rp’ ), or =N({Rg)S(O)N(R" )

A and B are each independently C;-Cicarbocycle or 3- to 12-membered heterocycle, and are
each independently optionally substituted with one or more Ry;

D is C3-Cyycarbocycle or 3- to 12-membered heterocyele, and is optionally substituted with
one or more Ry; or D is Cy-Ciacarbocycle or 3- o 12-membered heterocycle which is

substituted with 1 and optionally substituted with one or more Ry, where J is Ca-

15
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Cyzearbocycle or 3- to 12-membered heterocycle and is optionally substituted with one or
more Ry, or T is —SFs; or D ig hydrogen or Ry

Y 1s selected from —T'—C(R;Ry)N(Rs5)-T-Rp, ~T"~C(R3R4)C(R¢R7)-T-Rp, ~Lx~T-Rp, or —
Le—E;

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

R3, Ry, R, and Ry are each independently Re; or R; and Re are each independently Re, and Ry
and Ry, taken together with the atoms to which they are attached, form a 3- to 12-
membered carbocycle or heterocycle which is optionally substituted with one or more Ry;

Z is selected from —T"—C(RgRo)N(Rp)~T—Ryp, —T"—C(R16R1)C(R13R14)-T~Rp, —Lx—T-Rp, or
—Lx—FE;

Rg and Ry are cach independently Re, and Ryp is Ry; or Rg is Re, and Ry and Ry, 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 Ry;

Rio, Ry, Rys, and Ryg are cach independently Re; or Ryg and R,; are each independently R,
and Ry and Rys, taken together with the atoms to which they are attached, form a 3- to
12-membered carbocyele or heterocycle which is optionally substituted with one or more
Ra;

T and T* are each independently selected at each occurrence from bond, —Lg—, —LgM—Lg =,
or ~Lg-M-Lg'-M"'-Ls"’—, whercin M and M’ are each independently selected at each

occwrrence from bond, ~O—, —~S—, N(Rp)-, —C(O)—, ~S(0)y~, ~S(O)}-, -0OS(O)—, —

NRp)CO)—  —NRp)C(O)O-, ~OC(ONRg)-, -NRp)SO)-, ~NRp)S(O)-, -
S(ONRe)—  —S(O0pNRp)-  -CONRpCO)~,  NRCONRp')-, -
N(Rp)SON(Rp' ), -NRp)S(ONRp')~, Ci-Cpcarbocycle or 3- to  12-membered
heterocycle, and wherein said Cy-Cyycarbocycle and 3- to 12-membered heterocycle are
each independently optionally substituted at each occurrence with one or more Ry;

Lx is independently selected at each occurrence from bond, —Ls—N(Rp)C(O)-Lg’~ or ~Lgs—
C{ON(Rp}-Ls"— or C-Cgalkylene, Cy-Cralkenylene or Co-Cealkynylene, each of which
is independently optionally substituted at each occurrence with one or more Ry; or Cs-
Cipcarbocycle or 3- to 12-membered heterocycle, each of which is independently
optionally substituted at each occurrence with one or more Ry;

E is independently selccted at each occurrence from Cs-Cyocarbocycle or 3- 10 12-membered
heterocycle, and is independently optionally substituted at each occurrence with one or

more Ry;

16
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Rp is each independently selected at cach occurrence from hydrogen or Ry,

ependently selected al each occurrence from halogen, nifro, oxo, phosphonoxy,
phosphono, thioxo, cyano, or —Lg—Ry, wherein two adjacent Ry, taken together with the
atoms to which they are attached and any atoms between the atomsg to which they are
attached, can optionally form carbocycle or heterocycle;

Ry and Ry’ are each independently selected at each occurrence from hydrogen; or C,-Cealkyl,
Cy-Caalkenyl or C,-Cealkynyl, each of which is independently optionally substituted at
gach occurrence with one or morc substituents selected from halogen, hydroxy, mercapto,
amino, carboxy, nitro, 0xo, phosphonoxy, phosphono, thioxo, formyl, cyano or 3- to 6-
membered carbocycle or heterocycle; or 3- to 6-membered carbocyele or heterocycle;
wherein each 3- to 6-membered carbocycle or heterocycle in Rp or Ry’ is independently
optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nilro, oxo, phosphonoxy, phosphono,
thioxo, formyl, cyano, Ci-Cealkyl, Cr-Cealkenyl, C-Cealkynyl, C;-Cghaloalkyl, C,-
Cshaloalkeny! or Cy-Cehaloalkynyl;

Re 1s independently selected at each occurrence from hydrogen, halogen, hydroxy, mercapto,
amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxe, formyl or cyano; or Ci-
Cealkyl, Co-Cealkenyl or C,-Cealkynyl, each of which 1s 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-membered carbocycle or heterocycle in Re 1
mdependently optionally substituted at each occurrence with one or more substituents
selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, formyl, cyano, C;-Cealkyl, Ci-Cgalkenyl, C,-Cealkynyl, Ci-
Cghaloalkyl, C,;-Céhaloalkenyl or C,-Cghaloalkynyl;

Ry is independently sclected at each occurrence from —~O-Rg, ~8-Rs, ~C(O)Rs, -OC(O)Rs, —
C(OYORs, ~N(RsRg’), ~S(O)Rs, ~SO:Rs, ~CO)N(RsRg™), ~NRs)C(ORg", -
NRHCONRg'Rg’"),  —N(Rs)SORg,  —SON(RsRg™),  —N(RgISO:N(Rs'Rg™),  —
N(Rg)S(O)N(Rs’Rs""), ~OS(O)-Rg, ~OS(0)r-Rs, —S(0),0Rs, ~S(O)ORs, ~OC(O)ORs, ~
NRs)C(O)ORs', —“OC{ON(RsRs’), -N(Rg)S(0)~Rs’, =S{(OINRsRs"), ~P(O}ORs)s. or ~
COINRHC(O)yRs"; or C;-Cealkyl, Cy-Cealkenyl or Ci-Cealkynyl, each of which is
independently optionally substifuted at each occurrence with one or more substituents
selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, formyl or cyano; or C;-Cecarbocycle or 3- to 6-membered

heterocycele, each of which is independently optionally substituted at each occurrence
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with one or more substituents selected from halogen, hydroxy, mercapto, amino, carboxy,

iten awe nhoand vy nhoanhan

£ 1 T al *
nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Ci-Cealkyl, C; Cealkenyl,

Cyp-Cealkynyl, Ci-Cehaloalkyl, C,-Cghaloalkenyl, C,-Cghaloalkynyl, C(O)ORs, or -
N(RsRs™);

Rr 1¢ independently selected at each occurrence from Ci-Cialkyl, C;-Ciealkenyl or Cy-

Cyoalkynyl, each of which contains 0, 1, 2, 3, 4 or 5 heteroatoms selected from O, Sor N
and is independently optionally substituted with one or more Ry; or {Rx—Ry)o~«Rx—Ry"),
wherein Qis 0, I, 2, 3 or 4, and each Ry is independently O, S or N(Rg), wherein each Ry
is independently C,-Cgalkylene, Co-Cealkenylene or Co-Cealkynylene each of which is
independently optionally substituted with one or more substituents selected from halogen,
hydroxy, mercaplo, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl
or cyano, and wherein each Ry’ is independently Cp-Cealkyl, Co-Cealkenyl or Cp-
Cealkynyl 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;

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

Ls,

phosphono, thioxo, cyano, -O—Rg. —S—Rg, ~C(O)Rs, —OC(O)Rs, —C(O)ORs, -N{RgRg"), —
S{O)Rg, —SO.Rs, ~C{OYN(RsRg™) or ~N(Rs)C(O)Rs'; or Cs5-Cgoarbocycie or 3- 1o 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, 0x0, phosphonoxy, phosphono, thioxo, formyl, cyano, C-Cealkyl,
Cy-Cealkenyl, Cyr-Cealkynyl, Ci-Cghaloalkyl, Cy-Cghaloalkenyl or C,-Cghaloalkynyl;
wherein two adjacent Ry, 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;

Ls” and Ls'" are each independently selected at each occuwrrence from bond; or Ci-
Cealkylene, C,-Cealkenylene or C,-Cealkynylene, cach of which is independently
optionally substituted at each occurrence with one or more Ry; and

Rs” and Ry’ are each independently selected at each occurrence from hydrogen; Ci-
Cealkyl, Cy-Cealkenyl or C,-Cealkynyl, each of which is independently optionally
substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitre, 0xo, phosphonoxy, phosphono, thioxo, formyl,
cyano, —-0-C-Cealkyl, -0O-Ci-Cealkylene—0O-Ci-Cealkyl, or 3- to 6-membered
carbocycle or heterocycle; or 3~ to 6-membered carbocycle or helerocycle; wherein each
3- 10 6-membered carbocycle or heterocycle in Rg , Rg” or Rg’ 18 independently optionally

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

18



WO 2012/051361 PCT/US2011/056045

hydroxy, mercapto, amino, carboxy, nitro, 0xo0, phosphonoxy, phosphono, thioxo, forrayl,
cyano, Ci-Cealkyl, C,-Cealkenyl, Cp-Cealkynyl, C;- Cehaloalkyl, C; Cehaloalkenyl or Cp-
Cghaloalkynyl,

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

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

W2 \ 2\/

g KI)-@ J\If L1

, where Z; 1§
independently sclected at each occurrence from O, S, NH or CH,, Z, is independently selected at each
occurrence from N or CH, Z; is independently selected at each occurrence from N or CH, Z; is
independently selected at each occurrence from O, S, NH or CH,, and Wy, W, Wi, Wy, Ws and W

16 are each independently selected at each occurrence from CH or N. A and B arc cach independently
optionally substituted with one or more Ra.

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

2ee T e g

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

Wz,

-
w,

%AJK ~ z/}_g
selected from Cs-Ceearbocycle, 5- to  6-membered heterocycle, Ws 3 or

15 , and is optionally substituted with one or more Ry where 2y, Z,, Zs, Z4, Wy, Wy,
Wi, W, Ws, Wg are as defined above. Preferably, Z; is N and 7, is NH. For instance, A can be
N........u
= )
selected from phenyl (eg., ), pyridinyl  (e.g., — ), thiazolyl (e.g.,
o< § /
hg e : =
p
: | s \ Q
S\/)—é ), ‘<\N o (eg., —<N g), or H : (eg.
N
2egagr
N or N ), and is optionally substituted with one or more R,; and B can be
N
O O
20 selected from phenyl (c.g., ). pyridinyl (e.g., e ), thiazolyl (e.g.,

. z, i 2,
%__{j:js/ ), %‘Oiw)—% (e.g., g_C[N)-g) or % 5‘>—§ (g,

H or H o), 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 ; E). Also highly preferably, A
o< S
N N N N
t 7\ e /N g 5
is ¢\ % and B is © N\ g; or A is S\/)_é and B is E—Q\/S ;or A s
N ” A §
§ ] : _<? >_

§~<\N A % and B is % | ~ N/>~§; or A s §‘<\N:©~§ and B is ° % or A
H
N

L

IS
i
RSSO0 I N |
is and B is # N : wherein cach A and B is independently optionally

substituted with one or more Ra.

¥ i
ROgINges |
Also preferably, A is N Bis N , and A and B are substituted

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

H

< N N F T //:Q"{:w/ 'AN\ .

bt i ; SNl

A . g el AR
S TN

halo-substituted benzimidazole (e.g., A is and B is ) the
compounds of Formula I (as well as compounds of Formula 14, In, Ic, In, Ig, Ir o1 I described below,
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). 1t was also surprisingly discovered that these compounds with halo-
substituted benzimidazole unexpectedly displayed improved inhibitory activity against certain HCV
genotype la variants (e.g., variants containing NSSA 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 YO3N la variant infection). These methods
comprise administering such a compound to a patient having HCV genotype la variant (e.g., L31M,
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., L3IM,
YO3H, or YO3N la variant infection).

D preferably is selected from Cs-Cgoarbocycle, 5- to 6-membered heterocycle, or 6- 1o 12-
membered bicycles, and is optionally substituted with one or more Ra. D can also be preferably
selected from C;-Cealkyl, C;-Cealkenyl or Cy-Cealkynyl, and is optionally substituted with one or
more substituents selected from Ry. More preferably, D is Cs-Cecarbocycle (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, benzo[dthiazolyl, indazolyl, benzo[d][1,3]diox0l-5-y1),
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and is substituted with one or more Ry, where Ry is halogen, nitro, oxo, ph.osphonoxy, phosphono,

D]

}’ Dis 111‘13“" Langisop “011“ c;1 1 o v on are

ionally substituted with one or more
R,. More preferably, D is phenyl, and is substituted with one or more Ry, wherein Ry, is as defined
Ru Ry
RN RN

RN RN
above. Highly preferably, D is b or wwv wherem Ry is as defined above, and each

Ry is independently selected from Rp and preferably is hydrogen. One or more Ry can also preferably
be halo such as F.
D is also preferably pyridinyl, pyrimidinyl, or thiazolyl, optionally substituted with one or

more Rs. More preferably D 18 pyridinyl, pyrimidinyl, or thiazolyl, and is substituted with one or

Ry Ru R
R A M
N N7 SN =N
| & L~ S)— Z TR
Rn Rn Ry Rn N
more Ry Highly preferably, D is wans , wAns , or v , wherein Ry

is as defined above, and each Ry is independently selected from Ry and preferably is hydrogen. One
or more Rx 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 Rs. More preferably D is indanyl, 4.5,6,7-tetrahydrobenzo[d]thiazolyl, benzo[d]thiazolyl,

indazolyl, or ben_zo[d}{ 1,3]dioxol-5-yl, and is substituted with one or more Ry. Highly preferably, D

QQ b%

is «vw R ww R w~v o and is optionally substituted with
one or more Ry

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

Cealkynyl, each of which is independently optionally substituted at each occurrence with one or more
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substituents selected from halogen, hydroxy, mercaptlo, amino or carboxy. Highly preferably, Ry is

T alleg] s
i 1

A p X B solontad frn
A \./0'.‘-1}.\.) AARS AN

cted from halogen,
hydroxy, mercapto, amino or carboxy. '

Also preferably, Ry, 15 halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, or cyano; or Ry is —Ls—Rg, wherein Lg is a bond or Ci-Cealkylene, and Ry is —
N(RsRy’), ~O-Rg, -C(O)Rs, —C(O)ORs, —C{ON(RsRs"), —N(Rg)C(O)Rg", -N(Rs)C(O)ORg’, —
N(Rs)ISORg”, —SO,Rs, —SRs, or —P(O)}ORg),, wherein Ry and Ry’ can be, for example, each
independently selected at each occurrence from (1) hydrogen or (2) Cy-Cealkyl optionally substituted
at each occuwrrence with onc or more halogen, hydroxy, —~0-Ci-Cealkyl or 3- to 6-membered
heterocycle; or Ry 18 Ci-Cealkyl, Ci-Cealkenyl or Cp-Cealkynyl, each of which is independently
optionally substituted at cach occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formy! or cyano; or
Ry 18 Ci-Cecarbocycle or 3- 1o 6-membered heterocycle, each of which is independently optionally
substituted at each occurrence with one or more substituents selected from halogen, hydroxy,
mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-Cealkyl,
C,-Cealkenyl, Cy-Cealkynyl, C-Cshaloalkyl, C,-Cghaloalkenyl, Cy-Cshaloalkynyl, -C(O)ORs, or —
N(RsRg"). More preferably, Ry is halogen (e.g., fluore, chloro, bromo, 10do), hydroxy, mercapto,
amino, carboxy, or C;-Cealkyl (¢.g., methyl, isopropyl, tert-butyl), C,-Cealkenyl or C,-Cyalkynyl, cach
of which 1s independently optionally substitufed at each occurrence with one or more substituents
selected from halogen, bydroxy, mercaplo, amino, cyano, or carboxy. For example Ry, is CF;, —
C(CF;),~OH, ~C(CH;),—CN, ~C(CH3),~CH,0H, or ~C(CH3),—CHoNH,. Also preferably Ry is ~Lg-
Ry where Lg is a bond and Ry is -N(RgRg'), ~O-Rg, ~N(Rs)C(O)ORy’, ~N(Rg)SO,Rs’", ~SOsRs, or =
SRs. For example where Ly is a bond, Rg is -N(C;-Cgalkyl), (e.g., -NMe,); -N(C-Cealkylene—-O-C;-
Cealkyl), (e.g. -N(CHCH,OMe)); -N(C;-Cealkyl)(C-Cealkylene-O-C-Cealkyh) (e.g. ~
N(CH;3}(CH,CH,OMe));—0~C1-Cealky! (c.g., ~O~Me, ~O-Et, -O~isopropyl, —-O-tert-butyl, ~O-n-
hexyl), —-0-C,-Cehaloalkyl (e.g., — OCF,;, -OCH,CF;); —0-C;-Cealkylene-piperidine (e.g., ~O—
CH,CH,—1-piperidyl); —N(C;-CealkyDC(OYOC;-Cealkyl (e.g., —N(CH;)C(O)YO-CH,CH(CH3),), -
N(C1-CealkySO,C,-Cealkyl (e.g., -N{CH;)SO,CH3); ~SO,Cy-Cealkyl (e.g., —SOMe); —SO,Cy-
Cshaloalkyl (e.g., —=SO.CF;); or —S-C;-Cehaloalkyl (e.g., SCF3). Also preferably Ry is —Lg—Rg where
Lg is Ci-Cealkylene (e.g., ~CHy~, ~C(CH3)y—, ~C(CH3)o~CHy~) and Rg is ~O-Rg, —~C(O)ORs, —
N(Rs)C(O)ORs’, or ~P(O)}ORs),. For example Ry is —C;-Cgalkylene~O-Rg (e.g., ~C(CH;),—CH,—
OMe); —C;-Cealkylene—C(O)ORs (e.g., —C(CH,),—C(O)YOMe);, —C;-Cealkylene—N(Rs)C(O)ORy’ (e.g.,
—C(CH,),~CH,~NHC(O)OCH;); or —-C-Cealkylene-P(O)ORs); (e.g., “CH—P{O)OEL),). Also more
preferably Ry 18 Ca-Cocarbocycle or 3- to 6-membered heterocycle, each of which is independently
optionally substituled at each occurrence with one or more substituents selected from halogen,

hydroxy, mercapto, amino, carboxy, nitro, 0xo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-
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Cealkyl, Cy-Cealkenyl, C,-Caalkynyl, C;-Cghaloalkyl, C,-Cghaloalkenyl, C,-Cshaloalkynyl, -

(*/n\ORS, or }\J(D 2 Y Far

C{Oy RgRs™).  For examp cyclopropyl, 2,2-dichlore-1-

pyl, 2,2-dich
methyleycloprop-1-yl,  cyclohexyl),  phenyl,  heterocyclyl  (e.g., morpholin-4-yl,  1,1-
dioxidothiomorpholin-4-yl, 4-methylpiperazin-1-yl, 4-methoxycarbonylpiperazin-1-yl, pyrrolidin-1-
yl, piperidin-1-yl, 4-methylpiperidin-1-yl, 3,5-dimethylpiperidin-1-yl, 4,4-difluoropiperidin-1-yl,
tetrahydropyran-4-yl, pyridinyl, pyridin-3-yl, 6-(dimethylamino)pyridin-3-yl). Highly preferably, Ry
is Ci-Cealkyl which is optionally substituted with one or more substituents selected from halogen,
hydroxy, mercapto, amino or carboxy (e.g., teri-butyl, CF;).

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 Ry, wherein T 1s G-
Cgearboeycle, 3- to 6-membered heterocycle or 6- to 12-membered bicycle and is optionally
substituted with one or more Ry, Preferably, T is substituted with a C;-Cgcarbocycle or 3- 1o 6-
membered heterocycle, wherein said Ci;-Cgearbocycle or 3- to 6-membered heterocycle is
ndependently optionally substituted with one or more substituents selected from halogen, hydroxy,
mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C,-Cgalkyl,
Co-Cealkenyl, Co-Cealkynyl, Ci-Cghaloalkyl, C,-Cghaloalkenyl, C,-Cghaloalkynyl, C{O)ORy or —
N(RsRs’), and J can also be optionally substituted with one or more R4, Also preferably, D 15 Cs-
Cgcarbocycle or 5- to 6-membered heterocycle and is substituted with ] and optionally substituted
with one or more Ry, and J is Cs-Cecarbocycle or 3- 1o 6-membered heterocycle and is optionally
substituted with onc or more Ry, 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, mercapio, amino, carboxy, nitro, 0xo, phosphonoxy,
phosphono, thioxo, formyl, cyano, C,-Cealkyl, C,-Cealkenyl, C,-Cealkynyl, Ci-Cghaloalkyl, C,-
Cghaloalkenyl, C,-Cshaloalkynyl, C{O)ORs or -N(RsRg’). Also preferably, D is Cs-Cgcarbocycle or
5- 10 6-membered heterocycle and is substituted with J and optionally substituted with one or more
Ry, and T is 6- to 12-membered bicycle (e.g., a2 7- 10 12-membered fused, bridged or spiro bicycle
comprising a nifrogen ring atom through which J is covalently attached to D) and is optionally
substituted with one or more R,. More preferably, I is phenyl and is substituted with J and
optionally substituted with one or more Ry, and J is C3-Cgearbocycle, 3- to 6-membered heterocycle
or 6- to 12-membered bicycle and is optionally substituted with one or more Ry, and preferably J is at
least substituted with a Cs;-Cgearbocycle or 3- to 6-membered heterocycle which is independently
optionally substituted with one or more substituents sclected from halogen, hydroxy, mercapto,
amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Ci-Cealkyl, C-

Cealkenyl, C,-Cgalkynyl, C;-Cshaloalkyl, C,-Cghaloalkenyl, Cy-Cghaloalkynyl, C(O)ORs or -
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J
RN\])\/RN
Ry < Ry
N(RsRg'). Highly preferably, D is s , wherein each Ry is independently selected from

Rp and preferably is hydrogen or halogen, and J is Cy-Cecarbocycle, 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;-Cecarbocycle or 3- to 6-membered heterocycle which is independently
optionally substituted with one or more substituents selected from halogen, hydroxy, mercapto,
aming, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-Cealkyl, Cyp-

Cealkenyl, Co-Cealkynyl, Ci-Cghaloalkyl, Cy-Cghaloalkenyl, Cy-Cghaloalkynyl, C{O)ORs or —
J
Ri Rn

Ry R
N(RsRg’). Also preferably, D is e , wherein each Ry is independently selected from Ry

and preferably is hydrogen or halogen, and J is C:-Cycarbocycle or 3- to 6-membered heterocycle and

1s substituted with a Ci-Cgearbocycle or 3- 1o 6-membered heterocycle which is independently

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

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

Cealkenyl, Cy-Cealkynyl, C,-Cghaloalkyl, C,;-Cghaloalkenyl, C,-Cehaloalkynyl, C(O)ORs or —
J

N(RsRg’), and J can also be optionally substituted with one or more Ry, Also preferably, Dis v |
and [ is Ci-Cgcarbocycle or 3- 1o 6-membered heterocycle and 1s optionally substituted with one or
more Ry, and preferably J is at least substitted with a C3-Cgcarbocycle or 3- to 6-membered
heterocycle which is independently optionally substituted with one or more substituents sclected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl,
cyano, C;-Cealkyl, Co-Cealkenyl, Co-Cealkynyl, Ci-Cghaloalkyl, C,-Cshaloalkenyl, Cy-Cshaloalkynyl,
C(O)OR; or -N(RsRs").

it was surprisingly discovered that when D contains a halo-substituted carbocycle or
heterocycle (e.g., a halo-subsfituted 5-6 membered carbocycle or heterocycle directly linked to X), the
compound of Formula I (as well as compounds of Formula 1, Ig, ¢, Ip, Ig, Iz or f; described below,
and compounds of each embodiment described thereunder) can exhibit significantly improved
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
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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, 3a
RM
R J
R N
N Ry Ry
Ry Ry Ry Rn
or 4a. Suitable D for this purpose can be, for nstance, Seiad or s as

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

RM 3 RM J
F. F _ . F F ok F
s \
Ry Ry Ry ~ Rn
include, but are not limiled to, wans , nans R iy s i ,
R
R J M 4 R J R
F
Ru Foory F F Ry F Ry F F
Ry Ry Ry Ry = RN F RN F
proy , wans , , A . s N Ml 5 b 5
J
F
E:
and v , wherein Ry, Ry and J are as described above.

X preferably is Cs-Cgearbocycle, 5- to 6-membered heterocycle, or 6- to 12-membered
bicycles, and is optionally substituted with one or more Ry or Rp. X can also be Cs-Cgcarbocycle or
5- to 6-membered heterocycle which is optionally substituted with one or more Ry or Rg, wherein two

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

VAN

<XS>
to 6-membered carbocycle or heterocycle. Also preferably, X is X4 , wherein X; is
C(H) or preferably N and is directly appended to —L;~D; X4 is Cp-Caalkylene, C,-Cyalkenylene or Cp-
Calkynylene, each of which optionally contains one or two hetercatoms sclected from O, S or N; and
X is optionally substituted with one or more R, or Ry, and two adjacent Ry, on X, taken together with

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

J\AM s

<> 2

heterocycle. In addition, X can be , wherein X3 is C and 1s

directly linked to ~Ls~D, Xy is Cy-Cialkylene, C;-Caalkenylene or Cp-Cialkynylene cach of which
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optionally contains one or two heteroatoms selected from O, S or N, and X is optionally substituted

a4l ey

with One or mo WA

o T ) A A3 PR »
TC s OF g, alld tWO adjacenn i\,

X4
iy O A, L

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

WA

N
AN
Xy
¥ wherein N s directly linked to L;-D, X 18 C;-Cialkylene, C,-Calkenylene or Cy-
Calkynylene each of which optionally contains onc or two heteroatoms selected from O, S or N, and
X is optionally substituted with one or more Ry or Ry, and two adjacent Ry on X, taken together with
the ring atoms to which they are attached, optionally form a 5- to 6-membered carbocycle or

heterocycle.

f\g :(7/2 ‘f\i :Z/E ‘f\g ) ){72/% f\gz i )Z/?'

For imstance, X can

O 5\/ r 5\/ o 5\/ ) 5\/ i

Ke=Xy | X=X, r X1“X1 , wherein X, is
independently selected at each occurrence from CH,, O, S or NH, X, is independently selected at each
occurrence from CH or N, Xj is N and 18 directly hnked to —L;—D, and X" is C and is directly linked
to ~Ls—D; and X is optionally substituted with one or more R, or Ry, and two adjacent R, on X, taken

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

. X1\. AR N % Xt /
carbocycle or heterocycle. For another example, X is X , , ,
5\( T 5*"3\% 5Y T §\r . g\f Yz
2\/2 2\/2 !\/1 1\/2 1\¢ X2\/X1
-] H H 2 H
?SSY Yza 5\( 3\@, 5\( B\N‘i@ f\r 3\N/
Xon X2 X4 1 Xy Xoxn 1
x5 , 37 , \XZ/ or x5 , wherein X, is independently selected at

each occurrence from CH,, O, S or NH, X, is independently selected at each occurrence from CH or
N, X3 is N and is directly linked to —Ls~D, and X3’ is C and 18 directly linked to —L;—D; and wherein

X is optionally substituted with one or more R4 or Rp, and two adjacent R, on X, taken together with

26
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the ring atoms to which they are attached, optionally form a 5- to 6-membered carbocycle or

P T I
X ¥
atslat g
Highly preferably, X is , or , wherein X3 is C(H)

or N and is directly linked to —Ls-D, X5” 18 C and is directly linked to —Ls~D, and wherein X is
optionally substituted with one or more Ry or Ry, and two adjacent R, on X, taken together with the
ring atoms to which they are attached, optionally form a 5- to 6-membered carbocycle or heterocycle.
Maore preferably, X3 is N.

Non-limiting examples of X include:

5@% *@f% %ﬁ *g% f\’f

51\% f\/% 5\/_7 &% f\(%

HN—NH

5\5:}% ;%z ;\/S,z 5\/}‘3 5{\,2

o o 1 o f{%ﬁz
*Le\f% %3‘ )5 *ém\r’i g‘“@f

N—C N—S N N~—NH
4
4 e e wh e
N ?NL\O % ééNQ:S)z éiw_:\ 5 §N¥___N g
4 4
{ o N oy e
Pl N N N
fong BNy RO RO RA
HN NN Ne 5 \ N NH
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3\[]/52‘ %Cj/’i 'ég[\}z 5\/[\1:[32 AN
s; S N N AN
H
} e

wherein “—»” indicates the covalent attachment to ~Ls~D. Each X can be optionally substituted with
one or more Ry ot Ry, and two adjacent R, on X, taken together with the ring atoms to which they are
attached, optionally form a 5- {o 6-membered carbocycle or heterocycele.

Non-limiting examples of preferred X include the following pyrrolidine rings, each of which

is optionally substituted with one or more Ry or Ryg:

T T
AN NN
~r U o i
s} pei
>
/ / , T 4
0, O— 0W b—\ P 0

As shown, the relative stereochemistry at the 2- and S-positions of the above pyrrolidine ring may be

T
da b 59

either cis or trans. The stercochemistries of optional substituents R, 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 R, or Rg:

28
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Br Br Br Br
T ? !
o LA R >
RO GG
d o

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

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

) T
a0slats
Also preferably, X is U or \ / wherein X3 is N and is directly linked

to —L;—DD, and X is optionally substituted with one or more R, or Re. Preferably, Ry is C,-Croalkyl,
Cy-Cypalkenyl or C-Cipalkynyl, each of which contains 0, 1, 2, 3, 4 or 5 heteroatoms selected from O,
S or N and 1s independently optionally substituted with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, ox0, phosphonoxy, phosphono, thioxo, formyl or
cyano. Also preferably, Ry is Ci-Croalkyl, Co-Croalkenyl or Cp-Croalkynyl, each of which contains 0,
1,2,3,4 or 5 O and is independently optionally substituted with one or more Ry, Also preferably, Ry
18 (RxRy)o—(Rx—Ry’), wherein Q is 0, 1, 2, 3 or 4; each Ry is independently O, S or N(Ry); each Ry
is independently C;-Cealkylene, Co-Cealkenylene or Co-Cealkynylenc 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 each Ry’ is
mndependently C,-Cealkyl, C;-Cealkenyl or C,-Cgalkynyl each of which is independently optionally
substituted with one or more substituents selected from halogen, hydroxy, mercapto, amino, carboxy,
nitro, oxo, phosphonoxy, phosphone, thioxo, formy! or cyano. Preferably, each Ry is O. More
preferably, X is optionally substituted with one or more R, or Ry, each Ry is independently selected
from C;-Cyealkyl, Co-Cigalkenyl or Cp-Crpalkynyl, each of which containg 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 Ry or Ry, each Ry is independently selected
from «{0O-C,-Cealkylene)q—(0-C;-Cealkyl), wherein Q preferably is 0, 1, 2 or 3.

L, and L, are preferably independently bond or Ci-Cealkylene, L; is preferably selected from
bond, C;-Cealkylene or —-C(O)—, and L+, L,, and L; are each independently optionally substituted with
onc or more Ry.. More preferably, Ly, L; and L, are each independently bond or C;-Cealkylene (e.g., —
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CHy— or -CH,CH,-), and are cach independently optionally substituted with one or more R;,. Highly
preferabl

Y is preferably selected from —~Lg-C(R;R:)N(Rs5)-T-Rp, ~Ls—C(R;RH)C{RR7)-T-Rp, —G—
CRIR2)N(R5)-T—Rp, —(G—-C(R3R4)C{RgR7)~T~Rp, “N{Rp)C(O)CRRONR)-TRp, -
NR)COICR;RA)C(RsR)-T-Rp, ~CONRpICRi1R)INRs)-T-Rp, ~C(OINRp)C(R3RIC(ReR7)}~

T-Rp, NRC(O)-Ls—E, or C(ON(Rp)-Ls—E. G is Cs-Cecarbocycle or 5- to 6-membered

v_ L. 1., and L, are bond
v, Ly, Lo and Ly are bond.

N
» N
H N 5"\(/ /N HNx{\]
O RO . 2:/\\/\5 -
heterocycle, such as N, N 5 or , and is optionally
substituted with one or more Ry (e.g., one or more chloro or bromo). E preferably 1s a 7- to 12-

membered bicycle (such as Z20™Y

, wherein U is imdependently selected at each occurrence from
-(CHy)- or -(NH)~; V and Z,, are cach independently selected from C;-Cjatkylene, C,-Chalkenylene or
Cyr-Caalkynylene, 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 Rs. More preferably, R, is Re,

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

zQ’“?‘ ?\5; %@\3,
{'?}\;, Zig\; EL;\N\;’ Q\S, %&E éj““?, EQ\%, N

e ; Qr

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

7

N\ 9
L&L ) which is optionally substituted with one or more Ry (such as, but not iimited to hydroxy,
halo (e.g., fluoro), Ci-Cealkyl (e.g., methyl), or Co-Cgalkeny! (e.g., allyl)); and Rs and Rg are each

independently Re, and Ry and R4, taken together with the atoms to which they are attached, form a 3-

to 6-membered carbocycle/heterocycle or 6- to [2-membered bicycle (e.g., kit or '72‘- )
which is optionally substituted with one or more Ra (such as, but not limited to hydroxy, halo (e.g.,

fluoro), C,-Cealkyl (e.g., methyl), or Co-Cealkenyl (e.g., allyl)).
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Y can also be selected from ~M—~C(R;Ro)N(Rs)}~C(O)-Ly"~M’~Rp, -M-C(RIR)N(Rs)}-Ly"—

M -Rp,  —~LeCRRIN(R-C{O-Ly” M’ Ry, Ly CRRON(R,) Ly’ M° R, M-

CR3RHCReR7)-C(O)-Ly'-M'Rp, -M-C(R;R)C(RR7)—Ly’ ~M’~Ryp, ~Lg-C(R3R4)C(RR)-C(O)~
Ly’=M’-Ryp, or -Lg—C(R3R)C(ReR7)-Ly'-M’—Rp, wherein M preferably is bond, ~C{OYN(Ryp)- or -
NRp)C(Oy-, M preferably is bond, ~C(ON(Rg)», -NRe)C(O), NRCO)O-,
N(Rp)C(ON(Ry )=, —N(Rg)S(O)— or =N(Rz)S(O)y—, and Ly’ preferably is Ci-Cealkylene which is

optionally substituted with one or more R;. L', for example, is a C,-Cgalkylene such as, but not

N

o,

sj/a x:(n f‘“"’:p P:

himited to, ':r;\/‘lﬁ' , s , , or ; and the optional Ry, 15 2

substituent 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 Re, and R, and Rs, taken

together with the atoms to which they are aftached, form a 5- to 6-membered heterocycle or 6- 1o 12-

a1, S

membered bicycle (e.g., ' ' ) which is optionally substituted with one or
more Ry (e.g., one or more hydroxy); and R; and Rg are each independently Re, and Ry and R,, taken

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

Shget

or 6- to 12-membered bicycle (e.g., or ’ 3y which is optionally substituted with
one or more R,

Also preferably, Y s selected from —N(Rp)CO-C(R;R)N(R5)-C(O)~Ly ~N(Rp)C(O)YO-Rp, ~
N(Rp)CO-C(R:RIN(R5)-C(O)—Ly'-N(Rp)C(O)-Rp, ~NRp)CO-CRR)IN(Rs)-C(O)-Liy'—
N(Rg)S(O)Rp, ~N(Rp)CO-CRR)N(Rs)-C(O)-Ly’~N(RpRp)-Rp,  ~N(Rp)CO-C(RiR)N(Rs)-
CO)-Ly ~O-Rp, —N{Rp)CO-C(RiR2)N(Rs)-C(O)-Lyv"~Rp, -NRp)CO-CHRIR)INRs}Rp, —Ls-
CRIRIN(R)-CO)Ly" NRp)C(O)ORp,  ~Ls~CRR)N(R}-C(O)-Ly-NRp)C(O)-Rp,  ~Ls~
CRIR)N(Rs}-C{O)-Ly ~N(Rp}S(O)-Rp,  ~Lg-CRR)IN(R)-C(O}Ly' -NRpRp" )»Rp,  ~Lg
CRIRON(R;)-C(O)-Ly’~O-Rp,  ~Ls-CRIR)YNRs}-C(O}-Ly'—Rp, —LseCRR)YN(Rs)-Rp, -~
NRp)CO-C(R3R4)C(ReR7)-C(O)-Ly’ -N(Rp)C(O)O-Rp,  ~N(Rp)CO-C(R3;R)CRR7)-C(O)-Ly"~
NRg)C(O)Rp, ~N(Rp)CO-CR3R4)C(ReR7)-C(O)~Ly-N(Ry)S(O)Rp, ~N(Rp)CO-
CREROC(ReR)-C(O)~Ly’~N(R Rz Ry, “N(RgICO-C(RsRHC(RR7)-C{O)-Ly"~O-Rp, -
NR)CO-CRRHCRR7)-C(O)Ly’—Rp, ~N(Rp)CO-C(R3;R4)C(ReR7)~Rp, —Ls~C(R3RH)C(ReR7)~
C(O)Ly N(Rp)C(O)YORp, ~Ls~C(R3R4)C(ReR7)~C(O)y-Ly ~N(Rg)C(O)Rp, —Ls—
CR3R)C(RR7)-CO)Ly'-NRp)S(O)r-Rp, —Ls—CR:RHCRR7)-CO)-Ly'-NRpRz")-Rp, ~Ls~
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CRIROC(RRH-C(O)-Ly’~O-Rp, ~Ls-CRRIC(RR)C(Oy-Ly’~Rp, or ~Le-C(RaRC(ReR7)-

A
A

Avalla aadeatatiste radte oy ~
Loy SUCHUTTICC L

~r aan s v T %4
Wil GO O (0 Ny, 1\

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

EQ\% N p\é

6-membered heterocycle or 6- t0 [2-membered bicyele (e.g., ) which is
optionally substituted with one or more Ra; and Ri and Rg may be each independently Re, and R4 and

Ry, 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 (e.g., ‘771 g or '?zﬁ ) which is
optionally substituted with one or more Ra.

Highly preferably, Y is selected from -N(Rg’ " )CO-C(RiRN(Rs)-C(O-Ly—N(Rg"IC(O)-
Ls—Reg or —CRR)IN(R:)-CO)-Lv-NRp"")YC(O)-Ls—Rz, or Y is ~G-CRiRHIN(Rs)--C(O)Ly~
N(Rp’"C(O)-Ls—Rg, wherein Ly is Ci-Cealkylene optionally substituted with one or more Ry, and
Ry’ is each independently Rs. Ry’ and R; are each preferably hydrogen or C,-Cealkyl, and Ry and

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

%%Q"‘? Y "~

heterocycle or 6- to 12-membered bicycle (e.g., )} which is optionally
substituted with one or more R4 (such as, but not limited to hydroxy, halo (e.g., fluora), C,-Cealkyl
(e.g., methyl), or C,-Cgalkeny! (e.g., allyl)). Preferably, Ly is Ci-Cealkylene substituted with one or
more Rp such as a C;-Cgcarbocycle or 3- o G-membered heterocycle which is independenily
optionally substituted with one or more substituents selected from halogen, hydroxy, mercapto,
amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Ci-Cealkyl, Co-

Cealkenyl, Cy-Csalkynyl, Ci-Cghaloalkyl, Cy-Cghaloalkenyl or C,-Cghaloalkynyl. Highly preferably,

Ly is a Cy-Cgalkylene such ag, but not limited to, T‘J’\/E’, R , , O

e

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

independently optionally substituted with one or more Ry, (e.g., one or more phenyl or methoxy), G
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B ()~

N
A\Y 2
preferably is NJ , Re”’ is hydrogen; —C(R;R)N(Rs)— 18 ot ; Lg 1s a bond; and Ry 18

l TICE

R/

methoxy.

Non-limiting examples of preferred Y include:

2

H :
P b (3\{“‘ Lo~
Z N Z N 7 "N
N N / N / N
{ % | HN | HNJK

| HN
RD/T M.‘J‘ RD/T
HO, HO, OH
" hn | HN T hN | HN "N
RD/T \5 R \5 RD/T \5 RD/T \; RD/T \;
R F F,
'fj HN T TN [ HN | HN
= \5 R R ¥ R R
H H
( o 0 0 0
HN— HN $ Vo § T AN § " HN §
. S~ T, ., ~
D s D > RD/T N RD/T , Or RD/T >

wherein T and Rp are as defined herein. T, for example, can be —Lg—M~Lg-M’~Lg’ "~ where Lg is a

Ry X
I a. T
bond; M is C(O); Ly’ is C4-Cealkylene such as, but not limited to, S )
“ L

qi , OF , where Lg’ is independently optionally substituted with one or more Ry; R; is
a substituent such as, but not limited to phenyl or methoxy; M’ 18 -NHC(O)— or -WNMeC(O)—; and

Lg’ 1s a bond. Any stereochemistry at a carbon within the group Ls’ can be either (R) or (S). Rp, for

v

H o_N
O._N -~ 0
-
PO
example is methoxy. T-Ry includes, but is not limited to: R

33
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O - 0
SMe , , O ,Or O/.

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

YARTY prcferabiy selected from —LS—C(RgRg)N(RIQ)—T—RD, —LS—C(R]()R];)C(RBRM)‘“T—-R}), -
G-C(RsRoIN(R1p)-T-Rp, —G-C(R;oR)C(R1i3R1)-T-Rp, ~NRp)C(OYC(RzRN(R2)-T-Rp, —
34
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NRsIC(O)C(R10R11)C(R13R 14)-T-Ro, ~C{OIN(Rp)C{RRoIN(R 12)-T-Rp, -

C(O}A\JfP\b)C(RIUA\fj)C(P'Ll)I?\[:L/ L P\]), """ }\ I(RB)C{O} LS E, or r‘(O}}V\l\B Lb E G iS Cj-
' ;\(,

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

HN~N
N

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

Y

Y

E preferably is a 8 1o 12-membered bicycle (such as Zy~Y , wherein U 18 independently
selected at each occurrence from -(CHy)- or -(NH)-; and V and Zy are cach independently selected
from C;-Cjalkylene, Co-Caalkenylene or Cy-Cialkynylene, in which at least one carbon atom is
independently optionally replaced with O, S or N), and is independently optionally substituted with
one or more Rs. More preferably, Rg is Re, and Ry and Ry, 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.,

SLoSh Biea s oy
95@ RaNgat

) ) which is optionally substituted
with one or more Ry (Such as, but not limited to hydroxy, halo (e.g., fluoro), Ci-Cealkyl (e.g., methyl),
or C;-Cealkeny! (c.g., allyl)); and Ry and Ry; are each independently Re, and Ry and Ry4, 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., ii ; or ‘??1 ) which is optionally substituted with
one or more Ry (such as, but not limited to hydroxy, halo (e.g., fluoro), Ci-Cealkyl (e.g., methyl), or
Cy-Cealkenyl (e.g., allyD).

Z can also be selected from ~M~C(RsRoIN(R,)-C(O)-Ly'~M’—Rp, —-M-C(RgRo)N(R12)~Ly ~
M’-Rp, ~Ls—C(RsRo)N(R12)~-C(O)-Ly ~M"-Rp, ~Ls—C(RgRo)N(R 2 )-Ly"~M’~Rp, ~M-
C(R1oR1)C(R13Ry)~C(O)-Ly’-M"-Rp, ~“M-C(R1oR1)C(R1:R 14 )-Ly’~M"~Rp, ~Lg—
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C(R10R1DCR1:R1)-CO)-Ly'-M—Rp, or —LsC(RioR11)CRisRu)-Ly’-M-Rp,  wherein M

{\lpﬁn rably g I"\rvnr] w.(“‘tr‘m\%fp N 0r -N(RL \Fl‘(\\m, M’ preferabiy

Ciliaviy ST FENUINR S MR VA

ic hond (“{ﬂ\T\T(D | O
I 20NG, ~UAVN SRy,

NRp)C(O)-, -NR)C(O)O-, NRpIC(ONRp )~ -NRp)S(O)- or —NRg)S(O)—, and Ly’

preferably is C;-Cealkylene which is independently optionally substituted with one or more Ry, Ly,

S
“ )/ )v\
for example, is a C)-Cealkylene such as, but not limited to,
o,

"
I , OT ; and the optional Ry is a substituent such as, but not limited to phenyl, ~
SMe, or methoxy. Any sterecochemistry at a carbon within the group Ly’ can be either (R) or (S).

More preferably, Rg is Re, and Ry and Rys, taken together with the atoms to which they are attached,

%&Q\g‘

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

N\é
k]}l ) which 1s optionally substituted with one or more R4 (e.g., one or more hydroxy); and
Rip and Ry; are each independently Re, and Ry; and Ris, taken together with the atoms to which they

are attached, form a 5- {o 6-membered carbocycle/heterocycle or 6- 1o 12-membered bicycle (e.g.,

‘z& or ‘??7- ) which is optionally substituted with one or more Ra.
Also preferably, Z is selected from —N(Rg)CO-C(RgRoIN(R 15)-C{O)-Ly'-N(Rp)C(O)YO-Rp,
~N(Rp)CO-C(RsRoIN(R2)-C(O)-Ly'~N(Rg)C(O)~Rp, ~N(Rg)CO-C(RgRo)N(R 19)~-C(O)-Ly'~

N(Rg)S(O)-Rp, ~N(Rg)CO-C{RsRoIN(R;2)-C{O}Ly'“N(RpRs}Rp, ~N(Ry)CO-C(ReRo)N(R )~
CO)Ly'-O-Rp, —NRp)CO-C(RsRoIN(R12)-C(O)-Ly'Rp, —N(Rp)CO-C(RgRoIN(R2)-Rp, ~Lg-
C(RgRo)N(R12)~-C(O)-Ly’ -N(R)C(O)O-Rp, ~Ls—C(RsRoIN(Rj2)}-C(O}Ly ~NRp)C(O)-Rp, —Ls—
CRgRoIN(R12)~C(O)-Ly’-N(Rp)S(O)~Rp,  ~Ls~C(RgR9)N(Rp)-C(O)}-Ly'~N(RsRg’)-Rp, —Ls—
CRRoIN(R))-C(O)-Ly'-O-Rp, —LsC(RgRo)NR1)-C(O)-Ly’-Rp, ~Ls-C(RgRo)N(R;2)}-Rp, ~
NRg)CO-C(R10R11)CR1:R14)-CO)Ly ~NRp)C(O)O-Rp,  —NRp)CO-C(R16R11)C(R13R14)-C(O)—
Ly’ =NRp)C(O)Rp,  ~N(Rp)CO-C(RoR1)C(R13R))-C(O}-Ly’ -NRp)S(O)-Rp,  -N(Rp)CO-
CR1R1DCR 1R 1)-C(O) Ly’ N(RgRy' )R, ~N(Rp)CO-C(R16Ry;)C(R 3R 4)-C(O)-Ly'~O-Rp,
N(R)CO-C(R10R1;)C(R15R 14)-C(O)Ly’~Ro, “N(Rg)CO-C(R16R1)C(R 3R 14)-Ro, L
CR1oR11)CR ;3R 14)-C(O-Ly’ =N(Rp)C(O)O~-Rp,  ~Ls~C{R1oR11)C(R13R14)-C(O)-Ly"-N(Rp)C(O)~

36



10

15

20

WO 2012/051361 PCT/US2011/056045

Rp, —LsC(R1R1)CRR1)-COFLy -N(Re)S(O)-Rp,  ~Ls-C(R1eR1IC(R 3R 14)-C(O)-Ly'~

» Yy .
iN { A EEA \]5 ) RD _Lg_C(R u;\u)C{RHL\M.}_C:(O}_L \J_RU, “‘ 1.8 ( N1 Q”}C(“U“H}m‘ﬁ(())ﬂb R‘Q, or

—Ls—C(R1oR1:)C(Ry3R14)-Rp, wherein Ly’ preferably is Cy-Cealkylene which is independently
optionally substituted with one or more Ry. Rg may be Re, and Rg and Ry, taken together with the

atoms to which they are attached, may form a 5- 10 6-membered heterocycle or 6- to 12-membered

bicycle (e.g., ° or ’ ) which is optionally substituted with one or more Ry; and
R0 and R;3 may be each independently Re, and R;; and Ry, taken together with the atoms to which

they are attached, may form a 5- to 6-membered carbocycle/heterocycle or 6- to 1 2-membered bicycle

(e.g., “’1 % or '??1 ) which is optionally substituted with one or more Rg.

Highly preferably, Z is selected from —N(Ryp’)CO-C(RzRoIN(R12)-C{O)»Ly—N(RyHC(O)-
LsRg or ~C(RgRIN(R5)~C(O}¥Ly-N(Rp " YC(O)-Ls-Rp, 0r Z i8 ~G-C(RgRgIN(R12}-C(O)~Ly—
N(Ry " C(O)YLs—Rg, wherein Ly is C-Cealkylene optionally substituted with one or more Ry, and
Ry’ is each independently Rg. Rp' and Ry are each preferably hydrogen or C,-Cealkyl, and Ry and

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

%Q\é' N % N\é'

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

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

(e.g., methyl), or C-Cealkenyl (e.g., allyl)). Preferably, Ly is Ci-Cealkylene substituted with one or
more Rp such as a Cs;-Cgearbocycle 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;-Cealkyl, C,-

Cealkenyl, C;-Cealkynyl, Ci-Cghaloalkyl, Cy-Cehaloalkenyl or Cy-Cehaloalkynyl. Highly preferably,

;’j/“‘k ,:FI%L ot I""’“
Ly is a C-Cgalkylene such as, but not limited to, f\/ﬁ‘i ) ) )

Rt

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

independently optionally substitated with one or more Ry {(e.g., one or more phenyl or methoxy); G
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RN vy

preferably is : Ry"’ is hydrogen; —~C(RgRoIN(R o)~ 18 b ; Lg is a bond; and Rg is
methoxy.
Nenl Ve N )
AR AR
NH _E_ NH %
- .-
Non-limiting examples of preferred Z include: Ro - Ro,

(:—j H /\'-"-: :*—\/ :“—“\

Br N pet ’N M ,N (AN e

\ ‘?‘ N N N\ \7 N i \ 2
NH ] )——NH |

A /\—NH
"‘q,b T\RD ’ g T\RD , "!q,b T\RD , “""\. T\RD ’
OH OH
ol ) ol ) 0 d 2 \ 0 2 \
AN v (N v G v (R i
5 z/ T Ro 5 '%/ T~ Rp 5 '%*/ T\ Rp 2’ T\ Rp %L/ T Rp
F F
! 5; .
oy - B i Q;;‘ co
L T, %i/ T\R ¥ T\RD ¥ Tg ¥ T~g,
O .. ( O .. O O . 7
AR I e
% gy % T\RD’ % ko, % gy % g,

wherein T and Ry are as defined herein. T, for example, can be ~Lg~M~Lg~M’~Lg’ "~ where Lg is a

G S S
o . J X
bond; M 1s C(O); Ly’ is C;-Cealkylene such as, but not limited to, , ,

10 , OF , where Lg" 1s independently optionally substituted with one or more Ry ; the

optional Ry, is a substituent such as, but not limited to phenyl or methoxy; M’ is ~NHC(O)- or -

NMeC(O)-; and Lg”’ is a bond. Any stereochemistry at a carbon within the group Lg’ can be either

H
-~ O\].r !\fo
(R) or (S). Rp, for example is methoxy. T-Rp includes, but is not limited to: © R
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Non-limiting ecxamples of preferred Z also  include: s
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" § . N0
o, —~N._O : ~
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o) o7 O
Al H >
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,Or

T can be, without limitation, imdependently selected at each occwrrence from —C(O)-Lg"—, —
CO)0-Ls'~, —CO)»-Lg-NRp)C(O)-Ls~, ~C(O)-Ls'-N(Rp)C(O)O-Ls" -, —N(Rp)C(O)-Ls'~
NRCO)-Ls"—  —N(Rp)C(O)-Ls™—NRp)C(O)O-Lg"~,  or  ~NRp)C(O)-Ls’'—N(Ry)-Ls"—.
Preferably, T is independently selected at each occurrence from -C(O)-L¢'-M’-Lg’— or —
N{Rp)C(O)Y-Lg"-M’—Ls""—. More preferably, T is independently selected at each occurrence from —
C(O)-Ls’ N(Rp)C{O)—Lg"" — or -C{O)~-Ls’-N(Rg)C(O)O-Ls ™"~

T can also be, for example, —Lg—M—Lg~-M’-Ls"*— where Lg is a bond; M is C(O); Lg’ is Cs-

Cealkylene (e.g., ;’J\/‘% ), where Lg’ is independently optionally substituted with Ry; the optional
Ry 1s a substituent selecte_d from —C;-Cgalkyl, —-Cy-Cealkenyl, ~C;-Cealkyl-OH, ~C~Cealkyl-0O-C;-
Cealkyl, 3- 10 6—membered.heterocycle (e.g., tetrahydrofuranyl), or Cs3-Cycarbocyelyl (e.g., phenyl,
cyclohexyly, M’ is =NHC(O)~, -N(Et)C{O)- or ~N(Me)C(O)—; and Ls”’ is a bond. Rp preferably is
hydrogen, —C;-Cealkyl (e.g., methyl), ~0-C;-Cgalky! {e.g., methoxy, tert-butoxy), methoxymethyl, or
~N{C-Cealkyl), (e.g., ~NMe,).

O.
O -~ ¢}
~
Y )I oy e Y
T-Ryp can be, without limitation, O

i B
RS

ZT

-~y
o

ﬁ i . HXI ) g
N o Py o Y °
0O O O
, |
éo - \ﬂ/ é O\ﬂ/g o ’ mnns
0] O O N
ié; \n/ @)
, © OH
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0 , OF , wherein the stereochemistry at a carbon within the group T-
Rp can be either (R) or (S).

T can also be, without limitation, —Ls—M-Ls'— where Lg is a bond; M is C(O); Ls" 18 Ci-

Cealkylene (e.g., ‘f\/mﬁ") where Lg® is independently optionally substituted with Ry; the optional
Ry i8 a substituent selected from —C-Cealkyl, —C-Cealky!-OH, —C-Cealkyl-O-C-Cgalkyl, or a Cs-
Cscarboceyelyl (e.g., phenyl, cyclohexyl). Rp, for example is ~OH; -OC(O)Me; -NH(C,-Cealkyl)
{e.g., "NHMe, ~NHEL); -N(C-Cqalkyl), (c.g., ~NMe,, ~NE,); a 3- to 10-membered heterocyclyl
(e.g., pyrrolidinyl, imidazolidinyl, hexahydropyrimidinyl, morpholinyl, piperidinyl) optionally
substituted with one or more halogen, oxo; C;-Ciecarbocycle (e.g., cyclopentyl) optionally substituted
with -OH; —C;-Cealkyl {(e.g., isopropyl, 3-pentyl) optionally substituted with ~OH; or NHRy where Ry

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

— T

\ s
HN_ N HN N

T Mt G

O O 8

E

F
O QO N
[Y O\Y 0
=N S
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L, AL O o, ek

N N N\
) O O i )
O
, , or wherein  the

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

For each compound of Formula I, Lk can also be independently selected at each occurrence
from a bond; —Lg-N(Rp){O)-Ls—; —Ls'-C{(ON(R}~Ls; or Ci-Cealkylene, Cy-Cealkenylene, G-
Cealkynylene, C;-Cygcarbocycle or 3- to [0-membered heterocycle, each of which is independently
optionally substituted at cach occurrence with onc or more substituents selected from halogen, Ry —
O-Rs, —S—Rg, N(RgRg"), -OC{O)R35, -C(O)ORg, nitro, oxo, phosphonoxy, phosphono, thioxo,
formyl or cyano, wherein Ry, R, Rs, Rs’, Ls and Ly’ are as defined above.

For Formula I as well as Formulae I, In, Ie. In, [g, Ir or Ig described below, including each
and every embodiment described thereunder, R, preferably is halogen, hydroxy, mercapto, amino,
carboxy, nitro, 0xo, phosphonoxy, phosphono, thioxo, cyano; or C;-Cealkyl, Cp-Cealkenyl or Co-
Cealkynyl, cach of which is independently optionally substituted at cach occurrence with one or more
substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, formyl or cyano; or C;-Cecarbocycle or 3- to 6-membered heterocycle, each of
which is independently optionally substituted at each occurrence with one or more substituents
selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl, cyano, Ci-Cealkyl, Co-Cealkenyl, Co-Cealkynyl, Ci-Cehaloalkyl, C,-Cghaloalkenyl or
Cyo-Cihaloalkynyl, or ~La—0O-Rs, ~La—S-Rg, ~Ls~C{O)Rs, ~Lo~OC({O)Rs, —La—C(O)ORs, —Ls—
N(RsRs"),  ~La-S(O)Rs,  —~Ls—SORs,  ~Li~C(ON(RsRs™),  ~La-NRHCO)Rs'  ~La—
NRCOINRS'Rs™), —LaNRgSORs’, —La—SONRsRg"), —LaNRISONRS'Rg™), ~La—
NR)S(ONRG'R), —La—OS(O)}Rs, —La-OS(O)Rs, —Ls~S(O)O0Rs, ~Lo~S(OYORs, ~La-
OC(O)ORg, ~LA-N(Rg)C(O)ORs", ~Lo~OC(O)N(RsRs’), ~Lo—N(R$)S(O)-Rs’, —La-S(OYN(RsRg’) or
—Ls—C(O)N(Rg)C(O)-Ryg’, wherein Ly 18 bond, C;-Cealkylene, Co-Cealkenylene or C,-Cealkynylene.

More preferably, Ra is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo,
phosphonoxy, phosphono, thioxo, cyano; or C-Cealkyl, Co-Cealkenyl or C,-Cgalkynyl, each of which
is independently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercaplo, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyt or
cyano; or C3-Cgearbocycle or 3- to 6-membered heterocycle, each of which is independently
optionally substituted at each occurrence with one or more substiluents seleclted from halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-
Cealkyl, Co-Cealkenyl, Cr-Cgealkynyl, Cyi-Cghaloalkyl, Co-Cshaloalkenyl or Cp-Cehaloalkynyl.

Highly preferably, Ra is halogen, hydroxy, mercaplo, amino, carboxy, nitro, 0xo,

phosphonoxy, phosphono, thioxo, cyano; or Ci-Cealkyl, C,-Cealkenyl or Co-Cealkynyl, each of which
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is independently optionally substituted at each occmrence with one or more substituents sclected from

halogen mercaplo, amine

hvdroxvy, hiiro. oxo. nhownhonoyy nhoosnhona, thing
aipgen, hy4arexy, mereap 0, OX it OnONy, piospiaong, thig

, carboxy, nitre, oxo, phogph xg, formy! or

Cyano.

Ls, Ls” and Lg’” preferably are each independently selected at each occurrence from bond; or
C-Calkylene, C,-Cealkenylene or Cy-Cealkynylene.

A and B can be the same or different. Likewise, L, and Ly, or Y and Z, or Y-A— and Z-B—,
or —A-L;— and -B-L,—, can be the same or different. In some instances, Y—A-L,— 1s identical to Z—
B-L,~. In some other instances, Y-A—L,—1s different from Z-B-L,—.

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

e / y
heterocycle (e.g., pheny! such as E—<;~ ), and are each mdependently optionally substituted

with one or more Ry, X is 5- or 6-membered carbocycle or heterocycle or 6- to 12-membered bicycle

o) o
oM
{e.g., U or \ / , wherein X3 is N and is directly linked to ~L;-D) and 1s

optionally substituted with one or more R,. Specific examples of X are described hereinabove. D is
Cs-Ceearbocycle or 5- to 6-membered heterocycle (e.g., phenyl), and is optionally substituted with
one or more Ry, or is substituted with J and optionally substituted with one or more Ry, wherein J i
Ci-Cyearboceycle, 3- 10 6-membered heterocycle or 6- to 12-membered bicycle and is optionally
substituted with one or more Ra. Preferably, T is substituted with a C;-Cgearbocycle or 3- to 6-
membered heterocycle which is independenily optionally substituted with one or more substituents
selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl, cyano, Ci-Cgalkyl, Cp-Cealkenyl, Cp-Cealkynyl, C;-Cghaloalkyl, C;-Cghaloalkenyl, Co-

Cehaloalkynyl, C(OYORg or =N(RgRs’), and J can also be optionally substituted with one or more Ra.

Ry Ry
RN RN
Preferably, D is vy or «»v | wherein Ry and Ry are as defined above. Also
J
J
Ry R
preferably, D is v or v | wherein J and Ry are as defined above. L, and L, are each

independently bond or C;-Cealkylene, and Ls is bond, C,-Cealkylene or -C(O)-, and Ly, L, and L are
each independently optionally substituted with one or more Ry. Preferably, Ly, L,, and L, are bond.
Y is NRCOXC(RR)ON(Rs)-T-Rp, or —=NRp)C(O)IC(R3RHC(RR7)-T-Rp, and Z is -

N(RB)C(O)C(RgRg)N(RlZ)“T—RD, or —N(RB)C(O)C(R10R1 [)C(RQRHJ—T—I{D. R1 18 RC, and Rz and R5,
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taken together with the atoms to which they are attached, form a 5- to 6-membered heterocvclic ring
S

|

Ned,
(e.g., ‘?14 ) which is optionally substituted with one or more Ry, Rs and R¢ are each

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

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

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

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

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

heterocyclic ring (e.g., %1 ) which is optionally substituted with one or more Ry, T is
preferably independently selected at each occurrence from —C{O)Ly’-N(Rg)C(O)-Ls "~ or -C(O)~
Ly™-N(RpYC{O)O-Lg '— Ly’ 18 each independently Lg’ and, preferably, is each independently C;-

Cealkylene (e.g., -CH,- or ) and optionally substituted with one or more substituents
selected from Ry, T can also be, without limitation, selected from —C(O)~Ly'~Lg" ", ~C{O)~Ly" O~
Ls"’—, —C{O)-Ly'-N{Rp)-Lg"'—, or ~C(O)}-Ly"-N(Rp)S(O),~Ls" . In some cases, af least one of Y

H O
o) H
\-N L A —Ro
N L' o
and Z is, or both Y and Z are independently, , wherein non-limiting

examples of Rp include (1) —O-Ci-Cealkyl, -O-C;-Cgalkenyl, ~O~Cy-Cgalkynyl, C-Cealkyl, Cy-
Cealkenyl or Co-Cealkynyl, each of which is independently optionally substituted at each occuwrence
with one or more substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl, cyano, C;-Cycarbocycle or 3- to 6-membered heterocycle;
or (2) Cs3-Cecarbocycle or 3- to 6-membered heterocycle each of which is independently optionally
substituted at each occurrence with one or more substituents selected from halogen, hydroxy,
mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-Cealkyl,
Cyr-Cealkenyl, C,-Cealkynyl, C;-Cghaloalkyl, C,-Cghaloalkenyl or Cy-Cghaloalkynyl; and non-limiting
examples of Ly’ include C;-Cealkylene optionally substituted with halogen, hydroxy, mercapto,

amino, carboxy, phosphonoxy, —0O-C;-Cgalkyl, ~O-C,-Cealkenyl, ~O~C,-Cgalkynyl, or 3- to 6~
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membered carbocycle or heterocycle, said 3- 1o 6-membered carbocycle or heterocycle being
CCled Irom naiogen, h_'y(lf(:}x_y', mCrCﬁptG,
amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Ci-Cealkyl, Co-

Cealkenyl, C)-Cealkynyl, C,-Cehaloalkyl, C,-Cshaloalkenyl or C;-Cghaloalkynyl.

Z2
1, KO
In another embodiment, A is N or H , and is optionally

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

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

Preferably, A is

3 H
N
OGNS I
N , B is N ,and A and B arc substituted with one or more halogen,

CHy; and Z, is independently selected at each occurrence from N or CH.

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

and Bis ° ), the compounds of this embodiment can have significantly improved
pharmacokinetic properties as well as improved inhibitory activity against certain HCV genotype la
muytants, as conpared to the same compounds but with unsubstituted benzimidazole. X is 5- or 6-

]
At ¥l

A
membered carbocycle or heterocycle or 6- 1o 12-membered bicycle (e.g., U or

Iy

O

\ / , wherein X3 is N and is directly linked to —Ls—D)) and is optionally substituted with one
or more Rs. Specific examples of X are described hereinabove. D is Cs-Cecarbocycle or 5- to 6-
membered heterocycle (e.g., phenyl), and is optionally substituted with one or more Ry, or is
substituled with I and optionally substituted with one or more R, wherein J is C5-Cycarbocycle, 3- to
6-membered heterocycle or 6- 10 12-membered bicycle and is optionally substituted with one or more
Ra. Preferably, J is substituted with a C;-Cgearbocycle 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-Cealkyl,
Cy-Cealkenyl, Cy-Cealkynyl, C;-Cghaloalkyl, C,-Cghaloalkenyl, C,-Cshaloalkynyl, C(OYORg or —
N(RsRs’), and J can also be optionally substituted with one or more R,. Preferably, D is
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Ru R
RN\ )\\ /RN )~\
» [
ZF S
RN Ry
none or v  wherein Ry and Ry are as defined above. Also preferably, D is

J
5 d
Ry Ry
RN RN
nans or »o~ wherein J and Ry are as defined above. L, and L are each independently
bond or Ci-Cgealkylene, and L; is bond, C;-Cealkylene or -C(O)-, and L, L;, and L, arc cach
independently optionally substituted with one or more Ry. Preferably, Ly, Ly, and L; are bond. Y 18 ~
Lg“C(Rij)N(Rs)“T“R{) Qr —LS*C(Rng;)C(RgR‘/)‘—T—RD, and 7 is —LS—C(RgRg)N(RQ)—T—RD o1 —Ls—
C(R1oR11)C(RzR19)-T-Rp. Ry is R, and R, and Rs, taken together with the atoms to which they are
N\éu
attached, form a 5- o 6-membered heterocyclic ring (e.g., ) which is optionally
substituted with one or more Ra; Rs and Re are each independently Re, and R4 and Ry, taken together

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

{e.g., E« ) which 1s optionally substituted with one or more Rs. Ry is Re, and Ry and Ry,

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

EQ\E‘

{e.g., Y which is optionally substituted with one or more R,; and Ry and Ryz are each

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

5-10 6-membered carbocyclic or heterocycelic ring (e.g., %ZL ) which is optionally substituted
with one or more Ry, T is preferably independently selected at cach oceurrence from ~C{O)~Ly ~
N(Rp)C(O)-Ls""— or ~C(O)-Ly"-N(Rp)C(O)O-Ls"’— Ly is each independently Ls” and, preferably,
is independently Ci-Cgalkylene {(e.g., -CH,-) and optionally substituted with one or more substituents
selected from Ry, T can also be, without limitation, selected from ~C{O)~Ly ~Lg" ", ~C{Q)~Ly -0~
Lg" "~ ~C(O)-Ly'-N(Rp)-Lg"’~, or ~C{O)y-Ly’~N(Rp)S(O)~Ls"*—. In some cases, at least one of Y
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ot Q N R
>\'N/U\LY'/ \["r ’

and Z is, or both Y and Z are independently, , wherein non-limiting
examples of Rp include (1) —O-C-Caalkyl, —O-Cy-Cealkenyl, -0-Cy-Cealkynyl, Ci-Cealkyl, Co-
Cealkenyl or Cp-Cealkynyl, each of which is independently optionally substituted at each occurrence
with one or more substitucnts selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl, cyano, Cs-Cycarbocycle or 3- to 6-membered heterocycle;
or (2) Cy-Ceearbocyele or 3- to 6-membered heterocycle each of which is independently optionally
substituted at each occurrence with one or more substifucents selected from halogen, hydroxy,
mercapto, amine, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C,-Cealkyl,
Cy-Caalkenyl, C,-Cealkynyl, C;-Cehaloalkyl, C;-Cehaloalkenyl or C,-Cghaloalkynyl; and non-limiting
examples of Ly include C-Cealkylene optionally substituted with halogen, hydroxy, mercapto,
amino, carboxy, phosphonoxy, —0O-Ci-Cealkyl, -O-C;-Cealkenyl, ~O~Cy-Cealkynyl, or 3- to 6-
membered carbocycle or heterocycle, said 3- to 6-membered carbocycle or heterocycle being
optionally substituted with one or more substituents selected from halogen, hydroxy, mercapto,
amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C)-Cgalkyl, C,-
Cealkenyl, C-Cealkynyl, C;-Cehaloalkyl, Co-Cshaloalkenyl or Co-Cghaloalkynyl.

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

s/ \
carbocycle or heterocycle (e.g., A and B are each independently phenyl, such as TQ‘E), and

are each independently optionally substituted with one or more Ry, X is 5- or 6-membered carbocycle

e Yy
§ Xs ?i KSS Xs ‘%
or heterocycle or 6- to 12-membered bicycle (e.g., U or U , 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 can be, for example, Cs-Cgcarbocycle or 5- to 6-membered
heterocycle (e.g., phenyl), and is optionally substituted with one or more Ry, or is substituted with J
and optionally substituted with one or more Ry, wherein I is Ci-Ceearbocyele, 3- to 6-membered
heterocycle or 6- to 12-membered bicycle and is optionally substituted with one or more Ra.
Preferably, T is substituted with a Ci-Cgearboeycle or 3- 1o 6-membered heterocycle which is
imdependently optionally substituted with one or more substituents selected from halogen, hydroxy,
mercapto, amino, carboxy, nifro, 0xo, phosphonoxy, phosphono, thioxo, formyl, cyano, Cy-Cealkyl,
Cy-Cealkenyl, C,-Cgalkynyl, C;-Cghaloalkyl, C,-Cghaloalkenyl, C,-Cghaloalkynyl, C(O)ORg or -

N(RsRs’), and J can also be optionally substituted with one or more R,. Preferably, D 18
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R Ry
N /J\\\ R )\\\
1 C

Ry Ry

or v wherein Ry and Ry are as defined above. Also preferably, D is

J
J

Ry I N Ry

£
Ry 7 Ry

Y or v wherein J and Ry are as defined above. L, and L, are each independenily
bond or C;-Cealkylene, and L; is bond, Ci-Cealkylene or -C{O)-, and L;, L,, and L. are each
independently optionally substituted with one or more R;. Preferably, L, L,, and L; are bond. Y is —

G—C(R1R2)N(Rs)"'T*RD or —G—C(R3R4)C(R6}.{7)—T—"RD, and Z is —(,}—C(RgRg)N(Rlz)'—T—RD or ~G—
C(R10R11)C(R13R14)-T—Rp. G 18 independently Cs-Ceearbocycele or 5- to 6-membered heterocycle,

O O

such as —N or N— | and is independently optionally substituted with one or more Ry,

Ry 15 Re, and R, and Rs, taken together with the atoms to which they are attached, form a 5- to 6-

Nwl2,
membered heterocyclic ring (e.g., ) which 18 optionally substituted with one or more Ra;

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

attached, form a 5- to 6-membered carbocyclic or heterocyclic ring (e.g., %1 ) which is

optionally substituted with one or more Ry. Ry is Re, and Rp and Ry, taken together with the atoms to

NS,
which they are attached, form a 5- to 6-membered heterocyclic ring (e.g., iLL ) which is
optionally substituted with one or more Ry; and Ryo and R;3 are each independently Re, and Ry; and

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

heterocyclic ring (e.g., ‘TZL ) which 1s optionally substituted with one or more Ry, T is
preferably independently selecled at each occurrence from ~C(O)-Ly -N(Rgp)C(O)-Ls"’~ or ~C(O)-
Ly’ -NRgC(O)YO-Ls" "~ Ly is cach independently Ls” and, preferably, is each independently C;-
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f’\(&_
Cealkylene (e.g., -CHy- or /\
selected from Ry. T can also be, without limitation, selected from ~C(O)-Ly -Ls""~, -C{O)-Ly’ -0~
Lg”'—, ~C(O)~Ly ~N(Rp)>-Lg"’—, or ~C(O)-Ly’-N(Rp)S(O)—Lg '—. In some cases, at least one of Y

?;\(\NH

) and optionally substituted with one or more substituents

and Z 15, or both Y and Z are independently, or

5 N
SN

g R R
HN e " D
N)J\Lv' \gf

, wherein non-limiting examples of Ry, include (1) -O-C,-Cgalkyl, —O-
Cy-Caalkenyl, —0O-Cy-Cealkynyl, Ci-Cealkyl, Cy-Cealkenyl or C)-Cealkynyl, cach of which is
independently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl,
cyano, Ci-Cecarbocycle or 3- to 6-membered heterocycle; or (2) Cs-Cscarbocycle or 3- to 6-membered
heterocycle each of which is independently optionally substituted at each occurrence with one or more
substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, formyl, cyano, C;-Cealkyl, Cy-Cealkenyl, Cy-Cealkynyl, C;-Cghaloalkyl, Csp-
Cehaloalkenyl or C,-Cghaloalkynyl; and non-limiting examples of Ly’ include C;-Cgalkylene
optionally substituted with halogen, hydroxy, mercapto, amino, carboxy, phosphonoxy, —O-C;i-
Cealkyl, -0O-C,-Cealkenyl, -0O-C,-Cealkynyl, or 3- to 6-membered carbocycle or heterocycle, said 3-
to 6-membered carbocycle or heterocycle being optionally substituted with one or more substituents
selected from halogen, hydroxy, mercapto, amimo, carboxy, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl, cyano, C-Cealkyl, C,-Cealkenyl, Ci-Cealkynyl, C-Cshaloalkyl, C,-Cghaloalkenyl or
Co-Cehaloalkynyl.

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

5 < >
heterocycle {e.g., A and B are each independently phenyl, such as : é), 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., U U , wherein X3 is N and

is directly linked to —L;—D) and is optionally substituted with one or more Rs. Specific examples of
X are described hereinabove. D can be, for example, Cs-Cicarbocycle or 5- 1o 6-membered

heterocycle (e.g., phenyl), and is optionally substituted with one or more Ry, or is substituted with J
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and optionally substituted with one or more Ra, wherein I is C3-Cgearbocycle, 3- to 6-membered
heterocyele or 6- 1o |
Preferably, J is substituted with a C;-Cgcarbocycle or 3- to 6-membered heterocycle which is
ndependently optionally substituted with one or more substituents selected from halogen, hydroxy,
mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C,-Csalkyl,
Cy-Cealkenyl, Cy-Cealkynyl, C;-Cghaloalkyl, Ci-Cshaloalkenyl, C,-Cshaloalkynyl, C(O)ORg or -

NRsRg"), and J can also be optionally substituted with one or more Ryx. Preferably, D is

RM RM
R Ry
Ry Rp\
: or v wherein Ry and Ry are as defined above. Also preferably, D i3
J
J
Ry Ry
Ry Ry
2 or o wherein J and Ry are as defined above. L; and L, are each independently

bond or Ci-Cealkylene, and L, is bond, C-Cealkylene or -C(Q)-, and L,, L,, and L; arc cach
imdependently optionally substituted with one or more Ry, Preferably, L, Ly, and Ly are bond. Y is —
NRpYC(O)C(RIRIN(Rs)-T-Rp or -N(Rp)C{O)C(R3RH)C(RR7)~T-Rp, and Z is ~“G-C(RgRo)N(Ry2)—
T-Rp or ~G—-C(R;pR 11 JC(Ri3R14)-T-Rp; 01 Y 18 ~G-C{R;RN(R)-T-Rp; or —G—C{R3RH)HC(RR )T~
Rp, and Z 18 ~“NRp)C(OYC(RRoIN(R12)-T-Rp or -N(Rp)C(O)C(R10R11)C(R13R1)-T-Rp. R: is R,

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

N\ R
heterocychic ring (e.g., LL&L ) which 18 optionally substituted with one or more R; R; and Rg

are each mdependently Re, and Ry and Ry, taken together with the atoms 1o which they are attached,

form a 5- to 6-membered carbocyclic or heterocyclic ring (e.g., L)IL } which is optionally

substituted with one or more R, Rg is Re, and Ry and Ry, taken together with the atoms 1o which

[N
they are attached, form a 5- to 6-membered heterocyclic ring (c.g., ‘;?1 ) which is optionally
substituted with one or more Ry; and Ryg and Ry; are each independently Re, and Ry; and Ry, taken

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

e

heterocyclic ring (e.g., ‘LL'- ) which is optionally substituted with one or more Ry. G 18

and is independently optionally substituted with one or more Rs. T is preferably independently
selected at each occurrence from ~C{O)-Ly"-N(Rp)C(O)-Ls"’~ or ~C(O)-Ly’-N{Rg)C(O)O-Lg "~
Ly’ 1s each mndependently Lg’ and, preferably, is each independently C,-Cealkylene (e.g., -CH,- or

independently Cs-Cgearboceycele or 5- to 6-membered heterocycle, such as

fr"jiu
) and optionally substituted with one or more substituents selected from Ry, T can also be,
without limitation, selected from ~C{O)-Ly’-Lg"’—, —C(O)-Ly’—O~Lg" ", ~C(O)Ly’~N(Rp)-Lg ",

\«ﬁ P /;ﬁ’\ /EYRD
N 0
or ~—C(O)~*LY’—N (Rp)S(O)~Ly "~ In some cases, Y 18 ag described above,
N _ Ro
é A Ay % S Ay
and Z is as described above. In some

/

I
/k YRD )\ e
LY Ly
other cases, Y 18 as described above ,

H
,N aQ
\ A
N Ly o
and Z 1s as described above.

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

Zy

Z;
a » >3
such as i g), and B s % N)—g or % N (e.g.,

fosiicsto TN

Ho ) or Als N
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O
is 5- or 6-membered carbocycle or heterocycle {e.g., phenyl such as s ). Aand B are each
imdependently optionally 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.

[TavavaVel

NN

X is 5- or 6-membered carbocycle or heterocycle or 6- to 12-membered bicycle (e.g., U
VL
B

or U , wherein X; 18 N and is directly linked to —L:-D) and is optionally substituted with
one or more Ry, Specific examples of X are described hereinabove. D is 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 Ry, wherein J is Ci-Cscarbocycle, 3- to
6-membered heterocycle or 6- lo 12-membered bicycle and is optionally substituted with one or more
Ra. Preferably, J is substituted with a Csy-Ceearboceycle or 3- to 6-membered heterocycle which is
ndependently optionally substituted with one or more substituents selected from halogen, hydroxy,
mercaplo, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-Cealkyl,
Cyr-Cealkenyl, Cy-Cealkynyl, C;-Cshaloalkyl, C,-Cghaloalkenyl, C,-Cghaloalkynyl, C(OYORs or -
N(RsRs'), and J can also be optionally substituted with one or more Ry, Preferably, D is

RN’ RM
RN RN

RN RN
s or v wherein Ry and Ry are as defined above. Also preferably, D is

J
J
Ry Ry
RN Ry
wans or w»v wherein J and Ry are as defined above. L and L, are each independently

bond or Cy-Cealkylene, and L, is bond, Ci-Cealkylene or -C(O)-, and L,, L,, and 1; are each

independently optionally substituted with one or more Ry, Preferably, L;, L,, and L; are bond. When

5 < >
A 18 5- or 6-membered carbocycle or heterocycle (e.g., phenyl such as ; g), Y is —
N{RpICO)C(RIRON(R 5 )T~Rp, -N(Rp)C(O)C(R3R)C(RR7)-T-Ryp, ~G-C(RR)NRs-T-Rp, or —
(j—C(_RgROC(RéR?)—T—RD, and 7 is —Ls—C(RgRg)N(Rig)—T—RD or —-Ls——C(Rl()Rl1)C(R13R14)—T—RD.

8 < >
When B is 5- or 6-membered carbocycle or heterocycle (e.g., phenyl such ag : g), Y is g
C(RiR)N(Rs)-T-Rp or —Ls—C(R3RHC(ReR7)}-T-Rp, and Z is ~N(Rg)C(OYC(RgRo)N(R12)-T-Rp, —
52



15

WO 2012/0651361 PCT/US2011/056045

nrm a S5 tn
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o)

membered heterocyclic ring (e.g., ‘15— ) which is optionally substituted with one or more Ry;

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

o .
attached, form a 5- to 6-membered carbocyclic or heterocychic ring (e.g., S } which is

optionally substituted with one or more Ra. Rgis Re, and Rg and Ry, taken together with the atoms 1o

N

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

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

heterocyclic rning (e.g., ‘7.5— ) which is optionally substituted with one or more Ry, G is

and is independently optionally substituled with one or more Ry, T is preferably independently

selected at each occurrence from —C(O)—Ly"-N(Rp)C{O)Ls"'— or —C{O)-Ly-N(Rp)C(OYO-Lg""—

independently Cs-Cgcarboceycle or 5- to 6-membered heterocycle, such a

Ly’ 1s each independently Lg” and, preferably, is each independently C;-Csalkylene (e.g., -CHy- or

fIa
) and optionally substituted with one or more substituenis selected from Ry. T can also be,
without limitation, selected from —C{O)yLy’-Ls"—, -C(O)-Ly’~-O-Lg""—, <C(O)Ly"-N(Rg)-Ls" ",

or ~C{O)-Ly ~N{Rp)S(O)h~Ls" '~ In some cases when A is 5- or 6-membered carbocycle or

O
heterocycle  (e.g., phenyl such  as == ), Y 1§

AN

$ N
= o ~]
P ANy Ro HN /?\ /HYRD
N Ly o] N Y o
or as described above, and Z s

53

O o H

i Na R
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Q

-



10

20

25

WO 2012/051361 PCT/US2011/056045

o

o Q New R
>\N/j\f»y'/ P

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

o) H
PLy N R
e \n/ 0
. )j\LY' T
s
3 .
carbocyele or heterocycle (e.g., phenyl such as ), Y 18 as
f\(\NH

N== o)

»
N R
Rp P o
\ 6/0!\]_\{/ Y N)\ Ly’ j(%/

described  above, and Z is or

s
H
/\L\ ~
Ly'
as described above.

The present invention also features compounds of Formulae 1, 14, I, Ic and Ip as described
herein (including each embodiment described hereunder) and pharmaceutically acceptable salts
thereof, wherein:

D is Cs-Cyqcarbocycle or 3- to 12-membered heterocycle, and is optionally substituted with
one 0r more Ry; or D is Cy-Crpcarbocycle or 3- to 12-membered heterocycle which 1s
substituted with ] and optionally substituted with one or more Ry, where J is Cs-
Ciscarbocycle or 3- to 15-membered heterocycle (e.g., a 3- to 6-membered monocycle, a
6- to 12-membered fused, bridged or spiwo 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 118 —SFs; or D ig
hydrogen or Ry;

R4 is independently selecled at each occurrence from halogen, nitro, oxo, phosphonoxy,
phosphono, thioxo, cyano, or ~Lp~Ry; wherein two adjacent R,, taken together with the
atoms o which they are attached and any atoms between the atoms to which they are
attached, can optionally form carbocycle or heterocyclic;

Ly is independently selected at each occurrence from Lg; or Ci-Cygalkylene, Co-Cipalkenylene
or C,-Cyealkynylene, each of which optionaily has 1, 2, 3, 4 or 5 carbon atoms
independently replaced with O, S or N(Rg), and each of said C;-Cipalkylene, Co-
Cygalkenylene or Cy)-Chealkynylene being independently optionally substituted with one or
more Ry,

Rg is independently selected at each occurrence from —~O-Rs, -S—Rg, —C(O)Rg, -OC(O)Rg, ~
C(O)ORs, -N(RsRs"), ~S(O)Rs, =SORs, -CON(RsRg"), -NRs)C(ORs', -
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NROCOIN(R'Rs™),  -N(Rg)SO:Rs’,  ~SO:N(RsRs'), —N(RHSONRS'Rs”), -
NROS(ON(RS'Rs™), -O8(C) Ry, OS{0O); Ry, -S(OROR,, S{CYOR;, OC{O)OR,, -
N(Rg)C(O)ORy’, ~OC(OIN(RsRs™), ~N(Rg)S(O)-Rs’, ~S(OIN(RsRs’), ~P(O)ORs),
=C(RgRs"), or “C{ON(R)C(O)-Rs’; or Ci-Cealkyl, Co-Cealkenyl or Co-Cealkynyl, each
of which is independently optionally substituted at each occurrence with one or more
substifuents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl, cyano, C;-Ciacarboceycle or 3- to 12-membered
heterocycle; or Ci-Cypcarbocycle or 3- to 12-membered heterocycle (e.g., 7- to 12-
membered carbocycle or heterocycle), cach of which is independently optionally
substitufed at each occurrence with one or more substituents sclecied from halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl,
cyano, trimethylsilyl, Ci-Cgalkyl, C,-Cealkenyl, Cy-Cealkynyl, C;-Cghaloalkyl, C,-
Cehaloalkenyl, Cy-Cghaloalkynyl, -O—Rgs, —SRg, “C(O)Rs, ~C(O)ORs, or -N(RsRs”).

Ry is independently selected at each occurrence from halogen, nitro, oxo, phosphonoxy,
phospheno, thioxo, cyano, ~O-Rg, ~S—Rg, ~C(O)Rg, ~OC(O)Rs, —C(OYORs, ~N(RsRs"), —
S(O)Rs, —SORs, C(OMN(RgRs") or —N(Rg)C(O)Rs’; or Cs-Cipcarboceycle or 3- to 12-
membered heterocycle (e.g., Cs-Coearbocycle or 3- to 6-membered heterocycle), each of
which is independently optionally substituted at each occwrrence with one or more
substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo,
phosphonoxy, phosphono, thioxo, formyl, cyano, C-Cealkyl, C;-Cealkenyl, C,-Cealkynyl,
Ci-Cghaloalkyl, Cy-Cshaloalkenyl or C)-Cshaloalkynyl; wherein two adjacent Ry, taken
together with the atoms to which they are attached and any atoms between the atoms 1o
which they are attached, can oplionally form carbocycle or heterocycle.

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

5 < >
heterocycle (preferably, A and B are each independently phenyl such as ; g), and are each
independently optionally substituted with one or more Ry (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

NN
12-membered bicycle (preferably, X is U , wherein X; is N and is directly linked to —L;—
D), and is optionally substituted with one or more Rs. D is a Cs-Cgcarbocycle or 5- to 6-membered
heterocycle (e.g., phenyl), and is substituted with T and optionally substituted with one or more Ry, J
is C3-Cgearbocycle, 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 R,. Preferably, J is substituted with a C3~Ceearbocycle, 3- to 6-membered heterocycle, 6- 10 12-
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membered bicycle or 7- 1o 12-membered carbocycle/heterocycle, which is independently optionally

enhetituted with one
supsituteg wiih one

or more
carboxy, nitro, 0xo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-Cealkyl, C,-Cealkenyl, Co-
Cealkynyl, C;-Cghaloalkyl, C;-Cghaloalkenyl, C,-Cehaloalkynyl, —C(O)ORs or —N(RsRg"), or (2)
trimethylsilyl, ~O-Rg, ~S—Rg, ~C(O)Rg; and J can also be optionally substituted with one or more R,.

J
J

Ry Ry

Ry Ry I
Preferably, D is vy or «wwv | wherein J is as defined above, and each Ry i

independently selected from Rp and preferably is hydrogen or halo such as F. L, and L, arc each
independently bond or Cy-Cealkylene, and L3 is bond, Cy-Cgalkylene or -C(O)-, and Ly, L, and L are
cach independently optionally substituted with one or more Ry, Preferably, L, L, and Ls are bond.
Y is -N(Rg)C(O)YC(RIRYN(Rs5)-T-Rp, -N(Ru)C{OYC(R3RIC{RR7)-TRp, ~G-C(RR)N(R5)-T-Rp
or  ~G-C(R;RHC(ReR,)-T—Ry,. Z is  ~NRp)COXC(RR)ONRp)}-T-Rp, -
NReYCOYC(R10R11)C(R13R14)-T-Rp, —G-C(RzReIN(R;2)-T-Rp or —G-C(R10R11)C(R13R14)-T-Rp.

R; 18 R and R, and Rs, taken together with the atoms to which they are attached, form a 5- to 6-

N2 N\g_
membered heterocyclic ring (e.g., '??1 ) or 6- to 12-membered bicycle (e.g., ‘e]l )
which is optionally substituted with one or more Ry Ry and Rg are each independently Re, and Ry and

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

heterocyclic ring (e.g., ‘?E ) or 6- to 12-membered bicycle which is optionally substituted

with one or more Ra. Ry is Rey and Re and Ryy, taken together with the atorns 1o which they are

L‘%_Q\%

attached, form a 5- to 6-membered heterocyclic ring {(c.g., ~ ) or 6~ 10 12-membered bicycle

Nl
{e.g., %zl ) which is optionally substituted with onc or more R,; and Ry and Ry; are each

independently Re, and Ry; and Ry, taken together with the atoms to which they are attached, form a
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ay
5-to 6-membered carbocyclic or heterocyelic ring (e.g., L%- ) or 6- to 12-membered bicycle

which is optionally substituted with one or more Rs. G is independently Cs-Cgcarbocycle or 5- to 6-

A0

with one or more Rs. T is preferably independently selected at each occurrence from ~C(O)-Ly -
5  NRp)C(O)-Lg"— or -C(O)-Ly -N(Rp)C(O)O-Lg "~ Ly" is each independently Ly and, preferably,

membered heterocycle, such as , and is independently optionally substituted

a’j:“%,

is each independently C;-Cealkylene (e.g., -CH,- or ) and optionally substituted with one or
more substituents selected from Ry. T can also be, without limitation, selected from ~C(Q)-Ly’~Lg "~
» ~C(O)-Ly'~O-Ls""—, ~C(O)-Ly -N(Rp)-Ls "=, or —C(O)—Ly'-N(Rg)S(O),—Ls™'—. In some cases, Y

A(\NH ; /N
§
HoO H N== o H \( / H
\»N o i R N Ro 9 N R
- o P HN - o
6)\LY Ry N/u\ Lo N)\LV’ T
is , o1 as

f\(\N y
H D H N== 0 H
\-N Q Ne_ R N —Rp
P D ;
%J“/\‘“’ ° é/& T
10 described above, and Z is s or
N

¢
A

o) H
Hi PR
Foe
as described above.
Z7
P % _</
N S o
In another embodiment, A 1§ NN or H , and is optionally
Zy
\ Zl, Q %
. il 'S
substituted with one or more Ry B is N or H , and is optionally

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

15 CH,; and 7, is independently selected at each occurrence from N or CH, Preferably, A and B are each
H

N
independently substituted with at least one halo such as F. Also preferably, A is N

>
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T

Bis§ ’, and A and B are substituted with one or more halogen, such as F or Cl. When

H
N, /.,F

TN ,l\\ 4.8
3 M . N7 R .
A and/or B are halo-substituted benzimidazole (e.g., A is N g and B is
H
N \%"N\ ;
s L0 )
TN

), the compounds of this embodiment can have significantly improved
pharmacoknetic 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-

]
wwans

NN
membered carbocycle or heterocycle or 6~ to [2-membered bicycle (preferably, X is U ,
wherein X3 1§ N and is directly linked to —15—D), and is optionally substituted with one or more R4. D
is a Cs-Cgearbocycle or 5- to 6-membered heterocycle (e.g., phenyl), and is substituted with J and
optionally substituted with one or more R,. 1 is C5-Ceecarbocycele, 3- to 6-membered heterocycle, 6- 1o
12-membered bicycle, 10- 1o 15-membered iricycle or 13- to 15-membered carbocycle/heterocycle,
and J is optionally substituted with onc or more Ra.  DPreferably, J is substituted with a C;-
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, nilro, oxo, phosphonoxy, phosphono,
thioxo, formyl, cyano, C,-Cealkyl, C,-Cealkenyl, C;-Cgalkynyl, Cy-Cghaloalkyl, C,-Cghaloalkenyl, Co-
Cehaloalkynyl, ~C(O)ORg or -N(RgRg"), or (2) trimethylsilyl, -O-Rg, —S—Rg, or ~C(O)Rg; and T can

J

J
Ry Ry

Ry Ry
also be optionally substituted with one or more Ra. Preferably, D is s or

wherein J is as defined above, and each Ry is independently selected from Ry and preferably is
hydrogen or halo such as F. L, and L, are cach independently bond or Cy-Cealkylene, and 1.; is bond,
C-Cealkylene or -C(O)-, and Ly, L,, and Ls arc each independently optionally substituted with one or
more Rp. Preferably, L;, L,, and L; are bond. Y 18 —LgC(RRHON(Rs)-T-Rp or ~Ls
CR3RH)C(RR7)-T-Rp. Z is ~Lg~C(RgRe)N(R15)~T-Rp 01 ~Le-C(R10R11)C(R 3R 14-T-Rp. R; is Re;

and R, and Rs, taken together with the atoms to which they are attached, form a 5- to 6-membered
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. 9
1 Ll

heterocyclic ring (e.g., ‘la‘ Y or 6~ to 12-membered bicycle {(e.g., ﬁz& ) which is
optionally substituted with one or more Ry, Ry and Rg are each independently Re, and Rs and Ry,

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

heterocyclic ring (c.g., EL ) or 6- 1o 12-membered bicycle which is optionally substituted

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

N

attached, form a 5- to 6-membered heterocyclic ring (e.g., ‘%‘ ) or 6- to 12-membered bicycle

N g
(e.g., Lﬁl ) which is optionally substituted with one or more Ry; and Rye and Rys are cach

independently Re, and Ry and R4, taken together with the atoms to which they are attached, form a

5- to 6-membered carbocyclic or heterocyclic ring (e.g., ‘%7— 3} or 6- 10 12-membered bicycle
which ig optionally substituted with one or more Ra. T is preferably independently selected at each
occurrence from —C(O)Ly'—NRp)C(O)-Lg"'— or -C(O)-Ly-NRp)C(OYO-Ls - Ly' is each

ﬁI‘a
independently Ly and, preferably, is each independently Ci-Cealkylene (e.g., -CHy- or )
and optionally substituted with one or more substituents selected from Ry. T can also be, without

Jimitation, selected from —C(O)-Ly’~Ls" = —C(O)-Ly’~O-Ls>’~, ~C(O)-Ly’~N(Rp)-Ls -, or -

0] H
P
N Ly O
C(O)-Ly'~N(Rp)S(0)o-Ls’—. In some cases, Y and Z are independently

Ie) H
Y N R
~ D
N)KLY. T

or , wherein non-limiting examples of Rp mclude (1) —-0-C-Cealkyl, -0-Cy-

Cealkenyl, ~O-Cyp-Cealkynyl, C;-Cealkyl, Ci-Cealkenyl or C;-Cgalkynyl, each of which is
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independently optionally substituted at each occurrence with one or more substituents selected from
¢y, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl,
cyano, Cs-Ceearbocycle or 3- to 6-membered heterocycle; or (2) Cy-Cgcarbocycle or 3- fo 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-Cealkyl, C,-Cealkenyl, C,-Cealkynyl, Ci-Cghaloalkyl, Cp-
Cghaloalkenyl or C,-Cghaloalkynyl;, and non-limiting examples of Ly’ include Ci-Cealkylene
optionally substituted with halogen, hydroxy, mercapto, amino, carboxy, phosphonoxy, ~O-C;i-
Cealkyl, -O-C,-Caalkenyl, -0-C,-Cealkynyl, or 3- 10 6-membered carbocycle or heterocycle, said 3-
to 6-membered carbocycle or heterocycle being optionally substituted with one or more substituents
selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono,
thioxo, formyl, cyano, C;-Csalkyl, C,-Cealkenyl, Cy-Cealkynyl, C;-Cghaloalkyl, Cy-Cshaloalkenyl or
Co-Cehaloalkynyl.

[n another aspect, the present invention features compounds of Formula Is and

pharmaceutically acceptable salts thereof.

[
La
F?S R, l i Ro Tm
N A—L—X—L,—B N ,
Ry—T" rf/ ™ | “T—Rp
R¢' Rng Rug Re
Ta

wherein:
Rug is each independently selected from Rp;
R¢' 1s each independently selected from R
Ry’ is cach independenily selected from Ry;
R, and Rs, taken together with the atoms to which they are attached, form a 3- 1o 12-
membered heterocycle which is optionally substituted with one or more R,;
Ry and Ry, 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 Ry,
A, B, D, X, Ly, Ly, Ly, T, Ry, Ry, Re, and Ry, are as described above in Formula 1.
In this aspect, A and B preferably are independently selected from Cs-Cscarbocycle or 5- to 6~
membered hetcrocycle, and are cach independently optionally substituted with one or more R,. More

e/ N\

preferably, at least one of A and B 1s phenyl (e.g., e ), 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., g‘@"%)’
and are each independently optionally substituted with one or more R,.

D preferably is selected from Cs-Cecarbocyele, 5~ to 6-membered heterocycle, or 8- to 12-
membered bicycles, and is optionally substituted with one or more Ry, D can also be preferably
sclected from C,-Cealkyl, C,-Cpalkenyl or C,-Cealkynyl, and is optionally substituted with one or
more Ry. More preferably, D is Cs-Cecarbocyele, 5- 1o 6-membered heterocycele, or 6- to 12-
membered bicycles, and is substituted with one or more R, where Ry is halogen, nitro, oxo,
phosphonoxy, phosphono, thioxo, cyano, or —Ls—Ry. Also preferably, D is phenyl, and is optionally
substituted with one or more Rs. More preferably, D is phenyl, and is substituted with one or more

R Ry
RN RN

Ry Ry
Ry, wherein Ry 1s as defined above. Highly preferably, D is v or ww  wherein Ry is

as defined above, and each Ry is independently selected from Ry, and preferably is hydrogen. Onc or
more Ry can also preferably be halo such as F.
D is also preferably pyridinyl, pyrimidinyl, or thiazolyl, optionally substituted with one or

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

R R R
Ry A M
N N7 SN =N
| = L~ S?J Z R
RN Rn Ry Rn N
more Ry. Highly preferably, D is s , s , or e , wherein Ry

is as defined above, and each Ry is independently selecfed from Ry and preferably is hydrogen. One
or more Ry 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 Rs. More preferably D is indanyl, 4,5,6,7-tetrahydrobenzo[d]thiazolyl, benzo[djthiazolyl,

mdazolyl, or benzo[d][1,3]dioxol-5-y1, and is substituted with one or more Ryy. Highly preferably, D

QO % e
_ _ N HN %) O
N S N )

L I 1.

is , , v s and is optionally substituted with
one Or more Ry

Preferably, Ry 1s halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, cyano; or C;-Cealkyl, Cy-Cealkenyl or C,-Cealkynyl, each of which is
independently optionally substituted at each occurrence with one or more substituents selected from

halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or
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cyano; or C;-Cgearbocycle or 3- to 6-membered heterocycle, each of which is independently
optionally substituted at
hydroxy, mercapto, amino, carboxy, nitro, 0xo, phosphonoxy, phosphono, thioxo, formyl, cyano, Ci-
Cealkyl, Co-Caalkenyl, Cy-Cealkynyl, Ci-Cghaloalkyl, Cy-Cghaloalkenyl or Cp-Cghaloalkynyl. More
preferably, Ry is halogen, hydroxy, mercapto, amino, carboxy; or Ci-Cealkyl, C,-Cealkeny! or Cy-
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, Ry is
C,-Cealkyl which 1s independently optionally substituted with one or more substituents selected from
halogen, hydroxy, mercapto, amino or carboxy.

Also preferably, Ry is halogen, hydroxy, mercaplo, amino, carboxy, nitro, oxo, phosphonoxy,
phosphonao, thioxo, or cyano; or Ry is —Ls—Rg, wherein Lg 15 a bond or C;-Cgalkylene, and Ry is —
N(RsRs"), -O-Rs, —C{O)Rs, —C(O)ORs, —CON(RsRs™), NR)CORs’, -N(R5)C(O)ORs’, —
N(Rs)SORs’, —SORs, —SRs, or —P(O)ORgs),, wherein Rg and Rg’ can be, for example, each
imdependently selected at each occurrence from (1) hydrogen or (2) Ci-Cealkyl optionally substituted
at each occurrence with one or more halogen, hydroxy, —O-C;-Cealkyl or 3- t0 6-membered
heterocycle; or Ry is Ci-Cyalkyl, Cy-Cealkenyl or C,-Cealkynyl, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, 0xo, phosphonoxy, phosphono, thioxo, formy! or cyano; or
Rys 18 C3-Cgearbocycle or 3- 10 6-membered heterocycle, each of which is independently optionally
substituted at cach occurrence with one or more substituents selected from halogen, hydroxy,
mercapto, amino, carboxy, nitro, 0xo, phosphonoxy, phosphono, thioxo, formyl, cyano, Cy-Cealkyl,
Co-Cealkenyl, Cy-Cealkynyl, Ci-Cehaloalkyl, Cy-Cehaloalkenyl, C,;-Cehaloalkynyl, -C(O)ORs, or —
N(RsRs’). More preferably, Ry is halogen (e.g., fluoro, chloro, bromo, iodo), hydroxy, mercapto,
amino, carboxy, or C;-Cealkyl (e.g., methyl, isopropyl, tert-butyl), Co-Cealkenyl or Cy-Cealkynyl, each
of which 1s independently optionally substituted at each occurrence with one or more substituents
selected from halogen, hydroxy, mercaptlo, amino, cyano, or carboxy. For example Ry is CF;, —
C(CF3),—OH, —~C{CHj3),—CN, —C(CHa),~CH,OH, or ~C(CH;),~CH,NH,. Also preferably Ry is ~Lg—
Rg where Lg 18 a bond and Ry 18 -N(RsRs), “O-Rs, -N{R)C{OYORg’, -N(R5)SO;Rg’, ~SO,Rs, or -
SRs. For example where Lg is a bond, Ry is -N(C-Cealkyl), (e.g., ~NMe,); ~N(C;-Cealkylene~0~C;-
Cealkyl)y (e.g. —N(CHCHOMe)); -N(Ci-Cealkyl)(Ci-Cealkylene—O-Ci-Cealkyl) {(e.g. -
N(CH3(CH,CH,OMe)),—0-Ci-Cealkyl (e.g., “O-Me, -O-Et, -O—isopropyl, —-O-tert-butyl, -O-=n-
hexyl); —O-C;-Cghaloalkyl (e.g., — OCF;, -OCH,CF;); ~O-C,-Cealkylene-piperidine (e.g., ~O—
CHyCHy—-1-piperidyl); ~N(C-CealkyDC{O)YOC-Cealkyl (e.g., ~N(CH)C(O)YO~-CH,CH(CH3)), —
N(C;-CalkyDSO.C-Cealkyl (e.g., -N(CH3)SO,CHs), —SO,Ci-Cealkyl (e.g., —SO.Me), —SO,Cy-
Cshaloalkyl (e.g., —SO,CF3); or —-S-C;-Cshaloalkyl (e.g., SCF;). Also preferably Ry is -Ls—Rg where
Ls is C;-Cealkylence (e.g.,, ~CHy, ~C(CHa)—, ~C{CH;),~CH,-) and Rg is ~0O~-Rg, ~C(O)ORs, —
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N(R)C(OORs", or ~P(O)(ORs). For example Ry is —Ci-Cealkylene—O-Rs (e.g., “C(CH3)»—CHo-
OMe); -C-Cealkylene—C(OWORg (e.g., “C(CH ,-C(OYOMe); -C;-Cgalkylene-N(RHC{OYOR

...... . A1y ien g (2.8, I3 5.9 LA s

T (eg.,
—C{CH;3)~CH,~NHC(O)OCHj3); or ~C,-Cealkylene—P(O}ORs), (e.g., -CH,—P(O)(OEt),). Also more
preferably Rag 1s C3-Cyearboceyele or 3- 1o 6-membered heterocycle, each of which is independently
optionally substituted at each occurrence with one or more substituents sclected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, 0xo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-
Cealkyl, Cs-Cealkenyl, C,-Cealkynyl, C;-Cghaloalkyl, Cy-Cghaloalkenyl, C,-C¢haloalkynyl, -
C(O)ORs, or -N(RsRs’). For example Ry is cycloalkyl (e.g., cyclopropyl, 2,2-dichloro-1-
methyleycloprop-1-yl,  cyclohexyl), phenyl, heterocyclyl (e.g, morpholin-4-yl,  1,i-
dioxidothiomorpholin-4-y1, 4-methylpiperazin-1-yl, 4-methoxycarbonylpiperazin-1-yl, pyrrolidin-1-
yvl, piperidin-1-yl, 4-methylpipendin-1-yl, 3,5-dimethylpiperidin-1-yl, 44-difluoropiperidin-1-yl,
tetrahydropyran-4-yl, pyridinyl, pyridin-3-yl, 6-(dimethylamino)pyridin-3-y1). Highly preferably, Ry
is Ci-Cealkyl which is independently 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-Cgcarbocycle, 5- to 6-membered heterocycle or 6- to 12-membered
bicycle and is substituted with § and optionally substituled with one or more Ra, wherein ] is Cs-
Cecarbocycle, 3- 1o 6-membered heterocycle or 6- to 12-membered bicycle and is optionally
substituted with one or more R, Preferably, J is substituted with a Ci-Cgcarbocycle or 3- to 6-
membered heterocycle, wherein said C;-Cgearbocycle or 3- to 6-membered heterocycle 1s
independently optionally substituted with onc or more substituents selected from halogen, hydroxy,
mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxoe, formyl, cyano, C-Cealkyl,
C,-Cgalkenyl, Cy-Cealkynyl, Ci-Cghaloalkyl, C,-Cghaloalkenyl, C,-Cghaloalkynyl, C(O)ORs or —
N(RsRg"), and T can also be optionally substituted with one or more Ra. Also preferably, D 15 Cs-
Ceearbocycle or 5- 1o 6-membered heterocycle and 1s substituted with J and optionally substituted
with one or more Ry, and J is Cs-Ceearbocycle or 3- 1o 6-membered heterocycle and is optionally
substituted with one or more R,, and preferably, T is at least substituted with a C;-Ceearbocycle or 3-
to 6-membered heterocycle which 1s independently optionally substituted with one or more
substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, 0xo, phosphonoxy,
phosphono, thioxo, formyl, cyano, C;-Cealkyl, C,-Cealkenyl, C,-Cealkynyl, C;-Cghaloalkyl, C,-
Cshaloalkenyl, C-Cghaloalkynyl, C(O)ORs or ~“N(RsRs’). Also preferably, D is Cs-Cgcarbocycle or
5- to 6-membered heterocycle and is substituted with J and optionally substituted with one or more
Ry, and J is 6- 1o 12-membered bicycle (e.g., a 7- 10 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 Rs. More preferably, D is phenyl and is substituted with J and
optionally substituted with one or more Ry, and J is Cs-Cecarbocycle, 3- to 6-membered heterocycle

or 6-to 12-membered bicycle and is optionally substituted with one or more Ry, and preferably 1 is at
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least substituted with a C;-Cscarbocycle or 3- to 6-membered heterocycle which is independently
optionally substituted wilhi onie or more substituents selected from halogen, hydroxy, mercapto,
amino, carboxy, nitro, oxo, phosphonoxy, phosphone, thioxe, formyl, cyano, Ci-Cealkyl, Co-

Cealkenyl, Cy-Cealkynyl, C;-Cghaloalkyl, C,-Cghaloalkenyl, C,-Cghaloalkynyl, C(O)ORs or —

J
Ry i N Ry
Ry Z Ry

N(RsRs’). Highly preferably, D is wne , wherein each Ry is independently selected from

Rp and preferably is hydrogen or halogen, and J is C;-Cgcarbocycle, 3- to 6-membered heterocycle or
6- to 12-membered bicycle and is optionally substituted with one or more Ry, and preferably J is at
least substituted with a C;-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, C-Celkyl, C,-
Cealkenyl, C,-Cealkynyl, C;-Cghaloalkyl, C;-Cshaloalkenyl, Cy-Cshaloalkynyl, C(OYORg or -

J
RN 1 \ RN
: i
RN / RN
N(RsRs™). Also preferably, D is o , wherein each Ry is independently sclected from Ry

and preferably is hydrogen or halogen, and J 18 Cy-Cgcarbocycle or 3- t0 6-membered heterocycle and

is substituted with a Cs-Cgearbocycle 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;-Cealkyl, C,-

Cealkenyl, C,-Cealkynyl, Ci-Céhaloalkyl, C,-Cghaloalkenyl, C,-Cghaloalkynyl, C(OYORs or -
J

N(RsRs"), and J can also be optionally substituted with one or more Ry, Also preferably, Dis v |
and J 15 Cs-Ceearbocycle or 3- to 6-membered heterocycle and is optionally substituted with one or
more Ra, and preferably J is al lcast substituted with a Cj;-Cgearbocyele 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, Cy-Cealkenyl, Co-Cealkynyl, Ci-Cghaloalkyl, C,-Cghaloalkenyl, C,-Cghaloalkynyl,
C(O)ORs or -N(RsRg’).
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X preferably is C5~Cscarbocyclc, 5- 10 6-membered heterocycle, or 6- to 12-membered

...I!.\-
bicycles (e.g., U U , wherein Xj is N and is directly linked to —L;-D), and

is optionally substituted with one or more Ry or Rp. Non-limiting examples of X are described
hereinabove.

L, and L, are preferably independently bond or C|-Cealkylene, L 1s preferably selected from
bond, C-Cealkylene or —-C(Q)—, and L, L,, and L; are cach independently optionally substituted with
one or more Ry, More preferably, L, L, and L; arc each independently bond or C;-Cealkylene (c.g., —
CHo— o1 ~CHyCHy-), and are each independently optionally substituted with one or more Ry. Highly
preferably, Ly, L, and L; are bond.

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

o, S

membered heterocycle or 6- to 12-membered bicycle {e.g., ' ) which 18
optionally substituted with one or more Ra.

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

6-membered heterocycle or 6- 1o 12-membered bicycle (e.g., - or ° ), which 18
optionally substituted with one or more Ry.

-T-Rp’ can be, without limitation, independently selected at each occwrrence from ~C(O)-
Ly’= —COYO-Ly" Ry, —CO)-Ly'-NRg)C(O}Ls"Ryp’, —C(O}Ly’-NRp)C(OYO-Ls " ~Ryp", —
NRg)C(O)-Ly’ -NRp)C(O)-Ls-Rp", NRp)CO)Ly —N(Rp)C(0)O-Ls”—Ryp’, or -N(Rz)C(O)-

Ly’ —N(Rg)-Ls'"-Rp’, wherein Ly’ is each independently Ls’ and, preferably, is each independently

L
Cy-Cealkylene (e.g., -CH,- or I ) and optionally substituted with one or more substituents
selected from Rp. Preferably, -T-Rp’ is independently selected at each occurrence from —C(O)Ly '~
M’-Lg""—Rp” or -N(Rg)C(O)-Ly’-M"-Ls"—Rp’. More preferably, -T-Ry’ is independently selected
at each occurrence from —~C(O)-Ly"~-N{Rp)C(O)-Lg'-Ryy" or —C{O)~Ly -N{Rg)C(O)O-Ls Ry,
Highly preferably, -T-Rp’ is independently selected at each occurrence from ~C{(O)-Ly"-N(Rg)C(O)-
Rp’ or ~C(O)-Ly'-N{Rp)C(OYO-Ry’, wherein Ly’ preferably is each independently C)-Cealkylene

#’Iﬂ
(e.g., -CHy-or ) and optionally subsiituted with one or more substituents selected from R;.
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Rum and Re’ are preferably hydrogen, and Ry’ preferably is independently selected at each

rom R.. More nreferablv. Ry ie indenendently celected at each ne
om fg. More p YV, Rp 18 Imgependently sel each oo

VVVVVVVVV s independent ected af urrence from C;-
Cealkyl, Cy-Cealkenyl or Cp-Cealkynyl, cach of which is independently optionally substituted at each
occurrence with one or more substituents selected from halogen, hydroxy, mercapto, amino, carboxy,
nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Cy-Cgcarbocycle or 3- to 6-membered
heterocycle; or Cy-Ceearboceyele 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-
Cealkyl, C;-Cealkenyl, C,-Cealkynyl, C,-Cghaloalkyl, C,-Cehaloalkenyl or C,-Cghaloalkynyl.

Rp preferably is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, cyano; or C,-Celkyl, Cy-Cealkenyl or Cy-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 Ci-Cecarbocycle or 3- to 6-membered heterocycle, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-

Cealkyl, Co-Cealkenyl, Co-Cealkynyl, Ci-Cshaloalkyl, Co-Cghaloalkenyl or Cy-Cehaloalkynyl; or —Ls—

SOsRs, —La—CION(RgRs"™), —La-N(RCORg’, —La-NRICOMN(RS'RS™”), —Lo—N(RSORs’, —
La—SOoNRsRs"), —LaN(Rg)SON(R¢’Rs™"), ~La-N{Rg)S(ON(Rg'Rg™"), —La—OS(O)yRs, —La—
OS(0);-Rs, —Ls—S{ORORs, -La—S(OORg, -L,~OC(O)ORs, ~LaA~-NRHCOYORs', —La—
OC(ON(RgRs"), -LAaN(R)S(O)-Ry", —La—S{OIN(RgRs") or —L~C(ON(Rs)C(O)-Ry’, wherein L,
18 bond, C;-Cgalkylene, Co-Cgalkenylene or C)-Cealkynylene.

More preferably, Ra is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo,
phosphonoxy, phosphono, thioxo, cyano; or Ci-Csalkyl, Cr-Cealkeny! or Cyp-Cealkynyl, each of which
1s independently optionally substituted at each occurrence with one or more subsiituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formy! or
cyano; or Cy-Cgearbocycle or 3- to 6-membered heterocycle, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-
Cealkyl, Cp-Cealkenyl, C)-Cealkynyl, C,-Cghaloalkyl, C,-Cghaloalkenyl or C;-Cghaloalkynyl.

Highly preferably, Rs is halogen, hydroxy, mercapto, amino, carboxy, nitro, o0xo,
phosphonoxy, phosphono, thioxo, cyano; or C-Cealkyl, Co-Cealkenyl or Co-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.
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Ls, Ls" and Ly’ preferably are each independently selected at each occurrence from bond; or
C-Cialkylene, Cp-Cealkenylene or Cy-Cealkynylene.

A and B can be the same or different. Likcwise, Ly and L; can be the same or different.

in one embodiment of this aspect, A and B are each independently phenyl, and are each
independently optionally substituted with one or more Ry; D is phenyl, and is optionally substituted
with one or more Ry, or is substituted with I and optionally substituted with one or more Ry, wherem
T 18 Cy-Cgearbocycle, 3~ to 6-membered heterocycle or 6- to 12-membered bicycle and is optionally
substituted with one or more R,. Preferably, T is substituted with a C;-Cycarbocycle or 3- 1o 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, Co-Cealkenyl, Cr-Cealkynyl, C;-Cshaloalkyl, C,-Cehaloalkenyl, Co-
Cehaloalkynyl, C(OYORs or -N(RsRg’), and T can also be optionally substituted with one or more Ra.

Ris Ry
RN RN
RN Ry
Preferably, D is e or «w»v | wherein Ry and Ry are as defined above. Also
J
J
Ry Ry
RN Ry
preferably, D is wnnr or «» | wherein J and Ry are as defined above. Ly and L, are each

ndependently bond or Ci-Cealkylene, and Ls is bond, Ci-Cealkylene or -C(O)-, and L;, L,, and L; are
each independently optionally substituted with one or more Ry. Preferably, Ly, L, and L; are bond. -
T-Rp' is independently selected at each occurrence from —C(O)-Ly ~N{Rp)C(O)-Lg"—Rp’ or —~C{O)~
Ly’ ~N(Rp)C(O)O-Ls’—Ryp', wherein Ly’ is C-Cgalkylene (e.g., -CH;-) and optionally substituted
with one or more substituents selected from Ry, and Lg"” preferably is bond. —T-Ry’ can also be,
without limitation, selected from ~C(O)-Ly’-Lg”’~Rp’, -C(O)-Ly"~O~Ls"'—Rp’, ~C{O)-Ly’-N(Rp)~
Ls”Rp’, or ~C(Oy-Ly'-N(Rp)S(0),—Ls"~Ryp’. Preferably, R, and Rs, taken together with the atoms

Nt

to which they are attached, form '771 which is optionally substituted with one or more Ry; Ro

N2,
and Ry, taken together with the atoms to which they are attached, form 17— which is

optionally substituted with one or more Ry,
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In another embodiment of this aspect, A and B are each independently phenyl (e.g.,

s /\
e ), and are each independently optionally substituted with one or more R, (preferably, A

Vs

O
and B are each independently substituted with at least one halo such as F). X is U ,
wherein X3 is N and is directly linked to —L3--D, and X is optionally substituted with one or more Ry
or Rp. D is phenyl, and is substituted with J and optionally substituted with one or more Rs. Jis Cs-
Cscarbocycle, 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 Ry. Preferably, J is substituted with a C3-Cycarbocycle, 3- to 6-membered heterocycle, 6- 10 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, C;-Caalkyl, Cy-Cealkenyl, Cy-
Cealkynyl, C,-Cghaloalkyl, Cy-Cghaloalkenyl, C,-Cghaloalkynyl, —C(O)ORg or -N(RsRs"), or (2)

trimethylsilyl, -O-Rg, —S—Rs or —C(O)Rg; and J can also be optionally substituted with one or more

Ra. Preferably, D is s or « | wheremn T is as defined above, and each Ry 1s
independently selected from Ry and preferably is hydrogen or halo such as F. L; and L, are each
ndependently bond or C;-Cgalkylene, and L is bond, Cy-Cealkylene or -C{O)-, and L, Lo, and L; are
each independently optionally substituted with one or more Ry. Preferably, L, L,, and L, are bond. -
T-Ryp’ 18 independently selected at each occurrence from —C(O)-Ly'-N(Rp)C{O)-Lg**~Rp’ or ~C{O)-
Ly’ -N(Rp)C(OYO-Ls-Rypy’, wherein Ly’ is Ci-Cealkylene (e.g., -CH,-) and optionally substituted
with one or more substituents selected from Ry, and Ly’ preferably is bond. ~T-Rp’ can also be,
without limitation, selected from —C(O)-Ly'-Ls”Rp’, C(O)Ly'—O-Ls—Ryp’, ~C(O)Ly ~N(Rp)-
Lg"Rp’, or ~C(O)-Ly’-N(Rp)S(O)-Ls-Rypy’. R, and Rs, taken together with the atoms to which

N\ 9
they are atlached, form a 5- to 6-membered heterocyclic ring (e.g., ’214 yor 6- to 12-
N\ -
membered bicycle (e.g., ‘37- ) which is optionally substituted with one or more Ry; and Rg and

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

ring (e.g., ) or 6- to 12-membered bicycle (e.g., le ) which is optionally
substituted with one or more Ra.
in still another aspect, the present invention features compounds of Formula Iy and

pharmaceutically accepiable salts thereof:

i
L
Pr, ] mI"
RD"—T/N A—L—X—L,—B S TR
5 Re' Re
Iy
wherein:
R¢’ is each independently selected from Re;
Ry’ 1s each independently selected from Rp;
10 R, and Rs, 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 Ry;
Ry and Ry, taken together with the atoms 1o which they are attached, form a 3- to [2-
membered heterocycle which is optionally substituted with one or more Ry;
A, B, D, X, Ly, Ly, Ls, T, Ra, Re, and Ry, are as described above in Formula .
15 In this aspect, A and B preferably are independently selected from &- to 12-membered
W
W G 7
CC e T L T
T RO el L)
k ' ZZ
% W3/ 23 , Z3 \W 3 , WB Z4

bicycles such  as or

Zon A4
/ I/ Ws
ad =

Z, is independently selected at each occurrence from N or CH, Z, is independently selected at each

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

20 Wi, W, W3, Wy, Wsand W, are each independently selected at each occurrence from CH or N. A

and B are cach independently optionally substituted with one or more Ra.
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More preferably, A is selecled from s Wi or We , and is
W
wy s
s/ :
optionally substituted with one or more Ry, B is selected from W Z or

My Zo
T
% wWo

Wi, Wy, Ws, Wi are as defined above. Preferably, Z; is N and Z; 18 NH. For instance, A can be

K0, KI, <A

, and 1s optionally substituted with one or more Ry, where Z,, Z,, Za, Z4, Wy, Wy,

5 selected from N £ N {e.g.,
N
s T
N N . . . .
H or H ), and is optionally substituted with one or more R,; and B

H AN Zy
z, ' (\/N ‘ | >_%
can be selected from §4©iN/>_§ (e.g., g_K/i\?‘l}_%) or % ~ B (e.g.,

“H ), and is optionally substituted with one or more Ry,

W R

Also preferably, A s {e.g., ), and B 18
N N
HeL A
N % N . .
10 H (e.g., H ), wherein A’ and B’ are independently selected from

Cs-Cecarbocycle or 5- to 6-membered heterocycle, and A and B are independently optionally
substituted with one or more Ry,

1+

H
N N
K @Lg Ny g@i ) | .
More preferably, A is N ,Bis N ,and A and B are substituted

with one or more halogen, such as F or Cl. When A and/or B are halo-substituted benzimidazole

:} \\///\\ /f‘“ ’—\\.« /A\§ ______ _;}\E\
i N o
o { \1[ 4 | =
: \;\'/’ \\\‘b‘\/‘/! ““% : E-\\\ffyl Nt‘f/j :
15  (eg., Als and B 1§ : ), the compounds of Formula Ip can have

significantly improved pharmacokinetic properties as well as improved inhibitory activity against
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cerfain HCV genotype la mutants, as compared to the same compounds but with unsubstituted

D preferably is selected from Cs-Ceearbocycle, 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 C-Cgalkyl, Cy-Cgalkenyl or Co-Cgalkynyl, and is optionally substituted with one or
more substituents selected from Ry. More preferably, D is Cs-Cgcarbocycle, 5- to 6-membered
heterocycle, or 6- 10 12-membered bicycles, and is substituted with one or more Ry, where Ry is
halogen, nitro, oxo, phosphonoxy, phosphono, thioxo, cyano, or —Ls—Rg.  Also preferably, D 18
phenyl, and is optionally substituted with one or more Rs. More preferably, ID is phenyl, and is

substituted with one or more Ra, wherein Ry is as defined above. Highly preferably, D 1s

R R

e or « , wherein Ry is as defined above, and each Ry 1s independently selected from
Ry and preferably is hydrogen. One or more Ry 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 thiazoiyi and is substituted with one or

O
T

more Ry Highly preferably, D is , 01 S , wherein Ry
1s as defined above, and each Ry is independently selected from Ry, and preferably is hydrogen. One
or more Ry 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, benzofd}thiazolyl,

indazolyl, or benzo{d][1,3]dioxol-5-yl, and is substituted with one or more Ry, Highly preferably, D

Vo e ~
QQ @%;

is Mv R ww , w~w and is optionally substituled with
one or more Ry

Preferably, Ry is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, cyano; or C;-Cealkyl, C,-Cealkenyl or C;-Cealkynyl, each of which is
independently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapio, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or
cyano; or Cy-Cecarbocycle or 3- to 6-membered heterocycle, each of which is independently
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optionally substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, n phosphonoxy, phosphono, thioxo, formyl, cyano, C;-
Cealkyl, Ci-Cealkenyl, Cp-Cealkynyl, Ci-Cghaloalkyl, Cy-Cghaloalkenyl or Cy-Cghaloalkynyl. More
preferably, Ry is halogen, hydroxy, mercapto, amino, carboxy; or Ci-Cealkyl, Co-Cealkenyl or Csr-
Cealkynyl, each of which is independently optionally substituted at each occurrence with one or more
substituents selecled from halogen, hydroxy, mercapto, amino or carboxy. Highly preferably, Ry is
Cy-Cealkyl which is optionally substituted with one or more substituents selected from halogen,
hydroxy, mercapto, amino or carboxy.

Also preferably, Ry is halogen, hydroxy, mercapto, amino, carboxy, nitro, 0xo, phosphonoxy,
phosphono, thioxo, or cyano; or Ry 18 —Lg—Rg, wheremn Lg is a bond or C-Cealkylene, and Ry is —
NRsRy"), -O-Rs, C(O)Rs, ~C(O)ORs, ~C{ON(RsRs"), -N(R)CORg', NRHC(O)ORg", —
NRs)SO:Rg’, —SORs, ~SRs, or —~P(O)(ORg),, wherein Rs and Rg’ can be, for example, each
independently selected at each occurrence from (1) hydrogen or (2) C-Cealkyl optionally substituted
at each occurrence with one or more halogen, hydroxy, —O-C;-Cealkyl or 3- 0 6-membered
heterocycle; or Ry is Ci-Cealkyl, Cy-Cealkenyl or Cy-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
Ru 1s Cs-Cycarbocycle or 3- to 6-membered heterocycle, each of which is ndependently optionally
substituted at each occurrence with one or more substituents selected from halogen, hydroxy,
mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyvano, C-Cealkyl,
Cp-Cealkenyl, Cy-Cealkynyl, C,-Cehaloalkyl, C,-Cghaloalkenyl, Cp-Cehaloalkynyl, —C(O)YORs, or —
NRsRs™). More preferably, Ry is halogen (e.g., fluoro, chloro, bromo, iodo), hydroxy, mercapto,
amino, carboxy, or C,-Cealkyl (e.g., methyl, isopropyl, tert-butyl), Co-Cealkenyl or C,-Csalkynyl, each
of which 15 independently optionally substituted at each occurrence with one or more substituents
selected from halogen, hydroxy, mercapio, amino, cyano, or carboxy. For example Ry is CFs3, —
C(CF3),-OH, —C{CH;3),—CN, -C(CH;),~CH,OH, or —-C(CH3),~CH,NH,. Also preferably Ry is —Lg—
Rg where Lg is a bond and Rg 18 -N(RsRg), ~O-Rs, ~-N(Rg)C{O)ORg’, ~N{R5)SO;Rs’, —-SOsRg, or —
SRg. For example where Lg is a bond, Rg 18 -N(C-Cealkyl), (e.g., -NMe,); ~N(C-Cealkylene—0O-C;-
Cealkyl)y {e.g. -N(CH,CH,OMe),), -N(C-CaalkyI}C;i-Cealkylene-O-~Ci-Cealkyl) (e.g. -
N{CH;}(CH,CH,OMe));—0O-Ci-Cealkyl (e.g., -O-Me, ~O~Et, ~O~isopropyl, —O-tert-butyl, -O-n-
hexyl); —O—C;-Cghaloalkyl (e.g., — OCF;, —~OCH,CF;); ~0-C-Cealkylene—piperidine (e.g., —O—
CH,CHy—1-piperidyl); —N(C;-CealkyD)COYOC,-Cealkyl (e.g., —N(CH;)C(O)YO-CH,CH(CHz)y), —
N(C-Cealky)SO,C-Coalkyl (c.g., -N(CH;)SO,CH;); -SO,C-Cealky! (e.g., ~SO:Me), ~SO,C;-
Cehaloalkyl {e.g., —=SO,CF); or —§-C;-Cehaloalkyl (e.g., SCF;). Also preferably Ry i —Ls—Rg where
Ls is Ci-Cealkylene (e.g., -CHy—, -C{CHa)y—, ~C(CH3);~CHy~) and Ry is -O-Rg, -C{O)ORs, ~
N(Rg)C(O)ORy’, or —P(O)}ORs),. For example Ry 18 —Ci-Cealkylene—O-Rg (e.g., ~C(CHa)y—CHp~

72



10

20

25

30

35

WO 2012/651361 PCT/US2011/056045

OMe); —C;-Cealkylene—C(O)ORs (e.g., “C(CH;),~C(O)YOMe); ~C;-Cealkylene~N(Rs)C(O)ORs’ (e.2.,

C{CH,),~CHy- NHC{OYOCH,); or - C-Cealkylene P{OYORy), {c.g.. CHy P{OXOEL). Also
preferably Ry is C3-Cerarbocycle or 3- to 6-membered heterocycle, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-
Ceaalkyl, Cy-Cealkenyl, Cy-Csalkynyl, Ci-Cghaloalkyl, C,-Cghaloalkenyl, C;-Cghaloalkynyl, -
C(O)ORs, or -N{(RsRs’). For example Ry is cycloalkyl (e.g., cyclopropyl, 2,2-dichloro-1-
methyleycloprop-1-y1,  cyclohexyl),  phenyl,  heterocyelyl  {c.g.,  morpholin-4-yl,  1,1-
dioxidothiomorpholin-4-yl, 4-methylpiperazin-1-yl, 4-methoxycarbonylpiperazin-I-yl, pyrrolidin-1-
yl, piperidin-l-yl, 4-methylpiperidin-i-yl, 3,5-dimethylpiperidin-1-yl, 4,4-difluoropiperidin-{-yl,
tetrahydropyran-4-yl, pyridinyl, pyridin-3-yl, 6~(dimethylamino)pyridin-3-yl). Highly preferably, Ry
is Ci-Cgalkyl 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-Cecarbocycle, 5- to 6-membered heterocyele or 6- fo 12-membered
bicycle and is substituted with I and optionally substitnted with one or more Ry, wheremn J is Cs-
Cgcatbocycle, 3- to 6-membered heterocycle or 6- fo 12-membered bicycle and is optionally
substituted with one or more R,. Preferably, § is substituted with a Ci-Cgcarbocycle or 3- to 6-
membered heterocycle, wherein said C;-Cgcarbocycle or 3- to 6-membered heterocycle is
independently optionally substituted with one or more substituents selected from halogen, hydroxy,
mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C,-Cealkyl,
Co-Cealkenyl, Cy-Cgalkynyl, Ci-Cghaloalkyl, C;-Cghaloalkenyl, C,-Cghaloalkynyl, C(O)ORg or —
N(RsRs’), and J can also be optionally substituted with one or more Ry, Also preferably, D 1s Cs-
Cgearbocycle or 5- to 6-membered heterocycle and is substituted with J and optionally substituted
with one or more Ry, and T is Cs-Cecarbocycle or 3- to 6-membered heterocycle and is optionally
substituted with one or more Ry, and preferably, J is at least substituted with a C;-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;-Cealkyl, C,-Cealkenyl, Cp-Cealkynyl, C;-Cghaloalkyl, C,-
Cehaloalkenyl, Cy-Cghaloalkynyl, C{O)ORs or "’N(RsRS ). Also preferably, D is Cs-Cgoarbocycle or
5- 10 6-membered heterocycle and 1s substituted with J and optionally substituted with one or more
Ry, and J is 6~ 1o 12-membered bicycle (e.g., a 7- 1o 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 R,. More preferably, D is phenyl and is substituted with I and
optionally substituted with one or more Ra, and J 18 C;-Cgcarbocycele, 3- to 6-membered heterocycle
or 6- 1o 12-membered bicycle and is optionally substituted with one or more R4, and preferably J is at

least substituted with a C3-Cgcarboceycle or 3- to 6-membered heterocycle which is independently
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optionally substituled with one or more substituents selected from halogen, hydroxy, mercapto,

Ty a Nrasnerl  axrasaea £ alloxsl Y
EOALG,  LORLY £, LY, Ao]TgiRY L, g

Celkenyl, C;-Cgalkynyl, C;-Cghaloalkyl, C,-Cihaloalkenyl, Co-Cghaloalkynyl, C(O)ORg or -
J
RN RN

nnnnnnnnnn

v 14 < s Tn 1 ‘
ainine, CarcOXy, NG, OX0, PHOSPACGHOXY, DOGSpIoNns,

RN Ry
N(RgRg"). Highly preferably, D is wans , wherein each Ry 18 independently sclected from

Rp and preferably is hydrogen or halogen, and J is C;-Cecarbocycle, 3- 1o 6-membered heterocycle or
6- 10 12-membered bicycle and is optionally substituted with one or more R4, and preferably J is at
least substituted with a C;-Ceearbocycle 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, C,-

Cealkenyl, C,-Cealkynyl, C;-Cghaloalkyl, Cy-Cshaloalkenyl, C,-Cghaloalkynyl, C(O)ORs or -
J
Ry Ry

Ry Ry
N(RsRs"). Also preferably, D is s , wherein each Ry 18 independently selected from Rp

and preferably 1s hydrogen or halogen, and T is C;-Cgcarboceycle or 3- to 6-membered heterocycle and
is substituted with a Ci-Cecarbocycle or 3- to 6-membered heterocycle which is mdependently
optionally substituted with one or more substituents selected from halogen, hydroxy, mercapto,
amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Ci-Cealkyl, Cs-

Cealkenyl, C;-Cealkynyl, C;-Cehaloalkyl, C;-Cshaloalkenyl, C,-Cghaloalkynyl, C(O)ORs or -
J

N(RsRs’), and I can also be optionally substituted with one or more Rs. Also preferably, Dis v |
and J is C3-Cgcarbocycle or 3- to 6-membered heterocycle and is optionally substituted with one or
more Ru, and preferably J is at least substituted with a Ci-Cecarbocycle or 3- to 6-membered
heterocycle which is independently optionally substituted with one or more substituents selected from
halogen, hydroxy, mercaplo, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxe, formyl,
cyano, C;-Cealkyl, Cy-Cealkenyl, C)-Cealkynyl, C,-Cshaloalkyl, C,-Cshaloalkenyl, Cy-Cgshaloalkynyl,
C(O)ORg or -N(RgRg").

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

T
a0slats
bicycles (e.g., U or \ / , wherein X; 18 N and is directly linked to —L,~-D), and
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is optionally substituted with one or more R4 or Ry, Non-limiting examples of X are described
hereinabove.

L; and L, are preferably independently bond or C,-Cealkylene, L; is preferably selected from
bond, C;-Cealkylene or —-C(O)—, and Ly, L,, and L; are each independently optionally substituted with
one or more Ry. More preferably, Ly, L, and L; are each independently bond or C-Cealkylene (e.g., —
CHjy~ or =CH,CHj—), and are each independently optionally substituted with one or more Ry, Highly
preferably, L, L, and Ly are bond.

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

o, S

membered heterocycle or 6- {0 12-membered bicycle (e.g. ) which 18
optionally substituted with one or more Ra. Ro and Ry, taken together with the atoms to which they

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

[oNRer

-T-Rp’ can be, without limitation, independently selected at each occurrence from ~C{O)~
Ly'-Rp’, <C(O)O-Ly’ Ry, -C(O)-Ly'-N(Rp)C(O)-Ls"Rp’, ~C(O)~Ly’~N(Rp)C(O)O-Ls" =Ry, -
NRg)C(O)Ly' NRp)C(O)-Ls""Rp", NRg)C(O)-Ly'—N(Rp)C(O)YO-Ls"~Ryp’, or ~N(Rg)C(O)-

Ly —N{Rp)-Ls’~Ry’, wherein Ly’ is each independently L’ and, preferably, is each independently

) which is optionally substituted with one or more Ra.

s
Cy1-Cealkylene (e.g., -CHy- or I )} and optionally substituted with one or more substituents
selected from Ry, Preferably, -T-Rp’ is independently selected at each occurrence from —-C(O)-Ly'—
M’~Lg"*-Rp” or =N(Rp)C(O)y-Ly'-M’—Ls’—Ryp’. More preferably, -T-Rp’ is independently selected
at cach occurrence from —C(O)-Ly’-N(Rg)C(O)Ls"—Rp’ or —C{O)-Ly-N(Rp)C(O)O~Ls"~Rp’.
Highly preferably, -T-Rp’ is independently selected at each occurrence from —C(O)-Ly -N(Rp)C(O)-
Rp' or =C(O)y-Ly’-N(Rp)C(O)YO-Ry’, wherein Ly’ preferably is each independently C,-Cgalkylene

$
(e.g., -CHy- or I ) and optionally substituted with one or more substituents selected from Ry.
Re’ is preferably hydrogen, and Rp’ preferably is independently selected at each occwrence
from Rg. More preferably, Ry’ is independently selected at each occurrence from C)-Cealkyl, Cs-
Cealkenyl or Cy-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, Ci-Cscarbocycle or 3- to 6-membered heterocycle;
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or Cs-Ceearbocycle or 3- to 6-membered heterocycle, cach of which is independently optionally
ituted at each occurrence with one or more substituents selected from halogen, hydroxy,
mercapto, amino, carboxy, nitro, 0xo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-Csalkyl,
Cy-Cealkenyl, Co-Cealkynyl, Ci-Cghaloalkyl, C,-Cshaloalkenyl or C,-Cghaloalkynyl.

Ry preferably is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, cyano; or C;-Cealkyl, Cy-Cealkenyl or Cy-Cealkynyl, each of which is
mdependently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or
cyano; or Cs-Cecarbocycle or 3- lo 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-
Cealkyl, C;-Cealkenyl, C;-Cealkynyl, Ci-Cshaloalkyl, Cy-Cshaloalkenyl or C,-Cghaloalkynyl; or —Ls—
O-Rs, —La—S-Rs, La—C(O)Rs, —Ls—OC(O)Rs, ~Lo~C{OYORs, ~Ls—N{(RsRg’), -Lo—S{O)Rs, —La—
SORs, —La—C{ONRsRs™), —LAa—N(RSCO)Rs” ~La-NRsCOIN(Rs’'Rs”), —La—N(R5)SO.Ry’, —
Lsa—SO;N(RgRg™), ~LA~N(Rg)SO:N(Rs'Rs™), ~La-NRgS(OIN(Rg'Rg™"), ~LA-0OS(O)-Rs, —Ls—
OS(0);-Rs,  —La=S(O)»0Rs, —La—S(O)ORs, -La-OC(O)OR;, ~LaNRCOYORy, —~La—
OC(O)N(RsRs"), —La—N{R)S(OYRs’, La—S{ON(RsRs™) or ~La~C{OWN(Rs)C(O)-Rs’, wherein Ls
is bond, C,-Cealkylene, Co-Cealkenylene or Cy-Cealkynylene.

More preferably, R, 18 halogen, hydroxy, mercaptlo, amino, carboxy, nitro, oxo,
phosphonoxy, phosphono, thioxo, cyano; or C,-Cealkyl, C,-Cealkenyl or Co-Cealkynyl, each of which
1s independently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or
cyano; or Ci-Ceearbocyele or 3- to 6-membered heterocycle, cach of which is independently
optionally substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amine, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C,-
Cealkyl, C-Cralkenyl, Cp-Cealkynyl, C-Cghaloalkyl, Co-Cghaloalkenyl or C,-Cghaloalkynyl.

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

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

A and B can be the same or different. Likewise, Ly and L, can be the same or different.
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In one embodiment of this aspect, A is N/\\/L % or H , and is

z S22
. i . ) % 4 F N
optionally substituted with one or more Rx; B is N or H ,and 18

optionally substituted with one or more Ry; and D is Cs-Cecarbocycle or 5- to 6-membered
heterocycie (e.g., phenyl), and is optionally substituled with one or more Ry, or is substituted with J
and optionally substituted with one or move Ry, wherein J is Ci-Cecarbocycle, 3- to 6-membered
heterocycle or 6- to 12-membered bicycle and is optionally substituted with one or more Ra.
Preferably, T is substituted with a C3;-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, 0xo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-Cealkyl,
Cy-Cealkenyl, Cr-Cealkynyl, Ci-Cghaloalkyl, C;-Cshaloalkenyl, C,-Cghaloalkynyl, C(O)ORg or -

N(RsRg'), and T can also be optionally substituted with one or more Ry, Preferably, D is

Rt R
Ry Ry
®
L
RN RN
nans or v wherein Ry and Ry are as defined above. Also preferably, D is
J
J
R Ru
N e AN
/ 7
Ry Ry
ey or ww»a wherein J and Ry are as defined above. Z,; 15 independently selected at

each occurrence from O, S, NH or CHy; and 7, 15 independently selected atl each oceurrence from N

H

H
N N
R ]@ ..... s .§.©i )4 o
or CH. Preferably, A is N ,Bis N , and A and B arc substituted with

one or more halogen, such as F or Cl. When A and/or B are halo-substituted benzimidazole (e.g., A is

H
’\:\,._,,,//” “‘\{ F F\\»‘/\\ -
§ <\ ! éﬁ . § T >..§
ey e B0 Sl . e
[l \z'*i‘./ 3 " g Ny ¢V L g-_{ , .
and B is ), the compounds of this embodiment can have

significantly improved pharmacokinetic properties as well as improved inhibitory activily against
certain HCV genotype 1a mutants, as compared to the same compounds but with wnsubstituted
benzimidazole. L, and L, are each independently bond or C)-Cealkylene, and Lj is bond, Ci-
Cealkylene or -C(O)-, and L;, L,, and L; are each independently optionally substituted with one or
more R;,. Preferably, L;, Ly, and L; are bond. —T-Rp’ is independently selected at each occurrence
from —C{O)-Ly'-N(Rg)C(O)-Lg"Rp’ or ~C(O)-Ly’-N(Rg)C(O)O-Ls 'Ry, wherein Ly’ is Ci-
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Cealkylene (e.g., -CHs-) and optionally substituted with one or more substituents selected from Ry,

R JEURPT IO T TP SN TN e mlen I S on I
and Ly pref -m‘u’iy is bond. —T-Rp’ can also b d from C(O)~Ly-Ls" -

RD N *C(O) —O—-Lg""-Rp’ 5 "C(O}“LY WN(RB)W‘Lq”“RD , OF —C(O) '*-N(RB)S(O)T“LS,""RD,.
N
4

. . . N . .

In another embodiment of this aspect, A is H and optionally substituted
N\ .
. .S N . . , .

with one or morc Ra (e.g., halogen); B is H , and is optionally substituted with one

or more Ry (e.g., halogen); and D is Cs-Cecarbacycle or 5- to 6-membered heterocycle {e.g., phenyl),
and is optionally substituted with one or more Ry, or is substituted with J and optionally substituted
with one or more Ra, wherein T is Cy-Cgearbocycle, 3- to 6-membered heterocycle or 6- to 12-
membered bicycle and is optionally substituted with one or more R,. Preferably, J is substituted with
a Cy-Cgearbocycle or 3- to 6-membered heterocycle which is independently optionally substituted
with one or more substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, 0xo,
phosphonoxy, phosphono, thioxo, formyl, cyano, C;-Cealkyl, C,-Cealkenyl, Cp-Cealkynyl, Ci-
Cehaloalkyl, C,-Cghaloalkenyl, C,-Cghaloalkynyl, C(O)ORs or —-N(RsRy’), and J can also be

R R
RN RN
Ry Ry
optionally substituted with one or more R,. Preferably, D is v or wav | wherein Ry
and Ry are as defined above. Also preferably, D is wans o wherein J and Ry are as
H
N\H/’{\ S F
- Lo
TN S

defined above. When A and/or B are halo-substituted benzimidazole (e.g., A is

£ o
\'\_,/" \\,} N .
i EY
5§ A
N : : . :
and B is ° e ), 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. L; and 1, are
each independently bond or Ci-Cealkylene, and L; is bond, C;-Cealkylene or -C(Q)-, and L;, Ly, and
L; are cach independently optionally substituted with one or more Ry. Preferably, L, L,, and Ls are

bond. ~T-Ryp’ is independently selected at each occurrence from —C{O)-Ly’-N(Rp)C(O)-Ls’—Rp’ or
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also be, without limitation, selected from —C(O)-Ly'~Ls"~Ryp’, ~C{O)y-Ly’~O-Ls”’~Ryp’, -C(O)}-Ly -
N(Rp)»Ls"—Ryp', or —C(O)-Ly'-NRe)S(O)s-Ls”~Rp’. Ry and Rs, taken together with the atoms to

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

N\% N\é-
bicycle (e.g., ‘221 or Lﬁ?— ) which is optionally substituted with one or more Rs. Ro

and Ry, taken together with the atoms 1o which they are attached, preferably form a 5- 1o 6-membered

ag‘? ?\5

substituted with one or more Ra. More preferably, R; and Rs, taken together with the atoms 1o which

heterocycle or 6- 1o 12-membered bicycle (e.g., ) which is optionally

N
they are attached, form ‘?71 which is optionally substituted with one or more Ry; Ro and Ry,
N\g_
faken together with the atoms to which they are attached, form l&‘ which is optionally

substituted with one or more Ry,

N
=
. . . . N . .
In still another embodiment of this aspect, A is H and optionally substituted

with one or more R, (preferably, A is substituted with at least one halogen such as F), B is

N

=
% N . o o

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

1
Wi

NV
with at least one halogen such as F). X is U , wherein X3 is N and is directly linked to —
L,~D, and X is optionally substituted with one or more R, or Rg. D is phenyl, and is substituted with
J and optionally substituted with one or more Ra. T is Cs;-Cecarbocycle, 3- to 6-membered
heterocycle, 6- to 12-membered bicycle, 10- to I5-membered tricycle or 13- to 15-membered
carbocycle/heterocycle, and ¥ is optionally substituted with one or more R,.  Preferably, I is

substituted with a C;3-Cgcarbocycle, 3- 10 6-membered heterocycle, 6- to 12-membered bicycle or 7- {0
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12-membered carbocycle/heterocycle, which is independently optionally substituted with one or more

. e n e
|2

o otsdes mamdo cnlandad Lanina
DSUUDLLUTHEL dUITLICU 41

1
om {1

s wrny 4 Ao s d o PEPa ,m...bn-.yn

alacon v > N T L Ts
LalUpR i, HYUIUAY, Mt Laprig, allliig, val

) OXy, nitro, oxo, phosphonoxy,
phosphono, thioxo, formyl, cyano, C;-Cealkyl, Cy-Cealkenyl, C;-Cealkynyl, C;-Cshaloalkyl, C,-
Cehaloalkenyl, C;-Cghaloalkynyl, -C{O)ORs or -N(RgRg"), or (2) trimethylsilyl, ~-O-Rgs, —S—Rg or —

C(O)Rs; and ] can also be optionally substituted with one or more R, Preferably, D is

wans or «v wherein 118 as defined above, and each Ry is independently selected from
Ry, and preferably is hydrogen or halo such as F. L and L, are cach independently bond or Cs-
Celkylene, and L, is bond, C-Cealkylene or -C(O)-, and Ly, L,, and L; are each independently
optionally substituted with one or more Ry, Preferably, L,;, L,, and L; are bond. -T-Ry’ is
independently selected at each occurrence from —C(O)}yLy'-N(Rp)C(O)-Ls"Rp" or -C(O)-Ly'~
N(Rp)C(O)YO-Lg”-Ryp’, wherein Ly’ is Cy-Cgalkylene (e.g., -CH,-) and optionally substituted with
one or more substituents selected from Ry, and Ls” preferably is bond. ~T-Rp’ can also be, without
limitation, selected from —C(O»Ly'—Lg Ry, C(OLy'—O0-Ls"Rp', CO-Ly'—NRp)Lg"—
Ryp’, or ~C{O)~Ly ~-N{Rp)S(O)~Ls" ~Rp’. Ry and Rs, 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\% N\é‘
or (HL ) which is optionally substituted with one or more Rs. Rg and Ry, taken

ki

together with the atoms to which they are attached, preferably form a 5- 1o 6-membered heterocycle or

EQ“? N 3&5

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

or more Ry. More preferably, Ry and Rs, taken together with the atoms to which they are attached,

Nl

form (771 which is optionally substituted with one or more Ry; Re and Riy, taken together
N\E_

with the atoms to which they are attached, form 52*— which 1§ optionally substituted with one

or more Ra.
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The present invention unexpectedly found that a compound according to this aspect of the

PV ST U SO S I Pt S o I PR PR U TV | S S S [ DY S ol
HIVOCIIUUL (PICICIably d CUHIIpOUiG Ot rObia 1 O a DHaliHaCOULiCdily  acteplaiie satl tieicol,

H H
N N
R :©~§ . g@ s . ,
wherein A is N , Bis N, and A and B are independently optionally

substituted with one or more Ry such as one or more halo) showed significantly improved activitics
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. Palent Application Publication No. 2010/0317568, the ECsp values of the compounds of
Examples 3.48, 3.52, 4.38, and 5.1 were at lcast 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
6a, and significantly less against genotype 2a. In addition, when tested against HCV genotype la
replicons containing certain NSSA mutations in transient transfection assays, and as compared 10
Example 37 of U.S. Patent Application Publication No. 2010/0317568, the ECso 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
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 fested against HCV genotype 1b 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 ECs, value of the compound of Example 5.1 was at least about 10-
fold less than that of Example 37 against the Y93 H variant.

Accordingly, the present mvention features methods of treating different HCV genotype or
variant infection. The methods comprise administering a compound of Formula I, or a

pharmaceutically acceptable salt thereof, to a patient infected with HCV genotype la, 1b, 2a, 2b, 3a,
H

N
4a, 5a or 6a, or infected with one of the variants described above, Preferably, A is N

H

>

N
B is E‘Q:N/ , and A and B are independently optionally substituted with one or more Ry
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 1a, In
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. Ina
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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 freated is infected with HCV genotype 6, such ags 6a.

"
g
C
o
<
v

In yet another aspect, the present mvention further features compounds of Formula Ie and

pharmaceutically acceptable salts thereof,

1
Rs O La R
‘{j RZ Rg l12
RV R N
Ro—T~ N—AL XL, B\{/ “T\R.
; ' . D
c NB Re
Ie
wherein:
Rug i8 Rp;

R¢’ is each independently selected from Re;

Ry’ 1 each independently selected from Rp;

R, and Rs, taken together with the atoms to which they are aftached, form a 3- to 12-
membered heterocycle which is optionally substituted with one or more Ry;

Ry and Ry, 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 Ry;

A, B, D, X, Ly, Lo, Ls, T, Ra, R, Re, and Ry, are as described above in Formula 1.

In this aspect, A preferably is Cs-Cgcarbocycle or 5- 10 6-membered heterocycle, and is

optionally substituted with one or more Ry, and B preferably is 8- to 12-membered bicycle (such as

Wy~ NSS4 e Wl{j[zz>_§
E_Jl\wa/]:z%hg o E_LWS/ 7y }

Ra. Z118 0, S, NH or CHy: Z, is Nor CH; Zy is Nor CH; Zy 18 O, S, NH or CHy; and Wy, Wj, Wa,

, and is optionally substituted with one or more
Wi, Ws and W are each independently selected from CH or N,

5 < >
More preferably, A is phenyl (e.g., : ), and is optionally substituted with one or

W
PO I PeS
% | )\:z{ % | 7 . . . .
Wa 3 or We 4 , and is optionally substituted with one

or more Ry, where Zy, Zo, Za, Za, Wy, Wa, Wi, Wy, Ws, Wi are as defined above. Preferably, Z; is N
H
z, N
o 1SN eS
and Zs; 1s NH. For instance, B3 can be N (c.g., N ) or
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N SN AN

8
N NS N
H (c.g, H

with one or more Ra.

or ), and is optionally substituted

e/ \
Also preferably, A is Cs-Ceearbocycle (e.g., phenyl such as ‘;‘QE) or 5- 10 6-

N N
HeLpH O
membered heterocyele; and B 1s ﬁ (e.g., % ~ ﬁ ), wherein B’ is selected
from Cs-Cgearbocycle or 5- to 6-membered heterocycle. A and B are independently optionally
substituted with one or more Ry.

D preferably 1s selected from Cs-Cecarbocycle, 5- to 6-membered heterocycle, or 6- 1o 12-
membered bicycles, and is optionally substituted with one or more Ra. D can also be preferably
selected from C;-Cealkyl, Co-Cealkenyl or C,-Cealkynyl, and is optionally substituled with one or
more substituents selected from Ry. More preferably, D is Cs-Cgcarboeycle, 5- to 6-membered
heterocycle, or 6- to 12-membered bicycles, and is substituted with one or more Ry, where Ry 1s
halogen, nitro, oxo, phosphonoxy, phosphono, thioxo, cyano, or —Lg—Rg.  Also preferably, D is
phenyl, and is optionally substituted with onc or more Rs. More preferably, D is phenyl, and is
substituted with one or more Ry, wherein Ry is as defined above. Highly preferably, D is

Ri Ry
Ry Ry

RN RN
v or wwv _wherein Ry is as defined above, and each Ry is independently selected from

Ry and preferably is hydrogen. One or more Ry can also preferably be halo such as F.
D is also preferably pyridinyl, pyrimidinyl, or thiazolyl, optionally substituted with one or

more Ry, More preferably D is pyridinyl, pyrimidinyl, or thiazolyl, and is substituled with one or

Ru Ru R
BN N NS M}:N
|
Z = SR
more Ry Highly preferably, D is wans \ A , or e , wherein Ry

i8 as defined above, and each Ry 1s independently selected from Rp and preferably is hydrogen. One
or more Ry 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-tetralydrobenzo[d]thiazolyl, benzo[d]thiazolyl,
indazolyl, or benzo[d}[1,3]dioxol-5-y1, and is substituted with one or more Ry, Highly preferably, D
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X \\ IS W A
N :(S NYS
A ,Or ~w o and is optionally substituted with

one or more Ry,

Preferably, Ry is halogen, hydroxy, mercapto, amine, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, cyano; or C;-Cealkyl, C,-Cealkenyl or Cy-Csalkynyl, each of which is
mdependently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, 0xo, phosphonoxy, phosphone, thioxo, formyl or
cyano; or Cy-Cgeearbocycle or 3- o 6-membered heterocycle, each of which is independently
optionally substituled al each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Cy-
Cealkyl, Co-Cealkenyl, Cy-Cgalkynyl, Ci-Cehaloalkyl, C,-Cghaloalkenyl or Cs-Cshaloalkynyl. More
preferably, Ry is halogen, hydroxy, mercapio, amino, carboxy; or C-Cealkyl, Cy-Cealkenyl or Cy-
Cealkynyl, each of which is independently optionally substituted at each occurrence with one or more
substituents selected from halogen, hydroxy, mercapto, amine or carboxy. Highly preferably, Ry is
Ci-Cealkyl which is optionally substituted with one or more substituents selecled from halogen,
hydroxy, mercapto, amino or carboxy.

Also preferably, Ry is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, or cyano; or Ry 18 —Lg—Rg, wherein Lg is a bond or C;-Cgalkylene, and Ry is —
N(RsRg’), -O0-Rs, —-C(O)Rs, —C(O)ORs, —C(OIN(RgRg"), ~N(R$C(OIRs" ~N(R5C(O)ORy", —
N(RgISORs’, —SO.Rs, —SRg, or —P(O)ORs),, wherein Ry and Rg’ can be, for example, each
independently selected at each occurrence from (1) hydrogen or (2) C;-Cealkyl optionally substituted
at cach occurrence with one or more halogen, hydroxy, —O-C;-Cealkyl or 3- to 6-membered
heterocycle; or Ry 18 Ci-Cealkyl, Co-Cealkenyl or Cy-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
Ry 18 Cs-Coearbocyele or 3- 1o 6-membered hetcrocycle, each of which is independently optionally
substituted at each occurrence with one or more substituents selected from halogen, hydroxy,
mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C-Cgalkyl,
Cyp-Cealkenyl, Cy-Cealkynyl, Ci-Cshaloalkyl, C,-Cghaloalkenyl, C,-Cehaloalkynyl, —-C(O)ORg, or —
N(RsRs"). More preferably, Ry is halogen (e.g., fluoro, chloro, bromo, iodo), hydroxy, mercapto,
amino, carboxy, or C-Cealkyl (e.g., methyl, isopropyl, tert-butyl), C,-Cealkenyl or Cy-Cealkynyl, each
of which 1§ independently optionally substituted at each occurrence with one or more substituents
selected from halogen, hydroxy, mercapto, amino, cyano, or carboxy. For example Ry is CF;, —
C(CF3),~0OH, ~C(CH;3)~CN, —C(CHa)p~CH,OH, or —C{(CH,),—CH,NH,. Also preferably Ry 18 ~Lg—
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Ry where Lg is a bond and Rg is ~N(RgRg), “O-Rs, =N(R)C(OYORs’, -N(R5)SO:Rs", —SOzR, or —
s is abond, Ry is N{C,-Cealky
Cealkyl)y (e.g. -N(CH,CH,OMe),); -N(C;-Cealkyl}(Ci-Cealkylene-O-Ci-Cealkyl) (eg. -
N(CH;}CH,CH,OMe)),—O0-C-Cgalkyl (c.g., ~O-Me, ~O-Et, -O-isopropyl, —O-ter(-butyl], ~O-n-
hexyl); ~O-C;-Cghaloalkyl (e.g., — OCFi, -OCH,CF;); —0O-C;-Cealkylene—piperidine (e.g., —O—
CH,CHy—1-piperidyl); —N(C;-CealkyDC{OYOC;-Cealkyl (e.g., ~N(CH;)C(O)YO-CH,CH(CH3)y), ~
N(C-CralkyDSO,C-Caalkyl (e.g., —N(CH;)SO,CH,), —SO,C-Cealkyl {e.g., —SOMe);, —SO,Ci-
Cehaloalkyl (e.g., ~SO,CF3); or —S~C-Cghaloalkyl (e.g., SCF;). Also preferably Ry is —Ls~Rp where
Lg is Ci-Cgalkylene (e.g., ~CHy-, —C{CHj)~, —C(CH;3);—CH,—) and Rg is -O-Rs, —C(O)ORs, —
N{RIC(O)ORy’, or —P(O)}ORs),. For example Ry is —Cy-Cealkylene—O-Rg (e.g., “C(CH;3),~CH,—
OMe), —C;-Cealkylenc~C(O)ORs (e.g., ~C(CH;),~C(O)OMe); --C-Cealkylene-N(Rg)C(OYORs’ (e.g.,
—C(CH;),—CH,-NHC(O)OCHz3); or ~Ci-Cealkylene-P{OWORs), (e.g., ~CHy~P(OYOE(),). Also more

preferably Ry is Ci-Cgearbocycle or 3- to 6-membered heterocycle, each of which is independently

7

o ¢
(8%

o NN
"o «

1 u.té‘g); _E\;{{C; Cé(iﬂ{}’iel‘zC—O—Cr

N,
153

optionally substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, 0xo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-
Cealkyl, Cy-Cgalkenyl, Cy-Cealkynyl, C;-Cghaloalkyl, C,-Cghaloalkenyl, C,-Cghaloalkynyl,
C(O)ORs, or -N{RsRs”). For example Ry is cycloalkyl (e.g., cyclopropyl, 2,2-dichloro-1-
methyleycloprop-1-yl,  cyclohexyl),  phenyl, heterocyelyl  (e.g., morpholin-4-vl, 1,1-
dioxidothiomorpholin-4-yl, 4-methylpiperazin-1-yl, 4-methoxycarbonylpiperazin-l-yl, pyrrolidin-1-
yl, piperidin-1-yl, 4-methylpiperidin-1-yl, 3,5-dimethylpiperidin-1-yl, 4,4-difluoropiperidin-1-yl,
tetrahydropyran-4-yl, pyridinyl, pyridin-3-yl, 6-(dimethylamino)pyridin-3-y1). Highly preferably, Ry
18 Cy-Cealkyl which is optionally substituted with one or more substituents sclected from halogen,
hydroxy, mercapto, amino or carboxy (e.g., tert-butyl, CF;).

More preferably, D is Cs-Cgearbocycle, 5- to 6-membered heterocycle or 6- to 12-membered
bicycle and is substituted with T and optionally substituted with one or more Ra, wherein J is Cs-
Cgcarbocycle, 3- to 6-membered heterocycle or 6- to [2-membered bicycle and is optionally
substituted with one or more R,. Preferably, J is substituted with a C;-Cgcarbocycle or 3- to 6-
membered heterocycle, wherein said Cs;-Cecarbocycle or 3- to 6-membered heterocycle is
independently optionally substituted with onc or more substituents selected from halogen, hydroxy,
mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Cy-Cealkyi,
Cy-Cealkenyl, Cy-Cealkynyl, C;-Cshaloalkyl, Cy-Cshaloalkenyl, C,-Cghaloalkynyl, C{(O)YORs or —
N(RgRg"), and J can also be optionally substituted with one or more Ry, Also preferably, D is Cs-
Cecarbocycle or 5- to 6-membered heterocycle and is substituted with J and optionally substituted
with one or more R4, and J is Cy-Cecarbocycle or 3- to 6-membered heterocycle and is optionally
substituted with one or more Ry, and preferably, J is at least substituted with a Cs-Cgcarbocycle or 3-

to 6-membered heterocycle which is independently optionally subsiituted with one or more
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substituents selected from halogen, hydroxy, mercaplo, amino, carboxy, nitro, oxo, phosphonoxy,

ono, thioxo, formyl, cyano, Ci-Cealkyl, C

Ci-Cealkyl, C;-Caalkenyl, C;-Caalkyny!, C;-Cshaloalkyl, Cs-
Cehaloalkenyl, C;-Cghaloalkynyl, C{(O)ORs or ~N(RsRs"). Also preferably, D is Cs-Cecarbocycle or
5- to 6-membered heterocycle and is substituted with J and optionally substituted with one or more
Ry, and T 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
substitufed with one or more Ry. More preferably, D is phenyl and is substituted with J and
optionally substituted with one or more Ry, and J is Cs-Cycarbocycle, 3- to 6-membered heterocycle
or 6- to 12-membered bicycle and is optionally substifuled with one or more R,, and preferably Jis at
least substituted with a Cy-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, C,-Cealkyl, Cs-

Cealkenyl, C,-Cealkynyl, Ci-Cghaloalkyl, C,-Cshaloalkenyl, C,-Cghaloalkynyl, C(OYORs or -

J
RN [ \ RN
Ry o Ry

N(RsRs"). Highly preferably, D is wns , wherein each Ry is independently selected from

Rp and preferably is hydrogen or halogen, and J is C;-Cgcarbocycle, 3- to 6-membered heterocycle or
6- to 12-membered bicycle and is optionally substituted with one or more Ru, and preferably J is at
least substituted with a C;-Cgcarbocycle or 3- 1o 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\-Csalkyl, Co-

Cealkenyl, Cp-Cealkynyl, C;-Cghaloalkyl, C;-Cghaloalkenyl, Cy-Cghaloalkynyl, C(OYORs or -
J
Ry Ry

Ry Ry
N(RsRg"). Also preferably, D is wans , wherein each Ry is independently selected from Ry,

and preferably is hydrogen or halogen, and J is C;-Cecarbocyele or 3- to 6-membered heterocycle and
1s 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, C;-Cealkyl, Cs-

Cealkenyl, Co-Cealkynyl, C;-Cehaloalkyl, C,-Cghaloalkenyl, C,;-Cghaloalkynyl, C(O)ORs or -
J

N(RsRg"), and J can also be optionally substituted with one or more Ry, Also preferably, Dis v

2
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and J is Cs3-Cgearbocycle or 3- to 6-membered heterocycle and is optionally substituted with one or

more R

4
il Dop, «if

and preferably T is at least substitwled with a Ci-Csearbocycle 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, Cr-Cealkenyl, C,-Cealkynyl, Ci-Cshaloalkyl, C,-Cshaloalkenyl, C,-Cghaloalkynyl,
C{O)ORg or -N(RsRg").

X preferably 18 Cs-Cgearbocycle, 5- 1o 6-membered heterocycle, or 6- to 2-membered

T
. X3 e . X3 )
aGalats
bicycles (e.g., or , wherein X3 is N and is directly linked to —L;-D), and

ig optionally substituted with one or more R, or Ry, Non-limiting examples of X are described
hercinabove.,

Ly and L, are preferably independently bond or Ci-Cealkylene, L is preferably selected from
bond, C,-Cgalkylene or ~C(O)—, and Ly, L,, and L are each independently optionally substituted with
one or more Ry. More preferably, L, L; and L; are each independently bond or C-Cealkylene {e.g., ~
CHy~ or —CH,CHj~), and are each independently optionally substituted with one or more Ry, Highly
preferably, Ly, L, and L are bond. 1, and L, can be the same or different.

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

%QQ\%‘ N % N\E‘

membered heterocycle or 6- to 12-membered bicycle {e.g., ) which is
optionally substituted with one or more Rs. Ro and Ry, 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.,

EQ\? N % N\%

-T-Ryp’” can be, without limitation, independently selected at each occurrence from —C(O)-
Ly'—Rp", C(O)O-Ly"-Rp’, C(O-Ly'-NR)C{O)-Ls"-Ryp’, COLy’'-N(RpC(OYO-Ls”Rp", —
N(Rp)C(O)-Ly ~N(Rp)C(O)Y-Ls"~Ryp’, ~N(Rp)C(O)~Ly"—N{R)C(O)O-Ls"~Ryp’, or ~N{Rp)C(O)~

Ly'—N(Rgp)-Ls" "Ry, wherein Ly’ is each mdependently Ls” and, preferably, is each independently

) which is optionally substituted with one or more Ry.

;f'I“‘a
C-Cealkylene (c.g., -CHy- or ) and optionally substituted with one or more substituents
selected from Ryp. Preferably, -T-Rp’ is independently selected at cach occurrence from —C(O)—Ly -

M'-Ls"—Rp" ar -N(Rp)C(O)-Ly’-M’~Lg’"-Ry,". More preferably, -T-Ry’ is independently selected
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at each occurrence from —C{O)-Ly-N(Rg)C(O)-Ls"~Rp’ or —C(O)-Ly'-N(Rg)C(OYO-Lg"-Ryp’.

Hiohlv nreferablv. “T-Ra" i indenent
v preferabl v, -T-Rp'" 18 mdepen

nee from —C( ﬁ\“‘L'{’"l\I( RN (‘\)_

AN T SNBSS

Rp’ or -C(O)-Ly’~N(Rp)C(O)O~-Ry’, wherein Ly’ preferably is cach independently C;-Cealkylene

# e
(e.g., -CH;- or I ) and optionally substituted with one or more substituents selected from Ry.

Ryp and R’ are preferably hydrogen, and Ry’ preferably is independently selected at each
accurrence from Rp. More preferably, Ry’ is independently selected at each occurrence from Cy-
Cealkyl, Cy-Cealkenyl or C,-Cealkynyl, each of which is independently optionally substituted at each
occurrence with one or more substituents selected from halogen, hydroxy, mercapto, amino, carboxy,
nitro, 0xo, phosphonoxy, phosphone, thioxo, formyi, cyano, Cs-Ceearbocycle or 3- to 6-membered
heterocycle; or Ca-Cgearbocycle or 3- fo 6-membered heterocycle, each of which is independently
optionally substituted at each occusrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Ci-
Cealkyl, Cy-Cealkenyl, Cy-Cealkynyl, Ci-Cshaloalkyl, C,-Cghaloalkeny! or Cp-Cehaloalkynyl.

Ry preferably is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, cyano; or C-Cealkyl, C,-Cealkenyl or C,-Cealkynyl, each of which is
independently optionally substituled at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, 0xo, phosphonoxy, phosphono, thioxo, formyl or
cyano, or Ci-Cecarbocycle or 3- o 6-membered heterocycle, each of which is independently
optionally substituted at each cccurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C-
Cealkyl, Co-Cealkenyl, Cy-Cealkynyl, Ci-Cshaloalkyl, Cy-Cshaloalkenyl or Cy-Cghaloalkynyl; or L~
O-Rs, -La—S-Rs, ~La~C(O)Rs, ~La~OC(O)Rs, —Ls-C(O)ORs, ~La-N(RsRs"), ~La~S(O)Rs, ~La~
SO;Rg, —La—C(O)N(RsRs"), —La—N(RsIC(O)Rs’, —LA~N(Rs)C(ON(Rg'Rs™”), —La—N(Rg)SORs’, —
LA-SO:N(RsRs"), —La-NRsISONRs'Rs™), —La-NR)S(ON(Rs'Rg™”), ~La~OS(O)-Rg, ~La-
OS(0)—Rs, —Ls—S(O»ORs, —Ls-S(OYORs, -Lr—OC(O)ORs, -Li-NRC(OYORg', ~La—
OC{ON(RsRs™), —La-N(R$IS(O)Rs’, ~LA-S(OWN(RsRs") aor —-La—C{ONR)C(O)-Ry’, wherein Ly
1§ bond, C,-Cealkylene, C,-Cgalkenylene or Co-Cealkynylene.

More preferably, Ra is halogen, hydroxy, mercapto, amino, carboxy, nitro, o0xo,
phosphonoxy, phosphono, thioxo, cyano; or Cy-Cealkyl, Cy-Cealkenyl or C,-Cgalkynyl, each of which
is independently optionally substituted at cach occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitre, oxo, phosphonoxy, phosphono, thioxo, formyl or
cvano; or Ci-Ceoarbocycle or 3- fo 6-membered heterocycle, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nifro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-

Cealkyl, Co-Cgalkenyl, Cy-Cealkynyl, C;-Cehaloalkyl, Cy-Cghaloalkenyl or Cp-Cghaloalkynyl.
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Highly preferably, R, 1is halogen, hydroxy, mercapto, amino, carboxy, nitro, 0xo,

1s independently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formy! or
cyano.

Ls, Ls" and Ly’ preferably arc each independently selected at cach occurrence from bond; or
Ci-Cealkylene, Cr-Cealkenylene or Co-Cealkynylene.

In one embodiment of this agpect, A is phenyl, and is optionally substituted with one or more

z>‘ % 22>_.§
-

Rys; and B is % N/ or H , and is optionally substituted with one or
more Ry, wherein Z, 18 O, S, NH or CH,; and Z, is N or CH. D is Cs-Cgcarboceycle or 5- to 6-
membered heterocycle (e.g., phenyl), and is optionally substituled with one or more Ry, or is
substituted with J and optionally substituted with one or more Ry, wherein J is C;-Cgcarbocycle, 3- to
6-membered heterocyele or 6- to 12-membered bicycle and is optionally substituted with one or more
R,. Preferably, ] is substituted with a Cs-Cecarbocycle or 3- 1o 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;-Cealkyl,
Cy-Cealkenyl, C,-Cealkynyl, C-Cghaloatkyl, C,-Cehaloalkenyl, Cy-Cehaloalkynyl, C{OYORy or —
N(RsRs’), and J can also be optionally substituted with one or more R,. Preferably, D is

R Ry
RN RN

RN Ry
or v  wherein Ry and Ry are as defined above. Also preferably, D is

Ry
Ry
, wherein J and Ry are as defined above. L, and L, are each independently

bond or C-Cealkylenc, and L; is bond, Cy-Ceaalkylene or -C(O)-, and L;, 1,, and L; are each
independently optionally substituted with one or more Ry. Preferably, L;, L,, and L; are bond. ~T-
Rp’ is independently selected at each occurrence from —~C{O)—Ly"-N(Rp)YC{O)»-Ls Ry’ or ~C(O)-
Ly’ -N(Rp)C(O)O-Lg'—Ryp’, wherein Ly’ is C-Cealkylene (e.g., -CHy-) and optionally substituted
with one or more substituents selected from Ry, and Ly preferably is bond. —T-Rp' can also be,
without limitation, selected from -C(OyLy’'-Lg”’~Ryp’, ~C(O)YLy"—0O-Lg "Ry, ~C(O)-Ly -N(Rp)-
Ls"’=Rp’, or <C(O)-Ly'-N(Rp)S(Op—-Ls’-Ryp’. Preferably, R, and R, taken together with the atoms
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1,
/%

to which they are attached, form ~ which is optionally substituted with one or more Ry; Rg
Ned
and Ry, taken together with the atoms to which they arc attached, form il?‘ which is

optionally substituted with one or more Ra.

s/ ‘>_
. . . 3 .. :
In another embodiment of this aspect, A is phenyl (e.g., s g), and is optionally

substituted with one or more Ry (preferably, A is substituted with at least one halogen such as F); and

1g0a

NN
substituted with at least one halogen such as F). X is U , wherein X3 is N and is directly

B is , and is optionally substituted with one or more Rs (preferably, B is

linked 1o -L;-D, and X is optionally substituted with one or more Ry or Re. D is phenyl, and is
substituted with J and optionally substituted with one or more Ra. T is Cs-Cgearbocycle, 3- to 6-
membered heterocycle, 6- to [2-membered bicycle, 10- to 15-membered tricycle or 13- 1o 15-
membered carbocycle/heterocycle, and J is optionally substituted with one or more R,. Preferably, J
is substituted with a Cs-Cgcarbacycle, 3- to 6-membered heterocycle, 6- 10 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, 0xo,
phosphonoxy, phosphono, thioxo, formyl, cyano, C;-Cealkyl, Cyp-Cealkenyl, Cy-Cealkynyl, C;-
Cehaloalkyl, Cy-Cehaloalkenyl, Co-Cghaloalkynyl, —C(O)ORs or -N(RgRs"), or (2) trimethylsilyl, ~O—
Rg, —S—Rs or —C(O)Rg; and J can also be optionally substituted with one or more R,. Preferably, D is

J
J

RN RN

Ry Ry
or «v | wherein J is as defined above, and cach Ry is independently selected from

Rp and preferably is hydrogen or halo such as F. L; and L, are ecach independently bond or Cy-
Cealkylene, and L, is bond, Ci-Cealkylene or -C(O)-, and L4, L,, and L; are each independently
optionally substituted with one or more Ry. Preferably, L;, L,, and L; are bond. -T-Rp’ is
independently selected at each occurrence from —C(O)Ly’~N(Rg)C(O)-Ls’~Rp’ ar —-C(O)-Ly'—
N(Rp)C(O)O-Ls'-Ryp’, wherein Ly’ is Cy-Cealkylene (e.g., -CH,-) and optionally substituted with

one or more substituents selected from Ry, and Ls”” preferably is bond. -T-Ryp’ can also be, without
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Iimitation, selected from —C{O)Ly—Ls"Rp’, ~C(O}Ly~0~Ls " ~Ry’, ~C(O)-Ly'-N(Rg)-Lg '~
Rp’, or =C{O)-Ly -N(Rp)3(O)r-Ls"~Rp'. FPreferably, Ry and Rs, taken together with the aloms (o

N

which they are attached, form a 5- to 6-membered heterocyclic ring (e.g., tze& ) or 6~ to 12-

Ned.
membered bicycle (e.g., '?ZL ) which is optionally substituted with one or more Ry Ry and

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

N N,

ring (e.g., Li‘- ) or 6- to 12-membered bicycle (e.g., LLLL ) which is optionally
substituted with one or more Ry,
In yet another aspect, the present invention features compounds of Formula I and

pharmaceutically acceptable salts thereof.

10
f
Ly
FFS Rz I Rg l?w
RD'—T’N\}—G 1/A_L1—X~L2—B\GZ+N\T—RD'
R’ Re'
In
wherein:
Gy and G, are each independently selected from Cs-Cgearbocycle or 5- to 6-membered
15 heterocycle, and are each independently optionally substituted with one or more Ry;
Re¢’ 18 each independently selected from Re;
Rp’ is each independently selected from Rp;
R, and Rs, taken together with the atoms to which they are attached, form a 3- to 12-
membered helerocycle which is optionally substituted with one or more Ry;
20 Rg and Ry,, 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 Ry;
A, B, D, X, Ly, Ly, La, T, Ra, R, and Ryp are as described above in Formula 1.
In this aspect, A and B preferably are independently selected from Cs-Cgcarbocycle or 5-to 6-
membered heterocycle, and are each independently optionally substituted with one or more Ry. More
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mpﬁ*rﬂhlv at least one of A and R 1g

phenyl (e.g _—

1y and is optionally substituted with

s
one or more Ra. Highly preferably, both A and B are each independently phenyl (e.g., E~©“§ ),
and are cach independently optionally substituted with one or more R,.

D preferably is selected from Cs-Cecarbocycle, 5- to 6-membered heterocycle, or 8- to 12-
membered bicycles, and is optionally substituted with one or more Ry. D can also be preferably
selected from C-Cealkyl, C;-Cealkeny!l or Cy-Cealkynyl, and is optionally substituted with one or
more R, More preferably, D is Cs-Cgearbocycle, 5- to 6-membered heterocycle, or 6- to 12-
membered bicycles, and is substituted with one or more Ry, where Ry is halogen, nitro, oxo,
phosphonoxy, phosphono, thioxo, cyano, or —Lg—Rg. Also preferably, D is phenyl, and is optionally

substitited with one or more R,. More preferably, D is phenyl, and is substituted with one or more

Fug Ruy
Ry Ri
Ry [ R
Ry, wheremn Ry is as defined above.  Highly preferably, D is S , WO
R
R
N I \N
=
Ry Ry
s , wherein Ry is as defined above, and cach Ry is independently selected from Rp and

preferably is hydrogen. One or more Ry can also preferably be halo such as F.
D is also preferably pyridinyl, pyrimidinyl, or thiazolyl, optionally substituted with one or

more R4. More preferably D is pyridinyl, pyrimidinyl, or thiazolyl, and is substituted with one or

Ry Ru .
R PN M
N™ SN =N
| Z ’ Pz 87’ Z R
Ry Rn Ry Ry N
more Ry. Highly preferably, D is R , wns , or v , wherein Ry

1s as defined above, and cach Ry is independently selected from Ry, and preferably is hydrogen. One
or more Ry can also preferably be halo such as F. D is also preferably indanyl, 4,5.6,7-
tetrahydrobenzo|dithiazolyl, 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}[ 1,3]dioxol-5-yl, and is substituted with onc or more Ry. Highly preferably, D

QQ g;%; ¢

18 -w . ww , wmvand 1s optionally substituted with

one or more Ry,.
92



10

15

20

25

35

WO 2012/051361 PCT/US2011/056045

Preferably, R 1s halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,

phosphono, thioxo, cyano, or )-Cealkyl, Cp-Cealkenyl or Cr-Cealkynyl, cach of which is
independently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formy! or
cyano; or Ci;-Cecarbocycle or 3- to 6-membered heterocycle, each of which is independently
optionally substituted at each occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C-
Cealkyl, Co-Caalkenyl, C,-Cgalkynyl, Ci-Cshaloalkyl, C,-Cshaloalkenyl or C,-Cghaloalkynyl. More
preferably, Ry is halogen, hydroxy, mercapto, amino, carboxy; or Ci-Cealkyl, Cy-Cealkenyl or Cp-
Cealkynyl, each of which is independently optionally substituted atl each occurrence with one or more
substituents selected from halogen, hydroxy, mercapio, amino or carboxy. Highly preferably, Ry, 18
Ci-Cealkyl which is optionally substituted with one or more substituents selected from halogen,
hydroxy, mercapto, amino or carboxy.

Also preferably, Ry is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, or cyano; or Ry is ~Ls—Rp, wherein Lg is a bond or Cy-Cealkylene, and Rg is -
N{RsRs™), —O-Rs, —C(ORs, —C(O)ORs, —C{ON(RsRy”), NRHC(O)Rs’, NRHIC{OYORg', —
N(Rg)SO:Rg”, —SOsRg, —SRg, or —P(O)}ORg),, wherein Rs and Ry’ can be, for example, each
independently selected at each occurrence from (1) hydrogen or (2) C;-Cealkyl optionally substituted
at each occurrence with one or more halogen, hydroxy, -O-C;-Cgalkyl or 3- 10 6-membered
heterocycle; or Ry is Ci-Cealkyl, Cr-Cealkenyl or Cy-Cealkynyl, each of which is independently
optionally substituted at each occurrence with onc or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl or cyano; or
Ru 18 Cs-Cyearbocycle or 3- to 6-membered heterocycle, each of which is independently optionally
substituled at cach occurrence with one or more substituents selected from halogen, hydroxy,
mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-Cgalkyl,
Cyp-Cealkenyl, C,-Cgalkynyl, Ci-Cghaloalkyl, C,-Cehaloalkenyl, C,-Cehaloalkynyl, -C(O)YORs, or —
N{(RsRs’). More preferably, Ry, is halogen (e.g., fluoro, chloro, bromo, iodo), hydroxy, mercaplo,
amino, carboxy, or C;-Cealkyl (e.g., methyl, isopropyl, tert-butyl), C,-Cealkenyl or C,-Cgalkynyl, cach
of which is independently optionally substituted at each occurrence with one or more substituents
selected from halogen, hydroxy, mercapto, amino, cyano, or carboxy. For cxample Ry is CF;, ~
C(CF;),—OH, —C(CH3),—CN, ~C(CH;)»~CH,0H, or ~C(CH3),~-CHaNH,. Also preferably Ry is —Lg—
Ry where Lg is a bond and Rg 18 -N(RgRg), “O-Rs, -N(RIC(O)ORg", -N(Rg})SO,Rs’, —SO,Rg, or —
SRs. For example where Lg 18 2 bond, Ry; is -N(C-Cealkyl), (e.g., -NMey); -N(C,-Csalkylene—O-Cy-
Cealkyl)y, (eg. ~N(CH.CH;OMe)s); ~N(Ci-Caalkyl)(Ci-Cealkylene~O-~Cy-Cealkyl) (eg. -
N(CH;XCH,CH,OMe)),—0O~-Ci-Cealkyl (e.g., ~O-Me, ~O-Et, ~O~isopropyl, ~O-tert-butyl, -O-n-
hexyl); -O-C,-Cehaloalkyl (e.g., — OCF;, —OCH)CF;); -O-C;-Cealkylene—piperidine {(e.g., —-O-
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CH,CHa~1-piperidyl); —N(Ci-CealkyDC(O)OC-Cealkyl (e.g., —N(CH;)C(O)O-CH,CH(CH3)), —
N{Ci-CealkySGC1-Cealkyl {e.g., ~N{CHa)SO,CH;), —80,C-Cealkyl (e.g., —SOMe); —-80,Cy-
Cghaloalkyl (e.g., ~SO,CF;); or -S-Cy-Cghaloalkyl {e.g., SCFa). Also preferably Ry is ~Lg—Rg where
Ls is Ci-Cealkylene (c.g., -CHy—~, ~C(CHj3),—, —C(CH;3),—CHy—) and Ry is -O-Rg, —C(O)ORg, ~
N(RC(OYORg', or ~P(OXORs),. For example Ry is —C-Cgalkylene~O-Rs (e.g., ~C{(CH;),~CHo~
OMe); C-Cealkylene—C(O)ORs (e.g., ~C(CH;3)-C(O)YOMe); —-Ci-Cealkylene~N(RC(OORy' (e.g.,
—C{CH)—CH,-NHC(O)YOCH3); or —C-Cealkylene~P{O)ORs), (e.g., ~CH—~P(OYOEL),). Also more
preferably Ry is Cs3-Ceearbocycle or 3- 10 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, Cy-
Cealkyl, C;-Cealkenyl, Cy-Cealkynyl, C;-Cghaloalkyl, C,-Cghaloalkenyl, C,-Cghaloalkynyl, -
C(O)ORg, or —-N(RgRg’).  For example Ry is cycloalkyl (e.g., cyclopropyl, 2,2-dichloro-1-
methylcycloprop-1-yl,  cyclohexyl), phenyl, Theterocyclyl  (e.g., morpholin-4-yl, 1,1-
dioxidothiomorpholin-4-yl, 4-methylpiperazin-1-yl, 4-methoxycarbonylpiperazin-1-yl, pymolidin-1-
yl, piperidin-1-yl, 4-methylpiperidin-1-yl, 3,5-dimethylpiperidin-1-yl, 4,4-difluoropiperidin-1-yi,
tetrahydropyran-4-yl, pyridinyl, pyridin-3-yl, 6-(dimethylamino)pyridin-3-y1). Highly preferably, Ry
is Cy-Cgalkyl 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-Cgcarbocycle, 5- to 6-membered heterocycle or 6- 1o 12-membered
bicycle and is substituted with J and optionally substituted with one or more Ry, wherein J is Cy-
Cgearboeycle, 3- 1o 6-membered heterocycle or 6- 10 12-membered bicycle and is optionally
substituted with one or more Rs. Preferably, J is substituted with a Cy-Cgearboceycle or 3- 1o 6-
membered heterocycle, wherein said Ci-Cgearbocycle or 3- 1o 6-membered heterocycle is
mdependently optionally substituted with one or more substituents selected from halogen, hydroxy,
mercapto, amino, carboxy, nitro, 0xo, phosphonoxy, phosphono, thioxo, formyl, cyano, C-Cealkyl,
Cy-Cealkenyl, Cy-Cealkynyl, Ci-Cshaloalkyl, Cy-Cghaloalkenyl, C,-Cshaloalkynyl, C(O)YORs or -
N(RsRg™, and T can also be optionally substituted with one or more Ra. Also preferably, D is Cs-
Cecarbocycle or 5- to 6-membered heterocycle and is substituted with J and optionally substituted
with one or more Ry, and J is C;-Cgearbocycle or 3- to 6-membered heterocycle and is optionally
substituted with one or more Ry, and preferably, J is at least substituted with a C3-Cgearbocycle or 3-
to 6-membered heterocycle which is independently optionally substituted with one or more
substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, 0xo, phosphonoxy,
phosphono, thioxo, formyl, cyano, Ci-Cealkyl, C,-Cealkenyl, C,-Cgalkynyl, C,-Cghaloalkyl, C;-
Cghaloalkenyl, Cy-Cghaloalkynyl, C(O)ORs or ~N(RgRy"). Also preferably, D is Cs-Cycarbocycle or
5- to 6-membered heterocycle and is substituted with J and optionally substituted with one or more

Ry, and J is 6- to 12-mewmbered bicycle (e.g., 2 7- 10 {2-membered fused, bridged or spiro bicycle
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I

comprising a nitrogen ring atom through which J is covalently attached to D) and is optionally

substituted with one or more Rs. More preferably, 1 is phonyl and is su
optionally substituted with one or more Ry, and J 15 C3-Cecarbocycle, 3- 1o 6-membered heterocycle
or 6- to 12-membered bicycle and is optionally substituted with one or more Ry, and preferably J is at
least substituted with a C3;-Cgcarbocycle or 3- 1o 6-membered heterocycle which is independently
optionally substituted with one or more substituents selecied from halogen, hydroxy, mercapto,
amine, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-Cealkyl, Co-

Cealkenyl, Co-Cealkynyl, C,-Cghaloalkyl, C,-Cghaloalkenyl, C,-Cghaloalkynyl, C(QYORs or —
J
Rg\g E'-QN

Ry Ry
N(RgRg"). Highly preferably, D is wny , wherein each Ry is independently selected from

Ry, and preferably is hydrogen or halogen, and J is Ca-Cecarboceycle, 3- to 6-membered heterocycle or
6- to 12-membered bicycle and is optionally substituted with one or more Ry, and preferably [ is at
least substituted with a Cy-Cgcarbocyele 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, Co-

Cealkenyl, C,-Cgalkynyl, C;-Cghaloalkyl, C,-Cghaloalkenyl, C,-Cghaloalkynyl, C(O)ORs or ~
J
Ry Ry

R R

N(RsRg"). Also preferably, D is N e ) , wherein each Ry is independently selected from Ry,
and preferably is hydrogen or halogen, and T i3 C3-Ccarbocycle or 3- to 6-membered heterocycle and
is substituted with a Cs;-Cgearbocycle or 3- to 6-membered heterocycle which is mdependently
optionally substituted with one or more substituents selected from halogen, hydroxy, mercapto,
amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C-Cealkyl, Cs-

Cealkenyl, C,-Cealkynyl, Ci-Cghaloalkyl, C,-Cghaloalkenyl, C,-Cghaloalkynyl, C{(O)ORs or -
J

N(RsRs"), and J can also be optionally substituted with one or more R,. Also preferably, Dig v |
and J is Cy-Cgearbocycle or 3- to 6-membered heterocycle and is optionally substituted with one or
more Ry, 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,
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cyano, Ci-Cealkyl, Co-Cealkenyl, Co-Cealkynyl, Ci-Cehaloalkyl, Cy-Cghaloalkenyl, C.-Cghaloalkynyl,
C{GYORg or “N{RsRs™).

X preferably 18 Cg—Cscarbocyoie, 5- to 6-membered heterocycle, or 6- to 12-membered

bicycles (e.g., U U , wherein X3 is N and is directly linked to ~Lay-D), and

is optionally substituted with one or more Ry or Ry Non-limiting examples of X are described
hereinabove.

L; and L, are preferably independently bond or C,-Cealkylene, L, is preferably selected from
bond, Ci-Cealkylene or ~C(O)~, and L, Ly, and L, are each independently optionally substituled with
one or more Ry.. More preferably, Ly, L, and L; arc cach independently bond or Ci-Cealkylene (e.g., —
CHo— or -CH,CHy—), and are each mdependently optionally substituted with one or more Ry, Highly
preferably, Ly, L, and L are bond.

R, and Rs, taken together with the atoms to which they are attached, preferably form a 5- 1o 6-

(SRR

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

o, S

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

membered heterocycle or 6- 10 12-membered bicycle (e.g., which 18

optionally substituted with one or more Ra.

optionally substituted with one or more Ra.

Gy and G, preferably are each independently selected from

5\( HN-
HN A .
or , and are each indcpendently optionally substituted with one or more
£

N
Raz
R4 (e.g., one or more chloro or bromo). More preferably, Gy is N (including any tautomer

oL )

thereof), and G, is N including any taulomer thereof), and each Gy and G, 1s independently

optionally substituted with onc or more R, (e.g., one or more chloro or bromo).
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-T-Rp’ can be, without limitation, independently selected at each occurrence from ~C(O)~
Ly'- -C(OYO-Ly'-Rp’, C{OHLy NRp)C{O)LsRp’, ~CO)~Ly’-NRp)COYO-Ly" Ry, —

N{Rg)CIOLy NR)YC(O)-Lg" Ry, ~N(Rp)C(O)-Ly —N(Rp)COYO-Ls "Ry, or N(Rg)C({O)-

Ly’ —N(Rp)-Lg’—Ryp’, wherein Ly’ is each independently Lg” and, preferably, is each independently

s
Cy-Cealkylene (e.g., -CH,- or I ) and optionally substituted with one or more substituents
selected from R;. Preferably, -T-Rp’ is independently selected at each occurrence from —C(O)—Ly'—
M’~Lg"Rp’ or -N(Rp)C(O)-Ly'-M’-Ls”’—Ryp’. More preferably, -T-Ryp’ is independently selected
at each occurrence from —C(O)-Ly -N(Rp)C(O)-Ls’~Rp” or —C(O}Ly—N(Rg){O)YO~Ls~Ry’.
Highly preferably, -T-Rp’ 1s independently selected at each occurrence from ~C(Q)-Ly’-N(RpYC(O)~

£
(e.g., -CH,- or I ) and optionally substituted with one or more substituents selected from Ry,

Re’ 18 preferably hydrogen, and Ry’ preferably is independently selected at each occurrence
from Rp. More preferably, Rp’ is independently selected at each occurrence from C;-Cealkyl, Cy-
Cealleny! or C)-Csalkynyl, each of which is independently optionally substituted at each occurrence
with one or more substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, 0xo,
phosphonoxy, phosphono, thioxo, formyl, cyano, Ca-Cecarbocycle or 3- to 6-membered heterocycle;
or C3-Cycarbocycle or 3- to 6-membered heterocycle, each of which is independently optionally
substituted at each occurrence with one or more substituents selected from halogen, hydroxy,
mercapto, amino, carboxy, nitro, 0xo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-Cgalkyl,
Cy-Cealkenyl, Co-Cealkynyl, Ci-Cghaloalkyl, Cy-Cghaloalkenyl or Cp-Cghaloalkynyl.

R preferably 1s halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, cyano; or C-Cealkyl, Ciy-Csalkenyl or Cp-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, formy! or
cyano;, or Ci-Cecatbocycle or 3- to 6-membered heterocycle, each of which is independently
optionally substituted at cach occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, armino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-
Cealkyl, Cy-Cealkenyl, C,-Cealkynyl, Ci-Cehaloalkyl, C,-Cghaloalkenyl or Co-Cghaloalkynyl; or L~
O-Rs, ~La~S-Rg, ~La~C(O)Rs, —La—OC(ORs, —La—C(O)ORs, —La—N(RgRs’), ~Ls~S(O)Rg, —La—
SO:Rs, ~La-C(OIN(RsRs™), —La—N(Rs)C(O)Rs’, ~La—-NRsYC(ON(Rs'Rs™"), ~La-N(R3)SORy", —
La=SON(RsRs"), —La—NRgSO:N(Rs'Rg™), ~La-NRgS(ON(Rg'Rs™"), —La~OS(O)}-Rs, —La—
OS(M2Rs, —La-S(O):0Rs, -Lo-S(O)ORs, -La—OC(O)ORs, ~La-NRICOYORg', —La—
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OC{O)N(RsRs"), ~La-N(Rg)S(O)-Rs’, ~La=S(OWN(RsRs’) or —La—C(ON(Rs)C(O)-Rg’, wherein La
is bond, Ci-Cealkylene, Cy-Coalkenyiens or Cy-Cealkynylene.

More preferably, R, is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo,
phosphonoxy, phosphono, thioxo, cyano; or Cy-Cealkyl, Cy-Cealkenyl or Cp-Cgalkynyl, cach of which
ig independently optionally substituted at each occurrence with one or more substituents selected from
halogen, hydroxy, mercapto, amino, carboxy, nitro, 0xo, phosphonoxy, phosphono, thioxo, formyl or
cyano; or Cs-Cgearbocycle or 3- to 6-membered heterocycle, each of which is independently
optionally substituled at cach occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nilro, oxo, phosphenoxy, phosphono, thioxo, formyl, cyano, C-
Cealkyl, Cy-Cealkenyl, C)-Cealkynyl, Cy-Cghaloalkyl, C,-Cehaloalkenyl or C,-Cghaloaltkynyl,

Highly preferably, R, is halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo,
phosphonoxy, phosphono, thioxo, cyano; or Ci-Cealkyl, Co-Cealkenyl or Cy-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, formy! or
cyano.

Ls, Lg’ and Lg’* preferably are each independently selected at each occurrence from bond; or
C,-Cgalkylene, Cy-Cealkenylene or Cy-Cgalkynylene.

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

In one embodiment of this aspect, A and B are each independently pheunyl, and are each
independently optionally substituled with one or more Ry; D is phenyl, and is independently
optionally substituted with one or more Ry, or is substituted with J and optionally substituted with one
or more Ry, wherein J 18 Cy-Cgcarbocycle, 3- 10 6-membered heterocycle or 6- to 12-membered
bicycle and is optionally substituted with one or more R,. Preferably, J is substituted with a Cs-
Ceearbocycle or 3- to 6-membered heterocycle which is independently optionally substituted with one
or more substituents selected from halogen, hydroxy, mercapto, amino, carboxy, nilro, oxo,
phosphonoxy, phosphono, thioxo, formyl, cyano, C;-Cealkyl, C,;-Calkenyl, Cs;-Cealkynyl, C;-
Cshaloalkyl, C,-Cghaloalkenyl, C,-Cghaloalkynyl, C{O)YORs or —N{RsRg’), and J can also be

o+

N , and each G and

(3, 1s independently optionally substituted with one or more Ry (e.g., one or more chloro or bromo).

optionally substituted with one or more Ry; and Gy is

Ry Ry
RN RN

Ry R
Preferably, D is s or v wherein Ry and Ry are as defined above.  Also
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e

J
RN RN i J'\\
4
RN Ry
preferably, D is nans or wwwv wherein J and Ry are as defined above. L, and L, are each
independently bond or C;-Cealkylene, and L; 1s bond, C,-Cealkylene or -C(O)-, and Ly, L,, and L; arc
each independently optionally substituted with one or more Ry. Preferably, 1y, Ly, and L, are bond. -
T-Ryp’ is independently selected at each occurrence from —C(O)-Ly’-N(Rp)C(O)-Ls "Ry’ or ~C(O)~
Ly’ =N(Rg)C(OYO-Ls""—Rp’, wherein Ly’ is Ci-Cgalkylene {e.g., -CH,-) and optionally substituted

with one or more substituents selected from Ry, and Lg'" preferably is bond. ~T-Rp’ can also be,
Ls”~Rp’, or C{O)-Ly"-N(Rp)S(O)—Ls" Ry, Preferably, R; and Rs, taken together with the atoms

N\.

to which they are attached, form EL which is optionally substituted with one or more Ry; Ry
N~s,

. | T

and Ry, taken together with the atoms to which they are attached, form which is

optionally substituted with one or more R,.

In another embodiment of this aspect, A and B are each independently phenyl (e.g.,

s/ \
g—<;>- ), and are each independently optionally substituted with one or more Ry (preferably, A

NN
and B are each independently substituted with at least one halogen such as F). X is U
wherein X3 18 N and is directly linked to —L;-D, and X is optionally substituted with one or more Ry
or Rg. D is phenyl, and is substituted with J and optionally substituted with one or more R, Jis Cs-
Ceearbocycle, 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 Ry. Preferably, 1 is substituted with a C3-Cecarbocycle, 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, Ci-Cealkyl, Cy-Cealkenyl, Cso-
Cealkynyl, C,-Cghaloalkyl, C;-Cshaloalkenyl, C,-Cghaloalkynyl, ~C(O)ORg or ~N(RsRg™), or (2)

trimethylsilyl, -O-Rg, —S—Rgs or ~C(O)Rs; and I can also be optionally substituted with one or more
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J
| A
Ry Ry I \\
/
RN RN
Ry, Preferably, D i v or »  wherein J is as defined above, and each Ry 18
H
i
independently selected from Ry, and preferably is hydrogen or halo such as ¥, Gyis N , Gy is

oL s

one or more chloro or bromo). L, and L, are each independently bond or C;-Csalkylenc, and L is

, and each Gy and 3 18 independently optionally substitated with one or more Ra (e.g.,

bond, Cs-Cgalkylene or -C(O)-, and Ly, L, and L3 are each independently optionally substituted with
one or more Ry, Preferably, L, L, and L; are bond. -T-Ry’ is independently selected at each
occurrence from ~C(O)-Ly'-NRp)C(O)-Ls’~Ryp’ or —C{O)-Ly’-N(Rp)C(O)YO-Lg’—Rp’, wherein
Ly’ 18 Ci-Cealkylene (e.g., -CHy-) and optionally substituted with one or more substituents selected
from Ry, and Lg”” preferably is bond. —T-Rp’ can also be, without limitation, selected from —C(O)-
Ly —Ls"Rp', —CO)y-Ly'-O-Ls""Rp", ~C{O)-Ly'-N(Rg)-Ls”Rp’, 0or “C{O)Ly' - N{Rp)S(O)—

Ls’—Rp’. Preferably, Ry and Rs, taken together with the atoms to which they are attached, form a 5-

N~_g_ N\g
to é-membered heterocyclic ring (e.g., '??1 ) or 6- to 12-mewmbered bicycle (e.g., ’?71 3

which 1s optionally substituted with one or more Ry, Ro and Ry, taken together with the atoms (0

Nl

which they are attached, form a S- 1o 6-membered heterocyclic ring (e.g., ‘Lt?- Yor 6- 10 12-
N\ .

membered bicycle (e.g., %LL ) which is optionally substituted with one or more Ry,

in another aspect, the present invention features compounds having Formula Ip and

pharmaceutically acceptable salts thereof,
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wherein:

ele, and is optionally substituted with one o1 more Ry;

L and L, are each independently selected from bond or Ci-Cealkylene which is independently
optionally substituted at cach ocowrrence with one or more halo, hydroxy, ~0-C;-Cealkyl,
or ~0-C;-Cshaloalkyl;

L, is bond or C-Cgalkylene;

W
wy S 21\ 5
i . L ” 7 z/ :
A and B are each independently phenyl, pyridinyl, thiazolyl, or Wi 2 where Z

15 independently selected at each occurrence from O, S, NH or CH,, Zs is independently
sclected at each occurrence from N or CH, and Wy, W, and W3 are cach independently
selected at each occurrence from CH or N; A and B arc cach independently optionally
substituted with one or more R,.

D 8 Cg-Cyecarbocycle or 5- to 12-membered heterocycle, each of which is optionally
substituted with one or more Ru;

Y i8 =T —C(RRON(R5)-T-Ryp;

Z is “T"—C{RgRo)N(R12)-T-Rp;

R; 1§ hydrogen, C;-Cealkyl, C,-Cehaloalkyl, or 3- to 6-membered carbocycle or heterocycle,
wherein each said 3- to 6-membered carbocycle or heterocycle is independently
optionally substituted at cach occurrence with one or more substituents sclected from
halogen, C;-Cealkyl, Cy-Ceghaloalkyl, -O-C;-Csalkyl or -O-C,-Cghaloalkyl;

R, and Ry are cach independently hydrogen, C,-Csalkyl, C,-Cghaloalkyl, or 3- 10 6-membered
carbocycle or heterocycle, whercin each said 3- to 6-membered carbocycle or heterocycle
is independently optionally substituted at each occurrence with one or more substituents
selected from halogen, C,-Cealkyl, C;-Cghaloalkyl, ~O-C;-Calkyl or -O—C;-Cghaloalkyl;
or Ry and Rs, 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 Ry (e.g., 1, 2, 3,
or 4 Ryu);

Ry is hydrogen, C,-Cealkyl, Ci-Cshaloalkyl, 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, C;-Cealkyl, Ci-Cghaloatkyl, —-O-C;-Cgalky! or ~O~C;-Cghaloalkyl;

Ry and Ry, are each independently hydrogen, C;-Cgalkyl, Ci;-Cghaloalkyl, or 3- to 6-
membered carbocyele or heterocycle, wherein each said 3- to 6-membered carbocycle or
heterocycle 1s independently optionally substituted at cach occurrence with one or more

substituents selected from halogen, C;-Cealkyl, C;-Cghaloalkyl, -O—Ci-Csalkyl or —O-C;-
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Cehaloalkyl; or R and Ry, taken together with the atoms to which they are attached, form

Aot it

~t wole st 3o Asmdieann 1l 7t v n
NCEIOCYCIC WillCit 18 Oyuuu&hy substituted with onc or more |

a
(e.g.,1,2,3, 014 Ry);

T is mdependently selected at each occurrence from bond or ~C(O)-Lg™~;

T is independently selected at each occwrrence from bond, —C{OWN(Rp)—, ~N{(Ru)C(O)—, or
3- to 12-membered heterocycle, wherein said 3- to 12-membered heterocycle is
independently optionally substituted at each occurrence with one or more Ry;

Ry is each independently selected at cach occurrence from hydrogen or Ry;

R, is independently selected at each occurrence from halegen, nitro, 0xo, phosphonoxy,
phosphono, thioxo, cyano, or —Ls—Rg;

Ry and Ry’ are each mdependently selected at each occurrence from hydrogen; or C-Cealkyl
which is independently optionally substituted at each occurrence with one or more
substituents selected from halogen or 3- to 6-membered carbocycle or heterocycle; or 3-
10 6-membered carbocycle or heterocycle; wherein each 3- to 6-membered carbocycle or
heterocycle in Ry or Ry’ 1s mdependently optionally substituted at cach occurrence with
one or more substituents selected from halogen, hydroxy, Ci-Cgalkyl, Ci-Cshaloalkyl, —
0—C,-Cgalkyl, or ~O-C;-Cghaloalkyl;

Ry is independently selected at cach occurrence from —O-Rg, ~S-Rg, “C(O)Rs, “OC(O)Rg, —
CLO)ORs, -NRsRy"), ~S(O)Rs, —SOuRy, ~CON(RsRs"), -N(RIC(ORs",  —
NRgCONRsRs™),  -N(Rs)SORs’,  ~SO:N(RgRg’),  —N(Rs)SON(Rg'Rs™),
N(RS(OINRs'Rs™"), “OS(0)—Rs, ~OS(0)~Rs, —=S(0)0ORs, ~S(O)ORs, “OC(O)ORs,
N(RSIC(O)ORy’, “OC(OIN(RsRs"), ~“NR$)S(O)-Rs’, ~S(ON(RsRs’), “COIN(RC(O)-
Ry, or =C(RsRy"); or Ci-Caalkyl, Cy-Cealkenyl or Cp-Cealkynyl, each of which is
independently optionally substifuted at each occurrence with onc or more substituents
selected from halogen, hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy,
phosphono, thioxo, formyl or cyano; or C;-Cipcarbocycle 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, amino, carboxy,
nitro, 0xo, phosphonoxy, phosphono, thioxo, formyl, cyano, C,-Cealkyl, Co-Cealkenyl,
Cy-Cealkynyl, Ci-Cghaloalkyl, C;-Cghaloalkeny! or C,-Cghaloalkynyl;

Ry is independently selected at each occwrrence from halogen, nitro, oxo, phosphonoxy,
phosphono, thioxo, cyano, -O-Rs, —S—Rg, ~C(O)Rs, “OC(O)Rg, ~C(OYORg, ~N(RsRg™), —
S(ORg, —=SOyRs, ~C(O)N(RsRs"), or -N(R5)C(O)R3’; or Cy-Ciqcarboeycele or 3- to 12-
membered heterocycle, each of which is independently optionally substituted at cach

occurrence with one or more substituents selecled from halogen, hydroxy, mercapto,
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amino, carboxy, nitro, 0x0, phosphonoxy, phosphono, thioxo, formyl, cyano, C;-Cealkyl,
Cy-Cealkenyl, Co-Coalkynyl, Ci-Cehaloalkyl, Cp-Cehaloalkeny! or Co-Cehaloalkynyl;

Lg is independently sclected at each occurrence from bond; or C-Cgalkylene, Cs-
Cealkenylene or C,-Cealkynylene, each independently optionally substituted with

halogen;

Lg’ s independently selected at each occurrence from bond; or C;-Cealkylene, Ci-
Cealkenylene or Ci-Cealkynylene, each of which is independently optionally substituted
at each occurrence with one or more Ry
Rg, Ry’ and Rg” are each independently selected at each occwrrence from hydrogen; Ci-
Cealkyl, Cp-Cealkenyl or Ci-Cealkynyl, each of which is independently optionally
substituted at each occurrence with one or more substitucuts selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl,
cyano, —O-Ci-Cealkyl, —0-C-Cshaloalkyl, or 3- to 12-membered carbocycle or
heterocycle; or 3- 1o [2-membered carbocycle or heterocycle; wherein each 3- to 12-
membered carbocycle or heterocycle m Rg , Rg” or Rg™ is independently optionally
substituled at cach occurrence with one or more substituents selected from halogen,
hydroxy, mercapto, amino, carboxy, nitro, 0xo, phosphonoxy, phosphono, thioxo, formyl,
cyano, C;-Cealkyl, Cy-Cealkenyl, Co-Cealkynyl, Ci-Cghaloalkyl, Cp-Cshaloalkenyl or C,-
Cehaloalkynyl;
Ry is independently selected at each occurrence from:
halogen, hydroxy, mercaplo, amino, carboxy, nitro, oxo, phosphonoxy, phosphono,
thioxo, cyano, SFs, -N(RgRg"), -O-Rg, ~OC(O)Rs, ~OC(O)YORs, “OC(ON(RsRs"), —
CORs, -C{OYORs, —CLONRsRs"),  -NRICIORs",  NRC(O)ORy’,
N(Rs}SO2Rs’, =S(O)Rs, —SORs, —S(OIN(RsRs’), —SRs, ~Si(Rs)s, or ~P(O)}ORg)y;
Ci-Cealkyl, Co-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, —-N(RgRs"), -0-Rs, -OC(O)Rs, ~OC(O)ORg, —OC(ON(RsRs), —
C(O)Rs, —C(O)ORs, ~C(ON(RsRs"), -NRs)IC(ORs", —NRs)C(O)ORy’,  ~
N(Rg)SORg’, =S(O)Rg, ~SO,Rs, —S(O)N(RsRg’), =SRs, or ~P(O)}ORg),; or
(1, wherein (G, 1s a C3-Cypcarbocycele or 3- to 12-membered heterocycle, each of which is
independently optionally substituted at each occurrence with one or more Regg, and
each Rep is independently selected from halogen, hydroxy, mercapto, amino, carboxy,
nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano, Ci-Celkyl, Co-
Cealkenyl, Co-Cealkynyl, Ci-Cshaloalkyl, Co-Cghaloalkenyl, Cy-Cghaloalkynyl, -O—
Rg, “C(OYORs, ~C{O)Rs, ~N(RgRs’), or ~Ls—(i;
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L4 is a bond, Ci-Cealkylene, Cp-Cealkenylene, C,-Cealkynylene, ~O-~, —=S—, -N(Rp)—, ~C(O)~,
SO, S{0)-, TGO, OCO)-, OCOY0-, -C{ONRs)-, NRg)T{O-, —
NRp)C(O)O-, ~OCONRp)-, -NRp)S(O)—, -NRp)S(O)—, -S(ONRg)-, -
S(O)NRs)—, NRp)C(O)N(Rp")—, ~N(Rp)SO:N(Rz’)~, o1 -N(Rp)S(O)N(Rg )~

(s is a C5-Cypcarboeycle or 3- to 12-membered helerocycle, and is optionally substituted with
one or more Re; and

R s each mdependently, at each occurrence, halogen, —C-Cealkyl, -C(O)C;-Cgalkyl, —Cy-
Cghaloalkyl, ~O~C-Cgalkyl, ~O-C-Cghaloalkyl, Ci-Cycarbocycle, or 3- 1o 6-membered
heterocycle.

As described hereinabove for compounds of Formula Iy A and B are each phenyl, pyridinyl,

w
Wz/ g %
: z o
thiazolyl, or W3 # where Z; is independently selected at each occurrence from O, S,

NH or CH, Zs is independently selected at each occurrence from N or CH, and Wy, W,, and W are
each independently sclected at each occurrence from CH or N; A and B are cach independently

optionally substituted with one or more Ra.

O O
Preferably, A is selecled from pheny! (e.g., ), pyridinyl (e.g., P\ Js
r‘ir N Z. H
&y /
T K0 )
thiazolyl {e.g., S\/)— % ), or \Zs % (c.g., \N % N é), and is

optionally substituted with one or more Ra.

N
H O
Preferably, B is selected from phenyl (e.g., = ), pyridinyl (e.g., == ),

S Z ¥
yOIOUs NG NO
thiazolyl (e.g., g.ﬁ\/s ), or % Z{>~§ {e.g., % N> g, % N o), and

is optionally substituted with one or more Ry,

2 < >
Highly preferably, both A and B are phenyl (e.g., both A and B are ; g); or A is

iy B
s /N a =N N
g @-é and B is E‘C——>—.§ or A 1s \Sr\/)—g and B is §_<\/\S( ;or A s
H

ke

H &

§’<\::©'§ and B is §4©::/>—§ or A s §—<\:j©'§ R %Ohé; or A

104



10

15

20

WO 2012/051361 PCT/US20611/056045

W DY

is 7 ==/ ®and Bis § ~ N ; wherein each A and B is independently optionally
substituted with one or more Ra.

In certain embodiments of this aspect of the invention, A and B are substituted by one or
more Ry, wherein cach R, is independently selected from halogen (e.g., fluoro, chloro), Ls—Rg (where
Ls 1s bond and Ry 1s —C;-Cealkyl (e.g., methyl), -O-Rg (e.g., ~O-C;-Cgalkyl, -OCHa3), or ~C;-Cealky!
optionally substituted with one or more halogen (e.g., —CFs)), or LR (where Lg is C-Cralkylene
and Rg i8 —-O-Ry (e.g., —Ci-Cealkyl-0-Ci-Cealkyl, ~CH,OCH3)). For example, in certain

% __<\ ﬁ N N N
embodiments A is N g, F , Ci , or CHs
F N i
and B is as defined hereinabove. In certain other embodiments B is % ’ 7 ! N/>——§,
H
N
% >
F CHs and A is as defined hereinabove. In
H
N
§ n: : Y = ;
still  other embodiments A s "<\N %, _—<\N = [ %, F ,
i w
S L Iges N9
Cl , or CHy . and B is g N/ , g N/ ,
N N N
: N/>—§§ N/>‘§ : N/>-§
F , Ci ,0r CHj

As described hereinabove for compounds of Formula Iz D is Cg-Cygcarbocycle or 3- to 12-
membered heterocycle optionally substituted by one or more Ry. Preferably, D is Ce-Coaryl (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][1,3]dioxol-5-yl), and D is
substituted with one or more Ry. For example, in certain embodiments D is preferably pheny!
substituted by one or more Ry, wherein each Ry i8 independently halogen {e.g., fluoro, chloro,

bromo); Ci-Cealkyl (e.g., tert-butyl); C,-Cealkyl substituted with one or more halogen (e.g., CF;); -O—
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Rg such as —-0-C,-Cgalkyl (e.g., ~O-CHyCHs); or ~O-C;-Cealkyl substituted at each occurrence with

e Yy

S [ [P SR T M TT - T M
one or more halogen {e.g., ~O~CT,, ~O-CH,}CH

5\ M a1t .
CHCHE,) or -0 -Cealky Cl 5

I {e.g., ~O-CH,CILOCH); ~O~
Rg (e.g., “O-C-Cgalkyl, such as -O-CH,) substituted with 3- to 12-membered heterocycle (e.g., 3-
cthyloxetan-3-yl, 1,3-dioxolan-4-y1); -O—Rs where Rg is an optionally substituted 3- to 12-membered
carbocycle or heterocycle (e.g., cyclopentyl, cyclohexyl, phenyl, 1,3-dioxan-5-y1); -N(Rg)C(O)Rg’
wherein Rg and Rg” are each independently Cy-Cealkyl (e.g., -N(t-Bu)C(O)Me); SFs; —SO,Rg wherein
Ry is Ci-Cealkyl (e.g., -SO;Me); or Cs-Cyzcarbocycle (e.g., cyclopropyl, cyclohexyl, phenyl).

[n certain embodiments of this aspect of the invention, D is preferably phenyl or pyridyl and
is substituted by one or more Ry where one Ry is Gy, In certain embodiments where D is phenyl or
pyridyl, D is substituted by Gs, G, is 3- to 12-membered heterocycle {e.g., pyridinyl, piperidinyl,
pyrrolidinyl, azetidinyl, oxazolyl) and 1s optionally substituted with one or more halogen (c.g., fluoro,
chloro), hydroxy, oxo, cyano, C-Calkyl (e.g., methyl), C,-Cealkenyl, Cp-Cealkynyl, C-Cshaloalkyl
(e.g., CFy), Cy-Cghaloalkenyl, C,-Cghaloalkynyl, -O-C-Cealkyl (e.g., -O—CHj;), -C(O)OR; (e.g., —
C(O)YOCH;3), -C(O)Rs (e.g., -C(O)CH3), or -N(RsRg’); and D is further optionally substituted by one
or more Ry where Ry 1s halogen (e.g., fluore, chloro), Ci-Cealkyl (e.g., methyl), C-Cshaloalky! (e.g.,
CFy), or -0-C-Cealkyl (e.g., -O-CHa.). In certain other embodiments D is pheny! or pyridyl and G,
is, for example, a monocyclic 3-8 membered carbocycle or monocyclic 4-8 membered hetlerocycle
substituted with L.—G; and optionally substituted with one or more Rg; wherein Ly, G; and Ry arc as
defined herem. La, for example is a bond, a C,-C¢ alkylene (e.g., ~CHo~, ~CH,CHy—, -CH,CH,CH,—,
etc.), —O—-, or =S(O)— (s is for example a C3-Cpycarbocycle optionally substituted with one or more

Ras. R and Res are each independently at each occurrence halogen, —C(O)Cy-Cgalkyl, ~C;-Cealkyl,

»

/
—C-Cehaloalkyl, ~O~C;-Cealkyl, or ~O-Ci-Cghaloalkyl. In certain embodiments G, is #* s

9

/
wherein 7 is a monocyclic 4-8 membered nitrogen-containing heterocycle (e.g., azetidinyl,
pyrrolidinyl, piperidinyl, piperazinyl) attached to the parent molecular moiety through a nitrogen atom

and substituted with one or two L,~G; and optionally substituted with one or more Rg,. Thus, in

Gs
HN—> O
certain embodiments where Ly 1s a bond Gy is 7 , where 7 is optionally substituted with
Gs
/HN)
Rg and Gz is optionally substituted with Rg;. Thus, e can be, for example, 3-phenylazetidin-
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1-yl, 3-phenylpyrrolidin-1-yl, 4-phenylpiperazin-1-yl, 4-phenylpiperidin-1-yl, 4-phenyl-3,6-
dihydropyridin-1(ZH)-yi, 4, 4-diphenyipiperidin-i-yl,  4-acetyl-4-phenyipiperidin-i-yl,  4-(4-
methoxyphenyDpiperidin-1-yl, 4-(4-fluorophenyDpiperidin-1-yl, or 3-phenylpiperidin-1-yl, and
wherein D can be further optionally substituted with one or more Ry (e.g., fluoro, chloro, methyl,
methoxy).

In certain other embodiments of this aspect of the invention, Ly 18 a Cy-Ce alkylene, -O—, or —

Ga
Y
D ®

. / 4 . . . . . i
S(O)—, and Gy is T , where 7o is as defined above and is optionally substituted with Ran
G
v
4
/AQ
and (3; is as defined above and is optionally substituted with Rgs. Thus, T can be, for example,

4-10sylpiperazin-1-yl, 4-phenoxypiperidin-1-yl, 3-phenoxypyrrolidin-1-yl, 4-benzylpiperidin-1-vi, 4-
phenethylpiperidin-1-y1, or 3-phenylpropyl)piperidin-1-yl.

In certain other embodiments of this aspect of the invention, D is phenyl or pyndyl, D is
substituted by G, and (G, is a spiro, bridged, or fused bicyclic carbocycle or heterocycle optionally

substituted with L,—Gs and one or more Rgy, wherein D i optionally substituted with one or more Ry

o

. . . . /
and Rwm, La, G, and Rg are as defined herein.  In certain embodiments G, is /v ,

>,

whereinvf”‘{v i a gpiro, bridged, or fused bicyclic nitrogen-containing heterocyele (e.g., 3-
azabicyclo[3.2.07hept-3-yl, 2-azabicyclo[2.2.2]oct-2-yl, 6-azaspiro[2.5]oct-6-yl, octahydro-2H-
isoindol-2-yl, 3-azaspiro[5.5Jundec-3-y1, 1,3-dihydro-2H-isoindol-2-yl, 1,4-dioxa-8-azaspiro{4.5]dec-
8-y1) aftached to the parent molecular moiety through a nitrogen atom and optionally substituted with
(33 and one or more Rg. Thus, Gy 18 3-azabicyclo[3.2.0hept-3-yl, 2-azabicyclo[2.2.2]oct-2-y1, 6-
azaspiro[2.5Joct-6-y1,  octahydro-2H-isoindol-2-yl,  3-azaspiro[5.5]undec-3-yl, 1,3-dihydro-2H-
isoindol-2-yl, or 1,4-dioxa-8-azaspiro[4.5]dec-8-yl; L, is a bond and D is optionally substituted with

one or more Ry (¢.g., fluoro, chloro, methyl, methoxy).
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In certain embodiments of this aspect of the invention, D is  ~  wherein Ry is as defined

above in connection with Formula I, and D is optionally substituted by one or more additional Ry,
R

For instance, where D i wav | Ry can be fluoro, chloro, tert-butyl, ~-O-CH,CH;, ~O-CF;, ~O-
CH,CHF,, ~0O-CH,CH,OCH;, —-O-CH,—(3-ethyloxetan-3-yl), -O-CH,~(1,3-dioxolan-4-yl), —-O-
cyclopentyl, -O—-cyclohexyl, -O—phenyl, -O—(1,3-dioxan-5-yl), cyclopropyl, cyclohexyl, phenyl, SFs,
—-SO:Me, or —-N{t-Bu)C(O)Me and D can be optionally substituted by one or more additional Ry

selected from the group consisting of halogen (e.g., fluoro, chlore) and C;-Cealkyl (e.g., methyl).

R
|

In certain embodiments, D is v wherein Ry, is fluoro, chloro, tert-butyl, ~O~CH,CH;, —~
0O-CFs, ~O-CH,CHF,, -O-CH,CH,OCH;, SFs, -SO,Me, or -N{t-Bu)C(O)Mc and D is optionally
substituted by one or more additional Ry selected from the group consisting of halogen (e.g., fluoro,
chloro) and Cy-Cealkyl (e.g., methyl).

Ru

In certain embodiments, D is v wherein Ry is cyclopropyl, eyclohexyl, or phenyl and D
is oplionally substituted by one or more additional Ry selected from the group consisting of halogen

(e.g., fluoro, chloro) and C1-Cgalkyl (e.g., methyl).

Ry

In certain embodiments, D i ~»v  wherein Ry 1s ~O-CH,—(3-ethyloxetan-3-yl), -O-CHo—
(1,3-dioxolan-4-yl), ~O~cyclopentyl, ~O~cyclohexyl, -O—phenyl, or -O—(1,3-dioxan-5-yl) and D is
optionally substituted by one or more additional Ry selected from the group consisting of halogen

(c.g., fluoro, chloro) and C;-Cealkyl (e.g., methyl).
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Gy

L
l /
In certain embodiments, D is v wherein G, is pyridinyl (e.g., pyridin-2-y1), piperidin-1-

yl, 4.4-dimethylpiperidin-1-yl, 4,4-difluoropiperidin-1-yl, 2,6-dimethylpiperidin-1-yl, 4-(propan-2-
yDpiperidin-1-yl, 4-fluoropiperidin-1-yl, 3,5-dimethylpiperidin-1-yl, 4-(trifluoromethylpiperidin-1-

yi, 4-methylpiperidin-1-yl, 4-tert-butylpiperidin-1-yl, 2-oxopiperidin-1-yl, 3,3-dimethylazetidin-1-yl,

5 or oxazolyl {e.g., 1,3-oxazol-2-yl) and D is optionally substituted by one or more additional Ry

selected from the group consisting of halogen (e.g., fluoro, chloro) and Ci-Cealkyl {e.g., methyl).

Go
GA/\

[E L(RM)Q
S
In another embodiment of this aspect of the invention, D is  winw wherein (i; 18 N,
Gs

S /
i_4 LI4
SIS
wl,

C~-H, or C-Ry; Gz s , wherein s ig a monocyclic 4-8 membered nitrogen-containing
heterocycle {e.g., azetidinyl, pyrrolidinyl, piperidinyl) attached to the parent molecular moicty
10 through a nitrogen atom and substituted by L,~(5; and optionally substituted with one or more Rgy; La
is a bond, C-Cs alkylene, -O—, or =8(O),—; G; is ary! (e.g., phenyl), cycloalkyl (e.g., cyclohexyl), or
heterocycle {e.g., thienyl) wherein each G, is optionally substituted with one or more Rea; Repand Ras
at cach occurrence arc cach independently halogen, -C({O)C;-Cealkyl, ~C;-Cealkyl, ~Cy-Cghaloalkyl,
O-C;-Cealkyl, or -O-C,-Cshaloalkyl; gi1s 0, 1, 2, or 3; and Ry, is as defined above in connection with
Gy

N

N
| R
A

15 Formula lz. In one group of compounds according 10 this embodiment, D is  wane , wherein

(35 is phenyl optionally substituted with one or two Res; g is 0, 1, or 2; Ry is cach independently

()

, , /
fluoro, chloro, methyl, methoxy, trifluoromethyl, or trifluoromethoxy; and T and Rgy are as
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Gs

AL
L™

R Run

defined above. In a further subgroup of compounds of this embodiment, D is A
wherein (33 is phenyl optionally substituted with one or two Ras; Ry 18 each independently hydrogen,

fluoro, chloro, or methyl; and Ry is an optional substituent as described herein. Tn another group of
Gs

/

Y

| R
=

compounds according o this embodiment, D 15 wdnn , wherein Ly is C-Cg alkylene, ~O-, or —

S(O),—; Ga 1s phenyl optionally substituted with one or two Rgs; g is 0, 1, or 2; Ry is cach
Q

independently fluoro, chloro, methyl, methoxy, trifluoromethyl, or trifluoromethoxy; and Ta and

Rgs are as defined above.

GZ
oY /\ﬁ

%)W(RM)Q
In yet another embodiment of this aspect of the invention, D is  wian wherein Gy 18

N, C-H, or CRuy; Go 18 P , wherein 7 is a spiro, bridged, or fused bicyclic nitrogen-
containing  helerocyele  (e.g., 3-azabicyclo[3.2.0Thept-3-yl, 2-azabicyclo[2.2.2]oct-2-yl, 6-
azaspiro]2.5]Joct-6-yl, octahydro-2H-isoindol-2-yl,  3-azaspiro[5.5]undec-3-yl, 1,3-dihydro-2H-
wsoindol-2-yl, 1,4-dioxa~8-azaspiro[4.5]dec-8-yl) attached to the parent molecular moiety through a
nitrogen atom and optionally substituted with L,—G; and one or more Rgp; Ly 1s a bond, Ci-Cg
alkylene, —O-, or =S{O),~; G5 is aryl (e.g., phenyl), cycloalky! (e.g., cyclohexyl), or heterocycle (e.g.,
thienyl) wherein cach Gz is optionally substituted with one or more Rga; R and Res at each
occurrence are each independently halogen, —C(O)C;-Cealkyl, —-C;-Cgalkyl, -C,-C¢haloalkyl, -0-C;-

Cealkyl, or ~O-C-Cghaloalkyl; g is 0, 1, 2, or 3; and Ry 15 as defined above in connection with
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&

N

X
I Rl
/
Formula [z, In one group of compounds according to this embodiment, D is  wans wherein g

is 0, 1, or 2; Ry is each independently fluoro, chloro, methyl, methoxy, trifluoromethyl, or

)
V7

. { . . .
trifluoromethoxy; and 7= is as defined above. In a further subgroup of compounds D is

)

N
RM? RM1
nans wherein Ry is each independently hydrogen, fluoro, chicro, or methyl, and
N E
/

T is as defined above (e.g., 3-azabicyclof{3.2.0Thept-3-yl, octahydro-2H-isoindol-2-yl, 2-
azabicyclo[2.2.2]oct-2-yl,  6-azaspiro[2.5]joct-6-y1l,  3-azaspiro[5.5]undec-3-yl, 1,3-dihydro-2H-
1sondol-2-yl, 1,4-dioxa-8-azaspiro[4.5]dec-8-yl).

RGZ
N
R R
In still another embodiment of this aspect of the invention, D is A , wherein
@Rez
/N
T i a monocyclic 4-8 membered nitrogen-containing heterocycle (e.g., azetidinyl,

pyrrolidinyl, piperidinyl) substituted with one or more Re,, wherein R at each occurrence is cach
independently halogen, ~C(O)C-Cealkyl, —Ci-Cgalkyl, —C-Cehaloalkyl, -0-C-Cgalkyl, or ~O-C;-
Cehaloalkyl; and Ry is each independently halogen, —C-Cealkyl, ~C;i-Cghaloalkyl, —-0O~C-Cealkyl, or

Sk
N

/
~O-C;-Cehaloalkyl. Tn one group of compounds according to this embodiment, i8
azetidinyl, pyrrolidinyl, or piperidiny! substituted with one or two Re, wherein Re; at each occurrence

18 each imdependently methyl, ethyl, isopropyl, tert-butyl, fluoro, chloro, or trifluoromethyl; and Ry 1s
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ﬂ Re2

I
/
each mdependently fluoro, chloro, or methyl. For example T is 4,4-dimethylpiperidin-1-y1,

4 A-difluoropiperidin-1-yl, 2,6-dimethylipiperidin-1-yl, 4-(propan-2-yl)piperidin-1-yl, 4-
ﬁu\oropiperidin-l -yl, 3,5-dimethylpiperidin-1-yl, 4-(trifluoromethyl)piperidin-1-yl, 4-methylpiperidin-
1-yl, 4-tert-butylpiperidin-1-yl, 2-oxopiperidin-1-yl, or 3,3-dimethylazetidin-1-yl.

5 For compounds of Formula I

D
i

Ls
Y’A‘Lq/x\z_gs‘z
Ig
attachment of X to the remainder of the molecule can be conveniently depicted by the abbreviated
structural Formula X’, wherein the groups atfached 1o X maintain the same relative spatial orientation
16 as drawn in Formula Iy 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 g and Formula
X,

I
snns

BLLL/J(\;\
X
Compounds of Formula Iy include those where the variable X i3 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 rctain the same orientation as
structure X relative to the remainder of the molecule; wherein the presence of === in X-1, X-2, and
X-3 represents single or double bonds, X is Ci-Cralkylene or Cralkenylene, X, and X; are each Ci-

Chalkylene or Cralkenylene, and Xy is C;-C, alkylene.

N N
§-< / Nt x
N oF § \ / g 4
X1 x3
Ay
X-1 X-2 X-3 X-4
20 In accordance with the foregoing description, in certain cmbodiments of this aspect of the

invention, X 18 pyrrolyl and is attached to the remainder of the molecule as shown in Formula
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. In certain embodiments, X is pyrrolidinyl and is attached to the remainder of the

AN
s

ey

. ) X . . . .
molecule as shown in Formula X: 8 . Embodiments according to Formula X may exist
g y
JUiW J\]VVV'
~ A~y
Xg1 Xgp

in cis (Xpy) or trans (Xgp) forms: . Chiral carbon atoms in

Xg, Xp1, and Xpp 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
E\Né“% o
Xei Xe2 .

In certain embodiments, X is pyrrolidinyl and is attached fo the remainder of the molecule as shown

remainder of the molecule as shown in Formulae X or Xeo:

wans

?SE ~ N\b/ﬁ'l g N /Il‘a
Xp1 .

— X
i Formulae Xp or Xpo: 02

Embodiments according to
Formulac Xp1 or Xp, may exist in ¢is or trans forms and chiral carbon atoms in Xp,) and Xy, 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 Xy or X

i,
- >

X X . . .
E 2 . Chiral carbon atoms in Xg; and Xg; may independently have

either the (R) or (S) absolute stereochemistry.

In certain preferred embodiments of this aspect of the invention, X is Xy, Xa, Xa1, Xaz, X,
or Xep and Ly, Lo, and Lj are each a bond. In certain other embodiments, X is X1, Xpg, Xg1, o X
and 1y, Iy, and L; are each a bond. In another embodiment, X is Xg; and L; and L, are each

methylene (i.e. -CH,-), and L; is a bond.
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In compounds of Formula Iz, Y is~T"~C{RiRo)N(Rs)-T-Rp and Z is ~“T"~C(RgRo)N(R12)-T—

n..\-11«n1511‘1"r R. R, RP.R.R.NR.. T andD_. ars as

AN )y VYT 3 AN]y ENZs NSy ANEs KNGy £N[Zy Loy QI IN]) G4

Preferably Ry, Ry, Rs, R, Ro, and Ry are each independently hydrogen; C;-Cgalkyl; or 3-10 6-

favl

membered carbocycle or heterocycle, wherein each 2- to 6-membered carbocycle or heterocycle is
independently optionally substituted at cach occurrence with one or more substituents selected from
halogen or Ci-Cealkyl; wherein R, and Rs, taken together with the atoms to which they are attached,
optionally form a 3- to I2-membered heterocycle which 18 substituted with 0, 1, 2, 3, or 4 Ry, and Re
and Ry, taken together with the atoms to which they are attached, optiomally form a 3- to 12-
membered heterocycle which is substituted with 0, 1, 2, 3, or 4 R, wherein R, 1s as defined herein.

In certain embodiments of this aspect of the mvention, R, is hydrogen and R, and Rs, taken

together with the atoms to which they are aftached form a 3- 10 12-membered heterocycle (e.g.

Sy @ @ e ﬁ‘* p o
égyé “&LQ\E" @LLQ\?’ . 31/ "~

Ry 18 halogen (e.g., fluoro, chloro); cyano; Ls—Rg where Ly is a single bond and Ry is Ci-Cealkyl (e.g.,

) substituted with 0, 1, 2, 3, or 4 R, wherein

methyl, ethyl), ~O-Ci-Cealky! (e.g., methoxy), or ~O-Cy-Cghaloalkyl (e.g., trifluoromethoxy); or Ls—
H H

= =

Rr where Lg is a double bond and Ry is =C(RgRs") (e.g., B, CH?{). In a preferred

embodiment R; and Rs, taken together with the atoms to which they are atfached form a pyrrolidine

Nef,
ring (i.e., KL ) substituted with 0 or 1 R, wherein Ry is fluoro, methoxy, methyl, ethyl, or

cyano. In another preferred embodiment Ry and R, taken together with the atoms to which they are

NS,
attached form a pyrrolidine ring (i.e., ‘?zi N
In certain other embodiments of this aspect of the invention, Rz is hydrogen and Ry and Ry,

taken together with the atoms 1o which they are attached form a 3- to 12-membered heterocycle (e.g.,
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A % ﬂ A H\IA(H —
o zg/s \a¥ W R

. nnane nnne s
% X
, Of S ) substituted with 0, 1,2, 3, or 4

R wherein Ry 18 halogen (e.g., fluoro, chioro}; cyano; Lg—Ryg where Lg 18 a single bond and Ry is Cy-

Cealkyl (e.g., methyl, ethyl), -O-C;-Cealkyl (e.g., methoxy), or -O-Ci-Cghaloalkyl (e.g.,

= =

triftuoromethoxy); or Ls—Rg where Lg is a double bond and Ry is =C(RsRy") (e.g., H CHs ).

-

In a preferred embodiment, Ry and Ry,, taken together with the atoms to which they are attached form

N*-..__ -
a pyrrolidine ring (i.c., ‘?2'- ) substituted with 0 or 1 R, wherein Ry 1s fluoro, methoxy,

methyl, ethyl, or cyano. In another preferred embodiment Ry and Ry, taken together with the atoms

to which they are attached form a pyrrolidine ring (i.e., ).

As used herein, a chiral carbon in any rings formed by joining R, and Rs or Ry and Ryy may

Nel

possess either (R) or (S) stereochemis(ry. A pyrrolidine ring (i.e., 3?- ) formed from either R,

&

N
&

and R;s or Ry and Ry, preferably possesses the (S) stereochemistry (L.e., 571 ).

In this aspect of the invention, T is independently selected at each occurrence from a bond,~
C{ON(Rp)~, ~N(Rp)C(O)—, or 3- 1o 12-membered heterocycle, and wherein said 3- to 12-membered
heterocycle 15 each independently optionally substituted at each occurrence with one or more Ry, and

R4 and Ry are as described herein. In particular, where T° is wC(O)N(R;;)w Ry can be hydrogen (i.e.,

T is “C(ON(H)~). In certain embodiments, T is imidazolyl (i.e., 1 j

substituted at each occurrence with one or more Ry wherein Ry is halogen (e.g., fluoro, chloro), C-

) optionally
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Cealkyl (e.g., methyl, ethyl), or C,-Cghaloalkyl (e.g., trifluoromethyl). Tn certain embodiments, T” i3

Hr O

This aspect of the invention contemplates particular combinations of A with Y and B with Z.

imidazolyl (i.e.,

Non-limiting examples of preferred Y when A 15 Cs-Cecarbocycle (e.g., phenyl) or 5- 10 6~-membered

heterocycle (e.g., pyridinyl or thiazolyl) and preferred Z when B is Cs-Cgearbocycle (e.g., phenyl) or

—
5- to 6-membered heterocycle (e.g., pyridinyl or thiazolyl) include: Ro

H
L—N}\(I N /I N \/N N N
[ HN I HN | | HN——&

RD/T
HO, HO, On
HN é; i? HN ; E?i H;\l ff HN ;
D ’ RD/T ’ RD/T , R /T 5’ RD/T )
s FF E
()‘(o | . /(L.(O © ©
N N N N
[ HN~ E HN\; | HN\; | HN\; ] HN\;
F. H H
O L O o )
N N N
| ; ..N\§ E HN~ | HN—g | HN~g
RD/T D/T RD/T RD/T RD/T or
O
N
| HN‘?
p wherein T and Ry are as defined herein.
H
N
In certain embodiments of this aspect of the invention, A is N optionally
N
. NIV o N G
substituted with one or more R, as described herein, or Y—A 1§ N , and non-limiting
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E, F
\ /
AN g?/"-a; N ;\Ii/‘\éé N [?/"w;
RD/T R —T R T

21. b\h hm.

Ry : - -
D wherein T and Ry, are as defined herein,

i
N

In certain cmbodiments of this aspect of the invention, B is % N optionally

cxamplcq of p1efeued Z, where T 1s a bond, include:

T

| |
T\RD - T Ro Ro T\R T\ Rp T\RD

|
T

Ro wherein T and Ry, are as defined herein.

T at cach occurrence is independently a bond or —C(O)-Lg’~, whercin Lg’ is as defined

10 herein. Lg' includes, but is not limited to, rr{\/%%, , )
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;"’Y%

(\ , where Ly” is optionally substituted with one or more Ry; and Ry 1 a substituent such as,
but not limited to carbocycle (e.g., cyclohexyl, cyclopentyl, cyclobutyl, cyclopropyl, phenyl),
methoxy, or heterocycle (e.g., tetrahydrofuranyl, tetrahydropyranyl).

Ry 18 hydrogen or R4 wherein Ry is as defined herein. Thus Rp includes, but is not limited 1o,
R, wherein Ry is Ls-Rg, and L and Rg are as defined herein. Thus Ry includes, but is not limited to,
Lg-Rg wherein Lg is a bond and Rg is-N(RsRs), -N{Rs)C(ORs —N(R)C{OIN(Rg'Rg”’), ~
N(R$)SO:Rs", ——N(Rs)SO2N(Rs'Rs™), ~N(RsIS(OIN(R5'Rs’"), -NRC(OYORg’, or ~N(Rg)S(O)-
Ryg’; or C;5-Cracarboeycle 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, cyano,
C-Cealkyl, Co-Cealkenyl, C,-Cealkynyl, or Ci-Cghaloalkyl.

In one embodiment of this aspect of the invention, Rp is Ls-Rg wherein Lg is a bond and Rg is
“NRHC(O)ORs or 3- to 12-membered heterocycle (e.g., pyrrolidine, piperidine, azepanyl) wherein
Rgand Ry’ are as defined herein. For example Ry, is preferably Lg-Ry wherein Lg is a bond and Ry is
-N(H)C(O)OMe.

Thus according to the foregoing description T-Rp includes, buf is not limited to:

, and . T-Rp may also include particular stereochemical
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According to this aspect of the invention, non-limiting examples of preferred Y when A is Cs-
Cecarbocycle (e.g., phenyl) or 5~ to 6-membered heterocycle {(e.g., pyndinyl or thiazolyl} and

Y & | Y, Y , Py y y
preferred Z when B is Cs-Cearbocycie (e.g., phenyl) or 5- to 6-membered heterocycle (e.g., pyridinyl

or thiazolyl) include:

-
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N

OVO
~ T kro
O o~

H

[3\{0
¢ ey
N~ O
®) N ~
Y ©
O
H

ZX

2OgF
Non-limiting examples of preferred Y when A is N g, optionally substituted

i

N
_ | | v §
with one or more R, as described herein, and Y-A is N include:

© Thor ()
HO ) ,
& MeO, MeQO
D S R S VRGN
g YH 0 /O\D/N 0O O n 0] H
O - (@]
O £ 1t QNS ¢ Q
F.‘
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H
O N
NE Y 0 W g
O N O__N
i o ! S er G A dh
H < "OMe OMe
© R O 5 H , and H
!\_JI
‘\ 7
. . S P
Non-limiting examples of preferred Z where B is ) optionally substituted with

vl
H
N O)\/ N O\
; )7 T
one or more R, as described herein, and B-Z is N imclude: O

2Ny NT H H
N_ _O o ~ S 2
O /H\n/ ~ H\(”)/ \O H 0 \O | H 0
O b H > H »
vl L2 » 0
o) ﬁ\n/o\ ) H 0 B H B H
'/H O , Y ~ y N O\ N O
0 H YL S Y
G 0
O b
OMe OMe £
wlye vl wl { vl
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H H H H
N O N O N O N O
Ay Y A A
O O
.‘¢\7
e N
07 ~ o] 2 ~
W JIT

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

5 pharmaceutically acceptable salts thereof:

IF

wherein:

u e
RS AN
X 18 U or U , wherein X is optionally substituted with one or more

H
N
JNQgE
Ais N , wherein A is optionally substituted with one or more Ry;
H -
N | N5
3 Vs T L -
B is N or , wherein B is optionally substituted with one or

more Ry; and

10 Ra
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Y, Z, Ry, and D are as described hereinabove (e.g., Y, Z, Ra, and D as described for Formula

L 14, s, Ic, Ip, OF 1, preferably as described for Formula Ip).
WEU\I'
NN
In one embodiment of this aspect of the ivention, X 18 U ;A8

H
=

7 7 |
\b\_ Q’L @ £) (‘S O‘F
2\\‘ \\\ .u
T T T T T
Ro™ Ry™" , Or Ro™ VAR TR R \RD, TR ,
\‘\‘N—h‘ \“>
i ( § W [ X Ve ( S ’2{'\'(?3 X ?z‘n Z [?l § '%:n Z E & it
T T~ T T— T T—
R , R , R , R , R ) Rp , or

TRp ;and D, Ra, T and Ry, are as defined hereinabove (e.g., as described for Formula i, 1, Iy,
10 e, Ip or Iy, preferably as described for Formula Ig).

{n another embodiment according to this aspect of the invention, A or B are optionally

substituted with one or more substituents selected from: R wherein R, is each independently halogen

{e.g., fluoro, chloro); Ls—Rg where Lg 18 a single bond, and Rg is —Ci-Cealkyl (e.g., methyl), -O-Rg

(e.g., ~O-C;-Cealkyl, “OCHjy), or —C;-Cealkyl optionally substituted with one or more halogen (e.g., ~

15 CFi); or Ls—Rp where Lg is a C;-Cealkylene and Ry is —O-Ry (¢.g., —C;-Cealkyl-O-C;-Cealkyl, —

CH,OCH;3). This embodiment includes compounds where A and B are both substituted by one Ra;

compounds where A and B are both substituted by zero R,; compounds where A is substituted by one
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Ry and B is substituted by zero Ry, and compounds where A is substituted by zero R, and B is

NN NG
substituted by one Ra. Preferably, A is NN and B 18 # TN ;or Als

N P e
§—<\N©'§ and B is %ID:N}% or A is g'—<‘N:©: % and B s

5

1, KCh 1 O
%__“,\/LN//"% or A'is 5—‘<\N % and B is % N/>“§.

in a forther embodiment of this aspect of the invention, T-Ry, is independently selected at

W] H
/OTN\A o /OYN o

cach occurrence from the group consisting of O , O ,
T HoT 0N
H
o K L o L e MU, ANy Y Y
e ~ [ ‘ O
Ty ye TR LT e
o > O 2 3 ‘ Al SMe >

b > E E >

H e nny
-~ O\H’N 0 o N o. N s
- O - @) o N
y f ) Y oyt
s s s R and

H
O N
- °
0O
O
i ©
. wherein compounds having (S) stereochemistry {e.g., © ) are

preferred and wherem D is as defined hereinabove.

H - H o N
/O\[rN o ’ g /O\ﬂ/N o - \H/ 0
O AN O_ _N O
's) T o - T e) O
© o © o~ 0 o

o &L

in another embodiment, this aspect of the invention features compound of Formula Ir and

pharmaceutically acceptable salts thereof, wherein:
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H
| f N

s NS S N % f, \\/\

X is or x wherein A 18 optionally

>

substituted with one or more Ry, B is H?'% , wherein B 1is optionally substituted with one or
F, R MeO,
(O O O O Z >\.‘
N § : $ N § : § §
/T T T T
more Ra Y i Rp Ro™ Ro™ o s
RD/T RD/T RD/T R /T . R /T
H
N N
| HN‘Z | \_ HN’\
5 Ro o R ” :
O 0O
N N
| HN\éé | HN\;
R /T R /T N N
D , o1 D ; and D, Ry, T and Rp are as defined hereinabove. A

particular subgroup according to this embodiment includes compounds where A s

L DL
|
H\ g Rxeg -
T, T Yf“o
or Ro - ; T-Rp 1s each independently

k]

4T ol N HT /O\ﬂ/g o /O\H/N ©
O N -~ O
~ \g/ 0 \g/ /O\T]/N 0 O O

10 O
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H /k wans \nwanr
d o - 0 O__N
0 b hig P
o) o) A N
¢]
s . ,or ;and D is as defined
hereinabove.

In yet another embodiment, this aspect of the invention features compounds of Formula Iy and

J\.“J!.

pharmaceutically acceptable salts thereof, wherein: X is U \Q/ ; Aand B are

N N

% Q“\// ] N
| HN |

5  each ; Y and Z are cach independently Rp , ,

HN\; /} HN\;

|
1
Ro , Re™™ . Ro™ ,or RO ;and D, T and Rp

are as defined hereinabove. A particular subgroup according to this embodiment includes compounds

H
/OTN o e 0
O

where T-Rp 1s each independently selected from \ ,

H
H O__N
H oy O._N -~ o .©
O_N H - o 7 - 0
Yo ot T : T

H
/ON O N H
1S GES 9 QIR

10 , , OF ; and D is as defined hereinabove.
According to each of the foregoing embodiments and description of this aspect of the
mvention of Formula Iy 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 1o Formula Ir and the foregoing embodiments and
Ry

description of this aspect of the invention, D is  wv | where Ry is fluoro, chloro, tert-butyl, -O-
CH,CH,, —0O-CF;, ~O~CH,CHF,, -0-CH,CH,OCH,, -O—CH,~(3-¢thyloxetan-3-yl), -O-CH,—(1,3-
dioxolan-4-y1), —O-cyclopentyl, —OC—-cyclohexyl, —O-phenyl, —0—(1,3-dioxan-5-yl}, cyclopropyl,
cyclohexyl, phenyl, SF5, —-SO,Me, or -N(t-Bu)C(O)Me and D is optionally substituted by one or more
additional Ry, selected from the group consisting of halogen (e.g., fluoro, chloro) or C,-Cealkyl (c.g.,
methyl).

In other groups of compounds according Formula Ir and the foregoing embodiments and
G,

description of this aspect of the invention, D is  »wv  wherein G; is pyridinyl (e.g., pyridin-2-yl),
piperidin-1-yl, 4,4-dimethylpiperidin-1-yl, 4,4-difluoropiperidin-1-yl, 2,6-dimethylpiperidin-1-y}, 4-
(propan-2-yhpiperidin-1-yl, 4-fluoropiperidin-1-yl, 3,5-dimethylpiperidin-1-yl, 4~
{(triflaoromethyDpiperidin-1-yl, 4-methylpiperidin-1-yl, 4-tert-butylpiperidin-1-yl, 2-oxopiperidin-1-
yl, 3,3-dimethylazetidin-1-yl, or oxazolyl (e.g., 1,3-oxazol-2-y1) and D is optionally substituted by one
or more additional Ry, selected from the group consisting of halogen (e.g., fluoro, chloro), or Ci-

Cealkyl (c.g., methyl). In particular according to these groups are compounds where D is

G
R AN R+
] 7
abor ; Gy is piperidin-1-yl, 4,4-dimcthylpiperidin-1-yl, 4,4-difluoropiperidin-1-yl, 2,6-

dimethylpiperidin-1-yl, 4-(propan-2-yDpiperidin-1-yl, 4-fluoropiperidin-1-yl, 3,5-dimethylpiperidin-
1-yl,  4-(rifluoromethyDpiperidin-1-yl, 4-methylpiperidin-1-yl, 4-tert-butylpiperidin-i-yl, 2-
oxopiperidin-1-yl, or 3,3-dimethylazetidin-1-yl; and Ry 18 each independently hydrogen, fluoro,
chloro, or methyl.

In other groups of compounds according Formula Ir and the foregoing embodiments and

G2
oA

| TRy
H/

description of this aspect of the invention, D 15w wherein (G; 18 N, C-H, or C—Ryg; Gy 18
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G Gz
L.ﬁ “

/
T , wherein 7™ ., Ry, and g arc as defined hereinabove. In particular according to these

groups, Ry is each independently fluoro, chloro, methyl, methoxy, trifluoromethyl, or

f
L4
/@
trifluoromethoxy; g is 0, 1, or 2; and # is as defined hercinabove. In further subgroups Ls is a

Gs

9

/
bond; G, is Eas ; Ry 18 cach independently fluoro, chloro, methyl, methoxy, trifluoromethyl, or
Gs

»

5 trifluoromethoxy; and g is 0, 1, or 2. In particular subgroups, Ho 18 3-phenylazetidin-1-yl, 3~
phenylpyrrolidin-1-yl, 4-phenylpiperazin-1-yl, 4-phenylpiperidin-1-yl, 4-phenyl-3,6-dihydropyridin-
1(2H)-yl, 4,4-diphenylpiperidin-1-yl, 4-acetyl-4-phenylpiperidin-1-yl, 4-(4-methoxyphenyDpiperidin-
I-yl, 4-(4-fluorophenyDpiperidin-1-yl, or 3-phenylpiperidin-1-yl; Ry is cach independently fluoro,
chioro, methyl, methoxy, trifluoromethyl, or trifluoromethoxy; and g is 0, 1, or 2. In other subgroups

Gs
U

9

/
10 Lsis Ci-Cg alkylene, —O—, or =S{0)— G, is T ; Ry 18 each independently fluoro, chloro,

methyl, methoxy, trifluoromethyl, or trifluoromethoxy; and g is 0, 1, or 2. In particular subgroups,

v

/
T 18 4-tosylpiperazin-l-yl,  4-phenoxypiperidin-1-yl,  3-phenoxypyrrolidin-i-yl, 4-
benzylpiperidin-1-yl, 4-phenethylpiperidin-1-yl, or 3-phenylpropyDpiperidin-1-yl; Ry is each

independently fluoro, chloro, methyl, methoxy, trifluoromethyl, or trifluoromethoxy; and g 18 0, 1, or
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A
.
AN
] T (Rudg
/

2. In further subgroups of compounds D is  wane , wherein G, is phenyl optionally substituted

with one or two Rgy; g 18 0, 1, or 2; Ry 18 each independently fluoro, chloro, methyl, methoxy,

®

. /
trifluoromethyl, or triflucromethoxy; and T and Re; are as defined above. In other groups of
Gs

/

4

N

§
| TR
/

compounds D i§  waae , wherein Ly 15 C-Cq alkylene, -O—, or ~S(0),—; (33 1s phenyi optionally

5 substituted with one or two Res: g is 0, 1, or 2; Ry is each independently fluoro, chloro, methyl,

»

. ! .
methoxy, trifluoromethyl, or trifluoromethoxy; and T and Res are as defined above. In further
Gs
)_RGZ
N
RM‘I F{M1
subgroups of compounds D is wann wherein Gj is phenyl optionally substituted with one

or two Rgs as defined hereinabove; Ry is each independently hydrogen, flucro, chloro, or methyl;
and R, 1s an optional substituent, as described above, selected from the group consisting of —-C(O)C;-
10 Cgalkyl, —C,-Cealkyl, —C;-Cghaloalkyl, ~O-C;-Cealkyl, and -0—C,-Cghaloalkyl,

In other groups of compounds according Formula I and the foregoing embodiments and

G
A~

| }““‘“(Rm)g
K‘/

description of this aspect of the invention, D is  wix wherein G, 18 N, C-H, or C-Ryg; Gy 18
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@

N - N -
A 0 4 . .
7 , wherein 7 , Ry, and g are as defined hereinabove. In particular according to these

subgroups, Ry is each independently fluoro, chloro, methyl, methoxy, trifluoromethyl, or

;>

/
trifluoromethoxy; g is 0, 1, or 2; and 7= 1§ 3-azabicyclo[3.2.0Thept-3-yl, 2-azabicyclo{2.2.2]oct-
2-yl, 6-azaspivo[2.5]oct-6-yl, octahydro-2H-isoindol-2-yl, 3-azaspiro[5.5jundec-3-yl, 1,3-dihydro-2H-

isoindol-2-yl, or 1,4-dioxa-8-azaspiro[4.5]dec-8-yl. In further subgroups of compounds D is

wherein g is 0, 1, or 2; Ry is each independently fluoro, chloro, methyl, methoxy,

o

/
trifluoromethyl, or trifluoromethoxy; and is as defined above. In further subgroups of

—

N
Ru1 R

compounds D is ~nan wherein Ry is cach independently hydrogen, fluoro, chloro, or

.

/
methyl and 7% is as defined above (c.g., 3-azabicyclo[3.2.0Thept-3-yl, octahydro-2H-isoindo}-2-
yl, 2-azabicyclo[2.2.2]Joct-2-yl, G-azaspiro{2.5]oct-6-y1, 3-azaspiro[S.5]undec-3-yl, 1,3-dihydro-2H-
1soindol-2-yl, 1,4-dioxa-8-azaspiro[4.5]dec-8-y1).

In other groups of compounds according Formula Ir and the foregoing embodiments and

Y
N
Ru Rm
QRGZ
/N
description of this aspect of the invention, D i waan , wherein /™ is a monocyclic

4-8 membered nitrogen-containing heterocycle (e.g., azetidinyl, pyrrolidinyl, piperidinyl) substituted

with one or more Rg, wherein Rep at each occurrence is each independently halogen, ~C(O)Cy-

Cealkyl, ~Ci-Cgalkyl, —C-Cghaloalkyl, —O-C;-Cealkyl, or —O-C,;-Cshaloalkyl; and Ry is each
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independently halogen, ~C;-Cealkyl, —Cy-Cghaloalkyl, -0-C;-Cgalkyl, or -O-C;-Cghaloalkyl. In cach
(/‘\ Raz
N j
group of compounds according to the foregoing embodiments 7 is azetidinyl, pyrrolidinyl,
or piperidiny] substituted with one or two Ry, wherein Rgp at each occurrence is each methyl, ethyl,

isopropyl, tert-butyl, fluoro, chloro, or trifluoromethyl; and Ry is each independently fluoro, chloro,

Sk
N

5  or methyl. For example o 18 4,4-dimethylpiperidin-1-yl, 4,4-difluoropiperidin-1-yl, 2,6~
dimethylpiperidin-1-yl, 4-{propan-2-yDpiperidin-1-yl, 4-fluoropiperidin-1-yl, 3,5-dimethylpiperidin-
1-yl, 4-(triftuoromethyDpiperidin-1-yl, 4-methylpiperidin-1-vl, 4-tert-butylpiperidin-1-vl, 2-
oxopiperidin-1-yl, or 3,3-dimethylazetidin-1-yl.

In still another aspect, the present mvention features compounds of Formula Ig and

10 pharmaceutically acceptable salts thereof,
wherein:

e NV Wt
o : ‘;éw: 7/2 NN
X 18 ) , Or S , wherein X ig optionally substituted

15 with one or more R

-

H
agi o
N\ ! :
Als N7 § or i(?ﬂ , wherein A is optionally substituied with one or

more Ry

H -
N %,
g . £ o o
B s N or , wherein B is optionally substituted with one or

more Ry; and
20 Y, Z, R, and D are as described hereinabove (e.g., as described for Formula 1, I, Ip, I, Ip, Ig

or I, preferably as described for Formula Ig).
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In one embodiment, this aspect of the invention features compounds of Formula Is and

pharmaceutically acceptable salls thereof, wherein: X is , , or

Iy i %
gw(/k7/% Em«g::li::ﬂ“% Zri:::j/
\ees ; Als N or & , wherein A 1s optionally substituted with

-

N
one Ru; B is N or , whercin B is optionally substituted with one Ry;

R, is halogen (e.g., fluoro, c¢hloro); Ls—Ry where Ly is a single bond and Ry is ~C-Cgalkyl (e.g.,
methyl), -O-Rs (¢.g., ~O~C;-Cealkyl, ~OCH3;), or -C;-Cealky! optionally substituted with one or
more halogen (e.g., —CFs); or Ls—Ryg where Lg is a Cy-Cealkylene and R is —“O-Rs (e.g., ~C-Cgalkyl-

F,
(3~ ()

\
Ry Ry

7,

O-C-Cealkyl, —CHzOCHq) Y and Z are each independently

21. &;UQ’L@&

N. N N [;pLﬁff7N ©
HN i HN~4\ | N
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, R , or
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D ; T-Rp is  each independently R ,
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,or ;and D is as defined hereinabove,

In another embodiment, this aspect of the invention features compounds of Formula 1 and

’ H
N :
\ Y :
pharmaceutically acceptable salts thereof, wherein X is ; A s N R
H

N
o ; )
5 wherein A 1s optionally substituted with one Ra; B is N , wherein B is optionally

substituted with one Ry; Ry 18 halogen (e.g., fluoro, chloro); Le—Rg where Ly is a single bond and Ry
is —Ci-Cealkyl (e.g., methyl), -O-Rs (e.g., —-O-Cy-Cealkyl, —OCH;), or ~C;-Cealkyl optionally

substituted with one or more halogen (e.g., ~CFz); or Lg~Ry where Lg is a C;-Cgalkylene and Ry is ~

T
O-Rs (e.g., ~C;-Cealkyl-0O-C;-Cealkyl, -CH,OCHy;); Y and Z are each independently Ro™

2 . MeO, MeO,
Lo~ }@\g S D \@\5
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/O\ /N\ O

-

L

n O P N \O
i O e
, 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 Ry; compounds where A and B are both substituted by
zero Ry compounds where A is substituted by one R, and B is substituted by zero Ra; and

compounds where A 18 substituted by zero Ra and B 1§ substituted by one Ra. In particular, according

f o FF i
_ | R n VG R )
to this subgroup are included compounds where A is N and B is N ;

>

or A is §4<\i\/‘©m”§ and B is ED:E%E, or A is %«:ﬁg and B 18

According to each of the foregoing embodiments and description of this aspect of the
mvention of Formula I 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
18 Cg-Cioaryl (e.g., phenyl, naphthyl, indanyl), or 5- to 10-membered heteroaryl (pyridinyl, thiazolyl,
4,5,6,7-tetrahydrobenzo[dthiazolyl, benzo[d]thiazolyl, indazolyl, benzo[d]}[1,3]diox0l-5-y1), and D is
substituted with one or more Ry. Particular subgroups according to this aspect and thesc
embodiments include compounds wherein Ry, 18 halogen {e.g., fluoro, chloro, bromo); C;-Cgalkyl
(e.g., tert-butyl); C;-Cgalkyl substituted with one or more halogen (e.g., CFy); ~0-C;-Cgalkyl (e.g., —
O-CH,CHas); ~O~Ci-Cealky! substituted at cach occurrence with one or more halogen (e.g., -O-CFa,
~O-CH,CHF;) or -O-C4-Cgalkyl (-O-CHCH,QCH;);, -O-C;-Cgalkyl (e.g., -O-CH;) substituted
with an optionally substituted 3- 1o 12-membered heterocycle (e.g., 3-ethyloxetan-3-y1, 1,3-dioxolan-
4-y1); -O-Ry where Rg is an optionally substituted 3- to 12-membered carbocycle or heterocycle (e.g.,
cyclopentyl, cyclobexyl, phenyl, 1,3-dioxan-5-yl); -N(Rg)C(O)Rs* wherein Rg and Ry’ are each
mdependently Cy-Cealkyl (e.g., N{-Bu)C(O)Me); SFs;; ~SO,Rg wherein Rg is Ci-Cealkyl (e.g., —
SO,Me); or C;5-Cyzcarbocycle (e.g., cyclopropyl, cyclohexyl, phenyl). Other subgroups according to
this embodiment include compounds wherein D is phenyl substituted by G, and optionally substituted
by one or more Ry, wherein Gy is a 3- t0 12-membered heterocycle (e.g., pyridinyl, piperidinyl,
pymrolidinyl, azetidinyl, oxazolyl) wherein the heterocycle is optionally substituted with one or more

substituents selected from halogen, hydroxy, oxo, cyano, Ci-Cealkyl (e.g., methvl), C,-Cealkenyl, Cy-
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Cealkynyl, Ci-Cghaloalkyl (e.g., CF3), Co-Cghaloalkenyl, Co-Cehaloalkynyl, ~O-C;-Cealkyl {e.g., ~O—

Y raryasve" g ral7a}

CHjy), ~C(C)ORs (e.g., ~C{O)YOCH;), ~C(O)Rs (e.g., “H{O)Cl R ogon

, ~C{OYCHS), N{RsRg"), or Ly—G3; Ry 1s halogen
(e.g., fluoro, chloro), alkyl (e.g., methyl), haloalkyl (e.g., CF3), or -O-C;-Cealkyl (c.g., ~O-CHa); and
Las, Gs, Rg, and Ry’ are as defined hereinabove.
In certain groups of compounds according to Formula Ig and the foregoing embodiments and
Ru
X
/
description of this aspect of the invention, D is  «w | where Ry is fluoro, chloro, tert-butyl, -O—
CH,CH4, ~0-CF3, ~O-CH,CHF,, -O—-CH,CH,OCHj3, ~O~CH,—(3-cthyloxetan-3-yl), ~O-CH,~(1,3-
dioxolan-4-y1), —O-cyclopentyl, —O-cyclobexyl, —O-phenyl, -O-(1,3-dioxan-5-yl}, cyclopropyl,
cyclohexyl, phenyl, SFs, —=SO.Me, or -N{t-Bu)C(O)Me and D is optionally substituted by one or more
additional Ry, selected from the group consisting of halogen (e.g., fluoro, chloro) or C-Cealkyl (e.g.,
methyl).
in other groups of compounds according Formula g and the foregoing embodiments and
G2

description of this aspect of the invention, D 18« wherein G, is pyridinyl (e.g., pyridin-2-yl),
piperidin-1-yl, 4.4-dimethylpiperidin-1-yl, 4,4-difluoropiperidin-1-yl, 2,6-dimethylpipendin-1-yl, 4-
(propan-2-ylpiperidin-1-yl, 4-flyoropiperidin-1-yl, 3,5-dimethylpiperidin-1-y1, 4.
(trifluoromethyDpiperidin-1-yl, 4-methylpiperidin-1-yl, 4-tert-butylpiperidin-1-yi, 2-oxopiperidin-1-
yl, 3,3-dimethylazetidin-1-yl, or oxazolyl (e.g., 1,3-0xazol-2-yl) and D 1s optionally substituted by one
or more additional Ry selected from the group consisting of halogen (e.g., fluoro, chloro), or Cyi-

Cealkyl (e.g., methyl). In particular according to these groups are compounds where D is
Gy
RM'I RM‘v

wans ; Gy is piperidin-1-yl, 4,4-dimethylpiperidin-1-yl, 4,4-difluoropiperidin-1-yl, 2,6-
dimethylpiperidin-1-yl, 4-(propan-2-yDpiperidin-1-yl, 4-fluoropiperidin-1-y1, 3,5-dimethylpiperidin-
T-yl,  4-(trifluoromethyDpiperidin-1-yl, 4-methylpiperidin-1-yl, 4-tert-butylpiperidin-1-yi, 2-
oxopiperidin-1-yl, or 3,3-dimethylazetidin-1-y}; and Ry, is each independently hydrogen, fluoro,

chloro, or methyl.
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In other groups of compounds according Formula lg and the foregoing embodiments and

Gy
Gg/y\j(

/

description of this aspect of the invention, D is  win wherein Gy is N, C~H, or C-Ryy; Gy 18
Ga Gs
Y v
o) .

4 . . .
T , wherein “ , Rug, and g are as defined hereinabove. In particular according to these

groups, Ry is each independently fluoro, chloro, methyl, methoxy, tifluoromethyl, or

Gs
“
/(NL)
rifluoromethoxy; g is 0, 1, or 2; and v is as defined hereinabove. In further subgroups Ly is a

Gy

®

/
bond; G, is T ; Ry 1s cach independently fluoro, chloro, methyl, methoxy, trifluoromethyl, or
Gs

»

trifluoromethoxy; and g is 0, 1, or 2. In particular subgroups, e is 3-phenylazetidin-1-y1, 3-
phenylpyrrolidin-1-yl, 4-phenylpiperazin-1-yl, 4-phenylpiperidin-1-yl, 4-phenyl-3,6-dihydropyridin-
1Z2H)-yl, 4,4-diphenylpiperidin-1-yl, 4-acetyl-4-phenylpiperidin-1-yl, 4-(4-methoxyphenylpiperidin-
1-yl, 4-(4-fluorophenyl)piperidin-1-yl, or 3-phenylpiperidin-1-yl; Ry is each independently fluoro,

chloro, methyl, methoxy, trifluoromethyl, or trifluoromethoxy; and g is 0, 1, or 2. In other subgroups

Ly is Ci-Cq alkylene, —O—, or =S(O);—; Gy is T ; Ry 18 each independently fluoro, chloro,

methyl, methoxy, trifluoromethyl, or trifluoromethoxy; and g is 0, 1, or 2. In particular subgroups,

v

T is  4-tosylpiperazin-1-yl,  4-phenoxypiperidin-1-yl,  3-phenoxypyrrolidin-1-yl, 4-
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benzylpiperidin-1-yl, 4-phenethylpiperidin-1-yl, or 3-phenylpropyDpiperidin-1-yl; Ry is cach

311dr#nm_1dcnﬂ v fluoro, chloro, meth 1 met hm(v trifluoromethvl, or frifluorom: Pﬂmszv and cm& 0, [, or

Qmetd YA, W AL 1818 fa2 818

Gs

(‘3

N

AN
| R
Z
2. In further subgroups of compounds D is  wan , wherein Gj is pheny! optionally substituted

with one or two Rgs; g is 0, [, or 2; Ry is each independently fluoro, chloro, methyl, methoxy,

»

. , . / .
trifluoromethyl, or trifluoromethoxy; and T and Rg; are as defined above. In other groups of
G3

"
N
AN
| (R
.
compounds Dis  wine , wherein L 18 Ci-Cg alkylene, —-O—, or ~S(O)z~; Gs is phenyl optionally

substituted with one or two Res; g is 0, 1, or 2; Ry is each independently fluoro, chloro, methyl,

)

/ )
methoxy, trifluoromethyl, or trifluoromethoxy; and T and Rg; are as defined above. 1n further
Gy
)““RGQ
N
RM1 RM1
subgroups of compounds D 1s wherein (; is phenyl optionally substituted with one

or two Rg; as defined hereinabove; Ry 18 each independently hydrogen, fluoro, chloro, or methyl;
and Re, 18 an optional substituent, as described above, selected from the group consisting of ~C{O)YCy-
Cealkyl, —Ci-Cealkyl, -Ci-Cghaloalkyl, ~0-C;-Cealkyl, and ~O-C;-Cghaloalkyl

in other groups of compounds according Formula Ig and the foregoing embodiments and

/w

description of this aspect of the invention, D is  wia wherein Gy i N, CH, or CRy; G 18
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N S N 3
e

. / . . .
, whercin T , Ry, and g are as defined hereinabove. In particular according to these

subgroups, Ry is each independently fluoro, chloro, methyl, methoxy, trifluoromethyl, or

.

/
trifluoromethoxy; g is 0, 1, or 2; and 7% 18 3-azabicyclo[3.2.0]hept-3-yl, 2-azabicyclo[2.2.2Joct-
2-yl, 6-azaspire{2.5)oct-6-y1, octehydro-2H-isoindol-2-y!, 3-azaspiro[5.5undec-3-yl, 1,3-dihydro-2H-

isoindol-2-yl, or 1,4-dioxa-8-azaspiro{4.5])dec-8-yl. In further subgroups of compounds D i8

<D

/

| TR

\

wAnn wherein g is 0, 1, or 2; Ry is each independently fluoro, chloro, methyl, methoxy,

»,

/
triflucromethyl, or trifluoromethoxy; and /v is as defined above. In further subgroups of

)

N
Rus Ryt

compounds D is wherein Ryy i each independently hydrogen, fluoro, chloro, or

;.

/

methyl and 7~ 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-y1, 6-azaspirof2.5}oct-6-yl, 3-azaspiro[S.5lundec-3-yl, 1,3-dihydro-2H-
1soindol-2-yl, 1,4-dioxa-8-azaspiro[4.5]dec-8-y1}.

In other groups of compounds according Formula 1g and the foregoing embodiments and

N
R Ra
QRGZ
N
description of this aspect of the invention, D is wine , wheremn # 18 a monocychc

4-8 membered nitrogen-containing heterocycle (e.g., azetidinyl, pyrrolidinyl, piperidinyl) substituted

with one or more Rgy, wherein Rg; al each occurrence is each independently halogen, —-C(O)Cy-

Cealkyl, ~C;-Cgalkyl, —C\-Cshaloalkyl, —0-C;-Cealkyl, or -0-C;-Cghaloalkyl; and Ry, is each
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independently halogen, —~C-Cealkyl, ~Ci-Cghaloalkyl, ~O~C1-Cgalkyl, or ~O-C-Cghaloalkyl. In cach
(/"\j Raz
N
group of compounds according to the foregoing embodiments Yo is azetidinyl, pyrrolidinyl,
or piperidiny! substituted with one or two Rep, wherein Rg, at each occurrence 1s each methyl, ethyl,
isopropyl, tert-butyl, fluoro, chloro, or trifluoromethyl; and Ry is each independently fluoro, chloro,
qRez
N~
or methyl. For example Yo 18 4 4-dimethylpiperidin-1-yl, 4,4-difluoropiperidin-1l-yl, 2,6-
dimethylpiperidin-1-yl, 4-(propan-2-yDpiperidin-1-yl, 4-fluoropiperidin-1-yl, 3,5-dimethylpiperidin-
1-yl, 4-(trifluoromethyDpiperidin-1-yl, 4-methylpiperidin-1-yl, 4-tert-butylpiperidin-1-yi, 2-
oxopiperidin-1-yl, or 3,3-dimethylazetidin-{-yl.

The present invention also features compounds of Formulae Iy, Ir and Ig as described herein
(including each embodiment described hereunder) and pharmaceutically acceptable salts thereof,
wherein:

Rg is independently selected at cach occurrence from —O-Rg, —S—Rg, —C(O)Rg, “OC(O)Rg, —
CO)ORs, -NRsRg"), -S(O)Rs, —-SORs, —C(ON(RsRs™), -NRCORg, -
NRsCIONRS'Rs),  —NRgSO:Rs’,  —SO:N(RsRs™),  —N(Rs)SO.N(Rg’Rs™), -
N(R3)S(OYN(Rs'Rs™"), “OS{O)-Rs, ~OS(0)-Rs, —S(0),0Rs, —S(O)ORs, ~OC{O)ORs, —
NRICO)ORs", —OC(OIN(RsRs™), —NRg)S(O)Rs’, —S(OINRsRs™), —P(O)ORs),
=C(RsRs"), or -C{OINRHC(O)-Rs’; or Ci-Cealkyl, Co-Cealkenyl or C,-Cealkynyl, each
of which 1is independently optionally substituted at cach occurrence with one or more
substituents selected from halogen, hydroxy, mercaplo, amino, carboxy, nitro, oxo,
phosphonoxy, phosphone, thioxo, formyl or cyano; or Cs-Cyycarbocycle or 3- to 12-
membered heterocycle, cach of which is independently optionally substituted at each
occurrence with one or more substituents selected from halogen, hydroxy, mercapto,
amino, carboxy, nitro, oxo, phosphonoxy, phosphono, thioxo, formyl, cyano,
wimethylsilyl, C;-Cealkyl, Cy-Cealkenyl, C;-Cealkynyl, Ci-Cshaloalkyl, C;-Cshaloalkenyl,
Cy-Cghaloalkynyl, ~O-Rg, —S—~Rg, ~C{O)Rg, ~C(O)ORs, or ~N(RgRg’).

The compounds of the present invention can be used in the form of salts. Depending on the
particular compound, a sall of a compound may be advantageous due to one or more of the salt’g
physical properiies, such as enhanced pharmaccutical stability under certain conditions or desired
solubility in water or oil. In some instances, a salt of a compound may be useful for the isolation or

purification of the compound.
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Where a salt is intended to be administered to a patient, the salt preferably is pharmaceutically

4

accepiable. Pharmaceutically acceplable saits include,
addition salts, and alkali metal salts.

Pharmaceutically acceptable acid addition salts may be prepared from inorganic or organic
acids. Examples of suitable inorganic acids include, but are not lmited 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,
heterocyelyl, carboxylic, and sulfonic classes of organic acids. Specific examples of suitable organic
acids include acetate, trifluoroacetate, formate, propionate, succinate, glycolate, gluconate,
digluconate, lactate, malate, tartaric acid, citrate, ascorbate, glucuronate, maleate, fumarate, pyruvate,
aspartate, glutamate, benzoate, anthranilic acid, mesylate, stearate, salicylate, p-hydroxybenzoate,
phenylacetate, mandelate, embonate (pamoate), methanesulfonate, ethanesulfonate, benzenesulfonate,
pantothenate, toluenesulfonate, 2-hydroxyethanesulfonate, sufanilate, cyclohexylaminosulfonate,
algenic acid, b-hydroxybutyric acid, galactarate, galacturonate, adipate, alginate, bisulfate, butyrate,
camphorate,  camphorsulfonate,  cyclopentanepropionate,  dodecylsulfate,  glycoheptanoate,
glycerophosphate, hemisulfate, heptanoate, hexanoate, nicotinate, 2-naphthalesulfonate, oxalate,
palmoate, pectinate, persulfate, 3-phenylpropionate, picrate, pivalate, thiocyanate, tosylate, and
undecanoate.

Pharmaceutically acceptable base addition salts include, but are not limited to, metallic salts
and organic salts. Non-limifing examples of suitable metallic salis include alkali metal (group Ja)
salls, alkaline earth metal (group a) 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,
chloroprocaine, choline, diethanolamine, ethylenediamine, meglumine (N-methylglucamine), and
procaine, Basic nitrogen-containing groups can be quaternized with agents such as alkyl halides (e.g.,
methyl, ethyl, propyl, butyl, decyl, lanryl, myristyl, and stearyl chlorides/bromides/iodides), dialkyl
sulfates (c.g., dimethyl, diethyl, dibuytl, and diamy! sulfates), aralkyl halides (e.g., benzyl and
phenethyl bromides), and others.

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

The compounds or salts of the present invention may also be used in the form of prodrugs.
Some prodrugs are aliphatic or aromatic esters derived from acidic groups on the compounds of the
invention. Others are aliphatic or aromatic esters of hydroxyl or amino groups on the compounds of

the invention. Phosphate prodrugs of hydroxy] groups are preferred prodrugs.
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The compounds of the invention may comprise asymmetrically substituted carbon atoms

ral centers, These compounds may exist, without him

. Thes ds may exist, w le sterecisomers

(c.g., single enantiomers or single diastercomer), mixtures of stereoisomers (e.g. a mixture of
cnantiomers or diastereomers), or racemic mixtures. Compounds identified herein as single
stereoisomers are meant to describe compounds that are present in a form that is substantially free
from other stercoisomers (e.g., substantially free from other enantiomers or diastercomers). 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
stercoisomer; and more preferably, at least 95%, 96%, 97%, 98% or 99% of the compound in a
composition is the described stereoisomer, Where the stereochemistry of a chiral carbon is not
specified in the chemical structure of a compound, the chemical structure is intended 1o encompass
compounds containing either stereoisomer of the chiral center,

Individual stereoisomers of the compounds of this invention can be prepared using a variety
of methods known in the art. These methods include, but are not limited 1o, stereospecific synthesis,
chromatographic separation of diastereomers, chromatographic resolution of enantiomers, conversion
of enantiomers in an cnantiomeric mixiure to diastereomers followed by chromatographically
separation of the diastercomers and regeneration of the individual enantiomers, and enzymatic
resolution.

Stereospecific synthesis typically involves the use of appropriate optically pure
(enantiomerically pure) or substantial optically pure materials and synthetic reactions that do not
cause racemization or inversion of stereochemistry at the chiral centers. Mixtures of stereoisomers of
compounds, including racemic mixtures, resulling 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
resins, many of which are commercially available. In a non-limiting example, racemate 1s 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 mixiure
to diastereomers by reaction with chiral auxiliaries. The resulting diastereomers can be separated by
column chromatography or crystallization/re-crystallization.  This technique is useful when the
compounds to be separated contain a carboxyl, amino or hydroxyl group that will form a salt or
covalent bond with the chiral auxiliary. Non-limiting examples of suitable chiral auxiliaries include
chirally pure amino acids, organic carboxylic acids or organosulfonic acids. Once the diastereomers
are separated by chromatography, the individual enantiomers can be regenerated. Frequently, the

chiral auxiliary can be recovered and used again.
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Enzymes, such as esterases, phosphatases or lipases, can be useful for the resolution of
dertvatives of enanlioiners in ain enantiomeric mixture. For example, an ester derivative o
group in the compounds to be separated can be treated with an enzyme which selectively hydrolyzes
only one of the enantiomers in the mixture. The resulting enantiomerically pure acid can then be
separated from the unhydrolyzed ester,

Alternatively, salts of enantiomers in a mixture can be prepared using any suitable method
known in the art, including treatment of the carboxylic acid with a suitable optically pure base such as
alkaloids or phenethylamine, followed by precipitation or crystallization/re-crystallization of the
enantiomerically pure salts. Methods suitable for the resolution/separation of a mixture of
stereoisomers, including racemic mixtures, can be found in ENANTIOMERS, RACEMATES, AND
RESOLUTIONS (Jacques et al., 1981, JTohn 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 ag the cis (Z) and trans (E) isomers, and mixturcs thercof are
intended to be encompassed within the scope of a recited compound unless otherwise specified. In
addition, where a compound exists in various tautomeric forms, a recited compound is not limited to
any one specific tautomer, but rather is intended to encompass all tantomeric forms.

Certain compounds of the invention may exist in different stable conformational forms which
may be separable. Torsional asymmetry due to restricted rofations about an asymmetric single bond,
for example because of steric hindrance or ring strain, may permit scparation of different conformers.
The invention cncompasses each conformational isomer of these compounds and mixtures thereof.

Certain compounds of the invention may also exist in zwitlerionic form 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
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 tawtomeric forms,
the compound is intended to encompass all tantomeric forms. Certain compounds arc described
herein using general formulas that include variables (e.g., A, B, D, X, L., Ly, La, Y, Z, T, Ra or Rp,).
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 moietly or moieties.

The number of carbon atoms in a hydrocarbyl moicty can be indicated by the prefix “C,-C,,”

where x is the minimum and y is the maximum number of carbon atoms in the moiety. Thus, for

142



10

[
i

20

25

30

35

WO 2012/051361 PCT/US2011/056045

example, “Cy-Cealkyl” refers to an alkyl substituent containing from 1 to 6 carbon atoms, Hlustrating
further, Cs-Ceeycloalkyl means a saturated hydrocarbyl ring containing from 3 to 6 carbon ring aloms.
A prefix attached to a multiple-component substituent only applies to the first component that
mmmediately follows the prefix. To illustrate, the term “carbocyclylalkyl” contains two components:
carbocyclyl and alkyl. Thus, for example, Ca-CescarbocyclylC-Cealkyl refers to a Cz3-Cycarboceycelyl
appended to the parent molecular moiety through a C,-Cealkyl group.

Unless otherwise specified, when a linking element links two other clements in a depicted
chemical structure, the leftmost-described component of the linking element is bound to the left
element in the depicted structure, and the rightmost-described component of the linking clement is
bound to the right element n the depicted structure. To illustrate, if the chemical structure 1s —Lg~M—
Ls'—and M is ~-N{Rg5)S(O)—, then the chemical structure is ~Lg-N(Rg)S{O)-Lg -

If a linking element mn a depicted structure is a bond, then the clement lefi 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 —Ls—M-Lgs’— and M is selected as bond, then the
chemical structure will be —Lg- Lg’—. If two or more adjacent linking clements in a depicted structure
are bonds, then the element left o these linking clements is joined directly to the element right to
these linking elements via a covalent bond. For instance, if a chernical structure is depicted as —Lg—
M-Lg—M"-Lg""—, and M and Lg” are selected as bonds, then the chemical structure will be —LgM’—
Lg”— Likewise, if a chemical structure is depicted as ~Lg~M-Lg’~M'-Lg’— and M, Lg’ and M’ are
bonds, then the chemical stl‘:ucttxre will be —Lg-Lg "~

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

If a moiety is described as being “optionally substituted”, the moiety may be either substituted
or unsubstituted. If a moiety is described as being optionally substituted with up to a particular
number of non-hydrogen radicals, that moiety may be either unsuobstituted, or substituted by up to that
particular number of non-hydrogen radicals or by up to the maximum number of substitytable
positions on the moicty, whichever is less. Thus, for example, if a moiety is described as a
heterocycle optionally substituted with up to three non-hydrogen radicals, then any heterocycle with
less than three substitutable positions will be optionally substituted by up to only as many non-
hydrogen radicals as the heterocycle has substitutable positions. To illustrate, tetrazolyl (which hag
only one substitutable position) will be optionally substituted with up to one non-hydrogen radical.
To illustrate further, if an amino nitrogen 1s described as being optionally substituted with up 1o two
non-hydrogen radicals, then a primary amino nitrogen will be optionally substituted with up to two
non-hydrogen radicals, whereas a secondary amino nitrogen will be optionally substituted with up to

only one non-hydrogen radical.
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Where a moiety is substituted with oxo or thioxo, it means that the moiety contains a carbon
alom covalenily bonded to atl least two hydrogens (e.g., CIl), and the two hydrogen radicals are
substituted with oxo or thioxo to form C=0 or C=S, respectively.

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

The term “alkenylene” refers to a divalent unsaturated hydrocarbyl chain which may be linear
or branched and which has at least one carbon-carbon double bond. Non-limiting examples of
atkenylene groups include —C(H)=C(H)—, -—CH)=C(H)—CHy~, —C(H=C(H)—CH,—CH,—,
—CHy—C()=C(i)—CH~, ~C(H)=C(H)~CH(CH;)—, and —CH,—C(H)=C{1)~CH(CH,CH;3)—.

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, isebutyl, sec-butyl, 1-
butyl, pentyl, iso-amyl, and hexyl.

The term “alkylenc” denotes a divalent saturated hydrocarbyl chain which may be linear or
branched. Representative examples of alkylene include, but arc not limited 1o, -CHy-, -CH,CH,-, -
CH,CH;CH,~, -CH;CH,CH,CH,-, and -CH,CH(CH;)CH,-.

The term “alkyny!” means a straight or branched hydrocarby! chain containing one or more
triple bonds. Non-limiting examples of alkyny!l include ethynyl, 1-propynyl, 2-propynyl, 3-propynyl,
decynyl, 1-butynyl, 2-butynyl, and 3-butynyl.

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

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

J—— . T o
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attached to the through any two substitutable 11
depicted chemical structure
(such as X in Formula I), the carbocycle group can be attached to the three other elements through any
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, Ci-CecarbocyclylC,-Cealkyl refers to a Cs-
Ceearbocyclyl group appended to the parent molecular moiety through C;i-Cealkylene.

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

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

The prefix “halo” indicates that the substifuent to which the prefix is attached is substituted
with one or more independently selected halogen radicals. For example, “C;-Cghaloalkyl” means a
C1-Cealkyl substituent wherein one or more hydrogen atoms are replaced with independently selected
halogen radicals. Non-limiting examples of C;-Cghaloalkyl include chloromethyl, 1-bromoethyl,
fluoromethyl, difluoromethyl, trifluoromethyl, and 1,1, -trifluoroethyl. Tt should be recognized that if
a substituent 1s substituted by more than one halogen radical, those halogen radicals may be identical
or different (unless otherwise stated).

The term ‘“heterocycle” or “heterocyclo” or “heterocyclyl” refers to a saturated (e.g.,
“heterocycloalkyl”), partially unsaturated (e.g., “heterocycloalkenyl” or “heterocycloalkynyl™) or
completely unsaturated (e.g., “heteroaryl”) ring system where at least one of the ning atoms is a
heteroatom (i.e., nitrogen, oxygen or sulfur), with the remaining ring atoms being independently
selected from the group consisting of carbon, nitrogen, oxygen and sulfur. A 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
structure (such as A in Formula I), the heterocycle group can be atiached 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.

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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1sopyrrolyl,  pyrrolinyl, pyrrolidinyl, imidazolyl, isoimidazolyl, imidazolinyl, imidazolidinyl,
pyrazolyl, pyrazolinyl, pyrazolidinyl, triazolyl, tetrazolyl, dithiolyl, oxathiolyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, thiazolinyl, isothiazolinyl, thiazolidinyl, isothiazohidinyl, thiodiazolyl,
oxathiazolyl, oxadiazolyl (including 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl (also known as “azoximyl™),
1,2,5-oxadiazolyl (also known as “forazanyl™), and 1,3,4-oxadiazolyl), oxatriazolyl (including 1,2,3,4-
oxatriazolyl and 1,2,3,5-oxafriazolyl), dioxazolyl (including 1,2,3-dioxazolyl, 1,2,4-dioxazolyl, 1,3,2-
dioxazolyl, and 1,3,4-dioxazolyl), oxathiolanyl, pyranyl (including I,2-pyranyl and 1,4-pyranyl),
dihydropyranyl, pyridinyl, piperidinyl, diazimy! (including pyridazinyl (also known as “1,2-diazinyl”),
pyrimidiny! (also known as “1,3-diaziny!”), and pyrazinyl (also known as “1,4-diazinyl™)),
piperazinyl, triaziny! (including s-triazinyl (also known as “1,3,5-iriazinyl™), 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 |,4-oxaziny}),
isoxaziny]l (including o-isoxazinyl and p-isoxazinyl), oxazolidinyl, isoxazolidinyl, oxathiazinyl
(inchuding  1,2,5-oxathiazinyl or 1,2,6-oxathiazinyl), oxadiazinyl (including 1,4,2-oxadiazinyl and
1,3,5,2-oxadiazinyl), morpholinyl, azepinyl, oxepinyl, thiepinyl, thiomorpholinyl, and diazepinyl.

A heterocyclyl may also be, without limitation, a bicycle containing two fused rings, such as,
for example, naphthyridiny! (ncluding [1,8] napbthyridinyl, and [1,6] naphthyridinyl),
thiazolpyrimidiny!, thienopyrimidinyl, pyrimidopyrimidinyl, pyridopyrimidinyl, pyrazolopyrimidinyl,
mdolizinyl, pyrindinyl, pyranopyrrolyl, 4H-quinolizinyl, purinyl, pyridopyridinyl (including
pyrido[3,4-b]-pyridinyl, pyrido[3,2-b]-pyridinyl, and pyrido[4,3-b}-pyridinyl), pyridopyrimidine, and
pteridinyl. Other non-limiting examples of fused-ring heterocycles include benzo-fused
heterocyclyls, such as indolyl, isoindolyl, indoleninyl (also known as “pseudoindolyl™), isoindazolyl
(also known as “benzpyrazolyl™ or indazolyl), benzazinyl (including quinolinyl (also known as “1-
benzazinyl”) and isoquinolinyl (also known as “2-benzazinyl™)), benzimidazolyl, phthalazinyl,
quinoxalinyl, benzodiazinyl (including cinnolinyl (also known as “1,2-benzodiazinyl™) and
quinazolinyl (also known as “1,3-benzodiazinyl™)), benzopyranyl (including “chromenyl” and
“isochromenyl”), benzothiopyranyl (also known as “thiochromenyl”), benzoxazolyl, indoxazinyl (also
known as “benzisoxazolyl™), anthranilyl, benzodioxolyl, benzodioxanyl, benzoxadiazolyl,
benzofuranyl (also known as “coumaronyl”), isobenzofuranyl, benzothienyl (also known as
“benzothiophenyl”, “thionaphtheny!”, and “benzothiofuranyl™), isobenzothienyl (also known as
“isobenzothiophenyl”, “isothionaphthenyl”, and “isobenzothiofuranyl”), benzothiazolyl, 4,5,6,7-
tetrahydrobenzo[dlthiazolyl, benzothiadiazolyl, benzimidazolyl, benzotriazolyl, benzoxazinyl
(inclading [,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 tetrahydroisoguinolinyl.

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,

% PR I N, YRS NSRRI Ik RO S o F o W AT )
the sulfur atomds) is oxidized t0 5O or SGy. T

he nitrogen heteroatom(s) in a heterocyclyl may or may
not be quaternized, and may or may not be oxidized to N-oxide. In addition, the nitrogen
heteroatom(s) may or may not be N-protected.

A heterocycle or carbocycle may be further substituted. Unless specified, the term
“substituted” refers to substitution by independent replacement of one, two, or three or more of the
hydrogen atoms with substituents including, but not limited to, -F, -Cl, -Br, -1, hydroxy, protected
hydroxy, -NO,, -N;, -CN, -NH,, protected amino, oxo, thioxo, -NH-C;-Cjy-alkyl, -NH-C,-Cg-alkenyl,
NH-Cy-Cg-alkynyl, -NH-C;-Cyz-cycloalkyl, -NH-aryl, -NH-heteroaryl, -NH-heterocycloalkyl, -
dialkylamino, -diarylamino, -diheteroarylamino, -0-Ci-Cyp-alkyl, -0O-Cy-Cg-alkenyl, -O-Cp-Cg
alkynyl, -O-Cs-Cpp-cycloalkyl, -O-aryl, -O-heteroaryl, -O-heterocycloalkyl, -C(O)-Ci-Cp-alkyl, -
C(O)-Cy-Cy-alkenyl, -C(O)-Co-Cygalkynyl, -C(O)-C3-Crp-cycloalkyl, -C(O)-aryl, -C(O)-heteroaryl, -
C(O)-heterocycloalkyl, -CONH,, -CONH-C;-Cjs-alkyl, -CONH-C,-Cg-alkenyl, -CONH-C;-Cs-
alkynyl, -CONH-C;-Cpp-cycloalkyl, -CONH-aryl, -CONH-heteroaryl, -CONH-heterocycloalkyl, -
OCO,-Ci-Cyy-alkyl, -OCO,-Co-Cealkenyl, -0CO;-Co-Cs-alkynyl, -OCO:-C3-Cip-gycloalkyl, -OCO;-
aryl, -OCQO,-heteroaryl, -OCO;-heterocycloalkyl, -OCONH,, -GCONH-C,-C,-alkyl, -OCONH-Cy-
Cs-alkenyl, -QOCONH-C,-Cs-alkynyl, -OCONH-C;-Cyp-cycloalkyl, -OCONH-aryl, -OCONH-
heteroaryl, -OCONH-heterocycloalkyl, -NHC(O)-Ci-Cy-alkyl, -NHC(0)-Cy-Cs-alkenyl, -NHC(O})-
Cy-Cg-alkynyl, -NHC(O)-C5-Cyp-cycloatkyl, -NHC(O)-aryl, -NHC(O)-heteroaryl, -NHC{O)-
heterocyceloalkyl, -NHC(,-C-Cypralkyl, -NHCO,-Cy-Cyalkenyl, -NHCO,-C;-Cg-alkynynl, -NHCO,-
Cy-Cpy-cycloalkyl, -NHCO,-aryl, -NHCO,-heteroaryl, -NHCO;-heterocycloalkyl, -NHC(O)NH,, -
NHC(OQ)NH-C,-Cs-alkyl, -NHC(O)NH-C,-Cg-alkenyl, -NHC(O)NH-C,-Cy-alkynyl, -NHC(O)NB-
C3-Cio-cycloalkyl, -NHC(O)NH-aryl, -NHC(O)NH-heteroaryl, -NHC{OYNH-heterocycloalkyl,
NHC(S)NH,, -NHC(SNH-C;-Cjs-alkyl, ~-NHC(S)NH-C,-Cg-alkenyl, -NHC(S)NH-C,-Cg-alkynyl, -
NHC(S)NH-Cs-Cio~cycloalkyl, -NHC(S)NH-aryl, -NHC(S)NH-heteroaryl, -NHC(S)NH-
heterocycloalkyl, -NHC(NH)NH,, -NHC(NH)NH-C;-Cjs-alkyl, -NHC(NH)NH-C,-Cg-alkenyl, -
NHC(NH)NH-C,-Cg-alkynyl, -NHC(NH)NH-C;-Cy,-cycloalkyl, -NHC(NH)NH-aryl, -NHC(NH)NH-
heteroaryl, -NHC(NH)NH-heterocycloalkyl, -NHC(NH)-C;-Cyp-alkyl, -NHC(NH)-C,-Cy-alkenyl, -
NHCINH)-C,-Cg-alkynyl, -NHC(NH)-C;-Cyy-cycloalkyl, -NHC(NH)-aryl, -NHC(NH)-heteroaryl, -
NHC(NH)-heterocycloalkyl, -C(NH)NH-C,-Cypalkyl, -CINH)NH-Cy-Cy-alkenyl, -C(NH)NH-C,-Cq-
alkynyl, -C(NH)NH-C,-Cp-cycloalkyl, -C(NH)NH-aryl, -C(NH)NH-heteroaryl, -CINH)NH-
heterocycloalkyl, -S(O)-C;-Cip-alkyl, -S(0)-C,-Cg-alkenyl, -S(O)-C,-Cs-alkynyl, -S(0)-Ci-Cis-
cycloalkyl, -S(O)-aryl, -S(O)-heteroaryl, -S(O)-heterocycloalkyl, -SO,NH,, -SO,NH-C;-Cyy-alkyl, -
SO,NH-C,-Cg-alkenyl, -SO,NH-Cy-Cy-alkynyl, -SO;NH-C;-Ciy-cycloalkyl, -SO,NH-aryl, -SO,NH-
heteroaryl, -SO;NH-heterocycloalkyl, -NHSO,-C,-Ciz-alkyl, -NHSO,-Cy-Ce-alkenyl, -NHSO,-Cop-Cy-
alkynyl, -NHSO,-C;-Cy-cycloalkyl, -NHSOs-aryl, -NHSO,-heteroaryl, -NHSO,-heterocycloalkyl, -
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CH,NH,, -CH,SO,CHj, -aryl, -arylalkyl, -heteroaryl, -heteroarylalkyl, -heterocycloalkyl, -Cs-Cia-
cycloalkyl, polyalkoxyalkyl, polyalkoxy, -methoxymethoxy, -methoxyethoxy, -SH, -5-Cy-Cy-alkyl, -
S-Cy-Cs-alkenyl, -S-Cy-Cg-alkynyl, -$-C3-Cio-cycloalkyl, -S-aryl, -heteroaryl, -S-heterocycloalkyl, or
methylthiomethyl. It is understood that the aryls, heteroaryls, alkyls, and the like can be further
substituted.

An “aliphatic” group is & 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 triplc bonds. Examples of aliphatic groups are
functional groups, such as, O, OH, NH, NH,, C(O), S(0),, C{O)O, C(O)NH, OC(O)O, OC(O)NH,
OC(O)NH,, S{O)NH, S(0),NH,;, NHC(O)NH,, NHC(O)C(O)NH, NHS(O),NH, NHS(O),NH,,
C(O)YNHS(O),, C(OYNHS(O),NH or C(O)NHS(O)2NH,, and the like, groups comprising onc 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
be straight chained, branched or cyclic and preferably contains between about 1 and about 24 carbon
atoms, more lypically between about | 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 polyimines, for example. Aliphatic
groups may be optionally substituted. A lincar aliphatic group is a non-cyclic aliphatic group. Itisto
be understood that when a linear aliphatic group is said 1o “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 lincar aliphatic group is an alkyl, alkeny! or alkynyl, each optionally substituted, which is
interrupted or terminated by a functional group.

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

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

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

The term “prodrug” refers to derivatives of the compounds of the invention which have
chemically or metabolically cleavable groups and become, by solvolysis or under physiological
conditions, the compounds of the invention which are pharmaceutically active in vivo. A prodiug of a
compound may be formed in a conventional manner by reaction of a functional group of the
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, Amstierdam 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 1o, acetate, formate,
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
or more solvent molecules are incorporated in the crystal lattice of the crystalhine 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
Greene and Wuts, PROTECTING GROUPS IN CHEMICAL SYNTHESIS (3rd ed., John Wiley & Sons, NY
(1999). Non-limiting examples of N-protecting groups include acyl groups such as formyl, acetyl,
propionyl, pivaloyl, t-butylacetyl, 2-chloroacetyl, 2-bromoacetyl, frifluoroacetyl, trichloroacetyl,
phthalyl, o-nitrophenoxyacetyl, benzoyl, 4-chlorobenzoyl, 4-bromobenzoyl, or 4-nitrobenzoyl;
sulfonyl groups such as benzenesulfonyl or p-toluenesulfonyl; sulfenyl groups such as phenylsulfenyl
(phenyl-S-) or triphenylmethylsulfenyl (trityl-S-); sulfmyl groups such as p-methylphenylsulfiny! (p-
methylphenyl-S(O)-) or t-butylsulfinyl (+-Bu-S(O)-); carbamate forming groups such as

benzyloxycarbonyl, p-chlorobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl, p-
nitrobenzyloxycarbonyl, 2-nitrobenzyloxycarbonyl, p-bromobenzyloxycarbonyl, 3.4-

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

4-methoxybenzyloxycarbonyl, 2-nitro-4,5-dimethoxybenzyloxycarbonyl, 3,4,5-
{rimethoxybenzyloxycarbonyl, 1<(p-biphenylyl)-1-methylethoxycarbonyl, dimethyl-3,5-
dimethoxybenzyloxycarbonyl, benzhydryloxycarbonyl, t-butyloxycarbonyl,
diisopropylmethoxycarbonyl, isopropyloxycarbonyl, ethoxycarbonyl, methoxycarbonyl,

allyloxycarbonyl, 2,2,2-trichloro-cthoxy-carbonyl, phenoxycarbonyl, 4-nitro-phenoxycarbonyl,
cyclopentyloxycarbonyl, adamantyloxycarbonyl, cyclohexyloxycarbonyl, or phenylthiocarbonyl;
alkyl groups such as benzyl, p-methoxybenzyl, tiphenylmethyl, or benzyloxymethyl; p-
methoxyphenyl; and silyl groups such as trimethylsilyl. Preferred N-protecting groups include
formyl, acetyl, benzoyl, pivaloyl, t-butylacetyl, phenylsulfonyl, benzyl, t-butyloxycarbonyl! (Boc) and
benzyloxycarbonyl (Cbz).

Abbreviations which have been used in the descriptions of the Schemes, Intermediates and

Examples that follow are: Ac for acetyl; APCI for atmospheric pressuare chemical ionization; ag or
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aq. for agueous; atm for atmosphere; Boc for t-butoxycarbonyl; Bu for butyl; #-Bu or fert-butyl for
tertiaryv-butyl; Cbz for benzyloxycarbonyl; dba for dibenzylidineacetone; DCT for desorption chemical
ionization; DDQ for  2,3-dichloro-3,6-dicyano-p-benzoquinone; DEPBT for 3~
{dicthoxyphosphoryloxy)-1, 2, 3-benzotriazin-4(3H)-one; DIBAL for diisobutylaluminum hydride;
DMA for N,N-dimethylacetamide; DME for 1,2-dimethoxyethane; DMF for N, N-dimethylformamide;
DMSO for dimethyl sulfoxide; DMPU for 1,3-dimethyl-3,4,5,6-tetrahydro-2(1 A)-pyrimidinone; dppf
for 1,1-bis(diphenylphosphino)ferrocene; EDC, EDAC or EDCI for N-(3-dimethylaminopropyl)-N*
ethylcarbodiimide hydrochloride; e.e. for enantiomeric excess; ELSD for evaporative light scatiering
detector; ESI for electrospray ionization; Et for ethyl; E4N for tricthylamine; BtOAc for ethyl acetate;
EtOH for ethanol; BEt,O for dicthyl ether; eq or equiv for equivalents; Fmoc for 9-
fluorenylmethoxycarbonyl; HATU for O~(7-azabenzotriazol-1-y1)-N,N N’ N’-tetramethyluronium
hexafluorophosphate; HOBt for 1-hydroxybenzotriazole; HPLC for high performance liquid
chromatography; HOBt for 1-hydroxybenzotriazole; LCMS for liquid chromatography/mass
spectrometry; mCPBA for m-chloroperoxybenzoic acid; Me for methyl; MeOH for methanol; OAc
for acetate; Mg for methanesulfonyl, OTF for triflate or irifluoromethanesulfonate; PDC for
pyridintum dichromate; i~Pr for isopropyl; Ph for phenyl; PPh, for triphenylphosphine; psi or psig for
pounds per squarc inch (gas); PTEE for polytetrafluoroethylene; PXPd for [(--Bu),PCl1,PdCl,, PyBOP
for  (benzotriazol-1-yloxy)tripyrrolidinophosphonium  hexafluorophosphate;  SEM for  2-
(trimethylsilyDethoxymethyl, T3P for propane phosphonic acid anhydride; Tf for trifluorosulfonyl;
TFA for rifluoroacetic acid; THF for tetrahydrofuran; TLC for thin layer chromatography; Troc for
2,2,2-trichloroethoxycarbonyl; v/v for volume/volume; wi% 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
non-limiting example, the compounds of the present invention can be prepared according to Scheme I
starting from compounds of Formula 11 (e.g., n = 0 to 8), Formula V (X4 can be, for example, O or
NRy, where Ry 18 as described hereinabove and is preferably H or Ry as defined above such as Cl-
Céalkyl, 3- to 12-membered carbocycle or heterocycle, ~C(O)Rs, ~C(O)ORs, —~C{O)N(RsRg’), ~
SON(RsRs™), —S(O)0Rs, ~S(OYORs, —S(O)N(RsRs"), or a suitable protecting group such as Boc or
Froc), or Formula VIII (E can be, for example, 3- to 7-membered carbocycle or heterocycle and is
optionally substituted with one or more Ry), wherein A, B, D, Y, Z and R, are as described above.
The 1,4-diketones II, V, and VIIH 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 I, VI, or IX, or allernatively to ditriflates, ditosylates, or dihalides by the methods
described below. The dimesylates 11, VI, and IX, ditriflates, ditosylates, or dihalides may be reacied

with an amine, including but not limited 1o, aniline, 3,5-difluoroaniline, 3,4-difluoroaniline, 4-
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fluoroaniline, 3-fluoroaniline, 4-trifluoromethylaniline, 4-chloroaniline, heteroaryl amines, alkyl

o NN ‘E . .| ltL“A . e

amines, cycloalkyl amines, substituted benzylamines, or allylamine, under the conditions described
below to give the compounds of the mvention. L; and L, 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-13-

NH, can be used instead of D-NH,, as appreciated by those skilled in the art.

®
O O OMs OMs NH,
’ MAZST
Y o z Y . 4
I {

S0y RaC»< Oy
N
X4
VH
()
Y Z
Vi X

Scheme I

As another non-limiting example, the compounds of the present invention can be prepared
starting from compounds of Formula If and Formula III as shown in Scheme 1. 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 g-bromoketones such as Formula I1 with methyl ketones such as
Formula 11 in the presence of a suitable Lewis acid such as ZnCly or Ti(OiPr)s. For example reaction
of 1T (1 equivalent) with III (1.5 equivalents) i the presence of ZnCl, (2 equivalents), diethylamine
(1.5 equivalents) and tert-butanol (1.5 equivalents) in a solvent such as benzene al 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,, LiAlH,, or DIBAL. Alternatively, enantioselective reduction of 1,4-
diketones such as Formula IV can be accomplished by analogy with reported methods (see Chong, et
al., Tetrahedron: Asymmetry 6:409-418 (1993), Li, et al., Tetrahedron 63:8046-8053 (2007), Aldous,
et al., Tetrahedron: Asymmetry 11:2455-2462 (2000), Masui, et al., Synlet(: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

(ID) catalyst, such as [RuCR2 {{R)-BINAP} {(R.R)-DPEN}] (BINAP=2.2’-bis(diarylphosphino}-1,1°-
binaphthyl; DPEN=1,2-diphenylethylenediamine). The diketones IV (1 equivalent) can be reduced by
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 mixiure made from
N, N-diethylaniline borane (about 2 equivalents), trimethylborate (about 0.2 equivalents) and either (S)
or (R) a,a-diphenyl-2-pyrrolidinemethanol (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
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 cquivalents) in a solvent such as tetrahydrofuran or
2-methyltetrahydrofuran at temperatures starting from about -15 °C to -25 °C and increasing to about
room temperature. Allernatively Formula V may be converted to a ditriflate or ditosylate by the
action of p-toluenesulfonyl chloride or triflic anhydride, or 1o a dihalide such as a dibromide or
dichloride by the action of PPh; in the presence of CCly or CBra, or by the action of SOCl,;, POCl;, or
PB3r;. The dimesylate, ditriflate, ditosylate, or dihalide may be reacted with an amine, such as 4-
fluoroaniline (as shown for illustration in Scheme [I), with or without a co-solvent such as DMF at
room temperature 1o 100 °C, to give the pyrrolidines such as Formula VII. The dimesylate V1 (1
equivalent) {or in the alternative the ditriflate, ditosylate, or dihalide) may be reacted with between 1
to 20 equiv of an amine D-NH,, such as, for example, a substituted aniline in solvents such as
tetrahydrofuran or 2-methyltetrahydrofuran with or without a co-solvent such as DMF, at about room
temperature to aboutl 100 °C, 1o give the pyrrolidines such as Formula VII. Where fewer equivalents
of amine D-NH, are employed (i.e., 1-2 equivalents), a base such as diisopropylethylamine can be
added to promote the reaction. In certain cases, the amine can be used in a large excess (i.c., 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-methylletrahydrofuran until completion of
the reaction. Numerous substituted anilines can be reacted with the dimesylate Formula VI,
including, but not limited to, 3-fluoro-4-(piperidin-1-yl)aniline, 3,5-difluoro-4-(piperidin-1-ylaniline,
3,5-difluoro-4-(4-phenylpiperidin-1-yDaniline,  3-difluoro-4-(4-phenylpiperidin-1-yDaniline, 4-(4-
phenylpiperidin-1 -yhaniline, 4-cyclopropylaniline, 4-cyclopropyl-2-fluorcaniline, 4-cyclopropyl-3,5-
difluoroaniline, 4-cyclohexyl-3-fluoroaniline, biphenyl-4-amine, 4-(pyridin-2-y!aniline, 3,5-dichloro-
4-(piperidin-1-yDaniline, 4-(4,4-dimethylpiperidin-1-y1)-3,5-difluoroaniline, 4-(4,4-fluoropiperidin-1-
yh)-3,5-difluoroaniline, 3-methyl-4-(piperidin-1-yDaniline, 2,5-difluoro-4-(piperidin-1-yhaniline, 4-
(3,5-dimethylpiperidin-1-yl)-3,5-difluoroaniline,  4-(2,6-dimethylpiperidin-1-yl}-3,5-difluoroaniline,
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2,3,5-trifluoro-4-(piperidin-1-ylaniline, 3,5-difluoro-4-(4-isopropylpiperidin-1 -yDaniline, 3,5-

diffuoro-4-(4-methylpiperidin-1-yDaniline,  3,5-diftuoro-4-(4-(trifluoromethyHpiperidin-1-yhaniline,
4-(4-tert-butylpiperidin-1-y1)-3,5-difluoroaniline, 3,5-difluoro-4-(6-azaspiro[2.5]octan-6-ylaniline, 4-
(2-azabicyclo[2.2.2]octan-2-y1)-3,5-difluoroaniline, 4-(3,3-dimethylazetidin-1-y1)-3,5-difluoroaniline,
4-tert-butylaniline, 4-ethoxyaniline, 4-phenoxyaniline, 1-(4-aminophenyl)piperidin-2-one, 4-
(cyclopentyloxy)-3-fluoroaniline, 3-chloro-4-(irifluoromethoxy)aniline, 2,5-difluoro-4-
(trifluoromethyDaniline, 4-(2,2-difluoroethoxy)aniline, 4-chloroaniline, 4-(2-methoxyethoxy)aniline,
4-(oxazol-2-yhaniline, 4-(2-fluoropyridin-4-yDaniline, 3,4-difluoroaniline, 4-chloro-3-fluoroaniline,
3-fluoro-4-(methylsulfonybaniline,  4-(3-azabicyclo{3.2.0]heptan-3-y1)-3,5-difluoroaniline,  4-((3-
ethyloxetan-3-yDmethoxy)aniline, 4-cyclopropyl-3,5-diffuoroaniline, 4-(1,3-dioxan-5-yloxy)aniline,
3.5-difluoro-4-(octahydroisomdol-2-ylaniline, 4-((1,3-dioxolan-4-ylymethoxy)aniline, 4-((3-
ethyloxetan-3-yDmethoxy)-3,5-difluoroaniline,  4-(pentaftuorosulfanyl)aniline,  Nl-tert-butyl-2-
fluorobenzene-1,4-diamine, heteroaryl aminces, alkyl amines, cycloalkyl amines, substituted
benzylamines, allylamine, or anilines that are listed in or can be made using General Procedures 1,
1.1, or 1.2. The dinitro Formula VII may be reduced to the diamino Formula VIIT using Fe in the
prescnce of NH,Cl, HCI, 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 BiCly, SbCl;, NiCl,
Cu,Cly, or CoCly) in a solvent such as cthanol or THF. For example compounds VII (1 eguivalent)
can be reduced to VIII by reaction with iron powder (about 6 equivalents) and ammonium chloride in
a 1:1 mix of THF and ethanol with heating to about 60-80 °C. Altematively, Formula VII can be
reduced to the product Formula VIII by hydrogenation in the presence of a suitable catalyst, such aga
palladivm 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-nickel Grace 2800 in a solvent such as
tetrahydrofuran with shaking. The diamine Formula VIII may be reacted with a suilably protected
proline acid (Boc is shown, although Cbz, Troc, or Fmoc may be substituted) in the presence of a
peptide coupling reagent, such as EDAC/HORBT, PyBOP, HATU, T3P or DEPBT, in a solvent such as
THE, DMF, dichloromethane, ethyl acetate, 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 Formula
IX.  For example, reaction of VIII (1 equivalen) with 1-(ferr-butoxycarbonyl)pyrrolidine-2-
carboxylic acid (2.5 equivalents) and HATU (2.5 equivalents) in the presence of
diisopropylethylamine (3 equivalents) in DMSQO at about room temperature can provide the product
IX. Removal of the Boc protecting groups to give X may be accornplished by treatment with an acid,
such as TFA, HCI, or formic acid. For example, reaction of IX (1 equivalent) with TFA:CH,ClL, (1:1)
al room temperature can provide compounds X. Compounds XI may be prepared by coupling of
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-(methoxycarbonylamine)-3-methylbutanoic acid, 2-(methoxycarbonylamino)-3,3-
dimethylbutanoic acid, 2-cyclohexyl-2-(imethoxycarbonylaminojacetic acid, 2-
(methoxycarbonylamino)-2-(tetrahydro-2 H-pyran-4-ylacetic acid, or acids listed under General
Procedure 19. Alternately, diamine VIII may be reacted directly with an appropriately N-substituted
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 DMSQO, with or without the addition of
an amine base such as N-methylmorpholine, Hunig's base, pyridine, 2,6-lutidine, or triethylamine, 10
directly give compounds XI. For example, VIII (I equivalent) can be reacted directly with 1-(2-
{methoxycarbonylamino)-3-methylbutanoyl)pyrrolidine-2-carboxylic acid (about 2 equivalents) and
T3P (about 2.8 equivalents) in the presence of diisopropylethylamine {about 5.5 equivalents) in a
solvent such as ethyl acetate al temperatures from about 0 °C to about room temperature to provide
X1. The foregoing sequence illustrates the synthesis of particular compounds of the mvention X1
having a substituted proline group at Y and Z (i.e., R, and R; taken together with the atoms to which
they are attached, and Ro and R;; taken together with the atoms to which they are attached, each form
a 5-membered heterocycle). It is understood that analogous synthetic procedures can be used to make

compounds of the invention where Y, Z, Ry, Rs, R, and Ry, are other than that shown and described

in Scheme 1L ~ in each Formula within Scheme IT can be replaced with ™ where D is
defined above, and such compounds can be readily prepared according to the process described in
Scheme 11 (including making compound XTI directly from compound VIII). Likewise, compounds of
Formula XII can be prepared from compounds of Formula X or directly from compounds of Formula
VIIL
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As yet another non-limiting example, the compounds of the present invention can be prepared
5 starting from compounds of Formula 11 and Formula III as shown in Scheme 11, 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 1I. Similarly, the resulting 1,4-diketone IV may be reduced to the 1,4-dials V using the
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methods described above for Scheme 11, The resultant racemic, cnantiomerically enriched, or meso

LA-diols V may be converted to the dimesylate VI or alternatively to a ditriflate, ditogyla

m a te, ditogylate, or
dihalide by the methods described above. The dimesylate V1, ditriflate, ditosylate, or dihalide may be
reacted with an amine, including but not limited to, aniline, 3,5-difluoroaniline, 3,4-difluoroaniline, 4-
fluoroaniline, 3-fluoroaniline, 4-trifluoromethylaniline, 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 VIIL, 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(PhyP):Cl for R = allyl, treatment with an
acid such as TFA or HCI for R = 4-methoxybenzy! or 2,4-dimethoxybenzyl, hydrogenolysis with a Pd
catalyst for R = substituted benzyl) to generate compounds such as [X. 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 PA(OAc), or Pdy(dba);) and a
phosphine ligand (such as triphenylphosphine or XantPhos) and a base (such as sodium
bis{trimethylsilyl)amide, potassium tert-butoxide, or KiPOy) to give the compounds of the present
invention. Alternatively, the compounds of the present invention may be obtained by reaction of X
with an aldehyde or ketone through reductive amination in the presence of a hydride reducing agent,
such as sodium borohydride or sodivm cyanoborohydride (with or without the addition of an acid,
such as acetic acid) in a solvent such as ethanol, toluene, THF, or dichloromethane. Alternatively the
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 clectrophilic reagents, such as alkyl halides, or with ary] clectrophiles (suitably electron deficient
aryl and heteroary! halides and triflates) through nucleophilic aromatic substitution reactions to give

the compounds of the present invention.
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As a further non-limiting example, the compounds of XIII can be prepared starting from
compounds of Formula IT and Formula III as shown in Scheme IV, where X5 in Formula 11 and
Formula IH represents a halogen (c.g., Cl, Br, or F) or a nitro group. Additionally, cach phenyl ring
can be substituted with X3, wherein Xi5 is X, H, alkyl, haloalkyl, alkoxy, or haloalkoxy. The 1,4~
diketones 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
NaBH,, LiAlH,, 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 11. As described
for Intermediate 20D, the chiral reduction may proceed with lower stereoselectivity with an additional
substituent Xy; on the phenyl ring. The resultant racemic, enantiomerically enriched, or meso 1,4~
diols V may be reacted with methansulfonyl chloride or methancsulfonic anhydride to provide the
dimesylate V1. 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 [1, with an amine D-NH; including but not limited to those amines described
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Tto give VII. When Xs in Formula VII s nitro, the niwo groups may be
reduced to the tetraamino product IX using Fe in the presence of NH,C1, HCI, or acetic acid, or with a
hydride reducing agent, such as sodium borohydride (with or without the addition of a transition metal
salt, such as BiCls, SbCls, NiCly, CuyCly, or CoCly) in a solvent such as ethanol or THF.

Alternatively, VII (Xs = nitro) can be reduced to the product IX by hydrogenation in the presence of a
suitable catalyst, such as a palladium or platinam catalyst or Raney nickel. Alternatively, compounds
VI where X5 = halogen may be reacted 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 =
allyl). The resulting products VI may be treated with a reagent useful for the removal of the R
protecting group (thodium catalyst such as Rh(PhyP);Cl for R = allyl, treatment with an acid such as
TFA or HCI 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 suilably protected
proline acid (Boc is shown, although Cbz, Troc, or Fmoc may be substituted) in the presence of a
peptide coupling reagent, such as EDAC/HOBT, PyBOP, HATU, T3P, or DEPBT, in a solvent such
as THE, 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; group, the
reaction may take place at either NH,. Conversion to the benzimidazole compound X1 may be
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), or MnO, (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, HCI, or formic acid), the
compounds of the present invention may be prepared by coupling of the resulting diamime XII with an

acid of choice using the standard peptide coupling reagents and conditions described above for
F

Scheme IT to give XIII.  ~» in each Formula within Scheme I'V can be replaced with ™%

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 X1I. When subjected to synthetic processes in Scheme IV, enantiomerically enriched diols V
may produce mixtures containing varying amounts of stereoisomeric ¢is and trans pyrrolidines VII.
The stereoisomeric 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 X1V, or after the final step.
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Alternatively IX in Scheme IV may be prepared from a compound of Formula IT as shown in

5 Scheme V. Compound VIII from Scheme I may be treated with an acylating agent such as acetyl
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chloride or acetic anhydride to give compound I (Scheme V). Nitration of compound 11 to provide
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Hn
mn the presence of an acid such as sulfuric acid or treatment with NO,BF,. 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 freatment of TV with hydroxide (such as NaOH, KOH, or LiOH) to

remove the acetyl group and a strong acid such as TFA or HCI 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

for Scheme TV to provide IX.  ~ in each Formula within Scheme V can be replaced with ¥
where I is defined above, and such compounds can be readily prepared according to the process
described in Scheme V.
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Scheme V

As still another non-limiting example, the compounds of the present invention can be
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 compound of Forrmula 1T (prepared as described in Scheme 111)
may be reacted with an amine, including but not limited to, aniline, 3,5-difluoroaniline, 3,4-

difluoroaniline, 4-fluoroaniline, 3-fluoroaniline, 4-trifluoromethylaniline, 4-chloroaniline, heteroaryl

160



10

15

20

25

30

WO 2012/651361 PCT/US2011/056045

amines, alkyl amines, cycloalkyl amines, substituted benzylamines, or allylamine, under acid
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mvention.

Scheme VI

As a further non-limiting example, the compounds of the present invention can be prepared
from a compound of Formula IT as shown in Scheme VII. A compound of Formula 11, where Ry 1s a
halogen, such as bromo, chloro, or iodo, or a triflate or a nonaflate may be converted to a boronic acid
or ester such ag Formula 111, using the chemistry analogous to that of Scheme II to prepare VII (in
Scheme II); for example, by starting with 1-(4-bromophenyl)ethanone and 2-bromo-1-(4-
bromophenyl)ethanone. A compound of Formula IT, where Ry is a halogen, such as bromo, chloro, or
iodo, or a triflate or a nonaflate may be converted 10 a boronic acid or ester such as Formula 111, (¢.g.,
a cyclic piacolate ester) where R is hydrogen, methyl, ethyl, or a cyclic pinacolate ester. For
example a compound 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, ti-t-butylphosphine, in solvents such as, for example,
tetrahydrofuran, dioxane, or toluene at temperatures ranging from ambient to about 130°C.
Alternatively, compound 11 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,1'-
bis(diphenylphosphino)ferrocene] palladium (1) dichloromethane adduct, or palladium acetate in the
presence of a ligand such as, for example, 2-dicyclohexylphosphino-2',4',6'-triisopropyibiphenyl
(XThos), and a base such as, for example, potassium acetate in solvents such as, for example, toluene,
dioxane, tetrahydrofuran, dimethylformamide or dimethy! sulfoxide at temperatures from about 60 1o
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, fo give a compound of Formula I,

A compound of Formula III in Scheme VII can be coupled with a compound of Formula 1V,
where Ry is a halogen, such as bromeo, chloro or iode, under Suzuki reaction conditions to provide a
compound of Formula V. Such conditions mclude, for example, use of a palladium catalyst such as,
for example, tris{(dibenzylidineacetone)palladium (0), palladivm acclate,
bis(iriphenylphosphine)palladium  (I1)  chloride,  tetrakis(triphenylphosphine)palladium,  or
dichloro[1,1-bis{diphenylphosphino)ferrocene] palladium (IT) dichloromethane adduct; base such as,

for example, polassium carbonate, potassium phosphate, potassium t-butoxide, sodivm carbonate,
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cesium carbonate, or cesium fluoride; and solvent such as, for example, tolucene, cthanol, water, or

it 40 ta aknnt 17
(AW w 13 1% 1

o
e N

Removal of the Boc protecting groups from V may be accomplished by treatment with an
acid, such as TFA, HCI, 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
THE, DMF, dichloromethane, or DMSQO, with or without the addition of an amine base such as N-
methymorpholine, Hunig’s base, pyridine, 2,6-lutidine, or triethylamine. Each Ry is independently —
Ly'~M’~Rp (e.g., ~Ly=N(Rp")C(O)-Ls-Rp), and D, Ls, Ry, Ry, Rs, Ly, Rg”’, Lg, Rg, Ly’, M’ and Ry
are as defined above. Altematively, the functionality of T-Rp can similarly be introduced following

removal of the Boc protecting groups in V give compounds of Formula VII.

RX R‘(

2

OR I|) (!)R
I

VII

Scheme VII
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As another non-limiting example, the compounds of the present invention can be prepared

according to Scheme VI starti
oxidative fashion followed by subsequent acid hydrolysis of the acetonide. This dialdehyde
intermediate is then treated with an aryl boronate or ary! boronic acid (compound IV where A and Y
are as described proviously, or compound VII} and aniline I (where W is Ry, or J, and Ry and J are
as defined above) resulting in the formation of Formula V or Formula VI 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 atkylation with Rg-halogen. Alternatively Formula
VIII can be deprotonated with a strong base (e.g., sodium hydride) and alkylated with Rg-halogen as
well, followed by acid hydrolysis of the phenol protecting groups. The sulfonylation of the phenols
with nonafluorobutylsulfony! 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 Pd2(dba)3 and a base such as potassium
acetate in an organic solvent such as dioxane. Formula X is further derivatized to final product by
heating a suitably substituted heteroarythalide in the presence of a palladium catalyst such as

PAC2(dppf) in the presence of a base such as sodium carbonate in a mixture of toluene and ethanol.

W
® o
=z
Rs is as defined above. ~ in each Formula within Scheme VII can be replaced with ~¥v

where D is defined above, and such compounds can be readily prepared according to the process

described m Scheme VIIL
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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 IT and Formula III.

Formula

o1 carboxylic

acid 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, dianiline of Formula 11 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-CI in the presence

of a base in an aprotic solvent such as THF, yielding two protected benzimidazole regioisomers V.

The boronate esters VI arc 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 acelate

in an organic solvent such as dioxane. Heating yields both benzimidazole regioisomers VI. Diol VII

15 1s cleaved in oxidative fashion followed by subsequent acid hydrolysis of the acetonide.

This

dialdehyde intermediate is then treated with an aryl boronate V1 and aniline VIII (where W is Ry or J,

and Ry and J are as defined above) resulting in the formation of the 3 benzimidazole regioisomers of

Formula IX. Formula X is produced by deprotonating the hydroxyl groups with a strong base such as

sodivn hydride, butyl lithium, or potassium hydride, followed by alkylation with Rg-halogen,
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followed by acid hydrolysis of the pyrrolidine and benzimidazole protecting groups, preferably by

coholic solvent such as methanol. The

carboxylic acid Ry-COOH is activated towards coupling wusing reagents such as

isobutylchloroformate, DCC, EDAC, or HATU in the presence of an organic base, such as

5 diisopropylethylamine. Upon activation, Formula X is added to the reaction, with the isolation of
SN

P
Formula XI. ~ in cach Formula within Scheme IX can be replaced with ™ where D is

defined above, and such compounds can be readily prepared according to the process described in

Scheme [X.

1) HATU H
Br NH, Be N, SEM-CI ar
e - IS eSe I | 18
NH d ' NN THF N - 62% Overat
NH —— {both regioisemers}
o 2) HOAc o={ N Jo={ "
) jéo ! 80°C (O P~ 0
I v Vol PingB,
PACI{dppf)
KOAc
Dioxane

90°C, th
(\5'\ Y >7\§

oot
'_olg{h‘

(both regicisomers)

OH
1. NaH (3 regioisomers)
Rg-Haloger %
THFDME
2 HCHL MeOH

10 o
Scheme IX

Certain compounds of the invention of general formula (8), where Ry is —Lg'-M’—Ls”’~Rp
and D is as described above, can be prepared according to the methods of Scheme X, The
15 bromoalkylketone (1) can be reacted with an arylalkylketone (2) using the Lewis acid mediated
conditions, described above in Scheme I1, to give the diaryldiketone (3). The diketone (3) can be
converted to the bisboronate (4) by reaction with bis(pmacolato)diborane in the presence of a base
such as potassium acetate, a catalyst such as PACly(dppH)-CH,Cl,, 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 intermediate (5) by Suzuki reaction using, in analogous fashion, the Suzuki conditions described
he intermediate (5) can be converted
the analogous conditions described in Scheme VI. For example, reaction of (5) with D-NH; 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 compaounds of general formulas (7) and then (8) using, in analogous faghion, the
methods described in Scheme VIL. Alternatively, the functionality of T-Ry can be similarly

introduced to compounds of Formula (7) to give compounds of Formula (X-1).
Br

X1

Scheme X
The intermediates (6) can also be prepared using the route depicted in Scheme X1, The

mtermediate (3) can be reacted with an amine D-NH, 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 fo

compounds (6) using the Suzuki reaction conditions descri
D Q D 9
Br E Br B i Bo
@ N it Y N o TR {(6)
W W

Scheme X1

As still another non-limiting example, the compounds of the invention of general formula

(15), where Ry is —Lg’-M’—Lgs”’~Ry, and D is as described above, can be prepared as shown in
Scheme XII. A 1,4-dikctone compound (3) may be reacted with an amine D-NH,, under acid
catalyzed conditions, such as acetic acid, TFA, formic acid or HCl, 1o give the compounds (11). For
example, a diketone (3) (1 equivalent) can be reacted with an aniline (1.2 equivalents) and TFA (2
equivalents) in a solvent such as toluene with heating to between around 80 and 120 °C (o provide the
compounds (11). Alternatively, a diketone (3) can be reacted with an aniline (about 10 equivalents)

/ith heating in acetic acid to around about 70 °C to provide the compounds (11). Amines that can be
reacted according fo the foregoing description include but are not limited to, those amines described
or referred to in Scheme 11 ag 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 rwater (1:1:0.25) at reflux can provide compounds (12). The conversion of (11) to (12)
may also be effected by other methods described above m Scheme II to convert VI to 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 VIIT to X in Scheme 1, for
example using EDAC/HOBt (2 equivalents) and an appropriate acid in solvents such as DMF at
around room temperature. Compounds (13) can be converted to compounds (14) using TFA/CH,Cl,
as described above for converting 1X to X in Scheme II. Compounds (14) can be converted to
compounds (15) using procedures analogous 1o those in Scherne II to convert X to X1, such as the
coupling procedure 1o convert (12) to (13). Alternatively, the functionality of T-Rp can be similarly

introduced to compounds of Formula (14) to give compounds of Formula (X1I-1).
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Scheme XX

Compounds of general formula (19), where ID is as described above, can be prepared
5 according to the methods of Scheme X111, Compounds of gencral formula (16) can be converted to

compounds of general formula (17) using a Buchwald reaction with tert-butyl-2-
carbamoyipyrrolidine-1-carboxylate. This Buchwald reaction can be conducted in the presence of a
basc (e.g., cesium carbonate), a palladium catalyst (e.g., tris(dibenzylideneacetone)dipalladizm(0)), a
phosphine ligand (e.g., 4,5-bis(diphenylphosphino)-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 1V. Compounds (19) can
be further reacted as illustrated in Scheme IV to provide compounds of the invention. Each phenyl
ring in the above structures can be substituted with X3, wherein X3 is H, halogen, alkyl, haloalkyl,
alkoxy, or haloalkoxy. Mixtures of cis and trans stereoisomeric pyrrolidines in Scheme X may be

15 separated into the cis and trans isomers using standard chromatographic techniques.
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Certain compounds of the imvention of general formula (23), where D is as described above,
5 can be prepared according to the methods of Scheme X1V. Compounds (16) can be reacted with
compound (20) using a Buchwald reaction as described generally in Scheme XIIf 1o provide
compounds (21). Compounds (21) can be reduced to compounds (22) and cyclized 10 (23) using,

analogous fashion, the conditions described generally in the foregoing Schemes.

NHCO,Me MeQ,CHN
O
N, ©
EH N O Q N
NHCOMe OyN NO,
{20} {21)
NHCO,Me MeO,CHN

\7,85 ﬁ D
o N [ N
N s} 0 N U N \
D —
HN Q il O NH o o
MeO,CHN NHCOMe
HoN NH,

(22) (23)

10 Scheme XTV

Certain compounds of the invention of general formula (29), where Ry 15 —Lg’—M’~Ls" " ~Rp
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

15 with trimethylsilylacetylene, a palladium catalyst (e.g., bis(triphenylphosphine)palladium(IDchioride),
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 desilylated to compounds (26) by reaction with a
fluoride source (e.g., tetrabutylammonium fluoride) in a solvent such as THF. Compounds (26) can
169
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be converted to compounds (27) by formation of the dianion of (26) with n-butyllithium and
subsequent reaction with a Weinreb amide (e.g., N-(tert-butoxy carbony-L-proline-N -methoxy-
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. Altematively, the functionality of T-Ry can

be similarly introduced to compounds of Formula (28) to give compounds of Formula (XV-1).

o .
) B TMS
53,~Br TMS~a Q 1 O Z
E—— N —
(24) (25)
=
HiN—~ -
NN D NN N ? R
b L ool o
N 2 N !
N Q N O N N N
X =0 o
Boc 8oc” >> Q<
Rog RZO
(28) (29)
\ HN-N o N=NH
. ] (
O
N, N
T T
Ro/ ‘Rr:,
(X1}
Scheme XV

Certain compounds of the invention of general formula (34), where Ry 15 —Lg"~M’~Ls”~Rp
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. 6G psi) in
the presence of a palladium catalyst (e.g., PACly(dppf)) in methanol as solvent and with heating to
around 100 °C. Compounds (30) can be converted to compounds (31) by reaction with hydrazine m 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-pyrrolidine in the presence of a base (e.g., potassivm
carbonate) in a solvent such as butanol and with heating 10 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-Ryp, can be similarly introduced to compounds of Formula (33) to

give compounds of Formula (XVI-{).
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Scheme X VI

Certain compounds of the vention of general formula (38), where Ry 18 ~Lg’ ~M’~Lg’~Ry,

5 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 CaCN 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 HCI(g) in anhydrous methanol at 0 °C with warming to room
temperature. Compounds (36) can be converted to compounds (37) by reaction with NHa(g) in

10 anhydrous methanol at 0 °C with warming to room temperature. Compounds (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-Rp can be similarly introduced to compounds of Formula (33) to

give compounds of Formula (XVIH-1).
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Compounds of formula (41), where Ry is —Lg"~M’~Lg’ —Ry, can be prepared using the

5 methods of Scheme XVIIL 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 (XVIi-1) can be converted to compounds of formula (XV111-2) and then (XVIH-3),

wherein T-Ry, are as defined above.
O O
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N B N B N
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Scheme XVIII

Certain compounds of the invention of general formula (48), where Ry is —Lg’'—M’~Lg"Rp
[5  and D is as described above, can be prepared according to the methods of Scheme X1X. Compound
(42) can be reacted with compound (43) using, in analogous fashion, the Lewis acid mediated

conditions described above m 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 fashion, the conditions of Scheme 1. Compounds (47) can be converted to compounds
(48) by reaction with (20) under Buchwald conditions such as those referred to Scheme X1V and
described in Scheme X111 Alternatively, the functionality of T-Rp, wherein T and Ry are as defined
above, can be similarly introduced to compounds of Formula (47) to give compounds of Formula
(XIX-1).
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Scheme XIX

Certain compounds of the invention of gencral formula (55), where Ry is ~Lg’~M’~Lg>*~Rp
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~NH, 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,
ethanol) and water mixture for solvent. Compounds (51) can be converted to (52) by reaction first
with oxalylchloride, 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
Scheme II. Similarly, the functionality of T-Rp, wherein T and Ry are as defined above, can be

introduced to compounds of Formula (54) to give compounds of Formula (XX-1).
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Certain compounds of the invention of general formula (60), where Ry is ~Lg"~M’-Ls” " —Rp
S and D is as described above, can be prepared according to the methods of Scheme XX1., Compound
(56) can be reacted with compound (57) in pyridine with heating to about 135 °C 1o form compound
(58). Compound (58) can be converted to corapounds {59) by reaction of an amine D-NH, with
POCH; followed by addition of (58) and heating at about 200 °C in 1,2-dichlorobenzene. Compounds
(59) can be converted to compounds (6() using, in analogous fashion, the conditions described above
10 in Scheme VII, Similarly, the functionality of T-Rp, wherein T and Ry are as defined above, can be

mntroduced to compounds of Formula (59) to give compounds of Formula (XXI-1).
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Certain compounds of the invention of general formula (66), where Ryg is —Lg"-M’—Lg" "Ry,
5  and D are as described above, can be prepared according to the methods of Scheme XXIL
Compounds of general formula (61) can be reacted with borontribromide in dichloromethane at 0 °C
to give compounds (62), which can be subjected to hydrogenation conditions using platinum(IT) oxide
to give compounds (63). Coupling between compounds (63) and proline derivatives (64) can be
carried oul using standard coupling conditions described above to give compounds (65), which can be

10 converted 1o (66) by the action of diethylazodicarboxylate and triphenylphosphine m THF.
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Certain compounds of the invention of general formula (74), where Ry 18 —Lg’-M’—Lg" —Rp
5 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(1l) chloride in cthanol.
Compound (69) can be made from (68) by peptide coupling with Boc-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

10 palladium catalyst such as PXPd using a base such as cesium fluoride in a solvent such ag N,N~
dimethylformamide at 100 °C 1o give (72). Compound (72) can be converted to (73) by reaction with
Selectfluor in a mixture of THF and water, followed by hydrogenation using 3% Pt on carbon in
cthylacetate and then reduction using sodium borohydride in methanol. Compound (73) can be
reacted with methanesulfony! chloride and triethylamine in dichloromethane at -10 °C, followed by

15 addition of an amine (H;N-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 Ry0CO,H using peptide coupling procedures
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described above. Similarly, the functionality of T-Rp, wherein T and Rp are as defined above, can

be introduced to compounds of Formula {73) to give compounds of Formula (XXIH1-1).
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Scheme XX111

Certain compounds of the invention of general formula (81), where Ryg is ~Lg'~M’~Lg’~Ryp
and D 1is as described above, can be prepared according to the methods of Scheme XXIV. Compound
(75) can be converted to (76) using SnCl, in ethanol. Additionally, the phenyl ring of compound (75)
can be substituted with X3 at any position substituted with hydrogen or fluorine, wherein X;3 s H,

10 alkyl, haloalkyl, alkoxy, or haloalkoxy, and those compounds carried through the subsequent
sequence. Coupling of (76) with (64) using peptide coupling procedures described above 1o give an
amide that can be heated in acetic acid at 100 °C to give (77). Compound (77) can be reacted with
SEM-Cl and diisopropylethylamine in dichloromethane to give (78). For convenient illustration, the
SEM protecting groups on the benzimidazoles are shown atlached 1o particular nitrogens of the

IS benzimidazole. The actual substitution positions of the SEM groups may be at either nitrogen (i.c.,
(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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be react
Sclectfluor in a mixture of THF and water, followed by hydrogenation with Pt on carbon in
ethylacetate and reduction with sodium borohydride in methanol or chiral reduction conditions with
(S) or (R) o.,a~-dipheny!l-2-pyrrolidinemethanol, diethylaniline borane and trimethylborane.
Compound (80) can be converted to compounds (81) by mesylation with methanesulfonyl chloride
and triethylamine at temperatures less than () °C, followed by reaction with primary amine HoN-D and
deprotection using 4 N HCl in 1,4-dioxane. Similarly, the functionality of T-Ryp, wherein T and Ry,

are as defined above, can be introduced to compounds of Formula (77) to give compounds of Formula

(XXIV-1) at the end of the synthetic sequence.
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Certain amines, D~NH,, in the foregoing Schemes are represented by formula (84), and ma
o f=d 2
be prepared according to the general method shown in Scheme XXV, wherein Ry 15 as defined above

(e.g., halogen, alkyl, haloalkyl) and Ry 18 ~N{RgRg ) (e.g., —NE1,), heterocyclyl (e.g., pyrrolidin-1-yl,
Gg

of= o

/ /
piperidin-1-yl, T , Fo ,cte., wherein Gy is defined above, i$ a nitrogen containing

>,

heterocycle substituted with Gi, and o 1§ a nitrogen containing bridged, bicyclic heterocycle),
or -ORs (e.g., ~O-{-butyl, ~O-isopropyl, etc.). Fluoronitrobenzencs (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 Ry is N(RsRg) {e.g., -NEb) or

Gs

ol

heterocycelyl (c.g., pyrrolidin-1-yi, piperidin-1-yl, Fo , + , ¢te.). Fluoronitrobenzenes (82)
can also be reacted with alkali metal alkoxides (e.g., potassium tert-butoxide) to give intermediates
(83), wherein Ry, is —ORg (2.g., -O—t-butyl, ~O-isopropyl, ctc.). Intermediates (83) may be converted
10 (84) using well-known nitro reduction conditions. For cxample, (83) can be converted to (84) by
catalytic hydrogenation using palladium on carbon. Alternatively, (83) can be converted 1o (84) by
reaction with iron/ammonium chloride in THF/methanol/water as solvent. Other conditions for
effecting nitro reduction include those described in the foregoing schemes and those generally known

to one skilled in the art.

F Ry R
Rn Rn Ry Ry Rn Ry
RN Rn RN Rn RN Ry
NH,

NO, NO,
{82) {83) {84)
Scheme XXV

Certain compounds of the present invention (XXVI-10) can be prepared as shown generally
in Scheme XXVI, where D, T, and Rp are as described above. Reaction of compounds (1} with
compounds (1), using the conditions described generally in Scheme 1I for the preparation of
compounds (IV), can provide diketone compounds (XXVI-1). Compounds (XXVI-1) can be
converted to compounds (XXVI-2) using the gencral conditions of Scheme II for the conversion of
(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

I TE AN P P 1 .

B S S S S qa ] A B Ny T e "
COLNPUUNUS (AAY -3 USITIE HIC gOncTal naitions o f ‘TI) 1 Vil

Scheme II for the conversion of (V) to (VI
Compounds of formula (XXVI-4) can be converted to compounds (XXVI-5) using the general
conditions of Scheme VII for the conversion of () to (J1I). Compounds (XXVI-5) can be converted
to compounds (XXVI-6) using the general conditions of Scheme VII for the con-version of (1) to
(IV). Compounds (XXVI-6) can be converted 1o compounds {(XXVI-7) using the general conditions
of Scheme IT 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 PO, {about 0.2 equivalents) in a solvent
such as ethanol: THF (1:1). Compounds (XXVI-7) can be converted to compounds (XXVI-8) using
the methods described generally in Scheme 11 for conversion of (VIII) to (IX). For example, reaction
of (XXVI-7) (1 equivalent) with 1-(tert-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
Scheme I for conversion of (IX) to (X). For example, reaction of (XXVI-8) (1 equivalent) with HC!
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 11 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),
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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Scheme XXVI1

Certain compounds of the present invention (XXVII-7} can be prepared as shown generally in

5 Scheme XXVII, where D, T, and Ry, are as described above, Compounds (XXVI-1) can be converted
1o compounds (XXVII-1) vsing the general conditions of Scheme XII for the conversion of (3) to

(11).  Compounds (XXVII-1) can be converted to compounds (XXVII-2) by reduction using
conditions described generally above in Scheme II. For example (XXVI11-1) (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 I, (12) 10 (13) in Scheme XII, or {(XXVI-7) to (XXVI-

8) in Scheme XXVI. Compounds (XXVII-3) can be converted sequentially to compounds (XXVIH-4)

and (XXVII-5) using the methods and conditions described generally in Scheme VII for the
182



WO 2012/051361 PCT/OS2011/056045

conversion of (I1) to (I1I) to (V). Compounds (XXVII-5) can be converted sequentially 10 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 I1.
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(OVIL-4) (XXVIE-5)

(XXVII-6) (XXVIL-7)

Scheme XXVII

Certain compounds of the invention of general formula (XXVIII-7), where D, T, and Rp are
as described above, can be prepared according to the sequence of Scheme XX VI Compounds
(XXVIH-1) can be prepared from 2-bromo-1-(4-nitrophenyl)ethanone, 1-(4-chloro-3-
nitrophenyl)ethanone, and an amine D-INH, according to the methods described above to preparc
compounds (VII} in Scheme II, {(XXVI-4) in Scheme XXVI,, and (VII) in Scheme 1V. Compounds
(XXVII-T) (1 equivalent) can be converted to compounds (XX VIII-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 1o the conditions
described generally in Scheme II to prepare compounds (VIIL). For example, reaction of (XX VIII-2)
(1 equivalent) with PtO, (about 0.4-0.5 equivalents) in a solvent such as ethanol: THF (1:1) under a
hydrogen atmosphere (1-4 atm) can provide compounds (XXVIII-3), Compounds (XXVIII-3) can be

converted to compounds (XXVIII-4) according to the conditions described generally in Scheme II to
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prepare compounds (IX). For example, reaction of (XXVIII-3) (1 equivalent) with 1-(terz-
butoxycarbonyl)pyrrolidine-2-carboxylic acid {about 2-3 cquivalents), [IIATU {about 2-3 cquivalents),

and diisopropylethylamine (about 3 equivalents) in a solvent such as DMSO at room temperature can
provide compounds (XX VIII-4). Compounds (XXV1i-4) (1 equivalent) can be converted to
compounds (XXVIII-5} by reaction with DDQ {about 1.2 equivalents) in a solvent mixture of
CH,Cly:water (20:1) at room temperature. Compounds (XX VIIL-5) can be converted to compounds
(XXVI1-6) 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 (XXV111-7) by using the standard deprotection and coupling methods referred to in

Scheme IV to prepare compounds (XIIL) or (XIV).

MeO
Q o
O,N
(XXVI-1) (XXVII-2)
MeO /\
Me( o
— Q Oy
I‘l]\\Hz Boc
(XXVIIL-3) Boc (XX VIIL-4)
PO o0 b
L Oy
H
N. (XXVIFL6)
Boc (XXVIL-S)
— (M M
RD
(XXVIET)
Scheme XXVIII

Certain compounds of the invention (XXIX-9) where D, T, and Rp, are as described above,
can be prepared according 1o the sequence of Scheme XXIX. Compounds (XXIX-1) can be prepared
from 2-bromo-1-(4-bromophenyl)ethanone, 1-(4-chloro-3-nitrophenyl)ethanone, and an amine D—
NH; according to the methods described above 1o prepare compounds (VII) in Scheme 11, (XXV1-4)
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
heating up to around 140-150 °C. Compounds (XXIX-2) can be converted to compounds (XXIX-3)
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by reduction according to the conditions described generally in Scheme 11 to prepare compounds
(VIii}. For example, reaction of (XXiX-2) (1 equivalent) with PiO, (about §.1 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 (XXIX-4) according
to the conditions described generally in Scheme I to prepare compounds (EX). For example, reaction
of (XXIX-3) {1 equivalent) with a substituted proline like (S)-1-((S)-2-(methoxycarbonylamino)-3-
methylbutanoyDpyrrotidine-2-carboxylic acid (about 1.2-1.5 equivalents), HOBt (about 1.2-1.5
equivalents), EDAC (about 1.2-1.5 equivalents), and N-methyimorpholine (about 5-6 equivalents) ina
solvent such as DMF at room temperature can provide compounds (XXIX-4). Compounds (XXIX-4)
can be deprotecied to compounds (XXIX-5) by reaction with excess TEA i solvents such as
methylene chloride at about room temperature. Compounds (XXIX-5) can be converted to
compounds (XXTX-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 V1iI {o prepare
compounds (1T}, For example, reaction of (XXIX-6) (1 equivalent) with PACL{dppf) (about 0.1
equivalent), potassiuin acetate (about 3-5 equivalents), and bis(pinacolato)diboron (about 3
equivalents) in a solvent such as toluene with heating to 86-100 °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)
(1 equivalent) with Intermediate 1D (about 2 equivalents), 1M sodium carbonate (about 3
equivalents), and PdCly(dppf) (about 0.1 equivalent) in a solvent such as toluene at around 80-100 °C
can provide compounds (XX1X-8). Compounds (XXIX-8) can further be converted to compounds
(XXTIX-9) by using the standard deprotection (e.g., HCldioxane) and coupling methods (e.g.,
carboxylic acid, HOBt, EDAC, and N-methylmorpholine) referred to in Scheme IV to prepare

compounds (XIV).
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Certain compounds of the present invention (XXX-8) can be prepared as shown in Scheme

5 XXX, An ester (XXX-1) can be reacted with a suitable reducing agent such as DIBAL-H, in a
solvent such as THF, dichloromethane, or diethyl ether, to the corresponding alcohol then oxidized to

the aldehyde (XXX-2) by cmploying a suitable oxidizing agent such as PDC in a solvent such ag
dichloromethane, THF or diethyl ether. A pyirole of formula (XXX-4) can be prepared by reacting
(XXX-3) (available from an aniline, an aldehyde and KCN using the Strecker reaction) together with

10 aldehyde (XXX-2) with a base such as potassium hydroxide in a solvent such as ethanol (Synlett,
2003, ppl427-1430). The bromine atoms in the pyrrole compounds (XXX-4) can be converted 10 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 1D
using Suzukl reaction conditions to give the phenylimidazole (XXX-6). A wvariety of reaction

15 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 performed with Pd(dppCl, catalyst and
potassium carbonate in a mixture of toluene and water and with heating to about 106 °C. Removal of
the Boc protecting groups to give (XXX-7) can be accomplished by treatment with an acid, such ag
TFA, HCIL, or formic acid. Certain compounds of the present invention (XXX-8), wherein T, Rp, 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.
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Scheme XXX

The present invention also contemplate Schemes XXXI-XXXIIT 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 (XXX1-2) by sequential Heck reaction with
ethylacrylate followed by reduction to an aldehyde (XXXI-2). An aldehyde like (XXXI-2) may be
reacted with a compound (XXX-3) analogously 1o the conditions of Scheme XXX to provide
compounds (XXXI-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 (XXX1-5) over several steps including Suzuki reaction, deprotection and

coupling as described generally in the foregoing Schemes.
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Scheme XXX1I

As described in Meyer et al. Synthesis, 2005, pp. 945-956 and Meyer et al Synleis, 2003,
pp1427-1430, substituted a-aminonitriles can be reacted with o, B-unsaturated carbonyl compounds to
provide substituted hydroxy-cyanoe pymrolidines. In analogous fashion, a compound (XXXII-1) may
be reacted with an o, B-unsaturated aldchyde (XXX11-2) o give a pyrrolidine (XXXII-3). The
hydroxy and cyano groups of compounds such as (XXXII-3) may be reduced off using rcagents such
as NaBH;CN or NaBH;CN with FeS(); as described in Synthesis, 2003, pp. 945-956. The nitro group
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/CH,Cl, or HCI in dioxane. Compounds such as
{(XXX1I-4) may be reacted with an appropriate N-protected proline acid under standard conditions as
described elsewhere herein fo give compounds (XXXI1-5). Compounds such as (XXXII-5) may be
deprotected and coupled with an acid of choice as described herein to give compounds (XXXI1-6)

wherein T, Rp, and D are as described herein.
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Scheme XXXII

5 Further compounds of the invention may be prepared as generally outlined in Scheme
XXXII. Compounds such as (XXXI1I-1) may be prepared from 4-nitro-o-phenylenediamine by
acylation with a protected proline acid (sce Tetrahedron 2003, pp 2701-2712), cyclization (see Ter.
Leitt. 2003, 5807-5810), SEM protection, and nitro reduction. Compounds such as (XXXII1-1) may be
converted to the Strecker product (XXXII-2) by reaction with an aldchyde D~CHO and KCN in

10 analogy with the process referred to in Scheme XXX, Compounds such ag (XXXIII-2) may be
condensed with compounds such as (XXXI-2) followed by reduction 1o give compounds such as
(XXXIIH-3) (see for example Meyer et al. Synthesis, 2005, pp. 945-956 and Meyer et al Synletz, 2003,
ppl427-1430). Compounds such as (XXXI11-3) may be deprotected 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 (XXXII-4) wherein T, Rp, and D are as described herein.
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Certains compounds of the invenfion may also be prepared using the methods shown
geneially 1 Scheme XXXIV. The ketone XXXIV-1 (Reference: US20695007¢
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
epoxide can be rearranged to the aldehyde by trecatment with an acid such p-tolucnesutfonic acid with
heating in toluene at temperatures between around 80-110 °C (References: 1. 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, pS171 and
US5095153, Example 3a. The diol can be converted to the bismesylate XXXIV-5 by reaction with
excess methanesulfony! chloride and tricthylamine 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
phosphorimidate XXXIV-7 by reaction with freshly distiled triethyiphosphite (about 1 equivalent) in
anhydrous toluene/tetrahydrofuran at room temperature. The phosphorimidate can be converted to the
azetidine-phosphonate XXXIV-8 by heating in o-xylene up to around 150 °C. The azetidine-
phosphonate can be converted to the azetidine XXX1IV-9 by reaction with trifluoroacetic acid in
dichloromethane at room temperature. The azctidine can be reacted with an appropriate aryl halide
(e.g., todide) using the Buchwald reaction fo gencrate an N-arylazetidine XXXIV-10. Appropriate
conditions nclude reaction with an aryliodide (about 2 equivalent), Pdy(dba); (about 0.025
equivalent), 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (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 1o the bisboronate XXXiV-
11 by reaction with bis{pinacolato)diborane, potassium acetate, and PdCly(dppf) in a solvent such as
DME, dioxane, or DMSO with heating up to around 85 °C. The bisboronate can be converted to
compounds of the mvention XXXIV-12 by reaction with an appropriate halide (i.e. Suzuki reaction)
such as  methyl  (8)-1-((S)-2-(5-bromo-1H-imidazol-2-yD)pyrrolidin-1-y1)-3-methyl- 1 -oxobutan-

2ylcarbamate.
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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 malonale ester with a benzy! halide. Compound XXXV-1 can be converted to
compound XXXV-2 by reduction with lithium aluminum hydride. Compound XXXV-2 can be
converted fo compound XXXV-3 by reaction with Ms,O 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 (sce 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 BBr;) and
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analogy with the conversion of XXXIV-10 to XXXIV-11. Finally, compounds XXXV-7 may be
converted to compounds XXXV-8 using the Suzuki coupling of Scheme XXXIV.
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In the foregomg Schemes (Schemes I-XXXV) , comapounds are shown wherein an aromatic
ring (e.g., phenyl) is substituled with groups in a particular regiochemistry (e.g., para). A starting
10 material or intermediate with para-substitution provides a final product with para-substitution in the
foregoing Schemes. It is understood by onc of skill in the art that substitution in the foregoing
Schemes of a starting material or intermediate with a different regiochemsitry (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 infermediate in the foregoing Schemes with a meta substituted starting
material or intermediate would lead 0 a mela-substituied product.

If a maoiety described herein (e.g., -NH, or —-OH) 18 not compatible with the synthetic
methods, the moiety may be protected with a suitable protecting group that is stable to the reaction
conditions used in the methods. The protecting group may be removed at a suitable point in the
reaction sequence to provide a desired intermediate or target compound. Suitable protecting groups
and methods for protecting or deprotecting moieties are well know in the art, examples of which can
be found in Greene and Wuts, supra. Optimum reaction conditions and reaction times for each
individual step may vary depending on the particular reactants employed and substituents present in
the reactants used. Solvents, temperatures and other reaction conditions may be readily selected by
one of ordinary skill in the art based on the present invention.

Other compounds of the invention can be similarly prepared according {o 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
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 v12).
Othcer compounds were named using ChemDraw version 9.0 (v9), unless otherwise indicated as being
named using ACD Name v12. 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

N N
NH ﬁ ﬁ HN
is given the following names:

(5)-6,6'-((2R,5R)-1-phenylpyrrolidine-2,5-diyhbis(2-({(S)-pyrrolidin-2-y1)-1 H-benzo[dlimidazole)
(Chemdraw v9);
6,6'-[(2R,5R)-1-phenylpyrrolidine-2,5-diyiibis {2-[(25)-pyrrolidin-2-yl]-1 H-benzimidazole} (ACD
Name v12).

distinct tantomer.

For example, the tautomeric structure:

The tautomeric structure:
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18 given the following names:
(S)-5,5'-((2R,5R)-1 -phenylpyrrolidine-2,5-diy)bis(2-((S)-pyrrolidin-2-y1)- 1 H-benzo[d]imidazole)
(Chemdraw v9);
5,5-[(2R,5R)-1-phenylpyrrolidine-2,5-diyl]bis {2-[(28)-pyrrolidin-2-y1]- | H-benzimidazole} (ACD
Name vi2).

o &

H

The tautomeric structure:

is given the following names:
{$)-5,5'-((2R,5R)-1-phenylpyrrolidine-2,5-diyDbis(2-((S)-pyrrolidin-2-y)-1 Fi-benzo[dlimidazole)
{Chemdraw v9};
5-[(2R,5R)-1-phenyl-5-{2-{(28)-pyrrolidin-2-y1]-1 H-benzimidazol-6-y1  pyrrolidin-2-y1]-2-[(25)-
pyrrolidin-2-y1]-1 H-benzimidazole (ACD Name v12).

Certain compounds in the Examples below can be purified using reverse-phase HPLC.
Purification can be conducted using either a C18 or C8 reverse-phase columm. 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 m the form of a
TFA salt. Compounds may be characterized as the TFA salt or ag the free base following
neutralization, extraction and isolation.

Certain compounds in the Examples below can be purified using normal phase silica gel
chromatography inchuding traditional flash chromatography or an automated purification system (e.g.,
Isco Combi-Flash, Analogix Intelliflash) using pre-packed silica gel columns (55 or 35 um silica gel,
Isco gold columns). Compounds can also be purified by prep-TLC.

Typical solvents for silica gel chromatography include: Ethyl acetate in hexanes, Diethyl
cther in hexanes, THF in hexanes, Ethyl acetate in methylene chloride, Methanol in methylene
chloride, Methanol i methylene chloride with NH,OH, Acetone in hexanes, and Methylene chloride

in hexanes.

Synthesis of Intermediates
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LA,
N

Intermediate |

(S)-tert-butyl 2-(4-bromo-1H-imidazol-2-yDpyriolidine- 1 -carboxylate

Intermediate A
(S)-tert-butyl 2-formylpyrrolidine-1 -carboxylate

To an oven-dricd 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
solution of anhydrous DMSO (7.30 mL, 103 mmol) in anhydrous dichloromecthane (25 mL) was
added dropwise from a constant-pressure addition funnel over a 20-minute period. A solution of {S)-
tert-butyl  2-(hydroxymethyl)pyrrolidine-1-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 mixturc was stirred at -78 °C for 30 minutes. Triethylamine
{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 nunutes. The reaction was quenched with 10% (w/v)
aq. citric acid (30 mL). The mixiure was partitioned in a scparatory funnel between Et;O (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 Na,SOs, filiered, and concentrated to

afford a yellow 01l (9.4 g), which was used directly in the next reaction.

Intermediate 113

(S)-tert-butyi 2-(1 H-imidazol-2-yl)pyrrolidine- 1 -carboxylate
The product from Intermediate 1A (20 g, 100 mmol) was dissolved in methanol (50.2 mL)
and ammonium hydroxide (50.2 mU) was added. To this solution glyoxal (40% in water; 24.08 mlL.,
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 (Na;SO4) and
concentrated to a tan solid. The solid was treated with ether and concentrated. The solid was then
triturated with 2:1 diethyl ether:hexanes (150 mL) to afford 17 g of solid, which was used directly in
the next reaction. 'HNMR (400 MHz, DMSO-ds) 8 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)-terr-butyl 2-(4,5-dibromo- | F-unidazol-2-yDpyriolidine- | -carboxylate

N-Bromosuccinimide (108 mmol) was added to a cold (0 °C) solution of the product from
Intermediate 1B (12.05 g, 50.8 mmol) in dichloromethane (200 mL). The mixture was stirred in ice
bath for 2 hours and then concentrated, dissolved in ethyl acetate (250 mL), washed with waler
(3%150 mL) and brine (1x100 mL), dried (MgSQ,), and concentrated to very dark residue. The
residue was mixed with and concentrated from dichloromethane/hesanes (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, CDCly) § ppm 1.49 (s, 9 H), 1.86 - 2.17 (m, 3 H), 2.80 - 2.95 (m, 1 H),
3.30 - 3.44 (m, 2 H), 4.85 (dd, /=7.54, 2.55 Hz, | H), 10.82 (s, 1 H); MS (DCI+) m/z 394/396/398
(M+H)".

Intermediate 1D
(S)~tert-butyl 2-(4-bromo- L H-imidazol-2-yDpyrrolidine-1-carboxylate

The product from Intermediate 1C (6.25 g, 15.82 mmol) was dissolved in dioxane (200 mL)
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 hotrs. The reaction mixture was cooled 1o room temperature, and dioxane and
some water were removed by rotary evaporation. The residue was extracted with dichloromethane.
The combined organic phases were washed with brine (50 ml), dried over anhydrous Na,SOQy,
filtered, and concentrated by rotary evaporation, co-evaporating with 2:1 hexanes/dichloromethane
(100 L) 1o 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 compound as a
white solid (3.48 g). "H NMR (400 MHz, CDCl;) & ppm 1.48 (s, 9 H), 1.83 - 2.33 (m, 3 H), 2.79 -
3.02 (m, 1 H), 3.37 (dd, J/=7.10, 5.37 Hz, 2 H), 4.88 (dd, /=7.59, 2.49 Hz, | H), 6.92 (s, 1 H), 10.70
(brs, 1 H); MS (ESI+) m/z 316/318 (M+H)".

Intermediate 2
(S)-2-(methoxycarbonylamino)-3-methylbutanoic acid
To (S)-2-amino-3-methylbutanoic acid (57 g, 487 mmol) dissolved in dioxane (277 mL) was
added a 2 N 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
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solution to oceur. After the addition, the mixture was heated al 60 °C for 22 howurs, 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 resuliant solid was collected by vacuum filtration, and dried in
a vacuum oven to provide 80g (94%) of the title compound as a colorless solid. "H NMR (400 MHz,
DMSO-dg) 8 ppm 12.50 (bs, 1H), 7.34 (d, T = 8.6 Hz, 1H), 3.84 (dd, J = 8.6, 6.0 Hz, 1H), 3.54 (s, 3H),
2.03 (m, 1H), (.86 (1, ¥ = 7.0 Hz, 6H).

D\(O
Ho Y NH
/O\ﬂ/ N \/& o 2
O AL
Intermediate 3

methyl (S)-1-((S)-2-carbamoylpyrrolidin-1-y1)-3-methyl-1-oxobutan-2-ylcarbamate

Intermediate 3A
(S)-pyrrolidine-2-carboxarnide hydrochloride salt
To (S)-tert-butyl 2-carbamoylpyrrolidine-i-carboxylate (29.8 g, 139 mmol) was added a
solution of 4 N HCI 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.

Intermediate 3B
methyl (5)-1-((S5)-2-carbamoylpyrrolidin-1-yl)-3-methyl-1-oxobutan-2-ylcarbamate

Intermediate 3A (21.6 g, 144 mmol), Intermediate 2 (29.1 g, 166 mmol), 1H-
benzo[d)[1,2,3]triazol-1-01 hydrate (27.6 g 180 mmol), N'-((ethylimino)methylene)-N°, V-
dimethylpropane-1,3-diamine hydrochloride {34.6 g, 180 mmol) and 4-methylmorpholine (63.5 mL,
578 mmol) were dissolved in dichloromethane (960 mL) and stirred at room temperature for 18 hours.
The resultant sohution was then concentrated to a residue, water was then added and the solution
extracted with a 25% isopropanol in chloroform solution (2x2000 mL). The organic layer was
washed with brine, and then the organic extract was dried over MgSQ,, then concentrated to a yellow
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-ds) 3 ppm 7.28 {m, 2H), 6.81 (s, 1H), 4.24 (dd, I = 8.1, 4.4 Hz, 1H), 4.00 (1, I = 8.4 Hz,
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H), 3.75 (m, 1H), 3.55 (m, 1H), 3.50 (s, 3H), 2.02 (m, 18), 1.97 (m, 2H), 1.80 (m, 2H), 0.92 (d, T =

Ja—
>
=
—~

Intermediate 4

methyl (S)-1-((S)-2-(5-bromo-1 H-imidazol-2-y1)pyrrolidin-1-y1)-3-methyl-1-oxobutan-2-ylcarbamate

Intermediate 4A.
(S)-5-bromo-2-(pyrrolidin-2-y1)-1 H-imidazole hydrochloride
A mixture of Intermediate 1D (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
(ESD) m/z 217 (M+H)",

Intermediate 4B

methyl ($)-1-((S)-2-(5-bromo-1/1-imidazol-2-yDpyrrolidin-1-y1)-3-methyl-1-oxobutan-2-ylcarbamate

A mixture of Intermediate 4A (3.99g, 15.8 mmol), Intermediate 2 (2.77 g, 15.8 mmol), N-(3-
dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride (3.63 g, 19.0 mmol), 1-hydroxy-
benzotriazole hydrate (2.90 g, 19.0 mmol) and N-methylmorpholine (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
EtQAc (3x300 ml.). The organic was washed with H,O and brine. The organic phase was then dried
(MgSQy), 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-ds) & ppm 0.79
(dd, J/=6.67, 3.63 Hz, 6 H), 1.84 - 1.96 (m, 3 B), 2.02 - 2.14 {m, 2 H), 3.51 (s, 3 H), 3.66 - 3.80 {m, 2
H), 3.96 - 4.03 (m, | H), 491 - 4.99 (m, 1 H), 7.06 (d, /=1.52 Hz, | H), 7.26 (d, /=8.46 Hz, 1 H),
12.01 (s, 1 H); MS (ESI) m/z 373 (M+H)".

Intermediate 5

(15,45)-1,4-bis(4-chloro-3-nitrophenyl)butane- [ ,4-diyl dimethanesulfonate
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Intermediate 5A
2-bromo-1-{4-chioro-3-nitrophenyljeihanone
Method A:

To a flask equipped with a magnetic stir bar and under an atmosphere of Ny was added 4°-

chloro-3 -nitroacetophenone (10.0 g, 50.1 mmol) and THE (100 mL). To this stirring mixture was
added portion-wise phenylrimethylammonium 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, HyO and 10% aq. NaHCOy were added, and the mixture was washed with
BtOAc (2x300 mL). The combined organic layers were then washed with brine, dried (MgSOy),

filtered and concentrated. The residue material was then subjected to purification via orystallization.
The residue was dissolved in EtOA¢ (100 mL) and hexanes were slowly added umntil the mixture was
cloudy. After standing for a few hours, 2-bromo-1-(4-chloro-3-nitrophenylethanone (9.81 g, 70%)
was collected as an off white colored solid product, "H NMR (500 MHz, DMSO-ds) § ppm 5.00 (s, 2
H) 7.98 (d, 1=8.54 Hz, 1 ) 8.24 (dd, J=8.54,2.14 Hz, 1 H) 8.61 (d, J=1.98 Hz, | H).

Method B:

in a 500 mL round-bottomed flask was added 1-(4-chloro-3-nitrophenyljethanone (11.98 g,
60 mmol) in benzene (75 mL) to give a white suspension. Bromine (9.59 g, 60.0 mmol) was added
dropwise over 5 minutes (0 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-1-(4-chloro-3-nitrophenyl)ethanone as yellow needles.

Intermediate 5B
1,4-bis(4-chloro-3-nitrophenybutanc-1,4-dione

Zmme (II) chloride (14.68 g, 108 mmol) was added to toluene (81 mL) followed by
diethylamine (8.35 mL, 81 mmol) and tert-butanol (7.73 mL, 81 mmol). The resuliant heterogeneous
solution was stirred at room temperature for approximately 2 hours. Afterwards Intermediate SA
(15.0 g, 53.9 mmol) and 4’-chloro-3’-nitroacetophenone (16.13 g, 81 mmol) were added to the
solution in one portion, and the resullant 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 10 a solution of hot ethyl acetate and
resulling heterogencous solution was stirred for 30 minutes. The solid was then collected and dried

overnight in a vacuum oven to provide 16.6 g (78%) of the title compound. "H NMR (400 MHz,
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DMSO-de) & 8.61 (d, I = 1.9 Hz, 2H), 8.27 (dd, J = 8.4, 1.9 Hz, 2H), 7.96 (d, T = 8.3 Hz, 2H), 3.4% (s,

4H).

Intermediate 5C
{1.5,45)-1,4-bis(4-chloro-3-nitrophenylbutane-1,4-diol

(R)-(H)-a,0-Diphenyl-2-pyrrolidinemethanol (1.08g, 4.28mmol) was dissolved in 70 mL of
THF at ambient temperature in a dry flask under nitrogen and frimethy! 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 N,N-diethylaniline borane (9.18 mL, 51.6 mmol) was added dropwise with
some bubbling. After 15 minutes, this solution was transferred to an addition furmel and added
dropwise to 1,4-bis(4-chloro-3-nitrophenylibutane-1,4-dione (Intermediate 5B) (10.0g, 25.2 mmol)
suspended in 200 mL of THF and cooled to ~ 10 °C. Bubbling was observed. After the addition, the
mixture was stirred at ambient temperature for 4 hours. The mixture was cooled in an ice bath and 30
mL or methanol was added dropwise until bubbling stopped, then the mixture was allowed to stir at
ambient temperature for 30 minutes. The mixture was filtered to get rid of a trace of insoluble
unreacted starting material. The filtrate was concenirated, poured into 1 M HCI and extracted mio
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-dg) 6 ppm 7.94 (d, J = 1.9 Hz, 2H), 7.69 (d, J = 8.4 Hz, 2H), 7.60 (dd, ] = 8.4, 1.9 Hz, 2H),
4.65 (m, 2H), 1.62 (m, 4H).

Intermediate SD
(15,45)-1,4-bis(4-chloro-3-nitrophenyl)butanc-1,4-diyl dimethanesulfonate

Ina 1 L round-bottomed flask containing lntermediate SC (20.0 g, 49.9 mmol) was added 310
mL of dichloromethane with stirring and cooling in an ice bath. To the shuary was added
tricthylamine (20.84 mL, 150 mmol) and after 10 minutes stirring in the ice bath, a solution of
methanesulfony! chloride (8.5 mL, 110 mmol) in dichloromethane (10 mL) was added dropwise to the
reaction. After 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
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-dg) & 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, /=1.74 Hz, 2
H).
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Intermediate 5.1
(1R4R)-1,4-bis(4-chloro-3-nitrophenyl)butane-1,4-diol
(1R 4R)-1,4-bis(4-chloro-3-nitrophenyl)butane-1,4-diol can be prepared using (S)-(-)-a,0-

diphenyl-2-pyrrolidinemethanol and the method of Infermediate 5C.

6Ms

[ntermediate 5.2
(1R, 4R)-1,4-bis(4-chloro-3-nitrophenylbutane-1,4-diyl dimethanesulfonate
(1R,4R)-1,4-bis(4-chloro-3-nitrophenyDbutane-1,4-diol can be transformed to {IR,4R)-1,4-

bis(4-chloro-3-nitrophenyl)butane-1,4-diyl dimethanesulfonate as described under Intermediate 5D.

Intermediate 6

(1R.4R)-1,4-bis(4-nitrophenylbutane-1,4-diyl dimethanesulfonate

Intermediate 6A
1,4-Bis(4-nitrophenyl)butane-1,4-dione

Anhydrous zine(IDchloride (2.73 g, 20.00 mmol) was stirred in dry benzene {15 mL) while
diethylamine (1.558 mL, 15.00 mmol) and r-butanol (1.435 ml, 15.00 mmol) were added, and the
resulting mixture was stirred at room temperature for 90 minuies to give a cloudy solution. To this
mixture was added 2-bromo-l-(4-nitrophenyljethanone (2.44 g, 10.00 mmol) and 1-(4-
nitrophenyljethanone (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
(3%x50 ml). The combined organic layers were dried over Na,SQOy, filtered and concentrated. The
resulting residue was triturated with dichloromethane 1o give an orange solid that was collected by

filtration and dried to give the title compound (2.0 g, 61% yield).
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Intermediate 613

(1RARY-1,4-bis(4-ni

To (8)-(-)-a,o-diphenyl-2-pyrrolidinemethanol (2.71 g, 10.70 mmol) 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
seconds, and the resulting solution was mixed at 23 °C for 1 hour. The solution was cooled 10 16-19
°C, and N,N-diethylaniline borane (21.45 g, 132 mmol) was added dropwise via syringe over 3-5
minutes (caution; vigorous H, evolution), while the internal temperature was maintained at 16-19 °C.
After 15 minutes, the H, evolution had ccased. To a separate vessel was added the product from
Example 6A (22.04 g, 95 wi%, 63.8 mmol), followed by THE (80 mL), to form an orange slurry.
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 shury 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 Hp
evolution). After the exotherm 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 (306
mb) and 1 M HCI (120 mL) were added, and the phases were separated. The organic phase was then
washed successively with 1 A HCL (2x120 mL), H,O (65 mL), and 10% aq. NaCl (65 mL). The
organics were dried over MgSQ;, filtered, and concentrated in vacuo. Crystallization of the product
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 heptane:cthyl 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).

Intermediate 6C
(IR 4R)-1,4-bis(4-nitrophenylbutane-1,4-diyl dimethanesulfonate
The product from Intermediate 613 (5.01 g, 13.39 mmol) was combined with 2-
methyltetrahydrofuran (70 mL) and cooled to -5 °C, and N,N-diisopropylethylamine (6.81 g, 52.7
mmol) was added over 30 seconds. Scparately, a solution of methanesulfonic anhydride (6.01 g, 34.5
mmol} in 2-methyltetrahydrofuran (30 mL) was prepared and added to the diol shurry 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 10 23 °C and mixed
for 30 minutes. After reaction completion, the crude slurry is used directly without purification or

isolation.
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Intermediate 7

((1R,4R)-1,4-bis(4-bromophenyl)butane-1,4-diyl dimethanesulfonate

Intermediate 7A
1,4-bis{4-bromophenybutane-1,4-dione
To a solution of zinc(1l) chloride (19.62 g, 144 mmol) in benzene (108 mlL) were added
diethylamine (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)cthanone (20.0 g, (72
mmol) and 1-(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% H,SO4 (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 713
(1R,4R)-1,4-bis(4-bromophenylbutane-1,4-diol

To (8)-(-)-a,a-diphenyi-2-pyrrolidinemethanol (3.81 g, 15.04 mmol) was added THF (140
mL) at 23 °C. The thin slurry was treated with trimethyl borate (2.189 L, 19.63 mmol) to form a
clear solution. After stiring for 1.5 houss, the solution was cooled to 10-15 °C, and NAN-
diethylaniline borane (33.1 mL, 186 mmol) was added over 5-10 minutes via a syringe. A slight
exotherm and H, 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
cooled borane solution was transferred via cannula into the dione slurry over approximately 5
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 to maintain a temperature <20 °C (note: vigorous evolution of hydrogen). The hazy solution
was mixed for an additional 1 hour in order 1o ensure complete quenching. The hazy solution was
diluted with EtOAc (500 mL) and 1 M HCI (220 mL). The phases were separated, and the organic
phase was washed successively with 1 4/ HCI (2x220 mL), HyO (110 mL), and 25% aq. NaCl (110

mL). The organic layer was concentrated in vacuo; then the residue was dissolved in EtOAc, filtered,
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concentrated and crystallized from EtOAc/hexane 1o provide the title compound (16.92 g; 100% ece;

Intermediate 7C
(1R,4R)-1,4-bis(4-bromophenyl)butane- 1 ,4-diyl dimethanesulfonate
To Intermediate 7B (0.60 g, 1.500 mmol) in anhydrous CH:Cl, (15 mL) at 0 °C was added
EuN (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
(6.292 ml., 3.75 mmol) dropwise, and the resulting mixture was stirred at 0 °C for 1.5 hours unti] the
reaction was complete as determined by TLC (1:1 EtOAc:hexanes). Solvent was removed in vacuo 1o

give a solid, which was dried in vacuo.

[ntermediate §
(25,45)-1-(tert-butoxycarbonyl)-4-(tert-butyldimethylsilyloxy)pyrrolidine-2-carboxylic acid
(25,45)-1-(tert-Butoxycarbonyl)-4-hydroxypyrrolidine-2-carboxylic acid (8.31 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 rert-
butylchlorodimethylsilane (7.61 g, 50.5 mmol). The mixture was stirred for 18 hours then diluted

with water and exiracted into ethyl acetate and concentrated to provide the title compound.

O\(O
H N
/OYN\_/& .
0 AL
Intermediate 9
($)-1-((S)-2-(methoxycarbonylamine)-3-methylbutanoyl)pyrrolidine-2-carboxylic acid
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)-proline benzy!l cster hydrochloride (207 g, 856 mmol) charged. Triethylamine (109 g,
1079 mmol) was then charged in 30 minutes. The resulting suspension was mixed at room

temperature for 1.5 hours. The reaction mixture was cooled to 15 °C and 1500 mL of 6.7% NaHCO,
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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/DMFE
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 (S)-benzyl 1-((S)-2-(methoxycarbonylamino)-3-methylbutanoyDpyrrolidine-
2-carboxyvlate as a white solid (90%).

(S)-Benzyl 1-((S)-2-(methoxycarbonylamino)-3-methy IbutanoyDpyrrolidine-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
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 fillered. The solids were dried to afford the title compound (S)-1-((S)-2-

(methoxycarbonylamino)-3-methylbutanoyl)pyrrolidine-2-carboxylic acid.

Intermediate 10

4-Cyclohexyl-3-fluoroaniline hydrochloride

Intermediate 10A
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 warm to room temperature for 1 hour, The
mixture was quenched by addition of water and the organic layer was extracted with water (2x).
Drying (Na,SO,) and concentration m vacuo afforded an oil, which was chromatographed over a 100
g silica gel cartridge, eluting with 10-100% ethyl acetate m hexanes. These procedures afforded the
title compound (2.20 g, 89%) as a pink solid. 'H NMR (400 MHz, CDCl;) & ppm 7.41 (dd, J = 8.3,
73 Hz, 1 H), 642 (dd, /= 9.9, 2.5 Hz, | H), 6.27 (dd, J = 8.5, 2.5 Hz, 1 H), 3.81 (s, 2 H); MS +ESI
m/z (rel abundance) 238 (100, M+H).

Intermediate 10B
4-(Cyclohexen-1-yl)-3-fluorcaniline

The procedure to prepare the title compound is described in General Procedure 1.2A.

Intermediate 10C
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4-Cyclohexyl-3-fluoroaniline hydrochloride
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A solution of 4-{cyclohexen-1-yl)-3-fluoroauniline (General Procedure 1.2A) {1.16

<
o
33

2

Rt
mmol) in cthanol (30 mL) was trecated with 10% palladium on carbon (300 mg) followed by
hydrogenation at one atmosphere for 18 hours. The mixture was filtered through diatomaceous earth
and concentrated to about one quarter volume and treated with a solution of hydrogen chloride in
dioxanc (4 N, 10 mL). The mixture was then partially concentrated in vacuo to about one guarter
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-dy) & ppm 7.35 (1, J= 8.1 Hz, 1 H), 7.03 (d, J = 9.4
Hz, 2 H), 2.76 (dd, J = 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 (rel abundance) 194 (100, M+H), 211 (67, M+NH,).

Intermediate 11TA
N-(4-bromo-5-flyoro-2-nitrophenyl)-2,2,2 -irifluoroacetamide
To a flask containing trifluoroacetic anhydride (10.0 mL, 70.5 mmol) at 8 °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. . 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% NaHCO,, brine, dried (NapSQy), and filtered. The filtrate was

concentrated to give the title compound (3.5 g, 10.5 mamol, 100%).

Intermediate 118
4-bromo-5-fluoro-2-nitroaniline
To N-(4-bromo-5-fluore-2-nitropheny)-2,2 2-trifluoroacetamide (3.5 g, 10.5 mmol) was
added CH;OH (30mL) followed by 1.0 A K,CO5 (10.5mL, 10.5 mmol), and the solution was stirred
for 30 minutes (Charifson, P.S.; et al. . Med. Chem. 2008, 51, 5243-5263). The solution was diluted
with HyO and stirred for 1 hour. The resulting orange solid was collecled by filtration and dried in a

vacuum oven to give the title compound (2.1,g, 8.8 mmol, 84%).

Intermediate 11C
4-bromo-5-fluorobenzene-1,2-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 H,O (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
EtOH, filtered through diatomaceous earth until no further color came through the filter, and

concentrated. The residue was dissolved in EtOQA¢, washed with H,O, brine, dried (Nap;SOy), filtered
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and concentrated. Hexane was added and the resulting solid collected by filtration to give the title
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1%).
Intermediate 12

4-bromo-3-chlorobenzene-1,2-diamine

Intermediate 12A
4-bromo-3-chloro-2-nitroaniline
3-Chloro-2-nitroaniline (5.00 g, 29.0 mmo!) was dissolved in glacial acetic Acid (258 mL).
N-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, ./ = 9.0, 1H), 6.64 (d, J= 9.0, 1H), 4.74 (s, 2H).

Intermediate 1213
4-bromo-3-chlorobenzene-1,2-diamine

4-Bromo-3-chloro-2-nitroaniline (4.78 g, 19.01 mmol) was dissolved in ethanol (112 mL).
Tin (IT) chloride (14.42 g, 76 mmol) was added, and the resulting mixture was stirred at reflux for 12
hours. The mixture was cooled 1o room temperature, poured into water, and adjusted to pH 5 with
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 Na,SO,, filtered and concentrated in
vacuo. The crude product was purified by columm chromatography on silica gel using a solvent
gradient of 0-50% EtOAc in hexane 1o give the title compound (3.32 g, 79%). "H NMR (400 MHz,
CDCl3) 8 ppm 6.94 (d, 1H), 6.51 (d, /= 7.0, 1H), 3.87 (br s, 28), 3.46 (br s, 2H).

Intermediate 13

' 4-bromo-3-methylbenzene-1,2-diamine

Intermediate 13A
N-(3-broimo-2-methyl-6-nitrophenyD)-2,2,2-triflucroacetamide
To a solution of 3-bromo-2-methylaniline (1.0 g, 5.37 mmol) in CH,Cl, (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 ramol) was added. The cooling bath was removed, and the
mixture was stirred at room temperature overnight. LCMS showed a single product formed. The

mixture was concenirated in vacuo, and the residue was partitioned between water and CHyCly (2%).
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Imermediate 13B
3-bromo-2-methyl-6-nitroaniline
A solution of N-(3-bromo-2-methyl-6-nitrophenyl)-2,2,2-trifluoroacetamide (1.3 g, 3.97
mmol) i CH,OH (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 HCI was added to adjust to pH 6, and the mixture was extracted with CH,Cl, (3%). The
combined extracts were dried over Na,SQ,, 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-1,2-diamine
To a solution of 3-bromo-2-methyl-6-nitroaniline (0.45 g, 1.95 mmol) in EtOH (6 mL) was
added tin(Il) chloride (1.48 g, 7.8 mmol), and the resulting solution was stirred at 70 °C for 4 hours.
The mixture was cooled to room temperature and poured into water, and 1 N aq. NaOH was added to
adjust 1o pH>7. The resulting mixture was extracted with CH,Cl; (2%), and the combined extracts
were dried over Na;SO4. The drying agent was filtered off and solvent was removed in vacuo to give

the title compound as an oil (0.34 g, 88%).

Intermediate 14
5-bromo-3-fluorobenzenc-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
(4.6 mL) and H,O (1.5 mL) was added iron powder (0.6 g, 10.6 mmol) and ammonium chloride (0.17
g, 3.2 mipol). The resulting mixture was stirred at 95 °C for 22 hours. The mixture was cooled to
room temperature and filtered through diatomaceous earth. The solid was washed with EtOH until no
further color came through the filler. The filtrate was concentrated and the residue was dissolved in
EtOAc, washed with H,O and brine, dried over Na,SQy, filtered and concentrated to give the title

compound (0.43 g, 99%) as a brown, waxy solid.

Intermediate 15

4-bromo-3-fluorobenzene-1,2-diamine

Intermediate 15A

3-fluoro-2-nitroaniline
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To a pressure tube was added 1,3-difluoro-2-nitrobenzene (2.8 mL, 26.4 mmol) and 7 N NH,
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for 5 days. The solution was diluted with H,O, extracted with CH,Cl,, and the combined extracts
were washed with brine, dried over Na,SQ,, filtered and concentrated to give an oil. The oil was
iriturated with hexane and the resulting orange solid was collected by filtration to give the title

compound (2.1 g, 51%).

Intermediate 158
4-bromo-3-fluoro-2-nitroaniline
To a solution of 3-fluoro-2-nitroaniline (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 mlL). 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 MgSQ,, filtered and concentrated to

give the title compound (3.1 g, 97%).

Intermediate {5C
4-bromo-3-fluorobenzene-1,2-diamine
To a solution of 4-bromo-3-fluoro-2-nitroaniline (3.0 g, 12.8 mmol) in THF (30 mL) was
added BtOH (30 mL) and H;0 (10 mL) followed by iron powder (3.6 g, 63.8 mmol) and ammonium
chloride (1.0 g, 19.2 mmol). The resulting mixture was stirred at 80 °C for 16 hours. The mixture
was cooled to room temperature and filtered through diatomaceous earth. The sohid was washed with
EtOH until no 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%

EtOA¢ in hexane to give the title compound (2.2 g, 84%).

Intermediate 16
4-cyclopropyl-2-fluoroaniline
4-Cyclopropyl-2-fluoro-1-nitrobenzene (prepared as described in General Procedure 1.2C)
(2.2 g, 12.14mmol) was dissolved in 7 mL of an cthanol:THF:water 3:3:1 (v/v) mixture, To this was
added ammonium chloride (1.02 g, 19.07 mmol) followed by iron powder (3.50 g, 62.7mmol). The
resulting mixfure 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 diatomaccous earth plug.
The filtrate was concentrated in vacuo and the residue partitioned between dichloromethane and
water., The organic phase was washed with brine, dried (MgSO.) and concentrated in vacuo to

provide an orange 0il (1.90 g).
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Intermediate 17

Intermediate 1 7A
ethyl 2-(methoxycarbonylamino)-3-methylbut-2-enoate
A benzene solution (90 mL) of ethyl-3-methyl-2-oxobutanoate (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. Afier
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 (2x50 mL) then dried (MgSO,) and
concentrated in vacuo. The crude product was purified by chromatography on silica gel (ethy]

acetate-hexanes) to provide the title compound as an off white crystalline sohd (1.487 g, 26% ).

H 0]
N

/O\ﬂ/ | OH

O
Intermediate 173
2-(methoxycarbonylamino)-3-methylbut-2-enoic acid
The product from Intermediate 17A (0.373 g, 1.85 mmol) was dissolved in 2 mL of a 1:1(v/V)
ethanol:water mixture at room temperature. To this was added lithium hydroxide (0.095 g, 3.99
mmol) in one portion. After stirring overnight, the reaction mixture was partitioned between ethyl
acetate (25 mL) and 1 N HCI (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 (MgSOy) and concentrated to give the title compound (0.289 g, 90%) as an off white solid

sufficiently pure for use as isolated.

Intermediate 18

(25,3a8,6a8)-tert-butyl 2-carbamoythexahydrocyclopentablpyrrole-1{2H)-carboxylate
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Intermediate 18A
(25,3a8,6bas)-2-benzyl 1-fert-butyl hexahydrocyclopenta[blpyrrole-1,2(2H)-dicarboxylate

To a suspension of (285.3aS.6a8)-benzyl octahydrocyciopenta[bipyrrole-2-carboxylate
hydrochloride (2.0 g, 7.10 mmol) in dichloromethane (36 mL) at room temperature was added di-ter-
butyl dicarbonate (1.7 0g, 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
(MgSOy) and concentrated. The crude product was purified by chromatography on silica gel {ethyl

acetate—hexanes) 1o give the title compound (2.58 g, quantitative) as a clear oil.

H N\ OH
%\O/{\o 0

Intcrmediate 18B
(25,3a5,6a5)-1-(terr-butoxycarbonyl)octahydrocyclopentalbpyrrole-2-carboxylic acid
The product from Intermediate 18A (2.45 g, 7.1mmol) was dissolved in methanol (35 mL) at
room temperature. To this was added Pearlman’s catalyst (0.153 g ) followed by vacuum degassing
(3x) and hydrogen addition (balloon). After one hour, the reaction mixture was vacuum filtered
through diatomaceous earth and the filtrate concentrated to give a clear thick oil (1.89 g, quantitative)

which was sufficiently pure for use as isolated.

H Ny
oy, !

Intermediate 18C
(25,3a5,6a8)-tert-butyl 2-carbamoylhexahydrocyclopenta[bipyrrole-1(2H)-carboxylate
The product from Intermediate 18B (1.81 g, 7.1 mmol) was dissolved in THF (40 mL) at
room temperature under nitrogen. To this was added N-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
addition, the mixture was allowed (o stir in the cold for twenty minutes. Aminonia pas 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
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 (MgS0O,) and concentrated. The crude product was purified by chromatography on silica

gel (cthyl acetate—hexanes) to give the title compound (1.68 g, 93%) as a sticky white foam.

Intermediate 19
(S.E)-tert-butyl 2-(5-(3-oxoprop-1-eny))-1-{(2-(trimethylsityDethoxy)methyl)-1 H-benzo[d]imidazol-
2-yDpyrrolidine-1-carboxylate

Intermediate 19A
(S, B)-tert-butyl 2-(5-(3-ethoxy-3-oxoprop-1-eny)-1-((2-(trimethylsilyDethoxy)methy!)- 1 A-
benzoldJimidazol-2-yDpyrrolidine- 1 -carboxylate

To (S)-tert-butyl  2-(5-bromo-1-{(2-(trimethylsilyDethoxy)methyl)-1 H-benzo[d]imidazol-2-
yhpyrrolidine-1-carboxylate (2.973 g, 5.99 mmol), ethyl acrylate (0.714 mL, 6.59 mmol), tri-rert-
butylphosphonium tetrafluoroborate (0.104 g, 0.359 mmol), N,N-dicyclohexylmethylamine (1.461
mb, 6.89 mmol), and tris{dibenzylidencacetone)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 diatomaceous earth and washed with EtOAc. The filtrated was then concentrated 1o a
residue, and then the residuc was dissolved in dichloromethane and extracted with water. The organic
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 compound. MS (ESI) m/z 516
(M-+H)".

Intermediate 198
(S.E)-tert-butyl 2-(5-(3-hydroxyprop-1-eny])-1-((2-(trimethylsilylethoxy)ymethyl)-1 77~
benzo[d}imidazol-2-y)pyrrolidine- 1 -carboxylate
Intermediate 19A (2.56 g, 4.97 mmol) was dissolved in THF (17 mL), and the mixture was
cooled to -78 °C 1n a dry ice acetone bath, Then a solution of ditsobutylaluminium hydride (1.0 & in
THF, 22,75 mL, 24.75 mmol) was added dropwise. The resultant mixture was allowed to slowly
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 fartrate). The organic layers were combined and dried, and then
concenirated. The residue was purified by chromalography {silica gel, hexanes in ethyl acetaie) which

afforded 0.93 g, (40%) of the title compound. MS (ESI) m/z 474 (M+H)".

Intermediate 19C
(S, E)-tert-butyl 2-(5-(3-oxoprop--enyD-1-(2-(trimethylsilyDethoxy)methyl)-1 7/-benzo[dlimidazol-
2-yDpyrrolidine-1-carboxylate

The product of Intermediate 19B (0.93 g, 1.96 mmol) was dissolved in dichloromethanc (7.5
mL) and pyridinium dichromate (1.11 g, 2.95 mmol) wags added, and the resultant mixture was stirred
at room temperature overnight. The solution had hexanes added to it, and then it was filtered through
diatornaceous earth. The filtrale was then concentrated 1o a residue which was then dissolved in
dichloromethane and exiracted with water. The organic layer was then dried, concentrated and the
residue purified by chromatography (silica gel, hexanes in ethy! acetate) which afforded 0.3 g, (32%)
of the title compound. "H NMR (400 MHz, DMSO-ds) & ppm 9.65 (d, =7.8 Hz, 1H), 8.05 (m, 1H),
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, 21), 5.14 (m, 1H), 3.57
(m, 2H), 3.42 (m, 1H), 2.40 (m, 5H), 1.30 (s, 4H), 0.95 (s, SH), 0.80 (m, 2H), -0.10 (s, 9H); MS (ESI}
m/z 472 (M+H)".

Intermediate 20A

1-(4-chloro-2-fluoro-5-nitrophenyliethanone

To a solution of 4-chloro-2-fluoro-5-nitrobenvoic acid (16.0 g, 72.9 mmol) in anhydrous
CH,Cl, (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
concentrated and dried in vacuo. In a separate, heat-dried reaction flask a mixture of ZuBr, (24.6 g,
109 mmol} in anhydrous THF (300 mL) at -78°C was added a solution of CH;MgBr (29.1 mL, 3.0 M
m B0, 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 i anhydrous THF (100 mL) was added
dropwise, followed by Pd(PPhs)y (1.68 g, 1.46 mmol). The resulting mixture was allowed 1o 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 A HC, diluted with H,O (100 mL),

and extracted with CH,Cl, (3%300 mL). The combined organic extracts were dried (MgSQOy), filtered
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and concentrated. The crude product was purified by column chromatography (silica gel, 5% EtOAc
in hexanes) io afford the title compound {11.75 g, 74%).

intermediate 20A may also be prepared by reacting the intermediate acid chloride with
dimethylmalonate, MgCl,, and iriethylamine in methylene chloride, followed by acidic hydrotysis and

decarboxylation.

q
f ]

g

1 -
c“\/\,/L e \/\‘(w
A A

i

i%
A

Intermediate 2013
2-bromo-1-(4-chloro-2-fluoro-5-nitrophenyljethanone

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 BtOAc, 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 compound (3.8 g,
93%).

Intermediate 20C
1,4-bis(4-chloro-2-fluoro-5-nitrophenyi)butane-1,4-dione
Intermediate 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%).

OH F Ci
o~ Of
Intermediate 20D

(15,48)-1,4-bis(4-chloro-2-fluoro-5-nitrophenytbutane-1,4-diol
The product of Intermediate 20C (1.0 g, 2.309 mmol) was processed using the method
described in Intermediate 5C to afford the title compound (0.96 g, 95%). In the chiral reduction to
form Intermediate 20D, the reaction proceeds with lower stereoselectivity than in the case of

Intermediate 5C.
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Intermediate 208

(18,4S)-1,4-bis(4-chloro-2-fluoro-5-nitrophenyl)butane-1,4-diyl dimethanesulfonate
5 To a solution of Intermediate 20D (0.95 g, 2.17 mmol) in anhydrous CH,Cl, (20 mL) at 0 °C
was added methanesulfony! chloride (0.42 mL, 543 mmotl), 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 HyO, and dried in vacuo to provide the title compound (1.29 g,
10 100%).

Intermediate 21

(1S,48)-1-(4-chloro-2-fluoro-5-nitrophenyl)-4-(4-chloro-3-nitrophenybutane-1,4-diyl
15 dimethanesulfonate
Intermediate 21 can be made from Intermediate 20B and 1-(4-chloro-3-nitrophenyl)ethanone

{commercially available from Aldrich) following the general methods to prepare Intermediate 20E.
™0
; ;OH
©)N
20 Intermediate 22A
1-benzyl-4-(4-methoxyphenypiperidin-4-ol

(4-Methoxyphenyl)magnesium bromide (0.5 3 in THF, 90 mL, 45.0 mmol) was added

slowly (~25 minutes) via cannula to a cold (0 °C) solution of 1-benzylpiperidin-4-one (5.4 mL, 30.2
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mmol) in THF (60 mL). The reaction was stirred at 0 °C under nitrogen for 2 hours. The reaction

was quenched with saturated agneous NH,CI then diluted with ether. The organic

was
washed with saturated aqueous NH4Cl (2%) brine (1%) and concentrated. Purification wsing flash

chromatography (5 ~ 100% EtOAc/hexane) provided 4.02 g (44%) of the titled compound. MS (DCI)

m/z 298 (M+H)".
e
@j

Intermediate 22B
t-benzyl-4-(4-methoxyphenyl)-1,2,3,6-tetrahydropyridine
6 M HClI (100 mL, aqueous) was added to a solution of 1-benzyl-4-(4-
methoxyphenylpiperidin-4-ol (12.31 g, 41.36 mmol) in dioxane (50 mL), and the reaction was healed
to strong reflux (110 °C). After 2 hours, the reaction was not complete. The heat was turned off and
the reacfion 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 | hour, the reaction was cooled and the voluue was
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. T NMR (400 MHz,
CDCL) & ppm 2.74 - 2.62 (m, 1H), 3.30 - 3.06 (1n, 2H), 3.50 (d, J = 18.5, 1H), 3.67 - 3.56 (m, 1H),
3.82 (s, 3H), 4.03 - 3.90 (m, 1H), 4.21 (dd, T = 5.7, 13.0, 1H), 4.34 (dd, J = 5.1, 13.0, 1H), 5.88 (s,

(s, TH): MS (BSI) m/z 280 (M+H)YT; MS (DCI) m/z 280 (M-+H)™.

N
H

Intermediate 22C
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4-(4-methoxyphenyl)piperidine

The product from Intermediate 22B (6.2 gy in trifluorocthanol (60 ml) was added to 20%

PA(OH)2-C, wet (1.240 g, 8.83 mmol) in a 250 mL stainless steel pressure bottle. The mixiure 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 HCI

salt. (HCI sal)!H NMR (400 MHz, CDCl3) 8 ppm 2.03 (d, J = 13.1, 2H), 2.28 - 2.11 (m, 2H), 2.72 (4,
T= 102, 1H), 3.08 - 2.91 (m, 2H), 3.62 (d, J = 8.3, 2H), 3.75 (s, 3H), 6.86 (d, J = 8.3, 2H), 7.16 (d, I =

8.5, 2H), 9.65 (d, 1 = 83.1, 2D, MS (DCI) m/z 192 (M+H)™.

Intermediates 23, 24, and 25 can be prepared using the methodology used to prepare Intermediate 22C

N
H

Intermediate 23

4-(4-fluorophenyDpiperidine

F
EiF

N

H

Intermediate 24

4-(2,4-diflnorophenyl)piperidine

F[\F
P
N
H

Intermediate 25
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4-(3,5-difluorophenyl)piperidine

N
Ao
Intermediate 26A
5 tert-buty! 4-fluoro-4-phenylpiperidine-1-carboxylate

A solution of diethylaminosulfur trifluoride (4 mL., 32.7 mmol) in dichloromethane (10 mL)

was added to a cold (-78 °C; dry ice/acetone bath) solution of fer-butyl 4-hydroxy-4-
phenylpiperidine-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 stiired another 30 minutes. The reaction was quenched with saturated
aqueous NaHCO; (100 mL). The organic fraction was washed with brine (~50 mL). Then 3-
chloroperoxybenzoie acid (1.0995 g, 6.37 mynol) was added to the reaction and stirred at ambient
temperature for 30 minutes. This step was quenched with saturated aqueous NaHCO; (100 mL). The
organic fraction was washed with saturated acqueous NaHCO; (1x100 mL), water (1x100 mL), and

15 brine (1x100 mL), dried (MgSO,), tested for peroxide (3 - 10 ppm) and concentrated to light yellow
oil. The oil was dried under vacuum to afford 8.27 g (100%) of the titled compound. Ig NMR (400
MHz, DMSO-dg) 6 ppm 1.42 (d, J = 5.7, 9H), 1.96 - 1.85 (i, 3.5H), 2.03 (ddd, T = 5.2, 13.3, 17.8,
1.5H), 3.06 (s, 2H), 3.98 (d, § = 12.0, 2H), 7.33 (d, J = 7.1, 1H), 7.46 - 7.36 (m, 4H); MS (DCI) m/z
280 (M+H™, 60%), 297 (M+NH, ™, 100%).

20

N
H

Intermediate 268
4-fluoro-4-phenyipiperidine
Hydrochloric acid (4 M in dioxane, 20 mL, 80 mmol) was added 1o a solution of rerz-butyl 4-
25  fluoro-4-phenylpiperidine-1-carboxylate (8.27 g, 29.6 mmol) in dioxanc (10 mL). The reaction was
stired 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. The
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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)™.
el
N J<
oz\o

Intermediate 27A
tert-butyl 4-(hydroxydiphenylmethypiperidine- | -carboxylate
A solation of di-tert-butyl dicarbonate (8.43 ml., 36.7 mimol) in dichloromethane (15 mL)
was added to a solution of diphenyl(piperidin-4-ylymethanol (8.0721 g, 302 mmol) in
dichloromethane (100 mL); triethylamine (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 NaHCO3 (2x), water (1x), and brine (1x), dried (MgSO4) and concentrated to

afford 11.63 g (105%) of the titled compound. MS (EST) m/z 367 (M+H)", 366 (MwH)i‘.
SUe

N
H

Intermediate 278
4-{fluorodiphenylmethyDpiperidine
The title compound was prepared from tert-butyl 4-(hydroxydiphenylmethyDpiperidine-1-

carboxylate using the general methods of Intermediates 26A and 26B. 3.37 g (100%) as HCI salt, MS

(DCI) m/z 270 (M+H) .

General Procedures

General Procedure 1. Synthesis of 4-aminosubstituled anilines
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~ [ I

N N N
S Step 1 Step 2 =
| o (Rugr — | o (Rugy ! o (Rug
NO, NO, NH,

Intermediate anilines having an amino group para to the aniline can be made using a two-step

procedure.  Fluoronitrobenzenes, fluoronitropyridines, or fluoronifropyrimidines can be reacted in

Ry Ray
N N
Step 1 with an appropriate amine H | where s represents any amine group that can be
present in Ry and attached through nitrogen, in the presence of dibasic potassivm phosphate
(equivalenis ) or potassium carbonate i a solvent such as DMSO optionally with heating and optional
microwave irradiation. Step 2 can be accomplished by standard nitro reduction conditions such as
catalytic hydrogenation using palladivim on carbon or Raney-nickel. Alternatively, the reduction can
be effected with iron/ammonium chloride in THF/methanol/water as solvent. Where the group

R,
®)

N

i
H s 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(25)
7450 (2006).

Hlustration of General Procedure 1: General Procedure 14
Step 1
1-(2,6-difluoro-4-nitrophenyl)-4-phenylpiperidine

In a 100 mL round-bottomn flask was mixed 3,4,5-trifluoronitrobenzene (1.751 mL, 15 mmol)
and potagssium phosphate, dibasic (5.23 g, 30.0 mmol) in DMSO (15.00 mL) to give a yellow
suspension.  4-Phenylpiperidine (2.419 g, 15.00 mmol) was added portion-wise as a solid over 10
minutes to produce a deeper yellow suspension and a mild exotherm. 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, dried (Na,SQy), filtered and concentrated to give the title compound as a yellow
solid (4.53 g, 95% yield).
Step 2

3,5-difluoro-4-(4-phenylpiperidin-1-yhaniline
In a 500 mL round-bottom flask was added 1-(2,6-difluoro-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 mL)Y/THF (60 mL)/water (20 mL). The mixture was refluxed for 3 hours
with vigorous stirring, cooled, filiered through diatomaceous earth and the [ltrate was concentrated.
The residue was partitioned between ethyl acetate and water. The organic layer was washed with
brine, dried (Na,SQ,), filtered and evaporated to give the titic compound as yellow solid (3.93 g, 96%
yield). "H NMR (400 MHz, DMSO-de) 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, J=10.57 Hz, 2 H) 5.42 (s, 2 H) 6.10 - 6.21 (m, 2 H) 7.15 - 7.22 (m, } H) 7.25 - 7.34

(m, 4 H); MS (ESI+) m/z 289 (M+H)".

Hustration of General Procedure 1: General Procedure 1B
Step 1
5-nitro-2-{pyrrolidin-1-yDpyridine
To a slurry of 2-chloro-S-nitropyridine (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 CH,Cl,
and | 4/ NaOH. The organic layer was dried (Na,SO4), filtered and solvent removed in vacuo to give
title compound (9.52 g, 78%). MS (ESI) m/z 194 (M+H)".
Step 2
6-(pyrrolidin-1-yDpyridin-3-amine
5-Nitro-2-(pyrrolidin-1-yDpyridine (9.52 g, 49.3 mmol) was dissolved in THF (50 mL) and
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 CH;OH and the filtrate concentrated in vacuo to give the
title compound (7.78 g, 97%). 'H NMR (400 MHz, DMSO-ds) & ppm 1.81-1.91 (m, 4H) 3.17-3.29
(m, 4H) 4.30 (s, 2H) 6.25 (d, J=8.7, 1H), 6.90 (dd, J=2.8, 8.7, 1H), 7.55 (d, J=2.6, 1H); MS (ESI} m/z
164 (M+H)".

Hlustration of General Procedure 1, step 2: General Procedure 1C
4-(3,5-dimethylpiperidin-1-y1})-3,5-difluoroaniline
1-(2,6-Difluoro-4-nitrophenyl)-3,5-dimethylpiperidine (14.01 g, 51.8 mmol) and THF (240
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.

Hlustration of General Procedure 1, step 2. General Procedure 11D

3-methyl-4-(piperidin-1-ylaniline
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To a solution of 1-(2-methyl-4-nitrophenylpiperidine (6.75 g, 30.6 mmol) in ethy! acetate (50
mL) was added 10% palladium on carbor hydrogenat
(hydrogen balloon) at room temperature for 20 hours. The mixture was then filtered through
diatomaceous earth and washed with ethyl acetate; the filtrate was then concentrated to afford 5.5 g

(94%) of the title compound. MS (EST) m/z 191 (M+H)".

Tlustration of General Procedure 1, step 1: General Procedure 1E
I -(4-nitropheny!)-4-phenylpiperidine

An oven-dried 20 mL microwave tube was charged with 4-fluoronitrobenzene (0.752 mL,
7.02 mmol), 4-phenylpiperidine (1.166 g, 7.02 mmol), and potassium carbonate (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 a2 microwave reactor (Personal Chemistry, 300 W, 2.4 bar) at 190 °C for 10
minutes. TLC (Si0,, 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
solids were washed with water (2x10 mL} and E{O (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, CDCL) & ppm
1.73 - 1.90 (m, 2 H), 2.00 (d, /=13.34 Hz, 2 H), 2.73 - 2.86 (m, | H), 3.02 - 3.17 (m, 2 H), 4.10 (d,
J=13.23 Hz, 2 H), 6.87 (d, /=9.43 Hz, 2 H), 7.23 (t, /=7.75 Hz, 3 H), 7.33 (, /=7.43 Hz, 2 H), 8.14
(d,./=9.33 Hz, 2 H); MS (ESI+) m/z 283 (M+H)".

The following amines can be made using methods shown in the foregoing General Procedure 1:
4-(4,4-dimethylpipenidin-1-yl)-3,5-difluorcaniline;

4-(2-azabicyclo[2.2 2Joctan-2-y1)-3,5-difluoroaniline;
3,5-difluoro-4-(4-isopropylpiperidin-1-yhaniline;
3,5-difluoro-4-(4-(trifluoromethy Dpiperidin- L -yDaniline;
4-(4-tert-butylpipenidin- 1 -y1)-3,5-difluorcaniline;
3,5-difluoro-4-(6-azaspiro[2.5]octan-6-yl)aniline;
4-(3,3-dimethylazetidin-1-y1)-3,5-difluoroaniline;
4-(4,4-difluoropiperidin-1-y1)-3,5-difluoroaniline;
3,5-difluoro-4-(4-fluoropiperidin-1 -yaniline;
3,5-difluoro-4-(piperidin-1-yhaniline;
2,3,5,6-tetrafluoro-4-(piperidin-1-yl)aniline;

3-methyl-4-(piperidin-1-yDaniline;

3,5-difluoro-4-((3aR,7a8)-1H-isoindol-2(3H 3aH,4H,5H 6 H,TH,7aH)-yDaniline;
N -tert-butyl-2-fluorobenzene-1,4-diamine;

3,5-difluoro-4-(4-methylpiperidin-1-yhaniline;
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3,5-dichloro-4-{piperidin-1-yDaniline;
2,5-difluoro-4-(piperidin-1-yhaniline;
4-((2R,65)-2,6-dimethylpiperidin-1-y1)-3,5-diflucroaniline;
2,3, 5-trifluoro-4-(piperidin-1-yhaniline;
4-((1R,55)-3-azabicyclo[3.2 Otheptan-3-y1)-3,5-difluoroaniline;
3-fluoro-4-(piperidin-1-ylaniline;
3,5-difluoro-4-(3-azaspiro[ 5.5 jundecan-3-yhaniline;
3,5-difluoro-4-(isomdolin-2-yDaniline;
3,5-diflyoro-4-(1,4-dioxa-8-azaspiro[4.5]decan-8-yDaniline;
4-(4-phenyl-5,6-dihydropyridin-1(2H)-ylaniline;
3-fluoro-4-(4-phenylpiperidin-1-yhaniline;

4-(4 4-diphenylpiperidin-1-y1)-3,5-difluoroaniline;
4-(4-phenylpiperidin-1-yDaniline;

I-(1-{(4-amino-2,6-difluorophenyl)-4-phenylpiperidin-4-yethanone;

3,5-diflvoro-4-(4-(3-phenylpropyDpiperidin-1-yDaniline;
3.5-difluoro-4-(8-azaspirof4.5]decan-8-yl)aniline;
3,5-difluoro-4-(3-phenylpiperidin-1-yDaniline;
3,5-difluoro-4-(3-phenylpyrrolidin-1-yl)aniline;
3.5-difluoro-4-(4-(4-(trifluoromethyl)phenylpiperazin-1-ylaniline;
3,5-difluoro-4-(4-phenylpiperazin-1-yDaniline;
4-(4-(2,6-difluorophenyl)piperazin-1-y1)-3,5-difluoroaniline;
3,5-diftuoro-4-(4-(pyrimidin-2-ylypiperazin-1-yDaniline;
3,5-difluoro-4-(2-phenylmorpholino)aniline;
(S)-3,5-difluoro-4-(2-phenylmorpholino)aniline
3,5-difluoro-4-(2-phenylpiperidin-1-ylaniline;
4-((28,6R)-2,6-dimethylmorpholino)-3,5-difluoroaniline;
4-(4-cyclohexylpiperidin-1-y1)-3,5-difluoroaniline;
4-{4-benzylpiperidin-1-y1)-3,5-difluoroaniline;
3,5-difluoro-4-(4-(4-methoxyphenyDpiperidin-1 -yDaniline;
3,5-difluoro-4-(4-(4-fluorophenypiperidin-1-yDaniline;
4-(4-(3,4-difluorophenyl)piperidin-1-y1)-3,5-difluorcaniline;
4-(4-(3,5-diflucrophenyl)piperidin-1-y1)-3,5-difluoroaniline;
3,5-difluoro-4-(4-fluoro-4-phenylpiperidin-1-yDaniline;
3,5-difluoro-4-(4-(fluorodiphenyhmethylpiperidin-1-yDaniline;
4-(4-fluoro-4-phenyipiperidin- I ~ylaniline;
3,5-difluoro-4-(4-(pyridin-2-yDpiperidin-1-yaniline;
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3,5-difluoro-4-(4-(naphthalen-2-yDpiperidin-1 -yhHaniline;

3,5-diftuoro-4-(4-{naphihalen- 1-yDpiperidin-1-yaniline; and

3,5-difluore-4-(4-(4-(rimethylsilyDphenyDpiperidin-1-yhaniline.

General Procedure 1.1. 4-Alkoxy-substituted aniline

N Step 1 ~ Step 2 N
! /: (RM)Q1 e l!\/L{RM)g‘l I ¥ E oz (Rf\ﬂ)g"t
N02 NOQ NHZ

Intermediate anilines having an alkoxy substifuent para to the aniline may be prepared
through a two-step procedure wherein Gy 18 —ORg (e.g., “O—-t-butyl, -O-isopropyl, ~O—-CH,—(3-
ethyloxetan-3-y1), ~O~CHy—(1,3-dioxolan-4-y1), -O—cyclopentyl, -O—cyclohexyl, -O—(1,3-dioxan-5-
y1)). In Step 1, fluoronitrobenzenes can be reacted with an appropriate alcohol and base (e.g.,
Cs,COs, potassium fert-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 fron/ammonium chloride in THF/methanol/water as solvent.

Hlustration of General Procedure 1.1 General Procedure 1.14
Step 1
3-ethyl-3-((4-nitrophenoxy methyoxetane

To a solution of 4-fluoronitrobenzene (3.76 mL, 35.4 mmol) in DMSO (35 mL) at room
temperature  was added cestum carbonate (7.09 ml, 89.0 mmol) followed by 3-cthyl-3-
oxetanemethanol (4.48 mL, 42.5 mmol). The mixture was heated 10 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 10 provide the title compound (8.28 g, 98% yicld).
Step 2

4-((3-ethyloxetan-3-yhmethoxy)aniline

To a solution of 3-ethyl-3-((4-nitrophenoxy)methyhoxetane (8.28 g, 34.9 mmol) in a 3:3:]
mixture of THF.EtOH:water (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 |
hour, then it was filtered hot through diatomaceous earth with a THF wash to complete the transfer.
The filtrate was concentrated under reduced pressure, and the residue was taken vp in ethyl acetate
then washed with brine, dried (Na,SOy4), and concentrated to provide the title compound (7.12 g, 98%

yield) without further purification.
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The following amines can be made using methods shown in the foregoing General Procedure 1:
4-((3-ethyloretan-3-yhimethoxy)-3,5-diflluoroaniline,
4-{((1,3-dioxolan-4-yD)methoxy)anilinc;

4-(1,3-dioxan-5-yloxy)aniline.

General Procedure 1.2. Aniline formation through Suzuki-type reaction

X2 Rwm1.2

AN AN
i e

NH, NH;

Certain mtermediate anilines can be made from a bromide, iodide, or triflate (i.e., Xy, =Br, I,
or OTY) through a Suzuki, Stille, or other similar transition metal-mediated carbon-carbon bond
forming reaction to form products where Ryy 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 10 an aniline (e.g., a nitro group).

Hlustration of General Procedure 1.2. General Procedure 1.24.
4-(cyclohexen-1-yl)-3-fluoroaniline

In a pressure tube, a solution of 3-fluoro-4-10doanilime (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-cyclohexeny! boronic acid pinacol ester (2.7 mlL,
2.61 g, 1256 mmol).  Then 1,1-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 °C for 18 hours. The mixture was cooled
and diluted with ethyl acetate, followed by extraction with water and saturated sodium chloride
solution. The solution was dried (NaySOy) and stirred with 3-(mercaptopropyl) silica gel for 1 hour.
Concentration in vacuo afforded a brown oil, which was chromatographed 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, CDCL3) 8 ppm 7.00 (m, 1 H), 6.37
(m, 2 H), 5.84 (s, 1 H), 3.71 (brs, 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).

Hlustration 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 (1.0g, 4.8 mmol), cesium
carbonate (4.7g, 14.4 mmol), toluene (10mL) and water (ImL). The solution was de-gassed with Ny
gas for 30 minutes, followed by the addition of cyclopropy trifluoro-borate, potassium salt (0.8g, 5.3
mmol), di(l-adamantyl)-n-butylphosphine hydroiodide (0.07g, 0.14 mmol) and palladium(IT) acetate
(0.02g, 0.096 mmol). De-gassing was continued for 5 minutes, the tube was sealed and heated at 100
°C for [8hours. The cooled solution was diluted with EtOAc, washed with H,O and brine, dried
(Na,S0y), and filtered. The filtrate was treated with 3-mercaptopropy! 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%).

Hlustration 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
tetraffuoroborate (0.021g, 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 timnes. 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 (Na,SO4) and concentrated. The
reaction mixture was partitioned between ethyl acetate and water. The organic phasc was washed

with water, dried (Na,SO,) and concentrated. The crude product was purified by chromatography on

% E Ri
N
F F F. F F F F F
Ste e 2 3 Sie F F
Step 1 Step 2 \©’/ Step3 © Step 4 Step 5
[
NH,

NO; NO,

silica gel (ethyl acetate-hexane) 1o provide the title compound (0.382g, 88% ) as a yellow oil.

General Procedure 1.3

OS0,CF;

Certain intermediate 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 suttable partner (Step 4); and reduction of the nitro group and olefin

(Step 5). Alternatively, this route may be adapled 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
on, or the Negishi
reaction.
Hlustration of General Procedure 1.3: General Procedure 1.34
Step 1
8-(2,6-difluoro-4-nitrophenyl)-1,4-dioxa~8-azaspiro[4.5]decane

A mixtare of 1,23-trifluoro-S-nitrobenzene (4.0 mil, 343 mmol), 1,4-dioxa-8-
azaspiro[4.5]decane (6.59 mL, 51.4 mmol) and potassium carbonate (5.68 g, 41.1 mmol) m DMSO
35 mL) was heated at 100 °C for 3 hours and then cooled to room temperature. The mixture was
pariitioned between water and EtOAc, and the organic layer was dried over Na,SQ,, filtered and
concentrated m vacuo. The crude product was purified by column chromatography on silica gel using

a solvent gradient of 0-20% EtOAc in hexanes to give a yellow oil.

Siep 2

B
1-(2,6-difluoro-4-nitrophenyhpiperidin-4-one

The crude 8-(2,6-difluoro-4-nitrophenyl)-1,4-dioxa-8-azaspiro[4.5]decane from the preceding
procedure was dissolved in 4:1 acetoneswater {100 mL). Concentrated HCI (5 mL) was added, and
the resulting mixture was stirred at 50 °C for 8 hours and then cooled to room temperature. The
mixture was concentrated m vacuo to approximately 20 mL, which was carcfully added tfo
concentrated ag. NaHCO4 (100 mL) and extracted with EtOAc (2 x 100 mL). The combined organic
extracts were dried over Na,SQy, filtered and concentraied in vacuo. The crude product was triturated
with Et;O and hexancs to give a bright-yellow solid that was collected and dried {o provide the title

compound (7.13 g, 81%).

Step 3

O,N NC/>—OSOECF3

w
1-(2,6-difluoro-4-nitrophenyl)-1,2,3,6-letrahydropyridin-4-y! trifluoromethanesulfonate
To a solution of [-(2,6-difluoro-4-nitrophenyDpiperidin-4-one (5.0 g, 19.52 mmol) in
anhydrous THF (50 mL) at -78 °C under a dry N, atmosphere was added a 1| & 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 stired at -78 °C for 5 minutes and 1,1,1-trifluoro-N-phenyl-N-
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(trifluoromethyisulfonyymethanesulfonamide (7.67 g, 21.47 mmol) was added. The resulting mixture
wag 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 ag. NaOH (50 mL) and water (50
mL), and dried over Na,SOQ4. The drying agent was filtered off, and the solvent was removed in vacuo
to give a crude product that was purified by column chromatography on silica gel using a solvent
gradient of 0-40% EOAc in hexanes. The title compound was obtained as a yellow oil that

crystallized in vacuo (6.12 g, 81%).

Step 4 (Suzuki reaction)

F
F F

1-(2,6-difluoro~-4-nitrophenyl)-4-(3,4-difluorophenyl)-1,2,3,6-tetrahydropyridine

A mixture of 1-(2,6-difluoro-4-nitrophenyl)-1,2,3,6-tetrahydropyridin-4-yl
triftuoromethanesulfonate (1.18 g, 3.04 mmol), 2-(3,4-difluorophenyl}-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (1.02 g, 4.25 mmol), lithium chloride (0.387 g, 9.12 mmol) and a 2.0 Af aq. solution of
sodium carbonate (4.56 mL, 9.12 mmol) in anhydrous DME (15 mL) was vigorously stirred while
bubbling with Ny gas for 20 minutes. Tetrakis(triphenylphosphine)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 Ny atmosphere for 16 hours, and was then cooled to room temperature and partitioned
between water (50 mL) and EtOAc (2x50 mL). The combined organic layers were dried over
Na,S0y, filtered and concentrated in vacuo, and the crude product was purified by column
chromatography on silica gel using a solvent gradient of 0-40% EtOAc in hexanes to provide a yellow
oil that solidified on standing. The solid was triturated with Et;O and hexanes, filtered and dried to

provide the title compound (0.67 g, 63%).

Step §

F
F F

(4-(4-(3,4-diflvorophenypiperidin-1-y1}-3,5-difluoroaniline
To a solution  of  1-(2,6-difluoro-4-nitropheny!)-4-(3,4-difluorophenyl)-1,2,3,6-
tetrahydropyridine (0.67 g, 1.90 mmol) in THF (20 mL) was added 10% Pd on carbon (50 mg). The

reaction flagsk was flushed with Ny gas, and the resulting mixture was vigorously stirred under 1 atm
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H, gas for 24 hours. The mixture was filtered through diatomaceous earth and concentrated in vacuo

4 : s s

D N .S [P, cvmsun A o o i3 S
W ZIVE LG LG COLHPOUNG ad a4 SOHU

k=

62 g, 160%).

=

The following amines can be made using methods shown in the foregoing General Procedure 1.3:
3.5-difluoro-4~{4-(4-fluorophenylipiperidin-1-yl)aniline;
3,5-difluoro-4-(4-(3-(trimethylsilyphenylpiperidin-1-yDaniline; and
3,5-difluoro-4-(4-(5-methylthiophen-2-yl)piperidin-1-yl)aniline.

General Procedure 2. Pyrrolidine formation from amine and dimesylate (3)

O
D-NIi, R

o
"R

) ©)

A dimesylate (5) (I equivalent), as a single stereoisomer or mixture of isomers, may be

O,N

reacted with between 1 to 20 equivalents of an amine,.D-NH,, cither neat, or in solvents such as
tetrahydrofuran or 2-methyltetrahydrofuran 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
of amine, D-NH,, are employed (L.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-NH,, (about 5-10 equivalents) can be conducted by heating from 50 to 65 °C in 2-
methyltetrahydrofuran or DMF until completion of the rcaction. Or the dimesylate (1 equivalent) can
be reacted neat with excess of an aniline, D-NH,, (about 15-20 equivalents) at room temperature or
with heating 1o around 65 °C. The reaction can be partitioned between an organic solvent (e.g., ethyl
acetate) and dilute aqueous HCI, followed by separation of the organic layer, optional washing of the
organic with water, drying the organic layer with a drying agent (e.g., MgSQOa, Na,SOy), filtration and
evaporation of solvent. The product can be purified by column chromatography over silica gel,
eluting with standard solvents such ag mixtures of ethyl acetate and hexane; or alternatively the

product can be purificd by trituration or recrystallization.

Hlustration of General Procedure 2: General Procedure 24
(25,58)-1-(4-1ert-buty Iphenyl)-2,5-bis(4-nitrophenyDpyrrolidine

To the crude product solution of Intermediate 6C (7.35 g, 13.39 mmol) was added 4-teri-
butylaniline (13.4 g, 90 mmol) at 23 °C over 1 minute. The reaction was heated to 65 °C for 2 hours.
Afier completion, the reaction mixture was cooled to 23 °C and diluted with 2-methyltetrahydrofuran
(100 mL) and 1 M HCI {150 mL). After partitioning the phases, the organic phase was treated with 1
M HCI (140 mL), 2-methyltetrahydroforan (50 mL), and 25 wt% aq. NaCl (100 mL), and the phases
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filtered, and concentrated in vacuo {o approximate
methyltetrahydrofuran were added in order to induce crystallization. The slurry was concentrated
further, and additional heptane (40 mL) was slowly added and the slurry was filtered, washing with 2-
methyltetrahydrofuran:heptane (1:4, 20 mL). The solids were suspended in CH;OH (46 mL) for 3
hours, filtered, and the wet solid was washed with additional CH;OH (18 mL). The solid was dricd 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 bisbromophenyldimesylate
Br Br i Br
0
D-NI1, N

Gieneral Procedure 3 can be conducted using conditions substantially similar to the conditions

Br
of General Procedure 2.

Hlustration of General Procedure 3: General Procedure 34
(28,55)-2,5-bis(4-bromophenyl)-1-(4-teri-butylphenypyrrolidine

Intermediate 7C was dissolved in anhydrous DMF (5 mL), and 4-feri-butylaniline (2.39 mL,
15 mmol) was added. The resulting mixture was stirred at 40 °C for 4 hours, and then it was
partitioned between 1 N ag. HCI (30 mL) and EtOAc (30 mL). The organic layer was washed with
H;0 and dried over Na,SO4. The drying agent was fillered off, the solvent was removed in vacuo,
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)

X13 XiS
Xs Xs I Xs

NO;  D-NH;  ON

X3

(52) (53) Xs=0C
Gencral 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 sterecisomer or
mixture of 1somers, may be reacted with between 1 to 20 equivalents of an amine D-NH, either neat,

or in solvents or mixtures of solvents mcluding ethanol, acctlonitrile, methylenc chloride,
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tetrahydrofuran , 2-methyltetrahydrofuran, DMF, or DMA, at about room temperature to about 100
°C, to give the pyroldines such as Formula (53). Aliemalively, a dimnesylate (52) (1 equivalent) can
be reacted with an amine D-NH, (I-4 equivalents) in the presence of a base like
diisopropylethylamine (3-10 equivalents) i solvents or mixtures of solvents including methylene
chloride, tetrahydrofuran, 2-methyltetrahydrofuran, DMF, or DMA at temperatures from around room
temperature to about 70 °C. Where fewer equivalents of amine D-NH, are employed (i.e., 1-2
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-
(trifluvoromethylaniline, 2-fluoropyridin-4-amine), a rcaction time of several days may be required.
The reaction can be partitioned between an organic solvent (e.g., ethyl acctate) and wafer or dilute
aqueous HCI, followed by separation of the organic layer, optional waghing of the organic with water
and/or brine, drying the organic layer with a drying agent (e.g., MgSO,, NaySOy), filtration and
evaporation of solvent. The product (53) can be purified by column chromatography over silica gel,
cluting with standard solvents such as mixturcs of ethyl acetate and hexane or methylene chloride in
hexane. The methylene chloride/hexane systom can be used to remove residual amine in cases where
the reaction 18 quenched in water instead of aqueous HCl. In such cases a second chromatography
using an ethyl acetate/hexanc system may be necessary to separate cis from trans pyrrolidine products.

Or alternatively, the product can be purified by trituration or recrystallization.

Hlustration of General Procedure 4: General Procedure 44
(2R,5R)-2,5-bis(4-chioro-3-nitrophenyl)-1-(4-cyclohexylpheny)pyrrolidine
To Intermediate SD  (4.99 mmol) in dimethylformamide (8 mL) was added 4-
cyclohexylaniline (5.24 g, 29.9 mmol), and the solution was heated al 65 °C for 2 hours. The reaction
mixture was then poured into 1 M HCI and extracted into dichloromethane. The organic phase was
concentrated and purified with a CombiFlash® 80g silica column eluting with 0-20% ethy! acetate in

hexanes to give 1.38 g (51%) of the title compound.

Hlustration of General Procedure 4: General Procedure 4B
1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyhpyrrolidin- 1 -y1)-2,6-difluorophenyl)-4-phenylpiperidine
A 250 mL flagk was charged with 3,5-difluoro-4-(4-phenylpiperidin-1-yDaniline (3.1 g, 10.76
mmol), Intermediate 5D (5.0 g, 8.97 mmol), DMFE (15 mL) and diisopropylethylamine (15.7 mL, 90
mimol). The resulting slurry was placed in a 60 °C oil bath and heated under N, for 18 hours. The
amber solution was cooled, diluted with 300 ml. of ethyl acetate, washed 2x100 mL water, 2x100 mL
with I N HCL brine, dried (NaySQy), filtered and concentrated. The crude material was flash
chromatographed on a 330 g silica caritridge 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 ethy! acetate, treated with 15
hexane, and allowed to stiv al ambicnt temperature overnight producing a precipitate (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 1-(4-((2R,5R)-
2,5-bis(4-chloro-3-nitropheny)pyrrolidin-1-y1)-2,6-difluorophenyl)-4-phenylpiperidine as an orange
foam (2.26 g, 36%). MS (ESI+) m/z 653 (M+H)".

Hlustration of General Procedure 4: General Procedure 4C
1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1-y1)-2-fluorophenyl)-4-phenylpiperidine
Intermediate 5D (6.0 g, 10.76 mmol), 3-fluoro-4-(4-phenylpiperidin-1-yDaniline (4.37 g,
16.15 mmol), and disopropylethylamine (15.04 mL, 86 mmol) were combined i NN-
dimethylacetamide (15 mL) and heated at 60 °C for 3 hours. The solution was diluted with water,
extracted into dichloromethane and washed with brine. The organics were concentrated and purified
by chromalography, eluting with 30-100% dichloromethane in hexanes to give 5.05 g (74%) of a

yellow solid.

Hlustration of General Procedure 4: General Procedure 40
(2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)-1-(4-cthoxyphenyDpyrrolidine
Intermediate 5D (2.5805 g, 4.63 mmol) and 4-ethoxyaniline (2.4 mL, 18.60 mmol) were
combined in DMF (30 mL) and stirred at room temperature overnight. The rcaction was diluted with
EtQAc/ether and washed with water (2x), brine (1%) and concentrated. The residue was purified by

silica gel chromatography (hexane/EtOAc) to provide 1.8 g of the title compound (77%).

Llustration of General Procedure 4: General Procedure 4E
1-(4-((2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nitrophenylpyrrolidm- 1 -y1)-2,6-difluorophenylpiperidine
To a solution of (15,45)-1,4-bis(4-chloro-2-fluoro-5-nitrophenylbutane-1,4-diyl dimethanesulfonate
(500 mg, 0.843 mmol) in CH;CN (4.5 ml) was added 3,5-difluore-4-(piperidin-1-ylaniline (358 mg,
1.685 mmol) and Hunig's base (0.736 mL, 4.21 mmol). The suspension was hecated at 75 °C for 24
hours. Solvent was removed by rotary evaporation and the residue was dissolved in EtOAc, washed
with 1 N HCl, H,O, brine, dried (MgSOy), filtered and concentrated. The crude product was
chromatographed on an ISCO 24g silica gel cartridge eluting with 20-70% CH,Cly/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:
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1-(4~((2R,5R)-2,5-bis(4-chloro-3-nitropheny)pyrrolidin-1-y1)-2,6-difluorophenyl)-4,4-
dimethylpiperidine;
2-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1-yi)-2,6-difluoropheny!)-2-
azabicyclo{2.2.2]octane;
1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1-y1)-2,6-difluorophenyi)-4-
isopropylpiperidine;

1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyDpyrrolidin-1 -y1)-2,6-difluoropheny!)-4-
(trifluoromethypiperidine;
1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyDpyrrolidin-1-y1)-2,6-difluorophenyl)-4-terz-
butylpiperidine;
6-(4-((2R,5R)-2,5-bis(4-chloro-3-nifrophenyDpyrrolidin-1-y1)-2,6-difluorophenyl)-6-
azaspiro[2.5]octane;
1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1-y1)-2,6-difluorophenyl)-4,4-
dimethylpiperidine;

(2R,5R)-2,5-bis{4-chloro-3-nitropheny!)-1-(4-(3,3-dimethylazetidin-1 -y1}-3,5-
difluorophenylpyrrolidine;
(2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)-1-(4-phenoxyphenyDpyrrolidine;
1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyDpyrrolidin-1-yDphenyDpyridin-2(1 H)-one;
(2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)-1-(2,5-difluoro-4-(trifluoromethylphenypyrrolidine;
2-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyDpyrrolidin-1 -yDphenyhoxazole;
4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenypyrrolidin-1-y1)-2-fluoropyridine;
(2R,5R)-1-(4~chloro-3-fluorophenyl)-2,5-bis(4-chloro-3-nitropheny Dpyrrolidine;
1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenylpyrrolidin-1-y1)-2,6-difluorophenyl)-4,4-
difluoropiperidine;

1-(4-((2R ,5R)-2,5-bis(4-chloro-3-nitrophenylpyrrolidin- 1-y1)-2,6-difluoropheny!)-4-fluoropiperidine;
1-(4-({2R,5R)-2,5-bis(4-chloro-3-nitropheny)pyrrolidin-1-y1)-2,6-difluoropheny Dpiperidine;
{2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)-1-(4-fluoropheny Dpyrrolidine;
(2R,5R)-1-(4-tert-butylphenyl)-2,5-bis(4-chloro-3-nitrophenyl)pyrrotidine;
(2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)-1-(4-cyclopropyl-3,5-difluorophenyDpyrrolidine;
(2R,5R)-2,5-big(4-chloro-3-nitrophenyl}-1-(4-cyclohexyl-3-fluoropheny Dpyrrolidine;
(2R,SR)-2,5-bis(4-chloro-3-nitrophenyl)-1-(3,4-difluorophenylpyrrohidine;
(2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)-1-(4-(2,2-diffluoroethoxy)phenyDpyrrotidine;
1-{4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenypyrrolidin- 1 -y1)-2,6-difluorophenyl)-3,5-
dimethylpiperidine;
(2R,5R)-2,5-bis(4-chloro-3-nitropheny!)-1-[4-(pentafluoro-A°-sulfanylphenylJpyrrolidine (ACD
Name v12);
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2-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyDpyrrolidin-1 -yDphenyl)pyridine;

F 20PN PR
1.

Fod A 1A VI SR Sy AP I'eel Talvan A _fni £
? -bis{4-chloro-3-nitrophenyl)-1-(3-chloro-4-{rifluoron

iy &
4t W

S5Ry2, ethoxy)phenylpyiroliding;
(2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)-1-(4-(2-methoxyethoxy)-3-methylphenyDpyrrolidine;
(2R,5R)-2,5-bis(4-chloro-3-nitropheny!)-1-(4-chlorophenyl)pyrrolidine;
(2R,5R)-2,5-bis(4-chloro-3-nitrophenyl}-1-(4-((3-ethyloxetan-3-ymethoxy)phenylpyrrolidine;
(2R,5R)-1-(biphenyl-4-y1)-2,5-bis(4-chloro-3-nitrophenylpyrrolidine;

(2R, SR)-1-(4-(1,3-dioxan-5-yloxy)phenyl)-2,5-bis(4-chloro-3-nitrophenypyrrolidine;
(2R,5R)-1-(4-((1,3-dioxolan-4-yDmethoxy)pheny)-2,5-bis(4-chloro-3-nitrophenyDpyrrolidine;
(2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)-1-(4-((3-ethyloxetan-3-yDmethoxy)-3,5-
difluorophenylpyrrolidine;
1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1-y1)-2,3,5,6-tetrafluorophenyl)piperidine;
1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1 -y1)-2-methylphenylpiperidine;
(3aR,7a8)-2-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1-y1)-2,6~
diftluorophenyloctahydro-1H-isoindole;
4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyDpyrrelidin-1-y1)- N-tert-buiyl-2 -fluoreaniline;
1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1-y1)-2,6-difluorophenyl)-4-
methylpiperidine;
(2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)-1-(4-(cyclopentyloxy)-3-fluorophenyDpyrrolidine;
(2R,5R)-2,5-bis(4-chlore-3-nitropheny)-1 -(3-fluoro-4-(methylthio)phenyDpyrrolidine
1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyDpyrrolidin-1-y)-2,6-dichlorophenyDpiperidine;
1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenypyrrolidin-1 -y1)-2,5-difluorophenyl)piperidine;
(2R.65)-1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenylpyrrolidin-1-y1)-2,6-difluoropheny1)-2,6-
dimethylpiperidine;

1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1 -y1)-2,3,6-trifluorophenyl)piperidine;
(2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)-1-{4-cyclopropylphenyl)pyrrolidine;
(1R,55)-3-(4-((2R,5R)-2,5-bis{4-chloro-3-nitrophenyl)pyrrolidin-1 -y1)-2,6-difluoropheny1)-3-
azabicyclo[3.2.0]heptane;
(2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)-1-(4-cyclopropyl-2-fluorophenylpyrrolidine;
1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenypyrrolidin-1 -y1)-2-fluorophenyDpiperidine;
1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1 -yDphenyl}-4-phenylpiperidine;
3-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyDpyrrolidin-1-y1)-2,6-difluorophenyl)-3-
azaspiro[5.5Jundecane;
2-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyDpyrrolidin-1-y1)-2,6-difluorophenyl)isoindoline;
8-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1-y1)-2,6-difluorophenyl)-1,4-dioxa-8-

azagpiro[4.5]decane;
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1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenypyrrolidin-1-y1)-2,6-difluoropheny!)-4-phenyl-1,2,3,6-

P YRR M. TRpRL g LV
WUAny W opyHianle,

1-(4-((2R,5R)}-2,5-bis(4-~chloro-3-nitrophenylpyrrolidin-1-y1)-2,6-diflucrophenyl)-4,4-

diphenylpiperidine;

1-(1-(4-({2R,5R)-2,5-bis(4-chloro-3-nitrophenyDpyrrolidin- 1 -y1)-2,6-diflucropheny1)-4-

phenylpiperidin-4-yl)ethanone;

1-(4-((2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nitrophenylpyrrolidin-1-y1)-2,6-difluorophenyl)piperidine;

1-(4-(2,5-bis(4-chloro-2-fluoro-5-nitrophenyDpyrrotidin-1-y1)-2,6-difluorophenyl)piperidine;
1-(4-{(2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrmrolidin-1-y1)-2,6-difluorophenyl)-4-(3-

phenylpropyDpiperidine;

8-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1-y1)-2,6-diflucrophenyl)-8-

azaspiro[4.5]decane;

I-(4-((2R ,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin- L -y1)-2,6-difluorophenyl)-4-(naphthalen-2 -

yhpiperidine;

2-(1-(4-{(2R,5R}-2,5-bis{(4-chloro-3-nitrophenyDpyrrolidin- 1-y1)-2 6-difluorophenyl)piperidin-4-

yDpyridine;

1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1-y1)-2,6-difluoropheny)-4-(4-

(trimethylsilyl)phenyDpiperidine;

1-(4-((2R,5R }-2,5-bis(4-chloro-3-nitrophenypyrrolidin-1 -y 1)-2,6-difluorophenyl)-4-(naphthalen-1-

yDpiperidine;

[-(4-{(2R,5R)-2,5-bis(4-chloro-2-fluoro-S-nitropheny)pyrrolidin-1-y1)-2,6-difluorophenyl)-4-(3-

phenylpropyl)piperidine;

6-(4-{((2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nitrophenyl)pyrrolidin-1-yi)-2,6-difluorophenyl)-6-

azaspiro[2.5Joctane;

1-(4-((2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nitrophenyDpyrrolidin- 1 -y1)-2,6-difluorophenyl)-4-feri-

butylpiperidine;

1-(4-{(2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nitrophenylpyrrolidin- I -y1)-2,6-ditfluorophenyl)-4-

{(naphthalen-2-yDpiperidine;

1-(4-((2R,5R)-2,5-bis(4-chloro-2-fluore-5-nitrophenyDpyrrolidin-1 -y1)-2,6-difluoropheny1)-3,5-

dimethylpiperidine;

1'-(4-((2R,5R }-2,5-bis(4-chloro-2-fluoro-5-nitrophenyl)pyrrolidin-1-yD-2,6-difluorophenyl)-2,3-

dihydrospiro[indene-1,4"-piperidine];

1-(4-{(2R,5R)-2,5-bis(4-chloro-3-nitrophenyDpyrrolidin-1-y1)-2,6-difluorophenyi)-3-

phenylpiperidine;

(2R,5R)-2,5-bis(4-chloro-3-nitropheny)-1-(3,5-difluoro-4-(3-phenylpyrrolidin-1-

vDphenyl)pyrrolidine;
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1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenylypyrrotidin-1-y1)-2,6-diflucrophenyl)-4-(4-

o P TIPSR b VS PR Dy
WCUIOXY PRENYPIperiaine,

vy

1-(4-({2R,5R)-2,5-bis(4-chloro-3-nitropheny Dpyrrolidin-1-y1)-2,6~difluoropheny!)-4-fluoro-4-

phenylpiperidine;

1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyDpyrrolidin- 1 -yphenyl)-4-fluoro-4-pheny Ipiperidine;
[-(4-((2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nitrophenyDpyrrolidin- 1 -y1)-2,6-difluorophenyl)-4-

{fluorodiphenylmethylpiperidine;

1-(4-((2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nitrophenypyrrolidin-1-y1)-2,6-difluorophenyl)-4-

phenylpiperidine;

1-(4-((2R,5R)-2,5-bis{4-chloro-3-nitrophenyDpyrrolidin-1 -y1)-2,6-difluorophenyl)-4-(4-

fluorophenylpiperidine;

1-(4-((2R,5R)-2,5-bis(4-chioro-3-nitrophenyDpyrrolidin-1-y1)-2,6~difluorophenyl)-4-(3 ,4-

difluorophenyl)piperidine;

1-(4-((2R,5R)-2,5-bis(4~chloro-3-nitrophenypyrrolidin-| -y 1)-2,6-difluorophenyl)-4~(3,5-

diflucrophenybpiperidine;

1-(4-({2R,5R)-2,5-bis(4-chioro-3-nitrophenyhpyrrolidin-1 -y1)-2,6-difluorophenyl)-4-(3-

(trimethylsilyD)phenyDpiperidine;

(2R,5R)-1-(4-(benzyloxy)phenyl)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidine;

1-(4-((2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nitrophenylpyrrolidin-1-y1)-2,6-difluorophenyl)-4-(4-

(triftuoromethyl)phenylpiperazine;

1-{(4-((2R,5R)-2-{4-chloro-2-fluoro-5-nitrophenyl)-5-(4-chloro-3-nitrophenypyrrolidin-1-y1)-2,6-

difluorophenylpiperidine;

4-benzyl-1-(4-((2R,5R}-2,5-bis(4-chloro-2-fluoro-S-nitrophenyl)pyrrolidin-1-y1)-2,6-

diffnorophenyDpiperidine;

4-(4-((2R,5R)-2,5-bis(4-chloro-3-nitropheny Hpyrrolidin-1-y1)-2,6-difluorophenyl)-2-

phenylmorpholine;

1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1-y1)-2,6-difluorophenyl)-2-

phenylpiperidine;

(2S,6R)-4-(4-((2R ,5R)-2,5-bis(4-chloro-2-fluoro-5-nitrophenyDpyrrolidin- 1-y1)-2,6-difluorophenyl)-

2,6-dimethylmorpholine;

3-(4-((2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nitrophenyDpyrrolidin-1-y1)-2,6-difluorophenyl)-3-

azaspiro[5.5Jundecanc;

1-(4-({2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nitrophenyDpyrrolidin-1 -y1)-2,6-difluorophenyl)-4-

cyclohexylpiperidine;

(S)-4-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1-y1)-2,6-difluorophenyt)-2-

phenylmorpholine;
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1-(4-({2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nitrophenypyrrolidin-1-y1)-2,6-difluorophenyl)-4-(2,4-
difluorophenyi)piperidine;
1-(4-({2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nitrophenylpyrrolidin-1-y1)-2,6-difluorophenyl)-4-(4-
fluorophenylpiperidine;
1-(4-((2R,3R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1-y1)-2,6-difluorophenyl)-4-
phenylpiperazine;
1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenylpyrrolidin-1-y1)-2,6-difluorophenyl)-4-(4-
(trifluoromethyDphenyl)piperazine;
1-(4-((2R,5R)~2,5-bis(4-chloro-2-fluoro-5-nitrophenyDpyrrolidin-1-y1)-2,6-difluorophenyl)-4-(2,6-
difluorophenyl)piperazine;
2-(4-(4-((2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nitrophenyl)pyrrolidin-1-y1)-2,6-
difluorophenyl)piperazin-1-yl)pyrimidine;
5-((28,5R)-2,5-bis(4-chloro-2-fluoro-5-nitrophenyhpyrrolidin- 1-y)-2-(4-phenylpiperidin- 1 -
yDpyrimidine;

5-((28,5R)-2,5-bis{4-chloro-2-fluoro-5-nitrophenyDpyrrolidin- 1 -y1)-2-(piperidin-1-yDpyrimidine;
1-(4-({(28,55)-2,5-bis(4-chloro-2-fluoro-S-nitrophenyDpyrrolidin-1-y1)-2,6-diflucrophenyl)-4-(2,6-
difluorophenyl)piperazine;
1-(4-((2R,5R)-2,5-bis(4-chioro-2-fluoro-5-nitrophenylpyrrolidin-1-y1)-2,6-difluorophenyl)-4-(5-
methylthiophen-2-y)piperidine; and
1-(4-((2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nitrophenyl)pyrrolidin-1-y1)-2,6-difluorophenyl)-4-fluoro-

4-phenylpiperidine.

General Procedure 5. Nitro reduction

OnN NO HyN NH.
ON _~# | rl) 2 2 1? 2
N N N

oo
i

(6) (7)

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
diatomaceous earth, washing with ethanol and concentrating in vacuo. Alternatively, (6) (1
cquivalent) can be reduced to (7) by hydrogenation (30 psi Hy) in the presence of PtO, (about 0.4
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
exposure 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 sotvents including mixtwes of ethiyl acetate and hexane.

General Procedure 5.1. Nitro reduction for pyrrole

ON NO, HN NH,
- D “ I
&f@ O3
\ \
2)

»
I
(11) (12
Compounds (11) can be converled to (12) using the conditions described generally for

General Procedure 5, particularly through the iron reduction method.

Hlustration of General Procedure 5.1: General Procedure 5.14

F F

4,4'-(1-(4-Fluorophenyl)-1 H-pyrrole-2,5-diyl)dianiline
To a solution of 1-(4-fluorophenyl)-2,53-bis(4-nitrophenyl)-1H-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 diatomaceous earth and washed with
ethanol.  The combined filtrates were concentrated, and the residue purified by column
chromatography (gradient elution from 30% to 50% EtOAc:hexanes) to provide 1.09 g (77%) of the

title compound.

General Procedure 6. Amide coupling

H

NH N N D

2 Q\F > p
— s Boc O N O  Boc

(N &

I,N

Compounds (7) (1 equivalent) can be converted to compounds (8) by reaction with 1-(zert-
butoxycarbonyl)pyrrolidine-2-carboxylic acid (about 2.5 equivalents) and HATU ({about 2 1o 3

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 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide/ I -hydroxybenzoinazole. The reaciion 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 HCI, 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., MgSO,, Na,S0,), filtration and evaporation of solvent. The
product {8) can be purified by column chromatography over silica gel, cluting with standard organic

solvents including mixtures of ethyl acetate and hexane.

General Procedure 6.1. Amide coupling for pyrroles

(2
Boc

11 H
HoN NH N N a
: > Wy P b
N Boc O N 's) ‘
./

|
\
(12) (13)

Aniline compounds (12) can be converted to amides (13) using the conditions described

generally above in General Procedure 6.

Hlustration of General Procedure 6.1 General Procedure 6.14

H,N NI, N N

H
N\"v
Z — 0 Y N
N N SN O

\_/ -/

(28,2'S)-tert-butyl 2,2'-(4,4'-(1-(4-tert-butylphenyl)- 1 H-pyrrole-2,5-diylbis(4,1-
phenylene)bis(azanediyDbis(oxomethylene))dipyrrolidine-1-carboxylate

To a solution of 4,4'-(1-(4-terti-butylphenyl)-1H-pyrrole-2,5-diyldianiline (0.310 g, 0.813
mmol) in DMF (5 mL) was added (S)-1-(tert-butoxycarbonypyrrolidine-2-carboxylic acid (0.385 g,
1.79 mmol) 1-hydroxybenzotriazole hydrate (0.274 g; 1.79 mmol) and N-(3-dimethylaminopropyl)-
N'-ethylcarbodiimide hydrochloride (0.343 g, 1.79 mmol), and the mixture stirred overnight. The
mixture was poured into water and cxtracted CHoCl,. The organic extract was dried (Nap,SOu),
filtered and concentrated to give a crude product that was purified by trituration with ether to give 325
mg (51%) of the title compound. 'H NMR (400 MHz, DMSO-ds) § ppm 1.25 (s, 24 H) 1.83 (s, 6 H)
2.15(s,2H)3.45(m, 4 H)4.18 (5,2 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
N
=}

"0 IO O

(34.1) (35.1) (36.1)
Dibromo compounds (34.1) (1 equivalent) can be converted to diboronate compounds (35.1)

by mixing with bis(pinacolato)diborane (about 2 to 4 cquivalents), potassium acetate (about 4-8
equivalents), and 1,1°-bis(diphenylphosphino)ferrocene-palladium(IT) chloride dichloromethane
complex (PACL(dppD) (about 0.1 t0 0.2 equivalents) in a solvent such as DME, dioxane, or DMSO,
degassing the mixture and heating to about 85 °C. The rcaction can be worked up by cooling to room
temperature, diluting with methylene chloride, optionally washing the organics with water and/or
brine, drying the organics with a drying agent (e.g., MgSQ,, Na,SO,), filtration and evaporation of
solvent. Compounds (35.1) can be converted 1o compounds (36.1) by mixing with Intermediate 1D
(about 1 to 2 cquivalents), aqueous sodium carbonate solution (about 1 1o 3.5 equivalents), and
PdCly(dppf) (about 0.03 1o 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,
optionally washing the organics with water and/or brine, drying the organics with a drying agent (e.g.,
MgSO,, NaySOy), filtration and evaporation of solvent. Alternatively, the reaction can be worked up
by concentration in vacuo, parlitioning between 25% isopropylalcohol/chloroform, drying the
organics (e.g., NaySQy), 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

including mixtures of ethyl acetate and hexane; or purified by trituration or recrystallization.

Hlustration of General Procedure 7: General Procedure 74

by o
RebSes eV fos
N B N

racemic trans-1-(4-fert-butylphenyl)-2,5-bis(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenylpyrrolidine
Racemic trans-2,5-bis(4-bromopheny!)-1-(4-tert-butylphenylpyrrolidine (3.88 g, 7.56 mmol),
44,445,555 -octamethyl-2,2"-bi(1,3,2-dioxaborolane)  (6.72 g, 26.5 mmol), [LI’-
bis(diphenylphosphino)ferroceneldichloropalladium{Il) (0.617 g, 0.756 mmol), and potassimin acetate

(3.34 g, 34.0 mmol) were combined in dimethoxyethane (70 mL) and nitrogen gas was sparged

240



10

15

20

25

WO 2012/051361 PCT/US2011/056045

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 diatomaceous earth and washed
with ethyl acetate (20 mL). The filtrate was dried and concentirated, and the residue was purified by
column chromatography on silica gel, eluting with a solvent gradicnt 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.

- P

-B N
0 BF 0 N
0 S HNH N
330(, Boc

(28,2'S)-tert-butyl 2,2'-(5,5'-(4,4'-(1-(4-tert-butylphenypyrrolidine-2,5-diyDbis(4,1-
phenylene))bis(1 H-tmidazole-5,2-diyl))dipyrrolidine-1-carboxylate

Racemic  trans-l-(4-feri-butylphenyl)-2,5-bis(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDphenyDpyrrolidine (0.915 g, 1.506 mmol), Intermediate 1D (1.429 g, 4.52 mmol), and [1,1'-
bis(diphenylphosphino)ferrocene]dichloropalladium(IT) (0.123 g, 0.151 mmol) were dissolved in a
mixture of toluene (7 mL), ethanol (7 mL) and a 2 N aq. sodium bicarbonate solution (2.64 mL, 5.28
mruol). 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% ecthyl acelate in hexane to give the title compound (0.93 g, 75%) as a 1/1

mixture of {rans S1ereOISOMErS.

General Procedure 7.1. Suzulki coapiingjbr pyrroles

QUO J§< Chag ot

(46) 47) (43)
Dibromo compounds (46) can be converted sequentially to compounds (47) and (43) using

the conditions described generally above in General Procedure 7.

Hlustration of General Procedure 7.1: General Procedure 7.18
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X \ |
Pt

L-(4-tert-butylphenyl)-2,5-bis{4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-ylyphenyl)- L H-pyrrole

To a solution of 2,5-bis(4-bromophenyl)-1-(4-tert-butylphenyl)-1H-pyrrole (2.32 g, 4.56
mmol) in DMSO (26 mL) at room temperature were added bis(pinacolato)diborane (2.54 g, 10.02
mmol), potassium acetate (5.00 g, 36.4 mmol) and PAClL{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
(NajSOs) and concentrated. The residue was taken up in 20% ethyl acelate/hexanes and fillered
through a short plug of silica gel (elution with 20% ethy! acetaterhexanes) and concentrated to afford

the title compound as a light yellow solid (1.62 g; 59% yicld).

N

N .
Q*% g‘j§< [H ] [ \)(j
O O ! N N
B N H H N
\N ] Boc \N J B"oc
(28,2’ S)-tert-butyl 2,2'-(4,4'-(4,4'-(1-(4-tert-butylphenyl)- | H-pyrrole-2,5-diyl)bis(4,1-
phenylene))bis(1H-imidazole-4,2-diyl)dipyrrolidine- 1 -carboxylate
A mixture of Intermediate 1D (664 mg, 2.10 mmol), 1-(4-tert-butylphenyl)-2,5-bis(4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-y)phenyl)-1H-pyrrole (1.48 g, 2.45 mmol), 2 M sodium carbonate
(1400 pl., 2.80 mmol), and Pd(dppHClz (51.2 mg, 0.070 mmol) in DME (2800 uL) was subjected to
microwave irradiation at 140 °C for 20 minutes. The mixture was diluted with ethyl acetate, then
washed with water and brine, and dried over NapSO,. The product was purified on silica gel eluting

with 30 to 70% cthyl acetate:hexanes to provide the title compound (140 mg; 24% yield).

General Procedure 8. Buchwald reaction

EBOC B‘oc
5 NGO 0. N
Ci Cl D
O,N NO, -~
z z O,N NO,
(84) (@5)

Compounds (64) (1 equivalent) can be converted to compounds (65) by mixing with fert-

butyl 2-carbamoylpyrrolidine-1-carboxylate (about 3 equivalents), cesium carbonate (about 3
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equivalents), 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (about 0.05 to 0.3 equivalents), and
wis(dibenzylidencacetone)dipailadium(0) (about 0.03 to 0.2 equivalenis) in dioxane, degassing the
mixiore, 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), PA(OAc), (about 0.02 equivalens),
and 4,5-bis(diphenylphosphine)-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.

Hlustration of General Procedure 8: General Procedure 84

g S \* OK
O,N NO, O3
(28,2 S)-tert-butyl 2,2'-(4,4-((2R 5 R)-1-(4-cyclohexylphenylpyrrolidine-2,5-diyDbis(2-nitro-4,1-
phenylenc))bis(azanediyDbis(oxomethylene)dipyrrolidine-1-carboxylate
(2R,5R)-2,5-Bis(4-chloro-3-nitrophenyD- I-(4-cyclohexylphenyhpyrrolidine {General
Procedure 4A) (1.29 g, 2.39 mmol), (S)-tert-butyl 2-carbamoylpyrrolidine-1-carboxylate (1.53 g, 7.16
mmol), cestum carbonate (2.33g, 7.16 mmol), 4,5-bis(diphenylphosphine)-9,9-dimethylxanthene
(0.33 g, 0.573 mmol), and tris(dibenzylidencacetone)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 flagk was capped with a reflux condenser and the solution was heated at 100 °C for 8 hours. After
filtering through diatomaceous earth and concenfrating, the residue was purified with a CombiFlash®
80g silica column, eluting with 6-20% ethyl acetate in dichloromethane to give 1.71 g (80%) of the

title compound.

Hhustration of General Procedure 8: General Procedure 8B, Example 1A

F

Gl
i,

O,N

F

o gL 3
o XW\Q b NHOiO/K

NO, 0N o8

Q—z&@

oo
f@

5

(28, 2'S)-tert-butyl 2,2'-(4,4-((2R,5R)-1-(3.5-difluoro-4-(4-phenylpiperidin-1-yphenyl)pyrrolidine-
2,5-diyDbis(2-nitro-4,1-phenylene))bis(azanediyl)bis(oxomethylene)dipyrrolidine- 1 -carboxylate
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To a 100 mL round-bottomed flask was added 1-(4-((2R,5R)-2,5-bis(4-chloro-3-
nitrophenylpymrolidin-1-y1)-2,6-dilluorophenylj-4-phenylpiperidine (2.26 g, 3.46 munol), (S)-teri-
butyl 2-carbamoylpyrrolidine-1-carboxylate (2.223 g, 10.37 mmol), cesium carbonate (3.38 g, 10.37
mmol), tris(dibenzyideneacetone)dipalladium(0) (0.190 g, 0.207 mmol) and (9,9-dimethyl-9/-
xanthene-4,5-diyD)bis(diphenylphosphine) (0.300 g, 0.519 mmol) in dioxane (34.6 mL) to give a
purple suspension. The mixture was sparged with N, for 20 minutes, heated under N, at 100 °C for 3
howrs, cooled and poured into BtOAc. The EtOAc layer was washed 2x50 mL with HyO and then
with saturated NaCl. The EtOAc layer was treated simultaneousty for 1 hour with 3-mercaptopropyt
silica and Na,SQ,, filtered and concentrated. Purification using chromatography on a 120 g silica
cartridge eluting with 1-3 % methanol in methylene chloride gave material that was 90% pure by
HPLC. A second colurman on 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 (ESI+) m/z 1009
(M+H)".

=
%
N
F F
(3\(0
H N HN i Ci
/OKN\:/KO Q'W
8 AL on NO,
Hlustration of General Procedure 8: General Procedure 8B, Example 1B (mono-displacement)
methyl (§)-1-((S)-2-(4-((2R,5R)-5-(4-chloro-3-nitrophenyl}-1-(3,5-difluoro-4-(4-phenylpiperidin- 1~
yhphenyDpyrrolidin-2-y1)-2-nitrophenylcarbamoyDpyrrotidin-1-y1)-3-methyl-1-oxobutan-2-
vicarbamate
1-(4-((2R,5R)-2,5-Bis(4-chloro-3-nitrophenyl)pyrrolidin-1-y1)-2,6-difluorophenyl)-4-
phenylpiperidine (0.745 g, 1.14 mmol) was dissolved in dioxane (12 mL) in a tube and treated with
methyl (S)-1-((S)-2-carbamoylpyrrolidin-1-y1)-3-methyl-1-oxobutan-2-ylcarbamate (0.309 g, 1.14
mmol), cesium carbonate {0409 g, 1.25 mmol), Xantphos (0.066 g, 0.11 mmol), and
tris(dibenzylideneacctone)dipalladium(0) (0.052 g, 0.057mmol). Nitrogen was bubbled through this
mixture for 15 minutes, then the tube was sealed and heated at 100 °C for 2 hours. The mixture was
diluted with water, extracted into dichloromethane, concentrated, and purified by chromatography,

eluting with 0-5% methanol in dichloromethane 10 give 0.44 g (43%) of a dark yellow solid.

lllustration of General Procedure 8: General Procedure 8B, Example 2
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RBoc te) Noz \.... N02 o] Boc

tert-butyl 2,2'-(4,4'-((2R,5R)-1-(3,5-difluoro-4-(piperidin-1-yl)phenypyrrolidine-2,5-diyDbis(5-
fluoro-2-nitro-4, 1-phenylene))bis(azanediyDbis(oxomethylene)dipyrrolidine-1-carboxylate

To a round bottom flask was combined 1-(4-((2R,5R)-2,5-bis(4-chloro-2-fluoro-5-
nitrophenyl)pyrrolidin-1-y1)-2,6-difluorophenyDpiperidine (4.1 g, 6.68 mmol), (S)-tert-butyl 2-
carbamoyipyrrolidine-1-carboxylate (4.30 g, 20.05 mmol), cesium carbonate (6.1 g, 18.72 mmol), and
KantPhos (0.696 g, 1.203 mmol) followed by dioxane (30 ml) and the solution was de-gassed with N,
gas for 30 minutes. The solution was stirred vigorously 10 keep the solids mixing and kept the flow
rate of NW; 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
106 °C for 2 hours under Ny gas. The solution was cooled and diluted with EtOAc, filtered through
diatomaceous earth, washed with HyO and brine, dried (Na,SQy), 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

o
® ®
N~ \N)
NP F
ON | P NO. O,N NO2
cl ci — é_&ﬂ 5 N
- N W N TN §
e o} J
/R/\O O)\
OYNH HNYO
O O~

dimethyl (2R, 2'R)-1,1"-({(28,2°S)-2,2°-(4,4’-((2R, 5R)-1-(3-fluoro-4-morpholinophenyDpyrrolidin-2,5-
diyDbis(2-nitro-4,1-phenylene)bis(azanediyl)bis(oxomethylene)bis(pyrrolidine-2,1-diy!))bis(3-
methyl-1-oxobutane-2,1-diyl)dicarbamate
In a microwave tube, a  suspension of  4-(4-((2R,5R)-2,5-bis(4-chloro-3-
nitrophenyl)pyrrolidin-1-y1)-2-fluorophenylymorpholine (1.39 g, 2.48 mmoL), Intermediate 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(dibenzylideneacetone)dipalladium (0) (68 mg, 0.074 mmol) followed by degassing for another 5
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minutes. The microwave tube was sealed and the mixture was warmed at 100 °C for 2 hours. The

mixture wag cooled and diluted with ethyl acetate and extracted with water (3x) and saturated sodium

’

chloride solution. The solution was dried (Na,SO,) 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. "H NMR (400 MHz, DMSO-ds) 8 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) 6.7416.81 (m,
1H) 7.32 (d, J=8.4 Hz, 2H) 7.47-7.60 (m, 4H) 7.80 (d, J=1.5 Hz, 2H) 10.41 (s, 2H); MS (ES]) m/z
10 1031 (M+H)"

General Procedure 9. Nitro reduction
Boc Boc Boc Boc
N O O N N O O, N
A : 0 O 0 s
HN f NH HN-Z =N, NH
N \ N ]
L — — N/
O,N NO, HyN NH,
(65) (66)
Compounds (65) (1 equivalent} can be converted to compounds (66) by hydrogenation with
15 hydrogen gas (1-4 atm) over a catalyst such as PtO, (about 0.2 to 0.3 equivalents) or Raney-nickel
(e.g., SO% aqueous; 1 equivalent by weight) in solvents such as tetrahydrofuran, ethanol, or mixtures
thereof. The reaction can be worked up by filtration through diatomaceous 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.

Hlustration of General Procedure 9: General Procedure 94, Example 1

A
l/
N/ Nj
N =

u ON g /l NO, y ()\(H Hi t P NH, H -

N N N N
QUL A0 OF AR
PN ¢ L AL 0 = oA
oo oo [e2e) [oine

25 (28,2'S)-tert-butyl 2,2'-(4,4'-((2R,5R)- 1 -(4-(4-phenylpiperidin-1-yDphenyDpyrrolidine-2,5-diyl)bis(2-

amino-4,1-phenylene))bis(azanediyl)bis(oxomethylene)dipyrrolidine-1-carboxylate
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A solution of  (252'S)-tert-butyl  2,2'-(4,4'-((2R,5R)-1-(4-(4-phenylpiperidin-1-
yDphenyDpyrrolidine-2,5-diyhbis(2-nitro-4,1-
phenylene))bis(azanediyl)bis(oxomethylene)dipyrrolidine-1-carboxylate (2.287 g, 2.350 mmol) in
THF (60 ml.) was added to PtO, (0.457 g, 2.014 mmol) in a 250 m stainless steel pressure bottle and
stirred for 4 hours at room temperature under 30 psi hydrogen pressure. The mixture was then filtered
through a nylon membrane and the filirate concentrated by rotary evaporation and dried i vacuo 10
give the title compound as a brown solid (2.02 g, 94%). 'H NMR (400 MHz, DMSO-dg) 8 ppm 1.30 -
1.44 (m, 18 H), 1.53 - 1.98 (m, 11 H), 2.08 - 2.29 (m, I H), 2.43 - 2.60 (m, 3 H), 3.35 - 3.50 (m, 4 H),
4,16 - 4.29 (m, 2 H), 4.79 (d, J=35.46 Hz, 4 H), 4.97 (s, 2 H), 6.21 (d, /=8.89 Hz, 2 H), 6.41 (dd,
J=20.66, 7.86 Hz, 2 H), 6.33 - 6.61 {1, 2 I1), 6.66 (d, J/=8.89 Hz, 2 H), 6.93 - 7.06 (m, 2 H), 7.17 (4,
J=6.89 Hz, 1 H), 7.21 - 7.32 (m, 4 H), 9.18 (d, ./=39.25 Hz, 2 H); MS (ESI+) m/z 913 (M+H)"; MS
(BSI-) m/z 911 (M-HJ.

HNustration of General Procedure 9: General Procedure 94, Example 2
teri-butyl 2,2'-(4,4'-((2R,5R)-1-(3,5-difluoro-4-(piperidin- 1 -yDphenylipyrrolidine-2,5-diyDbis(2-
amino-5-fluoro-4,1-phenylene))bis(azanediyl)bis(oxomethylene)dipyrrolidine-1-carboxylate

lert-Butyl 2,2-{4 4'-((2R 5R)-1-(3,5-difluoro-4-(piperidin-1 -ylphenyDpyrrolidine-2,5-

diyDbis(5-fluoro-2-nitro-4, 1 -phenylene))bis(azanediyhbis(oxomethylene)dipyrrolidine-1-carboxylate

(4.5 g, 4.64 mmol) and THF (100 ml) were added to PtO, (0.900 g, 3.96 mmol) in a 250 m] stainless

steel pressurc boftle and stirred for 22 hours under a hydrogen atmosphere (30 psi) at room

temperature. The mixture was filtered through a nylon membrane and concentrated to a yellow-

orange foam.

[llustration of General Procedure 9: General Procedure 9B

N

o e Gy O a0
,1§HN ﬁNHAK_»j\,gHNQ Lr_@,NH;\J(
HN NH,

(25,2'S)-tert-butyl 2,2’—(4,4’-((212,513)- 1-(3,5-difluoro-4-(4-phenylpiperidin-1-yDphenylpyrrolidine~
2,5-diyl)bis(2-amino-4,1 -phenylene))bis(azanediy)bis(oxomethylene)dipyrrolidine-1 -carboxylate
In a 250 mL pressure bottle were combined (25,2'S)-terz-butyl 2,2'-(4,4'-((2R,5R)-1-(3,5-

difluoro-4-(4-phenylpiperidin-1-yl)phenyhpyrrolidine-2,5-diybis(2-nitro-4, | -

phenylene))bis(azanediyl)bis(oxomethylene)dipyrrolidine-1-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
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vessel was sealed and stirred under 30 psi Hy for 5 hours. The solution was fillered through a nylon

7y

membrane and the filiraie was concentrated io afford the iitie (,OI“G}’)OL'L])O, ag a ian foam {4, 44 £,

quantitative yield) that was used without purification. MS (ESI+) m/z 949 (M+H)".

Hlustration of General Procedure 9: General Procedure 9C

FL«O Q Ogr- 0 Q

S,N N
ON\A (E]@NH N o ONVAHE\./ (_r@ éj\w
0/\ ON NO, 0/\ HoN NH,

dimethyl ([(2R,5R)-1-(4,5,6,7-tetrahydro-1,3-benzothiazol-2-yDpyrrolidine-2,5-diyl]bis {(2-

N

pra

aminobenzene-4,1-diyhcarbamoyl(2S)pyrrolidine-2,1-d1yl[(2S5)-3-methyl-1-oxobutane-1,2-
diyl]})biscarbamate (ACD Name v12))

Dimethyl  {[(2R,5R)-1-(4,5,6,7-tetrahydro-1,3-benzothiazol-2-yDpyrrolidine-2,5-diyl]bis {(2-
nitrobenzene-4,1-diyhcarbamoyl(2S)pyrrolidine-2,1-diyl{(25)-3-methyl-1-oxobutane-1,2-
diyl]})biscarbamate (ACD Name v12)) (0.59 g, 0.596 mmol) was dissolved m tetrahydrofuran (15
mL) and treated with Rancy-nickel sharry 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

silica piug and concentrated to dryness to give the title compound.

Hlustration of General Procedure 9: General Procedure 9D

Cl Ci

~ =

_0 N\S}\HS %NH N}(O . 0 N\g}:ﬁ SJD;Q,M
0 AN OgN O A HZN NH
dimethyl (25,2'5)-1,1'-((25,2'5)-2,2'(4,4'«((2R,5R)- } -(4-chloro-3-fluorophenyDpyrrolidine-2,5-
diyD)bis(2-amino-4,1-phenylene))bis(azanediyl)bis(oxomethylene)bis(pyrrolidine-2,1-diyl))bis(3-
methyl-1-oxobutane-2,1-diyl)dicarbamate
Dimethyl  (28,2'S)-1,1'<((25,2'$)-2,2'-(4,4'-((2R,5 R)- | -(4-chloro-3-fluorophenylpyrrolidine-
2,5-diyl)bis(2-nitro-4,1 -phenylene))bis(azanediyl)bis(oxomethylene)bis(pyrrolidine-2,1 -diyl))bis(3-
methyl-1-oxobulane-2,1-diyl)dicarbamate (1.0g, 1.02 mmol) and tetrahydrofuran (25 mL) were added
1o 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 aylon membrane and

concentrated to dryness to give 100% yield of a brown residue that was used without purification.

Hlustration of General Procedure 9: General Procedure 9E
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o o 0 = o

Og-NH HN 0 oy I\
Z’ g Oxy NH HN. O
- ~ el [N

dimethyl (28.2'S)-1,1'-((25,2'S)-2,2"-(4,4'-((2R 5 R)-1-(3,5-difluoro-4-(4-phenyl-5,6-dihydropyridin-
H2H)-yhphenyl)pyrrolidine-2,5-diyDbis(2-amino-4,1-
phenylene)jbis(azanediybis(oxomethylene)bis(pyrrolidine-2, 1-diy ) )bis(3-methyl-1-oxobutane-2,1-
diyl)dicarbamate

Dimethyl (25,2'S)-1,1'((25,2'5)-2,2"-(4,4'-((2R,5R)-1 -(3,5-difluoro-4-(4-phenyl-5,6-
dihydropyridin-1{2/)-yHphenyDpyrrolidine-2,5-diybis(2-nitro-4, 1 -
phenylene))bis(azanediyl)bis(oxomethylene)bis(pyrrolidine-2,1-diy]))bis(3-methyl-1-oxobutane-2,1-
diyldicarbamate (150 mg, 0.134 mmol) was dissolved in a mixture of THF (1 mL) and absolute
EtOH {1 mL) under nitrogen. A solution of ammonium chloride (10.73 mg, 0.201 mmol) in water
(0.333 mL), followed by iron powder (37.4 mg, 0.669 mmol) was added, and the mixiure 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
dissolved in EtOAc (50 mL), washed with water (2x25 mL) and brine (25 mL), dried over anhydrous
MgSOy,, filtered, and concentrated by rotary evaporation. The residue was purified by Si0O, flash
chromatography (Alltech Extract-Clean column, 10 g bed) eluting with a step gradient of 3% to 4%
methanol/CH,Cl, to afford the product as a yellow solid (77 mg, 0.073 mmol, 54%). "H NMR (400
MHz, DMSO-ds) & ppm 0.92 (dd, /=13.07, 6.56 Hz, 12 H), 1.58 - 1.75 (m, 2 H), 1.83 - 2.09 (m, 8 H),
213228 (m, 1 H), 3.17 (s, 2 H), 3.38 - 3.68 (m, § H), 3.55 (s, 6 H), 3.84 (s, 2 H), 4.05 (t, J=8.35
Hz, 2 H), 437 - 4.47 (m, 2 H), 4.93 (s, 4 H), 5.01 (d, /=5.10 Hz, 2 H), 5.85 - 6.00 (m, 2 H), 6.14 (s, 1
H), 6.44 (d, /=8.02 Hz, 2 H), 6.55 - 6.66 {m, 2 H), 7.02 (d, /=7.81 Hz, 2 H), 7.21 - 7.49 (m, 8 H), 9.28
(s, 2 H); MS (BSI+) m/z 1061 (M+H)"; MS (ESI-) m/z 1059 (M-H)".

General Procedure 10. Benzimidazole formation
IBoc B\oc
N O O N D
[H D ] N ! N
oy b ot 0
N e
o N\ ﬂ FN4 '_N
HaN NH; Boc Boc
(68) (57}
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Compounds (66) can be converted to compounds (57) by heating neat in acetic acid or with
acetic acid i toluene or dioxane at 50-80 °C. The reaction can be worked up by concentraiing the
solution, neutralizing with aqueous sodium bicarbonate solution, extracting with an organic solvent
(e.g., dichloromethane), drying the organic solvent mixture {(e.g., MgSO4, Na,SO4), filtering and
concenirating in vacuo. The reaction can also be conducted in toluene as solvent with added acetic
acid (about 3 1o 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/dichloromethane or methanol/dichloromethane., Although the cyclization depicted above is

shown wilh a t-butoxycarbonyl (Boc) group attached, the reaction can also be conducted with the

groups —T—Rp attached, wherein T and Ry, are as defined herein.
& i

Hlustration of General Procedure 10: General Procedure 104; Example 1

‘/H P ] N N
SNy NH N 4 N Suns
Boc Bog e N u ........ H N
Boc Boc

(28.2')-tert-butyl 2,2'-(5,5'-(1-(4-tert-butylphenypyrrolidine-2,5-diyDbis(1 H-

<

z—

benzo[d]imidazole-5,2-diy))dipyrrolidine-1-carboxylate

As a mxture of trans diastereomers, (28,2'S)-tert-butyl  2,2'-(5,5'-(1-(4-tert-
butylphenyl)pyrrolidine-2,5-diyl)bis(2-amino-5,1-
phenylene)bis(azanediyl)bis(oxomethylene))dipyrrolidine-1-carboxylate (0.355 g) 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 where the pH was adjusted to ~7-8 with sodium bicarbonate. The product was
extracled into dichloromethane, concentrated and purified by chromatography on silica gel witha 40 g
column, eluting with 0-5%methanol/dichloromethane to give 0.185 g (55%) of the title compound as

a light yellow solid.

Tllustration of General Procedure 10: General Procedure 104, Example 2
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(28,2'S)-tert-butyl 2,2'-(6,6-((2R,SR)-1-(3,5-difluoro-4-(4-phenylpiperidin-1 -yDphenyl)pyrrolidine-
2.5-diyhibis(1 H-benzoldlimidazole-6,2-diyi))dipyrrolidine-1 -carboxylate
A solution of (2S5.2'S)-tert-butyl 2,2'-(4,4'-((2R,5R)-1-(3,5-difluoro-4-(4-phenylpiperidin-1-
yhphenylpyrrolidine-2,5-diyhbis(2-amino-4,1-
phenylene))bis(azanediyl)bis(oxomethylene)dipyrrolidine- L -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 3x15 mL with toluene and dried under vacuum to give a yellow foam

(2.34 g, quantitative yield) that was used without purification. MS (ESI+) m/z 913 (M+H)'.
Hlustration of General Procedure 10: General Procedure 104; Example 3

(28,2'S)-tert-butyl 2,2'-(6,6'-((2R,5R)-1-(3,5-difluoro-4-(piperidin-1-yDphenyDpyrrolidine-2,5-
diyDbis(5-fluoro-1H-benzo[d]imidazole-6,2-diyD))dipyrrolidine-1-carboxylate
To crude rert-butyl 2,2'-(4,4-((2R,5R)-1-(3,5-difluoro-4-(piperidin-1-yDphenylpyrrolidine-
2,5-diyD)bis(2-amino-5-flnoro-4, 1 -phenylene))bis(azanediybis(oxomethylene)dipyrrolidine-1-
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 1ISCO 40 g

silica gel cartridge eluting with 0-5% CH;OH/CH,Cl, to give the title compound (2.85 g).

Hlustration of General Procedure 10: General Procedure 108, Example 1
cl

" HN NH
oy, R o PO
NH, © HNf © N
S J s
methyl {(28)-1-[(25)-2-{5-[(2R,5R)- 1 -(4-chloro-3-fluorophenyl)-5-{2-[(25)-1-{(2.5)-2-
[(rnethoxycarbonyDamino]-3-methylbutanoy!} pyrrolidin-2-yl}- 1/ -benzimidazol-5-y1} pyrrolidin-2-
yl]-1H-benzimidazol-2-yl} pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-yl } carbamate (ACD Name v12)
Dimethyl  (25,2'S)-1,1'-((25,2'$)-2,2'-(4,4"-((2R,5 R)~ 1 -(4-chloro-3-fluorophenyDpyrrolidine-
2,5-diyDbis(2-amino-4,1 -phenylene))bis(azanediyl)bis(oxomethylene)bis(pyrrolidine-2,1-diyl))bis(3-
methyl-1-oxobutane-2,1-diyl)dicarbamate (General Procedure 9D) (0.98 g, 1.01 mmol) was dissolved
m toluene (12 mL) and treated with glacial acetic acid (1.16 mL, 20.2 mmol) and heated at 65 °C for
1.5 hours. The mixture was concentrated, dissolved in dichloromethane, and washed with sodium
bicarbonate solution.  The organic reaction mixture was oconcentrated and purified by
chromatography, eluting with 0-6% methanol in dichloromethane to give 0.17 g (19%) of the title
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compound as a dark yellow solid. "H NMR (400 MHz, DMSO-ds) & ppm 0.77 - 0.90 (m, 12 H) 1.66 -
1.78 (m, 2 H) 1.88 - 1.95 (m, 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
(5,6 H)Y3.79 - 3.86 (1n, 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, | H) 6.22 (dd, J=13.55,2.06 Hz, L H) 7.00 - 7.11 (m, 3 H) 7.22 (s, | 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 (APCI+) m/z 884 (M+H)".

ustration of General Procedure 10: General Procedure 108, Example 2
) ]

Q

5

[\

% © F
of . [ ]
i_
o [
iy (;)\( ©/ O?"' g '}"Q,,‘W%MO
HN NH (Y(
Lo N A N oA Ny O N N\
Y o Ho
O AL HN NH, o HN_):

b
5 Q
/0”<\O /T d N

methyl {(25)-1-[(25)-2-{6-[(2R,5R)-1-[3-fluoro-4-(methylsulfonyDphenyi}-5-{2-[(25)-1-{(25)-2-
{(methoxycarbonylamino]-3-methylbutanoy!} pyrrolidin-2-y13-1 4-benzimidazol-6-y1} pyrrolidin-2-
yl]-17I-benzimidazol-2-y1} pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-y1} carbamate (ACD Name v12)
To a suspension of dimethyl (252'5)-1,1'-((25,2'$)-2,2'-(4,4'-((2R,5R)-1-(3-fluoro-4-
{methylsulfonyDphenyDpyrrolidine-2,5-diyl)bis(2-amino-4,1 -
phenylenc)bis(azancdiyl)bis(oxomethylene)bis(pyrrolidine-2,1-diyl))bis(3-methyl-1-oxobutane-2,1-
diyDdicarbamate (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
rotovap and purified by reversc phase HPLC using 5-100% acetonitrile/ water(TFA). Pure fractions
were combined, neufralized withr saturated solution of NaHCO;, and concentrated. The residue was
extracted with CH,Cl,. The organic extract was separated, dried over anhydrous sodium sulfate,

filtered, and concentrated to supply the title compound (30 mg) as a white solid.

General Procedure 11. Procedure o Remove t-Butoxycarbonyl Protecting Groups

=
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Removal of a t-butoxycarbonyl (Boc) protecting group, according to the above depiction can
1. - - O 4 1 N ] 1 3 S P 1. 1. i 4 - i et t 1 a1 T A Ty P A b
0C CLICCLEU USHIE standaly COMUIMONS SUC a4y DY uealneut witll an aCid, suvih a8 LA, FCl OF 1ormmie
acid. For example, reaction with TFA/CH,Cl, 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.

After removal of the Boc-protecting groups and in cases where compounds have been

Ry wnny

1 l
g\ifi'v_ c‘fw,c\rflﬁ.
processed through as mixtures of cis, , and trans, , pyrrolidines, the cis

and trang diastercomers 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.

Ra IFA TA I;A
HN BT Ny~ NII HN— 1S E A
N
(\/”QWQHHO M\i}ﬂu&j&%{)”n@
NH N N HN NH ) HN
11-1 1122

Hlustration of General Procedure 11. General Procedure 114 (HCl-Dioxane), Example 1

HN N NH HN NH
NS /> ft N N /) ty
N N T N N
N N NH
Boc

\ N
Boc

{$)-5,5'-{1-(4-tert-butylphenyDpyrrolidine-2,5-diyDbis(2-((S)-pyrrolidin-2-y1)- 1. H4-
benzo[d}imidazole)
(25,2'S)-tert-Butyl 2,2'-(5,5"-(1-(4-tert-butylphenyl)pyrrolidine-2,5-diylybis(1/-
benzold]imidazole-5,2-diyl))dipyrrolidine-1 -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 1o dryness to provide the crude title compound.
Hlustration of General Procedure 11. General Procedure 114 (HCI-Dioxane), Example 2

(5)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-phenylpiperidin-1 -yl)phenypyrrolidine-2,5-diyvhbis(2-((S5)-
pyrrolidin-2-y1)-1 H-benzo[d}imidazole)
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Y H _honealDimadasn
i3 o VO

1 ¢ A D AraTWVNdimvogrentida
G anlGadi; H

le-6,2-diyl))dipyrrolic
g, 2.57 ramol) in dioxane (25 mL) was treated with 4 M hydrogen 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
finc suspension, stirred for 2 hours and concentrated. The residue was azeotroped 3x30 mL with
toluene and dried to give the HCI salt of the title compound as a tan powder that was used without

purification (assume guantitative yicld, 2.57 mmol). MS (BSI+) m/z 713 (M+H)"

Hlustration of General Procedure 11. General Procedure 114 (HCl-Dioxane), Exampie 3
6,6 {(ZR,5R)-1-[3,5-difluoro-4-(piperidin-1-yDphenylpyrrolidine-2,5-diyi} bis { S-fluoro-2-{(28)-
pyrrolidin-2-y1]-1 A-benzimidazole} (ACD Name v12)

To a solution of (252 8)-fert-butyl  2,2'-(6,6'-((2R,5R)-1-(3,5-difluoro-4-(piperidin-1-
yhphenyDpyrrolidine-2,5-diyDbis(5-fluoro-1H-benzo[dlimidazole-6,2-diy))dipyrrolidine-1-
carboxylate (2.85 g, 3.26 mmol) in dioxane (10 ml) was added 4 M HCldioxane (10.0 mL, 40.0
mmol) and the solution was vigorously stirred at room temperature for 1| hour, The solution was
concentrated, dissolved in minimal H,O and applied to an ISCO 130 g C18 cariridge and eluted with
0-100% CH;CN/(0.1% TFA/H,0). Desired fractions were combined, made basic with 10% NaHCO;
solution, and extracted with EtOAc. The combined extracts were dried (MgSQy), filtered and

concentrated to give the title compound (932.5 mg, 1.386 mmol, 42.5%).

Hlustration of General Procedure 11. General Procedure 1 [B (TFA-CH,Cl;)

P F
1IN NI S -
H ! iT
& O N O />l|,, II\I \ N I\[I
9 N e m Y )()
N N Ng Y NN
Boc Boc

(5)-5,5(1-(4-fluoropheny hpyrrolidine-2,5-diyDbis(2-(($)-pyrrolidin-2-y1)-1 H-benzo[d]imidazole)
(28,2'S)-tert-Butyl 2,2'-(5,5"-(1-(4-fluorophenylpyrrolidine-2,5-diyDbis(1 H-
benzo[dlimidazole-5,2-diy1))dipyrrolidine- I-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 in 25% isopropanol/dichloromethane and washed with sodium
bicarbonate solution. The resulting solids were filtered off and dried. The organic filtrate was
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 SA (PIO,), General Procedure 16/10A, and General Procedore 11/11A:
(8)-6,6'((2R,5R)-1-(4-(pyridin-2-yD)phenypyrrolidine-2,5-diy Hbis(2-((S)-pyrrolidin-2-y1}-1 H-
benzo[d]imidazole);
($)-6,6'-((2R,5R)-1-(3-chloro-4-(trifluoromethoxy)phenyDpyrrolidine-2,5-diyDbis(2-((S)-pyrrolidin-2-
yD-1H-benzo[d]imidazole);
($)-6,6'-((2R,5R)-1-(4-(2-methoxyethoxy)phenyl)pyrrolidine-2,5-diy)bis(2-((S)-pyrrolidin-2-y1)-1H-
benzo[d]imidazole);
(8)-6,6'-((2R,5R)-1-(4-chlorophenypyrrolidine-2,5-diyHbis(2-((S)-pyrrolidin-2-y)-1 H-
benvoldjimidazole);
(S)-6,6'-((2R,5R)-1-(3-methyl-4-(piperidin-1-ylphenyDpyrrolidine-2,5-diyl)bis(2-((S)-pyrrolidin-2-
y1)-1f-benzo[djimidazole);
($)-6,6'-((25,58)-1-(4-cyclopropyl-3,5-difluorophenyDpyrrolidine-2,5-diyhbis(2-((S)-pyrrolidin-2-y1)-
| F-benzo[d]imidazole);

(S)-6,6'-((28,55)-1-(4-cyclopropyl-2-fluorophenyDpyrrolidine-2,5-diyDbis(2 -{((S)-pyrrolidin-2-y [)- 1/7-
benzoldlimidazole);

($)-6,6'-((2R,5R)-1-(3~-fluoro-4-(piperidin-1 -yDphenypyrrolidine-2,5-diybis(2-({S)-pyrrolidin-2-yl1)-
1 H-benzo[dimidazole);
($)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-(trifluoromethyDpiperidin-1-yHphenyDpyrrolidine-2,5-
diyhbis(2-((S)-pyrrolidin-2-y1)-1H-benzo[d)imidazole);
(S)-6,6'-((2R,5R)-1-(4-(4-tert-butylpiperidin-1-y1)-3,5-difluorophenyl)pyrrolidine-2,5-diyhbis(2~((S)-
pyrrolidin-2-y1)-1 H-benzo[d)imidazole);
(5)-6,6'-((2R,5R)-1-(4-(4,4-dimethylpiperidin-1-yl)-3,5-diflucrophenyl)pyrrolidine-2,5-diybis(2-((S)-
pyrrolidin-2-y1)-1/-benzo[d]imidazole);
(S)-6,6'((2R,5R)-1-(3,5-difluoro-4-(6-azaspiro[2.5]octan-6-yl)phenylpyrrotidine-2,5-diy1bis(2-((S)-
pyrrolidin-2-y1)-1 H-benzo[dlimidazole);
(8)-6,6'-((2R,5R)-1-(3,5-diflyoro-4-(isoindolin-2-yhphenylpyrrolidine-2,5-diyl)bis(2-((S)-pyrrolidin-
2-y1)-11{-benzoldlimidazole);

2-(4-((2R,5R)-2,5-bis(2-((S)-pyrrolidin-2-y1)- 1 Fl-benzo[d]imidazol-6-yDpyrrolidin-1-y1)-2,6-
difluorophenyl)-2-azabicyclo[2.2.2]Joctane;
(5)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-isopropyipiperidin-1-yDphenyDpyrrolidine-2,5-diy)bis(2-((S)-
pyrrolidin-2-y1)-1 H-benzo[dlimidazolc);
(8)-6,6'-((2R,5R)-1-(4-(3,3-dimethylazetidin-1-y1)-3,5-difluorophenylpyrrolidine-2,5-diyl)bis(2-((S)-
pyrrolidin-2-y1)-1H-benzo[d]imidazole);
(5)-6,6'-((2R,5R)-1-(4-(4-phenylpiperidin-1-yDphenyDpyrrolidine-2,5-diyhbis(2-((S)-pyrrolidin-2-yl)-
1 H-benzold]imidazole);
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6,6'-{(2R,5R)-1-[3,5-difluoro-4-(piperidin-1-yDphenylipyrrolidine-2,5-diyl }bis { 5-fluoro-2-[(2.5)-
pyrrotidin-2-y1}-1 F-benzimidasole} (ACD Naine vi2);
(S)-6,6'-((2S,5R)-1-(3,5-difluoro-4-(piperidin-1-yDphenyDpyrrolidine-2,5-diy )bis(5-fluoro-2-((S)-
pyrrolidin-2-yD-1H-benzo{dJimidazole)
(S,S8,8)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(piperidin-1-yDpheny)pyrrolidine-2,5-diyl)bis(5-fluoro-2-
((28,3a8,6aS)-octahydrocyclopentafbpyrrol-2-yl)-1 H-benzo{d Jimidazole);
(8,8,5)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(piperidin-1-yDphenylpyrrolidine-2,5-diyl)bis(2-
((28,3a8,6aS)-octahydrocyclopenta[b]pyrrol-2-y1)-1H-benzo{d imidazole);
(8)-6,6'-((2R,5R)-1-(4~(2,3~dihydrospiro[indene-1,4"-piperidine]-1’-y1)-3,5-
difluorophenylpyrrohidine-2,5-diylbis(5-fluoro-2-((S)-pyrrolidin-2-y)-1H-benzo[d]jimidazole),
(S)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-(4-methoxyphenypiperidin- 1 -y)phenylpyrrolidine-2,5-
diyDbis(2-((S)-pyrrolidin-2-yh)-1H-benzoldlimidazole);
{8)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-fluoro-4-phenylpiperidin-1-yDphenylpyrrolidine-2,5-
diyDybis(2-((S)-pyrrohidin-2-y1)-1H-benzo[d]imidazole);
{8)-6,6'-((2R,5R)~1-(4-(4-fluoro-4-phenylpiperidin-1-yhphenyDpyrrolidine-2,5-diyDbis(2-((S)-
pyrrolidin-2-y1)-1H-benzo[d}imidazole);
(S)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-(fluorodiphenyimethylpiperidin- L -yDphenyDpyrrolidine-2,5-
diyDbis(5-fluoro-2-((S)-pyrrolidin-2-y1)- 1 H-benzo[d}imidazole);
{S)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-phenylpiperidin-1 -y DphenyDpyrrolidine-2,5-diy bis(5-fluoro-
2-((S)-pyrrolidin-2-y1)-1H-benzo[dJimidazole),
(8)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-(4-fluorophenyl)piperidin-1 -ylphenyDpyrrolidine-2,5-
diyDbis(2-((S)-pyrrolidin-2-yD-1 H-benzo[d]imidazole);
{S)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-(3-(trimethylsilyDpheny Dpiperidin- L -yDphenylpyrrolidine-
2,5-diyDbis(2-((S)-pyrrolidin-2-y)-1H-benzo[d}imidazole);

(8)-60,6'-((2R,5R)-1-(4-(4-(3 ,4-difluorophenylpiperidin-1-y1)-3,5-difluorophenyl)pyrrolidine-2,5-
diyDbis(2-((S)-pyrrolidin-2-y1)-1H-benzo[d}imidazole);
(S)-6,6'-((2R,5R)-1-(4-(4-(3,5-diftworophenyDpiperidin-1-y1)-3,5-diflworophenyDpyrrolidine-2,5-
diyDbis(2-((S)-pyrrolidin-2-yl)-1H-benzo{djimidazole);

(8)-6,6'-((2R,5R }-1-(3,5-difluoro-4-(4-(4-(trifluoromethy DphenyDpiperazin-1 -yDpheny Dpyrrolidine-
2,5-diyDibis(5-fluoro-2-({S)-pyrrolidin-2-y1)-1 H-benzo[d]Jimidazole);
6-((2R,5R)-1-(3,5-difluoro-4-(piperidin-1-yD)pheny)-5-2-((S)-pyrrolidin-2-y1)-1 H-benzo[dJimidazol-
6-yDpyrrohidin-2-yH-5-fluoro-2-((S)-pyrrolidin-2-y1)- 1 H-benzo[d}imidazole;
(S)-6,6'-((2R,5R)-1-(4-(4-benzylpiperidin-1-y1)-3,5-difluorophenyDpyrrolidine-2, 5-diyl)bis(5-fluoro-
2-((S)-pyrrolidin-2-yl)-1H-benzo[d]imidazole);
(S)-6,6'-((2R,5R)-1-(4~(4-benzylpiperidin-1-y1)-3,5-difluorophenyl)pyrrolidine-2,5-diyhbis(2-((S)-
pyrrolidin-2-y1)-1H-benzo[d]imidazole);
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(S)-6,6'-((25,5R)-1-(3,5-difluoro-4-(4-phenylpiperidin-1-yDphenylpyrrolidine-2,5-diyl)bis(2-((S)-
yD-1H-benzo[d]imidazole);
4-(4~((2R,5R)-2,5-bis(2-((S)-pyrrolidin-2-y1)-1H-benzo[dJimidazol-6-yl)pyrrolidin-1-y)-2,6-
difluorophenyl)-2-phenylmorpholine;
(5)-6,6'-((2R,5R)-1-(3,5-difluoro-4~(2-phenylpiperidin-1-yl)phenyl)pyrrolidine-2,5-diyDbis(2-((S)-
pyrrolidin-2-yD-1H-beunzo[d}imidazole);

(28,6R)-4-(4-((2R,5R }-2,5-bis(5-fluoro-2-((S)-pyrrolidin-2-y)-1 H-benzo{d]imidazol-6-y)pyrrolidin-
1-y1)-2,6-difluorophenyl)-2,6-dimethylmorpholine;
(S)-6,6'-((2R,SR)-1-(3,5-difluoro-4-(3-azaspiro[5.5 jundecan-3-yl)phenyl)pyrrolidine-2,5-diyDbis(5-
fluoro-2-((S)-pyrrolidin-2-y1)- 1 H-benzo[dlimidazole);
(S)-6,6'-((2R,5R)-1-(4-(4-cyclohexylpiperidin-1-y}-3,5-difluorophenyDpyrrolidine-2,5-diyDbis(5-
fluoro-2-((S)-pyrrolidin-2-y1}-1H-benzo{d]imidazole);
(S)-4-(4-((2R,5R}-2,5-bis(5-fluoro-2~{(S)-pyrrolidin-2-y1)-1 H-benzo[dJimidazol-6-yDpyrrolidin-1-y1)-
2,6-difluoropheny!)-2-phenylmorpholine;

(S)-6,6'-((2R,5R}-1-(3,5-difluoro-4-(4-phenylpinerazin- 1 -yDphenyhpyrrolidine-2,5-diyDbis(2-((S)-
pyrrolidin-2-y1)-1 H-benzo[djimidazole);

(S,R)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(piperidin-1 -yhphenypyrrolidine-2,5-diyDbis(2-((2S,4R )-4-
fluoropyrrolidin-2-y1}-1H-benzo[d}imidazole);
(S)-6,6'-((2R,5R)-1-(4-{4-(2,6-difluorophenypiperazin-1-y1)-3,5-difluorophenyDpyrrolidine-2,5-
diyhbis(5-fluoro-2-((S)-pyrrolidin-2-y1}-1H-benzo{d]imidazole);

(8)-6,6'-({2R,5R)-1-(4-(4-(2 4-difluorophenyDpiperidin-1-y1)-3,5-difluorophenylpyrrolidine-2,5-
diyDbis(5-fluoro-2-({(S)-pyrrolidin-2-y1)-1H-benzo[dimidazole);
(S)-6,6'-((2R,5R)-1~(3,5-difluoro-4-(4-(4-fluorophenyDpiperidin-1-yDphenypyrrolidine-2,5-
diyhbis(5-fluoro-2-{((Sy-pyrrolidin-2-yD)-1H-benzo[d]imidazole);
(S)-0,6'-((2S,55)-1-(4-(4~(2,6-difluorophenylypiperazin-1-y1)-3,5-difluorophenyDpyrrolidine-2,5-
diyDbis(5-fluoro-2-((S)-pyrrolidin-2-y1)- I H-benzo[d]imidazole);
(S)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-(S-methylthiophen-2-yDpiperidin-1 -yDphenyDpyrrolidine-2,5-
diyDbis(5-fluoro-2-((S)-pyrrolidin-2-y1)-1H-benzo[d]imidazole); and
(8)-6,6'-((2R,5R)-1-(3,5-difluoro-4-{(4-fluoro-4-phenylpiperidin-1-yDphenylpyrrolidine-2,5-
diyhbis(5-fluoro-2-((S)-pyrrolidin-2-y1)- | H-benzo[d]imidazole).

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 11/11A:
(5)-6,6'-((2R,5R)-1-(biphenyl-4-yl)pyrrotidine-2,5-diyDbis(2-((S)-pyrrolidin-2-y1)-1 H-

benzo[d]imidazole);
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{(S)-6,6'-((2R,5R)-1-(4-(cyclopentyloxy)-3-fluorophenyl)pyrrolidine-2,5-diyDbis(2-((S)-pyrrolidin-2-
yh-1H-benzo[d)imidazole);

(8)-6,6'-((2R,5R)-1-(3,5-difluoro-4-((3aR,7aS)-1 H-isoindol-2(31,3aH 4 H,SH 6 H,TH,TaH)-
yDphenyDpyrrolidine-2,5-diy])bis(2-((S)-pyrrolidin-2-y1)-1 H-benzo[d}imidazole);
($)-6,6'-((2R,5R)-1-(3,5-dichloro-4-(piperidin-1 -ylphenylpyrrolidine-2,5-diyDbis(2-({S)-pyrrolidin-
2-yD)-1 H-benzo[d]imidazole);
(8)-6,6'-((2R,5R)-1-(2,5-difluoro-4-(piperidin-1-yDphenyDpyrrolidine-2,5-diyDbis(2-((S)-pyrrolidin-
2-yD)-1H-benzo{djimidazole);

(8)-6,6'-((2R,5R)-1-(4-((2R,65)-2 ,6~dimethylpiperidin-1-y1)-3,5-difluorophenylpyrrolidine-2,5-
diyDbis(2-((S)-pyrrolidin-2-yl)-1/-benzo[dimidazole);
($)-6,6'-((2R,5R)-1-(2,3,5-trifluoro-4-(piperidin-1 -y DphenyDpyrrolidine-2,5-diyDbis(2-((S)-
pyrrolidin-2-y1}-1 H-benzo[d]imidazole);
($)-6,6'-((2R,5R)-1-(4-cyclohexyl-3-fluorophenylpyrrolidine-2,5-diy)bis(2-((S)-pyrrolidin-2-y1)-1 H-
benzo[d]imidazole);
(8)-6,6'-((2R,5R)-1-(3,4-difluorophenylpyrrolidine-2,5-diyDbis(2-((S)-pyrrolidin-2-y1)-1 F1-
benzo[dJimidazole);
($)-6,6'-((2R,5R)-1-(4-ethoxyphenyl)pyrrolidine-2,5-diyDbis(2-((S)-pyrrolidin-2-y1)-177-
benzo[dimidazole);

(8)-6,6'-((2R,5R)-1-(4-(2,2-difluoroethoxy )phenypyrrolidine-2,5-diy Hbis(2-{(S)-pyrrolidin-2-y1)-1H-
benzo[dlimidazole);
($)-6,6'-((2R,SR)-1-(4-(3,5-dimethylpiperidin-1-y1)-3,5-difluorophenylypyrrolidine-2,5-diyD)bis(2-{(S)-
pyrrolidin-2-y1)-1 H-benzo[d]imsidazole);
6,6'-{(2R,5R)-1-[4~(pentafluoro-1’-sulfanylphenyljpyrrolidine-2,5-diyl} bis {2-[(25)-pyrrolidin-2-y1}-
1/I-benzimidazole} (ACD Name v12);
(5)-6,6'-((25,59)-1-(4-cyclopropylphenypyrrolidine-2,5-diyhbis(2-(($)-pyrrolidin-2-y1)-1 /7~
benzo{d]imidazole);
(5)-6,6'-((2R,5R)-1-(4-tert-butylphenypyrrolidine-2,5-diylbis(2-((S)-pyrrolidin-2-y1)-1 H-
benzo[dlimidazole);

(S,5)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(piperidin-1 -yDphenylpyrrolidine-2,5-diyDbis(2-((25,45)-4-
methoxypyrrolidin-2-yi)-1 H-benzoldlimidazole);
(8,5)-6,6'-((2R,5R)~1-(3,5-difluoro-4-{piperidin-1-yDHphenyDpyrrolidine-2,5-diyDbis(2-((2S5,4.5)~4-
fluoropyrrolidin-2-y1)-1 H-benzo[dlimidazole);
(8,5)-6,6'-((2R,5R)-1-(4-fluorophenyDpyrrolidine-2,5-diyhbis(2-((25,4.5)-4-fluoropyrrolidin-2-y -1 F/-
benzo{djimidazole);
(S,8)-6,6'-((2R,5R)-1-(4-fluorophenypyrrolidine-2,5-diy)bis(2-((25,45)-4-methoxypyrrolidin-2~y1)-

1 H-benzo[d}imidazole);
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(8)-6,6'-((2R,5R)-1-(4-tert-butylphenyl)pyrrolidine-2,5-diyl)bis(2-((S)-5,5-dimethylpyrrolidin-2-y1)-
LH-benzo{d]imidazoie);
(5,85)-6,6'-((2R,5R)-1-(4-tert-butylphenyl)pyrrolidine-2,5-diy1)bis(2-((2S5,45)-4-fluoropyrrolidin-2-y1)-
171-benzo{dlimidazole);
(5)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(piperidin-1-yDphenylpyrrolidine-2,5-diyDbis(2-((3.5)-2~
azabicyclo[2.2.1Theptan-3-y1)-1 H-benzo[dlimidazole);
($)-6,6'-((2R,5R)-1-(3,5-diftuoro-4-(piperidin-1 -y)phenylpyrrolidine-2,5-diyDbis(2-(($)-indolin-2-
y1)-1LH-benzo[d]imidazole);
(8,R)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(piperidin-1-yl)phenyDpyrrolidine-2,5-diyl)bis(2-((25,4R)-4-
methoxypyrrolidin-2-y1)- 1 H-benzo[dJimidazole);
(5)-6,6'-((2R,5R)-1-(4-tert-butylphenylipyrrolidine-2,5-diyDbis(2-((S)-4-methylenepyrrolidin-2-yl)-

1 H-benzo[d}imidazole);
(8)-6,6"-((2R,5R)-1-(4-(4,4-diphenylpiperidin-1-y1)-3,5-diffuoropheny)pyrrolidine-2,5-diyDbis(2-((S)-
pyrrolidin-2-yl)-1 H-benzo[d}imidazole);

1-(1-(4-((2R,5R)-2,5-bis(2-((S)-pyrrolidin-2-y1)- L I -benzo{d [imidazol-6-yDpyrrolidin-1-y1)-2,6-
difluorophenyl)-4-phenylpiperidin-4-yl)ethanone;

(8)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(piperidin- | -yDphenyl)pyrrolidine-2,5-diyDbis(2-(($)-pyrrolidin-
2-yD)-1/-benzo{d)jimidazole);

(5.5,5)-6,6'-((2R,5R)-1-(3,5-difluoro-4-{piperidin-1 -yDphenyDpyrrolidine-2,5-diybis(2-
((25,3a8,6a5)-octahydrocyclopentabpyrrol-2-y1)-1 H-benzo[dimidazole);

(5,5,8)-6,0'-((2R,5R)-1 ~(4-tert-butylphenyDpyrrolidine-2,5-diyl)bis(2-((2S,348,64S)-
octahydrocyclopentafblpyrrol-2-y1)-177-benzo djimidazole);
(8)-6,6'-((2R,5R)-1-(3,5-diflvoro-4-(3-azaspiro[5.5undecan-3-yphenyl)pyrrolidine-2,5-diybis(2-
((S)-pyrrolidin-2-yl)-1 H-benzo[d}imidazole);
(8)-6,6'-((2R,5R)-1-(3-fluoro-4-(4-phenylpiperidin-1-yDphenylpyrrolidine-2,5-diy)bis(2-((S)-
pyrrolidin-2-yl)-1/-benzold]imidazole);
(S.8,5)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-phenylpiperidin-1-yDphenyDpyrrolidine-2,5-diy1)bis(2-
((28,3a8,6a8)-octahydrocyclopenta{blpyrrol-2-yh-1H-benzo[dlimidazole);
(5)-6,6'-((ZR,5R)-1-(3,5-diftuoro-4-(3-phenylpiperidin-1 -yDphenyl)pyrrolidine-2,5-diyhbis(2-((S)-
pyrrolidin-2-y1)-1 H-benzof[d]imidazole);
(5)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(3-phenylpyrrolidin-1-yDphenyDpyrrolidine-2,5-diyDbis(2-((S)-
pyrrolidin-2-y1)-1H-benzo[d Jimidazole);
(8)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-(pyrimidin-2-yl)piperazin-1 -ylphenyl)pyrrolidine-2,5-
diyl)bis(5-fluoro-2-((S)-pyrrolidin-2-y1)- | H-benzo[d}imidazole);
(S)-6,6'-((2S,5R)-1~(2-{(4-phenylpiperidin-1-ylpyrimidin-5-ypyrrolidine-2,5-diy))bis(5-fluoro-2-
((S)-pyrrolidin-2-y1)- | H-benzo[dJimidazole); and
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(8)-6,6'-((2S,5R)-1-(2-(piperidin- 1 -yhpyrimidin-5-yDpyrrolidine-2,5-diyl)bis(5-flvoro-2-((S)-
pyrrolidin-2-y1)-1H-benzo[d}imidazole).

The following compounds as frce basc or salt can be made using General Procedure 8, General
Procedure 9E (Fe/NH,C1), General Procedure 10/10A, and General Procedure L11/11A:
(S)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-(3-phenylpropyDpiperidin-1 -yl )phenyDpyrrolidine-2,5-
diyDbis(5-fluoro-2-((S)-pyrrolidin-2-yl)- 1 H-benzo[d}imidazolc);
(S)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(6-azaspiro[ 2.5 Joctan-6-y1phenyl)pyrrolidine-2,5-diyl)bis{5-
fluoro-2-{(S)-pyrrolidin-2-y1)-1 H-benzo[d}imidazole);

(8)-6,6'-{(2R,5R)- L -(4-(4-tert-butylpiperidim-1 -y1})-3,5-diflnorophenyl)pyrrolidine-2,5-diyl)bis(5-
fluoro-2-((S)-pyrrolidin-2-y1)-1H-benzo[d]imidazole);
($)-6,6'-({2R,5R)-1-(3,5-difluoro-4-(4-(naphthalen-2-yDpiperidin- L -yHphenyDpyrrolidine-2,5-
diyhbis(5-fluoro-2-((S)-pyrrolidin-2-y1)-1H-benzo[d]imidazole); and
(8)-6,6'-((2R,5R)-1-(4-(benzyloxy)phenyl)pyrrolidine-2,5-diyl)bis{2-((S)-pyrrolidin-2-yl}- TH-

benzo[dlimidazole).

Hlustration of General Procedure 11. General Procedure 11C (monodeprotection)

. )

2L LS A A e

N ' V) > N ' o >

WN N NN HN-—,
Boc

N
Boc Boc

(2S,3a8S,6aS)-tert-buty! 2-(5-((2R,5R)-1-(3,5-difluoro-4-(piperidin-1-yl)phenyl)-5-(2-((25,3aS,6aS)-
octahydrocyclopenta[blpyrrol-2-yh)-1H-benzo{d}imidazol-5-yDpyrrolidin-2-y1)- 1 H-benzo[d]imidazol-
2-yhhexahydrocyclopenta[b]pyrrole-1(2H)-carboxylate

The starting 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)
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,

General Procedure 12. Endcap addition.
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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 rcaction can be promoted by a
peptide coupling reagent, such ag EDAC/HORT, PyBOP, HATU, T3P or DEPRT, in a solvent such as
THF, DMF, dichloromethanc, ethyl acetate, or DMSO, with or without the addition of an amine base
such as Hunig’s base, N-mcthylmorpholine, pyridine, 2,6-lutidine, or triethylamine, t© give amide
products. For example, an amine (1 equivalent) can be reacted with acids (2 equivalents) such as, but
not limited to, 2-{methoxycarbonylamine)-3-methylbutanoic acid, 2-(methoxycarbonylamino)-3,3-
dimethylbutanoic acid, 2-cyclohexyl-2-(methoxycarbonylamino)acetic acid, 2-
(methoxycarbonylamino)-2-(tetrahydro-2 H-pyran-4-ylacetic acid, or those listed below under
General Procedure 19. Final coupling products may contain varying amounts of slereoisomers with
respect o 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 10 remove residual amounts of
another stereoisomer may require chiral chromatography as described below in General Procedure

12C.

Hlustration of General Procedure 12. General Procedure 124

\{/
S
Z
HN N N HN r NI
O‘—(\ /);u; C}-’(\ N />u, (j
a Y NN N N
NH HN N NTOA
0
MeO,CHN %
2 NHCO,Me
-

dimethyl (25,2'5)-1,1'-((25,2'S)-2,2'(5,5'-((2R 5 R)-1-(4-tert-butyIphenyDpyrrolidine-2,5-diylybis( 1 /-
benzo[d]imidazole-5,2-diy))bis(pyrrolidine-2,1-diy1))bis(3-methyl-1-oxobutane-2,1 -diyDdicarbamate
and dimethyl (28,2'S)-1,1'-((25,2'8)-2,2'-(5,5"-((28,55)-1 -(4-tert-butylpheny Dpyrrolidine-2,5-
diyDbis(1H-benzoldJimidazole-5,2-diyl))bis(pyrrolidine-2,1 -diy]))bis(3-methyl-1 -oxobutane-2,1-
diyhdicarbamate
(5)-5,5'-(1-(4-tert-butylphenyl)pyrrolidine-2,5-diy Dbis(2-({S)-pyrrolidin-2-y1)- 1 /-
benzo[d]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 (S)-2-(methoxycarbonylamino)-3-
methylbutanoic acid {(0.105 g, 0.601 mmol) followed by HATU (0.204 ¢, ¢.536 mmol). The solution
261
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was stirred for 1 hour at room temperature then diluted with water. The solid product was filtered off

dichloromethane to give 0.143 g (60%) of a yellow solid as a mixture of trans diastereomers. 'H
NMR (400 MHz, DMSO-ds) & ppm 0.75 - 0.92 (m, 12 H) 1.07 (s, 9 H) 1.64 - 1.76 (m, 2 H) 1.85 -
2.04 (m, 6 H) 2.12 - 2.26 (m, 4 H) 2.43 (dd, }=7.75, 4.07 Hz, 2 H) 3.53 (5, 6 H) 3.76 - 3.87 (m, 4 H)
4.04 (dd, I=11.49, 6.51 Hz, 2 H) 5.12 (t, J=7.59 Hz, 2 H) 5.35 (d, ]=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, 1=8.35 Hz, 3 H) 7.38 (dd.
J=8.19, 1.90 Hz, 1 H) 7.46 (d,J=8.13 Hz, 1 H) 11.97 - 12.09 (mn, 2 H).

Hlustration of General Procedure 12. General Procedure 128
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dimethyl (285,2'S)-1,1'-((25,2'5)-2,2'-(4,4'-((25,55)-1 -(4-tert-butyiphenylpyrrotidine-2,5-diyDbis(4, I -
phenylene))bis(azanediyl)bis(oxomethylene)bis(pyrrolidine-2, 1 -diy1))bis(3-methyl-1-oxobutane-2,1-
diyl)dicarbamate and dimethy! (28,2'S)-1,1'-((25,2'S)-2,2'-(4,4"-((2R,5R)-1 -(4~tert-
butylphenylpyrrolidine-2,5-diyhbis(4,1-phenylene))bis(azanediyhbis(oxomethylene)bis(pyrrolidine-
2,1-diyl))bis(3-methyl-1-oxobutane-2, I -diyl)dicarbamate
(28,2'S)-NN'-(4,4'-((2S5,55)- 1 ~(4-tert-ButylphenyDpyrrolidine-2,5-diyDbis(4, 1~
phenylene))dipyrrolidine-2-carboxamide and 28,2'8)-NN'-(4,4'-((2R,5R)-1-(4-tert-
butylphenyl)pyrrolidine-2,5-diyl)bis(4,1-phenylene))dipyrrolidine-2-carboxamide  (29.0 mg, 0.050
mmol), (8)-2-(methoxycarbonylamino)-3-methylbutanoic acid (19.27 mg, 0.110 mmol), EDAC
(21.69 mg, 0.110 mmol), HOBT (16.85 mg, 0.110 mmol) and N-methylmorpholine (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
chromatography on silica gel eluting with cthyl acetate in hexane (50% to 80%) to give a solid. The
solid was triturated with ethyl acetate/hexanc to give the title compound (13 mg, 29%) as a mixture of
trans diastereomers. 'H NMR (400 MHz, DMSO-dg) 8 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,
262
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2 H)3.76 - 3.86 (m, 2 H) 4.00 (1, I=7.56 Hz, 2 H) 4.39 - 4.46 (m, 2 H) 5.15 (d, J=7.00 Hz, 2 H) 6.17
(d, 3=7.70 Hz, 2 H) 6.94 (d, 1=8.78 Hr, 2 H) 7.13 (d, I=7.37 Hz, 4 H) 7.30 (d, 7=8 20 Hz, 7 H) 7.50
(d, 7=8.24 Tz, 4 H) 9.98 (s, 2 H); MS (ESI+) m/z 895 (M+H)".

Hlustration of General Procedure 12. General Procedure 12C
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methyl {(25)-1-{(25)-2-{5-[(2R,5R)-1-[3,5-difluorc-4-(piperidin-1-yl)phenyl]-5-{6-fluoro-2-{(25)-1-
{(28)-2-[(methoxycarbonylamino]-3-methylbutanoyl} pyrrotidin-2-y1-1H-benzimidazol-5-
yl}pyrrolidin-2-yl]-6-fluoro-1H-benzimidazol-2-yl}pyrrolidin-1-y1]-3-methyl- 1 -oxobutan-2-
vi}carbamate

To a solution of (5)-2-(methoxycarbonylamino)-3-methylbutanoic acid (116 mg, 0.660 mmol)
in CH,Cl, (1.0 mL) was added EDC (127 mg, 0.660 mmol) and the solution was stirred al room
temperature for 20 minutes. This solution was then cannulated into a solution of 6,6'-{{(2R,5R)-1-[3,5-
difluoro-4-(piperidin-1-yhphenyljpyrrolidine-2,5-diyl} bis { 5-fluoro-2-[(28)-pyrrolidin-2-y1}- L H-
benzimidazole} (ACD Name v12) (148 mg, 0.220 mmol) and Hunig's base (0.231 ml, 1.320 mmol) in
CH,CL; (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 CH,Cl,, washed with H,O,
dried (NaySOy), filtered and concentrated. The product may be subject to further purification.

From a separate experiment using the above coupling procedure, crude product (about 4
mmol) was purified on a Teledyne/ISCO Combiflash® Rf System using a C18 cartridge eluting with
0-30% CH,CN/(0.1%TFA/H,0) over 30 minutes. The desired fractions were made basic with 10%
NaHCO; solution and extracted with EtOAc. The combined extracts were dried (Na;SQ,), filtered
and concenirated to give a white solid (545 mg). This material was then re-purified on a Waters
preparative HPLC system using 2 C18 column eluting with 0-95% CH;CN/(0.1% TFA/H,O) over 40
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 run on this sample using a Chiralpak® IA column (5 cmx135 ¢m, 20 mL/minute) and eluting with
55/30/15 hexane/THF/[CH;OH/EtOH 8:2] to give the title compound (116 mg, 0.118 mmol). 'H
NMR (400 MHz, CDCls) 8 ppm 10.51-10.60 (m, 1H) 10.33-10.41 (m, 1H) 7.43-7.50 (m, 1¥) 7.32 (1,
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dimethyl (25,2'5)-1,1'-((25,2'5)-2,2"-(5,5™-((2.5,55)-1-(4-fluorophenyDpyrrolidine-2,5-diyDbis( 1 H-

benzo[d]imidazole-5,2-diyl))bis(pyrrolidine-2,1-diyl))bis(3-mnethyl-1-oxobutane-2, I -diyl)dicarbamate

The muxture of trans diastereomers was chromatographed by chiral chromatography on a
Chiralpak 1A column  ecluling with a  mixture of  hexane/EIOH/CH,OH/1,2-
dichloroethane/diethylamine (25/25/25/25/0.1) 1o give two separate isomers. 'H NMR (400 MHz,
DMSO-de) & ppm 0.75 - 0.89 (m, 12 H) 1.64 - 1.73 (m, 2 H) 1.85 - 2.03 (m, 6 H) 2.12 - 2.24 (m, 4 H)
2.81-290(m, 2 H)3.52 (5, 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
(g, 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
(s, 1 H}7.24 - 7.32 (m, 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
HN~© <N> NH
QAN (_]"@N’)@
HN—2= ¢ ° NH
P 7 )
dimethyl (25,2'9)-1,1'<((25.2'5)-2,2'-(5,5'<((2R 5 R)-1 -(4-fluorophenylpyrrolidine-2 5-
diyhbis(1 //-benzo[d]imidazole-5,2-diyl)bis(pyrrolidine-2,1 -diyl)bis(3-methyl-1-oxobutane-2,1-
diyhdicarbamate

"H NMR (400 MHz, DMSO-ds) 8 ppm 0.74 - 0.93 (m, 12 H) 1.69 (1, 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 (m, 4 H) 4.06 (t, ]=8.46 Hz, 2
H)5.05-521 (m, 2 H) 5.29 - 5.44 (m, 2 H) 6.21 - 6.32 (m, 2 H) 6.67 - 6.86 (im, 2 H) 7.05 (1, J=8.78
Hz, 2H) 7.18 (s, 1 ) 7.23 - 7.33 (m, 3 H) 7.37 (d. J=8.13 Hz, 1 H) 7.45 (d, }=8.02 Hz, | H) 12.04 (d,
J1=14.96 Hz, 2 H).
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General Procedure 15. Benzimidazole synthesis through methoxybenzylamine displacement route I
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Hlustrated below in General Procedure 15A 1s a representative synthesis of (57) where D is 4-tert-

butylphenyl.

Hlustration of General Procedure 15. General Procedure 154
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The five steps illustrated above are described by the following experimental procedures:

10 4,4'-(1-(4-tert-butylphenylpyrrolidine-2,5-diyhbis(N-(4-methoxybenzy)-2-nitroaniline}
L-(4-tert-Butylphenyl)-2,5-bis(4-chloro-3-nitrophenylpyrrolidine (4.41 g, 8.57 mmol) was
combined, neat, with p-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 A HCI,
NaHCO; solution, and then brine. The organic phasc 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'-(1-(4-tert-butylphenyl)pyrrolidine-2,5-diyDbis(N1 -(4-methoxybenzyl)benzene-1,2-diamine)
4,4'-(1-(4-tert-Butyphenyl)pyrrolidine-2,5-diyl)bis(N-{4-methoxybenzyl)-2-nitroaniline) (2 g,
20 2.79 mmol) was dissolved in a mixture of THF (15 mL), ethanol (15 mL), and ethy! 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 diatomaceous earth, concentrated, and
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purified by chromatography on silica gel with an 80 g column, eluting with 0-40% cthyl
acetate/dichloramethane fo give the first peak of trans product (0.508 g, 28%).
(28.,2'S)-tert-butyl 2,2'-(5,5'-(1-(4-tert-butylphenyl)pyrrolidine-2,5-diybis(2-(4-
methoxybenzylamino)-5, 1 -phenylenc)bis(azanediyi)bis(oxomethylene) )dipyrrolidine-1 -carboxylate
4,4'-(1 (4-tert-ButylphenyDpyrrolidine-2,5-diyDbis(V1 -(4-methoxybenzybenzene-1,2-

diamine) {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 S-Boc-proline (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
diluted with water. The solid product was filtered off and purified by chromatography on silica gel
with a 40 g column, eluting with §-50% ethy! acetate in dichloromethane to give the title compound
(0.565 g, 849%) as a yellow solid.

(25,2'S)-tert-butyl 2,2'-(5,5-(1-{(4-tert-butylphenyDpyrrolidine-2,5-diyDbis(2-amino-5,1-
phenylene)bis(azanediyl)bis{oxomethylene))dipyrrolidine-1-carboxylate

(25,2'S)-tert-Buty! 2,2'-(5,5"-(1-(4-tert-butylphenylpyrrolidine-2,5-divbis(2-(4-
methoxybenzylamino)-5,1-phenylene)bis(azanediyl)bis(oxomethylene))dipyrrolidine- | ~carboxylate
(0.565 g, 0.538 mmol) was dissotved 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
was diluted with sodium bicarbonate solution, extracted into dichloromethane, concentrated and
purified by chromatography on silica gel with a 40 g column, eluting with 0-15%

methanol/dichioromethane to give the title compound (0.355 g, 81%) as a yellow solid.

(285,2'S)-tert-butyl 2,2'-(5,5"-(1 -{(4-tert-butylphenyl)pyrrolidine-2,5-diyybis( 1 /7-
benzo|djimidazole-5,2-diyD)dipyrrolidine- 1 -carboxylate
(25,2'S)-tert-Butyl 2,2'-(5,5-(1-(4-tert-butylphenyDpyrrolidine-2,5-diyDhbis(2-amino-5,1-
phenylene)bis(azanediylbis(oxomethylene))dipyrrohdine-1-carboxylate 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 fo ~7-8 with sodinm bicarbonate. The product was extracted into
dichloromethane, concentrated and purified by chromatography on silica gel with a 40 g column,
cluting with 0-5%methanol/dichloromethanc to give the title compound (0.185 g, 55%) as a light

yellow sohid.

General Procedure 16. Benzimidazole synthesis through methoxybenzylamine 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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5 llustration of General Procedure 16. General Procedure 164

© Meoﬂ
e cl =
Sy

F

I R /@/OMG
/‘ i N

N HNWNH
OzN NO; O,N NO,
F F

O
0N NO,

HoN NH,

s TY o
1010 iJ 1>

10

20

F
I\
Nz A NH, y 7
{ NH
RUNT— . YN N A9 — ' N
= Boc > P
N NN CQAN N @
N Boc Boc

regiochemistry of addition to
tetra-amino intermediate unknown

The five steps illustrated above are described by the following experimental procedures:

4 4'-(1-(4-fluorophenyl)pyrrolidine-2,5-diyDbis(N~(4-methoxybenzyl)-2-nitroaniline)
2,5-Bis(4-chioro-3-nitrophenyl)-1-(4-fluorophenylpyrrolidine  (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 acetate/hexanes to give 0.79g (62%) of an orange foam solid.

4 4'-(1-(4-fluorophenypyrrolidine-2,5-diybis(2-nitroaniline)
4.4'-(1-(4-Fluorophenyl)pyrrolidine-2,5-diyD)bis(N-(4-methoxybenzyl)-2-nitroaniline) (0.78 g,
1.15 mmol) was dissolved in dichloromethane (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'-(1-(4-fluorophenylpyrrolidine-2,5-diyl)dibenzene-1,2-diamine
4,4'-{1-(4-Fluorophenyijpyrrolidine-2,5-diyibis(Z-miroaniline) (0.218 g, 0.530 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.
The mixture was stirred at room temperature for 20 hours. The solution was taken on 1o the next step

without purification.

(2S5,2'S)-rert-butyl 2,2'-(5,5'-(1-(4-fluorophenyl)pyrrolidine-2,5-diyl)bis{2-amino-5,1 -
phenylene))bis(azancdiyl)bis(oxomethylene)dipyrrolidine- 1 -carboxylate

The crude DMFE solution of 4,4'-(1-(4-fluorophenybpyrrolidine-2,5-diyhdibenzene-1,2-
diamine was treated with diisopropylethylamine (0.296 mL, 1.70 mmol) and S-Boc-proline (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 columu, eluting with 0-3% methanol in
ichloromethane to give 0.235 g (72%) of a yellow solid, for which the regiochemistry of acylation

was arbitrarily assigned as reacting at the meta-amino group.

(28,2"S)-tert-buty!l 2,2'-(5,5'-(1-(4-fluorophenyDpyrrolidine-2,5-diyDbis(1 H-benzo[djimidazole-5,2-
diyD)dipyrrolidine-1-carboxylate
(285,2'S)-tert-Butyl 2,2'(5,5"-(1-(4-fluorophenyDpyrrolidine-2,5-diyl)bis(2-amino-5,1 -
phenylenc))bis(azanediyl)bis(oxomethylene)dipyrrolidine- I -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 purified by chromatography on silica gel with a 12 g column, eluting with 0-20%

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

RSuz

! =N Rsuz
o 0

a Cl — Cl Ci
N Suzuki reaction N
ON NO, O,N NO,

Intermediate compounds such as 2,5-bis(4-chloro-3-nitrophenyl)- I -(4-iodophenylpyrrolidine
(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 Rg,, represents a suitable
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cycloalkyl, aryl, cycloalkenyl, or heteroaryl group. Suitable conditions for effecting this Suzuki
reaction include those deseribed in Scheme 'V for the synthesis of compounds (37)
Hlustration of General Procedure 17: General Procedure 174
0.
(J
g
t =
cz\/@” ?;@,Cl - ca\Qu (_"ir@c'
5 OaN ' NO;, 0N " NO,

4-(5-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenylipyrrolidin-1-yDphenyDpyridin-2-ymorpholine

(2R,5R)-2,5-Bis(4-chloro-3-nitrophenyl)-1-(4-iodophenypyrrolidine (1.869 g, 3.2 mmol), 4-
(5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yDpyridin-2-yDhmorpholine  (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 1,3,5,7-tetramethyl-6-phenyl-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
stitred at room temperature for 24 hours. The reaction mixture was partitioned between ethyl acetate

and saturated sodivm 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 acetate/hexane (20% o 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 [8A-18C.

20
Hllustration of General Procedure 18. General Procedure 184
O 0]
LM o LM
N OH Hunig's base N NH;
B
H H
O\(Nfo NH,OH o\«N\:):O
/ 7 / 7
methyl (25)-1-((35)-3-carbamoyl-2-azabicyclo{2.2. 1 Theptan-2-y1)-3-methyl-1 -oxobutan-2-
ylcarbamate
25 (35)-2-((S)-2-(Methoxycarbonylamino)-3-methylbutanoyl)-2-azabicyclo[2.2.1Jheptane-3-

carboxylic acid (1.78 g 597 mmol), 2-(3H-[1,2,3]triazolo[4,5-b]pyridin-3-y1)-1,1,3,3-

tetramethylisouronivm hexafluorophosphate (2.49 g, 5.56 mmol), and diisopropylethylamine (2.61
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mL, 14.92 mmol) were dissolved in acetonitrile (30 mL) at ambient temperature and treated by

dropwise addition with 28% ammoniun
mixture was stirred for | hour and then dilufed with water and exfracted into dichloromethane. The
organic layer was washed with brine, dried over sodium sulfate, filtered, and concentrated to give
methyl (25)-1-((38)-3-carbamoyl-2-azabicyclo[2.2.1]heptan-2-yl1)-3-methyl- I -oxobutan-2-

ylcarbamate as a white waxy solid.

Hlustration of General Procedure 18. General Procedure 18B

O o<
N % EDC/HOBT ;\; O
e
0
O)Qo NH,4OH g

2 A

(25,48)-tert-butyl 2-carbamoyl-4-methoxypyrrolidine- 1 -carboxylate

(25,45)-1-(tert-Butoxycarbonyl)-4-methoxypyrrolidine-2-carboxylic acid (2.9 g, 11.82 mmol)
was dissolved in acetonitrile (150 mL) and cooled in an ice bath. N'-((Ethylimino)methylene)-N°,N°-
dimethylpropane-1,3-diamine hydrochloride (2.72 g, 14.19 mmol) and [H-benzo{d]{1,2,3]triazol-1-0l
hydrate (2.17 g, 14.19 mmol) were added, and the mixture was stirred at ambient ternperature for 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 o give 100% vyicld of (2545 -tert-butyl 2-carbamoyl-4-

methoxypyrrolidine- I -carboxylate as a white waxy solid.

Other amides that can be prepared using General Procedure 18B include:
(25,4R)-tert-butyl 2-carbamoyl-4-methoxypyrrolidine-1-carboxylate;
(25,48)-tert-butyl 2-carbamoyl-4-fluoropyrrolidine-1 -carboxylate; and

(S)-tert-butyl 5-carbamoyl-2,2-dimethylpyrrolidine-1-carboxylate.

Hlustration of General Procedure 18. General Procedure 18C

NH
on o~ O
isobutyl chioroformate o) NH N
N O N-methylmorpholine 3 0

O#o T O)to 0
- - A
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(S)-tert-butyl 2-carbamoyl-4-methylenepyrrolidine-1 -carboxylate

{3)-1-{feri-Butoxycarvonyly-4-methylenepyrrolidine-2-carboxylic acid {1.05 g, 4.48 mu
and N-methylmorpholine (0.64 mL, 5.83 mmol) were dissolved in tetrahydrofuran (25 mL) and
cooled 10 =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 ether/hexanes, filtered, and dried to give 0.97 g (81%) of (S)-ferr-butyl 2-carbamoyl-4-

methylenepyrrolidine- 1-carboxylate as a white solid.

General Procedure 19

OH OH

P

L'

H,N

Amino acid carbamate intermediates can be made using the method and general ilustration

shown above 1o prepare Intermediate 2.

The following compounds can be made following General Procedure 19 starting from the appropriate
amino acid:

(S)-2-(methoxycarbonylaming)-2-(tetrahydro-2 H-pyran-4-yacetic acid;
(S)-2-cyclohexyl-2-(methoxycarbonylamino)acetic acid;
(S)-2-cyclopentyl-2-(methoxycarbonylaminoacetic acid;
($-2-cyclobutyl-2-(methoxycarbonylamino)jacetic acid;
(S)-2-cyclopropyl-2-(methoxycarbonylamino)acetic acid;
(S)-2-(methoxycarbonylamine)-3,3-dimethylbutanoic acid;
(25,3R)-3-methoxy-2-(methoxycarbonylamino)butanoic acid;
(25,38)-3-methoxy-2-(methoxycarbony lamino)butanoic acid;
(S)-2-(methoxycarbonylamino)-2-((R)-tetrahydrofuran-3-ylacetic acid;
{$)-2-(methoxycarbonylamino)-2-((S)-tetrahydrofuran-3-yhacetic acid;
(S)-2-(2,3-dihydro-1H-inden-2-yl)-2-(methoxycarbonylamino)acetic acid.
(S)-3-ethyl-2-(methoxycarbonylamino)pentanoic acid; and

(S)-2-(ethoxycarbonylamino)-3-methylbutanoic acid.

General Procedure 20
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As described above generally in Scheme XIII, diamines (79) can be converted f{o

benzimidazoles (81) in two steps.

Hlustration of General Procedure 20. General Procedure 204

(S)-tert-butyl 2-(6-bromo-5-fluoro-1 H-benzo[dlimidazol-2-yDpyrrolidine- 1 -carboxylate

To a solution of 4-bromo-5-fluorobenzene-1,2-diamine (1.7 g, 8.4 mmol) in DMSO (42 mL)
was added (S)-1-(tert-butoxycarbonyl)pyrrolidine-2-carboxylic acid (1.8 g, 8.4 mmol) followed by
HATU (3.5 g, 9.3 mmol) and N N-ditsopropyl-N-ethylamine (3.7 mL, 21.1 mmol), and the solution
was stirred for 16 hours. The reaction mixture was diluted with EtOAc, washed with HyO and brine,
dried (Na:SO,), 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%).

(S)-rert-butyl 2-(5-bromo-6-fluoro-1-((2-{(trimethylsilyDethoxy)methyl)-17/-benzo[d]imidazol-2-
yhpyrrolidine-1-carboxylate

To a solution of (S)-tert-butyl 2-(6-bromo-5-fluoro-1H-benzo[dlimidazol-2-yDpyrrolidine-1-
carboxylate (2.5 g, 6.4 mmol) in THF (32 mL) was added sodium hydride (0.27 g, 6.8 mmol) and
stirring was continued for 30 minutes. 2-(TrimethylsilyD)-ethoxymethyl 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 EtQAc, washed with 1N HCI, HyO, and brine, dried (Na,SQy), 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%).

The following compounds of general formula (81) can be made following General Procedure 20
starting from the appropriate diamine:

(S)-tert-butyl 2-(5-bromo-1-((2-(trimethylsilyDethoxy)methyl)-1 H-benzo{d]imidazol-2-yDpyrrolidine-
1-carboxylate;

{(S)-tert-butyl 2-(5-bromo-4-methy -1 -((2-(trimethyIsilyDethoxy)methy))-1 [-benzo[d]imidazol-2-
yhpyrrolidine-1-carboxylate;

(S)-tert-butyl 2-(5-bromo-4-chloro-1-((2-(trimethylsilyDethoxy)methyl)-1 //-benzo[dimidazol-2-
yDpyrrolidine-1-carboxylate;
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{(S)-tert-butyl 2-(5-bromo-4-fluoro-1-((2-(trimethylsilyDethoxy)methyl)-1 H-benzo{d]imidazol-2-
yDpyrrolidine-1-carbox ylaie;

(S)-tert-butyl 2-{6-bromo-3-({2-(trimethylsilyDethoxy)methy!)-3H-imidazo[4,5-bpyridin-2-
yDpyrrolidine-1 -carboxylate;

(S)-tert-butyl 2-(5-bromo-7-methyl-1-((2-(trimethylsityDethoxy)methyl)- 1 H-benzo[dlimidazol-2-
yDpyrrolidine-1-carboxylate;

(S)-tert-butyl 2-(5-bromo-6-methyl-1-((2-(trimethylsilyl)ethoxy inethyl)-1 H-benzo[d]imidazol-2-
yDpyrrolidine-1-carboxylate;

(S)-tert-butyl 2-(5-bromo-6-{trifluoromethyl)-1-((2-(trimethylsilyDethoxy)ymethy)-1 F1-
benzo[d}imidazol-2-yDpyrrolidine-1-carboxylate;

(S)-teri-butyl 2-(5-bromo-7-(trifluoromethyl)-1-((2-(frimethylsilyDethoxy)methyl)-1/7-
benzo[dlimidazol-2-yDpyrrolidine- 1 -carboxylate;

(S)tert-butyl  2-(5-bromo-6-methoxy-1-((2-(trimethylsilyDethoxy)methyl)- 1 F-benzo{dlimidazol-2-
yDpyrrolidine-1-carboxylate;

(S)-tert-butyl  2-(5-bromo-7-methoxy-1-((2-(rimethylsilyDethoxy)methyl)- LH-benzo[dimidazol-2-
yDpyrrolidine-1-carboxylate; and

(S)-methyl 5-bromo-2-(1(fert-butoxycarbonypyrrolidin-2-y1)-1-((2-(trimethylsily ethoxy)methyl)-

1H-benzo[d]imidazole-7-carboxylate.

General Procedure 21

As described above generally in Scheme XU, compounds (81) can be converted to
compounds (82.2). Ilustrated below in General Procedure 21A is a representative synthesis of
compounds (82.2) where X3 is fluoro at the 6-position of the benzimidazole moicty. For convenient
illustration, the SEM protecting groups on the benzimidazoles are shown attached to particular
nitrogens of the benzimidazole. In General Procedures 21 A and 22A, the actual substitution positions

of the SEM groups were not determined and may be at either nitrogen.

Hlustration of General Procedure 21. General Procedure 21A4.

1
Y ~4

o )
Q’J\\\ ) 7 O
=0 o=
- <
(28,2'S)-tert-butyl 2,2'-(5,5'-(furan-2,5-diy hbis(6-fluoro- 1 -((2-(trimethylsilyDethoxy)methy)-1 H-

benzo[d]imidarole-5,2-diyl))dipyrrolidine-1 -carboxylate
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In a pressure tube were combined (S)-tert-butyl  2-(5-bromo-6-fluoro-1-((2-
(irimethylsilyDethoxy)methyl)-1 A-benzoldlimidazol-2-yDpyrrolidine-1-carboxylate (600 mg, 1.2
mmol), 2,5-bis(4.,4,5,5-tctramethyl-1,3,2-dioxaborolan-2-yDHfuran (186 mg, 0.6 mmol), cesium
fluoride (353 mg, 2.3 mmol) and DMF (4 mL), and the mixture was de-gassed with N, gas for 30
minutes. To this mixture was added [(7-BulhPCl],PdCl, (PXPd) (15.7 mg, 0.03 mmol) and the tube
was sealed and heated at 100 °C for 18 hours. The cooled solution was diluted with EtOAc, filtered
through diatomaceous carth. The filtrate was washed with HyO and brine, dried (Na,SQ.), filtered
and treated with 3-mercaptopropy! 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) o give the title compound (269mg, 0.29 mmol, 50%).

N

z
e
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L
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S

S,
FAAN

di-tert-butyl (25,2'5)-2,2'-{[(2E)-1,4-dioxobut-2-cne-1,4-diylbis(6-fluoro-1-{[2-
(trimethylsilylethoxy Jmethyl} -1 A-benzimidazole-5,2-diyl)} dipyrrolidine-1-carboxylate (ACD Name
vi2)

To a solution of (282'S)-terr-butyl  2,2°-(5,5°-(furan-2,5-diyl)bis(6-fluoro-1-((2-
(trimethyisilyDethoxy)methyl})- 1 I/-benzo[dlimidazole-5,2-diyDdipyrrolidine-1 -carboxylate (340 mg,
36 mmoly i THF (8 mL) was added Selectfluor® (1-chloromethyl-4-fluoro-1,4-
diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate)) (258 mg, 0.73 mmol) followed by H,O (I mL).
The solution was stirred for 1 hour, diluted with EtOAc, washed with H,O and brine, dried (Na,SOy),

filtered and concentrated to give the title compound.
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di-tert-butyl (25,2'S)-2,2'-[(1,4-dioxobutane- 1 ,4-diyl)bis(6-fluoro-1-{[2~
(trimethylsilylyethoxyJmethyl} -1/H4-benzimidazole-5,2-diyl)Jdipyrrolidine-1-carboxylate (ACD Name
vi2)
5 To a solution of di-ferr-butyl (25,2'5)-2,2"-{[(2E)-1,4-dioxobut-2-ene- | ,4-diyl]bis(6-fluoro-1-
{[2-(trimethylsilylethoxymethyl} -1 H-benzimidazole-5,2-diy]) }dipyrrolidine- | -carboxylate (346 mg,
0.36 mmol) in EtOAc (7 mL) was added platinum (3% on carbon) (71 mg, .36 mmol) and the
solution was stirred under H, gas at | atm for 2 hours. The solution was filtered, washed with E{QAc¢
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 XIH, compounds (82.2) can be converted to
compounds (84). Ulustrated below in General Procedure 22A is a representative synthesis of
15 compounds (84) where D is 4-tert-butylphenyl, the stereochemistries of the alcohols on the butane-
1, 4-diyl group are both (5), and X5 1s 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 deprotection (see General Procedure 23) or after any step following the deprotection.

20 Tlustration of General Procedure 22. General Procedure 224

¥
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di-tert-butyl (25,2'5)-2,2'-{[(15,45)-1,4-dihydroxybutane-1,4-diylibis(6-fluoro-1-{[2-

(trimethyisityDethoxy methyl} -1 A-benzimidazole-3,2-diyl)} dipyrrohidine-  -carboxylaic (ACD Name
v12)

To a solution of (R)-(+)-a,0-diphenyl-2-pyrrolidinemethanol (59.9 mg, 0.24 mmol) in THEF
(2.8 mL) was added trimethyloorate (0.034 mL, 0.31 mmol), and the resultant solution was stirred for
90 minutes. The solution was cooled to 0 °C and N, N-diethylaniline borane (0.4 mL, 2.2 mmaol) was
added in portions over 30 minutes with stirring continued at 0 °C. This solution was added via
cannula to a 0°C solution of di-fert-butyl (25,2'5)-2,2'-[(1,4-dioxobutane-1,4-diyDbis(6-fluoro-1-{[2-
(trimethylsilylethoxy Imethyl}-1H-benzimidazole-5,2-diyl)]dipyrrolidine-1-carboxylate (265 mg, .28
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 CH;OH (0.09 mL, 2.2 mmol) was added, and the solution was warmed 1o
room temperature and stirred for 2 hours. 1N HCI was added, and the aqueous solution was extracted
with EtOAc. The combined extracts were washed with brine, dried (Na,SQu), filtered and
concentrated. Purification was run by flash chromatography (0-3% CH;OH/CH,ClL) to give the title

compound (248 mg, 0.26 mmol, 93%).

di~tert-butyl (25,2'5)-2,2"-{[(2R,5R)-1-(4-tert-butylpheny)pyrrolidine-2,5-diyl bis(6-fluoro-1-{[2-
{trimethylsilylethoxylmethyl} -1/-benzimidazole-5,2-diyl) }dipyrrolidine-1-carboxylate (ACD Name
vi2)

To a solution of di-fert-butyl (25.2'5)-2,2'-{[(1S5,45)-1,4-dihydroxybutane-1,4-diy1]bis(6-
flvoro-1-{[2-(trimethylsilyl)ethoxy jmethyl} -1 H-benzimidazole-5,2-diyl) } dipyrrolidine-1-carboxylate
(100 mg, .10 mmol) in CHyCl (I mL) at -20 °C was added triethylamine (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-
tert-Butyl aniline (0.083 mL, 0.52 mmol) was added in one portion, and the solution was allowed 1o
warm 1o room temperature overnight, with stirring. The solution was diluted with EtOAc, washed
with 1N HCL, H,O, and brine, dried (NapSO,), 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-SEM Procedure
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Simultancous 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 HCI in solvents
such as dioxane or methanol or mixtures thereof at {emperature 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-protected compounds oblained 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 Mlustration of General Procedure 23. General Procedure 234

N / N ] ;\
4 ""'»\C N b,
= ¥

6,6"-[(2R,5R)-1-(4-tert-butylphenyl)pyrrolidine-2,5-diyljbis {5-fluoro-2-[(25)-pyrrolidin-2-y1]-1 H-
benzimidazole} (ACD Name v12)
To a solution of di-fert-butyl (252'R)-2,2'-{[(2R,5R)-1-(4-tert-butylphenyl)pyrrolidine-2,5-
15 diyllbis(6-fluoro-1-{[2-(trimethylsilylethoxyimethyl} -1 H-benzimidazole-5,2-diyl) }dipyrrolidine-1-
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 howrs. The cooled solution was concentrated and placed

under vacuum for 1 hour to provide the crude title compound that was used without purification.

20 The following list of diamines
4-bromo-3-methylbenzene-1,2-diamine;
5-bromo-~3-fluorobenzene-1,2-diamine;
4-bromo-3-fluorobenzene-1,2-diamine;
4-bromo-3-chlorobenzene-1,2-diamine; and
25 4-bromo-5-fluorobenzene-1,2-diamine.
can be subjected to a sequence of General Procedures 20/20A, 21/21A, 22/22A, 23/23A 10 give the
following compounds:
6,6'-[1-(4-tert-butyiphenyDpyrrolidine-2,5-diylbis {4-fluoro-2-[(25)-pyrrolidin-2-y1}-1 H-
benzimidazole} (ACD Name v12);
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6,6'-[(2R,5R)-1-(4-tert-butylphenyDpyrrolidine-2,5-diyllbis { 7-fluoro-2-[(25)-pyrrolidin-2-yi]- 1 H-
benzimidazole} (ACD Name v12);

6,6-[(2R,55)-1-(4~tert-butylphenyDpyrrolidine-2,5-diyl]bis { 7-fluoro-2-[{2.5)-pyrrolidin-2-y1]-1 H-
benzimidazole} (ACD Name v12);

6,6'-[(2R,5R)-1-(4-tert-butylphenylpyrrolidine-2,5-diyl]bis { 7-chloro-2-[(25)-pyrrolidin-2-y1}-1 H-
benzimidazole} (ACD Name v12);

6,6'-[(2R,55)-1-(4-tert-butylphenyDpyrrolidine-2,5-diylbis { 7-chloro-2-{(28)-pyrrolidin-2-y1]- 1 A-
benzimidazole} (ACD Name v12);

6,6"-[(2R,5R)-1-(4-tert-butyipheny)pyrrolidine-2,5-diylibis { 7-methyl-2-[ (2S)-pyrrolidin-2-y]-1A-
benzimidazole} (ACD Name v12);

0,6"-[(2R,58)-1-(4-tert-butylphenyDpyrrolidine-2,5-diyllbis { 7-methyl-2-[{2S)-pyrrolidin-2-y1}-177-
benzimidazole} (ACD Name v12);
6,6'-{(2R,5R)-1-[3-fluoro-4-(piperidin-1-yDphenyllpyrrolidine-2,5-diyl} bis {5-fluoro-2-[(2S)-
pyrrolidin-2-yl}-1 H-benzimidazole} (ACD Name vi2);
6,6'-{(2R,5R)-1-{3,5-difluoro-4-(piperidin-1-yDphenyilpyrrolidine-2,5-divl}bis{ 5-fluoro-2-[(25)-
pyrrolidin-2-y1}-1 H-benzimidazole} (ACD Name v12); and
6,6'-{(2R,5R)-1-[3,5-difluoro-4-(4-phenylpiperidin-1-yDphenyllpyrrolidine-2,5-diyl } bis { S-fluoro-2-
[(28)-pyrrolidin-2-y1]-1H-benzimidazole} (ACD Name v12).

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 108.

Pyrrolidines:

(2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)-1-(4-phenoxypheny Dpyrrolidine;
1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyypyrrolidin-1 -y DphenyDpyridin-2(1 H)-one;
(2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)-1-(2,5-difluoro-4-(trifluoromethyphenypyrrolidine;
4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1-y1)-2-fluoropyridine;
1-(4-{(2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin- 1-y1)-2,6-difluorophenyl)-4 4~
diftuoropiperidine;
1-(4-((2R,5R)-2,5-bis(4~chloro-3-nitrophenyl)pyrrolidin-1-y1)-2,6-difluorophenyl)-4-fluoropiperidine;
(2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)-1-(4-((3-cthyloxetan-3-yymethoxy)phenypyrrotidine; and
(1R,585)-3-(4-((2R,5R)-2,5-bis(4~chloro-3-nitrophenylpyrrolidin- 1 ~y1)-2,6-difluorophenyl)-3-

azabicyclo[3.2.0Theptane.

278



WO 2012/051361 PCT/US2011/656045

Example 1.1
methyl {(29)-1-[(25)-2-{5-[(2R,5R)-5-{2-[(28)-1-{(28)-2-[(methoxycarbonyamino]-3-
5 methylbutanoyl}pyrrolidin-2-y1}- 1 H-benzimidazol-5-y1}-1-{(4-phenoxyphenyDpyrrolidin-2-y1}-14-
benzimidazol-2-y1}pyrrolidin-1-yI}-3-methyl-1-oxobutan-2-y1} carbamate

"H NMR (400 MHz, DMSO-de) 8 ppm 0.7% - 0.91 (m, 12 H) 1.70 (d, 1=6.83 Hz, 2 H) 1.86 - 1,96 (m,
2H)1.99 (4, J=2.17THz, 4 H)2.15 - 225 (m, 4 H) 2.55 - 2.61 (m, 2 H) 3.54 (s, 6 H) 3.82 (s, 4 H) 4.06
(4, J=8.40 Hz, 2 H) 5.13 {1, I=7.26 Hz, 2 H) 5.35 - 5.43 (m, 2 H) 6.35 {d, J=9.11 He, 2 H) 6.62 - 6.69

10 (m, 2H)6.71 (d, J=8.02 Hz, 2 H) 6.93 (1, J=7.43 Hz, 1 H) 7.08 (1, J=9.43 Hz, 2 H) 7.18 - 7.25 {m, 3
H) 7.27 - 7.34 (m, 3 H) 7.39(d, J=8.13 Hz, 1 H) 7.47 (d, 1=8.02 Hz, 1 H) 12.05 (d, }=12.04 Hz, 2 H);
MS (ESI+) m/z 924.4 (M+H)'.
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15 Example 1.2
methyt {(29)-1-[(25)-2-(5-{(2R,5R)-5-{2-[(25)-1-{(25)-2-[ (methoxycarbonyDamino]}-3-
methylbutanoyl}pyrrolidin-2-yl}-1 H-benzimidazol-5-y1}-1-[4-(2-oxopiperidin-1-ylphenyl)pyrrolidin-
2-y1} -1 H-benzimidazol-2-yDpyrrolidin-1-y1]-3-methyl-1-oxobutan-2 -yl } carbamate
'H NMR (400 MHz, DMSO-ds) & ppm 0.76 - 0.92 (m, 12 H) 1.66 - 1.76 (m, 6 H) 1.91 (dd, J=13.61,
20 7.54Hz, 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 (m, 2 H) 7.07 (d, J=8.13 Hz, 2 H) 7.22 (s, 1 H) 7.29 (d, J=8.35 Hz, 2
H)Y 733 (s, 1 H) 7.38 (d, J=8.35 Hz, | H) 7.47 (d, J=8.13 Hz, 1 H) 12.04 (s, 2 H); MS (ESI+) m/z
929.5 (M+H)".
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Example 1.3

methyl {(28)-1-[(25)-2-{5-[(25,5R)-1-[2,5-diflvoro-4-(trifluoromethylphenyl]-5- {2-[(25)-1- {(25)-2-

5 [(methoxycarbonylamino]-3-methylbutanoyl} pyrrolidin-2-y1]- 1 F-benzimidazol-5-y1 } pyrrolidin-2-
y1]-1H-benzimidazol-2-yi}pyrrolidin-1-yl}-3-methyl-1-oxobutan-2-y1} carbamate

"H NMR (400 MHz, DMSO-de) 8 ppm 0.76 - 0.94 (m, 12 H) 1.83 - 2.07 (m, § H) 2.14 - 2.28 (m, 4 H)

2.35 - 245 (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,

1=31.50, 3.74 Hz, 4 H) 6.48 - 6.61 (m, 1 H) 7.20 - 7.35 (1, § H) 7.40 - 7.46 (m, 1 H) 7.49 - 7.56 (m, 2

10 H)Y7.58-7.65 (m, 1 H) 12.12 (d, 1=4.66 Hz, 2 H); MS (APCI+) m/z 936.24 (M+H)".

l =
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Example 1.4
methyl {(28)-1-[(285)-2-{5-[(2R,5R)-1-(2-fluoropyridin-4-y1)-5-{2-[(28)-1-{(2.5)-2-
15 [(methoxycarbonyl)amino]-3-methylbutanoy!}pyrrolidin-2-y1}-1 A-benzimidazol-5-y1} pyrrolidin-2-
yi}-1H-benzimidazol-2-yl}pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-yl} carbamate
"H NMR (400 MHz, DMSO-ds) § ppm 0.77 - 0.91 (m, 12 H) 1.32 (id, 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 (1, 2 H) 5.45 - 5.59 (m, 2 1) 5.79 (s, |
20 H)6.18-6.23 (m, 1 H) 7.03 - 7.13 (m, 2 H) 7.23 (s, 1 H) 7.29 (d, ]=8.35 Hz, 2 H) 7.34 (d, J=1.52 Hz,
1 H) 7.42 (d, =8.35 Hz, 1 H) 7.47 - 7.56 (m, 2 H) 12.11 (s, 2 H); MS (ESI+) m/z 851.3 (M+H)".
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Example 1.5
methyl {{25)-1-[(28)-2-{5-[(2R,5R)-1-[4-(4,4-difluoropiperidin-1-y1)-3,5-difluorophenyl]-5-{2-[(25)-
1-{(28)-2-[(methoxycarbonyl)amino ]-3-methylbutanoy! } pyrrolidin-2-y1]-1 A-benzimidazol-5-
5 yhipyrrolidin-2-yi}-1 f/-benzimidazol-2-y1} pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-yl }carbamate
"H NMR (400 MHz, DMSO-de) & ppm 0.74 - 0.93 (m, 12 H) 1.63 - 1.74 (m, 2 H) 1.85 - 2.06 (m, 12
H) 2.19 (dd, J=9.49, 537 Hz, 4 H) 2.86 - 2.96 (m, 4 H) 3.54 (s, 6 H) 3.76 - 3.86 (m, 4 H) 4.07 (1,
J=8.24 Hz, 2 H) 5.09 - 5.20 (m, 2 H) 533 - 5.42 (m, 2 H) 5.92 (d, I=12.90 Hz, 2 H) 7.07 (1, I=7.37
Hz, 2 H) 7.21 (s, 1 H) 7.26 - 7.33 (m, 3 H) 7.41 (d, ]=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 (ESIH) m/z 987.5 (M+H)".

Example 1.6
methyl {1-[(25)-2-{5-[(2R,5R)-1-{3,5-diftuoro-4-(4-fluoropiperidin-1-yDphenyl]-5-{2-[(25)-1-{2-
15 [(methoxycarbonylamino]-3-methylbutanoyl} pyrrolidin-2-y1}-1/7-benzimidazol-5-y1} pyrrolidin-2-
yl-1H-benzimidazol-2-y1} pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-yi} carbamate
"H NMR (400 MHz, DMSO-ds) 8 ppm 0.74 - 0.91 (m, 12 H) 1.63 - 1.71 (m, 6 H) 1.76 - 1.97 (m, 4 H)
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, ]=8.73 Hz, 2 H) 4.58 - 4.78 (m, 1 H) 5.11 - 5.18 (1o, 2 H) 5.33 - 5.43 (m, 2 H) 5.90 (d,
20 I=12.69Hz, 2 H) 7.07 (1,3=7.37 Hz, 2 H) 7.20 (s, | H) 7.26 - 7.32 (m, 3 H) 7.41 (d, J=8.24 Hz, 1 H)
7.49 (d, 1=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 {(28)-1-[(25)-2-{5-[(2R,5R)-1-{4-[(3-ethyloxetan-3-yymethoxyphenyl} -5-{2-[(25)-1-{(25)-
2-[(methoxycarbonyhamino]-3-methylbutanoyl} pyrrolidin-2-y1}-1 H-benzimidazol-5-y1} pyrrolidin-2-
ylj-1/-benzimidazol-2-yl} pyrrolidin-1-y13-3-methyl-1 -oxobutan-2-y1} carbamate
"H NMR (400 MHz, DMSO-ds) 5 12.26 — 11.98 (m, 2H), 7.44 (d, /= 8.2, 1H), 7.37 (d, J = 8.2, 1H),

211), 5.17 - 5.08 (m, 2H), 429 (d,J= 5.7, 2H), 4.22 (d, J= 5.8, 2H), 4.06 (1, J = 8.3, 2H), 3.86 - 3.75
(m, 6H), 3.53 (s, 6H), 2.54 (s, 2H), 2.24 ~ 2.12 (m, 4H), 2.06 — 1.83 {m, 6H), 1.75 ~ 1.62 {m, 4H),
0.91 - 0.74 (m, 15H); MS (ESI+) m/z 946.5 (M+H)".

°=<<> s ;;}
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Example 1.8
methyl {(25)-1-[(28)-2-{5-[(2R,5R)-1-{4-[(1 R,55)-3-azabicyclo[3.2.0Thept-3-y1]-3,5-difluorophenyl} -
5-{2-[(28)-1-{(28)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl} pyrrolidin-2-y1}-1 H-
benzimidazol-5-yl}pyrrolidin-2-y1]-1 H-benzimidazol-2-y1}pyrrolidin-1-y1}-3-methyl-1 -oxobulan-2-
yl}carbamate
"H NMR (400 MHz, DMSO-dg) & ppm 0.82 (s, 12 H) 1.61 (s, 3 H) 1.71 (d, 2 H) 1.97 (m, 9 H) 2.20 (s,
2H)2.74-2.78 (m, 2 H) 2.85 (5, 5 H) 3.53 (5, 6 H) 3.82 (s, 3 H) 4.06 (s, 2 H) 5.14 (5, 2 H) 5.38 (s, 2
H) 5.91 (s, 2 H) 7.09 (s, 1 H) 7.37 (i, 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)", (ESI-) m/z 961.4 (M-HY".
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The following example compounds 2.1-2.17 can b
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pyrrolidine following the methods of General Pr

General Procedure 10B.

Pyrrolidines:
2-(4-({2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1-y)phenyloxazole;
(2R,5R)-1-(4-chloro-3-fluoropheny)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidine;
(2R,5R)-1-(4-(1,3-dioxan-5-yloxy)phenyl)-2,5-bis(4-chloro-3-nifrophenyDpyrrolidine;
(2R,5R)-1-(4-((1,3-dioxolan-4-yDmethoxy)pheny1)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidine;
(2R,5R)-2,5-bis(4-chloro-3-nitropheny!)-1-(4-((3-ethyloxetan-3-ymethoxy)-3,5-
difluorophenyl)pyrrolidine;
1-(4~((2R,5R)-2,5-bis(4-chloro-3 -nitrophenyDpyrrolidin- 1-y1)-2,3,5,6-tetrafluorophenylpiperidine;
(2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)-1-(3-fluoro-4-(methylsulfonyDphenylpyrrolidine  (obtained
by mCPBA  oxidation of  (2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)-1-(3-fluoro-4-
(methylthio)phenylpyrrolidine),
4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyhpyrrolidin-1-y1)-N-tert-butyl-2-fluoroaniline;
1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenylpyrrolidin- 1-y1)-2,6-difluorophenyl)-4-
methylpiperidine;
1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1-y 1)-2,6-difluoropheny)-4-(3-
phenylpropypiperidine;
8-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyDpyrrolidin-1-y1)-2,6-difluorophenyl)-§-
azaspiro[4.5]decane;
1-(4-({2R,5R)-2,5-bis(4-chloro-3-nitrophenyhpyrrolidin-1 -y1)-2,6-difluorophenyl)-4-(naphthalen-2-
yDpiperidine;
2-(1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitropheny Dpyrrolidin-1-y1)-2,6-difluorophenyl)piperidin-4-
yhpyriding;
1-{(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrotidin-1-yi)-2,6-difluorophenyl)-4-(4-
(trimethylsilylphenyDpiperidine;
1-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1-y1)-2,6-difluoropheny!)-4-(naphthalen-1-
yhpiperidine;
1-(4-({2R,5R)-2,5-bis(4-chloro-2-fluoro-5-nitrophenyDpyrrolidin-1-y1)-2,6~difluoropheny1)-3,5-
dimethylipiperidine; and
1-(4~((2R,5R)-2,5-bis(4-chloro-3 -nitrophenyDpyrrolidin- 1 -y 1)-2,6-difluorophenyl)-4-(4-

(trifluoromethyDphenylpiperazine.
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Example 2.1
methyl {(25)-1-{(25)-2-(5-{(2R,5R)-5-{2-[(28)-1-{(25)-2~[(methoxycarbonyDamino]-3-
methylbutanoyl} pyrrolidin-2-y1]-1/-benzimidazol-5-y1}-1-[4-(1,3-0xazol-2-yphenylpyrrolidin-2-

5 yl}-1H-benzimidazol-2-yl)pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-y1} carbamate

"H NMR (400 MBz, DMSO-ds) & ppm 0.74 - 0.91 (m, 12 H) 1.70 - 1.79 (m, 2 H) 1.89 (ddd, J=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=8.80 Hz, 2

H) 7.08 (1, =775 Hz, 2 H) 7.13 (s, 1 H) 7.23 (s, 1 H) 7.28 (d, J=8.24 Hz, 2 H) 7.33 (5, 1 H) 7.39 (d,
10 1=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)".

Example 2.2
methyl {(25)-1-[(28)-2-{5-[(2R,5R)-1-{4-chloro-3-fluoropheny)-5-{2-[(25)-1-{(25)-2-
15 [(methoxycarbonylamino]-3-methylbutanoyl }pyrrolidin-2-y1]- 1 H-benzimidazol-5-y1} pyrrolidin-2-
yl}-1H-benzimidazol-2-yl}pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-y1} carbamate
"H NMR (400 MHz, DMSO-ds) 8 ppm 0.77 - 0.90 (m, 12 H) 1.66 - 1.78 (m, 2 H) 1.88 - 1.95 (m, 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, 1=9.49, 2.01 Hz, I H) 6.22 (dd,
20 J=13.55,2.06 Hz, L H) 7.00 - 7.11 {(m, 3 H) 7.22 (s,  H) 7.28 (d, I=8.57 Hz, 2 H) 7.32 (s, | H) 740
(d, I=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)",
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Example 2.3
methyl {(28)-1-[(28)-2-{5-[(2R,5R)-1-[4-(1,3-dioxan-5-yloxy)phenyl]-5-{2-[(25)-1-{(25)-2-
[(methoxycarbonyhamino]-3-methylbutanoy! }pyrrolidin-2-ylj-1 A-benzimidazol-5-y1} pyrrolidin-2-
5 y1}-1H-benzimidazol-2-yl} pyrrolidin-1-yI}-3-methyi-1-oxobutan-2-yl} carbamate
"H NMR (400 MHz, DMSO-ds) & ppm 12.28 — 11.98 (1, 2H), 7.45 (d, /= 8.1, 1H), 7.37 (d,./ = 8.2,
1H), 7.32 - 7.23 (m, 3H), 7.21 (s, 1H), 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, 1H), 4.67 (d,J = 6.2, 1H), 4.06 (1,.7 = 8.4,
2H), 401 = 3.75 (m, 7TH), 3.68 —3.58 (i, 2H), 3.52 (d. 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)".
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Example 2.4

methyl {(28)-1-{(28)-2-{5-[(2R,5R)-1-[4-(1,3-dioxolan-4-yimethoxy)phenyl]-5-{2-[(25)-1-{(25)-2-
15 [(methoxycarbonyl)amino]-3-methylbutanoy!}pyrrolidin-2-y1]- | H-benzimidazol-5-y1 } pyrrolidin-2-
yi}-1H-benzimidazol-2-y1} pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-yl } carbamate
'H NMR (400 MHz, DMSO-ds) 8 ppm 12.27 — 11.95 (m, 2H), 7.43 (d,.J = 8.1, 1H), 7.35 (d, J = 8.2,
1H), 7.32 - 7.22 (m, 3H), 7.19 (s, IH), 7.03 (t, /= 7.4, 2H), 6.59 - 6.47 {m, 2H), 6.23 (d, J = 8.8, 2H),
539 -527 (m, 2H), 5.16 - 5.04 (m, 2H), 4.83 (&, /=2.6, 1H), 4.74 (s, TH), 422 — 4.12 (m, 1H), 4.04
20 (4, J=28.3,2H),3.88 (1,7 = 7.5, 1H), 3.83 - 3.67 (m, 6H), 3.57 - 3.47 (m, 7H), 2.29 — 1.80 {m, 12H),
1.74 - 1.60 (m, 2H), .93 — 0.71 (m, 12H); MS (ESI+) m/z 934.4 (M+H)".
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Example 2.5
methyl {(25)-1-[(28)-2-{6-[(2R,5R)-1-{4-[(3-cthyloxetan-3-yymethoxy]-3,5-difluorophenyl}-5-{2-
[(29)-1-{(28)-2-[(methoxycarbonylamino]-3-methy Ibutanoyl } pyrrolidin-2-yl}-1 H-benzimidazol-6-
5 y1}pyrrolidin-2-y1}-1 A-benzimidazol-2-y1} pyrrolidin- 1-y1]-3-methyl-1 -oxobutan-2-yl} carbamate

'H NMR (400 MHz, DMSO-dg) 8 12.30 — 12,02 (m, 2H), 7.47 (d, J = 8.3, 1H), 7.40 (d, J = 8.3, 1H),
7.34 = 7.16 (m, 4H), 7.06 (1, 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 (, / = 8.2, 2H), 3.90 — 3.72 (m, 6H), 3.52 (s,
6H), 2.27 ~ 1.81 (i, 12H), 1.73 — 1.60 (m, 4H), 0.91 - 0.69 (m, 15H); MS (ESI+) m/z 982.4 (M+H)".

==

10 e
Example 2.6
methyl {(25)-1-[(28)-2-(6-{(2R,5R)-5-{2-[(28)-1 -{(25)-2-[(methoxycarbonyl)amino]-3-
methylbutanoyltpyrrolidin-2-y1]-1 A-benzimidazol-6-y1}-1-[2,3,5,6-tetrafluoro-4-(piperidin-1 -
yhphenyllpyrrolidin-2-y1} -1 F-benzimidazol-2-ylpyrrolidin-1-y1}-3-methyl-1-oxobutan-2-
15 yl}carbamate
"H NMR (400 MHz, DMSO-ds) 8 12.10 (dd, J = 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 (m, 4H), 2.27 — 1.76 (m, 14H), 1.50 — 1.32 (m, 6H), 0.93 — 0.70 (m, 12H); MS (ESI+) m/z
987.3 (M+H)".
20
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Example 2.7
methyl {(25)-1-[(25)-2-{6-[(2R,5R)-1-[3~fluoro-4-(methylsulfonyDphenyl]-5- {2-[(25)-1-{(25)-2-
[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yl}- 1 FH-benzimidazol-6-y1} pyrrolidin-2-
5 yl}-1-benvimidazol-2-y1pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-y1} carbamate
"H NMR (400 MHz, DMSO-ds) & ppm 0.81 - 0.97 (m, 12 H), 1.30 (s, 2 ), 1.82 (d, J=4.2 Hz, 2 H),
1.90-2.35(m, 12 H), 3.60 (5, 6 H), 3.88 (s, 3 H), 4.13 (1, J=8.3 Hz, 2 H), 5.20 (, I=7.3 Hz, 2 H), 5.62
(s, 2 H), 6.26 - 6.40 (m, I=9.5 Hz, 2 H), 7.15 (d, J=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=8.1 Hz, | H), 12.16 (s, 2 H); MS (ESI+) m/z 928.4 (M+H)", (BSI-)
10 m/z 9263 (M-HY.

ABS

Example 2.8
methyl {(25)-1-[(25)-2-{6-[(2R,5R)-1-{4-[acetyl{tert-butyDamino]-3-fluorophenyl} -5-{2-[(25)-1-
15 {(28)-2-[(methoxycarbonyamino}-3-methylbutanoyl} pyrrolidin-2-y1]- LH-benzimidazol-6-
yl}pyrrolidin-2-yl]-1//-benzimidazol-2-y1} pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-yl} carbamate
Startimg  from  4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenypyrrolidin-1-y1)-N-tert-butyl-2-
fluoroaniline, the initial product of the sequence outlined above was methyl {(25)-1-[(25)-2-{6~
[(2R,5R)-1-[4-(tert-butylamino)-3-fluorophenyl}-5-{2-{(25)-1-{(25)-2-[(methoxycarbonyDamino]-3-
20 methylbutanoyl}pyrrolidin-2-y1}-1H-benzimidazol-6-y1} pyrrolidin-2-y1]-1 H-benzimidazol-2-
yl}pyrrolidin-1-yl]-3-methyl-1-oxobutan-2-yl} carbamate (ACD Name v12). The N-acetyl group was
added by reaction with acetic anhydride/pyridine to provide the title compound. "H NMR (400 MHz,
DMSO-dg) 6 ppm 0.73 - 6.90 (m, 12 H), 1.13 (d, /=5.20 Hz, 9 H), 1.37 - 1.44 (m, 4 H), 1.62 - 1.72
(m, 2H), 1.92 -2.02 (m, 9 H), 2.10 - 2.26 (m, 5 H), 2.51 - 2.58 (m, 2 H), 3.52 (s, 6 H), 3.73 - 3.85 (m,

25 4H),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
287



WO 2012/051361 PCT/US2011/056045

(m, 1 H), 7.08 (dd, /=13.72, 8.29 Hz, 3 H), 7.20 (s, 1 H), 7.24 - 7.31 (m, 4 H), 7.40 (d, J=8.24 Hz, |

Y, 748 (4. =8 13Hz 1 H). 12.01 (. 1 H). 1217 (s, T B MS (ESIH) me/z 964 (MAHY
o) AadiG,meile g, L), A0S, L), TAL (S, L VIS L ) mAz B0 AN
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methyl {(28)-1-[(25)-2-{6-[(2R,5R)-1-[3,5-difluoro-4-(4-methylpiperidin-1-y)phenyl}-5-{2-[(25)-1-
{(28)-2-{(methoxycarbonylamino]-3-methylbutanoyl} pyrrolidin-2-y1}-1 H-benzimidazol-6-
ylipyrrolidin-2-y1}-1/7-benzimidazol-2-y1} pyrrolidin-1-y1}-3-methyi- 1 -oxobutan-2-yi}carbamate

"H NMR (400 MHz, DMSO-ds) § ppm 0.75 - 0.90 (m, 12 H), 1.05 - 1.18 (m, 2 H), 1.24 - 1.37 {m, 2

10 H), 1.45-1.54(m,2H),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, 1=8.35 Hz, 2 H), 5.10 - 5.18 (m, 2 H), 5.35 (q,
J=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, J7=8.24 Hz, 1 H), 747 (d, }=8.13 Hz, | H), 12.06 (d, ]=20.93 Hz, 2 H); MS (ESI+) m/z 966
(M+HY".
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Example 2.10
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methyl {(28)-1-[(25)-2-{5-[(2R,5R)-1-{3,5-difluoro-4-[4-(3 phenylpropyl)plpel1dm 1-yliphenyl}-5

{2-{(25)-1-{(25)-2-[(methoxycarbonylamino}-3-methybutanoyl pyrrolidin-
S-ylipyrrolidin-2-yl}-1 H-benzimidazol-2-y1} pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-y1} carbamate

"H NMR (400 MHz, DMSO-dg) & 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,2H), 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 (1, J=8.46 Hz, 2 H), 5.08 - 5.19 (m, 2 H), 5.28 - 5.46 (m, 2 H), 5.88 (d, /=12.79 Hz, 2

), 7.01 - 7.10 (m, 2 H), 7.10 - 7.33 (m, 9 B), 7.40 (d, /=8.13 Hz, 1 H), 7.48 (d, /=8.13 Hz, 1 H),

11.71 - 12.51 (m, 2 H); MS (ESI+) m/z 1069 (M+H)'; MS (ESI-) m/z 1067 (M-HY".
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10 Exarmple 2.11
methyl {(28)-1-[(25)-2-{5-[(2R,5R)-1-[4~(8-azaspiro[4.5]dec-8-y])-3,5-difluorophenyl}-5- {2-[(25)-1-
{(28)-2-[(methoxycarbonylamino]-3-methylbutanoyl }pyrrolidin-2-y1}-1 -benzimidazol-5-
yl}pyrrolidin-2-y1}-1 H-benzimidazol-2-yl} pyrrolidin-1-y1]}-3-methyl-1-oxobutan-2-yl} carbamate
"H NMR (400 MHz, DMSO-ds) & ppm 0.73 - 0.93 (m, 12 H), 1.29 - 1.43 (m, 9 H), 1.52 (1, J=6.83 Hz,
15 5H),1.68(,2H), 1.81 -2.08(m, 6H),2.10-226(m,4H),2.75(s,4 H),3.54 (s, 6 H),3.82 (5, 4
), 4.06 (t, J=8.40 Hz, 2 1), 5.09 - 5.19 (m, 2 H), 5.29 - 5.46 (m, 2 H), 5.8% (d, J=12.58 Hz, 2 H),
7.03-7.11 (m, 2 H), 7.20 (s, | H), 7.25 - 7.33 (m, 3 H), 7.40 (d, /=8.24 Hz, 1 H), 7.49 (d, /=8.24 Hz,
1 H), 11.63 - 12.57 (m, 2 H); MS (ESI+) m/z 1005 (M+H)'; MS (ESI-) m/z 1003 (M-H)".
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Example 2.12
methyl {(25)-1-[(25)-2-{5-[(2R,5R)-1-{3,5-difluoro-4-[4-(2-naphthyDpiperidin-1-yl]pheny!}-5-{2-
[(28)-1-{(25)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl } pyrrolidin-2-yi}-1 /#-benzimidazol-5-
5 yl}pyrrolidin-2-y1}-1 H-benzimidazol-2-y!} pyrrolidin-1-y{}-3-methyl-1 -oxobutan-2-yl } carbamate
"H NMR (400 MHz, DMSO-ds) & ppm 0.76 - 0.91 (m, 12 H). 1.24 (d, J=2.28 Hz, 2 H), 1.63 - 2.08 (m,
12 H), 2.20 (s, 4 H), 2.86 - 3.19 (m, 5 H), 3.53 (5, 6 H), 3.82 (s, 4 H), 4.06 (1, /=8.29 Hz, 2 H), 5.10 -
5.22 (m, 2 H), 5.32 - 5.48 (m, 2 H), 5.93 (d, J=12.90 Hz, 2 }), 7.03 - 7.16 (m, 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)".
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Example 2.13
methyl {(25)-1-[(25)-2-{5-[(2R,5R)-1-{3,5-difluoro-4-[4-(pyridin-2-yDpiperidin-1-yl]phenyl } -5-{2-
15 [(25)-1-{(25)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl }pyrrolidin-2-yl}-1 H-benzimidazol-5-
yi}pyrrolidin-2-y1}-17/-benzimidazol-2-y1} pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-y1} carbamate
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"H NMR (400 MHz, DMSO-ds) & ppme 0.71 - 1.02 (m, 12 H), 1.62 - 1.83 (m, 6 H), 1.81 - 2.08 (m, 7
(5,6 H),3.82 (s, 4 H), 406 (1,

H), 2.10-2.29 (m, 4 H), 2.47 - 2,63 (m, 2 H), 2.81 - 307 {m, 4 H), 3, 3
J=8.89 Hz, 2 H), 5.10 - 5.21 (m, 2 H), 5.31 - 5.47 (i, 2 H), 5.91 (d, /=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, /=8.24 Hz, 1 H), 7.49 (d, J=8.35 Hz, 1 H),
5 7.62-7.72(m, 1 H), 8.45 (d, /=4.55 Hz, | H), 11.74 - 12.57 (m, 2 H); MS (ESI+) m/z 1028 (M+HY";

MS (ESI) m/z 1026 (M-H)".
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Example 2.14
10 methyl {(29)-1-[(28)-2-{5-[(2R,5R)-1-(3,5-difluoro-4- {4-[4-(trimethylsilyDphenylipiperidin-1-
ylphenyD)-5-{2-[(25)-1-{(25)-2-{ (methoxycarbony Damino]-3-methylbutanoyl } pyrrolidin-2-y1}- 1 74~
benzimidazol-5-y1}pyrrolidin-2-y1]-1 H-benzimidazol-2-y1} pyrrolidin- 1-y1}-3-methyl-1-oxobutan-2-
yl}carbamate
"H NMR (400 MHz, DMSO-ds) 8 ppm 0.20 (s, 9 H), 0.74 - 0.94 (m, 12 H), 1.59 - 1.75 (m, 6 H), 1.83
15 -2.09(m, 7H),2.13-2.29 (m, 4 H), 2.44 - 2.59 (i, 2 H), 2.84 - 3.15 (m, 4 H), 3.53 (5, 6 H), 3.82 (s,
4 H), 4.06 (1, /=8.46 Hz, 2 H), 5.15 (d, /=3.04 Hz, 2 H), 5.31 - 5.47 (m, 2 H), 5.92 (d, /=12.79 Hz, 2
H), 7.04 - 7.14 (m, 2 H), 7.21 (d, /=7.92 Hz, 3 H), 7.27 - 7.37 (m, 3 H), 7.37 - 7.45 (m, 3 H), 7.50 (d,
J=8.02 Hz, 1 H), 12.10 (4, J=17.57 Hz, 2 H); MS (ESI+) m/z 1099 (M+H)"; MS (ESI-) m/z 1097 (M-
Hy.
20
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Example 2.15
methyl {(25)-1-[{(28)-2-{5-[(2R,5R)-1-{3,5-difluoro-4-[4-(1 -naphthyl)piperidin-1-yliphenyl}-5- {2-
[(28)-1-{(28)-2-[(methoxycarbonylamino}-3-methy lbutanoyl }pyrrolidin-2-yl- 1 H-benzimidazol-5-
5 yhpyrrolidin-2-y1}-1 H-benzimidazol-2-yl} pyrrolidin-1 -y1]-3-methyl-1 -oxobutan-2-y1} carbamate
'H NMR (400 MHz, DMSO-ds) & ppm 0.74 - 0.94 (m, 12 H), 1.64 - 2.05 (m, 12 H), 2.13 - 2.29 (m, 3
), 2.45 - 2.62 (m, 2 H), 2.90 - 3.01 (m, J=11.06 Hz, 2 H), 3.08 - 3.25 (1, 2 H), 3.53 (5, 6 H). 3.82 (s,
4 H), 4.06 (1, /=8.29 Hz, 2 H), 5.08 - 5.23 (m, 2 H), 5.32 - 5.52 (m, 2 H), 5.94 (d, J=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 (d, ./=8.35 Hz, 1 H), 7.86 - 7.95
10 (m, [ H), 8.14 (d, /=8.24 Hz, | H), 11.61 - 12.69 (m, 2 H); MS (ESI+) m/z 1077 (M+H)"; (ESI-) m/z
1075 (M-HY.
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Example 2.16
15 methyl {(25)-1-[(25)-2-{5-[(5R)-1-[4-(3,5-dimethylpiperidin-1-y1)-3,5-diffucrophenyl}-5- {6-fluoro-2-
[(285)-1-{(25)-2-[(methoxycarbonylamino]-3-methylbutanoy! } pymrolidin-2-y1]-1 H-benzimidazol-5-
vl}pyrrolidin-2-yl]-6-fluoro-1 H-benzimidazol-2-y1} pyrrolidin- 1-y{}-3-methyl-1 -oxobutan-2-
yl}carbamate
"H NMR (400 MHz, DMSO-dg) 8 ppm 0.64 - 0.94 (m, 18 H) 1.56 - 1.73 (1, 4 H) 1.75 - 1.93 (m, 6 H)
200 1.95-2.06(m,6H)2.12 -2.26 (m,4H)2.69-2.79 (m, | H)3.20-3.29 (m, | H)3.53 (5, 6 H) 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, 7=3.90, 1.95 Hyz, 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 ) 12.08 - 12.16 (m, 1 H) 12.23 - 12.31 (m, 1 H); MS (APCI+) m/z 1016 (M+H)'.
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Example 2.17
methyl {(28)-1-[(28)-2-{5-[(2R,5R)-1-(3,5-difluoro-4- {4-[4-(trifluoromethyl)phenyl]piperazin-1-
yiiphenyl)-5-{2-[(25)-1-{(25)-2-[(methoxycarbonyDamino]-3-methy butanoyl} pyrrolidin-2-y1}- 1 /-
benzimidazol-5-yl}pyrrolidin-2-y1]-1//-benzimidazol-2-yl} pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-
vl}carbamate
"H NMR (400 MHz, DMSO-dg) 8 ppm 0.69 - 0.96 (m, 14 H) 1.10 - 1.29 (m, 2 H) 1.69 (m, 2 H) 1.99
(mn, 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 )
5.39 (m, 2 H) 5.95 (m, 2 H) 7.03 (d, ]=8.78 Hz, 2 H) 7.22 (m, 2 H) 7.24 - 7.36 (1, 2 H) 7.40 - 7.56
(m, 4 H) 12.06 (s, 2 H); MS (ESI+) m/z 1096.4, (ESI-) m/z 1094.3.

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:
($)-6,6'-((2R,5R)-1-(4-(pyridin-2-yDphenyDpyrrolidine-2,5-diyDbis(2-((S)-pyrrohidin-2-y1)-1 H-
benzo[dlimidazole);
(5)-6,6'-((2R,5R)-1-(3~chloro-4-(trifluoromethoxy)phenyl)pyrrolidine-2,5-diyDbis(2-{(S)-pyrrolidin-2-
y)-LH-benzo[djimidazole);
(8)-6,6'-((2R,5R)-1-(4-(2-methoxyethoxy)phenyDpyrrolidine-2,5-diyHbis(2-((S)-pyrrolidim-2-y1)-1 H-
benzo[d]imidazole);
(5)-6,6'-((2R,5R)-1-(4-chlorophenyl)pyrrolidine-2,5-diyl)bis(2-((S)-pyrrolidin-2-y1)-177-
benzo[d]imidazole);
(8)-6,6'-((2R,5R)-1-(biphenyl-4-yDpyrrolidine-2,5-diyDbis(2-((S)-pyrrolidin-2-y1)-1F-

benzo[dlimidazole);
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($H-6,6-((2R,5R)-1-(4-teri-butylphenypyrrolidine-2,5-diyl}bis(2-((S)-pyrrolidin-2-y1)- 1 -
benzol[d}imidazole);

{(S,8)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(piperidin-1 -yDhphenyDpyrrolidine-2,5-diyDbis(2-((25,45)-4-
methoxypyrrolidin-2-y1)-1 H-benzo[d}imidazole);
(5,8)-6,6-((2R,5R)-1-(3,5-difluoro-4-(piperidin-1-yhphenypyrrolidine-2,5-diy)bis(2-((25,45)-4-
fluoropyrrolidin-2-y1)-1#-benzo[dlimidazole);
(S,5)-6,6'“((2R,5R)-1-(4-fluorophenypyrrolidine-2,5-diy)bis(2-((25,45)-4-fluoropyrrolidin-2-y1)- LH-
benzol[dlimidazole);

(8,5)-6,6'-((2R ,5R)-1-(4-fluorophenyDpyrrolidine-2,5-diyl)bis(2-((25,45)-4-methoxypyrrolidin-2-y1)-
1 H-benzo[dlimidazole);
(8)-6,6'-((2R,5R)-1-(4-tert-butylphenylpyrrolidine-2,5-diyDbis(2-({S)-5,5-dimethylpyrrolidin-2-yl)-

1 H-benzo[dJimidazole);
(S,5)-6,6'-((2R,5R)-1-(4-tert-butylphenyl)pyrrolidine-2,5-diybis(2-((25,45)-4-fluoropyrrolidin-2-yl)-
| FH-benzo[djimidazole);
(8)-6,6'-((28,59)-1-(4-cyclopropyl-2-fluorophenyl)pyrrolidine-2,5-diyhbis(2-((S)-pyrrolidin-2-y)- 1 H-
benzo[d]imidazole);

(8)-6,6'-((2R,5R)- 1 -(3-fluoro-4-(piperidin-1-yDphenyDpyrrolidine-2,5-diyDbis(2-((S)-pyrrolidin-2-y1}-
1 H-benzo[d]imidazole);
($)-6,6'-({2R,5R)-1-(3,5-difluoro-4-(piperidin-1-yDpheny)pyrrolidine-2,5-diyDbis(2-((S)-pyrrolidin-
2-yD-1 H-benzo[d]imidazole);

(8)-6,6'-((2R,5R)-1-(3-fluoro-4-(4-phenylpiperidin-1 -yDphenylpyrrolidine-2,5-diyDbis(2-((S)-
pyrrolidin-2-y1)-1 H-benzo[d]imidazole);
(8)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-phenylpiperidin-1-yDphenyDpyrrolidine-2,5-diy)bis(2-((S)-
pyrrolidin-2-y1)-1/{-benzo[dJimidazole);
(S)-6,6'-((2R,SR)-1-(3,5-difluoro-4-(piperidin-1-yDphenyDpyrrolidine-2,5-diy)bis(2-((3.5)-2-
avzabicyclo[2.2.1Theptan-3-y1)- 1 H-benzo[d]imidazole);
(8)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(pipendin-1 -yDphenyl)pyrrolidine-2,5-diy Dbis(2-((S)-indolin-2-
y)-1H-benzo[dlimidazole);
(S)-6,6'-((2R,5R)-1-(4-tert-butylphenylypyrrolidine-2,5-diy)bis(2-((S)-4-methylenepyrrolidin-2-y1)-
1H-benzo[dlimidazole);

(S,5,5)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-phenylpiperidin- L -ylphenyDpyrrolidine-2,5-diyhbis(2-
((28,3a8,6aS)-octahydrocyclopentalb]pyrrol-2-y)-1H-benzo[d Jimidazole);
(S,S,5)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(piperidin-1-yDphenypyrrolidine-2,5-diybis(2-
((28,3a8,6aS)-octahydrocyclopenta[b]pyrrol-2-yl)-1H-benzo{dlimidazolc);
($)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-phenylpiperidin-1-yDphenylpyrrolidine-2,5-diybis(2-({5)-
pyrrolidin-2-y1)-1#-benzofdlimidazole);
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6,6'-{(2R,5R)-1-[3,5-diftuoro-4-(piperidin-1-yDphenylipyrrolidine-2,5-diyl} bis {5-fluoro-2-[(25)-
pyrrolidin-2-yij-1 H-benzimidazoie} (ACD Name vi2);
(8,8,8)-6,6'-((2R,5R)}-1-(3,5-difluoro-4-(piperidin-1-yphenyDpyrrolidine-2,5-diyDbis(5-fluoro-2-
{(28,3a8,6a8)-octahydrocyclopenta[bipyrrol-2-y1)-1H-benzo[dJimidazole);
(8)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-(4-fluorophenyl)piperidin-1-yphenylpyrrolidine-2,5-
diyDybis(2-{({S)-pyrrolidin-2-y1)-1H-benzo[d}imidazole);
(S)-6,6'-({2R,5R)-1~(3,5-diflnoro-4-(4-(3-(trimethylsilyDphenyDpiperidin-1 -yDpheny!pyrrolidine-
2,5-diyhbis(2-((S)-pyrrolidin-2-y1)- 1 H-benzo[djimidazole);

(S)-6,6'-((2R,5R)-1~(4-(4-(3 ,4-difluorophenyDpiperidin-1-y1)-3,5-difluorophenyl)pyrrolidine-2,5-
diyhHbis(2-((S)-pyrrolidin-2-y1)-1H-benzo[d hmidazole);
{S)-6,6'-((2R,5R)-1-(4-(4-(3,5-difluorophenylpiperidin-1-y1)-3,5-diflvorophenyl)pyrrolidine-2,5-
diyDbis(2-((S)-pyrrolidin-2-yi)- 1 H-benzo{dJimidazole);
($)-6,6'-((28,5R)-1-(2-(4-phenylpiperidin-1-yDpyrimidin-S-yDpyrrolidine-2,5-diyDbis(5-fluoro-2-
((S)-pyrrolidin-2-y1)-1H-benzo[d]imidazole);

(8)-6,6'-((2S,5R)-1-(Z~(piperidin- I -yDpynmidin-5-yDHpyrrolidine-2,5-diyijbis(5-fluoro-2-((S)-
pyrrolidin-2-y1)-1H-benzo[dJimidazole);
(S)-6,6'-((2R,5R)-1-(4-(4-(2,6-difluorophenyl)piperazin-1-y1)-3,5-difluorophenylpyrrolidine-2,5-
diyDbis(5-fluoro-2-((S)-pyrrolidin-2-y1)- 1H-benzo[dJimidazole);
(S)-6,6'-((28,59)-1-(4-(4-(2,6-difluorophenyl)piperazin-1-y1)-3,5-difluorophenyDpyrrolidine-2,5-
diyDbis(§-fluoro-2-((S)-pyrrolidin-2-y1)- L H-benzo[dlimidazole); and
(8)-6,6-((ZR,5R)-1-(3,5-difluoro-4-(4-(4-fluorophenyl)piperidin-1 -yDphenylpyrrolidine-2,5-
diyDbis(5-fluoro-2-((S)-pyrrolidin-2-y1)-1 H-benzo[d]imidazole).

Intermediate acids:

(8)-2-(methoxycarbonylamino)-3-methylbutanoic acid;
{S)-2-(methoxycarbonylamino)-2-(tetrahydro-2 [f-pyran-4-ylacetic acid;
(S)-2-cyclohexyl-2-(methoxycarbonylamino)acetic acid;
(S)-2-cyclopentyl-2-(raethoxycarbonylaminolacetic acid;
{(S)-2-(methoxycarbonylamino)-3,3-dimethylbutanoic acid;
(25,3R)-3-methoxy-2-(methoxycarbonylaminobutanoic acid;
(28,38)-3-methoxy-2-(methoxycarbony lamino))butanoic acid,
(5)-2-(methoxycarbonylamino)-2-((R)-tetrahydrofuran-3-ylacetic acid;
(S)-2-(methoxycarbonylamino)-2-((S)-tetrahydrofuran-3-yl)acetic acid;
(8)-2-(2,3-dihydro- L H-inden-2-y1)-2-(methoxycarbonylamino)acetic acid;
2-(tert-butoxycarbonylamine)acetic acid;

2-(methoxycarbonylamino)-3-methylbut-2-enoic acid;
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(S)-tetrahydrofuran-2-carboxylic acid
(S)-3-ethyl-2-(methoxycarbonylamino )pentanoic acid; and

(S)-2-(ethoxycarbonylamino)-3-methylbutanoic acid.

f8s -~
i
N
Ii\ P
N s
[N N \— N
N\ \/\\ i “
L‘N\/ \N/ / \h_J \ P / ~
Vo o M- -
/A Sl
N 7
o N
/ '\( S
o Y K
)

Example 3.1
methyl {(25)-1-[(28)-2-(5-{(2R,5R)-5-{2-[(25)-1-{(28)-2-[(methoxycarbonyDamino]-3-
methylbutanoy!}pyrrolidin-2-yl]-14-benzimidazol-5-yl1}-1-[4-(pyridin-2-yDphenyl]pyrrolidin-2-yl}-
1 H-benzimidazol-2-yDpyrrolidin-1-yl]-3-methyl-1-oxobutan-2-y1} carbamate

"H NMR (400 MHz, DMSO-ds) 8 ppm 12.28 ~ 11.98 (m, 2H), 8.42 (d, J = 4.4, 1H), 7.70 — 7.56 (m,
4H), 746 (d, J = 8.2, 1H), 7.38 (d,J = 8.2, 1H), 7.34 (s, 1H), 7.30 — 7.20 (m, 3H), 7.16 — 7.02 (m,
3H), 6.42 (d, J= 8.7, 2H), 5.56 — 5.42 (m, 2H), 5.18 ~ 5.06 (m, 2H), 4.03 (t, /= 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 (ESI+) m/z 909.5 (M+H)".
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Example 3.2
methyl {(25)-1-[(28)-2-{5-[(2R,5R)-1-[3-chloro-4-(trifluoromethoxy)phenyl]-5-{2-[(25)-1-{(25)-2-
{(mcthoxycarbonyljamino}-3-methylbutanoyl}pyrrolidin-2-yl}-17-benzimidazol-5-y1} pyrrolidin-2-
yl1}-1H-benzimidazol-2-yl} pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-y1} carbamate

"H NMR (400 MHz, DMSO-dg) & ppm 12.31 — 12.01 (m, 2H), 7.48 (d, /= 7.9, 1H), 7.40 (d, J = 8.2,
1H), 7.34 — 7.17 (m, 4H), 7.15 — 6.99 (m, 3H), 6.44 (s, 1H), 6.30 (d, /= 8.9, 1H), 5.55 — 5.37 (m, 2H),
5.19 - 5.04 (m, 2H), 4.04 (t, /= 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)".

296



WO 2012/051361 PCE/US2611/056045

w3
p
{
(f/‘
N
N Z 50 SN
I f WoooR i
' S L M . Ji 4
AL o
. Ne—
j—e 0 O
/ \N >.<
ey I
Pt \
° 70
o \

Example 3.3
methyl {(28)-1-[(25)-2-(5-{2R,5R)-5-{2-[(25)-1-{(25)-2-[(methoxycarbonyl Jamino -3~

methylbutanoyl}pyrrolidin-2-yl]-1/-benzimidazol-5-y1} -1 -[4-(2-methoxyethoxy)phenyl [pyrrolidin-2-
5 y1}-1H-benzimidazol-2-ypyrrolidin-1-y1]-3-methyl-1-oxobutan-2-y1} carbamate

"H NMR (400 MHz, DMSO-dg) 8 ppm 12.27 — 11.97 (m, 2H), 7.44 (d,.J = 8.4, 1H), 7.36 (d, J = 7.7,

1H), 7.33 = 7.25 {m, 3H), 7.20 (s, 1 H), 7.12 — 7.00 (m, 2H), 6.58 — 6.47 (m, 2H), 6.24 (d, .7 = 9.0, 2H),

540 ~5.27 (m, 2H), 5.19 — 5.08 (m, 2H), 4.06 (1, ./ = 8.3, 2H), 3.88 - 3.76 (1, 6H), 3.54 (5, 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 — (.74 (m, 12H); MS
10 (ESIH) m/z 906.4 (M+H)".

T o>"° \

Example 3.4
methyl {(25)-1-[(25)-2-{5-[(2R,5R)-1-(4-chloropheny!}-5-{2-[(25)-1-{(25)-2~
15 [(methoxycarbonyl)amino]-3-methylbutanoyl }pyrrolidin-2-y1}- L A-benzimidazol-5-yl pyrrolidin-2-
yl}-14-benzimidazol-2-yl} pyrrolidin-1-y13-3-methyl-1-oxobutan-2-y1} carbamate

"H NMR (400 MHz, DMSO-de) 6 ppm 12.05 (s, 2H), 7.44 (d, /=82, 1H), 7.36 (d, J = 8.1, 1H), 7.31

—7.22 (m, 3H), 7.19 (s, 1H), 7.03 (, /= 8.2, 2H), 6.94 — 6.83 (m, 2H), 6.29 (d, J = 9.1, 2H), 5.42 —

532 (m, 2H), 5.16 — 5.04 (m, 2H), 4.04 (1, 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 (ESI+) m/z 866.4 (M+H)".
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Example 3.5

methyl {(25)-1-[(25)-2-{5-[(2R,5R)-1-(biphenyl-4-y1}-5- {2-[(2.5)-1-{(28)-2-
[(methoxycarbonylamino]-3-methylbutanoyl}pyrrolidin-2-y1]- 1 H-benzimidazol-5-y1} pyrrohidin-2-
5 yil-1H-benzimidazol-2-yl} pyrrolidin-1-yl}-3-methyl-1-oxobutan-2-yl} carbamate
"H NMR (400 MHz, DMSO-dy) 8 12.11 — 11.66 (m, 2H), 7.47 (d, J = 8.3, 1H), 7.43 — 7.33 (m, 4H),
7.32 =719 (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 (m,
2H), 4.05 (t, J = 8.2, 2H), 3.87 — 3.76 (m, 4H), 3.53 (s, 6H), 2.25 ~ 2.11 (m, 4H), 2.05 ~ 1.62 {m,
10H), 0.91 — 0.74 (m, 12H); MS (ESI+) m/z 908.5 (M+H)".

ABS

Example 3.6
dimethyl ([(2R,5R)-1-(4-tert-butylphenyl)pyrrolidine-2,5-diyl]bis {1 A-benzimidazole-5,2-
divl(2S)pyrrolidine-2,1-diyl[(15)-2-0x0-1~(tetrahydro-2H-pyran-4-yDethane-2,1 -diyl}} )biscarbarnate
15 'H NMR (400 MHz, DMSO-ds) & ppm 1.07 (s, 9H) 1.22 - 1.32 (m, 2 H) 1.42 - 1.57 (m, 4 H) 1.64 -
1.72 (m, 2 F1) 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
(m, [ 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, }=3.04
Hz, 4 H) 4.14 (q, J=8.10 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
200 (d,1=9.43Hz, | H) 11.99 - 12.12 (m, 2 H); MS (ESI+) m/z 972.5 (M+H)".
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Example 3.7
methyl {(29)-1-[(25,45)-2-{5-[(2R,5R)-1-[3,5-difluoro-4-(piperidin-1-yDphenyl]-5-{2-[(25.45)-4-
methoxy-1-{(25)-2-[(methoxycarbonyDamino]-3-methylbutanoyl} pyrrolidin-2-y13-1 H-benzimidazol-
5 5-ylypyrrolidin-2-y1]-1 H-benzimidazol-2-y1} -4-methoxypyrrolidin-1 -yl}-3-methyl-1-oxobutan-2-
yi}carbamate
'H NMR (500 MHz, DMSO-dg) & ppm 0.76 - 0.87 (m, 12 H) 1.35 - 1.40 (m, 2 H) 1.45 (s, 4 H) 1.66 -
1.72 (m, 2 H) 1.95 (dd, J=13.28, 7.17 Hz, 2 H) 2.14 (1d, J=12.32, 5.87 Hz, 2 1) 2.41 - 2.46 (m, 2 H)
2.76 (s, 4 H) 3.03 - 3.18 (m, 2 H) 3.25 (d, J=3.66 Hz, 6 H) 3.54 (s, 6 H) 3.64 (td, J=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 (1n, 2 H) 5.31 - 5.39 (m, 2 H) 5.88 (d, J=12.66
Hz, 2H)7.06 (1,]=8.47 Hz, 2 H) 7.21 - 7.31 (1n, 4 H) 741 (d, J=8.09 Hz, 1 H) 7.48 (dd, }=8.39, 1.83
v, 1 H) 11.81 - 11.91 (m, 2 H); MS (ESI+) m/z 1011.6 (M+H)".

ABS
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15 Example 3.8

methyl {(25)-1-{(25,45)-2-{5-[(2R,5R)-1-[3,5-difluoro-4-(piperidin-1-y)phenyl]-5-{2-[(25,45)-4~
fluoro-1- {(2.5)-2-[(methoxycarbonyl)amino}-3-methylbutanoyl} pyrrolidin-2-y1}-1 F-benzimidazol-5-
ylypyrrolidin-2-y1]-1 H-benzimidazol-2-yl} -4-fluoropyrrolidin-1-yl]-3-methyl-1 -oxobutan-2-
yl}carbamate
20 'HNMR (500 MHz, DMSO-ds) & 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, 2 H) 2.76 (s, 4 H) 3.08 - 3.19 (m, 2 H) 3.55
(s, 6 H)3.99 - 4.26 (m, 6 H) 5.30 - 5.39 (m, 4 H) 5.47 (d, J=53.41 Hz, 4 H) 5.89 (d, J=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 #1); MS (ESI+) m/z 987.5 (M+H)".

FMNQ ...... 6/@ } O;
/D_(): ?} N

5 Example 3.9
methyl {(25)-1-[(25,45)-4-fluoro-2-{5-[(2R,5R)-5-{2-[(25,45)-4-fluoro-1-{(25)-2-
[(methoxycarbonyliamino]-3-methylbutanoy!} pyrrolidin-2-y1]-1 H-benzimidazol-5-y1}-1-(4-
fluorophenyl)pyrrolidin-2-y1}-1 -benzimidazol-2-yl }pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-
yl}carbamate
10 "H NMR (400 MHz, DMSO-ds) & 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 (m, 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,
2H)7.02-712(m, 2 H) 7.17 (s, 1 H) 7.24 - 7.34 (m, 2 H) 7.39 (1, }=7.92 Hz, 2 H) 7.47 (dd, ]=20.38,
8.35Hz, 1 H) 11.78 - 12.06 (m, 2 H); MS (ESI+) m/z 886.4 (M+H)".
15

ABS

Example 3.10
methyl {(29)-1-{(285,48)-2-{5-[(2R,5R)-1-(4-fluorophenyl)-5-{2-[(25,45)-4-methoxy-1-{(25)-2-
[(methoxycarbonyl)amino]-3-methylbutanoy!}pyrrolidin-2-y1}-1 H-benzimidazol-5-y1} pyrrolidin-2-

20 y11-1 H-benzimidazol-2-yl}-4-methoxypyrrolidin- 1 -y1]-3-methyl-1-oxobutan-2-yl} carbamate

"H NMR (400 MHz, DMSO-dg) & ppm 0.77 - 0.90 (m, 12 H) 1.66 - 1.76 (m, 2 ¥) 1.88 - 2.01 (m, 2 H)

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 - 430 (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, }=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, I=8.24 Hz, 1 H) 11.81 (s, 2 H); MS (ESI+) m/z 910.4 (M+H)'.
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Example 3.11
methyl {(25)-1-[{55)-5-{5-[(2R,5R)-1-(4-tert-butylphenyl)-5-{2-[(25)-1-{(25)-2-
5 [(methoxycarbonyljamino]-3-methylbutanoyl}-5,5-dimethylpyrrolidin-2-y1}-1/-benzimidazol-5-
yi}pyrrolidin-2-y11-1//~benzimidazol-2-y1}-2,2-dimethylpyirolidin-1-y1]-3-methyl- 1 -oxobutan-2-
yl}carbamate
'H NMR (400 MHz, DMSO-ds) 8 ppm 0.81 (d, J=6.61 Hz, 6 H) 0.89 (d, ]=6.72 Hz, 6 H) 1.07 (5, 9 H)
138 (s, 6 H) 1.62 (s, 6 H) 1.68 -~ 1.77 (m, 4 H) 1.82 (s, 2 H) 1.94 (dd, J=13.61, 6.78 Hz, 2 H) 2.10 -
10 2.18(m, 2 H) 227 (dd, J=4.12, 2.60 Hz, 2 H) 3.15 (d, J=3.36 Hz, 6 H) 3.96 - 4.03 (in, 2 ) 5.30 - 5.43
(m, 6 H) 6.24 - 6.31 (m, 2 H) 6.70 (t, J=6.67 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, J=7.59 Hz, 1 1) 7.49 (d, I=8.78 Hz, 1 H) 12.16 (d, J=29.28
Hz, 2 H); MS (ESI+) m/z 944.5 (M+H)".

/o—~-<o /— 0%0\
15
Example 3.12

methyl {(28)-1-[(25,48)-2-{5-[(2R,5R)- 1 -(4-tert-butylphenyl)-5-{2-[(2S5,45)-4-fluoro-1 - {(25)-2-
[(methoxycarbonylamino]-3-methylbutanoyl}pyrrolidin-2-y1}-1H-benzimidazol-5-y1 } pyrrolidin-2-
yl]-1 H-benzimidazol-2-y1} -4-fluoropyrrolidin-1-y1}-3-methyl- 1 -oxobutan-2-yl}carbamate

20 'H NMR (400 MHz, DMSO-dg) 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, 7=53.24 Hz, 2 H) 6.23 - 6.29 (m, 2 H)
6.91 (d, 7=8.89 Hz, 2 H) 7.03 - 7.11 (m, 2 H) 7.23 (d, J=3.47 Hz, 1 H) 7.28 (s, 1 H) 7.39 (dd, J=8.08,
4.72 Hz, 3 H) 7.44 (d, ]=8.57 Hz, 1 H) 11.80 (d, J=20.06 Hz, 2 H); MS (ESI+) m/z 924.4 (M+H)".
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Example 3.13
methyl {(25,3R)-1-[(28)-2-{5-[(25,55)-1 -(4-cyclopropyl-2-fluoropheny)-5-(2- {(25)-1-[N-
5 (methoxycarbonyl)-O-methyl-L-threonyllpyrrolidin-2-y1} - 1 H-benzimidazol-5-yDpyrrolidin-2-yl]- 1 H-
benzimidazol-2-y1}pyrrolidin-1-y1]-3-methoxy-1-oxobutan-2-y1} carbamate
"H NMR (500 MHz, DMSO-dg) & 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, 1 H) 1.82 (5,2 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 - 438 (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,
J=8.24 Hz, 2 H) 12.05 (d, J=16.63 Hz, 2 H); MS (ESI+) m/z 922.4 (M+H)", (ESI-) m/z 920.3 (M-H).
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Example 3.14
15 tert-butyl {2-[(28)-2-(5-{(25.55)-5-{2-[(25)-1- {[(zert-butoxycarbonyl)aminoJacetyl} pyrrotidin-2-y1]-
117-benzimidazol-5-y1}-1-[3-fluoro-4-(piperidin-1-yhphenyl]pyrrohidin-2-y1} -1 H-benzimidazol-2-
yhpyrrolidin-1-yl}-2-oxoethyl} carbamate
"H NMR (400 MHz, DMSO-dg) 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 (ESI+) m/z 933.4 (M+H)", (BSI-) m/z 931.4 (M-HY.
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Example 3.15
methyl {(25)-1-[(25)-2-{5-[(2S5,55)-1-[3-fluoro-4-(piperidin-1-yDphenyl}-5-{2-[(25)-1-{(25)-2~
[(methoxycarbonyl)aminol-3-methylbutanoyl}pyrrolidin-2-y1}-1 A-benzimidazol-5-y 1} pyrrolidin-2-
5 yl]-1A-benzimidazol-2-yl} pyrrolidin-1-yl]-3-methyl-1-oxobutan-2-y1} carbamate

"H NMR (400 MHz, DMSO-dg) & ppm 0.73 - 0.93 (m, 12 H) 1.32 - 1.57 (m, 6 H) 1.58 - 2.06 (m, 14
H) 2.18 (s, 4 H) 2.67 (dd, J=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, /=6.02,2.11 Hz,2 H) 6.04 (s,2 H) 6.65 (s, L 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)", (BSI-) m/z 931.4 (M-H)".
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Example 3.16

methyl {(25,3R)-1-[(25)-2-{5-[(25,55)-1-[ 3-fluoro-4-(piperidin-1-yhphenyl]-5-(2- {(25)-1-[ V-
(methoxycarbonyl)-O-methyl-L-threonylipyrrolidin-2-y1}- 1 H-benzimidazol-5-yDpyrrolidin-2-y1]-1 H-

10

benzimidazol-2-yl}pymrolidin-1-y1}-3-methoxy-1-oxobutan-2-yl}carbamate
15 "HNMR (400 MHz, DMSO-dg) 8 ppm 1.00 - 1.14 (m, 6 H) 1.33 - 1.55 (m, 6 H) 1.59 - 2.28 (m, 14 H)
2.58-2.71 (m, 4 H) 3.10-3.27 (m, 6 H) 3.54 (d, /~1.41 Hz, 6 }) 3.71 - 3.90 (in, 6 H) 4.21 - 4.33 (m,
2 H)5.02 - 5.22 (m, 2 H) 5.37 (dd, /=6.02, 2.01 Hz, 2 H) 6.04 (s, 2 H) 6.58 - 6.84 (m, 1 H) 7.06 (d,
J=22.88 Hz, 2 H) 7.16 - 7.32 (1, 2 H) 7.39 (d, /=8.13 Hz, 2 H) 11.90 - 12.34 (m, 2 H);, MS (ES[+)
m/z 965.5 (M+H)', (ESI-) m/z 963.3 (M-H)".
20
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Example 3.17
dimethy! {{(25,55)-1-(4-tert-butylphenyl)pyrrolidine-2,5-diyl]bis[ 1 F-benzimidazole-5,2-
diyl(28)pyrrolidine-2,1-diyl(3-methyl-1-oxobut-2-ene-1,2-diyl)] } biscarbamate
5 TH NMR (400 MHz, DMSO-dg) 8 ppm 0.87 - 1.20 (m, 9 H) 1.60 - 1.77 {1, 14 H) 1.80 - 2.35 (m, 10
H)3.16 -3.79 (m, 10 H) 5.14 (s, 2 H) 537 (s, 2 H) 6.24 (d, J=3.04 Hz, 2 H) 6.92 (dd, J=8.57, 6.29
Hz, 2 H) 7.11 (8, 3 H) 7.31 (s, 1 H) 7.39 (d, /=8.13 Hz, 1 H) 7.50 (d, /=8.24 Hz, 1 H) 8.89 (d, 2 H)
11.64 - 12.14 (m, 2 H); MS (ESI+) m/z 884.5 (M+H)", 918.4 (M+NH;+NH,)".
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Example 3.18
dimethy! ({(2R,5R)-1-[3,5-difluoro-4-(piperidin-1-yl)phenyljpyrrolidine-2,5-diyl}bis {1 /7-
benzimidazole-5,2-diyl(2S)pyrrolidine-2, 1 -diyl[(1.5)-2-0x0-1 -(tetrahydro-2H-pyran-4-y)ethane-2, 1 -
diyl]})biscarbamate
15 'H NMR (400 MHz, DMSO-ds) 8 ppm 1.13 - 1.33 (m, 4 H) 1.36 - 1.57 (m, 10 H) 1.65 - 1.71 (m, 2 H)
1.79-1.90 (m, 2 H) 1.96 - 2.03 (m, 4 H) 2.13-2.26 (m, 4 H) 2.76 (5, 4 H) 2.93 - 3.15 (m, 4 H) 3.53
(s. 6 H) 3.62 (dd, J=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, J=8.35 Hz, 2 H) 741 (d, }=7.92 Hz, 1 H) 7.47 {d, ]=6.94 Hz, 1 H) 12.05 (d,
20 I=1.73Hz, 1 H)12.15(d,J=2.17 Hz, 1 H); MS (BSI+) m/z 1035.5 (M+H) .
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Example 3.19
methyl {{28)-1-[(35)-3-{5-[(2R,5R)-1-[3,5-difluoro-4-(piperidin-1-yphenyl}-5-{2-[(3.5)-2- {{25)-2-
[(methoxycarbonyDamino]-3-methylbutanoyl}-2-azabicyclo{2.2.1 Thept-3-yl1]-1//-benzimidazol-5-
5 ylpyrrolidin-2-y1}-1/-benzimidazol-2-y1} -2-azabicyclo[2.2. 1 Thept-2-y1}-3-methyl-1 -oxobutan-2-
yl}carbamate
"H NMR (400 MHz, DMSO-de) & 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 F) 1.64 - 1.70 (m, 4 H) 1.72 - 1.79 (m, 4 H) 1.84 - 1.90 (m, 2 ) 1.92 - 1.98
(m, 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 (5, 2 H) 4.59 (d,
10 J=7.48 Hz, 2 H) 532 - 5.41 (m, 2 H) 5.89 (d, I=12.58 Hz, 2 H) 7.07 (d, J=7.70 Hz, 2 H) 7.18 (d,
7=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 H) 12.01
(dd, J=12.58, 1.08 Hz, 2 H); MS (ESI+) m/z 1003.4 (M+H)'.
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15 Example 3.20

methyl {(28)-1-[(25)-2-{5-[(2R,5R)-1-[3-fluoro-4-(4-phenylpiperidin-1-yDphenyl]-5-{2-[(25)-1-
{(25)-2-[(methoxycarbonyamino]-3-methylbutanoyl} pyrrolidin-2-y1]- 1 4-benzimidazol -5-
yl}pyrrolidin-2-yl]-1
H-benzimidazol-2-yl}pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-y1} carbamate
20 "HNMR (400 MHz, DMSO-de) 8 ppm 0.77 - 0.90 (m, 12 H) 1.66 - 1.75 (1, 8 H) 1.86 - 1.95 (1, 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 (5, 6 H) 3.77 - 3.86 (m, 4 H) 4.06
(1, J=8.40 Hz, 2 H) 5.11 - 5.17 (m, 2 H) 5.35 (g, J=6.83 Hz, 2 H) 6.05 - 6.12 (m, 2 H) 6.71 (ddd,
J=13.99, 922, 434 Hz, 1 H) 7.07 (4, J=7.05 Hz, 2 H) 7.16 (1, }=6.94 Hz, 2 H) 7.20 - 7.32 (m, § H)
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739 (d, J=8.13 Hz, | H) 7.47 (d, J=8.46 Hz, | H) 12.05 (d, J=5.64 Hz, 2 H); MS (ESI+) m/z 1009.4

ALV
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5 Example 3.21
methyl [(19)-2-[(25)-2~-{5-[(2R,5R)-1-[3-fluoro-4-(4-phenylipiperidin-1-yDphenyl]-5- {2-[(25)-1-{(25)-
2-[{methoxycarbonylamino]-3-methylbutanoyi}pyrrolidin-2-y1j- L A-benzimidazol-5-y1} pyrrolidin-2-
y1]-1H-benzimidazol-2-yl}pyrrolidin- 1 -yl]-2-oxo-1-(tetrahydro-2 H-pyran-4-ylethyljcarbamate

'"H NMR (400 MHz, DMSO-ds) & ppm 0.76 - 0.92 (m, 6 H) 1.47 - 1.57 (1m, 2 ) 1.65 - 1.76 (m, 8 H)
10 1.81-1.94(m,2H)1.94-2.04 (m,4H)2.15-2.23 (m, 4 H) 3.03-3.15 (m, 4 H)3.53 (s, 6 H) 3.57 -
3.67 (m, 2 H) 3.70 - 3.79 (m, 2 H) 3.79 - 3.89 (m, 4 H) 4.07 - 4.20 (m, 2 H) 5.10 - 5.19 (1, 2 H) 5.32 -
541 (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)".
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Example 3.22

dimethy! ({(2R,5R)-1-[3,5-difluoro-4-(4-phenylpiperidin-1-yhphenyl]pyrrolidine-2,5-diyl} bis {17~
benzimidazole-5,2-diyl(2S)pyrrolidine-2, 1 -diyl{(15)-1 -cyclohexyl-2-oxoethane-2,1 -
diyl]})biscarbamate
20 'H NMR (400 MHz, DMSO-ds) 8 ppmm 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, 1=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)
Nne '731 frm P TN 740 FAd T 74 13 1T 13N 740 (4 1—Q 24 TT 1 B\ 17 (A1) £ 1T LN 1D 14 /A
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Example 3.23
dimethyl ({(2R,5R)-1-[3,5-difluoro-4-(4-phenylpiperidin-1-yhphenylipyrrolidine-2,5-diyl} bis {1 H-
benzimidazole-5,2-diyl(2S)pyrrolidine-2,1-diyl[(1.5)-2-0x0- 1 (tetrahydro-2 H-pyran-4-yl)ethane-2,1-
diyl]})biscarbamate
10 "HNMR (400 MHz, DMSO-ds) 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 (mn, 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) 5.14
(dd, 3=7.32,2.98 Hz, 2 H) 5.34 - 542 (m, 2 H) 5.85-5.95 (m, 2 B) 7.06 - 7.17 {m, 3 H) 7.19 - 7.29
(m, 6 H) 7.35 (1, 1=9.05 Hz, 2 H) 7.42 (d, J=8.57 Hz, | H) 7.47 (d, J=8.78 Hz, 1 H) 12.05 (s, 1 H)
15 12.16(d, J=1.41 Hz, 1 H); MS (BSI) m/z 1111.5 (M+H)".
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Example 3.24
dimethyl ({{2R,5R)-1-3,5-difluoro-4-(4-phenylpiperidin-1-y)phenylipyrrolidine-2,5-diyl Y bis {1 H-
20 benzimidazole-5,2-diyl2S)pyrrolidine-2,1-diyl[(15)-1-cyclopentyl-2-oxoethane-2,1-
divl]})biscarbamate
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'"H NMR (400 MHz, DMSO-dg) & ppm 1.16 - 1.28 (m, 4 H) 1.31 - 1.54 (m, 10 H) 1.55 - 1.73 (m, 10

FaY = v e 5o N iy o ~ .
H) 1.95 - 2.06 (m, 4 H) 2.09 - 2.24 (1, 7 H) 2.85 - 3.07 (i, 4 H) 3.53 (5, 6 1) 3.82 (5, 4 1) 4.15 4,

)
1=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)",
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Example 3.25
methyl {(2R)-1-[(25)-2-{5-[(2R,5R)}-1-[3,5-difluore-4-(piperidin-1-yDpheayl]-5- {2-[(25)-1-{{2R)-2-
10 [(methoxycarbonylamine]-3-methylbutanoyl}-2,3-dihydro-171-indol-2-y1]-1 /{-benzimidazol-5-
ylpyrrolidin-2-y1]-177-benzimidazol-2-y1} -2, 3-dihydro-1 H#-indol-1-y1}-3-methyl-1-oxobutan-2-
yl}carbamate
"H NMR (400 MHz, DMSO-ds) 8 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 (i, 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 - 8.25
(m, 2 H) 12.34 (d, 1=42.07 Hz, 2 H); MS (ESI+) m/z 1047.4 (M+H)".
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Example 3.26
20 methyl {(25)-1-[(25)-2- {5-[(2R,5R)-1-{4-tert-butylpheny])-5-{2-[(25)-1- {(25)-2-
{(methoxycarbonyamino]-3-methylbutanoyl}-4-methylidenepyrrolidin-2-y1]-1/7-benzimidazol-5-
ylipyrrolidin-2-yi}-1 H-benzimidazol-2-y1}-4-methylidenepyrrolidin-1-y1}-3-methyl-1-oxobutan-2-

y1}carbamate
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IH NMR (400 MHz, DMSO-dy) & ppmm 0.74 - 0.92 (m, 12 H) 1.07 (s, 9 H) 1.68 (s, 2 H) 191 (ddd,

. TITN Y mA S LEIN Y O
s b TR 2.0% (5, O I3} 0.0%

£A4 7 AT X
! a0 7,

A
4,04,

6
- 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, 1=8.67 Hz, 2 H) 6.86 - 6.94 (m, 2 H) 7.07 (t, 1=8.51 Hz, 2 H) 7.20 (s, | H) 7.26
(s, 1 H) 7.34 - 7.50 (m, 4 H) 12.05 (d, 1=15.72 Hz, 2 H); MS (ESI+) m/z 912.4 (M+H)".
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Example 3.27

dimethyl ({{2R,5R)-1-[3,5-difluoro-4-{4-phenylpiperidin-1-yDphenylipyrrolidine-2,5-diyl } bis {1 H-
benzimidarole-5,2-diyl(2S)pyrrolidine-2, | -diyl{(15)-1-(2,3-dihydro- L H-inden-2-y1)-2-oxoethane-2, 1 -
diyl]})biscarbamate
'H NMR (400 MHz, DMSO-dg) 8 ppm 1.51 - 1,76 (m, 6 H) 1.94 - 2.06 (m, 4 H) 2.12 - 2.28 (in, § H)
2.69-2.89 (m, 12 HY2.92 -3.05 (m, } 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, 7=12.90 Hz, 2 H) 7.01 - 7.30 (m, 17 H) 7.34 (s, 1 H) 7.46
(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)".

ABS
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methyl {{25)-1-[(28,3a8,6a5)-2-{5-[(2R,5R)-1-[3,5-diflnoro-4-(4-phenylpiperidin-1-yDphenyl]-5- {2~
4
AN

{28 33 S AaSY-1-5(2 (’\
422,283,085 )1 4_,

metho XYL
A nethox

rarhonvaminagl-3.methvihitanovilactahvdraoevelonental Alnurral-
carconybammoe j-2-meinyidulanoyi yoclanyarocyciopenta; & ;pyiro!

]

2-y1}-1 H-benzimidazol-5-yl}pyrrolidin-2-yl]- L -benzimidazol-2-y1 thexahydrocyclopenta[ b lpyrrol-
L2 H)-y1]-3-methyl-1-oxobutan-2-y1} carbamate

"H NMR (400 MHz, DMSO-ds) 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, 4 H) 1.95-2.03 (m, 2 H) 2.06 - 2.15 (m, 4 H) 2.38 - 2.46 (m, 2 H)
275 -2.83 (m, 1 H) 2.86 - 3.0! (m, 4 H) 3.54 (s, 6 H) 4.01 (xd, ]=13.28, 6.83 Hz, 4 H) 4.78 (dd,
J=7.70, 4.23 Hz, 2 H) 5.13 (t, ]=8.24 Hz, 2 H) 5.33 - 545 (m, 2 H) 5.92 (dd, }=12.90, 2.82 Hz, 2 H)
7.07 (d,J=8.67 Hz, 2 H) 7.15 (1, J=6.94 Hz, 1 H) 7.20 - 7.29 (m, 5§ H) 7.34 (d, J=4.01 Hz, | H) 7.39 -
747 (m, 3 H) 7.50 (d, I=8.02 Hz, L H) 11.97 (s, } H) 12.06 (s, } H:;MS (BSTH) m/Az 1107.4 (M+H).

ABS

Example 3.29
methyl {1-[(28)-2-{5-[(2R,5R)-1-[3,5-difluoro-4-(4-phenylpiperidin-1-yD)phenyl}-5- {2-[(25)-1-{3-
ethyl-2-[(imethoxycarbonyDaminolpentanoyl} pyrrolidin-2-y1]-1 H-benzimidazol-5-y1y pyrrolidin-2-y1}-
1 H-benzimidazol-2-y1}pyrrolidin-1-y1]-3-ethyl-1-oxopentan-2-yl} carbamate

"H NMR (400 MHz, DMSO-dg) 8 ppm 0.16 (1, J=6.02 Hz, 1 H) 0.34 (1, J=6.89 Hz, 1 H) 0.56 - 0.99
(m, 10 H) 1.16 - 136 (m, 4 H) 1.53 - 1.80 (m, 8 H) 1.93 - 2.09 (m, 4 H) 2.14 - 2.30 (m, 4 H) 2.80 -
313 (m, 11 H)3.53 (s, 6 H)3.73 -3.95 (m, 4 H) 4.24 - 4.4] {m, 2 H) 5.09 - 5.20 (m, 2 ) 5.30 - 5.44
(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 (EST+) m/z 1083.5 (M+H)".
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Example 3.30
dimethyl ({(2R,5R)-1-[3,5-difluoro-4-(piperidin-1-yiphenylipyrrolidine-2,5-diyl} big { 177-

N

208

-
\

:

benzimidazole-5,2-diyl(25,3a8,6aShexahydrocyclopentalhlpyrrole-2,1(2£D)-diyl{(15)- | ~cyclopenty -
5 2-oxoethane-2,1-diyl]})biscarbamate

"H NMR (400 MHz, DMSOQ-ds) 8 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, }=15.83, 7.26 Hz, 2 H) 1.98 (dd, }=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 (g, }=9.40 Hz, 2 H) 4.75 - 4.85 (m, 2 H) 5.08 - 5.18

(m, 2 H) 5.36 (dt, J=13.66, 6.83 Hz, 2 H) 5.88 (ddd, 1=12.69, 3.52, 3.42 Hz, 2 H) 7.07 (d, J=8.35 Hz,
10 2H) 7201 (s, L H) 7.31 (d, J=4.00 Hz, | H) 741 (d, I=8.24 Hz, 1 H) 7.46 - 7.56 {m, 3 ) 11.88 (d,

7=2.49 Hz, | H) 12.01 (d, J=3.36 Hz, 1 H); MS (ESI+) m/z 1083.5 (M+H)".

ABS

Example 3.31
15 ({(2R,5R)-1-[3,5~difluoro-4-(4-phenylpiperidin-1-yDpheny Npyrrolidine-2,5-diyl} bis[ L H-

benzimidazole-5,2-diyl(2S)pyrrolidine-2, 1 -diyl ybis[(28)-tetrahydrofuran-2-ylmethanone]
"H NMR (400 MHz, DMSO-de) & 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, }=6.99 Hz, 6 H)
4.57 - 4.63 {m, 2 H) 5.13 {dd, }=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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H) 7.20 - 7.29 (m, 5 H) 7.32 (s, 1 H) 7.42 (d, 7=8.57 Hz, | H) 7.52 (d, J=8.13 Hz, 1

1 H); MS (ESIH) m/z 909.4 (M+H)

ENIw SN i T

ABS

5 Example 3.32
dimethy!l ({(2R,5R)-1-[3,5-difluoro-4-(piperidin-I-yDphenyllpyrrolidine-2,5-diyl} bis { 1 H-
benzimidazole-5,2-diyl(28.,3a8,6aS)hexahydrocyclopenta [ lpyrrole-2,1 (2 H)-divi[(1S)-2-0x0-1-
(tetrahydro-2//-pyran-4-yDethane-2, 1 -diyl]} Yoiscarbamate

'H NMR (400 MHz, DMSO-dgy & ppm 1.10 - 1.27 (m, 4 H) 1.33 - 1.51 {m, 12 H) 1.51 - 1.65 (m, 6 H)

10 1.67-1.80(m,4H)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, § H)
3.03 -3.12 (m, 2 H) 3.53 (5, 6 H) 3.70 - 3.87 (10, 2 H) 4.04 - 4.17 (m, 2 H) 4.74 - 4.83 (m, 2 H) 5.08 -
517 (m, 2 H)5.31 -5.42 (m, 2 H) 5.83 - 5.93 (m, 2 H) 7.04 - 7.11 (m, 2 H) 7.21 (d, J=15.83 Hz, 2 H)
7.41(d,J=8.02 Hz, 1 H)7.46 - 7.55 (m, 3 H) 11.96 (d, J=4.12 Hz, | H) 12.11 (d, J=4.55 Hz, 1 H); MS
(BSI+) m/z 1115.4 (M+H)'.

ABS

e o

Example 3.33
methyl {(25,3R)-1-[(25,3a8,6a8)-2- {5-[(2R,5R)-1 -[3,5-difluoro-4-(piperidin-1-yl)phenyl]-5-(2-
1(25,3a85,6a5)-1-[N-(methoxycarbonyl)-O-methyl-L-threonylJoctahydrocyclopenta[bIpyrrol-2-yl} -
20 1/-benzimidazol-5-yl)pyrrolidin-2-y1}-1 H-benzimidazol-2-y1 } hexahydrocyclopenta[ hlpyrrol-1 (2H)-

yl]-3-methoxy-1-oxobutan-2-y1} carbamate
312



10

15

WO 2012/651361 PCT/US2011/056045

"H NMR (400 MHz, DMSO-ds) 8 ppm 0.95 (d, J=6.18 Hz, 3 H) 1.03 (d, ]=5.75 Hz, 3 H) 1.35 - 1.49

Q

-0

710 L LTINS QA ANT S LFINANT Y 1L e A LT A D
S LOL UL, U IE) 1.0 - L. UL (L, O X)) L.07 - LGOS, L) L0/ -

NI
I~

N £ LA L T\ 1 7
) 1.50 - 1.64 (m, 4 11) 1.060

oo

{1,
(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 (4,
T=8.19 Hz, 2 H) 5.37 (dd, 1=6.51, 4.88 Hz, 2 H) 5.88 (d, J=13.45 Hz, 2 H) 7.05 (d, J=8.13 Hz, 2 H)
720 (s, 1 H) 7.30 (s, 1 H) 7.40 (d, I=7.81 Hz, 1 H) 7.47 - 7.57 (m, 3 H) 11.98 - 12.15 (m, 2 H); MS
(APCIH) m/z 1063.4 (MAH)

ABS

Example 3.34
ethyl {(28)-1-[(25)-2-{5-[(2R,5R)-1-[3,5-difluoro-4-(4-phenylpiperidin-1-yDphenyl]-5- {2-{(25)-1-
{(285)-2-[(cthoxycarbonyhamino]-3-methylbutanoyl} pyrrolidin-2-y1]- 1 H-benzimidazol-5-

ylipyrrolidin-2-y1}-1 H-benzimidazol-2-yl} pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-y1} carbamate
"H NMR (400 MHz, DMSO-dg) 8 ppm 0.75 - 0.91 (m, 12 H) 1.15 (¢, I=7.43 Hz, 6 H) 1.60 - 1.74 (m,
6 H) 1.85 - 2.07 (m, § H) 2.16 - 2.27 (m, 4 H) 2.86 - 3.04 (m, 4 H) 3.40 - 3.48 (m, 1 H) 3.76 - 3.85 (m,
4 H) 3.98 (g, 1=7.08 Hz, 4 H)4.05 (1, ]=8.29 Hz, 2 H) 5.11 - 5.19 (m, 2 H) 5.34 - 5.44 (m, 2 H) 5.92
(d, J=12.69 Hz, 2 H) 7.05 - 7.11 (m, 2 H) 7.15 (1, J=6.94 Hz, | 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, 1=7.92 Hz, | H) 12.07 (5, 1 H) 12.12 (5, | H); MS (ESI+) m/z 1055.4
(M+H)".
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ABS

Example 3.35
dimethyl ({(2R,5R)-1-[3,5-difluoro-4-(piperidin-1-yDphenylipyrrolidine-2,5-diyl } bis { (6-fluoro-1H-
benzimidazole-5,2-diyH(2S)pyrrolidine-2,1-diyl[(1.5)-2-0x0-1 -(tetrahydro-2 H-pyran-4-yDethane-2, | -
diyl}})biscarbamate

'H NMR (400 MHz, DMSO-de) 8 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, 2 H) 3.52 (s, 6 H) 3.63 -
377 (m, 4 H)Y3.78 -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,2H)6.99-7.12 (m,2 H) 7.31 - 744 (m, 4 H) 12.04 - 12,15 (m, 1 H) 12.28 - 12.35 (m, | H);

10 MS (APCI+) m/z 1071.2 (M+H)".

ABS

Nibon N
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Example 3.36
methyl {(25,3R)-1-[(28)-2-{5-[(2R,5R)-1-[3,5-difluoro-4-(pipecridin-1-yDphenyl}-5-(6-fluoro-2- {(25)-
15 1-[N-(methoxycarbonyl)-O-methyl-L-threonylipyrrolidin-2-y1} -1 H-benzimidazol-5-yDpyrrolidin-2-
y1]-6-fluoro-1 H-benzimidazol-2-yl}pyrrolidin-1-yl]-3-methoxy-1-oxobutan-2-yl} carbamate
"H NMR (400 MHz, DMSO-ds) & ppm 0.87 - 1.11 (m, 8 H) 1.35 - 1.52 (m, 6 H) 1.71 - 1.84 (m, 2 1)
1.91 - 2.07 (m, 4 H) 2.12 - 2.26 (m, 4 H) 2.79 (s, 4 H) 3.08 (d, J=37.41 Hz, 6 ) 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 (5, 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, | H) 12.22 - 12.35 (1, |

H); MS (ESI+) m/z 1019.4 (M+H)",
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Example 3.37
methyl {(28)-1-[(25.3a8,6a5)-2-{5-[(2R,5R)-1-[3.5-difluoro-4-(piperidin-1-y[)phenyl}-5- {6-fluoro-2-
[(25.34a5,6a5)-1-{(25)-2-[{methoxycarbonylamino]-3-methylbutanoyl}octahydrocyclopental blpyrrol-
2-y1}-1H-benzimidazol-5-yl} pyrrolidin-2-y1]-6-fluoro-1 F-benzimidazol-2-
ylthexahydrocyclopenta[blpyrrol-1Q2 H)-y1]-3-methyl-1-oxobutan-2-yl}carbamate

"H NMR (400 MHz, DMSO-dg) & ppm 0.80 (dd, 1=24.13, 6.45 Hz, 12 H) 1.36 - 1.67 (0, 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 (m, 2 H) 5.08 (t, I=8.29 Hz, 2 H) 5.36 - 5.68 (m, 4 H) 5.86 (dd, J=11.71, 8.67 Hz, 2 H)
7.10 (dd, J=31.39, 6.8%9 Hz, 2 H) 7.28 - 7.51 (m, 4 H) 12.02 (s, 1 H) 12.21 (d, }=7.27 Hz, 1 H); MS
(ESIH) m/z 1067.4 (M-+H)".

ABS
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Example 3.38
methyl {(25,3R)-1-[(285,3aS,6a8)-2- {5-[(2R,5R)-1-{3,5-difluoro-4-(piperidin-1 -y Dphenyl}-5-(6-fluoro-
2-{(25,3a5,6a5)-1-[N-(methoxycarbonyl)-O-methyl-L-threonyljoctahydrocyclopenta[ A lpyrrol-2-y1} -
1 H-benzimidazol-5-yDpyrrolidin-2-yl1}-6-fluoro-1 H-benzimidazol-2-
yl}thexahydrocyclopenta[blpyrrol-1(2H)-y1]-3-methoxy-1-oxobutan-2-yl} carbamate
'H NMR (400 MHz, DMSO—ds) S ppm 0.78 - 1.07 (m, 8 H) 1.36 - 1.51 (i, 8 H) 1.51 - 1.67 (i, 4 H)

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
315
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H) 5.07 (t, =8.24 Hz, 2 H) 5.47 - 5.65 (m, 2 H) 5.80 - 5.94 {m, 2 H) 7.08 (dd, }=27.27, 6.78 Hz, 2 H)
TR T ETfm AHNIY 04 fa 1LY 12 24 (o 1 HY MQ /BEQTLY 10/ 1000 A4 (NLENY!
IR 2 BN N I B S S AV AR G IR S Y IR VAR A S S S NSL VIS M) S I 14 70 SV R IS L U B N

ABS

Example 3.39
dimethyl ({(2R,5R)-1-{3,5-difluoro-4-(piperidin-1-yDphenyllpyrrolidine-2,5-diyl} bis {(6-fluoro-14-
benzimidazole-5,2-diyD)(2S)pyrrolidine-2,1-diy1[(15)-1-cyclopentyl-2-oxoethane-2,1 -
diyl}})biscarbamate

10 'HNMR (400 MHz, DMSO-dg) 8 ppm 1.10 - 1.29 (m, 6 H) 1.34 - 1.62 (m, 18 ) 1.71 - 1.86 (m, 2 H)
1.94-210 (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 (m, 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, =640 Hz, 1 H) 7.13 (d, ]=7.37 Hz, 1 H) 7.30 - 746 (m, 4 H) 12.07 (s, 1 H) 12.23 (5, 1 H); MS
(APCT+) m/z 1040.3 (M+H).

15
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/&{)5 ~:>/~--*>\

Example 3.40
dimethyl ({(2R,5R)-1-[3,5-difluoro-4-(piperidin-1-yDphenyllpyrrolidine-2,5-diyl}bis { (6-fluoro- 1 F-
20 benzimidazole-5,2-diy1)}(2§,3a8,6aSHhexahydrocyclopental b lpyrrote-2, 1{217)-diyl[(15)-1 -cyclopentyl-

2-oxoethane-2,1-diyl}})biscarbamate
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"H NMR (400 MHz, DMSO-dg) 8 ppra 1.12 - 1.25 (m, 8 H) 1.35 - 1.64 (m, 18 H) 1.70 - 1.88 (m, 6 H)
1.2 - 2,15 (m, § H) 2.36 - 2.46 (an, 4 1) 2.78 (s, 6 H) 3.53 (5, 0 H) 4.07 (dt, J=18.38, .24 [Tz, 2 1)

472 -4.83 (m, 2 H) 5.07 (t, 7=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, | H) 7.34 (dd, J=10.63, 4.88 Hz, 1 H) 7.43 (dd, J=11.22, 7.21 Hz, | H) 7.51
(dd, 1=13.99,7.92 Hz, 2 H) 11.95 (s, 1 H) 12.20 (s, | Hy; MS (ESI+) m/z 1119.4 (M+H)".

ABS

G-

Example 3.41

dimethyl ({(2R,5R)-1-{3,5-difluoro-4~(piperidin-1-ylphenyljpyrrolidine-2,5-diyl} bis { (6-fluoro- 1 f1-
benzimidazole-5,2-diy1)(2S5,3a8,6aS)hexahydrocyclopental blpyrrole-2, 1 (2 H)-diyl[(18)-2-0x0-1-
{(tetrahydro-2 H-pyran-4-y1)ethane-2,1-diyl]} Yoiscarbamate
'H NMR (400 MHz, DMSO-ds) 6 ppm 1.30 - 1.65 (m, 18 H) 1.69 - 1.94 (m, 12 H) 2.05 - 2.15 (m, 4
H) 2.37 - 245 (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, 1=27.65,
10.08 Hz, 4 I) 4.06 - 4.14 (m, 2 H) 4.71 - 4.81 (m, 2 H) 5.07 (t, 7=8.35 Hz, 2 H) 5.43 - 5.65 (m, 2 H)
5.78 - 5.92 (m, 2 H) 6.99 - 7.05 (m, 1 H) 7.09 (t, }=6.94 Hz, | H) 7.33 (dd, ]=10.03, 6.13 Hz, 1 H)
7.50 (dd, I=18.16, 7.86 Hz, 2 H) 11.99 (s, 1 H) 12.29 (d, J=5.75 Hz, 1 H); MS (ESI+) m/k 11514
(M+H)".
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Example 3.42
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meihyl {(28)-1-1(25)-2-{5-[(2R,5R)-1-{3,5-difluoro-4-{4-(4-fluorophenyl)piperidin-1-yljphenyl }-5-

tbonylamine] 3 methylbutanoy! pyrrolidin-2

Ti 1 - 1’\!\‘)1'71?“{\111,1 zn]_

{2-1(2 T (25 } & (ﬁ’luthu/\.y C&Y

{2-[(25)-1-{(25
5—y1}py1~r0hdmn2-y1]-EH—benznmd.azol~2~yI}pyn‘olidin—l -y1]-3-methyl-1-0xobutan-2-y1} carbamate

"H NMR (400 MHz, DMSO-d) & ppm 12.08 (d, J = 18.9, 2H), 7.50 (d, J = 8.0, 1H), 7.41 (d,J = 8.3,
1H), 7.33 — 7.18 (m, 6H), 7.13 — 7.01 (m, 4H), 5.91 (d, /= 13.1, 2H), 5.42 ~ 5.33 (m,

2H), 5.19 - 5.10 (1, 2H), 4.06 (1, /= 8.6, 2H), 3.86 — 3.77 (m, 4H), 3.53 (s, 6H), 3.03 — 2.83 (m, 5H),
2.28 ~1.54 (m, 18H), 0.91 — 0.73 (m, 12H); MS (ESI+) m/z 1045.4 (M+H)".
ABS |
>
w”ﬁ
LN e
N N
, %0
10 Example 3.43
methyl {(28)-1-[(25)-2-{5-[(2R,5R)-1-(3,5-difluoro-4-{4-[3-(trimethylsilyl)phenyl}piperidin-1-
y1} phenyl)-5-{2-[(25)-1-{(2S)-2-[(methoxycarbonyamino]-3-methylbutanoyl }pyrrolidin-2-yl}-1 H-
benzimidazol-5-ylpyrrolidin-2-yl]-1//-benzimidazol-2-y1} pyrrolidin- 1 -y1}-3-methyl-1-oxobutan-2-
y1} carbamate
15  'H NMR (400 MHz, DMSO-ds) § ppm 12.31 ~ 12.04 (m, 2H), 7.49 (d, ./ = 8.4, 1H), 7.40 (d, J = 8.2,

1H), 7.34 — 7.17 (m, 8H), 7.11 = 7.04 (m, 2H), 5.95 - 5.86 (m, 2H), 5.43 — 5.31 (m, 2H), 5.18 ~ 5.09
(1, 2H), 4.05 (t,J = 8.3, 2H), 3.86 — 3.76 (m, 4H), 3.52 (s, 6H), 3.12 — 2.82 (m, 4H), 2.58 — 2.52 (m,
2H), 2.26 ~ 1.83 (m, 11H), 1.72 — 1.58 (m, 6H), 0.90 — 0.73 (m, 12H), 0.20 (s, 9H); MS (ESI+) m/z

1099.4 (M+H)Y",
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Example 3.44

methyl {(25)-1-[(28)-2-{5-{(2R,5R)-1-{4-[4-(3 4-diflvorophenyDpiperidin-1-y1]-3,5-difluorophenyl} -

5-{2-[(28)-1-{(28)-2-[(methoxycarbonyl)amino]-3-methybutanoyl } pyrrolidin-2-y1]-1 H-
5 benzimidazol-5-yi}pyrrolidin-2-yl]-1 A-benzimidazol-2-y1}pyrrolidin- 1 -y1j-3-methyl-1-oxobuian-2-

yi}carbamate

"H NMR (400 MHz, DMSO-de) 8 ppm 12.32 = 12.04 (m, 2H), 7.50 (d, J = 8.5, 1H), 7.41 (d, J = 8.3,

1H), 7.36 — 7.25 (m, 5H), 7.21 (s, 1H), 7.12 = 7.05 (m, 3H), 5.91 (d, J = 12.8, 2H), 5.37 (dd, J = 6.0,

2.1, 2H), 5.18 = 5.11 (m, 2H), 4.06 (, J = 8.3, 2H), 3.86 — 3.79 (m, 4H), 3.53 (s, 6H), 3.12 —~ 2.83 (i,

10 4H), 2.27 — 2.10 (m, 4H), 2.08 ~ 1.49 (m, 15H), 0.93 — 0.67 (m, 12H); MS (ESI+) m/z 1063.3
(M+H)".

ABS

Example 3.45
15 methyl {(25)-1-[(25)-2-{5-[(2R,5R)-1-{4-[4-(3,5-difluorophenyDpiperidin-1-y1]-3,5-difluorophenyl} -
5-{2-[(28)-1-{(25)-2-[(methoxycarbonylamino]-3-methylbutanoyl} pyrrolidin-2-y1]-1 H-
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benzimidazol-5-yl}pyrrolidin-2-y1}-1 F-benzimidazol-2-y1} pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-

"H NMR (400 MHz, DMSO-ds) 8 ppm 12.47 — 11.91 (m, 2H), 7.52 — 7.40 (m, 2H), 7.36 — 7.19 (m,
4H), 7.10 (d, J = 7.9, 2H), 7.04 — 6.92 (m, 3H), 5.92 (d, .7 = 12.7, 2H), 5.46 — 5.32 (m, 2H), 5.20 —
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 (in, 6H), 0.91 = 0.71 (m, 12H); MS
(BSI+) m/z 1063.4 (M+H)".

A

N
/G‘<O Yo
o\
Example 3.46

methy! {(28)-1-[(25)-2-(6-fluoro-5-{(2R,58)-5- {6-fluoro-2-[(28)-1-{(25)-2-
[(methoxycarbonyl)amino]-3-methylbutanoy!}pymrolidin-2-yl]-1 H-benzimidazol-5-y1}-1-[2-(4-
phenylpiperidin-1-yDpyrimidin-S-yl]pyrrolidin-2-y1} -l H-benzimidazol-2-yl)pyrrolidin-1-y1}-3-
methyl-1-oxobutan-2-yl}carbamate
IH NMR (400 MHz, DMSO) 6 = 12.42 — 12.16 (m, 2H), 7.81 — 7.55 (m, 4H), 7.45 — 7.12 (m, 9H),
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, [=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.
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Example 3.47

methyl {(25)-1-[(25)-2-(6-fluoro-5-{(2R,55)-5- {6-fluoro-2-[(2.5)-1-{(25)-2-
[(methoxycarbonylamino]-3-methylbutanoy!} pyrrolidin-2-y11-1 H-benzimidazol-5-y1}-1-[2-
(piperidin-1-yDpyrimidin-5-yllpyrrolidin-2-y1} -1 A-benzimidazol-2-yDpyrrolidin- I -y ]-3-methyl-1-
5 oxobutan-2-yl}carbamate
1H NMR (400 MHz, DMSO) 8 12.41 — 12.15 (m, 2H), 7.79 — 7.54 (i, 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), .93 ~ 0.73 (m, 12H). MS
(ESI; M+H) m/z = 953 4,

ABS

10 Example 3.48
methyl {(25,3R)-1-[(25)-2-{5-[(2R,5R)-1-{4-[4-(2,6-difluorophenyl)piperazin-1-y1]-3,5-
difluorophenyl}-5-(6-fluoro-2- {(28)-1-[ N-(methoxycarbonyl)-O-methyl-L-threonyl Jpyrrolidin-2-y1}-
1 A-benzimidazol-5-yDpyrrolidin-2-y1}-6-fluoro- 1 H-benzimidazol-2-y1} pyrrolidin-1 -y1]-3-methoxy-1-

oxobutan-2-yl}carbamate
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1H NMR (400 MHz, DMSO) § 12.37 — 12.08 (m, 2H), 7.41 (dd, J = 11.2, 6.3, 1H), 7.34 (dd, F = 10.4,
7 Q

4 718 697 (m, 6H), 5.90 (dd, ] =223, 9.7,
5.06 (m, 2H), 4.25 (dd, T = 15.5, 8.2, 2H), 3.87 — 3.76 (m, 3H), 3.53 (s, 6H), 3.50 — 3.40
(d,T=35, 1H), 3.13 (d, ] = 1.1, 3H), 3.09 (s, 4H), 3.04 (d, T = 2.6, 3H), 2.96 (s, 4H), 2.55 — 2.47 (m,

2H), 2.26 — 1.71 (m, 10H), 1.08 — 0.89 (m, 6H). MS (ESL; M+H) m/z = 1132.4.

3

1Hj, 7.24 KR ) m, 6F

[ -
Uy v

o~

>

SRR RS P

(m, 2H), 3.25

ABS

Example 3.49
methyl {{25.3R)-1-[(25)-2-{5-[(25,55)-1-{4-[4-(2,6-difluorophenyDpiperazin-1-y1]-3,5-
difluorophenyl}-5-(6-fluoro-2- {(28)-1-[N-(methoxycarbonyl)-O-methyl-L-threonylpyrrolidin-2-y1}-
L H-benzimidazol-5-yDpyrrolidin-2-y1]-6-fluoro-1 F-benzimidarol-2-y1} pyrrolidin- | -y1]-3-methoxy-1-
oxobulan-2-yl}carbamate
1H NMR (400 MHz, DMSO) 6 12.33 —12.04 (m, 21H), 7.41 (dd, ] = 11.3, 4.7, [H), 7.36 (dd, T = 10.5,
3.0, 1H), 7.28(d, }=7.9, I1H), 7.21 (d, ¥ = 8.1, IH), 7.16 (1, ] = 7.8, 1 H}, 7.10 ~ 6.96 (m, 4H), 5.92 (g,
F=10.7, 2H), 5.69 — 5.49 (m, 2H), 5.12 {dd, J = 7.6, 4.1, 2H), 4.27 {t, ] = 7.6, 2H), 3.82 (s, 3H), 3.53
{d, J=3.1,6H), 347 (d, ] = 6.3, 2H), 3.24 (d, I = 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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Example 3.50
methyl {(25)-1-[(28)-2-{5-[(28,55)-1- {4-[4-(2,6-difluoropheny])piperazin-1-y1}-3,5-difluorophenyl} -
5-{6-fluoro-2-[(25)-1-{(25)-2-[(methoxycarbonyl)amino]-3-methylbutanoy!} pyrrolidin-2-y1]-14-
benzimidazol-5-y1} pyrrolidin-2-y1]-6-fluoro-1/{-benzimidazol-2-y 1 pyrrolidin- 1 -yl ]-3-methyl-1-
5 oxobutan-2-yl} carbamate
1H NMR (400 MHz, DMSO) § 12.47 — 11.97 (m, 2H), 7.44 — 7.26 (m, 4H), 7.19 — 6.96 (m, 5H), 5.93
(q, ] = 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, T = 3.1, 6H), 3.09 (s, 4H), 2.96 (s, 4H), 2.46 (s, 2H), 2.25 — 1.70 (m, 12H), 0.89 —
0.76 (m, 12H). MS (ESI; M+H) m/z = 1100.4.

ol

~

()

o~ &

10 Example 3.51

ABS
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d1methy1 ([(2R,5R)-1-{4-[4-(2,6-difluorophenyDpiperazin-1-y1}-3,5-difluorophenyl} pyrrolidine-2,5-

}1}1’) (’\n\n-rtﬁ idine 2, 2.1 d Ar ( C’\ 2-ova-1 thq‘hw{ ro-2H-

pyran-4-yhethane-2,1-diyl}})biscarbamate
IH NMR (400 MHz, DMSO) 6 12.37 — 12.08 (m, 2H), 7.44 —~ 7.30 (m, 4H), 7.12 — 6.95 (m, 5H), 5.90
{9, J=11.6, 2H), 5.66 — 5.47 (1, 2H), 5.16 — 5.05 (m, 2H), 4.17 — 4.04 (m, 2H), 3.88 — 3.61 (m, 7H),
3.52(d, 1 =3.1, 6H), 3.23 — 2.80 (m, 13H), 2.26 — 1.67 (m, 12H), 1.55 — 1.05 (m, 10H). MS (ESL,

M+H) m/z=1184.4

Example 3.52 methyl {(25,3R)-1-[(25)-2-{5-[(2R,5R)-1-{3,5-difluoro-4-[4-(4-
10 fluorophenyl)piperidin-1-yllphenyl}-5-(6-fluoro-2-{(28)-1-[N-(methoxycarbonyl)-O-methyi-L-
threonyl]pyrrolidin-2-y1}-1 H-benzimidazol-5-ylpyrrolidin-2-y1}-6-fluoro- 1 H-benzimidazol-2-
yl}pyrrolidin-1-y1}-3-methoxy-1-oxobutan-2-yl} carbamate | H NMR (400 MHz, DMS(O) § 12.36 —
12.06 (m, 2H), 7.41 (dd, 1 = 11.2, 6.3, 1H), 7.34 (dd, T = 10.4, 4.8, 1H), 7.30 — 7.20 (m, 3H), 7.17 -
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,
2H), 3.88 = 3.74 (m, 3H), 3.53 (d, J = 1.3, 6H), 3.49 - 3.38 (m, 2H), 3.31 (d, 1H), 3.25 (4, 1 = 3.7,
1H),3.13(d, J = 1.3, 3H), 3.03 (d, J = 2.3, 3H), 3.00 - 2.84 (1, 3H), 2.60 — 2.53 {m, I = 2.5, 2H), 2.26

~1.55 (m, 14H), 1.28 - 1.13 (m, 1H), 1.10 — 0.88 (m, 6H). MS (ESL M+H) m/z = 1113.4.

15
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Bxample 3.53 dimethyl ([(2R,5R)-1-{3,5-difluoro-4-[4-(4-fluorophenylpiperidin-1-
yllphenyl} pyrrolidine-2,5-diyl]bis {(6-fluoro-1 H-benzimidazole-5,2-diy ) 2S)pyrrolidine-2,1-
diyl[(15)-2-0x0-1-(tetrahydro-2 H-pyran-4-yl)ethane-2,1-diyl]} )biscarbamate | H NMR (400 MHz,
DMSO0) 6 12.36 — 12.07 (m, 2H), 7.44 — 7.22 (m, 6H), 7.12 — 6.99 (m, 4H), 5.88 (dd, I =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 (m, 7TH), 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, 4E), 1.38 - 1.02 (m, 6H). MS (ESL M+H) m/z = 1165.5.

The following Example compounds 4.1-4.62 can be made from the appropriate listed intermediate
following the methods of General Procedures 12/12B.
Intermediate amines:
($)-6,6'-((2R,5R)-1-(4-(cyclopentyloxy)-3-fluorophenyDpyrrolidine-2,5-diyDbis( 2-((S)-pyrrolidin-2-
yh)- 1H-benzo[d]imidazole);
($)-6,6'-((2R,5R)-1-(3-methyl-4-(piperidin-1-yDphenyDpyrrolidine-2,5-diylbis(2-((S)-pyrrolidin-2-
yh)-1H-benzo[d]imidazole),
(5)-6,6'-((2R,5R)-1-(3,5-difluoro-4-((3aR, 7aS)-1 H-isoindol-2(3 11, 3al LAH,SH,6H, TH, TaH)-
yhphenyDpyrrolidine-2,5-diyDhbis(2-({S)-pyrrolidin-2-y1)-1 H-benzo[d]imidazole);
()-6,6'-((2R,5R)-1-(3,5-dichloro-4-(piperidin-1 -yhphenypymrolidine-2,5-diyDbis(2-((S)-pyrrotidin-
2-yD)-1H-benzo[d]imidazole);
(8)-6,6'-((2R,SR)-1-(2,5-difluoro-4-(piperidin-1-yl)phenyl)pyrrolidine-2,5-diyDbis(2-(($)-pyrrolidin-
2-yh-1H-benzold]imidazole);
(5)-6,6'-((2R,5R}-1-(4-((2R,65)-2,6-dimethylpiperidin-1-y1)-3,5-difluorophenypyrrolidine-2,5-
diyDbis(2-((S)-pyrrolidin-2-y1)- 1 7{-benzo{d]imidazole);
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(S)-6,6'-((2R,5R)-1-(2,3,5-trifluoro-4-(piperidin-1-yDphenypyrrolidine-2,5-diyDbis(2-((S)-
pyrrolidin-2-yD-1H-benzo[dlimidazole);
($)-6,6'-({2R,5R)-1-(4-cyclohexyl-3-fluorophenyl)pyrrolidine-2,5-diyDbis(2-((S)-pyrrolidin-2-y1)- 1 /-
benzo[dlimidazole);
(8)-6,6'-((2R,5R)-1-(3,4-difluoropheny)pyrrolidine-2,5-diyDbis(2-((S)-pyrrolidin-2-y1)-1 H-
benzo[dlimidazole),
($)-6,6'-((2R,5R)-1-(4-ethoxyphenyDpyrrolidine-2,5-diyDbis(2-({S)-pyrrolidin-2-yi)-1 F-
benzoldlimidazole);

(S)-6,6'-((2R,5R)-1-(4-(2,2-difluoroethoxy)phenylpyrrolidine-2,5-diyDYbis 2-((S)-pyrrolidin-2-yH)-177-
benzo[d]imidazole);
(8)-6,6'-((2R,5R)-1-(4-(3,5-dimethylpiperidin-1-y1)-3,5-difluorophenyDpyrrolidine-2,5-diyDbis(2-{(S)-
pyrrolidin-2-yl)-1 H-benzo[d]imidazole);

6,6'-{(2R,5R)- 1 -[4-(pentafluoro-1S-sulfanylphenyl]pyrrolidine-2,5-diyl bis {2-[(2S)-pyrrolidin-2-y1]-
1 H-benzimidazole} (ACD Name v12);
(5)-6,6'-((25,55)-1-(4-cyclopropylphenyDpyrrolidine-2,5-diybis(2-((S)-pyrrolidin-2-y1)- 1 H-
benzo{djimidazole);

(8)-6,6'-((28,55)- 1 -(4-cyclopropyl-3,5-difluoropheny pyrrolidine-2,5-diyDbis(2-((S)-pyrrolidin-2-y1)-
1 H-benzo[djimidazole);
(8)-6,6'-((2R,5R)-1-{4-tert-butylphenyl)pyrrohidine-2,5-diyybis(2-((S)-pyrrolidin-2-y1)-1 /-
benzo[dJimidazole);

1-(1~(4-((2R,5R)-2,5-bis(2-({S)-pyrrolidin-2-y1)- L H-benzo[d]imidazol-6-ylpyrrolidin-1 -y1)-2,6-
difluorophenyl)-4-phenylpiperidin-4-yl)ethanone;

(8,8,5)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(piperidin- 1 -yDphenyDpyrrolidine-2,5-diyDbis(2-
((25,3a8,6a85)-octahydrocyclopenta[b]pyrrol-2-y1)-1 H-benzo[dJimidazoie);
(8,5,8)-6,6'-((2R,5R)-1~{(4-tert-butylphenylpyrrolidine-2,5-diylbis(2-((2S5,3aS,6a5)-
octahydrocyclopenta[blpyrrol-2-yl)-1H-benzo{dlimidazole);
2-(4-((2R,5R)-2,5-bis(2-((S)-pyrrolidin-2-y1)-1 H-benzofdlimidazol-6-yDpyrrolidin-1-y1)-2,6~
difluoropheny!)-2-azabicyclo[2.2.2Joctane;

(5)-6,6'-((2R,5R)-1-(3,5-difluoro-4-{4-isopropy Ipiperidin-1-yDphenyDpyrrolidine-2,5-diyDbis(2-((S)-
pyrrolidin-2-y1)-1 H-benzo[d]imidazole);

(S)-6,6'-((2R,3R)-1-{4-(4 4-dimethylpiperidin-1-y1)-3,5-diflucrophenyl)pyrrolidine-2,5-diyDbis(2-((S)-
pyrrolidin-2-yl)-1H4-benzo[djimidazolc);

(8)-6,6'-((2R,5R)-1-(4-(3,3-dimethylazetidin- L -y1)-3,5-difluorophenylpyrrolidine-2,5-diy1)bis(2-(($)-
pyrrolidin-2-y1)-1 H-benzo{dlimidazole);
(8)-6,6'-((2R,5R)-1-(4-(4-phenylpiperidin-1-y)phenylpyrrolidine-2,5-diyDbis(2-(($)-pyrrolidin-2-y1)-
1 H-benzo[djimidazole);
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(S)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-(3-phenylpropyDpiperidin-1-yDphenyl)pyrrolidine-2,5-
diyhbis{5-fluoro-2-{(8)-pyirolidin-2-y1- 1 H-benzofdjimidazole);
(S)-6,6'-((2R,5R)-1-(4-(4-tert-butylpiperidin-1-y)-3,5-difluorophenypyrrolidine-2,5-diyh)bis(5-
fluoro-2-({S)-pyrrolidin-2-y1)-1H-benzo[d}imidazole);
(S)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-(naphthalen-2-yDpiperidin- 1-yDphenyi)pyrrolidine-2,5-
diyhbis(5-fluoro-2-((S)-pyrrolidin-2-y1)- L H-benzo[dlimidazole);

{S)-6,6'-((2R,5R)-1-(4-(2 3 -dihydrospivo[indene-1 4'-piperidine]- 1'-y1)-3,5-
difluorophenybpyrrolidine-2,5-diyhbis(5-fluoro-2-((S)-pyrrolidin-2-y1)-1 H-benzo[d]imidazole);
(S)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(3-phenylpiperidin-1-yDphenyDpyrrolidine-2,5-diyDbis(2-((S)-
pyrrolidin-2-yD-1H-benzo[d]imidazole);
(S)-6.,6'-((2R,5R)-1-(3,5-difluoro-4-(3-phenylpyrrolidin-1-yDphenyl)pyrrolidine-2,5-diyDbis{2-((S)-
pyrrolidin-2-y1)-1H-benzo[d]imidazole);
(8)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-(4-methoxyphenyDpiperidin-1-yDphenyl)pyrrolidine-2,5-
diyDbis(2-((S)-pyrrolidin-2-y1)-1H-benzo{d}imidazole);
(8)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-fluoro-4-phenylpiperidin-1 -yDphenyhpyrrolidine-2,5-
diyhbis(2-{(S)-pyrrolidin-2-y1}-1H-benzo{djimidazole);

(8)-6,6'-((2R,5R)- I -(4-(4-fluoro-4-phenylpiperidin-1-ylphenyDpyrrolidine-2,5-diy Hbis(2-((S)-
pyrrolidin-2-y1)-1H-benzo[d]imidazole);
(8)-6,6-((2R,5R)-1-(3,5-difluoro-4-(4-(fluorodiphenylmethyDpiperidin-1-yDphenyDpyrrolidine-2,5-
diyDbis{5-fluoro-2-((S)-pyrrolidin-2-y1)- | H-benzo[d}imidazole);
(8)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-phenylpiperidin-1-yl)phenyl)pyrrolidine-2,5-diyi)bis(5-fluoro-
2-((S)-pyrrolidin-2-y1)-1H-benzo{dJimidazole);
(S)-6,6'-((2R,5R)-1-(4-(benzyloxy)phenyDpyrrolidine-2,5-diyDbis(2-((S)-pyrrohdin-2-y1)- 1 H-
benzo[djimidazole);

(S)-6,6'-((2R,5R)~1-(3,5-difluoro-4-(4-(4-(trifluoromethyphenyDpiperazin-1 -yDphenyDpyrrolidine-
2,5-diyHbis(5-fluoro-2-((S)-pyrrolidin-2-y1)-1 H-benzo[djimidazole);
6-((2R,5R)-1~(3,5-difluoro-4-(piperidin-1-yDphenyl}-5-(2-((S)-pyrrolidin-2-yl)-1 H-benzo{dJimidazol-
6-yhpyrrolidin-2-y1)-5-fluoro-2-((S)-pyrrolidin-2-y1)-1H-benzo[d]imidazole;

(S)-6,6'-((2R,5R)- 1 -(4-(4-benzylpiperidin-1-y1)-3,5-difluorophenyl)pyrrolidine-2,5-diyl)bis(5-fluoro-
2-((S)-pyrrolidin-2-y1)-1H-benzo[d]imidazole);
(S)-6,6'-((2R,5R)-1-(4-(4-benzylpiperidin-1-y1)-3,5-difluorophenylpyrrolidine-2, 5-diybis(2-((S)-
pyrrolidin-2-y1)-1H-benzo[dJimidazole);
{8)-6,6'-((28,5R)-1-(3,5-difluoro-4-(4-phenylpiperidin-1-yDphenyDpyrrolidine-2,5-diyl)bis(2-((S)-
pyrrolidin-2-y1)-1H-benzo[d}imidazole);

4-(4-((2R,5R)-2,5-bis(2-((S)-pyrrolidin-2-yI)-1 H-benzo[dJimidazol-6-yDpyrrolidin-1-y1)-2,6-

difluorophenyl)-2-phenylmorpholine;
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(8)-6,6'-((2R,5R)~1-(3,5-difluoro-4-(2-phenylpiperidin-1-yDphenylpyrrolidine-2,5-diyDbis(2-((S)-
pyirolidin-2-yi-11i-venzold Jimidazo
(28,6R)-4-(4-((2R,5R)-2,5-bis(5-fluoro-2-({S)-pyrrolidin-2-y1)-1H-benzo[dJimidazol-6-yDpyrrolidin-
1-yD)-2,6-difluorophenyl)-2,6-dimethylmorpholine;

(8)-6,6-((2R,5R)-1-(3,5-difluoro-4-(3-azaspiro[ 5.5 Jundecan-3-y)phenyhpyrrolidine-2,5-diyhbis(5-
fluoro-2-((S)-pyrrolidin-2-y)-1H-benzo[dlimidazole);
($)-6,6'“((2R,5R)-1-(4-(4-cyclohexylpiperidin-1-y})-3,5-difluorophenyDpyrrolidine-2,5-diy1)bis(5-
fluoro-2-((S)-pyrrolidin-2-y1)- 1 H-benzo[d Jimidazole);
(S)-4-(4-((2R,5R)-2,5-bis(5-fluoro-2-((S)-pyrrolidin-2-y1)-1 H-benzo[dJimidazol-6-ypyrrolidin-1-y1)-
2,6-difluorophenyl)-2-phenylmorpholine;
($)-6,6'-((2S,5R)-1-(3,5-difluoro-4-(piperidin-1-yDphenyl)pyrrolidine-2,5-diy1bis(5-fluoro-2-({S)-
pyrrolidin-2-y1)-1H-benzo[dJimidazole);

(9)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-phenylpiperazin-1-y Dphenylpyrrolidine-2,5-diyDbis(2-((S)-
pyrrolidin-2-y1)-1H-benzo[d}imidazole);

(5,R)-6,6'-(2R,5R)-1-(3,5-difluoro-4-(pipenidin-1 -yhphenylpyrrolidine-2,5-diyibis(2-((25,4R )-4-
fluoropyrrolidin-2-y1)- 1H-benzo[d]imidazole);
(8)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-(pyrimidin-2-ypiperazin- 1 -yDhphenyDpyrrolidine-2,5-
diyDbis(5-fluoro-2-({S)-pyrrolidin-2-y1)-1H-benzo[d}imidazole);
(S)-6,6'-((2R,5R)-1-(4-(4-(2,4-difluorophenyl)piperidin-1-y1)-3,5-difluoropheny)pyrrotidine-2,5-
diyhbis(5-fluoro-2-((S)-pyrrolidin-2-y)-1 H-benzo{d]imidazole);
(8)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-(4-fluoropheny)piperidin- L-yDphenyDpyrrolidine-2,5-
diyDbis(5-fluoro-2-((S)-pyrrolidin-2-y|)-1 H-benzo[d]imidazole).
(8)-6,6'-((2R,5R)-1-(3,5-difluoro-4-(4-(5-methylthiophen-2-y1piperidin-1 -y1l)phenyDpyrrolidine-2,5-
diyDbis(5-fluoro-2-((S)-pyrrolidin-2-y1)-1H-benzo[d}imidazole); and
(8)-6,6'-((2R,5R)-1-(3,5-diflucro-4-(4-fluoro-4-phenylpiperidin-1-yDphenyl)pyrrolidine-2,5-
diyDbis(S-fluoro-2-({S)-pyrrolidin-2-y1)-1 H-benzo[d}imidazole).

Intermediate acids:

(S)-2-(methoxycarbonylamino)-3-methylbutanoic acid;
(8)-2-(methoxycarbonylamino)-2-(tetrahydro-2H-pyran-4-yl)acetic acid;
(2S,3R)-3~-methoxy-2-(methoxycarbonylamino)butanoic acid;
(S)-2-cyclopropyl-2-(methoxycarbonylamino)acetic acid;
(2S,3R)-3-tert-butoxy-2-(methoxycarbonylamino Youlanoic acid;
($)-2-{methoxycarbonylamino)-2-(tetrahydro-2 H-pyran-4-yhacetic acid;

(S)-2-cyclopentyl-2-(methoxycarbonylaminoJacetic acid; and
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(28,3 R)-3-methoxy-2-(methoxycarbonylamino)butanoic acid.
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methyl {(25)-1-[(25)-2-{6-[(2R,5R)-1-[4-(cyclopentyloxy)-3-fluorophenyl]-5-{2-[(25)-1-{(25)-2-
[(methoxycarbonyl)amino]-3-methylbutanoyl }pyrrolidin-2-y1]-1 F-benzimidazol-6-y1} pyrrolidin-2-
yl]-1H-benzimidazol-2-yl}pyrrolidin-1-y[}-3-methyl-1-0xobutan-2-yl } carbamate
"H NMR (400 MHz, DMSO-ds) 8 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 (in, 2 H), 4.40 - 4.52 (m, 1 H),
5.07-5.23 (in, 2 H), 5.26 - 5.44 (m, 2 H), 5.96 - 6.17 (m, 2 H), 6.63 - 6.98 (m, 2 H), 7.00 - 7.16 (1, 2
H), 7.16 - 7.35 (m, 4 H), 7.35 - 7.54 (m, J=31.23 Hz, 2 H), 11.93 - 12.32 (m, 2 H); MS (ESI) m/z =
934.5 (M+H)".

15
Example 4.2

methyl {(28)-1-[(25)-2-(5-{(2R,5R)-5-{2-[(2S)-1-{(25)-2-[{methoxycarbonyl)amino}-3-
methylbutanoyl}pyrrolidin-2-y1}- 1 H-benzimidazol-53-y1} -1-[3-methyl-4-(piperidin-1-
yhphenylpymrolidin-2-yi} -1 H-benzimidazol-2-yhpyrrolidin-1-yl]-3-methyl-1-oxobutan-2-
20 y1} carbamate
"H NMR (400 MHz, DMSO-ds) & ppm 0.74 - 0.89 (m, 12 H) 1.35 - 1.41 (m, 2 H) 1.44 - 1.52 (m, 4 H)
1.62-1.67 (m, 2 H) 1.86 - 1.93 (m, 5 H) 1.94 - 2.03 (m, 4 H) 2.15 - 2.24 (m, 4 H) 2,48 - 2.54 (m, 6 H)
352 (s,6H)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, 1 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)

)
929.5 (M+H}",

7.44(d,1=824Hz, 1 H) 11.94 - 12.04 (m, 2 H); MS{ /z O VI+H
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5 Example 4.3

raethyl {(28)-1-[(25)-2-{5-[(2R,5R}-1-{3,5-difluoro-4-[(3aR,7aS)-octahydro-2H-isoindo}-2-
yllphenyl}-5-{2-[(25)-1-{(25)-2-[(methoxycarbonyhamino]-3-methylbutanoyl } pyrrolidin-2-y1}-1 H-
benzimidazol-5-yl}pyrrolidin-2-yl]-1 f{-benzimidazol-2-y1}pyrrolidin- 1 -y1]-3-methyl-1 -oxobutan-2-
yl}carbamate

10 "HNMR (400 MHz, DMSO-ds) 8 ppm 0.71 - 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 (8, 6 H) 3.77 - 3.86 (m, 4 H) 4.06 (1, J=8.29 Hz, 2 H) 5.09 - 5.20 (m, 2 H) 5.29 - 5.40 (m, 2 H)
5.89(d, J=12.25Hz, 2 H) 7.03 - 7.13 (m, 2 H) 7.18 - 7.33 (mm, 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)".
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Example 4.4
- methyl {(285)-1-[(25)-2-{5-[(2R,5R)-1-[3,5-dichloro-4-(piperidin-1-y)phenyl}-5-{2-[(25)-1-{(25)-2-
[(methoxycarbonyl)amino]-3-methylbutanoyl} pyrrolidin-2-y1}- 1 H-benzimidazol-5-y1} pyrrolidin-2-
20 yl}-1H-benzimidazol-2-yl} pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-y1} carbamate
"H NMR (400 MHz, DMSO-ds) 8 ppm (.68 - 0.94 (m, 12 H) 1.36 - 2.28 (m, 20 H) 2.84 (s, 4 H) 3.54
(5, 6 H)3.82 (5,4 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, /=2.49 Hz,
2H)6.99-757 (10, 8 H) 12.04 (s, | H) 12.09 (s, 1 H); MS (ESI+) m/z 983 (M+H)",
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Example 4.5
methyl {(28)-1-[(25)-2-{5-[(2R,5R)-1-[2,5-difluoro-4-(piperidin-1 -yDphenyl]-5-{2-[(2.5)-1- {(25)-2-
5 [(methoxycarbonyDamino}-3-methylbutanoyl}pyrrolidin-2-y1]-1 H-benzimidazol-5-y1} pyrrolidin-2-
yi]-1 H-benzimidazol-2-y1}pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-y1} carbamate
"H NMR (400 MHz, DMSO-ds) 8 ppm 0.80 (s, 12 H) 1.08 - 2.71 (m, 24 H) 3.53 (s, 6 H) 3.81 (5, 4 H)

(m, 2 H); MS (ESI+) m/z 952 (M+H)Y".

3.97-4.11 (m, 2 H) 5.13 (s, 2 H) 5.51 (5, 2 H) 6.34 - 6.70 (m, 2 H) 7.00 - 7.60 (m, & H) 11.87 - 12.30
10

Example 4.6
methyl {(28)-1-[(28)-2-{5-[(2R,5R)-1-{4-[(2R,65)-2,6-dimethylpiperidin-1-yi]-3,5-difluorophenyl}-3-
§2-1(28)-1-{(25)-2-[(methoxycarbonyDamino ]-3-methylbutanoy!} pyrrolidin-2-y1]-1 H-benzimidazol-
15 5-ylipyrrolidin-2-yl]-1 A-benzimidazol-2-yl} pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-y1} carbamate
"H NMR (400 MHz, DMSO-dg) 8 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, /=7.92 Hz, 2 H) 5.15 (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 (BESIH) m/z 979 (M+H)".
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Example 4.7
methyl {(25)-1-[(25)-2-(5-{(2R,5R)-5-{2-[(25)-1-{(25)-2-[(methoxycarbonyl)amino]-3-
methylbutanoyl}pyrrolidin-2-yl]-1/7-benzimidazol-5-y1}-1-[2,3,5-irifluoro-4-(piperidin-1-
5 yhphenylpyrrolidin-2-y1} -1 H-benzimidazol-2-yDpyrrolidin-1-y1]-3-methyl-1-oxobutan-2-
yl}carbamate
‘H NMR (400 MHz, DMSO-d¢) 8 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 (5,4 H)4.00-4.13 (m, 2 H) 5.14 (5, 2 H) 5.56 (5, 2 H) 6.27 - 6.47 (m, 1 H) 6.97 - 7.49
(m, 8 H) 12.01 (s, | H) 12.08 (d, /=1.84 Hz, 1 H); MS (ESI+) m/z 970 (M+H)".
10

Example 4.8
methyl {(25)-1-[(28)-2-{5-[(2R,5R)-1-(4-cyclohexyl-3-fluorophenyl)-5-{2-[(25)-1-{(25)-2-
[(methoxycarbonylamino}-3-methylbutanoyl }pyrrolidin-2-y1}-1 A-benzimidazol-6-y 1} pyrrolidin-2-
15 y1l-1 H-benzimidazol-2-y1}pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-y1} carbamate
"H NMR (400 MHz, CDC1) & ppm 10.48 (m, 1 H), 10.32 (s, 1 H), 7.70 (d,.J = 8.0 Hz, 1 H), 7.53 (5, 1
H), 734 (d,J=81Hz, 1 H), 713 (d, J= 5.5 Hz, 3 H), 6.72 (5, | H), 6.03 (m, 2 H), 5.40 (m, 5 B),
526(d,J=1.7Hz, 3 H),434 (dd,J=8.7,7.0 Hz, 2 H), 3.84 (d, /= 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 (1, T = 6.4, 12 H); MS (ESI+) m/z (vel abundance) 933 (100, M+H), 934 (53).
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Example 4.9
methyl {(25)-1-[(28)-2- {5-[(2R,5R)-1-(3,4-difluorophenyl)-5-{2-[(28)-1-{(25)-2-
[(methoxycarbonyhaminol-3-methylbutanoyl}pyrrolidin-2-y1}-1/1-benzimidazol-6-y1} pyrrolidin-2-
5 y1]-1 A-benzimidazol-2-y1} pyrrolidin-1-y1]-3-methyi-1-oxobutan-2-y1} carbamate
"H NMR (400 MHz, CDCLy) 8 ppm 10.49 (d, J = 9.0 Hz, 1 H), 10.38 (s, | H), 7.70 (d, J = 8.1 Hz, |
H), 7.51 (s, 1 H), 7.35(d, /= 8.3 Hz, |l H), 7.12 (dd. J = 10.9, 6.3 Hz, 3 H), 6.69 (dd, /= 9.4, 5.7 Hz,
L H), 613 (d,J=72 Hz, 1 H), 6.00 (s, | H), 5.41 (m, 4 H), 5.27 (m, 2 H), 4.34 (m, 2 H), 4.06 (d, ./ =
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).
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Example 4,10
15 methyl {(28)-1-[(25)-2-{6-[(2R,5R)-1 -(4-ethoxyphenyl)-5-{2-[(25)-1-{(25)-2-
[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-y1}- 1 A-benzimidazol-6-y1 }pyrrolidin-2-
yi}-17-benzimidazol-2-y1} pyrrolidin-1-y!]-3-methyl-1-oxobutan-2-y|} carbamate
TH NMR (400 MHz, DMSO-de) 8 ppm 0.92 - 0.75 (m, 12H), 1.21 - 1.10 (i, 3H), 1.33 - 1.21 (m, 1H),
1.76 - 1.64 (m, 2H), 2.06 - 1.85 (m, 7H), 2.28 - 2.08 (m, 4H), 3.54 (s, 6H), 3.73 {g, T = 7.0, 2H), 3.81
20 (s, 4H), 4.11 - 3.99 (m, 2H), 5.18 - 5.06 {m, 2H), 5.33 (5, 2H), 6.24 (d, J = 8.9, 21), 6.51 (d, T = 4.9,
9.4, 2H), 7.04 (t,1 = 7.7, 2H), 7.34 - 7.18 (m, 4H), 7.36 (d, I = 8.2, 1H), 7.44 (d, T = 8.2, 1H), 12.02

(s, 2H); MS (ESI) m/z 876 (M+H)T, 874 (M-H)".
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Example 4.11
methyl {(25)-1-[(285)-2-{6-[(2R,5R)-1-[4-(2,2-difluorccthoxy)phenyl]-5-{2-[(25)-1-{(25)-2-
[(methoxycarbonylamino]-3-methylbutanoyl}pyrrolidin-2-yi}-1 H-benzimidazol-6-y1} pyrrolidin-2-
5 y1]- L H-benzmidazol-2-ylpyrrolidin-1-y1]-3-methyi-1-oxobuian-2-y1} carbamate
Iy MR (400 MHz, methanol-dy) & ppm 0.85 (dd, I = 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 (m, 6H), 422 (dd, I = 5.4, 10.3, 1H), 5.28 - 5.17 (m, 2H), 5.37 (t, ] = 6.4, 2H),
5.96 (tt,1=3.9,55.2, [H), 631 (1, T=9.7, 2H), 6.60 - 6.51 (m, 2H), 6.98 (d, I = 8.4, 1H), 7.23 (d, ] =
10 83,2H),7.35(d, T=17.8,2H), 7.50 (d, I = 8.3, 2H); MS (ESI) m/z 912 (M+H)", 910 (M-H)".

RS

Example 4.12
methyl {(29)-1-[(25)-2-{6-[(2R,5R)-1-[4-(3,5-dimecthy!piperidin-1-yi)-3,5-difluorophenyl]-5-{2-[(2S5)-
1-§(25)-2-[(methoxycarbonylamino}-3-methylbutanoyl} pyrrolidin-2-y1]- 1 H-benzimidazol-6-

15 ylipyrrolidin-2-y1}-1 H-benzimidazol-2-y1}pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-yl} carbamate
'H NMR (400 MHz, DMSO-ds) & ppm 0.50 (g, J = 11.9, 1H), 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, ] = 10.0, 40.2, 2H), 3.18 -
3.05 (m, 1H), 3.54 (5, 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,7=12.8, 2H), 7.14 - 7.02 (m, 2H), 7.19 (s, 1¥), 7.33 - 7.23 (m, 3H), 741 (d, I = 8.2, 1H), 7.49 (d,

20 J=82,1H), 12.37 - 11.98 (m, 2H); MS (ESI) m/z 979 (M+H)™.
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Example 4.13
methyl {(25)-1-[(25)-2-(6-{(2R.5R)-5-{2-[(25)-1-{(25)-2-[(methoxycarbonylamino]-3-
methylbutanoyl} pyrrolidin-2-y1j-1//-benzimidazol-6-y1}- 1 -[4-(pentafluoro-lambda~6~-
35 sulfanylyphenylpyrrolidin-2-y1}-1/4-benzimidazol-2-yDpyrrolidin-1-y1]-3-methyl-1-oxobutan-2-
yl}carbamate
TH NMR (400 MHz, DMSO-ds) 8ppm 0.92 - 0.69 (m, 12H), 2.08 - 1.61 (m, 8H), 2.20 (s, 4H), 3.53 (s,
6H), 3.82 (s, 4H), 4.05 (. T = 8.0, 2H), 5.13 (dt, I = 4.9, 9.8, 2H), 5.49 (dd, } = 10.8, 15.8, 2H), 6.37
(d, T =38.6,2H), 7.13 - 6.81 (m. 3H), 7.20 (d, ] = 8.8, 1H), 7.28 (dd, ] = 4.6, 9.9, 3H), 7.45 - 7.34 (m,

10 4H),7.48 (d, J = 8.2, 1H), 12.16 (dd, T = 22.6, 68.2, 2H): MS (ESI) m/z 958 (M+H), 956 (M-H)".
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Example 4.14
methyl {(25,3R)-1-[(25)-2-{5-[(25,55)- 1 -(4-cyclopropyiphenyl)-5-(2-{(28)- 1 -[N-(methoxycarbonyl)-
15 O-methyl-L-threonyl]pyirolidin-2-y1} -1 H-benzimidazo-5-yDpyrrolidin-2-y1]-1/-benzimidazol-2-

Q

/J
o ©
Ny

ylipyrrolidin-1-y1]-3-methoxy-1-oxobutan-2-yl} carbamate
'H NMR (400 MHz, DMSO- de) 8 ppm 0.37 (m, 2 H) 0.68, (s, 2 H) 1.08 (d, 6 H) 1.54 -1.64 (in, 2 H)
1.69(s,2H)1.99 (5,4 H)2.17 (s, 7H) 3.18 (5, 6 H) 3.42 - 3.53 (m, 2 H) 3.54 (s, J=1 .41 Hz, 6 H) 3.84
(s,3H)4.28 (5,2 H)5.12 (s, 2 H) 5.34 (s, 2 H) 6.22 (5, 2 H) 6.61 (5, 2 H) 7.05 (5, 2 H) 7.16 (5, 2 H)
20 7.36(s, 2 H) 11.97 (s, 1 H),12.08 (s, 1H); MS (ESI+) m/z 904.5 (M+H)', (ESI-) m/z 902.3 (M-HY".
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Example 4.15
methyl {(25)-1-[(28)-2-{6-[(2R,5R)-1-(4-cyclopropyl-3,5-difluorophenyl)-5-{2-[(25)-1-{(25)-2-
[{methoxycarbonylaminc]-3-methylbutanoyl}pyrrolidin-2-yl1]-1 H-benzimidazol-6-y1} pyrrolidin-2-
5 y1]-1H-benzimidazol-2-yl} pyrrolidin-1-yli]-3-methyl-1-oxobutan-2-yl} carbamate
"H NMR (400 MHz, CDCl3) & ppm 10.47 (br s, 1H) 10.30-10.41 (br s, 1H) 7.69 (br s, 1H) 7.49 (s,
1H) 7.30-7.43 (br s, 1H) 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) 3.71 (s, 6H) 3.56-3.67 (m, 2H) 3.11 (m, 2H) 2.58 {(br s, 2H) 2.33 (i, 2H) 2.08-2.27 (in,
4H) 2.01 (m, 2H) 1.78 (brs, 217) 0.82-0.96 (m, 12H) 0.71 {m, 4I1).
10

Example 4.16
dimethyl ([(2R,5R)-1-(4-tert-butylphenyDpyrrolidine-2,5-diyl]bis { | F-benzimidazole-6,2-
diyl(2S)pyrrolidine-2,1-diyl{{15)-1-cyclopropyl-2-oxocthane-2,1 -diy1]} )biscarbamate
15 THNMR (500 MHz, DMSO-dg) 6 ppra 0.48 - 0.24 (m, 7H), 0.89 - 0.81 (m, 1H), 1.01 (s, 3H), 1.07 (s,
6H), 1.14 (dd, 1= 8.7, 16.6, 1), 1.32 - 1.17 (m, 4H), 1.75 - 1.64 (m, 1H), 2.05 - 1.78 (m, 4H), 2.24 -
2.09 (m, 3H), 2.45 - 2.39 (m, 2H), 3.21 - 3.12 (m, 1H), 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, 1H), 5.44 - 5.26 (m, 2H), 6.26 (d, ] = 8.8, 1H), 6.95 - 6.81 (m,
2H), 7.06 - 6.95 (m, 1H), 7.09 (t, T= 8.3, 1H), 7.20 (d, I = 4.3, 1H), 7.35 - 7.25 (m, 1H), 7.55 - 7.36

20 (m, 4H), 12.28 - 11.84 (m, 2H); MS (ESI+) m/z 884 (M+H), (ESL-) m/z 882 (M-H)".
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Example 4.17
methyl {(25)-1-[(25)-2-{5-[(2R,5R)-1-[4-{4-acetyl-4-pheny Ipiperidin-1-y1)-3,5-difluorophenyl]-5-{2-
[(28)-1-{(285)-2-[(methoxycarbonyl)amino]-3-methy Ibutanoyl }pyrrolidin-2-y1}-1 H-benvimidazol-5-
5 yl}pyrrolidin-2-y1}-1 H-benzimidazol-2-yl}pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-y1} carbamate
"H NMR (400 MHz, DMSO-ds) § ppm 0.75 - 0.91 (m, 12 H) 1.68 (d, I=4.66 Hz, 2 H) 1.83 (s, 3 H)
1.87 - 2.38 (1, 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 - 541 (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)".
10
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Example 4.18
methyl {(25)-1-[(2S5,3a8,6a5)-2-{5-[(2R,5R)-1-[3,5-difluoro-4-(piperidin-1-yDphenyl]-5-{2-
[(3a8,6aS5)-1-{(25)-2-[(methoxycarbonyhamino]-3-methylbutanoyl foctahydrocyclopenta[ hlpyrrol-2-
15 yl]-1H-benzimidazol-5-yl}pyrrolidin-2-y1]-1/7-benzimidazol-2-ylt hexahydrocyclopental blpyrrol-
L2 H)-y1}-3-methyl-1-oxobutan-2-y1} carbamate
"H NMR (400 MHz, DMSO-ds) & ppm 0.64 - 0.96 (m, 13 H) 1.31 - 2.18 (m, 21 H) 3.50 - 3.57 (1m, 6
H)3.93 -4.07 (m, 2 H) 4.72 - 4.85 (m, 1 H) 5.13 (t, L H) 5.37 (s, 2 H) 5.90 (dd, 2 H) 7.06 (d, 2 H)
721 (s, 1 H)7.33(d, 1 H) 7.36 - 7.56 (m, /=8.13 Hz, 4 H) 11.96 (s, 1 H) 12.03 - 12.08 (m, 1 H) 12.24
20 (none, | H); MS (BESI+) m/z 1031.5 (M+H)", (ESI-) m/z 1029.4 (M-H).
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Example 4.19
methyl {(25)-1-[(25,3aS5,6a5)-2-{5-[(2R,5R)-1-(4-tert-butylphenyl)-5-{2-[(3aS,6aS5)-1- {(25)-2-
5 [(methoxycarbonyhamino]-3-methylbutanoyl}octahydrocyclopenta[blpyrrol-2-yl}-1 /-benzimidazol-
5-yhipyrrolidin-2-yl]-1/7-benzimidazol-2-yl}hexahydrocyclopenta[blpyrrol-1(2H)-yl}-3-methyl-1-
oxobutan-2-yl} carbamate

"H NMR (400 MHz, DMSO-d¢) 6 ppm 0.62 - 0.93 (m, 13 H) 1.42 - 2.16 (m, 25 H) 2.78 (s, | H) 3.54
(s, 6 HY4.01 (5,2 H) 4.77 (s, 1 H) 5.11 (1, J=8.08 Hz, 2 H) 535 (5, 2 H) 6.26 (d, J/=8.67 Hz, 2 H) 6.83
10 -697(m2H) 70562721 (5, 1 H) 727 -732 (m, 1 ) 734 - 755 (m, 4 H) 11.92 (5, 1 1)

12.01 (s, 1 H); MS (ESI+) m/z 968.5 (M+H)", (ESI-) m/z 966.4 (M-HY, 1011.7 (M+COOH-H).
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Example 4.20

15 methyl [(25)-1-2-{5-[(2R,5R)-1 -(4-tert-butylpheny!)-5-{2-{(25)-pyrrolidin-2-yl]-1 /i-benzimidazol-5-
yl}pyrrolidin-2-y1}-1H-benzimidazol-2-yl} pyrrolidin-1-y1)-3-methyl-1 -oxobutan-2-yljcarbamate

The title compound can be prepared by reacting the amine with one equivalent of an acid instead of
two. 'H NMR (400 MHz, DMSO-dg) & 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, J=11.39 Hz, 2 H) 3.54 (s, 3 H) 3.85 (d, /=4.34 Hz, 2 H) 4.07 - 4.13 (m, | H)

20 488 -4.9% (m, 1 H)5.15 - 5.23 (m, 1 H) 5.45 (d, J=7.16 Hz, 1 H) 5.50 (d, J=6.94 Hz, 1 H) 6.26 (d,
J=8.78 Hz, 2 H) 6.92 (d, /=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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Example 4.21

methyl {(25)-1-[(28)-2-{5-[(2R,5R)-1-[4-(2-azabicyclo[2.2 2 Joct-2-y1)-3,5-difluorophenyl]-5- {2-
5 [(25)-1-{(25)-2-[{(methoxycarbonyDamine]-3-methy butanoy! y pyrrolidin-2-y1]-1/7-benzimidazol-5-
yl}pyrrolidin-2-y1}-1 H-benzimidazol-2-y1} pyrrolidin- 1 -y1}-3-methyl-1-oxobutan-2-yl} carbamate
"H NMR (400 MHz, DMSO-ds) & 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, /=8.35 Hz, 2 H), 5.07 - 5.20 (m, 2 H), 5.26 - 5.45 {(m, 2 H),
5.89 (d, J=12.36 Hz, 2 H), 7.00 - 7.14 (m, 2 H), 7.16 - 7.33 (m, 4 H), 7.44 (dd, /=32.42, §.24 Hz, 2
10 H), 12.06 (two s, 2 H); MS (EST+) m/z 977 (M+H)', (ESI-) m/z 975 (M-HY".
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Example 4.22
methyl {(25)-1-[(25)-2-{5-[(2R,5R)-1-{3,5-difluoro-4-[4-(propan-2-yl)piperidin-1-ylphenyl}-5-{2-
15 [(25)-1-{(25)-2-[(methoxycarbonyhamine}-3-methylbutanoyl } pyrrolidin-2-y11-1 A-benzimidazol-5-
ylipyrrolidin-2-y1}-1 H-benzimidazol-2-yi  pyrrolidin- | -y13}-3-methyl-1-oxobutan-2-y1} carbamate
"H NMR (400 MHz, DMSO-ds) 8 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, /=11.17Hz, 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 (1,./=8.35 Hz, 2 H), 5.07 - 5.23 (m, 2 H), 5.29 - 5.45
200 (m, 2 H),5.88(d,/~12.79Hz, 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, /=8.13 Hz, 1 H), 12.07 (two s, 2 H); MS (BST+) m/z 994 (M+H)".
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Example 4.23

dimethy! ({(2R,5R)-1-[4-(4,4-dimethylpiperidin-1-y1)-3,5-difluorophenyl]pyrrolidine-2,5-
diylibis {1 H-benzimidazole-5,2-diy(28)pyrrolidine-2, 1 -diyl[(1.8)-2-0x0- | -(tetrahydro-2H-pyran-4-
5 yDethane-2,1-diyl]} biscarbamate
"H NMR (400 MHz, DMSO-dg) 8 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, S 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 (5, 6

5.30 - 543 (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-HY.
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Example 4.24
methyl {(285)-1-[(28)-2-{5-[(2R,5R)-1-[4-(3,3-dimethylazetidin-1-y1)-3,5-difluorophenyl]-5-{2-[(25)-
t5 1-4(25)-2-[(methoxycarbonylyamino ]-3-methylbutanoy!} pyrrolidin-2-y1]-1 F-benzimidazol-5-

yl}pyrrolidin-2-y1}-1 A-benzimidazol-2-y1} pyrrolidin-1-y1}-3-methyl- 1 -oxobutan-2-y1} carbamate
"H NMR (400 MHz, DMSO-ds) 8 ppm 0.76-0.94 (m, 12 H), 1.13 (s, 6 H), 1.61-1.74 (m, 2 H), 1.81-
228 (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 (1, /=8.24 Hz, 2
H), 5.14 (1, /=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,4H), 7.39(d, /=813 Hz, 1 H), 7.47 (d, /=8.24 Hz, | H), 12.05 (two s, 2 H); MS (ESI+) m/z 951
(M+H)Y".
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Example 4.25
methyl {(25)-1-[(28)-2-(5-{(2R,5R)-5-{2-[(25)-1-{(28)-2-[(methoxycarbony)amino]-3-
methylbutanoyl}pyrrolidin-2-y1}-1 4-benzimidazol-5-y1}-1-[4-(4-phenylpiperidin-1-

5 yhphenylipyrrolidin-2-y1} -1 H-benzimidazol-2-yhpyrrolidin-1-y1]-3-methyl-1-oxobutan-2-
y1}carbamate
"H NMR (400 MHz, DMSO-d) 8 ppm 0.74 - 0.93 (m, 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, /=8.29
Hz, 2 H), 5.08 - 5.19 (m, 2 H), 5.28 - 5.46 (m, 2 H), 6.26 (d, /=8.67 Hz, 2 H), 6.55 - 6.67 (1, 2 H),
10 7.06 (t, /<732 Hz, 2 H), 7.13 - 7.32 (m, 9 H), 7.37 (d, /=8.24 Hz, 1 H), 7.45 (d, /=8.24 Hz, 1 H),
12.02 (s, 2 H); MS (ESTH) m/z 991 (M+H)', (ESI-) m/z 989 (M-HY".

Example 4.26
15 methyl {(25)-1-[(25)-2-{5-[(2R,5R)-1-{3,5-difluoro-4-[4-(3-phenylpropyDpiperidin-1-yljphenyl}-5-
{6-fluoro-2-[(25)-1-{(25)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl ypyrrolidin-2-y1]-1 /-
benzimidazol-5-y1}pyrrolidin-2-y1]-6-fluoro-1 H-benzimidazol-2-y 1} pyrrolidin-1-y11-3-methyl-1-

oxobutan-2-yl}carbamate
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"H NMR (400 MHz, DMSO-d¢) § ppm 0.68 - 0.84 (m, 12 H), 0.98 - 1.30 (m, § H), 1.47 - 1.60 (m, §
H), 1.63 - 2.07 (m, 9 H), 2.09 - 2.24 (m, 3 H), 2.78 (s, 4 F), 3.51 (s, 6 H), 3.71 - 3.87 (m 4 H), 397 -
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, J=6.78, 2.33
Hz, 1 H), 7.08 - 7.19 (m, 4 H), 7.19 - 7.35 (mn, 5 H), 7.39 (dd, J=11.28, 6.29 Hz, 1 H), 11.50 - 12.73
(m, 2 H); MS (BSH) m/z 1105 (M+H)"; MS (BST-) m/z 1103 (M-HY.

ABS

AS S
Zf 015

Example 4.27
methyl {(28)-1-[(25)-2-{5-[(2R,5R)-1-{4~(4-tert-butylpiperidin-1-y1)-3,5-difluorophenyl]-5-{6-fluoro-
2-[(28)-1-{(28)-2-[(methoxycarbonyljamino]-3-methylbutanoy!} pyrrolidin-2-y1]- 1 H~benzimidazol-5-
yl}pyrrolidin-2-yl]-6-fluoro-1 H-benzimidazol-2-y1}pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-
yl}carbamate
"H NMR (400 MHz, DMSO-dg) 8 ppm 0.69 - 0.76 (m, 4 H), 0.76 - 0.91 (m, 17 H), 1.13 - 1.27 (m, 3
H), 1.55(d, J=11.39 Hz, 2 H), 1.67 - 2.09 (m, 9 H), 2.11 - 2.26 (m, 4 H), 2.72 - 2.94 (m, 4 H), 3.50 -
3.57 (1, 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, ./=12.52, 7.21 Hz, 2 H), 7.03 (d, /=6.40 Hz, 1 H), 7.13 (d, /=6.94 Hz, 1 H), 7.25 - 7.37 (m, 3
H), 7.40 (dd, J=11.17, 6.29 Hz, 1 H), 11.67 - 12.63 (1, 2 H); MS (ESI+) m/z 1043 (M+H)"; MS (ESI-

)y m/z 1041 (M-HY".
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Example 4.28
dimethyl ({(2R,5R)-1-[4-(4-tert-butylpiperidin-1-y1)-3,5-difluorophenylJpyrrolidine-2,5-diy!} bis { (6~
fluoro-1/7-benzimidazole-5,2-diy)(2S)pyrrolidine-2, 1-diyl{(15)-1-cyclopentyl-2-oxoethane-2, 1-
5 diyl]})biscarbamate
"H NMR (400 MHz, DMSO-dg) 8 ppm 0.80 (s, 9 H), 1.08 - 1.63 (m, 24 H), 1.65 - 1.87 (m, 3 H), 1.92
-225{m, 10 H),2.37-2.45 (m, 1 H),2.73 - 2.93 (m, 4 H), 3.60 - 3.91 (m, 4 H), 4.13 (t, J=8.24 Hz, 2
H), 5.11 (d, J=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,
J=6.61 Hz, 1 H), 7.34 (dd, J=10.25, 3.74 Hz, 1 H), 7.37 - 7.46 (m, 3 H), 11.73 - 12.50 (m, 2 H); MS
10 (BSHH) m/z 1095 (M+H)"; MS (ESI-) m/z 1093 (M-H)".
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Example 4.29

methyl {(253R)-3-tert-butoxy-1-[(28)-2-(5-{(2R,5R)-5-{2-[(25)-1-{(25,3R)-3~teri-butoxy-2-
15 [{methoxycarbonylamino Jbutanoyl} pyrrolidin-2-y1}-6-fluoro- 1 H-benzimidazol-5-y1} -1 -[4-(4-ter1-
butylpiperidin-1-y1)-3,5-difluorophenyl]pyrrolidin-2-y1}-6-fluoro- L H-benzimidazol-2-y Dpyrrolidin-1 -
yil-1-oxobutan-2-yl}carbamate
'H NMR (400 MHz, DMSO-ds) 8 ppm 0.82 (d, J=14.64 Hz, 13 H), 0.88 - 0.96 (m, 4 H), 1.02 (s, 7 H),
1.12 (d, J=33.83 Hz, 11 H), 1.49 - 2.31 (m, 9 H), 2.69 - 2.93 (m, 4 H), 3.27 (s, 1 H), 3.50 - 3.57 (m, 6
20 H), 3.64 -3.94 (m, 9 H), 4.03 - 431 (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, | H), 7.08 - 729 (m, 1 H), 7.34
fld F—1H A2 1 Q4 I 1 ITY 720 T KL f3n +LIY 11 A0 U 12 9Q f+vy 2 LIN. AACQ (ECTLY 40/e 1120
Wikiy o/ LUWID, 1,07 I1L, & 1), (.30 F.00 i, 8y, 1Y L4000 (I, & Iif, Vad (oo1T ) five 1107

(M+H)".

\_7

Example 4.30
methyl {(25)-1-[(25)-2-{5-[(2R,5R)-1-{3,5-difluoro-4-[4-(2-naphthyl)piperidin-1-yljphenyl}-5- {6~
fluoro-2-[(25)-1-{(25)-2-[(methoxycarbonylamino]-3-methylbutanoy!} pyrrolidin-2-y1}- 1.1~
benzimidazol-5-yl}pyrrolidin-2-y1]-6-fluore-1/H-benzimidazol-2-y1}pyrrolidin-1-y1}-3-methyl-1-
oxobutan-2-yl}carbamate
"H NMR (400 MHz, DMSO-de) 6 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 (i, 5 H), 3.52 (d,

J=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}, 549 - 5.67 (m, 2 H),

5.83 - 6.00 (m, 2 H), 7.01 - 7.09 (m, 1 H), 7.16 (4, J=7.05 Hz, 1 H), 7.25 - 7.37 (m, 3 H), 7.38 - 7.53
(m, 4 H), 7.68 - 7.93 (m, 4 H), 11.88 - 12.65 (m, 2 H); MS (ESI+) m/z 1113 (M+H)"; MS (ESL-) m/z
1111 (M-HY.
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Example 4.31
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methyl {(25)-1-[(28)-2-{5-[{2R,5R)-1-[4~(2,3-dihydro-1'H-spiro[indene-1,4"-piperidin]-1"-y1)-3,5-
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methylbutanoyl}pyrrolidin-2-y1)-17-benzimidazol-5-yl} pyrrolidin-2-y11-6-fluoro-1/-benzimidazol-

{6-fluoro-2-[(25)-
2-yltpyrrolidin-1-yl]-3-methyl-1-oxobutan-2-yl} carbamate
5 THNMR (400 MHz, CDCl3) 8 ppm 10.53-10.63 (m, 1H) 10.31-10.41 (m, 1H) 7.43-7.52 (m, 1H) 7.30-
7.40 (m, 1H) 7.10-7.25 (m, 5H) 6.92-7.00 (m, 1H) 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 (1, 6H) 3.56-3.66 (m, 2H) 2.83-3.26 (m, §H) 1.81-2.61 (m, 16H) 0.71-
1.10 (m, 12H); MS (BSI) m/z 1089 (M+H)".
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Example 4.32
methyl {(25)-1-[(25)-2-{5-[(2R,5R)-1-[3,5-difluoro-4-(3-phenylpiperidin-1-yphenyl}-5-{2-{(25)-1-
{(28)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl} pyrrolidin-2-yl]- L F-benzimidazol-6-

ylipyrrolidin-2-y1]-1 H-benzimidazol-2-yl} pyrrolidin-1-y1]-3-methyl-1 -oxobutan-2-yl} carbamate
15 'H NMR (400 MHz, DMSO-ds) 8 ppm 12.07 (s, 1 H), 12.01 (s, 1 H), 748 (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, = 12.9 Hz, 2 H), 5.36 (d, } = 7.5 Hz, 2 1), 5.14 (s, 2
H), 4.05 (t, ] = 8.1 Hz, 2 H), 3.81 (5, 4 H), 3.54 (s, 6 H), 2.85 (5, 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)".
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Example 4.33
methyl {(25)-1-[(25)-2-{5-[(2R,5R)-1-[3,5-difluoro-4-(3-phenylpyrrolidin-1-yl)phenyl]-5-{2-[(25)-1-
{(25)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl} pyrrolidin-2-y1}- LH-benzimidazol-6-
vitpyrrolidin-2-yl]-1 H-benzimidazol-2-y1} pyrrolidin-1-y1]-3-methyl-1 -oxobutan-2-yi} carbamate

S
"HNMR (400 MHz, DMSO-de) & ppm 12.09 (d, ] = 14.8 Hz, 2 H), 7.47 (m, 2 H), 7.45 (m, 2 H), 7.24
(e, 8H), 7.08 (5,2 H), 5.93 (d, J=12.1 Hz, 2 H), 5.38 (5, 2 H), 5.15 (s, 2 H), 4.06 (t, T = 8§ 4 Hz, 2 H),
382 (s, 4 H),3.53 (s, 6 H), 3.13 (m, 4 H), 2.19 (s, 4 H), 1.90 (m, 6 1), 1.70 {s, 2 H), 0.80 (m, 12 H);
MS (ESIH+) m/z (rel abundance) 1013 (100, M+H)™, 1014 (58).
10
S .
T
(]
\\,?{:
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Example 4.34
methyl {(28)-1-[(28)-2-{6-[(2R,5R)-1-{3,5-difluoro-4-[4-(4-methoxyphenyDpiperidin- 1 -yl|phenyl} -
5-{2-0(285)-1-{(25)-2-{(methoxycarbonylyamino}-3-methylbutanoy! y pyrrolidin-2-y1]-1 H-
15 benzimidazol-6-yl}pyrrolidin-2-y1}-1 H-benzimidazol-2-y1} pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-

yl} carbamate
"H NMR (400 MHz, DMSO-ds) 3 ppm 0.97 - 0.69 (1, 12H), 1.24 (s, 1H), 1.78 - 1.50 (m, 6H), 2.10 -
1.85 (m, 7H), 2.19 (s, 4H), 2.47 - 2.38 (m, 1H), 3.03 - 2.80 {m, 4H), 3.33 (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, } = 12.8, 2H), 6.81 (d, ] =

346
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8.7, 2H), 7.17 - 7.02 (m, 4H), 7.21 (s, 1H), 7.34 - 7.26 (m, 3H), 7.41 (d,J = 8.2, 1H), 7.50(d, T = 8.2,

N
1H), 12.17 (dd, T — 19.5, 74.7, 2H): MS (ESI) m/z 1057 (M+H), 1655 (M-H)
ABS

[ N

P

F

H i
i

N

¢ [ N
L

BExample 4.35
methyl {(25)-1-[(25)-2-{6-[(2R,5R)-1-[3,5-difluoro-4-(4-flucro-4-phenyIpiperidin-1-yD)phenyl]-5-{2-
[(25)-1-{(28)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-y1}- 1 H-benzimidazol-6-

5

yllpyrrolidin-2-yl}-1 H-benzimidazol-2-y1} pyrrolidin-1-y1]-3-methyl-1 -oxobutan-2-y1} carbamate
"H NMR (400 MHz, DMSO-dg) 8 ppm 0.91 - 0.75 (m, 12H), 2.11 - 1.60 (m, 12H), 2.28 - 2.12 (m,
4H), 2.55(d, T = 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, T = 12.8, 2H), 7.13 - 7.05 (m, 2H),

7.45-7.18 (m, 10H), 7.50 (d, J = 8.3, 1H), 12.11 (d, I = 15.2, 2H); MS (ESI) m/z 1045 (M+H)', 1043
(M-HY".

ABS

15 Example 4.36
methyl {(25)-1-[(25)-2-{6-[(2R,5R)-1-[4-(4-fluoro-4-phenylpiperidin-1-yDphenyl]-5-{2-[(25)-1-
{(28)-2-[(methoxycarbonyhamino}-3-methylbutanoy! ypyrrolidin-2-y1}- | H-benzimidazol-6-
yhipyrrolidin-2-yl}-1 H-benzimidazol-2-y1} pyrrolidin-1-y1}-3-methyl- 1 -oxobutan-2-y1} carbamate

347
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"H NMR (400 MHz, DMSO-de) & ppm 0.92 - 0.74 (m, 12H), 1.23 (d, J = 3.9, 1H), 1.69 (d, J = 3.6,
2H), 2.09 - 1.80 (m, 9H), 2.26 - 2.09 (m, 5H), 2.81 - 2.60 (m, 2H), 3
3.89 - 3.74 (m, 4H), 4.05 (¢, ] = 8.4, 2H), 5.18 - 5.06 (m, 2H), 5.34 (d, ] = 4.5, 2H), 6.27 (d, T =
2H), 6.65 (dt, 1 = 4.2, 8.6, 2H), 7.06 (t, J = 7.8, 2H), 7.21 (s, LH), 7.43 - 7.26 (mn, 9H), 7.45 (d, T =

1H), 12.04 (5, 2H); MS (EST) m/z 1009 (M+H)', 1007 (M-H)".

1% 110 (m
A SR

s

ABS

Example 4.37
methyl {(28)-1-[(25)-2-{5-[(2R,5R})-1-(3,5-difluoro-4-{4-[fluoro(diphenyDmethylpiperidin-1 -
yl}phenyl)-5-{6-fluoro-2-[(25)-1-{(28)-2-[(methoxycarbonylamino]-3-methylbutanoyl } pyrrolidin-2-
yl]-1H-benzimidazol-5-yl}pyrrolidin-2-y]-6-fluoro-1/7-benzimidazol-2-y1} pyrrolidin-1-y1]-3-methyl-
1-oxobutan-2-yl}carbamate
'H NMR (400 MHz, methanol-ds) & ppm 0.99 - 0.69 (m, 12H), 1.42 - 1.26 (m, 3H), 1.55 (dd, T = 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 (i,

(m, 2H), 7.07 (s, 1H), 7.18 (t, J = 7.3, 2H), 7.29 (, I = 7.5, 6H), 7.33 (s, 1H), 7.43 (d, I = 7.3, 4H); MS
(BSD m/z 1171 (M+HY".

ABS

Example 4.38
methyl {(2S,3R)-1-[(25)-2-{5-[(2R,5R)-1-[3,5-difluoro-4-(4-phenylpiperidin-1-yDphenyl}-5-(6-
fluoro-2-{(28)-1-[N-(methoxycarbonyl)-O-methyl-L-threonyl Jpyrrolidin-2-y1} -1 Ff-benzimidazol-5-

348
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yhpyrrolidin-2-y1]-6-fluoro-1 FH-benzimidazol-2-y1} pyrrolidin-1 -yl]-3-methoxy-1-oxobutan-2-

"H NMR (400 MHz, DMSO-dq) 8 ppm 0.92 (d, T = 5.5, 2H), 1.04 (dd, T = 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, T = 6.5, 12.8, 3H), 3.53 (s, 6H), 3.81 (s, 3H), 4.31 - 4.14 (m, 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, SH), 7.38 (dd, J = 9.8, 26.3, 2H), 12.39 - 12.01 (m, 2H); MS (ESI) m/z 1095 (M+H), 1093 (M-
HY",

10
Example 4.39

dimethy! ({(2R,5R)-1-[3,5-difluoro-4-(4-phenylpiperidin-1-ylphenylpyrrolidine-2,5-diyl} bis {(6-
fluoro-1 H-benzimidazole-5,2-diy)(2S)pyrrolidine-2,1 -diy1[(15)-2-0x0-1 -(tetrahydro-2 H-pyran-4-
ylethane-2,1-diyl]})biscarbamate
15 'H NMR (400 MHz, DMSO-ds) 8 ppra 1.37 - 1.07 (m, 6H), 1.56 - 1.36 (i, 451), 1.73 - 1.60 (in, 4H),
1.78 (s, 4H), 2.06 - 1.93 (i, 4H), 2.26 - 2.06 (m, 4H), 3.26 - 2.81 {(m, 8H), 3.52 (5, 6H), 3.91 - 3.60
(m, 8H), 4.12 (dd, J = 6.9, 15.8, 2H), 5.11 (s, 2H), 5.54 (d, ] = 10.0, 2H), 5.99 - 5.81 (m, 2H), 7.05
(dd, J=6.3,23.5,2H), 7.16 (t, T = 6.9, 1H), 7.31 - 7.20 (m, 5H), 7.45 - 7.30 (m, 4H), 12.23 (d, ] =
3.3, 2H); MS (BSI) m/z 1147 (M+H)".
20
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A-2-oxocthanc-2,1 -
diyl]})biscarbamate
"H NMR (400 MHz, DMSO-ds) 8 ppm 1.61 - 1.10 (m, 18H), 1.67 (s, 4H), 1.90 - 1.72 (m, 2H), 2.13 -
5 1.93 (m, 6H), 2.18 (s, 4H), 3.08 - 2.86 (m, 4H), 3.17 (d, T = 5.1, 1H), 3.52 (s, 6H), 3.89 - 3.70 (m,
4H), 420 - 4,01 (m, 2H), 5.11 (s, 2H), 5.56 {d, T = 21.5, 2H), 5.96 - 583 (m, 2H), 7.04 (d, ] = 6.7,
1H), 7.16 (t,J = 7.0, 2H), 7.31 - 7.20 (m, 4H), 7.39 (dt, T = 8.1, 25.5, 4H), 12.16 (d, I = 61.1, 2H); MS
(ESD) m/z 1115 (M+H)', 1113 (M-H)".

ABS

Example 4.41
methyl {(25)-1-[(25)-2-{5-[(2R,5R)-1-[4-(benzyloxy)phenyl]-3-{2-[(25)-1-{(25)-2-
[(methoxycarbonylamino]-3-methylbutanoy!} pyrrolidin-2-yl]-1 H-benzimidazol-5-y1} pyrrolidin-2- - *
yl}-1H-benzimidazol-2-yl} pyrrohidin-1-yl]-3-methyl-1-oxobutan-2-yl} carbamate
15 "HNMR (400 MHz, DMSO-dy) 8 ppm 12.02 (s, 2H), 7.28 (m, 13H), 6.60 (m, 2H), 6.23 (m, 2H), 5.33
(m, 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 (im,
2H), 0.86 (m, 12H); MS (ESI) m/z 938 (M+H)'.
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Example 4.42
P R A TN A AT IRV X i W I R~ ie I I ol » AN BN G BRV. s B, SRR I o [ o ST € DS o SURURESIORPS N D ENES £ SSRGS |
HICULY L A\ L0 )~ E-{lLD JmL- o~ {4,048 =L D, - ERICH U - - THUOT OGN Y L pacny L DIpoiaZifi- 1 -

yi}phenyl)-5-{6-fluoro-2-{(25)-1-{{25)-2-[(methoxycarbonyl)amino}-3-methylbutanoy! ypyrrolidin-2-

yl}-1H-benzimidazol-5-yl}pyrrolidin-2-y1}-6-fluoro- 1 f-benzimidazol-2-y1 }pyrrolidin-1-y1]-3-methyl-
1-oxobutan-2-yl}carbamate

"H NMR (400 MHz, DMSO-de) 8 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), 3.25 (m, 8H), 2.99 (m, 4H), 2.05 (m, 12H), 0.81 (m, 12H); MS (ESI) m/z 1132 (M+H)".

ABS

N N
0m<0 O>=o
/ \

Example 4.43
methyl {(25)-1-[(25)-2-{6-[(2R,5R)-1-[3,5-difluoro-4-(piperidin-1-yDpheny]-5-{ 5-fluoro-2-{(25)-1-
{(28)-2-[(methoxycarbonyDamino]-3-methylbutanoyl} pyrrolidin-2-v1]-1 H-benzimidazol-6-
yl}pyrrolidin-2-yl]-1 -benzimidazol-2-y1} pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-y|} carbamate

"H NMR (400 MHz, DMSO-de) 8 ppm 0.68 - 0.89 (m, 12 H) 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 (m, 4 B} 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=6.94 Hz, 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 (ESI+) m/z 969 (M+H) .
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ABS
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o o}
/ \
Example 4.44

methyl {(25)-1-[(25)-2-{6-[(2R,5R)-1-[4-(4-benzylpiperidin-1-y1)-3,5-diflucrophenyl}-5- {5-fluoro-2-
[(285)-1-{(28)-2-[(methoxycarbonyhamino]-3-methylbutanoyl }pyrrolidin-2-y1]-1 //-benzimidazol-6-
5 yl¥pyrrolidin-2-yl}-5-fluoro-1H-benzimidazol-2-y 1} pyrrolidin- 1 -y1}-3-methyl-1-oxobutan-2-
yl}carbamate

"H NMR (400 MHz, DMSO-ds) 6 ppm 0.67 - 0.88 (m, 12 H) 1.22 (s, 12 H) 1.42 - 1.51 (1, 5 H) 1.73 -

2.04 (m, 12H) 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 1) 3.97

-4.06 (m, 2 H)5.05-5.13 (m, 2 H) 5.46 - 5.58 (m, 2H) 5.79 - 5.89 (m, 2 H) 6.99 - 7.04 (m, 1 H) 7.09
10 -7.16(m, SH)7.20-7.34 (m, 6 H) 7.35-7.42 (i, L H) 7.51 - 7.64 (m, 3 H) 12.10 (s, 1 H) 12.23 (s, |

H); MS (ESI+) m/z 1077 (MHE)",

jo)
/
Example 4,45
15 dimethyl ([(2R,5R)-1-(3.5-difluoro-4- {4-[4-(triflucromethyl)phenyl]piperazin-1-

yl¥phenyl)pyrrolidine-2,5-diyllbis {(5-fluoro-1/-benzimidazole-6,2-diy)(2S)pyrrolidine-2, 1 -
divi{(18)-1-cyclopentyl-2-oxoethane-2,1-diyl]} biscarbamate
352
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"H NMR (400 MHz, DMSO-ds) 8 ppm 1,09 - 1.64 (m, 18 H) 1.71 - 1.86 (m, 2 H) 1.92 - 2.23 (m, 10
H)2.01 -3.03 (m, § HY3.22 -3.30 (m, 4 H) 3.52 (s, 6 H)} 3.71 - 3.87 (m, 4 H) 4,12 (¢, 1= 40 Hz 2 H)
5.05-5.16 (im, 2 H) 5.48 - 5.65 (m, 2 H) 5.85 - 5.99 (m, 2 H) 7.03 (d, 1=8.89 Hz, 3 H) 7.14 (d, ]=6.29
Hz, | H) 7.30 - 7.38 (m, 1 H) 7.40 (d, ]=9.54 Hz, 2 H) 7.46 (d, I=8.67 Hz, 2 H) 12.08 (s, 1 H) 12.20
(s, 1 H); MS (EST+) m/z 1184 (M+H)".

ABS

Example 4.46
dimethyl ([(2R,5R)-1-(3,5-difluoro-4- {4-[4-(tifluoromethyDphenylipiperazin-1-
yl}phenyDpyrrolidine-2,5-diyJbig {(5-fluoro-1/{-benzimidazole-6,2-diyH)(28)pyrrolidine-2,1-
diyl[(1.5)-2-ox0- [-(letrahydro-2 H-pyran-4-yDethanc-2,1-diyl] } biscarbamate

"H NMR (400 MHz, DMSO-ds) 8 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 (5,6 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, }=6.29 Hz, 1 H) 7.29 -~ 7.42 (m, 3 H) 7.46 (d, ]=8.78
Hz, 2 H) 12.11 (s, 1 H) 12.32. (s, | H); MS (ESIH) m/z 1216 (M+H)",

Example 4.47
353
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methyl {(25)-1-[(25)-2-{6-[(2R,5R)-1-[4-(4-benzyipiperidin-1-y1)-3,5-difluorophenyl]-3-{2-[(28)- 1 -
nl

2N imethoyve nrv{)ny})amlno}n3_m3§hxribn{an()vj

[RGESY it R G RIS RSP 22

daz
iy

Q
G E

pyrrolidin-2-y1l-1 Hbenzimi -6
yl}pyrrolidin-2-y1}-1 H-benzimidazol-2-yl} pyrrolidin-1-yi]-3-methyl-1-oxobutan-2-yl} carbamate
"H NMR (400 MHz, DMSO-de) 8 ppm 12,07 (d, J = 19.1, 2H), 7.48 (d, J = 8.3, 2H), 7.40 (d, ] = 8.1,
5 2H), 7.34 - 7.10 (m, 8H), 7.07 (s, 2H), 5.87 (d, I = 12.3, 2H), 5.35 (s, 2H), 5.14 (s, 1H), 3.78 (d, ] =
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, ] = 10.4,
3H), 1.25 ~ 1.08 (m, 2H), 0.92 — 0.71 (m, 12H); MS (ESI+) m/z 1041.4 (M+H)', (ESI-) m/z 1039.3

(M-HY,

{

F@F
R NG
Q/WHD

W

%

O I

10 /

Example 4.48
methyl {(25)-1-[(25)-2-{5-[(2S,5R)-1-[3,5-difluoro-4-(4-phenylpiperidin- | -y Dpheny!]-5- {2-[(2.5)-1-
{(28)-2-[(methoxycarbonyl)amino}-3-methylbutanoyl} pyrrolidin-2-y1]-177-benzimidazoi-5-
yl}pyrrolidin-2-y1}-1 H-benzimidazol-2-yl}pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-y1} carbamate
15 '"HNMR (400 MHz, DMSO-ds) § ppm 0.76 - 0.94 (m, 12 H), 1.60 - 2,30 (m, 14 H), 2.88 - 3.00 (m, 4
H), 3.54 (s, 6 H), 3.84 (s, 3 H), 4.02 - 4.15 (m, /=8.1, 8.1 Hz, 2 H), 477 - 497 (m, 2 H), 5.17 (d,
J=2.9Hz, 2 H), 5.95 - 6.10 (m, 2 H), 7.08 - 7.70 (m, 13 H), 12.09 - 12.23 {m, 2 H).

ABS

oy
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Example 4.49
methyl {{285) 1 [(25)-2 {§-[(2R,5R)-1 [3,5 diflucro 1 (2 phenylmorpholin 4 yDphenyl] 5 2 [25) 1

yl}pyrrolidin-2-yl]-1/{-benzimidazol-2-yl ypyrrolidin-1-y1]-3-methyl-1-oxobutan-2-y1} carbamate
5 "H NMR (400 MHz, DMSO-ds) 8 ppm 0.69 - 0.92 (m, 12 H), 1.69 (d,./=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,
J=9.1,3.7Hz, 1 H), 5.08 - 5.19 (m, 2 H), 5.29 - 5.48 (m, 2 H), 5.92 (d, /~13.4 Hz, 2 H), 7.07 (1, J=7.9
Hz, 2H), 7.16 - 7.35 (m, J=0.8 Hz, 10 H), 7.40 {d, J=8.1 Hz, 1 H), 7.49 (d, /=83 Hz, 1 H), 12.06 (s, |
H), 12.11 (s, 1 H); MS (APCI+) m/z 1030.1(M+H).
10

ABS

Example 4.50
methyl {(25)-1-[(28)-2-{5-[(2R,5R)-1-{3,5-difluoro-4-(2-phenylpiperidin-1-ylphenyl]-5- {2-[(25)-1 -
{(28)-2-[(methoxycarbonyDamino}-3-methylbutanoy!}pyrrolidin-2-v1}- L H-benzimidazol-5-
15 yltpyrrolidin-2-y1}-1 H-benzimidazol-2-y1} pyrrolidin-1-y1]-3-methyl-1 ~oxobutan-2-yl} carbamate
"H NMR (400 MHz, DMSO-ds) & 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 - 420 (m, 3 H), 5.22 (5, 2 H), 5.30 (d, /~4.3 Hz, 2 H), 5.73 {dd, J=13.1, 3.6 Hz, 2

1028.2 (M+H)'.
20

Example 4.51
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methyl [(28)-1-{(25)-2-[5-(1-{4-[(2R,65)-2,6-dimethylmorpholin-4-y1}-3,5-difluorophenyl} -5- {6~
fluore 2 [(285) 14025y 2.16methoxyecarbonylamino] 3 methylbutanoyl} i
benzimidazol-5-yi}pyrrolidin-2-y1)-6-fluoro-1 H-benzimidazol-2-yl|pyrrolidin- 1-y1} -3-methyl-1-
oxobutan-2-yljcarbamate
5 "HNMR (400 MHz, DMSO-ds) 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), 3.78 (s, 3 H), 4.01.(q, /=7.2 Hz, 2 H), 5.10 (d, J=4.8 Hz, 2 H), 5.43 -
5.65 {m, 2 H), 5.79 - 5.97 (m, 2 H), 7.02 (d, /~5.3 Hz, 1 H), 7.11 (d, J=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 1017.4 (M+H)".

ARS

10 /
Example 4.52
methyl {{25)-1-[(25)-2-{5-[(2S,5R)-1-[3,5-difluoro-4-(piperidin-1-yDphenylj-5- {6-fluoro-2-[(25)-1-
{(28)-2-[(methoxycarbonyDamine]-3-methy lbutanoy!} pyrrolidin-2-y1]-1 F-benzimidazol-5-
yi}pyrrolidin-2-y1}-6-fluoro-1 A-benzimidazol-2-y [} pyrrolidin-1-y1]-3-methy!-1 -oxobutan-2-
15 yl}carbamate
'H NMR (400 MHz, DMSO-ds) & ppm 0.72 - 0.94 (m, J=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 (5, 6 H), 3.82 (s, 4 H), 3.97 - 4.14 (m, 2 H), 4.92 - 5.07 (m, 2
H), 5.09 - 520 (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
(APCI+) m/z 987.8 (M+H)",
20

/
F l \ F
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Example 4.53
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methyl {(25)-1-{(28)-2-{5-[(2R,5R)-1-[4-(3-azaspiro[5.5Jundec-3-y1)-3, -dlﬂuomphcnvl} 5-{6~
fhuoro-2-[(25)-1-{(29)-2-[(mecthoxycarbonyl)amino]}- s
benzimidazol-5-y1ypyrrolidin-2-y1}-6-fluoro-1 [f-benzimidazol-2-y1} pyrrolidin-1-y13}-3-methyl-1-
oxobutan-2-yl}carbamate
5 'H NMR (400 MHz, DMSO-dg) & ppm 0.64 - 0.94 (m, 12 H), 1.21 - 1.44 (m, 16 H), 1.68 - 2.25 (m,
J=T78.0 Hy, 12 H), 2.78 (s, 4 H), 3.53 (5, 6 H), 3.80 (s, 4 H), 4.04 (1, J/=7.1 Hz, 2 H), 5.11 (5,2 H), 5.55
(dd, J=19.8,42 ¥z, 2 H), 5.79 - 5.99 (m, 2 H), 7.03 {4, /=6.0 Hz, | H), 7.13 (d, J=6.5 Hz, 1 H), 7.24 -

748 (m, 4 H), 12.12 (s, 1 H), 12.24 (s, 1 H); MS (BSI) m/z 1055.4 (M+H)",

ABS

10
Example 4.54
methyl {(25)-1-[(25)-2-{5-[(2R,5R)-1-[4-(4-cyclohexylpiperidin-1-y1)-3,5-difluorophenyl]-5-{6-
fluore-2-[(25)-1-{(25)-2-[(methoxycarbonylyaminol-3-methylbutanoyl}pyrrolidin-2-yi}- 1.4-
benzimidazol-5-y1} pyrrolidin-2-y1}-6-fluoro-1 H-benzimidazol-2-yl} pyrrolidin-1 -y1}-3-methyl-1 -
15 oxobutan-2-yl}carbamate

"H NMR (400 MHz, DMSO-dg) 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 (1, J=8.1 Hz, 2 H), 5.11 (s, 2 H), 5.54
(dd, /=147, 6.7 Hz, 2 H), 5.79 - 5.97 (m, 2 H), 7.03 (d, /=6.7 Hz, | H), 7.13 (d, /=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)".
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Example 4.55
methyl {(25)-1-{(25)-2-{5-{(2R,5R)~1-{3,5-difluoro-4-{(25)-2-phenylmorpholin-4-yliphenyl}-5- {6~
fluoro-2-[(25)-1-{(25)-2-[(methoxycarbonylamino]-3-methylbuwlanoyl} pyrrolidin-2-y 13- 1 H-
5 benzimidazol-5-yi}pyrrolidin-2-y1]-6-fluoro-1 A-benzimidazol-2-y1} pyrrolidin-1-y1]-3-methyl-1-
oxobutan-2-yl}carbamate
'H NMR (400 MHz, DMSO-dg) & ppm 0.60 - 0.95 (mm, 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, /=11.4 Hz, 1 H), 4.03 {1, /=8.2
Hz, 2 H), 4.48 (d, J=7.5 Hz, | H), 5.10 (5, 2 H), 5.43 - 5.69 (m, 2 H), 5.80 - 6.03 (m, 2 H), 7.03 (d,
10 =68 Hz | H), 7.14 (d, /6.7 Hz, | H), 7.20 - 7.45 {m, 10 H), 12.10 (s, 1 ), 12.24 (5, 1 H); MS

(ESI+) m/z 1065.4 (M+H)".

I q%\@¢h /}*\&;

—o

Example 4.56
15 methyl {(28)-1-[(25)-2-{5-[(2R,SR)-1- {4-[4-(2,4-difluorophenyDpiperidin-1-yl]-3,5-difluorophenyit -
5-{6-fluoro-2-[(28)-1-{(25)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl } pyrrolidin-2-y1}-1H-
benzimidazol-5-y1}pyrrolidin-2-y1}-6-fluoro- H-benzimidazol-2-y1} pyrrolidin-1 -y1]-3-methyl-1-
oxobutan-2-yl}carbamate
"H NMR (400 MHz, DMSO-ds) 8 ppm 0.68 - 0.92 (m, 14 H), 1.58 - 2.08 (m, 11 H), 2.09 - 2.27 (m, 4
200 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),
548 -5.68 (in, 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 (EST+) m/z 1099.3 (M+H)".
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Example 4.57
methyl {(25)-1-{(25)-2-{5-[(2R,5R)-1-{3,5-difluoro-4-[4-(4-fluorophenyl)piperidin-1-yljphenyl}-5-
5 {6-fluoro-2-[{25)-1-{(25)-2-[ (methoxycarbonyl)amino]-3-methylbutanoyl ypyrrolidin-2-y1]-1 H-
benzimidazol-5-yt} pyrrolidin-2-y1]-6-fluoro-| H-benzimidazol-2-y1}pyrrolidin-1 -y1]-3-methyl-1-
oxobutan-2-yl} carbamate

"H NMR (400 MHz, DMSQO-dg) & 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 (5, 6 H), 3.69 - 3.88 (m, 4 H), 3.98 - 4.10 (im, 2 H), 5.05 - 5.17 (m, 2 H),

10 548-5.67(m,2H),583-599 (m,2H),6.99-720{(m,4H),722-747 (m, 6 H), 12.02 - 12.47 (m,

2 H); MS (ESI+) m/z 1081.4 (M+H)",

ABS

OO

& :5/ Qj

Oromem

Example 4.58
15 methyl {(28)-1-[(28)-2-{5-[(2R,5R)-1-[3,5-difluoro-4-(4-phenylpiperazin-1-yDphenyl]-5- {2-[(28)-1-
{(25)-2-[(methoxycarbonylamino]-3-methylbutanoyl} pyrrolidin-2-y1]- 1 H-benzimidazol-5-
ylipyrrolidin-2-y1]-1 H-benzimidazol-2-y1} pyrrolidin-1-y1}-3-methyl- | -oxobutan-2-yl} carbamate
"H NMR (400 MHz, DMSO-de) & 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 (5, 4 H) 4.03 (g, I=7.05 Hz, 6 H) 5.15 (s, 2 H)
200 5.39(s,2 H)35.95(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 (5,2 H) 7.48 (5, 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-HY.
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Example 4.59
methyl {(29)-1-[(25,4R)-2-{5-[(2R,5R)-1-[3,5-difluoro-4-(piperidin-1-y)phenyl}-5-{2-[(25,4R)-4-
fluoro-1-{(28)-2-[(methoxycarbonyhamino]-3-methylbutanoyi}pyrrolidin-2-yl]-1 H-benzimidazol-5-

(¥4

yi}pyrrolidin-2-y1}-1H-benzimidazol-2-yl}-4-fluoropyrrolidin-1-y1]-3-methyl-1-oxobutan-2-
yi}carbamate
'H NMR (400 MHz, DMSO-ds) & ppm 0.76 (m,16 H) 0.89 (i, 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 (5, 6 H) 3.87 - 4.13 (m, 4 H) 4.31 (m, 1 H) 5.17
10 (d, 2 H) 536 (m, 3H) 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)
748 (m, 3 H) 12.22 (s, 2 H); MS (ESI+) m/z 987.4, (ESI-) m/z 985.2 (M-HY.

ABS

0

&

@
@% e

Example 4.60
15 methyl {(28)-1-[(25)-2-{5-[(2R,5R)- 1 -{3,5-difluoro-4-[4-(pyrimidin-2-yDpiperazin-1-yljphenyl} -5-
{6-fluoro-2-[(25)-1-{(25)-2-[(methoxycarbonyl)amino}-3-methylbutanoy!}pyrrolidin-2-y1]-1 H-
benzimidazol-5-yipyrrolidin-2-y1}-6-fluoro-1 A-benzimidazol-2-yl} pyrrolidin-1-yi}-3-methyl-1 -
oxobutan-2-yl}carbamate
'H NMR (400 MHz, DMSO-dg) 8 ppm 0.67 - 0.93 (m, 12 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 (1, J=4.72
Hz, I H) 7.04 (m, 2 H) 7.32 (m, 4 H) 8.33 (d, }=4.77 Hz, 2 H) 12.14 (s, | H) 12.22 (s, 1H); MS
(ESI+) m/z 1066.4, (ESI-) m/z 1064.1 (M-H)".
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/ Example 4.61
methyl {(25)-1-[(28)-2-{5-[(2R,5R)-1-{3,5-difluoro-4-[4-(5-methyl-2-thienyl)piperidin-1-yljphenyl }-
5-{6-fluoro-2-[(285)-1-{(25)-2-[(methoxycarbonyamino]-3-methylbutanoyl} pyrrolidin-2-y11-1 /-
benzimidazol-5-y1}pyrrolidin-2-yl}-6-fluoro-1 H-benzimidazol-2-y1} pyrrolidin- 1 -y1}-3-methyl-1 -
5 oxobutan-2-yl}carbamate
1H NMR (400 MHz, DMSO-D6) & 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=14.1 Hz, 5 H), 3.59 (s, 6 H), 3.77 - 3.94 (m, J=9.1 Hz, 4 ), 4.05 - 4.17 (m, 2 H),
5.08 - 5.26 (m, 2 H), 5.53 - 5.74 (m, 2 H), 5.89 - 6.05 (m, 2 H), 6.64 (d, /2.4 Hz, | H), 6.68 (d, J=3.5
Hz, 1 H), 7.04 - 7.14 (m, 1 H), 7.16 - 7.25 (m, 1 H), 7.31 - 7.53 (m, 4 H), 12.09 - 12.23 (m, 1 H),
10 12.26-12.41 (m, | H); MS (ES}) m/z 1083.3 (M+H).

% |

ABS

,,,,,

Examplc 4.62
methyl {(28)-1-[(28)-2-{5-[(2R,5R)-1-{3,5-difluorc-4-(4-fluoro-4-phenylpiperidin-1-yDphenyl}-5-{6-
fluoro-2-[(28)-1-{(25)-2-[(methoxycarbonylyamino]-3-methylbutanoyl} pyrrolidin-2-y1]-14-
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benzimidazol-5-y1}pyrrolidin-2-y1]-6-fluoro-1 H-benzimidazol-2-y1} pyrrolidin-1-y1]-3-methyl-1-
Awenhaitan D ) ansda st
VAU u,l/all"'b"'j lJ‘ VAL VAL
"H NMR (400 MHz, DMSO) & 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, §H), 2.23 - 2.12 (m, 5H), 3.52 (s, 6H), 3.87 - 3.73 (m, 4H), 4.08 - 3.97 (m, 2H),
5.16 - 5.06 (m, 2H), 5.65 - 5.48 (m, 2H), 5.99 - 5.86 (m, 2H), 7.06 {(d, J= 6.7, 1H), 7.15 (d, J = 6.9,
1H), 731 (d, J= 7.0, 3H), 7.36 (d, J = 7.7, 2H), 741 {t, J = 7.6, 4H), 12.19 (d, J = 44.3, 2H). MS

(ESD) m/z 1081 (M+H)™.

ABS

Example 5.1
methyl {(29)-1-[(25)-2-{5-[(2R,5R)-1-{3,5-diflvoro-4-(4-phenylpiperidin-1-yhphenyl}-5-{2-[(2.5)-1-
{(25)-2-[(methoxycarbonyljamino]-3-methylbutanoyl} pyrrolidin-2-y1]- 1 H-benzimidazol - 5-

yl}pyrrolidin-2-yl}-1 /-benzimidazol-2-y1} pyrrolidin- 1 ~y1}-3-methyl- 1 -oxobutan-2-y1} carbamate

In a 250 mL round-bottomed flask cooled in an ice bath was added (5)-6,6'-((2R,5R)-1-(3,5-
diffuoro-4-(4-phenylpiperidin-1-yDphenyDpyrrolidine-2,5-diyDbis(2-(($)-pyrrolidin-2-y1)- 1 /-
benzo{d]imidazole) (2.57 mmol), ($)-2-(methoxycarbonylamino)-3-methylbutanoic acid (0.945 g,
5.40 mmol) and 1H-benzo[d][1,2.3)triazol-1-0l 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 N'-({ethylimino)methylene)-
N’ N-dimethylpropane-1,3-diamine hydrochloride (1.232 g, 6.43 mmol) were added, and the mixture
was stirred at ambient temperature for 2 hours and then diluted into EtOAc. The EtOAc layer was
washed with aqueous saturated NaHCOs, HyO, and saturated NaCl. The organic layer was treated
with 3-mercaptopropyl silica for 1 hour, dried (Na;SOy), filtered and concentrated to a yellow foam
(2.74 g). Purification by flash chromatography 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
compound can additionally be purified by recrystallization from acetonitrile. "H NMR (400 MHz,
DMSO-dg) & ppm 0.73 - 0.91 (m, 12 H) 1.60 - 1.74 (m, 6 H) 1.86 - 2.04 (1, 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 (mm, 2 H) 7.05 - 7.33 (m, {1 H) 7.41 (d, J=8.24
He, 1H}7.50(d, 7-8.35 He, 1 H) 11.97 - 1230 (m, 2 H); MS (BSIH) m/z 1027 (MAHY,
85 ——
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Example 5.2

methyl {(25)-1-[(25)-2-{5-[(2R,5R)-1-[4-(4,4-diphenylpiperidin- | -y1)-3,5-difluoropheny}-5-{2-[(2.5)-
1-{(25)-2-[(methoxycarbonyDamino]-3-methylbutanoyl} pyrrolidin-2-y1]-1 H-benzimidazol-5-
ylipyrrolidin-2-y1}-1 H-benzimidazol-2-y1} pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-yl} carbamate

In a 100 mL round bottom was added (5)-6,6'-((2R,5R)-1-(4-(4,4-diphenyipiperidin-1-y1)-
3,5-diflvorophenyhpyrrolidine-2,5-diyl)bis(2-((S)-pyrrolidin-2-y -1 H-benzo[djimidazole) (0.385 g,
0.488 mmol), (8)-2-(methoxycarbonylamino)-3-methylbutanoic acid (0.180 g, 1.025 mmol), and 174~
benzo[d][1,2,3triazol-1-0] 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 N'-((ethylimino)methylene)-N -
dimethylpropane-1,3-diamine hydrochloride (0.234 g, 1.220 mmol) were added, and the mixture was
stirred at ambient temperature for 2 hours and then diluted with EtOAc¢. The organic solution was
washed sequentially with saturated NaHCO;, H,0, 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 CH,Cl,
provided material that was 90% pure by HPLC. A second chromatography of selected fractions on a
12 g silica cartridge eluting with 2-5% methanol in CHyCl, gave the title compound as a cream
colored solid (100 mg, 17%). 'H NMR (400 MHz, DMSO-ds) & 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 (5, 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, I=18.98 Hz, 2 H); MS (ESI+) m/z 1103 (M+H)".
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Example 5.3
methyl {(25,3R)-1-[(25)-2-{5-[(2R,5R)-1-[3,5-difluoro-4-(4-phenylpiperidin- | -yDphenyl]-5-(2- {(25)-
1-[N-(methoxycarbonyl)-O-methyl-L-threonyl]pyrrolidin-2-y1} -1 f-benzimidazol-5-yDpyrrolidin-2-

\

yl}-1#H-benzimidazol-2-yl} pyrrolidin-1-y1}-3-methoxy-1-oxobutan-2-yi}carbamate
(8)-6,6'-((2R,5R)-1-(3,5-Difluoro-4-(4-phenylpiperidin-1 -yDphenyDpyrrolidine-2,5-
diyDbis(2-((S)-pyrrolidin-2-yl)-1/1-benzo[djimidazole) hydrochloride (0.12 g) was dissolved in
dimethy! sulfoxide (2 mL) and treated with diisopropylethylamine (0.195 mL, 1.12 minol) at ambient
temperature followed by (25,3R)-3-methoxy-2-(methoxycarbonylamino)butanoic acid (0.059 g, 0.307
mmol) and HATU (0.112 g, 0.293 mmel). After 1 hour, the solution was diluted with water and
extracled into dichloromethane, concentrated and purified by chromatography, eluting with 0-8%
methano! in dichloromethane 1o give 0.071 g of a yellow solid (48%). 'H NMR (400 MHz, DMSO-
de) 6 ppm 1.03 (dd, J=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 HY3.10 (5,3 H)3.15(5, 3 H) 3.17-320 (m, 1 H) 343 -3.52 (m,2 H)3.54 (s, 6
H)3.79-3.89 (m,4 H)4.25 - 4.30 (m, 2 H) S.11 - 5.18 (;, 2 H) 5.35 - 5.42 (m, 2 H) 5.87 - 5.95 (m, 2
H) 7.09 (1, I=8.19 Hz, 2 H) 7.12 - 7.32 (m, 9 H) 7.41 (d, J=8.35 Hz, 1 H) 7.49 (d, }=8.78 Hz, 1 H)
12.03 (s, 1 H) 12.10 (s, L H); MS (ESIH) m/z 1059.4 (M+H)",
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Example 5.4
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methyl {(28)-1-[(28)-2-{5-[(2R,5R)-1-[3,5-difluoro-4-(4-phenylpiperidin-1-yDphenyl]-5-{2-[(2.5)-1-

e TIP: PR AU | IS S pawpeniy 15 LN, S L T 7 3F SDUSE SNt PUSOS Jy-
L, 2~ CINEUIY 10UIAN0Y 1 p PYITOLAI-£-Y 1 - 1.42-OCNZIMNIGa%01- 5~

-~

{(28)-2-{{methoxycarbonylyamino}-3
yl}pyrrolidin-2-yi}-1/-benzimidazol-2-y1}pyrrolidin-1-y1]-3,3-dimethyl-1-oxobutan-2-y1} carbamate
(5)-6,6'-((2R,5R)-1-(3,5-Difluoro-4-(4-phenylpiperidin-1-yDphenyDpyrrolidine-2,5-

5 diyDbis(2-((S)-pyrrolidin-2-y1)-1H-benzo[d]imidazole) hydrochloride (0.12 g) was dissolved in
dimethyl sulfoxide (2 mL) and treated with ditsopropylethylamine (0.195 mL, 1.12 mmol) at ambient
temperature followed by (5)-2-(methoxycarbonylamine)-3,3-dimethylbutanoic acid (0.058 g, 0.307
mmol) and HATU (0.112 g, (.293 mmol). After | hour, the solution was diluted with water and
extracted info 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, DMSO-ds) & 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, I=8.89, 4.66 Hz, 2 H) 5.13 - 5.22 (m, 2 H) 5.33 - 5.43 (m, 2 H) 5.92 (dd, I=12.85,
298 Hz, 2 H) 7.05 - 7.18 (m, 4 H) 7.20 - 7.29 (m, 5 H) 7.33 (5, | H) 7.42 (d, J=8.13 Hz, 1 H) 7.49 (d,
15 J=8.46 Hz, 1 H) 12.05 (d, J=1.63 Hz, I H) 12.09 (d, J=1.30 Hz, 1 H); MS (ESI+) m/z 1055.4 (M+H)",

ABS

Example 5.5
methyl {(28)-1-[(25,4R)-2-{5-[(2R,5R)-1-[3,5-diftluoro-4-(piperidin-1-y)phenyl]-5-{2-[(25,4R)-4-
20 methoxy-1-{(25)-2-[{methoxycarbonyl)amino]-3-methylbutanoyl} pyrrolidin-2-y1]-1 H-benzimidazol-
5-yi}pyrrolidin-2-y1}-1 A-benzimidazol-2-y1} -4-methoxypyrrolidin-1 -y1}-3-methyl-1-oxobutan-2-
yl}carbamate
(S,R)-6,6'-((2R,5R)-1-(3.5-Difluoro-4-(piperidin-1 -y )phenyl)pyrrolidine-2,5-diyl)bis(2-
((2S,4R)-4-methoxypyrrolidin-2-y1)-1 H-benzo[d}imidazole) (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 (8)-2-(methoxycarbonylamino)-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-ds) & ppm 0.71 - 0.84 (m, 12 H) 1.35 - 1.49 (m, 8 H) 1.69 (d,
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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 101 1.6 (M+H)".
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Example 5.6
dimethyl ({(2R,5R)-1-[3,5-difluoro-4-(piperidin-1-yDphenyljpyrrolidine-2,5-diyl }bis{ L A~
benzimidazole-5,2-diyl(2S)pyrrolidine-2,1-diyl[(15)-1-cyclohexyl-2-oxoethane-2,1-
diyl]})biscarbamate

($)-6,6'-((2R,5R)-1-(3,5-Difluoro-4-(piperidin-1-yDphenylpyrrolidine-2,5-diyDbis(2-((S)-
pyrrolidin-2-y1)-1 H-benzo{dJimidazole) (0.192 g, 0.302 mmol) was dissolved in dimethyl sulfoxide (4
ml) and treated with diisopropylethylamine (0.421 mL, 2.41 mmol) at ambient temperature followed
by (S)-2-cyclohexyl-2-(methoxycarbonylaminojacetic acid (0.143 g, 0,663 mmol) and HATU (0.241
¢, 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% methano! in dichloromethane to give the title compound (0.166 g, 53%) as a yellow solid. 'H
NMR (400 MHz, DMSO-ds) & ppm 0.80 - 1.12 (m, 8 H) 1.36 - 1.70 (m, 24 H) 1.98 (4, 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, }>8.57 Hz, 2 H)
5.14 (d, }=4.23 Hz, 2 H) 536 (d, I=3.58 Hz, 2 H) 5.82 - 5.93 (m, 2 H) 7.10 (dd, ]=13.93, 8.30 Hz, 2
H) 7.15 - 7.28 (m, 4 H) 7.42 (d, J=7.37 Hz, 1 H) 7.48 (dd, J=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)".
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366



15

20

25

WO 2012/051361 PCT/US2011/056045

methyl {(25)-1-[(25)-2-{6-[(2R,5R)-1-[4-(3,5-dimethylpiperidin-1-yl)-3,5-difluorophenyl]-5-{2-[(25)-
S)-2-{{mcthoxycarbonyamino}- : i
yl}pyrrolidin-2-yl]-1 H-benzimidazol-2-y1} pyrrolidin-1-y1]-3-methyl- 1 -oxobutan-2-y1}carbamate
Diisopropylethylamine (3 mL, 17.18 mmol) was added 1o a suspension of (5)-6,6'-((2R,5R)-1-
(4-(3,5-dimethylpiperidin-1-y1)-3,5-difluorophenyl)pyrrolidine-2,5-diyDbis(2-((S$)-pyrrolidin-2-y1)-
| H-benzo[dlimidazole) (1.045 g, 1.572 mmol), (5)-2-(methoxycarbonylamine)-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 al ambient temperature for 30 minutes. The reaction was diluted with

dichloromethane, washed with water (2x), brine (1x), and concentrated. The residuc was purified by

flash chromatography (2-5% methanol/dichloromethane) to afford the title compound (0.7107 g,

46%). 'H NMR (400 MHz, DMSO-ds) & ppm 0.50 (g, J = 11.9, 1H), 0.97 - 0.64 (m, 18H), 1.32 -
1.20 (m, 2FD), 1.81 - 1.46 (m, SH), 2.09 - 1.80 (m, 6H), 2.32 - 2.13 (m, 5H), 2.75 (dd, ] = 10.0, 40.2,
2H), 3.18 - 3.05 (m, 1H), 3.54 (s, 65, 3.82 (s, 4H), 4.14 - 3.95 (m, 2H), 5.14 (5, 2H), 5.36 (d, } = 7.2,
2H), 5.88 (d, T = 12.8, 2H), 7.14 - 7.02 (m, 2H), 7.19 (s, 1H), 7.33 - 7.23 (m, 3H), 7.41 (d, J = 8.2,

1H), 7.49 (d, T = 8.2, 1H), 12.37 - 11.98 (m, 2H); MS (ESI+) m/z 979 (M+H)*.
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Example 5.8

methyl {(25)-1-[(28)-2-{53-[(2R,5R)-1-{3,5-difluoro-4-[4-(trifluoromethyDpiperidin-1 -yl]phenyl} -5-
{2-[(28)-1-{(25)-2-[(methoxycarbonyamino]-3-methylbutanoyl} pyrrolidin-2-y1]- 1 H-benzimidazol-

5-yl}pyrrolidin-2-yl}-1 H-benzimidazol-2-y1} pyrrolidin- 1 -y1}-3-methyl-1-oxobutan-2-y1 } carbamate
(8)-6,6'-((2R,5R)-1-(3,5-Difluoro-4-(4-(trifluoromethylpiperidin-1-yDphenyDpyrrolidine-2,5-
diyDbis(2-((S)-pyrrolidin-2-yl)-1 H-benzo{d]imidazole) tetrahydrochloride (250 mg, 0.294 mmol) and
{(S)-2-(methoxycarbonylamino)-3-methylbutanoic acid (113 mg, 0.647 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. The amber-colored solution was cooled to 0 °C. 4-Methylmorpholine
(0.323 mL, 2.94 mmol) was added, the cooling bath was removed, and the reaction mixture was
stirred 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 dried over anhydrous MgSQO,, filtered, and
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concentrated by rotary evaporation to a tan solid (300 mg). An aliquot (50 mg) of crude material was
disgolved in 2 mL acetonitrile and 2 mL 0,1% TFA 1 B,0, and purified by RP-C18 HPLC (Waters
Prep LC, 40 mm Module with Nova-Pak HR C18 éum 40%100 mm Prep Pak cartridge) eluting with a
30 minutes gradient of 95:5 0.1% TFA in H,O/acetonitrile to 25:75 0.1% TFA i HyO/acetounitrile,
then 10 minutes to 100% acetonitrile at 20 mL/minute (10 mL fractions). Pure fractions were treated
with saturated aqg NaHCO; (2 mL/tube), each tube was vortexed to thoroughly neuiralize TFA, and the
neutralized solutions were combined in a 250-mL round bottom flask, The acetonitrile was removed
by rotary evaporalion, and extracted the remaining aqueous phase with EtOAc (2x50 mL). The
combined organic extracts were dried over anhydrous MgSO,, filtered, and concentrated by rotary
evaporation to afford the ttle 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). 'H NMR (400 MHz, DMSO-d¢) 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 (brs, 4 H), 4.00 - 4.09 (m, 2 H), 5.08 - 5.18 (m, 2 H),
528 -5.42 (m, 2 H), 5.89 (d, /=12.79 Hz, 2 H), 7.06 (1, /=7.26 Hz, 2 H), 7.16 - 7.32 (1, 4 H), 7.39 (d,

J=8.24 Hz, 1 H), 747 (d, J=8.13 Hz, 1 H), 12.06 (two s, 2 H); MS (ESI+) m/z 1019 (M+H)".
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Example 5.9

methyl {(28)-1-[(285)-2-{5-[(2R 5 R)-1-[4-(4-tert-butylpiperidin-1 -y1)-3,5-difluorophenyl}-5-{2-[(2.5)-
1-{(28)-2-[(methoxycarbonylamino]-3-methylbutanoy!} pyrrolidin-2-y1}-1 H-benzimidazol-5-
vyl pyrrolidin-2-y1}-1 A-benzimidazol-2-y1} pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-yi} carbamate
($)-6,6'-((2R,5R)-1-(4-(4-tert-Butylpiperidin-1-y1)-3,5-difluorophenyl)pyrrolidine-2,5-
diyDbis(2-({S)-pyrrolidin-2-yl)- | H-benzo[dlimidazole) tetrahydrochioride (250 mg, 0.298 mmol) and
(8)-2-(methoxycarbonylamino)-3-methylbutanoic 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 cocled to (¢ °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 (3%25 mL) and brine (25 mL). The organic phasc was dried over anhydrous
MgS0,, filtered, and concentrated by i« 1ed by Si0, flash
chromatography (Alltech Extract-Clean™ column, 10 g bed) eluting with 3% CH,;OH/CH,CL,
afforded a yellow solid (119 mg). An aliquot (50 mg) of the residue was dissolved in 2 mL
acetonitrile and 2 mL 0.1% TFA in H,0, and pwified by RP-C18 HPLC (Waters Prep LC, 40 mm
Module with Nova-Pak HR C18 6 pm 40x100 mm Prep Pak cartridge) eluting with a 30 minutes
gradient of 95:5 0.1% TFA in Hy,(O/acetonitrile to 25:75 0.1% TEA in H,Q/acetonitrile, then 10
minutes o 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. The remaining 69 mg of material was
purified by prep-HPLC as described above. The pure product-containing fractions werge trealed with
saturated aq NaHCO; as above and combined in the same 250-mL round bottom flask., The
acetonitrile was removed by rotary evaporation, the remaining aqueous phase was cxtracted with
EtOAc (2x50 mL.). The combined organic extracts were dried over anhydrous MgSQ,, filtcred, and

concentrated by rotary evaporation to afford the title compound as a white solid (56 mg). "H NMR

1.63 - 1.75 (m, 2 H), 1.80 - 2.08 (m, 7 H), 2.12 - 2.27 (m, 4 H), 2.71 - 2.91 (mm, 5 H), 3.54 (s, 6 H),
3.82 (brs, 4 ), 4.06 (1, /=8.35 Hz, 2 H), 5.09 - 5.19 (i, 2 H), 5.30 - 5.44 (m, 2 H), 5.89 (d, /=12.69
Hz, 2 H), 7.02 - 7.11 (m, 2 H), 7.17 - 7.32 (m, 4 H), 7.40 (d, /~8.24 Hz, | H), 7.49 (d, /=8.13 Hz, 1
H), 12.07 (two s, 2 H); MS (ESI+) m/z 1007 (M+H)'.

AZS

Example 5.10
methyl {(28)-1-[(25)-2-{5-[(2R,5 R)- 1 -[4-(4,4-dimethylpiperidin-1-y1}-3,5-difluorophenyl]-5-{2-[(25)-
1-{(28)-2-[{(methoxycarbonyamino}-3-methylbutanoy!}pyrrolidin-2-y1]-1 H-benzimidazol-5-
yiipyrrolidin-2-y1}-1 #-benzimidazol-2-yl} pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-y1} carbamate
(5)-6,6"-((2R,SR)-1-(4-(4,4-Dimethylpiperidin-1-y1}-3,5-difluorophenylpyrrolidine-2,5-
diyDbis(2-((S)-pyrrolidin-2-yh)-1H-benzo[dlimidazole) pentahydrochloride (250 mg, 0.295 mmol)
and (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid (109 mg, 0.620 mmol) were combined in
anhydrous DMF (3 mL) under nitrogen. HOBT hydrate (104 mg, 0.679 mmol), and EDAC (133 mg,
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was added, the
mixture was stirred at 20 °C. After 2 hours, the reaction mixture was diluted with EtQAc (50 mL),
and washed with water (3x25 mL) and brine (25 mL). The organic phase was dried over anhydrous
MgSQy, filtered, and concentrated by rotary cvaporation to a tan solid. Purification by SiO, flash
chromatography (3.8 cmx15 cm) eluting with a step gradient of 3% to 4% CH;OH/CH,Cl, 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 H,O, and purified by RP-C18 HPLC (Waters Prep LC, 40 mm Module with
Nova-Pak HR C18 6 um 40x100 mm Prep Pak cartridge) eluting with a 30 minutes gradient of 95:5
0.1% TFA. in H,O/acetonitrile to 25:75 0.1% TFA in HyO/acetonitrile, then 10 minutes to 100%
acetonitrile at 20 mL/minute (10 mL fractions). Pure fractions were freated with saturated aq
NaHCO; (2 mL/tube), each tube was vortesed to thoroughly neutralize TFA, and the solutions were
combined in a 250-mL round bottom flask. Acectonitrile was removed by concentration in vacuo. The
remaining aqueous phase was exiracted with EtOAc (2x50 mL). The combined organic extracts were
dried over anhydrous MgSO,, 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-CI18 prep HPLC as described above to obtain additional title compound as a
white solid (33mg). 'H NMR (400 MHz, DMSO-ds) & ppm 0.75 - 0.91 (m, 12 H), 0.87 (s, 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 (in, 2 H),
2.76 (s, 4 H), 3.54 (5, 6 H), 3.82 (br s, 4 H), 4.06 (1, /=8.46 Hz, 2 H), 5.09 - 5.22 (m, 2 H), 530 - 5.44
(m, 2 H), 5.89 (d, /=12.79 Hz, 2 H), 7.03 - 7.11 (m, 2 H), 7.17 - 7.32 (m, 4 H), 7.41 (d, /=8.13 Hz, 1
H), 7.49 (d, J=8.02 Hz, 1 H), 12.07 (two s, 2 H); (ESI+) m/z 979 (M+H)"; MS (ESI-) m/z 977 (M-HY.
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Example 5.11
methyl {(28)-1-[(25)-2-{5-[(2R,5R)-1-[4-(6-azaspiro[2.5]oct-6-y1)-3,5-difluorophenyl}-5-{2-[(25)-1-
{(2S)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl} pyrrolidin-2-yl]- 1 H-benzimidazol-5-
yltpyrrolidin-2-yl}-1 H-benzimidazol-2-y1} pyrrolidin- 1 -y1]-3-methyl-1-oxobutan-2-yl} carbamate
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(8)-6,6'-((2R,5 R)~1-(3,5-Difluoro-4-(6-azaspiro[ 2.5 ]octan-6-y)phenyDpyrrolidine-2,5-

-y

Ao AN PR IS ~ S o e Agen :
diyDbis{2-((S)-pyrrolidin-2-y 1 T dranhle 250 me. 0.209 mmol

enzoldlimidazolc) (ctrahydrochloride {250 mg, £.30
(S)-2-(methoxycarbonylamino)-3-methylbutanoic acid (119 mg, 0.680 mmol) were combined in
anhydrous DMF (3 mL) under nitrogen. HOBT hydrate (118 mg, 0.773 mmol) and EDAC (151 mg,
0.773 mmel), 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 mixiure was diluted with EtOA¢ (50 mL),
and washed with water (3x25 mL) and brine (25 mL). The organic phase was dried over anhydrous
MgSO0,, filtered, and concentrated by rotary evaporation to a yellow solid. Pre-purification by SiQ,
flash chromatography (Alltech Extract-Clean™ column, 10 g bed) eluting with 3% CH;,OH/CH,Cl, 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 H,0, and purified by RP-CI8 HPLC (Waters Prep LC, 40 mm Module with Nova-Pak
HR C18 6 pm 40x100mm Prep Pak cartridge) eluting with a 30 minutes gradient of 95:5 0.1% TFA
in HyO/acetonitrile to 25:75 0.1% TFA. in HyO/acetonitrile, then 10 minutes to 100% acclonitrile at 20
mE/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. Two additional S0 mg lots were purified by prep-HPLC as described above, and
the pure product-containing fractions were treaied with saturated ag NaHCO; as above and combined
in the same 250-mL round bottom flask. The acetonitrile was removed by concentration in vacuo,
and the remaining aqueous phase was extracted with EtOAc (2x50 mL). The combined organic
phases were dried over anhydrous MgSOy, filtered, and concentrated by rotary evaporation to afford
the title compound as a white solid (42 mg). "H NMR (400 MHz, DMSO-ds) & ppm 0.22 (s, 4 H),
0.72-0.93 (m, 12 H), 1.21 - 1.36 (m, S H), 1.61 - 1.78 (m, 2 H), 1.83 - 2.08 (m, 7 H), 2.13 - 2.27 (m,
4 H), 2.81 (brs, 4 H), 3.53 (s, 6 H), 3.82 (brs, 4 H), 4.06 (t, /=8.40 Hz, 2 H), 5.10-5.19 (m, 2 H), 5.29
- 5.45 (m, 2 H), 5.90 (d, J=12.79 Hz, 2 H), 7.02 - 7.32 (m, 6 H), 7.41 (d, J=8.24 Hz, 1 H), 7.49 (d,
J=8.24 Hz, 1 H), 12.07 (two s, 2 H); MS (ESI+) m/z 977 (M+H)".
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Example 5.12
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methyl {(25)-1-[(29)-2-{5-[(2R,5R)-1-[4-(3-azaspiro[5.5Jundec-3-y1)-3,5-difluorophenyl]-5-{2-[(25)-

1. 50 CN_ D) Pt
I and pmasp i

A o

Axrornnwin AY: 1 1Y nmerimnmidaon] &
WA Y UakOUILY 1 jaliiiiii |- 11=0

1) pyrrolidin-2-y1}-1 H-benzimidazo!-5-
ylipyrrolidin-2-y1]-1 H-benzimidazol-2-y1} pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-y1 ycarbamate
(8)-6,6'-((2R,5R)-1-(3,5-Difluoro-4-(3-azaspiro[5.5 Jundecan-3-yDphenyDpyrrolidine-2,5-
diyDbis(2-((S)-pyrrolidin-2-y1)-1//-benzo[d]imidazole) tetrahydrochloride (250 mg, 0.294 mmol) and
(S)-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-Methylmorpholine (0.323 mL,
2.94 mmol) was added, the cooling bath was removed, and the reaction mixture was stirred at 20 °C
for 18 howrs. The reaction mixture was diluted with EtOAc (50 mL) and washed with water (3%25
mL) and brine (25 mL). The organic phase was dried over anhydrous MgSQs, filtered, and
concentrated by rotary evaporation o a beige foam. The crude material was purified by SiQ, flagh
chromatography (3.8 cmx15 cm) eluting with 4% CH;OH/CH,Cl, to afford the title compound as a
white solid (82 mg). 'H NMR (400 MHz, DMSO-de) 8 ppm 0.72 - 0.93 (m, 12 H), 1.22 - 1.41 (m, 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 {5, 6 H), 3.82
(s, 4 H),4.06 (1, /=840 Hz, 2 H), 5.14 (d, /=1.19 Hz, 2 H), 5.27 - 5.42 (m, 2 H), 5.88 (d, /=12.69 Hz,
2 H), 7.03 - 7.11 (m, 2 H), 7.20 (s, 1 H), 7.29 (d, /=5.96 Hz, 3 H), 7.40 (d, J=8.24 Hz, | H), 7.49 (d,

J=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 {(25)-1-[(285)-2-{5-[(2R,5R)-1-[4-(1,3-dihydro-2H-isoindol-2-y1)-3,5-difluorophenyl]-5-{2-
[(25)-1-{(25)-2-[(methoxycarbonyDamino]-3-methylbutanoyl } pyrrolidin-2-y1]-1 H-benzimidazol-5-
yi}pyrrolidin-2-yi]-1 H-benzimidazol-2-yl} pyrrolidin-1-yl}-3-methyl-1-oxobutan-2-yl }carbamate
(8)-6,6'-((2R,5R)-1-(3,5-Difluoro-4-(isoindolin-2-y Dphenyl)pyrrolidine-2,5-diyDbis(2-((S)-
pyrrolidin-2-y1)-1//-benzo[d}imidazole) tetrahydrochloride (250 mg, 0.306 mmol) and ($)-2-
(methoxycarbonylamino)-3-methylbutanoic acid (118 mg, 0.673 mumol) 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 °C. 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
°C for 16 hours. The reaction mixture was diluted with EtOAc (50 mL) and this mixture was washed
with water (325 mL) and brine (25 mL). The organic phasc over dried over anhydrous MgSQOs,
filtered, and concentrated by rotary evaporation 1o a greenish-yellow solid. The solid was purified by
Si0, flash chromatography (3.8 cmx 15 cm) eluting with 4% CH,OH/CH,Cl, 1o afford an off-white
solid (104 mg). An aliquot (52 mg) was dissolved acetonitrile (2 mL) and 0.1% TEA in H,O (2 mL)
and purified by RP-C18 HPLC (Waters Prep LC, 40 mm Module with Nova-Pak HR C18 6 pm
40x100 mm Prep Pak carfridge) eluting with a 30 minutes gradient of 95:5 0.1% TFA
H,O/acetonitrile to 25:75 0.1% TFA in Hy,O/acetonitrile, then 10 minutes to 100% acetonifrile at 20
mL/minute (10 mL fractions). Pure fractions were ireated with saturated agq NaHCOs (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 ag NaHCO; as described
above. The product containing fractions were combined in the same S00-mL round bottom flask.
The acetonifrile was removed by rotary evaporation. The remaining aqueous phase was extracted
with EtOAc (2x50 mL). The combined organic phases were dried over anhydrous MgSQ,, filtered,
and concentrated by rotary evaporation to afford the title compound as a white solid (88 mg). 'H
NMR (400 MHz, DMSO-dg) 8 ppm 0.75 - 0.92 (m, 12 H), 1.61 - 2.08 (m, 8 H), 2.11 - 2.26 {1, 3 H),
2.57 (s, 2 H), 3.54 (s, 6 H), 3.83 (5, 4 H), 4.07 (t, /=829 Hz, 2 }), 4.26 - 4.43 (m, 4 H), 5.10 - 5.23
(m, 2 ), 5.33 - 5.50 (m, 2 H), 5.99 (d, J=12.79 Hz, 2 H), 7.09 (, J=6.83 Hz, 2 H), 7.20 (s, 4 H), 7.22
- 7.37 {m, 4 H), 7.42 (d, J=8.24 He, 1 H), 7.50 (d, /=8.13 Hz, 1 H), 12.09 (m, 2 H); MS (ESI+) m/z
985 (M+H)", (ESI-) m/z 983 (M-H).
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Example 5.14
methyl {(28)-1-[(25)-2-{5-[2R,5R)-1-[4-(] ,4-dioxa-8-azaspiro[4.5]dec-8-y1)-3,5-difluorophenyl]-5-
{2-[(28)-1-{(25)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl } pyrrolidin-2-y1]-1 H-benzimidazol-
5-ylipyrrolidin-2-y1}-1 H-benzimidazol-2-y1}pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-yl} carbamate
Part A
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The compound 8-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1-y1)-2,6-
difluorophenyl)-1,4-dioxa-8-azaspiro[4.5]decane can be transformed following the mcthods of
General Procedure 8.1 and General Procedure 9D (PtO2) to obtain dimethyl! (25,2'S)-1,1'-((25,2'S)-
2,2'-(4,4'((2R,5R)-1-(3,5-difluoro-4-(1,4-dioxa-8-azaspira[4.5 Jdecan-8-yDphenylpyrrolidine-2, 5-
diyDbis(2-amino-4,1 -phenylene))bis(azancdiyl)bis(oxomethylene)bis(pyrrolidine-2, 1-diy1))bis(3-
methyl-1-oxobutane-2, | -diyl)dicarbamate.

Part B

In an oven-dried 10-mL round bottom flagk, dimethyl (25,2'5)-1,1'-((25,2'S)-2,2'-(4,4'
((2R,5R)-1-(3,5-difluoro-4-(1,4-dioxa-8-azaspiro[4.5]decan-8-ypheny)pyrrolidine-2,5-diyl)bis(2-
amino-4,1-phenylene))bis(azancdiyl)bis(oxomethylene)bis(pyrrolidine-2,1-diy1))bis(3-methyl-1-
oxobutane-2, 1 -diyl)dicarbamate (200 mg, 0.191 mmol) was dissolved in anhydrous toluene (2 mL)
under mitrogen. 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 BtOAc (50 ml.), and washed with saturated ag NaHCO; (25 mL). The organic phase was dried
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 mpure material was dissolved
acetonitrile (2 mL) and 0.1% TFA in H,0 (2 mL) and purified by RP-C18 HPLC (Waters Prep 1.C, 40
mm Module with Nova Pak HR C18 6 um 40x100 mm Prep Pak cartridge) eluting with a 30 minutes
gradient of 95:5 0.1% TFA in H,O/acetonitrile to 25:75 0.1% TFA in HyO/acetonitrile, then [0
minutes to 100% acetonitrile at 20 mL/minute. Pure fractions were immediately treated with
saturated ag NaHCO; (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; as described above. The additional fractions were combined in the same 500-
mL round bottom flagk. The acetonitrile was removed by rotary evaporation, and the remaining
aqueous phase was extracted with EtOAc (2x50 mL)., The combined organic extracts were dried over
anhydrous MgSO,, filtered, and concentrated by rotary evaporation to afford the title compound as a
white solid (103 mg). 1H NMR (400 MHz, DMSO-dg) 6 ppm 0.73 - 0.94 (m, 12 H), 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
(s, 8 H), 4.06 (t, /=8.51 Hz, 2 H), 5.09 - 5.21 (m, 2 H), 5.30 - 5.42 (1, 2 H), 5.90 (d, /=12.69 Hz, 2
H), 7.01 - 7.12 (m, 2 H), 7.17 - 7.32 (m, 4 H), 7.40 (s, | H), 7.49 (d, ./~8.24 Hz, 1 H), 11.71 - 12.53
(m, 2 H); MS (ESI+) m/z 1009 (M+H)", (ESI-) m/z 1007 (M-H)".
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Example 5.15
methyl {(25)-1-[(25)-2-{5-[(2R,5R)~ | -[3,5-difluoro-4-(4-phenyl-3,6-dihydropyridin-1(2H)-
yDphenyl]-5-{2-[(25)-1-{(2S)-2-[(methoxycarbonyl)amino]-3-methylbutanoyl} pyrrolidin-2-yi}- 1 H-
benzimidazol-5-y1}pyrrolidin-2-yl}-1 H-benzimidazol-2-v1}pyrrolidin- 1-y1]-3-methyl-1-oxobutan-2-
yl}jcarbamate
Part A
The compound [-(4-((2R,5R)-2,5-bis(4-chloro-3-nitrophenyl)pyrrolidin-1-y1)-2,6-
difluorophenyl)-4-phenyi-1,2,3,6-tetrahydropyridine can be transformed following the methods of
General Procedure 8.1 and General Procedure 9E to obtain dimethyl (25,2'S)-1,1'-((25,2'5)-2,2'-(4,4'-
((2R,5R)-1-(3,5-difluoro-4-(4-phenyl-5,6-dihydropyridin-1 (2H)-yDphenyDpyrrolidine-2,5-diyl)bis(2-
amino-4,1-phenylene))bis(azanediyl)bis(oxomethylene)bis(pyrrolidine-2,1-diyl))bis(3-methyl-1-
oxobutane-2,1-diyl)dicarbamate.
PartB
In an oven-dried S-mL round bottom flask, dimethyl (25,2'S)-1,1'-((28.,2'$)-2,2'(4,4-
((2R,5R)-1-(3,5-difluoro-4-(4-phenyl-5,6-dihydropyridin-1(2H)-yDphenyDpyrrolidine-2,5-diyDbis(2-
amino-4,1-phenylene))bis(azanediyl)bis(oxomethylene)bis(pyrrolidine-2,1-diy1))bis(3-methyl-1-
oxobutane-2,}-diyl)dicarbamate (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
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 NaHCO, (25 mL). The organic phase was
dried over anhydrous MgSQ,, filtered, and concentrated by rotary evaporation 1o a yellow solid (~80
mg). The residue was dissolved in 2 mL acetonitrile and 2 mL 0.1% TFA in H;0, and purified by
RP-C18 HPLC (Waters Prep LC, 40 mm Module with Nova-Pak HR C18 6 um 40x100 mm Prep Pak
cartridge) eluting with a 30 minutes gradient of 95:5 0.1% TFA in H,O/acetonitrile to 25:75 0.1%
TFA in H;Ofacetonitrile, then 10 minutes to 100% acetonitrile at 20 mL/minute (10 mL fractions).
Pure fractions were treated with saturated ag NaHCO; (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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acetonitrile was removed by rotary evaporation, and the remaining aqueous phase was extracted with

BtOAc (2%5 2S04, filtered, and concentrated
by rotary evaporation to afford the product as an off-white solid (34 mg). "H NMR (400 MHz,
DMSO-de) & ppm 0.76 - 0.94 (m, 12 H), 1.70 (d, /=4.55 Hz, 2 H), 1.83 - 2,10 (;n, 6 H), 2.11 - 2.26

(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,

J=8.35 Hz, 2 H), 5.09 - 5.22 (m, 2 H), 5.30 - 5.46 (m, 2 H), 5.95 (d, /=12.90 Hz, 2 H), 6.09 (s, 1 H),

7.04 - 7.17 (m, 2 B), 7.19 - 7.25 (m, 2 H), 7.26 - 7.34 (m, 5 H), 7.36 - 7.45 (m, 3 H), 7.50 (d, /=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)',

L -0
daiate?
N "

Oy’ Q,
A

o)

s

AN

Example 6.1
methyl {(28)-1-[(28)-2-{5-[(2R,5R)-1-(4-tert-butylpheny)-5-{5-fluoro-2-[(25)-1-{(25)-2-
[(methoxycarbonylaminol-3-methylbutanoyl}pyrrolidin-2-yl}- 1 Z-benzimidazol-6-y1} pyrrolidin-2-
yl]-6-fluoro-1 H-benzimidazol-2-y1} pyrrolidin- 1 -y1]-3-methyl-1-oxobutan-2-y1} carbamate
To 6,6'-[(2R,5R)-1-(4-tert-butylphenylpyrroliding-2,5-diyl]bis { 5-fluoro-2-[(2.5)-pyrrolidin-2-
y1]-1H-benzimidazole} was added DMF (1.0 ml) followed by N-methylmorpholine (0.045mL., (.41
mmol), ($)-2-(methoxycarbonylamino)-3-methylbutanoic acid (15mg, 0.09 mmel), 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,0O and brine, dried (NaySO,), filtered
and concentrated. The product was purified by reverse-phase HPLC chromatography (5-100%
CH,CN/G.T%TFA-H,0); the desired fractions were neutralized with aqueous NaHCO; solution,
exfracted with EtOAc, dried, filtered and solvent evaporated to give the title compound (6.7mg, 7.2
umol, 18%): 'H NMR (400 MHz, CDCl) & ppm 10.48 (m, 1H) 10.25 (m, 1H) 7.39 (m, 1H) 7.14 (m,
1H) 6.98 (1, 3H) 6.29 (m, 1H) 5.54 (br s, 1H) 5.34 (brs, 4H) 431 (m, 1H) 3.82 (m, 2H) 3.70 (s, 6H)
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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Example 6.2
methyl {(25)-1-{(25)-2-{5-[(2R,55)-1-(4-tert-butylphenyD)-5-{5-fluoro-2-[(25)-1-{(25)-2-
[(methoxycarbonylamino]-3-mcthylbutanoylipyrrolidin-2-yl]-1 #-benzimidazol-6-y1 } pyrrolidin-2-
5 y1}-6-fluoro-1 H-benzimidazol-2-yl}pyrrolidin-1-y1}-3-methyl-1 -oxobutan-2-y1 }carbamate
From the HPLC purification of Example 6.1, the cis isomer (6.4mg, 6.9umol, 17%) was also
obtained: "H NMR (400 MHz, CDCL) & ppm 11.62 (s, 1H) 11.37 (5, 1H) 7.45-7.55 (m, 3H) 7.36 (d,
1H) 7.04 (d, 2H) 6.92 (d, 1H) 6.77 (d, 1H) 6.41 (d, 2H) 5.36-5.40 (m, 2H) 5.33 (m, 1H) 5.07 (¢, 1H)
3.98-4.07 (m, 1H) 3.93 (m, [H) 3.74-3.86 (m, 2H) 3.72 (m, 1H) 3.59 (m, 2H) 2.80 (m, 1H) 2.50 (s,
10 6H) 2.32 (s, 4H) 1.86-2.27 (m, 7H) 1.78 (m, 1H) 1.17 (s, 9H) 0.86-1.01 (m, 9H); MS (ESI) m/z 924
(M+H)".

The following example compounds 6.3-6.11 can be made from the appropriate listed
mtermediate amine following generally the method of Example 6.1:
15 Intermediate amines:
6,6'-[(2R,5R)-1 -(4~tert-bulylphenypyrrolidine-2,5-diyl]bis { 7-fluore-2-[ (25)-pyrrolidin-2-y1]-1 H-
benzimidazole} (ACD Name v12);
6,6'-[(2R,55)-1-(4-~tert-butylphenyDpyrrolidine-2,5-diyl]bis { 7-fluoro-2-[ (28)-pyrrolidin-2-y]-1/4-
benzimidazole} (ACD Name v12);
20 6,6-[(2R,5R)-1-(4-tert-putylphenyDpyrrolidine-2,5-diyl]bis { 7-chloro-2-[{(28)-pyrrolidin-2-y1}-1 -
benzimidazole} (ACD Name v12);
6,6'-[(2R,55)-1-(4-tert-butylphenylpyrrolidine-2,5-diyl]bis { 7-chloro-2-{(28)-pyrrolidin-2-y1]-1 H-
benzimidazole} (ACD Name v12);
6,6'-[(2R,5R)-1-(4-tert-butylphenylipyrrolidine-2,5-diyl bis { 7-methyl-2-[(25)-pyrrolidin-2-y1}- 1 H-
25 benzimidazole} (ACD Name v12);
6,6'-[(2R,55)-1-(4-tert-butylphenylpyrrolidine-2,5-diyljbis { 7-methyl-2-{(25)-pyrrokdin-2-y1}-1 H-
benzimidazole} (ACD Name v12);
6,6'-{(2R,5R)-1-[3-fluoro-4-(piperidin-1-yphenyl]pyrrolidine-2,5-diy1}bis { 5-fluore-2-{(2S5)-
pyrrolidin-2-y1}-1/4-benzimidazole} (ACD Name v12);
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6,6'-{(2R,5R)-1-[3,5-difluoro-4-(piperidin-1-yDphenylipyrrolidine-2,5-diyl } bis {5-fluoro-2-{(2.5)-
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6,6'-{(2R,5R)-1-[3,5-difluoro-4-(4-phenylpiperidin-1-yDphenyl]pyrrolidine-2,5-diyl} bis { 5-fluoro-2-
[(28)-pyrrolidin-2-yl]-17{-benzimidazole} (ACD Name v12).
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Example 6.3
methyl {(28)-1-[(25)-2-{5-[(2R,5R)-1-(4-tert-butylphenyl)-5-{ 7-fluoro-2-[(285)-1-{(25)-2-
[(methoxycarbonylarmino]-3-methylbutanoyl}pyrrolidin-2-yl- 1 -benzimidazol-6-y1} pyrrolidin-2-
yi]-4-fluoro-11-benzimidazol-2-y1}pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-y1} carbamate
"H NMR (400 MHz, CDCly) & ppm 10.41-10.64 (m, 2H) 6.84-7.06 (m, 6H) 6.25-6.36 (m, 2H) 5.55-
5.68 (m, 1H) 5.25-5.46 (m, 4H) 4.27-4.40 (m, 1H) 3.79-3.92 (m, 2H) 3.71 (s, 6H) 3.56-3.67 (m, 2H)
3.03-3.27 (m, 2H) 1.83-2.66 (m, 10H) 1.14 (s, 9H) 0.77-1.31 (m, 14H); MS (ESI) m/z 924 (M+H)".
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Example 6.4

methyl {(25)-1-{(25)-2-{5-[(2R,55)-1-(4-tert-butylphenyl)-5-{7-fluoro-2-[(25)-1-{(25)-2~
{(methoxycarbonyl)amine]-3-methylbutanoyl}pyrrolidin-2-y1}- 1 #-benzimidazol-6-yl} pyrrolidin-2-
yi]-4-fluoro-1 H-benzimidazol-2-yl}pyrrolidin-1-yi}-3-methyl-1-oxobutan-2-y1} carbamate
"H NMR (400 MHz, CDCly) & ppm 10.54-10.71 (m, 2H) 7.54-7.68 (m, 2H) 7.00-7.21 (m, 4H) 6.43-
6.54 (m, 2H) 5.27-5.50 (m, 4H) 5.20 (br s, 2H) 4.29-4.42 (m, 1H) 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, 14H); MS (ESD)
m/z 924 (M+H)".
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Example 6.5
methyl {(25)-1-[(28)-2-{5-[(2R,5R)-1-(4-tert-butylphenyl)-5- {4-chloro-2-[(25)-1-{(25)-2~
[(methoxycarbonylamino}-3-methylbutanoy!pyrrolidin-2-y1]- 1 H-benzimidazol-5-y1} pyrrolidin-2-
5 yl}-4-chloro-17/-benzimidazol-2-y1} pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-y1} carbamate
"H NMR (400 MHz, DMSO-ds) § 12.70 (s, 0H), 12.39 (s, 1H), 8.07 (s, 1H), 7.32 (dd, ] = 26.1, 8.1,
3H), 6.91 (d, J = 37.0, 4H), 6.08 (d, T = 7.9, 1H), 5.64 (s, 1H), 5.17 (s, 1H), 4.66 (s, 1H), 4.10 (d, T =
5.2, 1H), 3.86 (s, 3H), 3.52 (d, ] = 14.1, 6H), 3.17 (d, ] = 5.2, 1H), 2.30 — 2.10 (m, 2H), 2.00 (s, 4H),
1.77 (s, 1H), 1.23 (s, 1H), 1.18 — 1.01 (m, 9H), 1.01 — 0.72 (m, 11H); MS (APCI+) m/z 958.76
10 (M+H).
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Example 6.6
methy! {(28)-1-[(28)-2-{5-[(2R,5S5)-1-(4-lert-butylphenyl)-5-{4-chloro-2-[(25)-1-{(25)-2-
{(methoxycarbonyDamino}-3-methylbutanoyl}pyrrolidin-2-y1}- 1 H4-benzimidazol-5-yl } pyrrolidin-2-
15 yl}-4-chloro-1H-benzimidarol-2-yl} pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-yl} carbamate
"H NMR (400 MHz, DMSO-de) § 12.45 (s, 1H), 8.06 (d, J = 3.3, 1H), 7.68 (d, J = 8.6, 2H), 7.48 (1, }
=125, 2H), 7.31 (d, T = 8.2, 2H), 7.00 (d, J = 8.1, 2H), 6.20 (d, J = 8.7, 2H), 5.16 (d, ] = 32.0, 4H),
4.66 (s, 1H), 4.11 (s, 1H), 3.88 (s, 3H), 3.56 (d, J = 8.1, 6H), 2.30 ~ 2.09 (1, 5H), 2.02 (s, 7H), 1.80
(s, 2H), 1.23 (5, 2H), 1.09 (s, 9H), 1.00 ~ 0.78 (m, 12H); MS(APCI+) m/z 958.64 (M+H)".

20
Example 6.7

methyl {(25)-1-[(28)-2-{5-[(2R,5R)-1-(4-tert-butylphenyl)-5-{2-[(25)-1- {(25)-2-
[(methoxycarbonyl)amino]-3-methylbutanoy!} pyrrolidin-2-y1]-4-methyl-1 H-benzimidazol-5-
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yi}pyrrolidin-2-yl}-4-methyl-1 A-benzimidazol-2-y1} pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-
yltcarbamate
‘H NMR (400 MHz, DMSO-dg) & ppm 0.78 - 1.05 (m, 14 H), 1.06 (s, 9 H), 1.86 - 2.06 (m, 8 H), 2.09
=231 (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 -

5 523 (m, 2 H),542-5.51 (m, 2 H), 6.02-6.12 (in, 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), 11.84 - 12.26 (m, 2 H).
ABS
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Example 6.8
methyl {(25)-1-[(25)-2-{5-[{2R,55)-1-(4-tert-butylphenyl)-5-{2-[(25)-1-{(25)-2-
10 [(methoxycarbonyl)amino]-3-methylbutanoyl }pyrrolidin-2-yi]-4-methyi-1 #-benzimidazol-5-
yl}pyrrolidin-2-yi}-4-methyl-1/7-benzimidazol-2-yl} pyrrolidin- 1 -y1]-3-methyl-1-oxobutan-2-
yl}carbamate
"H NMR (400 MHz, DMSO-ds) 8 ppm 0.79 - 1.06 (m, 12 H), 1.23 (s, 9 H), 1.87 - 2.31 (m, /=30.69
Hz, 12 H), 2.58 - 2.65 (1, /=3.25 Hz, 6 H), 3.55 (s, 6 H), 3.81 - 3.96 (m, 4 H), 4.01 - 4.19 (1n, 2 H),
15

492 (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 (BSI) m/z = 916.4 (M+H)",
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Example 6.9
methyl {(285)-1-[(25)-2-(6-fluoro-5- {(2R,5R)-5- {6-fluoro-2-[(25)-1-{(25)-2-
20 [(methoxycarbonyhamino]-3-methylbutanoyl } pyrrolidin-2-yl]- 1 H-benzimidazol-5-y1} -1-[3-fluoro-4-
(pipenidin-1-yDphenylipyrrolidin-2-y1} -1 7-benzimidazol-2-yDpyrrolidin-1-y1}-3-methyl-1-oxobutan-
2-yl}carbamate
'H NMR (400 MHz, CDCL) & ppm 10.21-10.67 (m, 2H) 6.55-7.99 (m, 6H) 5.95-6.14 (m, 1H) 5.19-
5.56 (m, 6H) 4.25-4.39 (m, 1H) 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, 1H) 1.78-2.42 (m, 11H) 0.62-1.78 (m, 18H); MS (ESI) m/ 969
A

M+HY
% St v N

N

%o o~ (

N
o=<o 03,20
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methyl {(28)-1-[(25)-2-{5-[(2R,5R)-1-[3,5-difluoro-4-(piperidin-1-yphenyl}-5- {6-fluoro-2-[(25)-1-

{(28)-2-[(methoxycarbonyl)aminol-3-methylbutanoyl}pyrrolidin-2-yi}-1 H-benzimidazol-5-

yl}pyrrolidin-2-y1}-6-fluoro-1 H-benzimidazol-2-y1} pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-

yl}carbamate
To a solution of 6,6'-{(2R,5R)-1-[3,5-difluoro-4-(piperidin-1-yDphenyl]pyrrolidine-2,5-

diyl}bis{5-fluore-2-[(25)-pyrrolidin-2-yl}-1 H-benzimidazole} (64 mg, 0.095 mmol) in DMF (2378
ul) was added (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid (35.0 mg, 0.200 mmol), EDC
(45.6 mg, 0.238 mmol), HOBT (36.4 mg, 0.238 mmol} and N-methylmorpholine (105 pL, 0.951
mmol), and the resultant solution was stivred at ambient temperature overnight. The reaction solution
was diluted with E1QAc, washed with H,O and brine, dried (MgSO4), filtered and concentrated. The
crude material was dissolved in 1:1 CH;CN:0.1% TFA/H,0 and purified by HPLC (C18, 0-100%
CH;CN/O.1%TEA/H,0). The product containing fractions were combined, made basic with saturated
sodium bicarbonate solution, and extracted with EtOAc. The organic layer was dried (MgSQOs),
filtered and concentrated to give the title compound (43.3 mg, 0.044 mmol, 46.1 % yield). The ftitle
compound can also be prepared according to General Procedure 12C described above. 'H NMR (400
MHz, CDCIL;) & 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)-1-[(28)-2-{5-[(2R,5R)-1 -[3,5-difluoro-4-(4-phenyipiperidin- [ -yphenyl]-5- {6-fluoro-2-
[(28)-1-{(28)-2-[(methoxycarbonyDamino}-3-methylbutanoy! }pyrrolidin-2 -yl1]-1 77-benzimidazol-5-
5 yl}pyrrolidin-2-y1]-6-fluoro-1 H-benzimidazol-2-y pyrrolidin- 1 -y1]-3-methyl-1 -oxobutan-2-
yl}carbamate
"H NMR (400 MHz, CDCL) & 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 (m, 2H) 3.79-3.91 (m, 2H) 3.70 (s, 6H) 3.55-3.67 (im, 2H) 2.92-3.21 (m, 5H) 1.73-
2.65 {m, 10H) 0.97-1.74 (im, 8H) 0.76-0.96 (in, 12H); MS (ESI) m/z 1063 (M+H)".
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Example 6.12
methyl {(25)-1-[(25)-2-{5-[(2R,5R)-1-[4~(6-azaspiro[2.5Joct-6-y1)-3,5-difluorophenyl]-5-{6-fluoro-2-
[(25)-1-{(25)-2-[(methoxycarbonyl)amino}-3-methylbutanoyl }pyrrolidin-2-y1]- 1 Fi-benzimidazol-5-
15 yl}pyrrolidin-2-y1}-6-fluoro-1 H-benzimidazol-2-y1} pyrrolidin- 1-y1]-3-methyl- i -oxobutan-2-

yl}carbamate
In an oven-dried 5-mL pear-shaped flask, dissolved (S)-2-(mecthoxycarbonylamino)-3-
methylbutanoic acid {56.6 mg, 0.323 mmol) in anhydrous CH,Cl, (I mL) under 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 (8)-6,6-((2R,5R)-1-(3,5-difluoro-4-(6-azaspiro[2.5]octan-6-
yhphenyDpyrrolidine-2,5-diyhbis(5-fluoro-2-((S)-pyrrolidin-2-y1)-1 H-benzo[dlimidazole)
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hydrochloride (91 mg) and diisopropylethylamine (0.188 ml., 1.077 mmol) in anhydrous CH.Cly (2

P e | ‘nvrrJvnnt(’

S R DR . sl TTON A ° " .
mij under nitrogen, acded 1IOBt hydrate (4 at 20 °C for 1 hr. The

323 mmol), and stirred at
reaction was diluted with CH,Cl, (50 mL), washed with water (25 mL), dried over anhydrous Na,SQ,,
filtered, and concentrated by rotary evaporation to a dark yellow foam (~140 mg). Dissolved 70 mg
of the impure material in 2 mL Acetonitrile and 2 mL 0.1% TFA in H,;O, and purified by RP-Cys
HPLC (Waters Prep LC, 40mm Module with Nova Pak HR C18 6pm 40x100mm Prep Pak cartridge)
cluting with a 30 min gradient of 95:5 0.1% TFA in HyO/Acelonifrile to 25:75 0.1% TFA in
H,O/Acetonitrile, then 10 min to 100% Acetonitrile at 20 mL/min. Pure fractions were treated with
saturated aqueous NaHCO; (2 mL/tube), vortexed each tube to thoroughly neutralize TFA, and
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 NaHCOs; as
above and combined i the same 500-mL round bottom flask. Removed the Acetonitrile by rotary
evaporation, extracted the remaining aqueous phase with EtOAc (2 x 50 mL), dried the combined
organic extracts over anhydrous MgSQ,, filtered, and concentrated by rotary evaporation to afford the
product as a white solid (49 mg, 0.048 mmol). 'H NMR (400 MHz, DMSO-dg) 8 ppm 0.24 (s, 4 H),
0.68 -0.91 (m, 12 H), 1.21 - 1.35 (m, S H), 1.67 - 2.07 (mm, 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, /~=6.07 Hz, | H), 7.14 (d, /=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 (ESI4+) m/ 1013 (M+H)"; MS (ESL-) m/z
1011 (M-HY.

ABS

Example 6.13
methyl {(25,3R)-1-[(25)-2-{5-[(2R,5R)-1-[4-(4-tert-butylpiperidin-1-y1)-3,5-difluorophenyl]}-5-(6-
fluoro-2-{(28)-1-[N-(methoxycarbonyl)-O-methyl-L-threonyljpyrrolidin-2-yi } - | F-benzimidazol-5-
ypyrrotidin-2-y1]-6-fluoro- 1 F-benzimdazol-2-y1} pyrrolidin-1 -y1]-3-methoxy-1 -oxobutan-2-

yl}carbamate
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(28,3R)-3-Methoxy-2-(methoxycarbonylamino)butanoic acid (65.6 mg, 0.343 mmol) was

n anhydrous CH,CL (1 mLy un
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the mixture was stirred at 20 °C for 20 minutes. The resulling solution was added via 10 a solution of
(S)-6,6'-((2R,5R)-1-(4-(4-tert-butylpiperidin-1-y)-3,5-difluorophenyl)pyrrolidine-2,5-diyDbis(5-
fluoro-2-((S)-pyrrofidin-2-y1)- IH-benzo[d}imidazole) hydrochloride (100 mg) and diisopropylamine
(0.200 mL, 1.143 mmol) in anhydrous CH,Cl; (2 mL) under nitrogen. HOBt hydrate (52.5 mg, 0.343
mimol) was added, and the mixture was stirred at 20 °C for | hour. The reaction was diluted with
CH;Cl; (50 mL), washed with water (25 mL), dried over anhydrous Na,SO,, filtered, and
concentrated by rotary cvaporation to a dark yellow foam (140 mg). The crude material (70 mg) was
dissolved in acetonitrile (2 mL) and 0.1% TFA in HyO (2 mL), and purified by RP-C;z HPLC (Waters
Prep LC, 40 mm module with Nova-Pak® HR C18 6um 40x100mm Prep Pak cartridge) eluting with
a 30 minute gradient of 95:5 0.1% TFA in HyO/acctonitrile to 25:75 0.1% TFA. in H,O/acetonitrile,
then 10 minutes to 100% acetonitrile at 20 mL/minute. Pure fractions were treated with saturated
aqueous NaHCOs; (2 mL/tube), each tube was vortexed to thoroughly neutralize TFA, and the
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 NaHCO; 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
E1OAc (2x50 mL), the combined organic extracts were dried over anhydrous MgSQ, filtered, and
concentrated by rotary evaporation to afford the product as a white solid (62 mg, 0.057 mmol). 'H
NMR (400 MHz, DMSO-ds) & ppm 0.80 (s, 9 H), 0.92 (d, /=6.07 Hz, 2 H), 0.98 - 1.09 (1, 4 H), 1.12
=122 (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),
273 -2.92 (m, 4 H), 3.04 (d,/=1.73 Hz, 2 H), 3.13 (5, 3 H), 3.25 (d, /=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, /~7.99 Hz, 2 H), 5.02 - 5.17 (m, 2 H), 5.46 - 5.63
(m, 2 H), 5.79 - 6.00 (i, 2 H), 7.02 (d, /=6.72 Hz, 1 H), 7.08 - 7.18 (m, 2 H), 7.24 (d, J=8.02 Hz, 1
H), 7.33 (dd, /=10.36, 4.50 Hz, 1 H), 7.40 (dd, /=11.22, 6.23 Hz, 1 H), 11.84 - 12.63 (m, 2 H); MS
(ESIH) m/z 1075 (M+H)"; MS (BSI-) m/z 1073 (M-H)".
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Example 6.14
dimethyl ({(2R,5R)-1-{4-(4-tert-butylpiperidin-1-y1)-3,5-difluorophenyl|pyrrolidine-2,5-diyl} bis {(6-
fluoro-1 H-benzimidazole-5,2-diyD(2S)pyrrolidine-2, 1 -diyi[(15)-2-0x0-1 -(tetrahydro-2 H-pyran-4-
yDethane-2,1-diyl]})biscarbamate

(S)-2-(Methoxycarbonylamino)-2-(tetrahydro-2H-pyran-4-ylacetic  acid (74.5 mg, 0.343

mmol) was dissolved in anhydrous CH,Cl, (1 mL) under nitrogen. EDAC (67.1 mg, 0.343 mmol)
was added, and the mixture was stirred at 20 °C for 20 minutes. The resulting solution was added 10 a
solution  of  (5)-6,6'-((2R,5R)-1-(4-(4-teri-butylpiperidin- {-y1)-3,5-difluorophenyl)pyrrolidine-2,5-
diyhbis(5-fluoro-2-((S)-pyrrolidin-2-y1)-1H-benzo[djimidazole)  hydrochloride (100 mg) and
diisopropylethylamine (0.200 mL, 1.143 mmol) in anhydrous CH,Cl, (2 mL) under nitrogen. HOBt
hydrate (52.5 mg, 0.343 mmol) was added, and the mixture was stirred at 20 °C for | hour. The
reaction was diluted with CH,Cl, (50 mL), washed with water (25 mL), dried over anhydrous Na,SQ,,
filtered, and concentrated by rotary evaporation to a dark yellow solid (210 mg). The impure material
(70 mg) was dissolved in 2 mL acetonitrile and 2 mL 0.1% TFA in HyO, and purified by RP-Cg
HPLC (Waters Prep LC, 40mm module with Nova-Pak® HR CI18 6um 40x100mm Prep Pak
cartridge) eluting with a 30 minute gradient of 95:5 0.1% TFA in H,O/acetonitrile to 25:75 0.1% TFA
in HyOlacetonitrile, then 10 minutes 1o 100% acetonitrile at 20 mL/minute. Pure fractions were
treated with saturated aqueous NaHCO; (2 mL/tube), each tube was vortexed to thoroughly neutralize
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 NaHCO; as above and combined in the same 500-mL
round bottom flask., The acetonitrile was removed by rotary evaporation, the remaining agueous
phase was extracted with EtOAc (2x50 mlL), the combined organic extracts were dried over
anhydrous MgSQy, filtered, and concentrated by rotary evaporation to afford the product as a white
solid (69 mg, 0.060 mmol). "H NMR (400 MHz, DMSO-ds) & ppm 0.80 (s, 9 H), 0.89 - 1.01 (m, 1
H), 1.07 ~ 1.38 (m, 7 H), 1.39 - 1.63 (m, 6 H), 1.67 - 1.91 (m, 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, & H), 4.06 - 4.23 (m,
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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 (i, 2 H), 7.01 (d, /=6.72 Hz, 1 H),
7.07(d, =7.05 117, 1 ID), 7.28 - 7.49 (m, 4 T}, 11.78 - 12.42 (m, 2 H); MS (BSH) m/i 1127 (M+HY';
MS (ESI-) m/z 1125 (M-HY.
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Example 6.15

methyl {(25,3R)-1-{(25)-2-{5-[(2R,5R)-1-(3,5-difluoro-4-{4-[4-(triflucromethyphenylipiperazin-1-

ylphenyl)-5-(6-fluoro-2- {{2.5)-1-[N-(methoxycarbonyl)-O-methyl-L-threonylpyrrolidin-2-yl} -1 -

benzimidazol-5-yDpyrrolidin-2-y1}-6-fluoro- | F-benzimidazol-2-y1}pyrrolidin-1 -y1}-3-methoxy-1-

oxobutan-2-yl} carbamate
(8)-6,6'-((2R,5R}-1-(3,5-Diflucro-4-(4-(4-(trifluoromethy!phenyDpiperazin-1-

yDphenyDpyrrolidine-2,5-diyDbis(5-fluoro-2-((S)-pyrrolidin-2-y1)-1H-benzo[d}imidazole)
hydrochloride (88 mg), (2S,3R)-3-mcthoxy-2-{methoxycarbonylamino)butanoic acid (41 mg, 0.216
mmol), N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride (46 mg, 0.238 mmol), 1-
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 chromatography (silica gel, methanol in dichloromethane) which afforded 71 mg of the
title compound. "H NMR (400 MHz, DMSO-ds) 8 ppm 7.56 (m, 2H), 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)".
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Example 6.16
methyl {(25)-1-[(25)-2-{6-[(2R,5R)~1 -{4-[4-(2,6-difluorophenyl)piperazin-1-y11-3,5-difluorophenyl} -
5-{5-fluoro-2-[(25)-1-{(25)-2-[(methoxycarbonyDamino]-3-methylbutanoyl} pyrrolidin-2-y1]- 1 H-

\

/’“\2

Z

Z

benzimidazol-6-y1} pyrrolidin-2-y1}-5-fluoro-1/-benzimidazol-2-y1 ypyrrolidin-1 -y1]-3-methyl-1-
oxobuian-2-yl}carbamate

(S)-2-(Methoxycarbonylamino)-3-methylbutanoic 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
temperature  for 20 minutes.  (8)-6,6'-((2R,5R)-1-(4-(4-(2,6-Difluorophenyl)piperazin-1-y1)-3,5-
difluorophenylpyrrolidine-2,5-diyDbis(5-fluoro-2-((S)-pyrrolidin-2-y1)-1H-benzold 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 temperatare for 1 hour. The pH of the solution was measured to be 8 by
pH paper. Reaction progress was determined by LC-MS at | hour and analysis deemed reaction
complete. The reaction mixture was concentrated in vacuo to a brown mobile oil. The oil was diluted
with 50 m] EtOAc and washed with 30 mIL 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 NaySOu(s), filtered and solvent removed in vacuo leaving a brown
oily residue. The residuc was purified on a 12 g silica gel column eluted with a gradient of
CH,CL/CH;0H, 99/1 to 95/5 over 13 minutes, then 95/5 to 90/10 over § minutes. The fractions
containing product were combined and repurified on a 12 g gold column eluted with a gradient of
CH,CL/CH,0H, 98/2 10 90/10 over 15 minutes. The fractions were concentrated in vacuo leaving a
light brown solid as the title compound (50.3 mg). "H NMR (400 MHz, DMSO-ds) & ppm 0.82 (m,
12 Hy 1.99 (m, 9 H) 2.18 (m, 2 H) 2.95 (m, 4 H) 3.05 - 3.17 (m, 5 H) 3.53 (s, 6 H) 3.79 (m, 4 H) 3.95
-411 (m, 4 H) 5.11 (m, 2 H) 5.55 (m, 2 H) 5.91 (m, 2 H) 7.01 {m, 5 H) 7.29 (m, 4 H) 12.14 (m, 2 H);
MS (ESTH) m/z 1100.3, (ESI-) m/z 1098 3(M-H)".
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Example 7.1
methyl {(25)-1-{(25)-2-(4-{4-[2-(4-terr-butylphenyl)-1-(4- {2-[(28)-1-{(25)-2-
[(methoxycarbonyl)amino}-3-methylbutancyl}pymolidin-2-yl}- 1 H-imidazol-4-y1} phenyD-1 H-pyrrol-

3-yllphenyl}-1 H-imidazol-2-yDpyrrolidin-1-yi]-3-methyl- 1 -oxobutan-2-y1} carbamate

CN /@,Br

N
H

Example 7.1A
2-{4-bromophenylamino)-2-(4-zeri-butylphenylacetonitrile
To a solution of 4-bromoaniline (10.0 g, 58.1 mmol) in THF (100 mL) was added 4-tert-
butylbenzaldehyde (9.72 mL, 58.1 mmol), acetic acid (13.3 mL., 233 mmol), potassium cyanide (3.79
g, 58.1 mmol) and water (50 mL). The resultant mixture was slirred at room temperature for 16
hours. The resultant solid that formed was collected by vacuum filtration, washed with hexane, and
then dried to afford 15.3 g, (77%) of the title compound. "H NMR (400 MHz, CDCl3) § ppm 7.49 (m,
44), 7.37 (d, J=8.7 Hz, 2H), 6.66 (d, ]=8.8 Hz, 2H), 5.34 (d, J=8.] Hz, 1H), 4.02 (d, J=8.0 Hz, 1H),

1.34 (s, OH).
Br

Example 7.1B
(£)-3~(4-bromophenyl)prop-2-en-1-ol
To a solution of (&)-¢thyl 3-(4-bromophenyDacrylate (10.0 g, 39.2 mmol) in dichloromethane
(151 mL) cooled 1o -78°C was added a solution of diisobutylaluminum hydnide (1.0 # mn
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 extracted
with dichloromethane. The organic layer was dried and concentrated 1o afford 8.35 g (100%) of the

title compound used directly in the next reaction.
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Example 7.1C
([)-3-(4-brormophenyhacrylaldehyde

To the product of Example 7.1B (8.35 g, 39.2 mmol) dissolved in dichloromethane (151 mL)
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 diatomaceous earth, and then concentrated. Water was added to the residue, and the mixture
was exiracted with ethyl acetate. The organic layers were combined, dried and then concentrated.
The residue was purified by chromatography (silica gel, hexanes in cthyl acetate) which afforded 5.5
g, (67%) of the title compound. 'H NMR (400 MHz, CDC13) & ppm 9.62 (d, J=7.6 Hz, 1H), 7.57 (d,
J=8.5 Hz, 2H), 7.42 (m, 3H), 6.70 (dd, I=15.9, 7.6 Hz, 1H).

Example 7.1D

1,3-bis(4-bromophenyi}-2-(4-tert-butylphenyl)-1 H-pyrrole

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 hydroxide (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
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,
CDClL) 8 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, 1H), 1.29 (s, SH).
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Bxample 7.1E
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A solution of the product from Example 7.1D (150 mg, 0.295 mmol), 4,4,4'4',5,5,5",5'-

H
octamethyl-2,2'-bi(1,3,2-dioxaborolane) (165 mg, 0.648 mmol), potassium acetate (87 mg, 8.84
mmol) and  [1,1’-bis(diphenylphosphino)ferrocene]dichloropalladium(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 fillered through diatomaceous earth and concentrated to an oil which was dissolved
m EtOAc and extracied with brine. The organic extract was concentrated 1o afford 230 mg of the title

compound that was used directly in the next step.

Example 7.1F
di-fert-butyl (25,2'S)-2,2'-{[2-(4-tert-butylphenyl)- 1 H-pyrrole-1,3-diyl]bis(benzene-4,1-diyl- 1 /-
imidazole-4,2-diy]) }dipyrrolidine-1-carboxylate (ACD Name v12)

The product from Example 7.1E (227 mg, 0.376 mmol), (S)-fert-butyl 2-(5-bromo-1H-
imidazol-2-ylpyrrolidine-1 -carboxylate or (S)-tert-butyl 2-(4-bromo-1#H-imidazol-2-yD)pyrrolidine-1-
carboxylate (357 mg, 1.13 mmol), [1,1’-bis(diphenylphosphino)ferroceneldichloropaliadium(il),
complex with dichloromethane (27.5 mg, 0.038 mmol), and a solution of sodivm 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 (2x10
mL). The organic exfract 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)".

H
N NH
LR Phdents
NTX

Example 7.1G
4,4'-{[2-(4-tert-butylphenyl)-1 H-pyirole-1,3-diyl]dibenzene-4, 1 -diyl}bis {2-[(2S)-pyrrolidin-2-y1]-1 F1-
imidazole} (ACD Name v12)
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The product of Example 7.1F {29 mg, 0.035 mmol) was dissolved in dioxane (0.5 mL) and
hydrochlaric acid in dioxane (4.0 N, 0.14 mlL, 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
as a hydrochloride salt. MS (ESI) m/z 622 (M+H)".

Example 7.1H
methyl {(25)-1-[(28)-2-(4- {4-[2-(4-tert-butylphenyl)-1-(4-{2-[(285)-1- {(25)-2-
[(methoxycarbonylamino]-3-methylbutanoyl }pyrrolidin-2-y1l-1 H-imidazol-4-y1} phenyl)-1.4-pyrrol-
3-yllphenyl}-1H-imidazol-2-y1)pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-yl} carbamate
The product from Example 7.1G (22 mg, 0.036 mmol), (S)-2-{methoxycarbonylamino)-3-
methylbutanoic acid (12.7 mg, 0.072 mmol), N-(3-dimethylaminopropyl}-N’-ethylcarbodiimide
hydrochloride (15.2 mg, 0.079 mmol), [-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 roomn temperature for 3 hours. Afterwards, 1 N aqueous hydrochloric acid (5 ml) was added
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-
de) & ppm 10.57 (s, TH), 10.26 (s, 1H), 7.62 (m, 4H), 7.20 (m, 8H), 6.99 (m, 4H), 5.37 (m, 2H), 5.24
(m, 2H), 430 (m, 2H), 3.80 (m, 2H), 3.08 (m, 1H), 2.96 (s, 3H), 2.88 (s, 3H), 2.30 (m, 2H), 2.19 (m,
2H), 2.08 (m, 2H), 1.92 (m, 2H), 1.23 (m, 9H), 0.85 (m, 12H); MS (ESI) m/z 936 (M+H)".

SN doree

o~ \fo

O O

Example 8
dimethyl ({(25)-1-[3,5-difluoro-4-(4-phenylpiperidin-1-yphenyl]pyrrolidine-2,5-diyl} bis {4,1 -
phenylenecarbamoyl(2S)pyrrolidine-2,1-diyl[(25)-3-methyl-1-oxobutane-1,2-diyl]} )biscarbamate
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Example 8A

CQQQ{

1-(4-((28,55)-2,5-bis(4-nitrophenylpyrrolidin-1-y1)-2,6-difluoropheny!)-4-phenylpiperidine
A mixture of Intermediate 6 (2.68 g, 5.49 mmol), 3,5-difluoro-4-(4-phenylpiperidin-1-
yDaniline (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 compound. MS (ESI) m/z 585 (M+H).

N
F F
HoN NH,

Example 8B
4,4'-((28,55)-1-(3,5-difluoro-4-(4-phenylpiperidin-1-yDphenyDpyrrolidine-2,5-diyldianiline

The product of Example 8A (197 mg, 0.337 mmol) was digsolved in a mixtare of THF (3
mkL), ethanol (3 mL) and wafer (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 exiraction 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)".
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Example 8C
(2S,2'S)-tert-butyl 2,2'-(4,4'-((25,55)-1-(3,5-difluoro-4-(4-pheny lpiperidin-1-ylphenyDpyrrolidine-
2,5-diyl)bis(4,1-phenylene))bis(azanediyl)bis{oxomethylene)dipyrrolidine-1 -carboxylate

5 The product from  Example 8B (177 mg, 0337  mmol), (S)-1-(tert-

butoxycarbonyl)pyrrolidine-2-carboxylic acid (160 mg, 0.742 mmol), N-(3-dimethylaminopropyl)-

N-ethylcarbodiimide hydrochloride (162 mg, 0.843 mmol), 1-hydroxybenzotriazole hydrate (129 mg,

0.843 mmol) and 4-methyhmorpholine (0.370 mL, 3.37 mmol) were dissolved in dichloromethanc (3.5

mL), and the mixture stirred at room temperature for 19 hours. Afterwards, aqueous sodium

10 bicarbonate was added followed by exiraction with dichloromethane. The organic exiract was dried,

filtered and concentrated, and then the residue was purified by chromatography (silica gel, methanol

m dichloromethane) which afforded 130 mg, (42 %) of the title compound. MS (ESL) m/z 920
(M+H)".

Example 8D
(28,2'S)-N,N'-(4,4'-((28,5S)-1-(3,5-difluoro-4-(4-phenylpiperidin-1-yl)phenypyrrolidine-2,5-
diyl)bis(4,1-phenylene))dipyrrolidine-2-carboxamide
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
I 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)".
25
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Example 8E
dimcthy! ($(28)-1-{3,5-diflucro-4-{4-phenylpiperidia- L -yDphenylipyrrolidine 2,5

diyl}bis {4,1-phenylenecarbamoyl(2S)pyrrolidine-2,1-diyl[{(25)-3-methyl-1-oxobutane-1,2-
diyl]})biscarbamate

S 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), I-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 mixiure
10 was added and then extracted with aqueous sodimmn bicarbonate. The organic exiract 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-dg) & ppm 10.03 (s, 2H), 7.53 (d, ] = 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,

15 2H), 1.93 (m, 6H), 1.70 (m, 6H), 0.81 (m, 12H); MS (ESI) m/z 1033 (M+H)".

Example 9
methyl {(28)-1-[(25)-2-(4-{4-[(2R,5R)-1-[3,5-difluoro-4-(4-phenylpiperidin-1-yDphenyl}-5-(4- {2~
20 [(28)-1-1(285)-2-[ (methoxycarbonyDamino]-3-methylbutanoyl} pyrrolidin-2-y1]-1 A-imidazol-4-
yliphenyDpyrrolidin-2-yliphenyl} -1 H-imidazol-2-yDpyrrolidin-1-yi]-3-methyl-1-oxobutan-2-

yl}carbamate

g
F. F
Br Br
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Example 9A

144-4((OR
i a-llin

RY-2 A-bigfd-hromonhenvDinvrmbidin-1-vD-2_4-difluoronhenvD-d-nhenvinineridine
{ -2, 2-0igl d-bromopneny D oyrrohidin-1-yh-2 0-dithuorg D-4-phenyiniperiding

S ot AR Y

A mixture of Intermediate 7 (2.35 g, 422 mmol), 3,5-difluoro-4-(4-phenylpiperidin-1-
yhaniline (2.44 g, 8.45 mmol) and diisopropylethylamine (2.21 ml., 12.67 mmol) in acetonitrile (25
mL) was heated at 80°C for 9 hours, Afterwards the resultant solid was removed by filtration and
purified by chromatography (silica gel, hexanes in ethyl acefate then dichloromethane in hexanes)

which afforded 130 mg, (4.7%) of the title compound. MS (ESI+) m/ 653 (M+H)".

Example 9B
1-(4-{((2R,5R)-2,5-bis(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yDphenylpyrrolidin- 1 -y1)-2,6-
diftuoropheny!)-4-phenylpiperidine

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(1,3,2-dioxaborolane) (121 mg, 0.473 mmol), potassium acetate (59 mg, 0.598
mmol) and [1,1°-bis(diphenylphosphino)ferrocene]dichloropalladium(il) (29 mg, 0.04 mmol) in
dioxane (4.5 mL) was heated at 100 °C for 3 hours. The mixture was then filtered through
diatomaceous earth and concentrated to an oil which was dissolved in EtQAc 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,

(34 %) of the title compound. MS (ESI) m/z 747 (M+H)".

H
N

\Y
N

+)“°l©f©j"

Example 9C
(2S,2'S)-tert-butyl 2,2'-(4,4'-(4,4'-((2R,5R)- 1-(3,5-difluoro-4-(4-phenylpiperidin-1-
yl)phenyDpyrrolidine-2,5-diyl)bis(4,1 -phenylene))bis(1 H-imidazole-4,2-diyl))dipyrrolidine-1-

carboxylate
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The product from Example 9B (50 mg, 0.067 mmol), Intermediate 1 (64 mg, 0.201 mmol),

* Sof Al .

[ R T FPLY % SO SRR P IURERG A SV R RRPAPRPNSNPI D2 1
flot ~Um\u1pm:u_y1puuapmuu;xw1uu;uu}dx hlo adium{il} (6.1 mg, 0.0084 ”‘"”“"‘]) n{

ladivm{iy 6.1 mg, 0.00
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
dichloromethane. The organic extract was dried, filered and concentrated, and then the residue was
purified by chromatography (silica gel, methanol in dichloromethane) which afforded 51 mg, (79 %)
of the title compound. MS (ESI) m/z 966 (M+H)".

=7

N
O Tf;( P
A shdesat
A

Example 9D
1-(4-((2R,5R)-2,5-bis(4-(2-{(S)-pyrrolidin-2-y1)-1 H-imidazol-4-yDphenylpyrrolidin-1-y1)-2,6-
difluorophenyl)-4-phenylpiperidine

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 stirred at room
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)'.

Example 9E
methyl {(25)-1-{(25)-2-(4-{4-[(2R,5R)-1-[3,5-difluoro-4-(4-phenylpiperidin-1-yDphenyl]-5-(4- {2~
[(29)-1-{(28)-2-[(methoxycarbonylyamino]-3-methylbutanoyl} pyrrolidin-2-yi]-1 H-imidazol-4-
yl}phenyl)pyrrolidin-2-y{phenyl} -1 A-imidazol-2-yDpyrrolidin-1-y1]-3-methyl-1-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-dimethylaminopropy!)-N’-ethylcarbodiimide
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. Afterwards, 1 N aqueous hydrochloric acid was added
followed by extraction with dichloromethane. The organic extract was dried, filtered and
concentrated, and then the residue was purified by clromatography (silica gel, methanol in
dichloromethane) which afforded 25 mg, (44 %) of the title compound. "H NMR (400 MHz, DMSO-
de) & ppm 7.64 (m, SH), 7.23 (m, 11H), 5.89 (d, J= 12.8 Hz, 2H), 5.23 (m, 2H), 5.08 (m, 2H), 4.06 (m,
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From the product of General Procedure 11C, the compounds of Examples 10.1 and 10.2 can be
obtained by the steps of: (1) coupling with (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid; (2)

removal of the single Boc protecting group; and (3) coupling with a second selected carbamate-

)

i
2 F

®
e aaat Aty sn

e}

protected amino acid.

4

Y

Example 10.1
methyl [(15)-2-{(25,3a8,6a8)-2-{5-[(2R,5R)-1-[3,5-difluoro-4-(piperidin-1-yi)phenyl]-5-{2-
[(28,3a85,6a8)-1-{(25)-2-[(methoxycarbonyl)amine}-3-methylbutanoyl }octahy drocyclopenta[ blpyrrol-
2-y1]-1 H-benzimidazol-5-y1}pyrrolidin-2-yi}-1 H-benzimidazol-2-y1} hexahydrocyclopenta[bJpyrrol-
1(2H)-yl]}-2-0x0-1-(tetrahydro-2 H-pyran-4-yhethyl]carbamate

"H NMR (400 MHz, DMSO-de) & ppm 0.70 - 0.91 (m, 6 H) 1.10 - 1.27 (m, 2 H) 1.34 - 1.49 (m, § H)
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)
272 -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 (m, 2 H) 5.84 - 5.94 (m, 2 H) 7.07 (¢, }=10.08 Hz, 2 H)
717 -727 (m, 2 H) 7.30 - 7.56 (m, 4 H) 11.92 - 11.99 (m, T H) 12.03 - 12.13 (m, | H); MS (ESI+)
m/z 1073.4 (M+H)".

Example 10.2
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methyl {(25,3R)-1-[(25,3a5,6a5)-2-{5-[(2R,5R)-1-[3,5-difluoro-4-(piperidin-1-yl)phenyl}-5-{2-

[(283a8,6a5)-1-{(28)-2~[(methoxycarbonyDamino]-3-methylbutanoyl}octahydrocyclopental hlpyrrol-
2-y1}-1 H-benzimidazol-5-yl}pyrrolidin-2-y1}-1 H-benzimidazol-2-yl} hexahydrocyclopentalbpyrrol-
1(2H)-yl]-3-methoxy-1-oxobutan-2-yl}carbamate

"H NMR (400 MHz, DMSO-ds) & ppm 0.70 - 0.89 (m, 6 H) 0.99 (ddd, J=34.43, 6.29, 3.31 Hz, 3 H)
1.35- 148 {(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 H)
272 -2.83 (m, 4 H) 3.17 (5,3 H) 3.21 - 328 (m, 4 H) 3.54 (5, 6 H) 4.02 (1, J=7.48 Hz, | H) 4.20 -
4.30 (m, 1 H) 4.80 (,J=7.97 Hz, 2 H) 5.08 - 5.17 (m, 2 H) 532 - 5.43 (m, 2 H) 5.83 - 594 (m, 2 H)
7.05 (dd, J=8.24, 1.30 Hz, 2 H) 7.21 (s, 1 H) 7.30 (d, J=3.14 Hz, 1 H) 7.40 (d, J=7.92 Hz, 1 H) 7.45 -
7.56 (m, 3 H) 11.99 (dd, j=9.87, 1.63 Hz, | H) 12.04 - 12.13 (m, 1 H); MS (ESI+) m/z 1047.5
(M+H)",

From the product of General Procedure 8B, Example 1B (mono-displacement), the compounds of
Examples 11.1 and 11.2 can be obtained by the steps of: (1) Buchwald reaction with an appropriate
second amide (see General Procedure 8); (2) nitro reduction (see General Procedure 9); and (3)

cyclization (see General Procedure 10).

ABS N
I P
O
Fo A
O
9= p @
o
L, .
e ¢ N

Qen

Example 11.1
methy! [(15)-2-{(28)-2-{5-[(2R,5R)-1-[3,5-difluoro-4-(4-phenylpiperidin-1-y)phenyl]-5-{2-[(25)-1-
{(28)-2-[(methoxycarbonylamino]-3-methylbutanoy !} pyrrolidin-2-y11- 1 H-benzimidazol-5-
y1}pyrrolidin-2-y1}-1 H-benzimidazol-2-yl} pyrrolidin-1 -y1]-2-ox0- 1 -(tetrahydro-2 H-pyran-4-
yhethyljcarbamate
"H NMR (400 MHz, DMSO-ds) 6 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 (i, 2 H)
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, ]=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 {(25)-1-[(25)-2-(5-{(2R,5R)-5-(2-cyclopentyl-UH-benzimidazol-5-y1)-1-[3,5-difluoro-4-(4-
phenylpipenidin-1-yDphenyl|pyrrolidin-2-y1} -1 H-benzinudazol-2-yDpyrrolidin-1-y1]-3-methyl-1 -
oxobutan-2-yl}carbamate

'H NMR (400 MHz, DMSO-ds) 8 ppm 0.76 - 0.91 (m, 6 H) 1.59 - 1.73 (m, 10 H) 1.73 - 1.80 (n, 2 H)
1.83-1.94 (m, 4 H)1.97-2.08 (m, 4 H)2.16 -2.24 (im, 1 H) 2.86 - 3.04 (m, 6 H) 3.19- 3.29 (i, [ H)
3.53(s,3H)3.79-3.87 (m, 2 H)5.11 - 5.19 (m, 1 H) 5.34 - 5.42 (1, 2 H) 5.88 - 5.95 (m, 2 H) 7.03 -
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, §.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+H)".

ABS

Example 12.1
methyl {(29)-1-[(285)-2-(5-{3-{1-(4-tert-butylphenyl)-3-(3- {2-[(25)-1- {(25)-2-
[(methoxycarbonyl)amino]-3-methylbutanoyl} pyrrolidin-2-y1}-1 H-imidazol-5-y1} phenyljazetidin-3-
yllphenyl}-1//-imidazol-2-yDpyrrolidin-1-y1}-3-methyl-1-oxobutan-2-y1} carbamate

Example 12.1A

bis(3-bromophenylmethanol
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n-Buli (26.5 mL, 42.4 mmol, 1.6M in hexane) was added to a solution of 1,3-
dibromobenzene (10 g, 42.4 mmaol} in THE (50 mL) at -78 °C. Afier stivred 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 at 30 °C for 12 h. The reaction was quenched with ag. NH,CI
(100 mL). The mixture was extracted with dichloromethane (80 mLx5). The combined organic layers
were dried and concentrated. The residue was purified by column chromatography (on silica gel,
eluent with Petroleum ether ~Petrolecum ether: EtOAc=20:1) to afford 8.4 g of the title compound
(24.5 mmol, 58%). LC/MS: [M-18+1] = 325, "HNMR (DMSO-d,), 400MHz: § 5.74 (d, 1H, J=4.0
Hz)y, 6.19(d, 1H, J=4.4 Hz), 7.26-7.31 (m, 2H), 7.37-7.43 (m, 4H), 7.59 (s, 2 H).

Example 12.1B
bis(3-bromophenymethanonc
MnO, (21.61 g, 249 mmol) was added to a solution of bis(3-bromophenylymethanol (8.4 g,
24.5 mmol) 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 compound (22.3 mmol, 90%). LC/MS: [M+1] = 341. "THNMR (DMSO-dy), 400MHz:
§7.52-7.56 (m, 2H), 7.71 (d, 2H, J=7.2 Hz), 7.88-7.92 (m, 4H).

o U

Example 12.1C
2,2-bis(3-bromophenyhoxirane
KOt-Bu (272 g, 2426 mmol) was added to a stirred suspension of bis(3-
bromophenylymethanone (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 (500mbL), washed with water (500 mL x 3) and brine (500 mL). The organic layer was
separated and evaporated in vacuo 1o afford the title compound which was used directly without

further purification.

K,CO4 OH OH
ag CH,O

Example 12.1D

2,2-bis(3-bromophenyl)propane-1,3-diol
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A mixture of the crude 2,2-bis(3-bromophenyloxirane (7.4 g, 20.90 mmol) and p-

Wonic ac . e (360 me. 2.1 mmob) in ol T Y waa adieend o O™ L
toluenesulfonic acid liun\)u_y&ua‘w D0y Titg, £, 1 I 1} i HOCne \L:) uT_,} was stured at 95 °C for 1 h.

The solution was washed with ag NaHCO; (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
formaldehyde (15.56 mL, 209 mmol, 37% aqueous solution) and K;COs (1.44 g, 10.45 mmol). The
mixture was stirred at 85°C for 12h. Afler cooling 1o 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, cluent with Petroleum ether~Petroleum ether: EtOAc=2:1) to afford 4.6 g of 2,2-bis(3-
bromopheny!)propane-1,3-diol (11.9 mmol, 57% after two steps). LC/MS: [M-18+1] = 368. "HNMR
(CDCls), 400MHz: 6 2.53 (brs, 2H), 2.41 (s, 4H), 7.09-7.20 (1, 4H), 7.36-7.40 (m, 4H).
OMs OMs

T

Example 12.1F
2,2-bis(3-bromophenypropane-1,3-diyl dimethanesulfonate

To a stired solution of 2,2-bis(3-bromophenylpropane-1,3-diol (6.0 g, 15.54 mmol) in
dichloromethane (50 mL) at 0°C was added methanesulfonic chloride (27.1 g, 155 mmol) and BuN
(17.3 mL, 124 mmolio give an orange solution. The reaction mixture was stitred at 0 °C for 1h, then
at 40 °C for § h. The reaction was washed with aq. NH;Cl (80 mL). The agqueous layer was extracted
with dichloromethane (50 mLx3). The combined organic layers were dried and concentrated. The
residue was purified by chromatography {(on silica gel columan, Petroleum ether: EtOAc=2:1) to afford
3.2 g of the title compound (5.9 mmol, 38%). LC/MS: [M+18] = 560. 'HNMR (CDCly), 400MHz: §
2.93 (s, 6H), 4.49 (s, 4H), 7.15-7.48 (m, 8H).

Ng OMs

ROASH

Example 12.1F
3-azido-2,2-bis(3-bromophenypropyl methancsulfonate
To a solution of 2,2-bis(3-bromophenyl)propane-1,3-diyl dimethanesulfonate (3.6 g, 6.64
mmol) in DMPU (25 mL, 207 mmol) under N, was added NaN; (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
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=3:1) to afford 1.3 g of the title compound (2.66 mmol, 40%). LC/MS:

M+18 i, 4

g Js s

—

LALNaYLIN T oL

= K7 MINMB OV ANONMER § 9 Q72 fo 07 (e 2T 477 (o 2HY 707700 (m
SUi. AYLIN (Rvissi3g, VA, SO VSOAD, La3, TS AD, aidy, LG0T 00T G,

.
]
2H), 7.21-7.31 (m, 4H), 7.44-7.46 (m, 2H).

;

O
AO(): :O\/ AN éfro
Nz OMs P(OEt), N OMs Xylene 1{1
By x Br Br- N Br heat Br- N Br

Example 12.1G
diethyl 3,3-bis(3-bromophenyljazetidin-1-ylphosphonate

To a solution of 3-azido-2,2-bis(3-bromopheny!propy! methanesulfonate (1.3 g, 2.66 mmol)
n anhydrous toluene (10 mL) and anhydrous THF (5 mL) under N, 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 crude triethy! phosphorimidate was dissolved in anhydrous m-xylene
(5 mL) under N; 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=1:5) to afford 960 mg of
diethy! 3,3-bis(3-bromophenylazetidin-1-ylphosphonate (1.9 mmol, 71% after two steps). LC/MS:
[M+1] =504, "HNMR (CDCly), 400MHz: § 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).

H
N

BrD ‘Br

Example 12.1H
3,3-bis(3-bromophenyl)azetidine

To a solution of diethyl 3,3-bis(3-bromophenyl)azetidin-1-ylphosphonate (960 mg, 1.9 mmol)
in anhydrous dichloromethane (5 mL) under N; 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 ag. NaHCO; (30 ml). The organic layer was dried and concentrated to afford
595 mg of the title compound (1.6 mmol, 85%) as a yellow o1l which was used directly to next step
without purification. LC/MS: [M+1] = 368.
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Example 12.1f
3,3-bis(3-bromophenyl)-1-(4-tert-butyiphenylazetidine

A mixture of 3,3-bis(3-bromophenyljazetidine (60 mg, 0.163 mmol), 1-tert-butyl-4-
iodobenzene (85 mg, 0.327 mmol), xantphos (9.46 mg, 0.016 mmol), Pdy(dba); (3.74 mg, 4.09 umol)
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 cooled 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 purificd by prep-HPLC (Instrument waters 2767 PHW004
Column YMC-Triart C18 150*20mm S-5um.12nm Mobile Phase A: water (0.05% NH,HCO,) B:
ACN Qradient 95-95% B in § 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 {itle compound (0.052
mmol, 31.8 % yield). LC/MS: [M+1] = 500.

g
Q‘i

Example 12.1J

1-(4-tert-butylphenyl)-3,3-bis(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhphenylazetidine
A mixture of 3,3-bis(3-bromophenyl)-1-(4-tert-butylphenylazetidine (50 mg, 0.100 mmol),
bis(pinacolato)diboron (65.9 mg, 0.260 mmol), KOAc (58.8 mg, 0.599 mmol) and PdClL(dppf)-
CH,Cly adduct (20.39 mg, 0.025 mmol) was stirred at 100 °C for 2 h under N,. After cooling to room
temperature, water (15 mlL) and dichloromethane (15 mL) was added. The aqueous layer was
extracted with dichloromethane (15mELx3). 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: IM-CioHaot1] = 430; IM-CeHjo+1] = 512,
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Example 1
methyl {(25)-1-[(25)-2-(5-{3-[1-(4-tert-butylphenyl)-3-(3- {2-[(25)-1- {(25)-2-
[(methoxycarbonyl)amino]-3-methylbutanoyl} pyrrolidin-2-yi}-1 H-imidazol-5-y1} phenyl)azetidin-3-
5 yliphenyl}-1//-imidazol-2-ylpyrrolidin-1-yl}-3-methyl-1-oxobutan-2-yl} carbamate

A mixture of 1-(4-tert-butylphenyl}-3,3-bis(3-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yhphenylazetidine (50 mg, 0.084 mmol), Intermediate 4 (66.0 mg, 0.177 mmol), PdCh(dppH)-CH,CI,
adduct (13.76 mg, 0.017 mmol) and K,CO; (69.9 mg, 0.506 ramol) in dioxane (5 mL) was stirred at
100 °C for 2 h. After cooling to room temperature, the rcaction mixture was diluted with
10 dichloromethane {20 mL) and washed with aq. NH,Cl (15 mLl). The aqueous layer was extracted
with dichloromethane (15 mLx3), and the combined organic layers were washed with brine (25 mL),
dricd and concentrated. The residue was purified by prep-HPLC: Instrument waters 2767 PHW003
Column Boston CI18 10um 21*250mm Mobile Phase A:water(0.05%NH,HCO,); B:ACN Gradient
60-82% B in 8min, stop at 14min Flow Rate(ml/min) 30.00 Detective Wavelength(nm) 214\254
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=1:15) 1o afford 22 mg of the
title compound (0.024 mmol, 28.2 % vield). LC/MS: [M+1]=926. "HNMR (MeOD-d,), 400MHz: §
0.77-0.85 (m, 12H), 1.18 (s, 9H), 1.88-2.23 (m, 10H), 3.07 (d, 2H, J= 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 1H), 7.10-7.23 (m, 9H), 7.39-7.41 (m, 2H), 7.68-7.72 (m, 2H).

ABS

Example 12.2
methyl {{25)-1-[(28)-2-(5-{3-[3-(3-{2-[(25)-1-{(25)-2-[(methoxycarbonyl)amino]-3-
methylbutanoyl}pyrrolidin-2-yl}-1 F-imidazol-5-yi} phenyl)-1-phenylazetidin-3-yliphenyl}-174-
imidazol-2-yl)pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-yl} carbamate
25
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Example 12.2A
3,3-bis(3-bromopheny)-1-phenylazetidine

A mixture of 3,3-bis(3-bromophenylazetidine (200 mg, 0.545 mmol), iodobenzene (222 mg,
1.090 mmol), xantphos (31.5 mg, 0.054 mmol), Pdy(dba); (12.47 mg, 0.014 mmol) and sodium tert-
butoxide (62.8 mg, 0.654 mmol) in dioxanc (3 ml) was stirred for 12 h at 100 °C. After cooling 10
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) fo afford 140 mg of
the title compound (0.31 mmol, 58%). LC/MS: [M+1] = 444, Ret. Time: 2.69 min. 'HNMR (CDCL),
400MHz: 4.42 (s, 4H), 6.54 (d, 2H, J=7.6 Hz), 7.09-7.11 {m, 2H), 6.79 (1, 1H, J=7.2 Hz), 7.17-7.26

(m, 6H), 7.37-7.45 (m, 4H).
Ny < Oﬁ
{ 7
O’B\.ﬁz.” B‘O

Example 12.2B
1-phenyl-3,3-bis(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yDphenylazetidine

A mixture of 3,3-bis(3-bromophenyl)-1-phenylazetidine (140 mg, 0.284 mmol), KOAc (167
mg, 1.705 mmol), PAClL(dppf)-CH,Cl, 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 t0 room
temperature, the reaction mixture was diluted with dichloromethane (20 mL) and washed with aq.
NH,CL (15 mL). The agueous 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+1] = 538,

Example 12.2C
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methyl {(28)-1-[(25)-2-(5-{3-[3-(3-{2-[(25)-1-{(25)-2-[(methoxycarbonyl)amino]-3-

RS S, )

1 Sutanov) i ovirohidiz AT LT Geni A, .
methyioutanoyl jpyrrotidin-2- H imidaral-S "

-1 H-imidazol-S-y1}phenyl)-1-phenylazet
imidazol-2-yDpyrrolidin-1-y1}-3-methyl-1-oxobutan-2-yl} carbamate

A mixture of 1-phenyl-3,3-bis(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yhphenyhazetidine (60 mg, 0.112 mmol), Intermediate 4 (88 mg, 0.235 mmol), PdCL{dppH)-CH,Cl,
adduct (18.24 mg, 0.022 mmol) and K,CO; (93 mg, 0.670 mmol) in dioxane (5 mL) and water (1 mL)
was stirred at 100 °C for 2 h under N,. The reaction mixture was diluted with dichloromethane (20
mk) and washed with ag. NH4C1 (15 mL). The aqueous phase was extracted with dichloromethane
(15 mLx3). The combined organic layers was washed with brine (25 mL). The organic layers was
dried and concentrated. The crude product was purified by prep-HPLC (Instrument waters 2767
PHWO003 Column Boston C18 10um 21*250mm Mobile Phase A:water (0.05%NH4HCO3),B:ACN
Gradient 45-70% B in 3min,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 : dichloromethane=1:15) to afford 20 mg of the title compound (0.022 mmol, 19.53 %
yield). LC/MS: [M+1] = 870. 'HNMR (MeOD-d,), 400MHz: § 0.86-0.97 (m, 12H), 1.97-2.33 (m,
10H), 3.07 (4, 2H, J= 6.4 Hz), 3.66 (s, 6H), 3.83-3.99 (in, 5H), 4.21-4.23 (m, 2H), 4.49-4.55 (1, SH),
5.13-5.16 (1, 2H), 6.61-6.63 (m, 2H), 6.73-6.77 (m, 1H), 7.19-7.58 (m, 12H), 7.78-7.80 {m, 2H).

The present invention also contemplates pharmaceutically accepiable salts of each title
compound described in the above examples. All of the examples disclosed in U.S. Patent Application
Publication No. 2010/0317568 and U.S. Patent Application Serial Nos. 12/903,822 and 12/964,027
are also mcorporated herein by reference.

When tested using HCV 1b-Conl 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, 3.11, 3.12, 3,13, 3.15, 3.17, 3.18, 3.19, 3.20, 3.21, 3.22,
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,
341, 3,42, 343, 3.44, 3.45, 3,46, 3.47, 348, 3.49, 3.50, 3.51, 3.52, 3.53, 4.1, 4.2, 4.3, 44, 45, 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,
427,428, 4.29, 4.30, 4.31, 432, 4.33, 4.34, 4.35, 4.36, 4.37, 4.38, 4.39, 4,40, 4.41, 4.42, 443, 4.44,
445, 4.46, 4.47, 449, 4.50, 451, 4.52, 4.53, 4.54, 4.55, 4.56, 4.57, 4.58, 4.59, 4.60, 4.61, 4.62, 5.1,
52,53,54,55,56,57,58,5.9,5.10, 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 ECsx
value of less than about 0.1 nM. When tested using HCV 1b-Conl replicon assays in the presence of
5% FRBS, each title compound in Examples 1.4, 2.8, 3.3, 3.9, 3.10, 3.16 and 4.25 showed an ECs,
value of from about 0.1 to about 1 nM. When tested using HCV 1b-Conl replicon assays in the

presence of 5% FBS, each title compound in Examples 2.3, 2.7, 12.1 and 12.2 showed an ECs, value
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of from about 1 10 about 16 nM. The tile compounds of Example 1.2 and 3.14 showed an ECsq value

[ AP IV A SRR U G S SEp . SR NP 1 V) T onan 1 vena ]y 5 x
TOVED LU MVl WIICH 1C81Ca USIng HCV 15-Conl TCPCON askays in the presence of 5% FBS

i <0
M OOy D 111

<

When tested using HCV 2a, 2b, 3a and 4a replicon assays in the absence of human plasma
(HP), the ECso values of Example 5.1 were about at least 50-fold less than those of Bxample 4.25
{about 200-500 pM); and the ECsp 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 1a replicon assays in the presence of 40% HP, the ECxp
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.
Patent Application Serial No. 12/813,301, heremnafter 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 ECsq 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
absence of HP, the ECs 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 ECs 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 ECsq
values of Examples 245, 256 and 271 of the ‘301 application were at least about 10-fold less than
those of Example 164 of the 301 application; the AUC values of Example 245, 256 and 271 were at
least about 10-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
cells are used to support the replication of the replicon.

The mhibitory activities of the compounds of the present invention can be evaluated using a
variety of assays known in the arl. For instance, two stable subgenomic replicon cell lines can be
used for compound characterization in cell culture: one derived from genotype 1a-H77 and the other
derived from genotype 1b-Conl, obtained from University of Texas Medical Branch, Galveston, TX
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 (1a-H77). The replicon also has a firefly luciferase reporter and a neomycin
phosphotransferase (Neo) selectable marker. These two coding regions, separated by the FMDV 2a
protease, comprise the first cistron of the bicistronic replicon construct, with the second cistron
containing the NS3-NS3B coding region with addition of adaptive mutations E1202G, K1691R,
K2040R and S22041. The 1b-Conl replicon construct is identical to the 1a-H77 replicon, except that
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the HCV 5° UTR, 3’ UTR, and NS3-NS3B coding region are derived from the 1b-Conl strain, and
utations are K1609E, K1R846T and Y3005C. In addition, the 1h-Conl replicon

the adaptive
construct contains a poliovirus IRES between the HCV IRES and the luciferase gene. Replicon cell
lines can be maintained in Dulbecco’s modified Eagles medium (DMEM) containing 10% (v/v) fetal
bovine serurn (FBS), 100 IU/ml penicillin, 100 mg/ml streptomycin (Invitrogen), and 200 mg/m]
(418 (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 pyl DMEM containing
5% FBS. The following day compounds can be diluted in dimethyl sulfoxide (DMSO) to generate a
200x stock in a series of eight half-log dilutions. The dilution series can then be further diltuted
100-fold in the medium containing 5% FBS. Medium with the inhibitor is added to the overnight cell
culture plates 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
replaced with DMEM containing 40% human plasma and 5% FBS. The cells can be incubated for
three days in the tissue culture incubators after which time 30 pl of Passive Lysis buffer (Promega)
can be added to each well, and then the plates are incubated for 15 minutes with rocking to lysc the
cells. Luciferin solution (100 pl, Promega) can be added to each well, and luciferase activity can be
measured with a Victor 11 fuminometer (Perkin-Elmer). The percent inhibition of HCV RNA
replication can be calcniated for cach compound concenfration and the BCsy value can be calculated
using nonkbinear regression cwve fiting 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 imvention showed significantly inhibitory activities against HCV
replication.

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 4, Iy, le, Ip, Ig, Ir or 1)

In addition, the present mvention features pharmaceutical compositions comprising
pharmaceutically acceptable salts, solvates, or prodrugs of the compounds of the invention. Without
limitation, pharmaceutically acceptable salts can be zwitterions or derived from pharmaceutically
acceplable inorganic or organic acids or bases. Preferably, a pharmaceutically acceptable salt retains
the biological effectiveness of the free acid or base of the compound without undue toxicity, irritation,
or allergic response, has a reasonable benefit/risk ratio, is effective for the intended use, and is not
biologically or otherwise undesirable.

The present invention further features pharmaceutical compositions comprising a compound

of the invention (or a salt, solvate or prodrug thereof) and another therapeutic agent. By way of
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illustration not limitation, these other therapeutic agents can be selected from antiviral agents {e.g.,
ther anti-IICV agents such as HCV protease inhibitors, HCV
polymerase inhibitors, HCV helicase inhibitors, IRES inhibitors or NS5A inhibilors), anti-bacterial
agents, anti-fungal agents, immunomodulators, anti-cancer or chemotherapeutic agents, anti-
inflammation agents, antisense RNA, siRNA, antibodies, or agents for treating cirrhosis or
mflammation of the liver. Specific examples of these other therapeutic agents include, but are not
limited to, ribavirin, a-interferon, B-interferon, pegylated interferon-a, pegylated interferon-lambda,
ribavirin, viramidine, R-5158, nitazoxanide, amantadine, Debio-025, NIM-811, R7128, R1626,
R4048, T-1106, PSI-7977 (Pharmasset) (nucleoside polymerase inhibitor), PSI-7851 (Pharmasset)
(nucleoside polymerase inhibitor), PSI-938 (Pharmasset) (nucleoside polymerase inhibitor), PE-
00868554, ANA-598, IDX184 {(nucleoside polymerase inhibitor), IDX102, IDX375 (non-nucleoside
polymerase inhibitor), GS-9190 (non-nucleoside polymerase inhibitor), VCH-759, VCH-916, MK-
3281, BCX-4678, MK-3281, VBY708, ANAS598, GL59728, GL60667, BMS-790052 (NSSA
inhibitor), BMS-791325 (protease Inhibitor), BMS-650032, BMS-824393, GS-9132, ACH-1095
(protease inhibitor), AP-H00S5, A-831 (Arrow Therapeutics) (NS5A inhibitor), A-689 (Arrow
Therapeutics) (NS5A inhibitor), INX(08189 (Inhibitex) (polymerase inhibitor), AZD2836, telaprevir
(protease Inhibitor), boceprevir (protease Inhibitor), ITMN-191 (Intermune/Roche), BI-201335
(protease Inhibitor), VBY-376, VX-500 (Vertex) (protease Inhibitor), PHX-B, ACH-16235, IDX136,
IDX316, VX-813 (Vertex) (protease Inhibitor), SCH 900518 (Schering-Plough), TMC-435 (Tibotec)
(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 polymerage inhibitor), PF-
868554 (Pfizer) (non-nucleoside polymerase inhibitor), PF-4878691 (Pfizer), IDX-184 (Novartis),
IDX-375 (Pharmassetl), PPI-461 (Presidio) (NS5A inhibitor), BILB-1941 (Boehringer Ingelheim),
(GS-9190 (Gilead), BMS-790052 (BMS), Albuferon (Novartis), ABT-333 (Abbott) (non-nucleoside
polymerase inhibitor), ABT-(72 (Abbott) (non-nucleoside polymerase inhibitor), ritonavir, another
cytochrome P450 monooxygenase inhibitor, or any combination thereof.

In one embodiment, a pharmaceutical composition of the present invention comprises one or
more compounds of the present invention (or salts, solvates or prodrugs thereof), and one or more
other antiviral agents.

In another embodiment, a pharmaceutical composition of the present invention comprises one
or more compounds of the present invention (or salts, solvates or prodrugs thereof), and one or more
other anti-HCV agents. For example, a pharmaceutical composition of the present invention can
comprise a compound(s) of the present mvention having Formula 1, 4, In, Ic, In, Ig, Ir o1 I (or a salt,

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 1 itors, cyclophilin inhibitors, IRES inhibitors, or NSSA inhibitors.

In yet another embodiment, a pharmaceutical composition of the present invention comprises
one or more compounds of the present invention (or salts, solvates or prodrugs thereof), and one or
more other antiviral agents, such as anti-HBV, anti-HIV agents, or anti-hepatitis A, anti-hepatitis D,
anti-hepatitis E or anti-hepatitis G agents. Non-limiting examples of anti-HBV agents include
adefovir, lamivadine, and tenofovir. Non-limiting examples of anti-HIV drugs include ritonavir,
lopinavir, indinavir, nelfinavir, saquinavir, amprenavir, atazanavir, tipranavir, TMC-114,
fosamprenavir, zidovudine, lamivudine, didanosine, stavudine, tenofovir, zalcitabine, abacavir,
efavirenz, nevirapine, delavirdine, TMC-125, L-870812, S-1360, enfuvirtide, T-1249, or other HIV
protease, reverse transcriptase, integrase or fusion inhibitors. Any other desirable antiviral agents can
also be included in a pharmaceutical composition of the present invention, as appreciated by those
skilled in the art,

In a preferred embodiment, a pharmaceutical composition of the invention comprigses a
compound of the invention (e.g.., a compound of Formula I, I, I, Ic, Ip, Ig, Ir o1 I, 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, 1, Ip, Ic, Ip, I, Ir or g, or preferably a
compound described hereinabove, or a salt, solvate or prodrug thereof), and a HCV polymerase
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 compound of the inveniion (e.g.., a compound of Formula 1, 1, In, le, Ip, I,
Ir or Ig, or preferably a compound described hereinabove, or a salt, solvate or prodrug thereof), (2)a
HCY protease inhibitor, and (3) a HCV polymerase inhibitor (e.g., a non-nucleoside polymerase
inhibitor, or preferably a nucleoside polymerase inhibitor). Non-limiting examples of protease and
polymerase inhibitors are described above.

In still another embodiment, a pharmaceutical composition of the invention comprises (1) a
compound of Formula I, I, Is, I, Ip, In, Iy or I, or preferably a compound selected from the ftitle
compounds of the above Examples or Table 5, or a salt, solvate or prodrug thereof, and (2) one or
more HCV inhibitors/modulators selected from ABT-072 (Abbott), ABT-333 (Abbotl), ACH-1095
(Achillion), 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-Zeneca), BCX-4678 (BioCryst ), BI-201335 (Boehringer Ingelheim), Bi-
207127 (Bochringer Ingelheim), BILB-1941 (Bochringer Ingelheim), BMS-650032 (BMS), BMS-
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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625433 (GlaxeSmithKline), IDX-102 (Idenix), IDX-136 (Idenix), 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,
NM-811 (Novartis), PF-4878691 (Pfizer), PHX-1766 (Phenomix), PPI-1301 (Presidio), PPI-461
(Presidio), PSI-7977 (Pharmasset), PSI-938 (Pharmasset), RG7128 (Roche), RO5303253 (Roche),
SCY-635 (Scynexis), tegobuvir, telaprevir, TMC-435 (Tibotec), TMC-647055 (Tibotee), 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),
VX-985 (Vertex), or a combination thereof.

in another embodiment, a pharmaceutical composition of the invention comprises (1) a
compound of Formula I, 14, In, Ic, Ip, Ig, I or I, 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-
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 (Verlex), or a comnbination thereof.

In yet another preferred embodiment, a pharmaceutical composition of the invention
comprises (1) a compound of Formula I, 14, Ig, Ie, Ip, Ig, Ir or 1g, 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-207127 (Boehringer Ingetheim), BILB-1941 (Boehringer Ingelheim), BMS-
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 (Pharmasset),
PSI-938 (Pharmasset), RG7128 (Roche), TMC64912 (Medivir), GSK625433 (GlaxoSmithKline),
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), PSI1-938 (Pharmasset),
RG7128 (Roche), TMC64912 (Medivir), or a combination therefore; or (i) one or more non-
nucleoside polymerase inhibitors selected from ABT-072 (Abbott), ABT-333 (Abbott), ANA-598
(Anadys), BI-207127 (Boehringer Ingelbeim), BILB-1941 (Boelringer Ingelheim), BMS-791325
(BMS), filibuvir, GL59728 (Glaxo), GL60667 (Glaxo), (3S-9669 (Gilead), IDX-375 (Idenix), MK-
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3281 (Merck), tegobuvir, TMC-647055 (Tibotec), VCH-759 (Vertex & ViraChem), VCH-916

{Tvi"wxl“!«nam\ VY 2922 fvr‘*uuzzz) {’\)’eﬁex & "/ia;ociw

raChem), VX222 {(VCH Y or a2 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 mvention comprises (1) a
compound of Formula I, 14, Ig, Ic, Ip, Ig, Ir or g, or preferably a compound sclected from the title
compounds of the above Examples or Table 5, or a salt, solvate or prodrug thereof, (2) one or more
HCV protease mbhibitors selected from ACH-1095 (Achillion), ACH-1625 (Achillion), ACH-2684
(Achillion), AVL-181 (Avila), AVL-192 (Avila), BI-201335 (Bochringer Ingelheim), BMS-650032
(BMS), boceprevir, danoprevir, GS-9132 (Gilead), (4S-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, VBY 708 (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,
GL59728 (Glaxo), GL60667 (Glaxo), GS-9669 (Gilead), IDX-375 (Idenix), MK-3281 (Merck),
tegobuvir, TMC-647055 (Tibotec), VCH-759 (Vertex & ViraChem), VCH-9216 (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),
R(G7128 (Roche), TMC64912 (Medivir), GSK625433 (GlaxoSmithKline), BCX-4678 (BioCryst), ore
a combination thereof. The polymerase inhibitor(s) can include (1) one or more nucleotide
polymerase inhibitors selected from (GS-6620 (Gilead), 1DX-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-398 (Anadys), BI-207127
(Boehringer Ingelheim), BILB-1941 (Bochringer Ingelheim), BMS-791325 (BMS), filibuvir,
GL59728 (Glaxo), GL60667 (Glaxo), GS-9669 (Gilead), IDX-375 (Idenix), MK-3281 (Merck),
tegobuvir, TMC-647055 (Tibolec), VCH-759 (Vertex & ViraChem), VCH-916 (ViraChem), VX-222
(VCH-222) (Vertex & ViraChem), VX-759 (Vertex), or a combination thereof; or (iit) both a
nucleotide polymerase inhibitor(s) and a non-nucleoside polymerase inhibitor(s).

In still another embodiment, a pharmaceutical composition of the invention comprises (1) a
compound of Formula 1, 14, I, Ic, I, I, Ir 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) 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
(e.g., 35-9620 (Gilead) or PF-4878691 (Pfizer)), and (3) optionally one or more HCV protease or

polymerase inhibitors described above.
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A pharmaccutical composition containing multiple active ingredients can be either a co-
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ackaged » cf, or a combination thereof,

cduct, thereo

A pharmaceutical composition of the present invention typically includes a pharmaceutically
acceptable carrier or excipient. Non-limiting examples of suitable pharmaceutically acoeptable
carriers/excipients include sugars (e.g., lactose, glucose or sucrose), starches (e.g., corn starch or
potato starch), cellulose or its derivatives (e.g., sodium carboxymethyl cellulose, ethyl cellulose or
cellulose acetate), 01ls (e.g., peanut 01l, cottonsecd oil, safflower 0il, sesame 0il, 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, mall, gelatin, talc, cocoa butter,
pyrogen-free water, isotonic saline, Ringer's solution, ethanol, or phosphate buffer solutions.
Lubricants, coloring agents, releasing agents, coating agents, sweclening, flavoring or perfuming
agents, preservatives, o antioxidants can also be included in a pharmaceutical composition of the
present invention.

The pharmaceutical compositions of the present invention can be formulated based on their
routes of administration using methods well known in the art, For example, a sterile injectable
preparation can be prepared as a sterile injectable aqucous or oleagenous suspension using suitable
dispersing or wetling agents and suspending agents. Suppositories for rectal administration can be
prepared by mixing drugs with a suitable nonirritating excipient such as cocoa butler or polyethylene
glycols which are solid at ordinary temperatures but liquid at the rectal temperature and will therefore
melt in the rectum and release the drugs. Solid dosage forms for oral administration can be capsules,
tablets, pills, powders or granules. In such solid dosage forms, the active compounds can be admixed
with at least one inert diluent such as sucrose lactose or starch. Solid dosage forms may also comprise
other substances in addition to inert diluents, such as lubricating agents. In the case of capsules,
tablets and pills, the dosage forms may also comprise buffering agents. Tablets and pills can
additionally be prepared with enteric coatings. Liquid dosage forms for oral administration can
include pharmaceutically acceptable emulsions, solutions, suspensions, syrups or elixirs containing
mert diluents commonly used in the art. Liquid dosage forms may also comprise wetting,
emulsifying, suspending, sweetening, flavoring, or perfuming agents. The pharmaceutical
compositions of the present invention can also be administered in the form of Hposomes, as described
m U.S. Patent No. 6,703,403, Formulation of drugs that are applicable to the present invention is
generally discussed in, for example, Hoover, John E., REMINGTON'S PHARMACEUTICAL SCIENCES
(Mack Publishing Co., Easton, PA: 1975), and Lachman, L., eds., PHARMACEUTICAL DOSAGE FORMS
(Marcel Decker, New York, N.Y., 1980).

Any compound described herein, or a pharmaceutically acceptable salt thereof, can be used to

prepared pharmaceutical compositions of the present invention.

413



10

15

20

25

30

35

WO 2012/051361 PCT/US2011/056045

In a preferred embodiment, a compound of the invention (e.g., a compound of Formula I, 14,

I, Lo, I, Is, Ir or I, or preferabl

~

;2 compound described hereinabove, or a salt, so

lvate or nradruo
ivate or prodrug

e

therecof) is formulated in a solid dispersion, where the compound of the invention can be molecularly
dispersed in an amorphous matrix which comprises a pharmaceutically acceptable, hydrophilic
polymer. The matrix may also contain a pharmaceutically acceptable surfactant. Suilable 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 evapaoration techniques,
with melt-extrusion and spray-drying being preferred. In one example, a compound of the invention
1s formulated in a solid dispersion comprising copovidone and vitamin E TPGS. In another example,
a compound of the invention is formulated in a solid dispersion comprising copovidone and Span 20,
A solid dispersion described hercin may contain at least 30% by weight of a pharmaceutically
acceptable hydrophilic polymer or a combination of such hydrophilic polymers. Preferably, the solid
dispersion containg 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
50% (including, e.g., at least 60%, 70%, 80% or 90%) by weight of a pharmaceutically acceptable
hydrophilic polymer or a combination of such polymers. A sohid dispersion described herein may
also contain af least 1% by weight of a pharmaceutically acceptable surfactant or a combination of
such surfactants. Preferably, the solid dispersion containg at least 2% by weight of a pharmaceutically
acceplable surfactant or a combination of such surfactants. More preferably, the solid dispersion
contains from 4% to 20% by weight of the surfactani(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 Formula I, I, I,
Ic, Ty, Ig, I or Ig, or preferably a compound described hercinabove, or a salt, solvate or prodrug
thereof), which is molecularly dispersed in a an amorphous matrix comprising 7% Vitamin E-TPGS
and 88% copovidone; the solid dispersion can also be mixed with other excipients such ag
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 mvention (e.g., 2 compound of Formula I, 14, Ip, Ic, In, Ig, Iy or Ig, or preferably a
compound described heremabove, or a salt, solvate or prodrug thereof), which iz 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 fo 1:5 with 1:] being

preferred.
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Various additives can also be included in or mixed with the solid dispersion. For instance, at

Tanfad 1
locted from flow egu

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
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-
Iinked 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, microcrystalline cellulose (e.g., Avicell), silicates, in particular silicium
dioxide, magnesium oxide, tale, 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
Acrosil), 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
antioxidants, light stabilizers, radical scavengers, or stabilizers against microbial attack.

The present invention further features methods of using the compounds of the present
mvention {or salts, solvates or prodrugs thereof) to inhibit HCV replication. The methods comprise
contacting cells infected with HCV virus with an effective amount of a compound of the present
invention (or a salt, solvate or prodrug thereof), thereby inhibiting the replication of HCV virus in the
cells. As used herein, “inhibiting” means significantly reducing, or abolishing, the activity being
inhibited (e.g., viral replication). In many cases, representative compounds of the present mvention
can reduce the replication of HCV vinus (e.g., in an HCV replicon assay ag described above) by at
least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% or more.

The compounds of the present invention may inhibit one or more HCV subtypes. Examples
of HCV subtypes that are amenable to the present invention include, but are not be limited to, HCV
genotypes 1, 2, 3, 4, 5 and 6, including HCV genotypes 1a, 1b, 2a, 2b, 2¢, 3a or 4a. In one
embodiment, a compownd or compounds of the present invention (or salts, solvates or prodrugs
thereof) are used to inhibit the replication of HCV genotype la. In another embodiment, a compound
or compounds of the present invention (or salts, solvates or prodrugs thereof) are used to inhibit the
replication of HCV genotype 1b. In still another embodiment, a compound or compounds of the
present invention (or salts, solvates or prodrugs thereof) are used to inhibit the replication of both
HCV genotypes la and 1b.

The present invention also features methods of using the compounds of the present invention
(or salts, solvates or prodrugs thereof) to treat HCV infection. The methods typically comprise
administering a therapeuntic effective amount of a compound of the present invention (or a salt, solvate

or prodrug thereof), or a pharmaceutical corposition comprising the same, to an HCV patient,
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thereby reducing the HCV viral level in the blood or liver of the patient. As used herein, the term
“treating” vefers 10 reve
condition, or one or more symptoms of such disorder or condition to which such term applies. The
term “treatment” refers to the act of treating. In one cmbodiment, the methods comprise
administering a therapeutic effective amount of two or more compounds of the present invention {or
salts, solvates or prodrugs thereof), or a pharmaceutical composition comprising the same, to an HCV
patient, thereby reducing the HCV viral level in the blood or liver of the patient.

A compound of the present invention (or a salt, solvate or prodrug thereof) can be
administered as the sole active pharmaceutical agent, or in combination with another desired drug,
such as other anti-HCV agents, anti-HIV agents, anti-HBV agents, anti-hepatitis A agents, anti-
hepatitis ID agents, anti-hepatitis E agents, anti-hepatitis G agents, or other antiviral drugs. Any
compound described herein, or a pharmaceutically acceptable salt thereof, can be employed in the
methods of the present invention. In one embodiment, the present invention features methods of
treating HCV infection, wherein said methods comprise administering a compound of the invention
(e.g., a compound of Formula 1, Ty, In, Ic, Tp, g, Iy or g, or preferably a compound described
hereinabove, or a salt, solvate or prodrug thereof), interferon and ribavirin to an HCV patient. The
interferon preferably 18 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,
wherein said methods comprise administering a compound of the invention (e.g., a compound of
Formula 1, 1, Ip, Io, In, Ig, Ix o1 Ig, or preferably a compound selected from the title compounds of the
above Examples or Table 5, or a sall, 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 thercof) can be
administered to a patient in a single dose or divided doses. A typical daily dosage can range, without
limitation, from 0.1 to 200 mg/kg body weight, such as from 0.25 to 100 mg/kg body weight. Single
dose compositions can contain these amounts or submultiples thereof to make up the daily dose.
Preferably, each dosage contains a sufficient amount of a compound of the present invention that is
effective in reducing the HCV viral load in the blood or liver of the patient. The amount of the active
ingredient, or the active ingredients that are combined, 1o produce a single dosage form may vary
depending upon the host treated and the particular mode of administration. It will be understood that
the specific dose level for any particular patient will depend upon a variety of factors including the
activity of the specific compound employed, the age, body weight, general health, sex, diet, time of
administration, route of administration, rate of excretion, drug combination, and the severity of the

particular disease undergoing therapy.
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The present invention further features methods of using the pharmaceutical compositions of

o {reat HCV infection, The methods typically comprise administerin

g a
pharmaceutical composition of the present invention 10 an HCV patient, thereby reducing the HCV
viral level in the blood or liver of the patient. Any pharmaccutical composition described herein can
be used in the methods of the present invention,

In addition, the present invention features use of the compounds or salts of the present
mvention for the manufacture of medicaments for the treatment of HCV mfection. Any compound
described herein, or a pharmaceutically acceptable salt thereof, can be used 1o make medicaments of
the present invention.

The compounds of the present invention can also be isotopically substituted. Preferred
igotopic substitution include substitutions with stable or nonradicactive isotopes such as deuterhum,
BC, PN or '®0. Incorporation of a heavy atom, such as substitution of deuterium for hydrogen, can
give rise to an isotope effect that could alter the pharmacokinetics of the drug. In one example, at
least 5 mol % (e.g., at least 10 mol %) of hydrogen in a compound of the present invention is
substituled 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 achiceved,
without limitation, by either exchanging protons with deuterium or by synthesizing the molecule with
enriched or substituted starting materials. Other methods known in the art can also be used for
isotopic substitutions.

The foregoing description of the present invention provides illustration and description, but is
not intended to be exhaustive or to limit the tnvention to the precise one disclosed. Modifications and
variations are possible in light of the above teachings or may be acquired from practice of the
invention. Thus, it is noted that the scope of the invention is defined by the claims and their

equivalents.
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CLAIMS:

L Methyl {(25,3R)-1-[(25)-2~{5~[(2R,5R)-1-{3,5~difluoro-4-[4-(4~
fluorophenyl)piperidin-1-yijphenyi}-5-(6-fluoro-2-{(2S)-1-[N-(methoxycarbonyij-C-methyi-L-
threonyljpyrrolidin-2-yl}-1 H-benzimidazol-5-yhpyrrolidin-2-yi}-6-fluore- 1 H-benzimidazol-2-
yl}pyrrolidin-1 -yi]-3-methoxy-1-oxobutan-2-yl}carbamate

N
F F
F F
\ 4 A S
e N\ N 7 Q

N
I~ o
N N\; N
/O‘(O . )_O\

( o ), or a pharmaceutically acceptable salt thereof.

2. A pharmaceutical composition comprising methyl {(28,3R)-1-[(25)-2-{5-[(2R,5R)-1-
(3,5-difluoro-4-{4-(4-fluorophenyl)piperidin-1 -yl phenyl }- 5-(6~fluoro-2-{ (25)-1-[N-
(methoxycarbonyl}-O-methyl-L-threonylipyrrolidin-2-y1 } -1 H-benzimidazol-3-ylpyrrolidin-2-y1}-
6-fluoro-1 F-benzimidazol-2-yl}pyrrolidin-1-yl}-3-methoxy-1-oxobutan-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.,
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