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ExampleCN 

Cbz N)--0-- HO Pd(PPh3)4, 
' 11 ~ ~ 1 Br ' __/\____ K2C03 

CNv-~~t \\ II + ,B~NHBoc 
: H HO DMEIH20 

85 ·c 
2-[5-(4-Bromo-phenyt)-1 H
imidazol-2-yl]-pyrrolidine-1-
carboxylic acid benzyl ester 

1. HCI, MeOH 

(4-tert
Butoxycarbonylamino 
phenyt)-boronic acid 

2. Boc-Pro-OH, 0 H 
EIOCOCI, Et3N, N~ )l_~, 
THF ~__)!..N~HN u + 
3. H2. Pd/C, EIOH c H 
4. HCI, MeOH -

Pyrrolidine-2-carboxylic acid [4'-(2-pyrrolidln-
2 -yi-3H-imidazol-4-yl)-biphenyt-4-yl]-a mide 

0 

PCT /US201 0/034600 

CbzN~ NJJ" -~NHBoc 
CH 

2-[5-(4'-tert-Butoxycarbonylamino
biphenyl-4-yl)-1 H-lmldazol-2-yl}

pyrrolidine-1-carboxytic acid benzyl ester 

HATU, DIPEA 

DMF 

2-Methoxycarbonylamino-3-
methyl-butyric acid 

II H H 0-
'o--"N' 0 'N-{ 

'~"6tto-O-lD~o 
(1-{2-[5-(4'-{11-(2-Methoxycarbonylamino-3-methyl-butyryl)

pyrrotid ine-2-ca rbonyl}-amino}-biphenyl-4-yl)-1 H-imidazol-2-yl}
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

2-[5-( 4' -tert-Butoxycarbonylamino-biphenyl-4-yl)-lH -imidazol-2-yl]-pyrrolidine-1-

carboxylic acid benzyl ester: 2-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-pyrrolidine-l

carboxylic acid benzyl ester (2.31 g, 5.42 mmol), ( 4-tert-Butoxycarbonylaminophenyl)-boronic 

acid (1.28 g, 5.42 mmol), Pd(PPh3)4 (313 mg, 0.271 mmol) and K2C03 (6 mL of2 M aqueous 

solution, 11.92 mmol) were combined with I ,2-dimethoxyethane (20 mL). The suspension was 

stirred while N2 was bubbled through the solution for 14 min. A reflux condenser was attached 

and the suspension was heated to 85"C for 15 hours. It was then cooled, diluted with ethyl 

acetate (150 mL), washed with water and brine, dried over sodium sulfate and concentrated. 

The crude product was purified by silica column chromatography (25% to 50% EtOAclhexanes) 

to provide 2-[5-( 4'-tert-Butoxycarbonylamino-biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-

carboxylic acid benzyl ester (1.20 g, 41 %). 

Pyrrolidine-2-carboxylic acid [4'-(2-pyrrolidin-2-yi-3H-imidazol-4-yl)-biphenyl-4-yl)

amide: 2-[5-(4'-tert-Butoxycarbonylamino-biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-

carboxylic acid benzyl ester (1.75 g, 3.25 mmol) was dissolved in methanol (40 mL) and 

concentrated HCl (2 mL) was added. The solution was stirred at so·c for 19 hours before being 

concentrated to a volume of 10 mL, poured into saturated NaHC03 (60 mL). The organic phase 

was extracted 3 times with 30 mL dichloromethane. The combined organic phases were dried 

with sodium sulfate and concentrated. A portion of the resulting residue (963 mg, 2.20 mmol) 
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was dissolved in THF ( 4 mL). In a separate flask, ethylchlorofonnate (0.231 mL, 2.24 mmol) 

was added dropwise to a stirred o·c solution ofBoc-Pro-OH (568 mg, 2.64 mmol) and 

triethylamine (0.368 mL, 2.69 mmol) in THF (6 mL). After 10 minutes, the solution of biphenyl 

compound was added by cannula followed by a 2 mL rinse with THF. Following addition, the 

mixture was warmed toRT. After 70 min, the mixture was diluted with ethyl acetate (60 mL) 

and washed with water and brine. The organic phase was dried over sodium sulfate and 

concentrated. The residue was purified by silica column chromatogmphy (25% to 50% 

EtOAclhexanes) to provide the Boc-Pro compound (470 mg, 63%). This material was dissolved 

in ethanol (40 mL) and 10% Pd/C (300 mg) was added before the flask was sealed and a bladder 

containing hydrogen gas was attached. A venting needle was placed in the septum for 30 s to 

allow hydrogen to bubble through the solution. After 14 h, the mixture was filtered over 

CELITE and concentrated. A portion of this residue (169 mg, 0.337 mmol) was dissolved in 

methanol (20 mL) and concentrated HCl (2 mL) was added. The mixture was stirred at 60"C 

before being concentrated to provide Pyrrolidine-2-carboxylic acid [4'-(2-pyrrolidin-2-yl-3H

imidazol-4-yl)-biphenyl-4-yl]-amide (135 mg, 100%). 

(1-{2-[ 5-( 4'-{[ 1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidine-2-carbonyl]

amino }-biphenyl-4-yl)-1 H-imidazol-2-yl] -pyrrolidine-1-carbony J}-2-met by 1-propyJ)

carbamic acid methyl ester: Pyrrolidine-2-carboxylic acid [4'-(2-pyrrolidin-2-yl-3H-imidazol-

4-yl)-biphenyl-4-yl]-amide (135 mg, 0.337 mmol), 2-Methoxycarbonylamino-3-methyl-butyric 

acid (118 mg, 0.674 mmol) and HATU (282 mg, 0.741 mmol) were suspended in DMF (6 mL) 

and cooled to o·c before DIPEA (0.470 mL, 2.70 mmol) was added. After 60 min, the mixture 

was warmed to RTthen filtered and purified by reverse phase preparative HPLC, giving (1-{2-

[ 5-( 4'-{ [ 1-(2-Methoxycarbonylamino-3-methyl -butyryl)-pyrrolidine-2-carbonyl]-amino}

biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic acid 

methylester(l36mg,56%). 1HNMR(DMSO-d6,400MHz) 10.16(s, 1H),8.07(s, 1H), 7.80 

(d, J= 4.5 Hz, 4H), 7.70 (d, J= 4.5 Hz, 4H), 7.30 (m, 1H), 5.09 (m, 1H), 4.44 (m, I H), 4.08 (m, 

1H), 4.02 (m, 1H), 3.85-3.77 (m, 3H), 3.61 (m, lH), 3.54 (s, 3H), 3.53 (s, 3H), 2.37 (m, 1H), 

2.16-1.84 (m, lOH), 0.92 (d, J= 6.7 Hz, 3H), 0.86 (d, 6.5 Hz, 3H), 0.80 (d, J = 6.9 Hz, 3H), 0.75 

(d, J= 6.6 Hz, 3H); MS (ESI) mlz 716 [M + Ht. 
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Example CO 

~ vy 
OH 

Tf20, CQOTf 
~ 

-& 
+ Boc N}-Q-- of 1 ~~ ~ 9 a: 

CNy-~ 0 
' H 

Pd(PPh3)4. 

~ 
PhMe 
100'C 

2-{5;4-{5-Trifluoromelhanesu~onyloxy
naphthalen-1-yl)ilhenyl]-1 H-imidazol-2-yl]
pyrrolidine-1-<:artoxylic acid lett-butyl ester 

OTI 
Trifluoro-methanesulfcnic edd 
5-trifluoromethanesulfonyloxy

naphthalen-1 "fl ester 

2-{5;4-{4,4,5,5-Tetramethy~ 
(1,3,2)dioxaborolar>-2-yt)-phenyt]-1 H-imidazol-2-
yl}-pymllidin&-1-<:arboxylic acid let! -butyl ester 

Boc Pd(PPh,)4 , 

I ~~Br~ 
CNy-~ DME/HzO 

' H 85'C 

2-{5;4-{5;4,4,5,5-T etramethyl-(1,3,2]diaxaborolan-2- 2-{5-Bromo-1H-imidazol-2-yiH>yrrolidin&-
yt)-naphthaler>-1-yl]-phenyf)-1 H-imidazol-2-yl)- 1-<:arboxylic acid lett-butyl ester 

pyrroidine-1-<:arboxylic acid lett-butyl ester 

+ 

1.HCI,Me0H 
2.HATU, DIPEA 

DMF 

2-(5-{4-{5; 1 H-imidazo~2-yl)-pyrrolidine-1-<:arboxylic acid 2-Methoxycarbonylamino-3-
lett-butyt ester)-naphthalen-1-yl)i>henyl)-1 H-imidazo~2- methyl-butyric acid 

yt)-pyrrolidine-1-<:arboXylic acid lett-butyl ester 

(1-{2-{5;4-(5-{2-(1-{2-Methoxycarbonylamino-3-<nelhyl-butyryl)
pyrrolldin-2-yi]-3H-imidazo~-yl)-naphthalen-1-yt)-phenyi]-1H-imidazo~2-

yt)-pyrrolidine-1-<:arbonyl)-2-methyl-propyt}-cart>amic edd methyl ester 

Trifluoro-methanesulfonic acid 5-trifluoromethanesulfonyloxy-naphthalen-1-yl ester: 

Naphthalene-1,5-diol (1 g, 6.25 mmol) was dissolved in dichloromethane (25 mL) and 

triethylamine (2.6 mL, 18.73 mmol) and trifluoromethanesulfonic anhydride (1.58 mL, 9.86 

mmol) were added. After stirring for 16 h, the mixture was diluted with ethyl acetate (250 mL) 

and washed with water, saturated aqueous sodium bicarbonate and brine. The organic phase was 

dried over sodium sulfate, concentrated and purified by silica column chromatography (0% to 

10% EtOAc/hexanes) to provide Trifluoro-methanesulfonic acid 5-trifluoromethanesulfonyloxy

naphthalen-1-yl ester (957 mg, 48%). 

2-{5-[ 4-(5-Trifluoromethanesulfonyloxy-naphthalen-1-yl)-phenyl]-1 H-imidazol-2-yl}

pyrrolidine-1-carboxylic acid tert-butyl ester: 2-{ 5-[ 4-( 4,4,5,5-Tetramethyl-

[ 1 ,3,2]dioxaborolan-2-yl)-phenyl]-l H-imidazol-2-yl} -pyrrolidine-1-carboxylic acid tert-butyl 

ester (1.30 g, 2.96 mmol), Trifluoro-methanesulfonic acid 5-trifluoromethanesulfonyloxy

naphthalen-l-yl ester (982 mg, 231 mmol), Pd(PPh3)4 ( 134 mg, 0.116 mmol) and potassium 

carbonate (639 mg, 4.62 mmol) were suspended in toluene. After degassing with nitrogen for 

28 min, the stirred suspension was heated to 1 oo·c for 18 hours. The reaction mixture was then 
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cooled toRT, diluted with ethyl acetate (250 mL), washed with water, brine, dried over 

magnesium sulfate and concentrated. The resulting residue was purified by silica column 

chromatography (0% to 60% EtOAc/hexanes) to provide 2-{5-[4-(5-

Trifluoromethanesulfonyloxy-naphthalen-1-yl)-phenyl]-1 H-imidazol-2-yl }-pyrrolidine-1-

carboxylic acid tert-butyl ester (1.09g, 80%). 

2-(S-{4-[ S-( 4,4,5,5-Tetramethyl-[1 ,3,2] dioxaborolan-2-yl)-naphthalen-1-yl]-phenyl}-1 H

imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester: 2-{ 5-[ 4-(5-

Trifluoromethanesulfonyloxy-naphthalen-1-yl)-phenyl]-1 H-imidazol-2-yl }-pyrrolidine-1-

carboxylic acid tert-butyl ester ( 468 mg, 0. 796 mmol), bis(pinaco1ato )diboron (202 mg, 0. 796 

mmol), Pd(dppt)2Ch (29 mg, 0.0398 mmol) and potassiwn acetate (234 mg, 2.39 mmol) were 

suspended in dioxane (4 mL) and heated to 100"C for 90 min. After cooling toRT, the reaction 

mixture was diluted with ethyl acetate (100 mL) and washed with water and brine. The organic 

phase was dried over magnesium sulfate and concentrated. The resulting residue was purified 

by silica column chromatography (40% to 60% EtOAc/hexanes) to provide 2-(5-{4-[5-(4,4,5,5-

Tetramethyl-[ I ,3,2]dioxaborolan-2-yl)-naphthalen-1-yl]-phenyl} -1 H-imidazol-2-yl)-pyrrolidine-

1-carboxylic acid tert-butyl ester (450 mg, 100%). 

2-(S-{4-[ S-(1 H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester)-naphthalen-1-

yl]-phenyl}-lH-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester: 2-(5-{ 4-[5-

( 4,4,5,5-Tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-naphthalen-1-yl]-phenyl} -1 H-imidazol-2-yl)

pyrrolidine-1-carboxylic acid tert-butyl ester (159 mg, 0.281 mmol), 2-(5-Bromo-IH-imidazol-

2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester (178 mg (0.562 mmol), Pd(PPh3) 4 (65 mg, 

0.0562 mmol) and K2C03 (0.281 mL of a 2 M aqueous solution, 0.562 mmol) were combined in 

1,2-dimethoxyethane (3 mL) and degassed with bubbling N2 for 12 min. The mixture was then 

heated to 8s·c for 22 hours then cooled toRT, diluted with ethyl acetate (50 mL) and washed 

with water and brine. The organic phase was dried over magnesium sulfate and concentrated. 

The crude residue was purified by silica colwnn chromatography (80% to 100% 

EtOAc/hexanes) to afford 2-(5-{ 4-[5-(1 H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert

butyl ester)-naphthalen-1-yl]-phenyl} -1 H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert

butyl ester (42 mg, 22%). 

[1-(2-{S-(4-(S-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H

imidazol-4-yl}-naphthalen-1-yl)-phenyl]-l H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-

methyl-propyl]-carbamic acid methyl ester: 2-(5-{4-[5-(lH-imidazol-2-yl)-pyrrolidine-1-
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carboxylic acid lert-butyl ester)-naphthalen-1-yl]-phenyl} -1 H-imidazol-2-yl)-pyrrolidine-1-

carboxylic acid tert-butyl ester (41 mg, 0.0607 mg) was dissolved in methanol (5 mL) and 

concentrated HCl (1 mL) was added. The mixture was stirred at 60"C for 2 hours then cooled 

and concentrated. To the residue was added 2-Methoxycarbonylamino-3-methyl-butyric acid 

(32 mg, 0.182 mmol), HA TU (51 mg, 0.133 mmol) and DMF (2 mL). The mixture was cooled 

to o·c and DIPEA (0.063 mL, 0.364 mmol) was added. After 30 min, water (1 mL) was added 

and the mixture was filtered and purified by reverse phase preparative HPLC, giving (1-(2-{5-

[ 4-( 5-{2-[ 1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl ]-3 H -imidazol-4-y I}

naphthalen-1-yl)-phenyl]-l H-imidazol-2-yl }-pyrrolidine-1-carbonyl)-2-methyl-propyl]

carbamic acid methyl ester (17.6 mg, 38%). 1H NMR (MeOH-d4, 400 MHz) 8.03 (d, J= 8.6 

Hz, lH), 7.98 (d,J= 8.6 Hz, lH), 7.89 (m, 2H), 7.72-7.57 (m, 6H), 7.16 (m, lH), 5.28 (m, 2H), 

4.25 (m, 2H), 4.11 (m, 3H), 3.86 (m, 3H), 3.67 (s, 3H), 3.65 (s, 3H), 2.59 (m, 2H), 2.30-2.04 (m, 

8H), 0.95-0.89 (m, l2H)~ MS (ESI) mlz 789 [M + Ht. 

ExampleCP 

+ 

2-(5-{+{5-(4.4,5,5-Tetramethyl-!1 ,3,2]dloxaborolart-2- 2-(5-(4-Bromo-phenyl}-1 H- 2·Me1hoxycarbonylamino-3-
yl}-naphthalen-1-yl)-phenyl}-1 H-imidazol-2-yl)- imidazol-2-yl)-pyrrotidine-1- methyl-bu1yric acid 

pyrrolidine-1-carboxytic acid tert-bu1yl ester carboxylic acid tert-bu1yl ester 

0 ..... 

1. Pd(PPh,).. H.NA, 

~~;o -..0 Jt .H ~ o...~......O as·c N ~ ~ - ~ N 1 T 
'-., ... ·l~oN _ ~ A t'l~N 

2.HCI,MeOH I TJ~ ' /. ~ ~ H 
3. HATU, OIPEA N " 11 

OMF C' ~ -
= H 

{ 1-[2-(5-(+{5-(4-{2-( 1-(2-Methoxycarbonylamino-3-methyl-bu1yryl}-pyrrolidin-
2-yi]-3H-imidazol-4-yl}-phenyl}-naphlhalen-1-yl)-phenyl)-1 H-imidazol-2-yl)

pyrrolidine-1-carbonyl)-2-methyl-propyl}-c:arbamic acid methyl ester 

{ 1-(2-( 5-{ 4-[ 5-( 4-{2-( 1-(2-Methoxycarbony lamino-3-metbyl-butyryl)-pyrrolidin-2-y I] -3H

imidazol-4-yl}-phenyl)-naphthalen-1-yl]-pbenyl}-1 H-imidazol-2-yl)-pyrrolidine-1-

carbonyl]-2-methyl-propyl}-carbamic acid methyl ester: 2-(5-{ 4-[5-( 4,4,5,5-Tetramethyl-

[ I ,3,2]dioxaborolan-2-yl)-naphthalen-l-yl]-phenyl }-1 H-imidazol-2-yl)-pyrrolidine-l-carboxylic 

acid tert-butyl ester (98 mg, 0.173 mmol), 2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]

pyrrolidine-l-carboxylic acid tert-butyl ester (102 mg, 0.260 mmol), Pd(PPh3)4 (40 mg, 0.035 

mmol) and potassium carbonate (0.173 mL of a 2 M aqueous solution, 0.346 mmol) were 

suspended in 1,2-dimethoxyethane. The mixture was degassed for 10 min then heated to 85"C 

for 4 hours. The contents were then cooled toRT, diluted with ethyl acetate (50 mL), washed 
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with water and brine, dried over magnesium sulfate and concentrated. The crude residue was 

purified by silica column chromatography (80% to I 00% EtOAc/hexanes) to provide { 1-[2-(5-

{ 4-[ 5-( 4-{2-[ 1-(2-Methoxycarbonylamioo-3-methyl-butyryl)-pyrrolidin-2-yl]-3 H -imidazol-4-

yl }-phenyl)-naphthalen-1-yl]-phenyl} -1 H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert butyl 

ester (28 mg, 22%). The Suzuki product was dissolved in methanol (5 mL) and treated with 

concentrated HCl (1 mL). The mixture was heated to 60"C for 100 min then cooled and 

concentrated. To the residue was added 2-Methoxycarbonylamino-3-methyl-butyric acid (20 

mg, 0.112 mmol), HATU (31 mg, 0.0821 mmol) and DMF (2 mL). The stirred mixture was 

cooled to o·c then DIPEA (0.033 mL, 0.187 mmol) was added. After 50 min, the reaction 

mixture was diluted with 1 mL of water and purified by reverse phase preparative HPLC to 

provide { 1-[2-(5-{ 4-[5-( 4-{2-[ I-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-

3H-imidazol-4-yl} -phenyl)-naphthalen-1-yl]-phenyl} -I H-imidazol-2-yl)-pyrrolidine-l

carbonyl]-2-methyl-propyl}-carbamic acid methyl ester (12 mg, 38%). 1H NMR (Me0H-d4, 

400 MHz) 7.89-7.87 (m, 4H), 7.80-7.78 (m, 4H), 7.49-7.41 (m, 8H), 5.22 (m, 2H), 4.26 (m, 2H), 

4.02 (m, 2H), 3.91 (m, 2H), 3.66 (s, 6H), 2.40-2.19 (m, 6H), 2.11-2.03 (m, 4H), 0.96 (d, J = 6.6 

Hz, 6H), 0.92 (d, J = 6.6 Hz, 6H); MS (ESI) mlz 865 [M + Ht. 
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BocN~ 
I 11 ~Br 

PCT /US201 0/034600 

BocN~ 
I 11 ~Br 

BocN~ 

CNY~ : H 

NaH, SEMCI 

OMF N'v""'N 

C.\ 
: SEM 

n-Buli, DMF 

THF 
I 11 ~CHO 
N'v""'N 

C.\ 
: SEM 

. . . . 2-[5-Bromo-1-(2-trimethylsilanyl- 2-[5-Formyl-1-(2-trimethylsilanyi-
2-(5-Bromo-1 H-tmid.azol-2-yl)-pyrrohdme- ethoxymethyl)-1 H-imidazol-2-yl]-pyrrolidine- ethoxymethyQ-1 H-imidazol-2-yl)-pyrrolid ine-

1-carboxyllc acid lett-bu1yl ester 1-carboxylic acid tert-butyl ester 1-carboxylic acid tart-butyl aster 

dimethyl-1 ~iazo-2-
oxopropylphosphonate, 

K2C03 

1. HCI, dioxane 

rcN"' -~~~ + 
2. HATU, DIPEA 

DMF 

MeOHfTHF Ny-~ c SEM 

3. TFA. DCM 

2-{5-Ethynyl-1-(2-trimethylsilanyl- 2-Methoxycarbonylamino-3-
elhoxymethyt)-1 H-imidazol-2-yl]-pyrrolidine- methyl-butyric acid 

1-carboxylic acid tert-butyl ester 

{1-[2-(5-Ethynyi-1H-imidazol-2-yl)· 
pyrrolidine-1-carbonyl]-2 -methyl

propyl}-carbamic acid methyl ester 

0 

'o.Jl.N.H 

( 1-{2-{ 5-( 4-Bromo-phenyl)-1 H-imidazol-2-
yl]-pyrrolidine-1-carbonyl}-2-methyl
propyf)-carbamic acid methyl ester 

)···~o~~ -~~f)~N ( 
CN'v""'N~N ; H 0 ···' 

H'NI(O' 
0 

(1-{2-{5-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-bu1yryl)
pyrrolidin-2-yi]-3H-imidazol-4-yl}-phenylethynyl)-1 H-imidazol-2-yl]

pyrrolidine-1-carbonyl}-2-methyl-propyt)-carbamic acid methyl ester 

Pd(PPh3)4, 
Cui, Et3N 

DMF 

2-[ 5-Bromo-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazol-2-yl]-pyrrolidine-1-

carboxylic acid tert-butyl ester: 2-(5-Bromo-1 H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid 

tert-butyi ester (4 g, 12.65 mmol) was dissolved in DMF and cooled to o·c. NaH (658 mg of 

60% mineral oil dispersion, 16.45 mmol) was added and the reaction mixture was aged for 13 

min before addition of SEMCI (2. 7 mL, 15.18 mmol) and wanning to RT. After 16 h, the 

reaction was quenched by water, diluted with ethyl acetate (300 mL) and washed with water and 

brine. The organic phase was dried over magnesium sulfate and concentrated. The crude 

residue was purified by silica column chromatography (1 0% to 30% EtOAc/hexanes) to afford 

2-[5-Bromo-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic 

acid tert-butyl ester (4.67 g, 83%). 

2-[ 5-Formyl-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazol-2-yl]-pyrrolidine-1-

carboxylic acid tert-butyl ester: 2-[5-Bromo-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-
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imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (3 .804 g, 8.52 mmol) was dissolved 

in THF (42 mL) and cooled to -78·c. n-BuLi (3.4 mL of a 2.5 M hexane solution, 8.52 mmol) 

was added dropwise over 3 min. After 65 min, DMF (4 mL) was added and the reaction mixture 

was warmed to RT. After stirring at RT for 75 min, a saturated aqueous solution of ammonium 

chloride (50 mL) was added and the entire content of the flask was poured into saturated 

aqueous sodium bicarbonate. The aqueous phase was extracted 3 times with diethyl ether. The 

combined organic layers were dried over magnesium sulfate, concentrated and purified by silica 

column chromatography (30% to 70% EtOAclhexanes) to provide 2-[5-Forrnyl-1-(2-

trimethylsilanyl-ethoxymethyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyi ester 

(1.50 g, 45%). 

2-( 5-Ethynyl-1-(2-trimethy lsilanyl-ethoxymethyl)-1 H-imidazol-2-yl]-pyrrolidine-1-

carboxylic acid tert-butyl ester: 2-[5-Formyl-1-(2-trimethylsilanyl-ethoxymethyl)-1 H

imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (1.625 g, 4.11 mmol) and dimethyl-

1-diazo-2-oxopropylphosphonate (1.056 g, 5.50 mmol) were dissolved in 1:1 MeOWfHF (10 

mL) and potassium carbonate (1.14 g, 8.25 mmol) was added. After stirring for 200 min, more 

potassium carbonate ( 1.14 g, 8.25 mmol) was added. 45 min later, the reaction mixture was 

poured into 100 mL 1:1 water/saturated aqueous sodium bicarbonate. The aqueous phase was 

extracted 3 times with diethyl ether. The combined organic phases were dried with magnesium 

sulfate and concentrated. The crude residue was purified by silica column chromatography 

(20% to 45% EtOAc/hexanes) to afford 2-[5-Ethynyl-1-(2-trimethylsilanyl-ethoxymethyl)-1 H

imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (1.234 g, 77%). 

{1-(2-(5-Ethynyi-1H-imidazol-2-yl)-pyrrolidine-1-carbonyl]-2-methyl-propyl}-carbamic 

acid methyl ester: 2-[5-Ethynyl-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazol-2-yl]

pyrrolidine-1-carboxylic acid tert-butyl ester (1.002 g, 2.56 mmol) was dissolved in dioxane (5 

mL) and 4 M HCl in dioxane (5 mL) was added. The reaction mixture was stirred for 3 hours 

and concentrated. To the residue was added 2-Methoxycarbonylamino-3-methyl-butyric acid 

(561 mg, 3.20 mmol), HATU (1.22 g, 3.20 mmol) and DMF (15 mL). The stirred reaction 

mixture was cooled to o·c and DIPEA (2.23 mL, 12.8 mmol) was added). After stirring for 3 h, 

the reaction mixture was diluted with ethyl acetate and washed with a saturated aqueous solution 

of sodium bicarbonate and brine. The combined organic layers were dried over magnesium 

sulfate and concentrated. The crude residue was purified by silica column chromatography 

(40% to 75% EtOAclhexanes) to provide the coupled compound (741 mg, 65% over 2 steps). 

This material was dissolved in dichloromethane (10 mL) and trifluoroacetic acid (5 mL) was 
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added. The stirred reaction mixture was heated to reflux for 4 h, then cooled toRT, and poured 

into a saturated aqueous solution of sodium bicarbonate. The aqueous phase was extracted 3 

times with dichloromethane. The combined organic layers were dried over magnesium sulfate 

and concentrated. The crude residue was purified by silica column chromatography (0% to 1 0% 

MeOH/DMC) to provide { 1-[2-(5-Ethynyl-1H-imidazol-2-yl)-pyrrolidine-1-carbonyl]-2-methyl

propyl}-carbamic acid methyl ester (525 mg, 100%). 

(l-{2-[5-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H

imidazol-4-yl} -pheny lethyny 1)-1 H -imidazol-2-y 1]-py rrolidine-1-carbony I}-2-methy 1-

propyl)-carbamic acid methyl ester: { 1-[2-(5-Ethynyl-1 H-imidazol-2-yl)-pyrrolidine-1-

carbonyl]-2-methyl-propyl}-carbamic acid methyl ester (46 mg, 0.144 mmol), (1-{2-[5-(4-

Bromo-phenyl}-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl-propyl)-carbamic acid 

methyl ester (78 mg, 0.173 mmol), Pd(PPh3)4 (17 mg, 0.0144 mmol), Cui (5 mg, 0.0288 mmol) 

and triethylamine (0.200 mL, 1.44 mmol) were suspended in DMF (1.5 mL). The reaction 

mixture was stirred at so·c for 2 hours then 1 mL of water was added and the mixture was 

purified by reverse phase preparative HPLC, giving (1-{2-[5-(4-{2-[1-(2-

Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}-phenylethynyl)-

1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl-propyl)-carbamic acid methyl ester (24 

mg, 24%). 1H NMR (Me0H-d4, 400 MHz) 7.65 (d, J= 8.2 hz, 2H), 7.45 (d, J= 8.2 hz, 2H), 

7.38(s, 1H}, 7.22(s, IH),6.98(m, 1H},5.17(m, 1H),5.11 (m, 1H),4.25-4.20(m,2H),4.01-

3.79 (m, 4H}, 3.66 (s, 6H), 2.37-2.00 (m, 10H}, 0.99-0.89 (m, 12H); MS (ESI) m/z 687 [M + 

Ht. 

ExampleCR 

{ 1-12-(S-Ethynyl-1 H-lmldazol-2-yl)
pyrrolidine-1-carbonyl}-2-meth~ 

propyl)-carbamic acid methyl ester 

'oJlN,H 

Phi(0Ac)2, PdC~. 
PPh3, Cui, Et3N 

, .... l_o ~ C) 

l!~'(~ .. .( THF 

H'N'J(O' 
0 

(1 -i2-fS-(4-i2-[1 -i2-Methoxycarbonylamino-3-methy~butyTyl)
pyrrolldin-2-yi}-3H-Imidazo~-yl}-buta-1,3-dlynyi)-1H-Imldazo~2-yl}
pyrrolidine-1-eart>onyl}-2-melhy~propyl)-carbamic acid methyl ester 

(1-{2-[ 5-( 4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H

imidazol-4-yl}-buta-1 ,3-diynyi)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl

propyl)-carbamic acid methyl ester: Triethylamine (0.270 mL, 1.92 mmol) was added to a 

mixture of { 1-[2-(5-Ethynyl-1 H-imidazol-2-yl)-pyrrolidine-1 -carbonyl]-2-methyl-propyl}

carbamic acid methyl ester (61 mg, 0.192 mmol), Phi(0Ac)2 (247 mg, 0.766 mmol), PdCh 
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(7mg, 0.0389 mmol), PPh3 (30 mg, 0.115 mmol) and Cui (7 mg, 0.0389 mmol) in THF (2 mL). 

After 50 min, the reaction mixture was filtered, concentrated and purified by reverse phase 

preparative HPLC, giving ( 1-{2-[5-( 4-{2-[l-(2-Methoxycarbonylamino-3-methyl-butyryl)

pyrrolidin-2-yl]-3H-imidazol-4-yl}-buta-1 ,3-diynyl)-1 H-imidazol-2-yl]-pyrrolidine-1-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (3 mg, 5%). 1H NMR (MeOH-d4, 400 

MHz) 7.33 (s, 2H), 6.95 (d, J= 8.3 Hz, 2H), 5.07 (m, 2H), 4.18 (m, 2H), 3.95 (m, 2H), 3.82 (m, 

2H), 3.64 (s, 6H), 2.31-1.98 (m, 10H), 1.02-0.87 (m, 12H); MS (ESI) m/z 635 [M + Ht. 

Example CS 
0 

'o)l,_wH 

'y·yoN~ lfN - + 

{ 1-(2-{~thyny~ 1 H-lmldaz<*2·yl)- ( 1-{2-[6-(4-Bromo-phenyl)-1 H-
pyrr01idin&-1-carbonyl}-2-me1h~ benzolmidazo~2-yl}-pyrrolldin&-1-carllonyl}-

propyl)-cart>amic acid methyl ester 2ofllethy~propyl)-catbamic acid methyl ester 

Pd(PPh:Jl •• 
Cui, Et,N 

DMF 

( 1-{2-[ 6-( 4-{2-[ 1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl J-3H-

im idazol-4-ylethyny I} -pheny 1)-1 H -benzoimidazol-2-y 1]-pyrrolidine-1-carbony I}-2-methy 1-

propyl)-carbamic acid methyl ester: { 1-[2-(5-Ethynyl-1 H-imidazol-2-yl)-pyrrolidine-1-

carbonyl]-2-methyl-propyl}-carbamic acid methyl ester (62 mg, 0.195 mmol), (1-{2-[6-(4-

Bromo-phenyl)-1 H -benzoimidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic 

acid methyl ester (73 mg, 0.146 mmol), Pd(PPh3)4 (11 mg, 0.00975 mmol), Cui (4 mg, 0.0195 

mmol) and triethylamine (0.271 mL, 1.95 mmol) were suspended in DMF (2 mL). The reaction 

mixture was stirred at 80"C for 3 hours then 1 mL of water was added and the mixture was 

purified by reverse phase preparative HPLC, giving (1-{2-[6-(4-{2-[I-(2-

Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-ylethynyl}-phenyl)-

1 H-benzoimidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic acid methyl ester 

( 12 mg, 11 %). 1H NMR (Me0H-d4, 400 MHz) 7.66-7.64 (m, 2H), 7.59-7.50 {m, 4H), 7.24 (s, 

I H), 6.98 (m, 1H), 5.28 {m, 1H), 5.12 (m, 1H), 4.28-4.19 (m, 2H), 4.04-3.82 (m, 4H), 3.66 (s, 

3H), 3.65 (s, 3H), 2.43-2.01 (m, IOH), 0.99-0.87 (m, 12H); MS (ESI) mlz 737 [M + Ht. 
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+ ¢ 
Br 

Pd(PPh3)4, 
Cui, Et3N 

DMF 

{1-{2-(5-Ethynyl-1 H-imidazol-2-yl)- 1,4-Dibromo-benzene 
pyrrolidine-1-<:arbonyl}-2-methyl-

propyl}-carbamic acid methyl ester 

( 1-{2-[5-( 4-Bromo-phenylethynyl)-1 H
lmldazol-2 -yl}-pyrrolidine-1-<:arbonyl)-2-

methyl-propyl)-<:arbamic acid methyl ester 

0 

"o)!._N~H 

+ 

(1-{2 -(5-Ethynyl-1 H-imidazol-2-yl)
pyrrolidine-1-carbonyl}-2-methyl

propyl}-carbamic acid methyl ester 

'r·1)_~~?~ 
C H o--·'('"-

wNyo, 
0 

(1-{2 -[5-( 4-{2-( 1-{2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrotidin-
2-yi)-3H-Imidazol-4-ylethynyl}-phenylethynyl)-1H-imidazot-2-yl}

pyrrolidine-1-<:arbonyl}-2-methyl-propyl)-<:arbamlc acid methyl ester 

Pd(PP~)4, 
Cui, Et3N, 

DMF 

PCT /US201 0/034600 

(1-{2-[ 5-( 4-Bromo-phenylethynyi)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl

propyl)-carbamic acid methyl ester: { 1-[2-(5-Ethynyl-1 H-imidazol-2-yl)-pyrrolidine-1-

carbonyl]-2-methyl-propyl }-carbamic acid methyl ester (57 mg, 0.179 mrnol), I ,4-

dibromobenzene (211 mg, 0.895 mrnol), Pd(PPh3) 4 (10 mg, 0.00895 mmol), Cui (3 mg, 0.0179 

mmol) and triethylamine (0.249 mL, 1.79 mmol) were suspended in DMF (2 mL) and the 

mixture was degassed for I 0 min with nitrogen. The reaction mixture was stirred at so·c for 70 

min then diluted with 20 mL ethyl acetate and washed with saturated aqueous sodium 

bicarbonate and brine. The organic phase was dried with magnesium sulfate and concentrated. 

The crude residue was purified by silica column chromatography (0% to 5% MeOHIDCM) to 

afford ( 1-{2-[ 5-( 4-Bromo-phenylethynyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl

propyl)-carbamic acid methyl ester (43 mg, 51%). 

( 1-{2-[ 5-( 4-{2-[ 1-(2Methoxycarbonylamino-3-metbyl-butyryl)-pyrrolidin-2-yiJ-3H

imidazol-4-yletbyny I }-pbenylethyny 1)-1 H-im id azo 1-2-y IJ-py rro lid in e-1-carbonyl }-2-metbyl

propyl)-carbamic acid methyl ester: { 1-[2-(5-Ethynyl-1 H-imidazol-2-yl)-pyrrolidine-1-

carbonyl]-2-methyl-propyl}-carbamic acid methyl ester ( 49 mg, 0.154 mrnol), (1-{2-[5-(4-
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bromo-phenylethynyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic 

acid methyl ester (43 mg, 0.0908 mmol), Pd(PPh3)4 (10 mg, 0.00908 mmol), Cui (2 mg, 0.00908 

mrnol) and triethylamine (0.127 mL, 0.908 mmol) were suspended in DMF (2 mL) and the 

mixture was degassed for 10 min with nitrogen. The reaction mixture was stirred at 8o·c for 4 

hours then cooled toRT. Formic acid (0.1 mL) and water (1 mL) were added and the mixture 

was purified by reverse phase preparative HPLC, giving (1-{2-[5-(4-{2-[1-(2-

Methoxycarbonylamino-3-me thy I-butyry I)-pyrro I idin-2-yl]-3 H-imidazo 1-4-yl ethyn yl}

phenylethynyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic acid 

methyl ester (11 mg, 17%). 1H NMR (MeOH-d4, 400 MHz) 7.46 (d, J= 3.9 Hz, 4H), 7.25 (s, 

2H), 6.96 (d, J= 8.4 Hz, 2H), 5.10 (m, 2H), 4.20 (m, 2H), 3.97 (m, 2H), 3.83 (m, 2H), 3.64 (s, 

6H), 2.32-2.00 (m, 10H), 0.98-0.88 (m, 12H); MS (ESI) m/z 711 [M + Ht. 

Example CU 
0 

'o.J!._wH 

)···~oN~ 
c:_!-~ - + 69 Pd(PPh3)4, 

Cui, Et3N, 

{1-(2-(5-Ethynyl-1 H-imidazol-2-yl)
pyrrolidine-1-carbonyl)-2-methyl

propyl}-carbamic acid methyl ester 

'o.JN.H 

on 
Trifluoro-methanesulfonic acid 
5-trifluoromethanesulfonyloxy

naphthalen-1-yl ester 

DMF 

')'••'1)~~ ~ h 'i i:-) 
C: H N-./"N 

: ~ h == ~ ~ o~··'( 
( 1-{2i5-{5-{2i 1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2- N 

yi)-3H-imidazol-4-ylethynyl}-naphthalen-1-ylethynyl)-1 H-imidazol-2-yl)- H • y 0 ' 
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 0 

(l-{2-[ 5-(5-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H

imidazol-4-ylethynyl}-naphthalen-l-ylethynyi)-1H-imidazol-2-yl)-pyrrolidine-1-carbonyl}-

2-methyl-propyl)-carbamic acid methyl ester: { 1-[2-(5-Ethynyl-1 H-imidazol-2-yl)

pyrrolidine-1-carbonyl]-2-methyl-propyl}-carbamic acid methyl ester (98 mg, 0.207 mmol), 

trifluoro-methanesulfonic acid 5-trifluoromethanesulfonyloxy-naphthalen-1-yl ester (29 mg, 

0.0683 mmol), Pd(PPh3) 4 (12 mg, 0.0104 mmol), Cui (2 mg, 0.0104 mmol) and triethylamine 

(0.144 mL, 1.04 mmol) were suspended in DMF (2 mL) and the mixture was degassed for 10 

min with nitrogen. The reaction mixture was stirred at 8o·c for 90 min then cooled toRT. 

Formic acid (0.1 mL) and water (I mL) were added and the mixture was purified by reverse 

phase preparative HPLC, giving (1-{2-[5-(5-{2-[1-(2-Methoxycarbonylamino-3-methyl-
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butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-ylethynyl }-naphthalen-1-ylethynyl)-1 H-imidazol-2-yl]

pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (30 mg, 58%). 1H NMR 

(MeOH-d4,400MHz)8.38(d,J=8.2Hz,2H}, 7.71 (d,J=7.2Hz,2H), 7.57-7.51 (m,2H}, 

7.35 (s, 2H), 6.96 (d, J := 8.4 Hz, 2H), 5.13 (m, 2H), 4.20 (m, 2H), 3.95 (m, 2H), 3.83 (m, 2H), 

3.63 (s, 6H), 2.33-1.98 (m, 10H), 0.97-0.87 (m, 12H); MS (ESI) mlz 761 [M + Ht. 

Example CV 
0 

'o)lwH 

)···~oN~ 
c:_~-~ - + 

Pd(PPh3)4, 
Cui, Et3N 

( 1·(2-(5-Ethynyl-1 H-imidazoi·2·YIJ· 
pyrrolidine-1-carbonyl)·2·methyl

propyl)-carbamic acid methyl ester 

0 

'o.JlwH 

{1-(2·(5-(4'-Bromo-biphenyl-4-yi)-1H
imldazol-2-yl)-pyrrolldine-1-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester 

DMF 

/'•''1)~i?/ c H 0"')·'''-
. hy . . H'N'Y"o, (1-(2-(5-(4'-(2-(1-(2-Methoxycarbonylammo-3-met 1-butyryl)-pyrrohdtn- 11 

2-yi)-3H-imidazol-4-ylethyny 1)-biphenyl-4-yl)-1 H-imidazol-2-yl)- o 
pyrrolidine-t-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

(1-{2-(5-(4'-{2-(1-(2-Metboxycarbonylamino-3-metbyl-butyryl}-pyrrolidin-2-yi)-3H

imidazol-4-ylethyny I }-bipheny 1-4-yl)-1 H -imidazol-2-yl] -pyrrolidine-1-carbony I}-2-methyl

propyl)-carbamic acid methyl ester: { 1-[2-(5-Ethyny1-1 H-imidazo1-2-yl)-pyrrolidine-1-

carbonyl]-2-methyl-propyl}-carbamic acid methyl ester (44 mg, 0.138 mmol), (1-{2-[5-(4'

Bromo-biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic 

acid methyl ester (67 mg, 0.128 mmol), Pd(PPh3)4 (15 mg, 0.0128 mmol), Cui (2 mg, 0.0128 

mmol) and triethylamine (0.180 mL, 1.28 mmol) were suspended in DMF (2 mL) and the 

mixture was degassed for 10 min with nitrogen. The reaction mixture was stirred at 8o·c for 15 

hours then cooled toRT. Formic acid (0.1 mL) and water (1 mL) were added and the mixture 

was purified by reverse phase preparative HPLC, giving (1-{2-[5-(4'-{2-[1-(2-

Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H-imidazol-4-ylethynyl}-biphenyl-

4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl-propyl)-carbamic acid methyl ester 

(12 mg, 12%). 1H NMR (Me0H-d4, 400 MHz) 7.73 (d, J= 8.4 Hz, 2H), 7.66-7.64 (m, 4 H), 

7.52(d,J=8.2Hz,2H), 7.35(s, 1H), 7.24(s, 1H),6.98(m,2H),5.18(m, 1H),5.11 (m, 1H), 

4.26-4.19 (m, 2H), 4.01-3.80 (m, 4H), 3.65 (s, 6H), 2.37-2.01 (m, 10H), 1.00-0.88 (m, 12H); MS 

(ESI) mlz 763 [M + Ht. 
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ExampleCW 
0 

'o)lwH 

]'···~oN~ 
lf~ - + 

{1-{2-(5-Ethynyi-1H-Imidazol-2-yl)
pyrrolidine-1-carbonyl}-2-methyl

propyl)-<:arbamlc acid methyl ester 

0 

'o)lN,H 

Pd(PPh3)4, 
Cui, Et3N, 

DMF 

'r"·~o~~lj ~ HNJ-") 
C

Ny-N - ~ - 11 N 
i H - - ~N 1 I or,, .. ,, 

( 1-{2-{5-{6-{2-[1-{2-Melhoxycarbonylamino-3-melhyl-butyryl)-pyrrolidin- , N o 
2-yij-3H-imidazol+ylelhynyl}-naphlhalen-2-yi)-1H-imidazol-2-y1}- H "( ' 

pyrrolidine-1-<:arbonyl}-2-methyl-propyl)-carbamic acid methyl e&ter 0 

PCT /US201 0/034600 

( 1-{2-[ 5-( 6-{2-[ 1-(2-Methoxycarbooy lamino-3-meihy 1-buty ry 1)-pyrro lid in-2-y I )-3 H

imidazol-4-ylethyoyl} -naph thalen-2-yl)-1 H -imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-

methyl-propyl)-carbamic acid methyl ester: { 1-[2-(5-Ethynyl-1 H-imidazol-2-yl)-pyrrolidine-

1-carbonyl]-2-methyl-propyl}-carbamic acid methyl ester (53 mg, 0.166 mmol), (1-{2-[5-(6-

Bromo-naphthalen-2-yl )-1 H-imidazol-2-y 1]-pyrrolidine-1-carbonyl} -2-methyl-propyl )-carbamic 

acid methyl ester ( 1 00 mg, 0.200 mmol), Pd(PPh3)4 ( 19 mg, 0.0166 mmol), Cui (3 mg, 0.0166 

mmol) and triethylamine (0.230 mL, 1.66 mmol) were suspended in DMF (2 mL) and the 

mixture was degassed for 10 min with nitrogen. The reaction mixture was stirred at 8o·c for 1 

hours then cooled to RT. Formic acid (0.1 mL) and water (1 mL) were added and the mixture 

was purified by reverse phase preparative HPLC, giving (1-{2-[5-(6-{2-[l-(2-

Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-y1]-3H-imidazol-4-ylethynyl}

naphthalen-2-y1)-1 H -imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic acid 

methyl ester (24 mg, 20%). (DMSO-d6, 400 MHz) 12.00-11.85 (m, 2H), 7.99-7.83 (m, 4H), 

7.64 (s, 1H), 7.48 (m, 1H), 7.42 (s, 1H), 7.29 (m, 2H), 5.10 (m, lH), 5.03 (m, 1H), 4.06 (m, 2H), 

3.82-3.76 (m, 4H), 3.54 (s, 6H), 2.15-1.97 {m, 10H), 0.94-0.81 (m, 12H); MS (ESI) mlz 737 [M 

+Ht. 

612 



IPR2018-00211 Page 615 of 1092 I-MAK 1011

wo 2010/132601 

ExampleCX 

NH:z•HCI 

Cl--o---0 + 

4'-Chloro-biphenyl-~ylamine Pyrrolidine-1 ,2-<licarboxylic 
hydrochlOride acid 1-tett-butyt ester 

HATU,OIPEA 

DMF 

PCT /US201 0/034600 

0-
I. HCI, dioxane 

2. HATU, DIPEA 
DMF 

HN-z •. HN--{0 Cl--o---0 () I 
2-(4'-Chloro-biphenyl-3- {1-(2-{4'-Chloro-blphenyl-3-ytcarbamoyf)

pyrrolldlle- I -carbonyl}-2-methyl-propyf)
eartlamic acid methyl ester 

ylcarbamoyf}-pyrrotidine-1- 2-Methoxycarbonylamino-3-
c:a-boxylic acid tert-bulyl ester melhy~butyric acid 

bis(pinaoolalo)diboron, 
Pd2(dba)J. P(c-hex)J, 

KOAc 
dioxane 

+ 

0 

'o.Jl.wH 

''8-to-~ 
(2-Melhyl-1 -{2-(4'-(4,4,5,5-tetramethy~( 1 ,3,2)dloxaborolan- ( 1-{2-(5-{ 4-8rofno.phenyl)-I H-inidazo~ 

2-yl)-biphenyl-3-yicafbamoyl}-pynolidine-1 -carbonyl)- 2-yt]-pyrroticline-1-c&rbonyf}-2-melhyl-
propyl)-cartJamic acid methyl ester propyl)-carbamic acid methyl ester 

0 

'O)lN,H 0 K=N--{0-
j····~O HN-{_., 0 Njt}-0--0--Q Q 
Cii 

(I-(2-{4-{2-(I-(2-Methoxycarbonylamino-3-methy~bu1yryl)-pyrrolidin-2-
yi}-3H-imldazo~yt)-(1,1';4',1")terpheny~3"-ylcarbamoyt)-pyrrolidine-l

c:arbOnyl}-2-melhy~propyl)-<:arbamlc acid methyl ester 

Pd(PPh3)4, KzC~ 

DMEIHzO 

2-(4'-Chloro-biphenyl-3-ylcarbamoyl)-pyrrolidine-1-carboxylic acid tert-butyl ester: 4'

Chloro-biphenyl-3-ylamine hydrochloride (I g, 4.16 mmol), Pyrrolidine-1 ,2-dicarboxylic acid 1-

tert-butyl ester (1.08 g, 5.00 mmol) and HATU (2.06 g, 5.41 mmol) were suspended in DMF (20 

mL) and DIPEA (2.20 mL, 12.5 mmol) was added. The mixture was stirred for 16 hours before 

being diluted with ethyl acetate (250 mL) and washed with water and brine. The organic layer 

was dried over magnesium sulfate and concentrated. The crude residue was purified by silica 

colwnn chromatography (25% to 45% EtOAc/hexanes) to provide 2-(4'-Chloro-biphenyl-3-

ylcarbamoyl)-pyrrolidine-1-carboxylic acid tert-butyl ester ( 1.66g, 99% ). 

{1-[2-( 4' -Chloro-biphenyl-3-ylcarbamoyl)-pyrrolidine-1-carbonyl]-2-methyl-propyl}

carbamic acid methyl ester: 2-( 4'-Chloro-biphenyl-3-ylcarbamoyl)-pyrrolidine-1-carboxylic 

acid tert-butyl ester (1.66 g, 4.14 mmol) was dissolved in methanol (20 mL) and concentrated 

HCl (4 mL) was added. The mixture was stirred at 50"C for 80 min then cooled and 

concentrated. The residue was treated with 2-methoxycarbonylamino-3-methyl-butyric acid 

(870 mg, 4.97 mmol) and HA TU (2.05 g, 5.38 mmol) and brought up in DMF (20 mL). The 

mixture was cooled to o·c and DIPEA (3.60 mL, 20.7 mmol). After 100 min, the reaction 

mixture was diluted with ethyl acetate (250 mL) and washed with water and brine. The organic 
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phase was dried over magnesium sulfate and concentrated. The resulting residue was purified 

by silica column chromatography (SO% to 80% EtOAc/hexanes) to afford { 1-[2-(4'-Chloro

biphenyl-3-ylcarbamoyl)-pyrrolidine-1-carbonyl]-2-methyl-propyl} -carbamic acid methyl ester 

(1.83 g, 96% over 2 steps). 

(2-Methyl-l-{2-[4'-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-biphenyl-3-ylcarbamoyl]

pyrrolidine-l-carbonyl}-propyl)-carbamic acid methyl ester: { 1-[2-( 4'-Chloro-biphenyl-3-

ylcarbamoyl)-pyrrolidine-1-carbonyl]-2-methyl-propyl}-carbamic acid methyl ester (409 mg, 

0.893 mmol), bis(pinacolato)diboron (249 mg, 0.982 mmol), Pd2(dba)3 (20 mg, 0.0223 mmol), 

tris(cyclohexyl)phosphine (30 mg, 0.107 mmol) and potassium acetate (131 mg, 1.34 mmol) 

were suspended in dioxane (S mL) and degassed with nitrogen for 4 min. The stirred suspension 

was heated to 8o·c for 14 hours before being cooled toRT, diluted with ethyl acetate (250 mL) 

and washed with water and brine. The organic phase was dried over magnesium sulfate and 

concentrated. The residue was purified by silica column chromatography (55% to 85% 

EtOAc/hexanes) to afford (2-Methyl-1-{2-[ 4'-( 4,4,5,5-tetramethyl-[1 ,3,2]dioxaborolan-2-yl)

biphenyl-3-ylcarbamoyl]-pyrrolidine-1-carbonyl} -propyl)-carbamic acid methyl ester ( 491 mg, 

100%). 

{l-[2-(4-{2-[l-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-

4-yl}-[ 1,1 ';4' ,I "]terphenyl-3" -ylcarbamoyl)-pyrrolidine-l-carbonyl]-2-methyl-propyl}

carbamic acid methyl ester: (2-Methyl-1-{2-[ 4'-( 4,4,5,5-tetramethyl-[ 1 ,3,2]dioxaborolan-2-

yl)-biphenyl-3-ylcarbamoyl]-pyrrolidine-1-carbonyl }-propyl)-carbamic acid methyl ester (135 

mg, 0.246 mmol), (1-{2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-

methyl-propyl)-carbamic acid methyl ester (110 mg, 0.246 mmol), Pd(PPh3)4 (14 mg, 0.0123 

mmol) and a 2M aqueous solution of potassium carbonate (0.246 mL, 0.492 mmol) were 

degassed in I ,2-dimethoxyethane (2.5 mL) for 13 min. The stirred suspension was heated to 

8s·c for 3 hours then concentrated, brought up in DMF/water and purified by reverse phase 

preparative HPLC to provide { 1-[2-( 4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)

pyrrolidin-2-yl]-3H-imidazol-4-yl} -[ 1, 1';4', 1 "]terphenyl-3 "-ylcarbamoyl)-pyrrolidine-1-

carbonyl]-2-methyl-propyl}-carbamic acid methyl ester (10 mg, 5%). (MeOH-d4, 400 MHz) 

7.90 (s, 1H), 7.82-7.66 (m, 8H), 7.54-7.51 (m, 1H), 7.40-7.37 (m, 2H), 4.59 (m, IH), 4.24 (m, 

IH), 4.02-3.73 (m, 4H), 3.66 (s, 3H), 3.65 (s, 3H), 2.36-2.02 (m, 10H), 1.15-0.88 (m, 12H); MS 

(ESI) mlz 792 [M + Ht. 
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ExampleCY 

(HO)~-o-NHBoc 
4-/ert

Butoxycarbonylamino
phenylboronic acid 

1 ,4-Dibromo-benzene 

Br-Q-0-NHBoc 

(4'-Bromo-biphenyl-4-yl)
carbamlc acid lerl-butyl ester 

1. HCI,MeOH 
Boc; 2. Boc-Pro-OH, 

HATU, iPrzEtN, 
DMF Br-Q-0-N~ + 

1. MeOH, HCI 
2.HATU DIP~ 

DMF 
2-( 4' -Bromo-biphenyl-4-

ylcarbamoyl)-py rrolid ile-1-
carboxylic acid lerl-butyl ester 

2-Methoxycarbonylamino-3-
methyl-butyric acid 

I 

o)=o 

o:r< 
Br-Q-0-N~ 

bis(pinacolato)diboron, 
Pd{dppfhCi;!, KOAc 

dioxane 

{1-[2-(4'-Bromo-biphenyl-4-ylcarbamoyl)
pyrroUdlne-1-carbonyiJ-2 .methyl-propyl}

carba mic acid methyl ester 

I 
o)=o 

0~ 
=1::·-o-o-1--D 

(2-Methyl-1-{2-(4'-(4,4,5, 5-tetramethyl-{1 ,3,2Jdioxaborolan-
2-y~-biphenyl-4-ylcarbamoyiJ-pyrrolidine-1-<:arbonyl}

propyl}-carbamic acid methyl ester 

+ 

(1·{2-{5-(4-Bromo-phenyl)-1 H
imidazol-2-yiJ-pyrrolidine-1-<:arbonyl}-
2-methyl-propyQ-carbamic acid methyl 

ester 

I 

o)=o 

-.....)lN.H o:r< 
'r~o~~-D-N~ 
CNyN,~ : H 

(1-(2-(4"-{2-(1-(2-Methoxycarbonylamino-3-methyl-butyryl}-
pyrrolidin-2-yi}-3H-inidazol-4-yl)-[1, 1';4', 1'11erphenyl-4-

ylca rbamoyl)-pyrrolidine-1-carbonyQ-2-methy ~propyiJ-carba mic 
acid methyl ester 

Pd(PP~)4, K2C~ 

DME/~0 

(4'-Bromo-biphenyl-4-yl)-carbamic acid tert-butyl ester: 4-tert-Butoxycarbonylamino

phenylboronic acid (500 mg, 2.11 rnmol), I,4-dibromo-benzene (2.00 g, 8.44 mmol) Pd(PPh3)4 

(122 mg, O.I06 mmol) and a 2M aqueous solution of potassium carbonate (4.2 mL, 8.44 mmol) 

were degassed in I ,2-dimethoxyethane (20 mL) for I 0 min. The stirred suspension was heated 

to 80"C for 3 hours then diluted with ethyl acetate (60 mL) and washed with water and brine. 

The organic phase was dried over magnesium sulfate and concentrated. The residue was 

purified by silica column chromatography (0% to 20% EtOAc/hexanes) to provide (4'-Bromo

biphenyl-4-yl)-carbamic acid tert-butyl ester (430 mg, 59%). 
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2·(4'-Bromo-biphenyl-4-ylcarbamoyl)-pyrrolidin~l.carboxylic acid tert-butyl ester: (4'

Bromo-biphenyl-4-yl)-carbamic acid tert-butyl ester (407 mg, 1.17 mmol) was dissolved in 

methanol (10 mL) and concentrated HCl (2 mL) was added. The solution was stirred at 6o·c for 

1 hour then concentrated. The crude residue was treated with Boc-Pro-OH (302 mg, 1.40 mmol) 

and HATU (578 mg, 1.52 mmol) and suspended in DMF (6 mL). DIPEA (1.02 mL, 5.85 mmol) 

was added and the reaction mixture was stirred at RT for 4 hours after which it was diluted with 

ethyl acetate (200 mL) and washed with water and brine. The organic phase was dried over 

magnesium sulfate and concentrated. The residue was purified by silica column 

chromatography (30% to 55% EtOAc/hexanes) to afford 2-(4'-Bromo-biphenyl-4-ylcarbamoyl)

pyrrolidine-l-carboxylic acid tert-butyl ester (496 mg, 95% over 2 steps). 

{1-(2-( 4' -Bromo-biphenyl-4-ylcar~amoyl)-pyrrolidin~ 1-carbonyl]-2-methyl-propyl}

carbamic acid methyl ester: 2-( 4'-Bromo-biphenyl-4-ylcarbamoyl)-pyrrolidine-1-carboxylic 

acid tert-butyl ester ( 496 mg, 1.11 mmol) was dissolved in methanol and concentrated HCI (2 

mL) was added. The solution was stirred at 6o·c for 30 min then concentrated. The resulting 

residue was treated with 2-methoxycarbonylamino-3-methyl-butyric acid (233 mg, 1.33 mmol), 

HATU (549 mg, 1.44 mmol) and DMF (10 mL). After cooling this mixture to o·c, DIPEA 

(0.970 mL, 5.55 mmol) was added. The reaction mixture was Stirred for 5 hours then diluted 

with ethyl acetate (150 mL) and washed with water and brine. The organic phase was dried over 

magnesium sulfate and concentrated, The resulting residue was purified by silica column 

chromatography (70% to 90% EtOAc/hexanes) to afford { 1-[2-(4'-Bromo-biphenyl-4-

ylcarbamoyl)-pyrrolidine-1-carbonyl]-2-methyl-propyl}-carbamic acid methyl ester (520 mg, 

93% over 2 steps). 

2-Methyl-1-{2-[4'-(4,4,5,5-tetramethyl-(1,3,2]dioxaborolan-2-yl)-biphenyl-4-ylcarbamoyl]

pyrrolidine-1-carbonyl}-propyl)-carbamic acid methyl ester: { 1-[2-(4'-Bromo-biphenyl-4-

ylcarbamoyl)-pyrrolidine-1-carbonyl]-2-methyl-propyl }-carbamic acid methyl ester ( 154 mg, 

0.307 mmol), bis(pinacolato)diboron (156 mg, 0.613 mmol), Pd(dppt)2Ch (11 mg, 0.0154 

mmol) and potassium acetate (90 mg, 1.21 mmol) were suspended in dioxane and degassed for 

15 min. The stirred reaction mixture was heated to 1 oo·c for 2 hours then cooled to RT, diluted 

with ethyl acetate (100 mL) and washed with water and brine. The organic phase was dried over 

magnesium sulfate and concentrated. The residue was purified by silica column 

chromatography (70% to 90% EtOAc/hexanes) to afford (2-Methyl-1-{2-[4'-(4,4,5,5-
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tetrarnethyl-[ 1 ,3,2)dioxaborolan-2-yl )-biphenyl-4-ylcarbamoyl )-pyrrolidine-1-carbonyl}

propyl)-carbamic acid methyl ester (127 mg, 75%). 

{1-[2-(411-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi)-3H-imidazol-

4-yl}-[1 ,1 1 ;4 1,1 "]terphenyl-4-ylcarbamoyl)-pyrrolidine-1-ca rbonyl]-2-methyl-propyl}

carbamic acid methyl ester: (2-Methyl-1-{2-[ 4'-( 4,4,5,5-tetramethyl-[ 1 ,3,2]dioxaborolan-2-

yl)-biphenyl-4-ylcarbamoyl]-pyrrolidine-1-carbonyl }-propyl)-carbamic acid methyl ester (1 02 

mg, 0.227 mmol), (1-{2-[5-( 4-Bromo-phenyl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester (125 mg, 0.227 mmol), Pd(PPh3) 4 (13 mg, 0.0114 

mmol) and a 2 M aqueous solution of potassium carbonate (0.227 mL, 0.454 mrnol) were 

degassed in 1,2-dimethoxyethane (2mL) for 15 min. The stirred suspension was heated to 85"C 

for 4 hours then concentrated, brought up in DMF/water and purified by reverse phase 

preparative HPLC to provide { 1-[2-( 4"- {2-[ 1-(2-Methoxycarbonylamino-3-methyl-butyryl)

pyrrolidin-2-yl]-3H-imidazol-4-yl }-[ 1, 1';4', 1 "]terpheny1-4-y1carbamoyl)-pyrrolidine-1-

carbonyl]-2-methyl-propyl}-carbamic acid methyl ester (49 mg, 27%). (DMSO-d6, 400 MHz) 

11.78 (s, 1H), 10.14 (s, 1H), 7.82-7.67 (m, 11H), 7.52 (d, J= 1.8 Hz, 1H), 7.34-7.28 (m, 2H), 

5.08 (m, 1H), 4.49 (m, 1H), 4.05 (m, 2H), 3.81 (m, 3H), 3.64 (m, 1H), 3.54 (s, 3H), 3.53 (s, 3H), 

2.17-1.88 (m, 10H), 0.97-0.85 (m, 12H); MS (ESI) m/z 792 [M + Ht. 

Example CZ 

~oc~~a:of 
CN~N.~O ; H 

+ ¢'~ 
OMEIH20 t:t~CI c H NC 

2-{5·(4-{4.4,5,5-Tetramethyl-
Cl 

2-Bromo-!khloro-benzonitrile 
2-[5-{4'-Chloro-2'-cyano-biphenyl-4-
yl)-1 H-imidazol-2-yl}-pynolidine-1-(1, 3,2]dioxaborolan-2·yl)-phenyl]-1 H-imidazol-2-

yl}-pyrrolidine-H;arboxytic acid lert-butyl es1er calboxylic acid lert-bu1yl ester 

bis(pinacolato)diboron, 
Pd2(dba)3, x-phos, KOAc 

dioxane 

2-{5-(2'-Cyano-4'-{4,4,5,5-tetramethyl-

BocN~ 
I [I~Br 

CNy-~ = H 
2-{ 5-Bromo-1 H~midazol-2· 2-Methoxycarbonylamino-3-

[ 1 ,3,2]dioxaborolan-2-yl)-biphenyl-4-yl]-1 H-imidazol. 
2-yl}-pymolldlne-1-calboxyllc acid tert-butyl ester 

yl}-pyrrolidine-1-calboxylic methyl-butyric acid 
acid tert-bu1yl ester 

0 
1. Pd(PP~)4, ,

0
)lN.H 

Pd(dppf)C~. 
K2C03 '-, .. l_0 11 CJ 
OMEIH~ I.. T N"\--L~-L~-<ti('N 

2J H~~~~J_O eN~~ V ~ ~~ 01 ... ( 
. • - H NC I 

DMF (1-{2-[5-{2'-Cyano-4'-{2-[1-{2-melhoxycarbonylamino-3-methyl-bulyryl)- H'N..,_.o, 
pyrrolldin-2-yi]-3H-Imldazol-4-yl}-biphenyl-4-yl)-1 H-imidazol-2-yij- 11 

pyrrolidine-1-carbonyl}-2-methyl-propyl}-carbamic acid methyl ester 0 
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2-( 5-( 41 -Chloro-21 -cyano-biphenyl-4-yl)-1 H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid 

tert-butyl ester: 2-{ 5-[ 4-( 4,4,5,5-Tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-phenyl]-1 H-imidazol-

2-yl}-pyrrolidine-1-carboxylic acid tert-butyl ester (2 g, 4.55 mmol), 2-Bromo-5-chloro

benzonitrile (985 mg, 4.55 mmol), Pd(PPh3)4 (263 mg, 0.228 mmol) and a 2 M aqueous solution 

of potassium carbonate (4.6 mL, 9.2 mmol) were suspended in 1,2-methoxyethane (20 mL) and 

degassed for 10 min. The stirred reaction mixture was heated to 85"C for 21 hours then poured 

into a saturated aqueous solution ofNaHC03 (250 mL). The aqueous phase was extracted 3 

times with ethyl acetate and the combined organic layers were dried over magnesium sulfate and 

concentrated. The crude residue was purified by silica column chromatography (65% to 90% 

EtOAc/hexanes) to afford 2-[5-( 4'-Chloro-2'-cyano-biphenyl-4-yl)-1 H-imidazol-2-yl]

pyrrolidine-1-carboxylic acid tert-butyl ester (1.65 g, 81%). 

2-{5-(2 1 -Cyano-4 1 
-( 4,4,5,5-tetramethyl-[ 1 ,3,2) dioxaborolan-2-yl)-biphenyl-4-yl]-1 H

imidazol-2-yl}-pyrrolidine-1-carboxylic acid tert-butyl ester: 2-( 5-( 4' -Chloro-2' -cyano

biphenyl-4-yl)-1H-imidazol-2-yl]-pyrrolidine-l-carboxylic acid tert-butyl ester (1.68 g, 3.74 

mmol), bis(pinacolato)diboron (1.43 g, 5.61 mmol), Pd2(dba)J (86 mg, 0.0935 mmol), x-phos 

(214 mg, 0.449 mmol) and potassium acetate (1.10 g, 11.22 mmol) were suspended in dioxane 

(20 mL) and degassed for 10 min with nitrogen. The stirred reaction mixture was heated to 

90"C for 15 h, then cooled and filtered over a bed of silica, eluting with ethyl acetate until all 

desired product was removed. The liquid was concentrated and the resulting residue was 

purified by silica column chromatography (55% to 80% EtOAc/hexanes) to afford 2-{5-[2'

Cyano-4' -( 4,4,5,5-tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)-biphenyl-4-yl]-1 H-imidazol-2-yl}

pyrrolidine-1-carboxylic acid tert-butyl ester (1.57 g, 78%). 

(1-{2-(5-(21-Cyano-41-{2-(1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-

3 H -imidazol-4-yl }-biphenyl-4-yl)-1 H -imidazol-2-yl ]-pyrrolidine-1-carbony I }-2-m ethyl

propyl)-carbamic acid methyl ester: 2-{ 5-[2'-Cyano-4'-( 4,4,5,5-tetramethyl-

[ 1 ,3,2]dioxaborolan-2-yl)-biphenyl-4-yl]-1 H-imidazol-2-yl }-pyrrolidine-1-carboxylic acid tert

butyl ester (1.60 g, 2.96 mmol), 2-(5-Bromo-1 H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid 

tert-butyl ester (935 mg, 2.96 mmol), Pd(PPh3)4 (171 mg, 0.148 mmol), Pd(dppf)Ch (121 mg, 

0.148 mmol) and a 2 M aqueous solution of potassium carbonate (3 mL, 6 mmol) were 

suspended in 1 ,2-dimethoxyethane and degassed for 11 min. The stirred reaction mixture was 

heated to 8s·c for l 00 min, then poured into a saturated aqueous solution of sodium bicarbonate 

(200 mL) and extracted 3 times with ethyl acetate. The combined organic layers were dried over 

magnesium sulfate and concentrated. The crude residue was purified by silica column 
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chromatography (5% to 10% MeOHIDCM) to afford the Suzuki coupled product (438 mg, 

23%). This material (174 mg, 0.268 mmol) was treated with 4 M HCl in dioxane (4 mL). 

Solubility was poor so 2 mL dichloromethane and 4 mL DMF were added. After stirring for 40 

min, the mixture was concentrated. The crude residue was treated with 2-

Methoxycarbonylamino-3-methyl-butyric acid (I 03 mg, 0.590 mmol), HA TU (255 mg, 0.670 

mmol) and DMF (5 mL) and cooled to o·c. DIPEA (0.470 mL, 2.68 mmol) was added and the 

reaction mixture was stirred for 4 hours then poured into a saturated aqueous solution of sodium 

bicarbonate (200 mL) and extracted 3 times with ethyl acetate. The combined organic layers 

were dried over magnesium sulfate and concentrated. The crude residue was brought up in 

DMF and water and purified by reverse phase preparative HPLC, giving (1-{2-[5-(2'-Cyano-4'

{2-[ 1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H -imidazol-4-yl}

biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic acid 

methyl ester (75 mg, 37%). (Me0H-d4, 400 MHz) 8.19-7.35 (m, 11H), 5.18 (m, 2H), 4.24 (m, 

2H), 4.03-4.86 (m, 4H), 3.65 (s, 6H), 2.37-2.00 (m, 10H), 1.00-0.90 (m, 12H); MS (ESI) m/z 

764 [M+Ht. 

619 



IPR2018-00211 Page 622 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

Example DA and DB 

NH2 Hn HATU, DMF 

Br-O-NH2 + HOOC NBoc 4-methylmorpholine 

r-=<.NH~ H.R 
Br~N-,(-~ 

EtOH 

0 Boc 

4-Bromo-benzene-
1 ,2-diamine 

2-Aza
bicyclo[2.2.1]heptane-
2,3-dicarboxylic acid 
2-tert-butyl ester 

3-(2-Amino-4-bromo
phenylcarbamoyl)-2-aza
bicyclo(2.2.1]heptane-2-
carboxylic acid lert-butyl ester 

3-(6-Bromo-1 H-benzoimidazol-2-
yl)-2-aza-bicyclo[2.2.1]heptane-
2-carboxylic acid lert-butyl ester 

2-[5-( 4-Bromo-phenyl)-1 H
imidazol-2-yl}-pyrrolidine-1-

carboxylic acid tert-butyl ester 

1. 4N HCVdioxane, DCM 

2. HATU, OlEA 
............... 

: o-
Ho · 1 
I('N~o 
0 H 

2-Methoxycarbonylamino-3-
methyl-butyric acid 

lj1 H.R 
-\-a. 1\ ANy-~oc 
-f-dB~N 

3-(6-[4-(4,4,5,5-Tetramethyl-
[1 ,3,2]dioxaborolan-2-yl)-phenyi]-1H
benzoimidazol-2-yl]-2-aza
bicydo(2.2.1]heptane-2-carboxylic acid tart-

lj1 H 
butyl ester ,1{ 

N N 

socNJ}-0---0-6-~ soc 
\..) 3-(~4'-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yi)-3H

imidazol-4-yl]-biphenyl-4-yi}-1H-benzoimidazol-2-yl)-2-aza
bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester 

H H 
N~,.~ 

- II N 

H .J ~ # ~ fi ~ fi ~ # N Boc 
+ 

Boc,NQ N 3-(6-{4'-(2-(2-Boc-2-aza-bicyclo(2.2.1]hept-3-yi)-3H-
H benzoimidazol-5-yl]-biphenyl-4-yl}-1 H-benzoimidazol-2-yl)-2-

aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester 

.__ )_N,H )--0--0-()-~-1{ J-
0 ~.,P N If ~ - N (/ \ o.__ ,. 1J: - ~ h ~ /, 0 H,N'i' 

\_j i-t o 
(1-{2-[5-(4'-{2-[2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza-
bicyclo[2.2. 1]hept-3-yi)-3H-be nzoimidazol-5-yl}-biphenyl-4-yl)-1 H-imidazol-2 -yl)
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl est~ 

+ - ~ H~y 
H 0 N ~ h If ~ - - /)''' N 

O.~.A~~ H ..•• /!... ~ # ~ !J N j ,I 

-o --\ lJ ~ 0)~ 
0 

( 1-{3-[6-( 4' -{2-[2 -(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza-bicyclo[2. 2. 1]hept-
3-yi]-3H-benzoimidazol-5-yl}-biphenyl-4-yl)-1 H-benzoimidazol-2-yl]-2-aza
bicydo(2.2.1)heptane-2-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

3-(2-Amino-4-bromo-phenylcarbamoyl)-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert

butyl ester: To a solution of 2-Aza-bicyclo[2.2.1 ]heptane-2,3-dicarboxylic acid 2-tert-butyl 

ester (0.327 g, 1.36 mmol, 1 eq.), 4-Bromo-benzene-1,2-diamine (0.507 g, 2.71 mmol, 2 eq.) 

and 4-methylmorpholine (0.299 mL, 2 eq.) in 10 mL DMF was added HATU (0.543g, 1.05 eq.). 

The reaction mixture was stirred at room temperature for 1 hour then concentrated down. The 
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reaction mixture was diluted with ethyl acetate and washed with diluted NaHC03 aqueous 

solution and brine. The organic layer was concentrated down and purified by flash column 

chromatography (silica gel, 20 to 80% ethyl acetate/hexane) to give a mixture ofregioisomer 3-

(2-Amino-4-bromo-phenylcarbamoyl)-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl 

ester. 

3-( 6-Bromo-1 H-benzoimidazol-2-yl)-2-aza-bicydo[2.2.1 ]heptane-2-carboxylic acid ten

butyl ester: The above mixture of regioisomer 3-(2-Amino-4-bromo-phenylcarbamoyl)-2-aza

bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester was dissolved in ethanol and heated to 

130°C in sealed tube overnight and continue heating at 170°C for 3 days. LC-MS showed 

desired product and Boc cleaved product (about 1 : 1 ratio). The mixture was concentrated down 

and dissolved DCM. Di-tert-butyl dicarbonate (0.6 eq.) was added and reaction was stirred 

overnight at room temperature. The reaction mixture was concentrated down and purified by 

flash column chromatography (silica gel, 20 to 80% ethyl acetate/hexane) to give 3-(6-Bromo

IH-benzoimidazol-2-yl)-2-aza-bicyclo(2.2.1 ]heptane-2-carboxylic acid tert-butyl ester (0.383 g, 

72%) as an orange foam. 

3-{6-[ 4-( 4,4,5,5-Tetramethyl-[ 1 ,3,2] dioxaborolan-2-yl)-phenyl]-1 H -benzoimidazol-2-yl}-2-

aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester: A mixture of3-(6-Bromo-1H

benzoimidazol-2-yl)-2-aza-bicyclo[2.2.l]heptane-2-carboxylic acid tert-butyl ester (264 mg, 

0.673 mmol), Benzene-1,4-diboronic acid dipinocal ester (5 eq., 3.36 g, 6.95 mmol), 

tetrakis(tripheny1phosphine)palladium (5%, 39 mg) and 2M potassium carbonate aqueous 

solution (3 eq., 1.01 mL) in 5 mL DME was heated to 90°C under Ar for 4 hours. The reaction 

mixture was cooled down and diluted in ethyl acetate and washed with saturated sodium 

bicarbonate solution. The organic layer dried (MgS04), concentrated and purified by flash 

column chromatography (silica gel, 20 to 60% ethyl acetate/hexane) to give 3-{6-[4-(4,4,5,5-

Tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)-phenyl]-1 H -benzoimidazol-2-yl} -2-aza

bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester (295 mg, yield 85%). LCMS-ESr: 

calc'd for C3oH3sBN304: 515.45; Found: 516.1 (M+W). 

3-(6-{4'-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yi)-3H-imidazol-4-yl]-biphenyl-4-yi}-1H

benzoimidazol-2-yl)-2-aza-bicydo[2.2.1]heptane-2-carboxylic acid tert-butyl ester and 3-(6-

{4' -[2-(2-Boc-2-aza-bicyclo[2.2.1] hept-3-yi)-3H -benzoimidazol-5-yl]-biphenyl-4-yl}-1 H

benzoimidazol-2-yl)-2-aza-bicyclo(2.2.1]heptane-2-carboxylic acid tert-butyl ester: A 

mixture of 2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid /err-butyl 
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ester(295 mg, 0.573 mmol, 1 eq.), 3-{6-[4-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)

phenyl]-1 H-benzoimidazol-2-yl }-2-aza-bicyclo(2.2.1 ]heptane-2-carboxylic acid tert-butyl ester 

(269 mg, 0.687 mmol), tetrakis(triphenylphosphine)palladium (5%, 33 mg) and 2M potassium 

carbonate aqueous solution (5 eq., 1.43 mL) in 5 mL DME was heated to 90°C under Argon 

overnight. The reaction mixture was cooled and dissolved in ethyl acetate and washed with 

saturated sodium bicarbonate solution. The organic layer dried (MgS04), concentrated and 

purified by flash column chromatography (silica gel, 50 to 100% ethyl acetate/hexane) to give 3-

(6-{ 4'-[2-( 1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-biphenyl-4-yl} -1 H

benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester ( 163 mg, 

yield 40%) and trace amount of byproduct 3-(6-{ 4'-(2-(2-Boc-2-aza-bicyclo(2.2.1 ]hept-3-yi)-

3H-benzoimidazol-5-yl]-biphenyl-4-yl }-1 H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-

carboxylic acid tert-butyl ester. LCMS-ESr of 3-(6-{ 4'-(2-(1-tert-Butoxycarbonyl-pyrrolidin-2-

yl)-3 H-imidazol-4-yl]-biphenyl-4-yl} -1 H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-

carboxylic acid tert-butyl ester: calc'd for C42~sN604: 700.87; Found: 701.1 (M+W). 

(1-{2-[ 5-( 4'-{2-[2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza-bicyclo[2.2.1 ]hept-3-

y I] -3 H -benzoimidazol-5-y 1}-bipheny 1-4-y 1)-1 H -imidazol-2-y 1]-pyrrolid ine-1-carbonyl} -2-

methyl-propyl)-carbamic acid methyl ester (Example DA) and (l-{3-[6-(4'-{2-[2-(2-

Methoxycarbonylamino-3-methyl-butyryl)-2-aza-bicyclo[2.2.1]hept-3-yi]-3H

benzoimidazol-5-yl }-biphenyl-4-yl)-1 H -benzoim idazol-2-y I]-2-aza-bicyclo (2.2.1] heptane-2-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example DB): 4N HCI in dioxane 

(3 mL)was added to 3-(6-{ 4'-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yi)-3H-imidazol-4-yl]

biphenyl-4-yl} -1 H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert

butyl ester and 3-(6-{4'-[2-(2-Boc-2-aza-bicyclo[2.2.1 ]hept-3-yl)-3H-benzoimidazol-5-yl]

biphenyl-4-yl} -1 H-imidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester 

mixture (163 mg, 0.233 mmol) in 3 mL DCM and the reaction mixture was stirred at room 

temperature for 2hours. The reaction mixture was concentrated and dried overnight under 

vacuum. The residue was dissolved in DMF (3 mL) and to this solution was added 2-

Methoxycarbonylamino-3-methyl-butyric acid (2.1 eq., 85 mg), 4-methylmorpholine (6 eq., 0.15 

mL), followed by HATU (2 eq., 181 mg). Reaction mixture was stirred at ooc for 50 minutes. 

The reaction mixture was dissolved in ethyl acetate and washed with dilute sodium bicarbonate 

solution. The organic layer was dried (MgS04), concentrated and purified by preparative 

reverse phase HPLC (GEMINI, 5 to 100% MeCN/lhO + 0.1% TFA). Product was lyophilized 

to give ( 1-{2-[5-( 4'-{2-[2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza-

bicyclo[2.2.1 ]hept-3-yl]-3H -benzoimidazol-5-yl} -biphenyl-4-yl )-1 H-imidazol-2-yl]-pyrrolidine-
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1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example DA) (102 mg) and 

byproduct ( 1-{ 3-[ 6-( 4'-{2-[2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza-

bicyclo[2.2.1 ]hept-3-yl]-3H-benzoimidazol-5-yl} -biphenyl-4-yl)-1 H-benzoimidazol-2-yl]-2-aza

bicyclo[2.2.1]heptane-2-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example DB) 

(10.6 mg). 

Example DA: 1H-NMR: 300 MHz, (DMSO-d6) o: 8.13 (s, 1H), 7.95-7.80 {m, 12H), 7.40-7.20 

{m, 2H), 5.18-5.10 (m, lH), 4.76(m, lH), 4.55(m,1H), 4.20-4.10 (m, 3H), 3.92-3.78 (m, 3H), 

3.55(d, 6H), 2.76 (m, lH), 2.40-1.55 (m, IOH}, 0.95-0.78 (m, 12 H). 

LCMS-ESr: calc'd for C~54Ns06: 814.97; Found: 815.4 (M+H+). 

Example DB (byproduct): 1H-NMR: 300 MHz, (DMSO-d6) o: 7.95-7.72 (m, 14H), 7.38-7.24 

(m, 2H), 4.75 (m, 2H), 4.55(m, 2H), 4.24-4.16 {m, 3H), 3.55(d, 6H), 2.76 (m, 2H), 2.40-1.55 (m, 

9H), 0. 95-0.78 (m, 12 H). 

LCMS-ESr: calc'd for Cs2H58Ns06: 891.07; Found: 891.4 (M+H+). 
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Example DC 

_:~:- q, r=< F\ p 
-0~0-

KOH 

Biphenyl-4,4'-dicarboxylic 
acid dimethyl ester 

1 
2,2'-Diiodo-biphenyl-4,4'
dicarboxylic acid dimethyl ester 

I 

H:~:H 
I 

2,2'-Diiodo-biphenyl-4,4'
dicarboxylic acid 

s 
0~0 Na2S, Cui 

K2C03, DMF HO ~ /) ~ /) OH 
1.oxalyl chloride 

2. TMSCH2N2 
3. HBr 

Dibenzothiophene-3, 7-
dicarboxylic acid 

Pyrrolidine-1,2-dicarboxylic 
acid 1-tert-butyl ester 
Boc 

s N-./COOH 
q\ ;==<:~/==\ P 0 s 11 f) 

Br~Br DIEA, MeCN 

N~ A~/=\ )~___.r-N 
BocNJN~~ Boc 
. 0 H 2-Bromo-1-{7 -(2-bromo-acetyl)

dibenzothiophen-3-yl)-ethanone 

1. 4N HCVdioxane, DCM 

2. HATU, OlEA 
............... 

: o-
Hor('N~o 

0 H 
2-Methoxycarbonylamino-3-
methyl-butyric acid 

2-(5-{7-(2-(1-Boc-pyrrolidin-2-yi)-3H-imidazol-4-
yQ-dibenzothiophen-3-yl}-1 H-imidazol-2-yl)
pyrrolidine-1-carboxylic acid tert-butyl ester 

0 H .:-"""\. 
--.0)\...N· :x:R)-{s H ; J \ 

)._ ,,P N '/ ~ - N___.r-N -~ 
--..,.··· \ 11 ~ ~ ;; ~ II L .·· 

\ N___.r-N - N 0/ \ 0-
0 H H·N-i 

0 
( 1-{2-(5-(7 -{2-{ 1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-
2-yi}-3H-imidazol-4-yl}-dibenzothiophen-3-yl)-1 H-imidazol-2-yl}
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

2,2'-Diiodo-biphenyl-4,4'-dicarboxylic acid dimethyl ester: Biphenyl-4,4'-dicarboxylic acid 

dimethyl ester(5g, 18.5 mmol) and silver sulfate (17 g, 54.5 mmol) were dissolved in 60 mL 

concentrated sulfuric acid with vigorous stirring. Iodine (llg, 43.3 mmol) was added portion 

wise to give a purple solution which was stirred at room temperature for 1 hour. The reaction 

mixture was heated to 80°C for overnight. The reaction mixture was cooled down, poured into 

ice water and sodium thiosulfate solution. Brown solid was formed, filtered and dried over 

vacuum at 80°C. The brown solid was extracted using a Soxhlet extraction with methanol in 

two batches. The product crystallized during extraction. Crystal was collected and dried to give 

a yellow solid 2,2'-Diiodo-biphenyl-4,4'-dicarboxylic acid dimethyl ester (5.7 g, 59%). 

2,2'-Diiodo-biphenyl-4,4'-dicarboxylic acid: 2,2'-Diiodo-biphenyl-4,4'-dicarboxylic acid 

dimethyl ester (3.24 g, 6,21 mmol) was dissolved in 20 mL THF and KOH (1.02g, 2.5eq.) was 

added, followed by 5 mL water. The reaction was stirred at room tempature overnight. The 
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reaction was heated to 50°C for 7 hours. The reaction was cooled to room temprature. Organic 

solvent was removed by rotovap. The aqueous layer was acidified with concentrated HCl to 

give pale white solid. The solid was filtered and dried on vacumm overnight to give the product 

2,2'-Diiodo-biphenyl-4,4'-dicarboxylic acid (2.74 g, yield 89%). 

Dibenzotbiophene-3,7-dicarboxylic acid: A mixture of2,2'-Diiodo-biphenyl-4,4'-dicarboxylic 

acid (450 mg, 0.9I2 mmol, I eq.) and potassium carbonate (I89 mg, 1.5 eq.) in 5 mL DMF was 

heated to 100°C to give a reddish brown mixture. Sodium sulfide (36 mg, 0.5 eq.) and copper(l) 

iodide (I7 mg, O.I eq.) were added and reaction mixture was heated to 150°C under a slow 

stream of Ar. Cui (IOO mg) was added and followed by sodium sulfide (IOO mg). The reaction 

was kept at I50°C overnight. The reaction mixture was diluted with 25 mL water and active 

carbon ( I 0 g) was added. The mixture was refluxed for I 0 minutes then filtered through 

CELITE pad into 6N HCL (50 mL) and washed with water. The solid was formed and cooled to 

room tempature and filtered and washed with and dired to give product Dibenzothiophene-3,7-

dicarboxylic acid (I79 mg, 72%). 

2-Bromo-1-(7 -(2-bromo-acetyl)-dibenzothiophen-3-yl]-ethanone: A mixture of 

dibenzothiophene-3,7-dicarboxylic acid (I79 mg, 0.644 mmol), oxalyl chloride (0.56 mL, 6.44 

mmol) and I drop of DMF in 6 mL DCM was stirred at room tempature overnight. The 

resulting cloudy yellow solution was concentrated and co-evaporated with toluene. The residue 

was suspended in 6 mL DCM and cooled to 0°C. TMS diazomethane (1 ml, 3 eq.) was added to 

the reaction mixture dropwise. The reaction was stirred at 0°C for I hour and then warmed to 

room temperature overnight. The mixture was concentrated to give a brown solid. The solid 

was suspended in 5 mL ethyl acetate and treated with 5.7 M HBr in HOAc (0.28 mL, 2.5 eq.) at 

0°C. The mixture was warmed to room temprature over 2 hours. And then stirred at room 

temprature for I hour. Solid sodium bicarbonate was added and stirred for 30 minutes. The 

mixture was diluted with sodium bicarbonate solution and extracted with ethylacetate 3 times. 

The organic layer was concentrated down and purified by flash column chromatography (silica 

gel, 20 to 80% ethyl acetate/hexane) to give impure product 2-Bromo-I-[7-(2-bromo-acetyl)

dibenzothiophen-3-yl]-ethanone. 
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2-(5-{7-[2-(1-Boc-pyrrolidin-2-yi)-3H-imidazol-4-yl]-dibenzothiophen-3-yi}-1H-imidazol-2-

yl)-pyrrolidine-1-carboxylic acid tert-butyl ester: 

The mixture of above impure 2-Bromo-1-[7-(2-bromo-acetyl)-dibenzothiophen-3-yl]-ethanone, 

Pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester (2.1 eq.), and DIEA (2.07 eq.) in 5 mL 

MeCN was stirred at room temperature overnight. The reaction mixture was concentrated down 

and diluted with ethyl acetate, washed with brine, dried over MgS04, and concentrated down. 

The residue was dissolved in 1.5 mL xylenes and ammonium acetate (65 mg, 15 eq.) was added. 

The reaction was heated to 11 ooc for 2 days. The mixture was diluted with EtOAc and washed 

with sat.NaHC03 aqueous solution. The organic layer was concentrated down and purified by 

preparative reverse phase HPLC (GEMINI, 5 to 1 00% MeCNIH20 + 0.1% TF A). Product was 

lyophilized to give 2-(5-{ 7-[2-( l-Boc-pyrrolidin-2-yl)-3H-imidazol-4-yl]-dibenzothiophen-3-

yl}-1H-imidazol-2-yl)-pyrrolidine-I-carboxylic acid tert-butyl ester (12.4 mg). LCMS-ESr: 

calc'd for C36~2N604S: 654.82; Found: 655.0 (M+H). 

(1-{2-[5-(7-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H

imidazol-4-yl} -dibenzothiophen-3-y 1)-1 H -imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-m ethy 1-

propyl)-carbamic acid methyl ester (Example DC): 4 N HCl in dioxane (1 mL)was added to 

2-(5-{ 7-[2-(1-Boc-pyrrolidin-2-yl)-3H-imidazol-4-yl]-dibenzothiophen-3-yl} -1 H-imidazol-2-

yl)-pyrrolidine-1-carboxylic acid tert-butyl ester (12.4 mg, 0.014 mmol) and the reaction 

mixture was stirred at room temperature for 1 hour. The reaction mixture was concentrated and 

dried overnight under vacuum. The residue was dissolved in DMF (1 mL) and to this solution 

was added 2-Methoxycarbonylamino-3-methyl-butyric acid (2.08 eq., 5.1 mg), 4-

methylmorpholine (6 eq., 9.2 J!L), followed by HATU (2.04 eq., 10.9 mg). Reaction mixture 

was stirred at 0°C for 90 minutes. The reaction mixture was diluted with ethyl acetate and 

washed with saturated sodium bicarbonate solution. The organic layer was dried (MgS04), 

concentrated and purified by preparative reverse phase HPLC (GEMINI, 5 to I 00% MeCNIH20 

+ 0.1% TFA). Product was lyophilized to give (1-{2-[5-(7-{2-[1-(2-Methoxycarbonylamino-3-

methyl-butyryl )-pyrrolidin-2-yl]-3 H -imidazol-4-yl} -dibenzothiophen-3-yl )-1 H-imidazol-2-yl]

pyrrolidine-1-carbonyl }-2-methyl-propyl)-carbamic acid methyl ester (Example DC) (8.1 mg, 

58%). 
1H-NMR: 300 MHz, (CD30D-c4) o: 8.41-8.25 (m, 4H), 7.92-7.78 (m, 4H), 5.22(m, 2H), 

4.22(m, 2H), 4.08(m,2H), 3.86 (m, 2H), 3.62 (d, 6H), 2.60-2.50 (m, 2H), 2.30-1.92 (m, 8H), 

0.97-0.82 (m, 12 H). LCMS-ESI+: calc'd for C4oH4sNs06S: 768.92; Found: 769.3 (M+H+). 
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Example DD 

0 H ~ 
.._;-N· ~S H : ) \ 

L .//0 N lj ~ - N....../"'""-N ~ 
---._,,· \ II ~ ~ II ~ II L .·' mCPBA, DCM 

\ N_,.r-N - N 0/ \ 0-c H H.N-( 
0 

( 1-{2 -[5-(7 -{2 -[ 1-(2 -Methoxycarbonylami no-3-methyl-butyryl)-pyrrolid in-
2-yi]-3H-imidazol-4-yl}-dibenzothiophen-3-yi)-1H-imidazol-2-yl)
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

0 0 0 \_ 
.._;-N,H 0 ~s :o-- HN-r-NH, 0-

---..,,·~ ~ ~ 1j ~ ~ ~ ~ N 0 ,N-{ 
\ N_,.r-N - H 0 

VH 
( 1-{2 -[ 5-(7 -{2 -[ 1-(2 -Methoxycarbonyla mino-3-methyl-butyryl)-pyrrolid in-2 -yi]-

3H-imidazol-4-yl}-5-oxo-5H-5:\. 4-dibenzothiophen-3-yl)-1 H-imidazol-2-yl)

pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

(1-{2-(5-(7-{2-[1-(2-Methoxycarbonylamino-3-metbyl-butyryl)-pyrrolidin-2-yi)-3H

imidazol-4-yl}-5-oxo-5H -SA. 4 -dibenzotbiophen-3-yl)-1 H -imidazol-2-yl]-pyrrolidine-1-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example DD): (1-{2-[5-(7-{2-[l

(2-Methoxycarbonylamino-3-methyl-butyryl}-pyrrolidin-2-yl]-3H-imidazol-4-yl}

dibenzothiophen-3-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic 

acid methyl ester (0.0041 mmol., 4 mg) was dissolved in 1 mL DCM and cooled to -40°C. 

mCPBA(0.4 mg, 0.9 eq.) was added. The reaction mixture was stirred at -40°C for 2 hours and 

warmed up to 0°C over 2 hours, then warmed up to room temperature overnight. The reaction 

mixture was diluted with ethyl acetate and washed with saturated sodium bicarbonate solution. 

The organic layer was dried (MgS04), concentrated and purified by preparative reverse phase 

HPLC (GEMINI, 5 to 100% ACNIH20 + 0.1% TF A). Product was lyophilized to give a yellow 

powder (1-{2-[5-(7-{2-[l-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H

imidazo1-4-yl} -5-oxo-5H-5A. 4-dibenzothiophen-3-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-

carbonyl}-2-methyl-propyl)-car~amic acid methyl ester (Example DD) (0.6 mg). 
1H-NMR: 300 MHz, (CD30D-~) o: 8.36 (m, 2H), 8.18-7.90 (m, 6H}, 5.22(m, 2H}, 4.19(m, 

2H), 4.05(m,2H), 3.84(m, 2H), 3.61 (d, 6H), 2.56-1.96 (m, IOH}, 0.97-0.84 (m, 12 H). LCMS

ESt: calc'd for C4o~sN806S: 768.92; Found: 769.3 (M+H+). 
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s 

Ob mCPBA 

Dibenzothiophene 

0 
" s 

Ob 
Dibenzothiophene 
5-oxide 

PCT /US201 0/034600 

0 
" s 

02N-o=o-N02 

3, 7 -Dinitro-dibenzothiophene 
5-oxide 

OEt 

~Sn(Buh 
s 

H2N-o=o--NH2 

Dibenzothiophene-3, 7 -diamine 

NaN02, HCI. 
HBr, CuBr 

s 
Br-60-Br 

1. Pd(PPh3)4 
PdCI2(PPh3)2 

2. NBS/H20 

s 
Qyo)-CK}-Br 

Boc 0 
Pyrrolidine-1 ,2-dicarboxylic acid 2-{2-
(7 -bromo-dibenzothiophen-3-yl)-2-oxo
ethyl) ester 1-terl-butyl ester 

~~ . +~·-d~ "·-
3-{6-(4,4,5,5-Tetramethyl-
(1 ,3,2)dioxaborolan-2-yl)-1 H
benzoimidazol-2-yl)-2-aza
bicyclo(2.2.1]heptane-2-
carboxylic acid ferl-butyl ester 

3, 7 -Dibromo-dibenzothiophene 3. Boc-L-Proline 
OlEA, DMF 

Pd(PPh3)4 
PdCI2(dppl)2 

2-(5-{7 -Bromo-dibenzothiophen-3-yl}-
1 H-imidazol-2-yl)-pyrrolidine-1-
carboxylic acid terl-butyl ester 

3-(6-{7 -[2-{ 1-ferl-Butoxycarbonyl-pyrrolidin-2-yi)-
3H-imidazol-4-yl]-dibenzothiophen-3-yl}-1 H
benzoimidazol-2-yl}-2-aza-bicydo(2. 2.1 )heptane-
2-carboxylic acid terl-butyl ester 

0 ~ H_A 
-cl-~·H 0 N~ 1/(S'J=\ ANy-~ )-1. 4N HCI/dioxane, DCM 

2. HATU, OlEA 
~ : o-

HO . I 
l('w-~0 
0 H 

2-Methoxycarbonylamino-3-
methyl-butyric acid 

-.('-f ''~~N oh o-
\ N-/'"~ - .N--( 

\._j H H 0 

( 1-{2-(5-(7 -{2-[2-(2-Methoxycarbonylamino-3-methyl
butyryl}-2-aza-bicyclo[2.2 .1 )hept-3-yi)-3H-benzoimidazol-5-
yl}-dibenzothiophen-3-yl)-1 H-imidazol-2-yl)-pyrrolidine-1-
carbonyl)-2-methyl-propyl}-carbamic acid methyl ester 

Dibenzotbiophene 5-oxide: A solution ofmCPBA (8.27 g, 36.9 mmol) in 71 mL chloroform 

was added dropwise over 30 minutes to a solution of dibenzothiophene in 89 mL chloroform at -

35°C. The reaction mixture was stirred at -35°C for 1 hour and then warmed up to room. The 

reaction was quenched with saturated sodium bicarbonate aqueous solution. The organic layer 

was washed with saturated sodium bicarbonate solution twice and dried over MgS04, 

628 



IPR2018-00211 Page 631 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

concentrated down to give an off-white solid. The solid was dissolved in refluxing ethanol and 

slowly cooled to room temperature to give a white crystalline solid Dibenzothiophene 5-oxide 

(5.65g, 76%). LCMS-ESr: calc'd for C12HsOS: 200.26; Found: 200.9 (M+H). 

3,7-Dinitro-dibenzothiophene 5-oxide: A solution ofDibenzothiophene 5-oxide (5.34g, 26.7 

mmol) in concentrated sulfuric acid (120 mL) was cooled to 6°C. Nitric acid (108 mL) was 

added slowly so that the internal temperature stayed at 1 0°C. The reaction was stirred at 1 0°C 

for 30 minutes then warmed up to room temperature over 30 minutes. The reaction mixture was 

poured into ice and formed precipitate. The precipitate was washed with water and dried to give 

a yellow solid 3,7-Dinitro-dibenzothiophene 5-oxide (7.8 g, still containing some water and 

inorganic material). 

Dibenzothiophene-3,7-diamine: Two batches of the above solid 3,7-dinitro-dibenzothiophene 

5-oxide was hydrogenated at 45 psi in ethanol (250 mL for each batch) with 10% Pd on carbon 

(0.46 g each batch) for 2 hours. Two batches were combined and filtered through CELITE to 

give an orange solution. Hydrogen chloride gas was bubbled into the solution to form 

precipitate (at pH 1 ). The precipitate was filtered and washed with small amount of ethanol and 

dried on vacuum to give an orange solid Dibenzothiophene-3,7-diamine (2.46 g). LCMS-ESr: 

calc'd for C12H10N2S: 214.29; Found: 215.0 (M+l(} 

3,7-Dibromo-dibenzothiophene: A suspension ofDibenzothiophene-3,7-diamine (2.46 g, 8.57 

mmol) in water (16 mL) and concentrated HCl (4.3 mL) was cooled to soc (internal 

temperature). A solution of sodium nitrite (1.54 g, 25.67 mmol) in water (5 mL) was added 

dropwise so that the internal temperature didn't exceed to 10°C. After 1 hour the reaction 

mixture was poured into a solution ofCuBr (1.8 g, 12.55 mmol) in 48% HBr (18 mL). The 

mixture was transferred into a 1 L 3 neck flask using water (100 mL) and refluxed for 2 hours. 

The reaction mixture was cooled down and poured into ice water mixture. Precipitate formed 

and collected by filtration, dried and purified by flash column chromatography (silica gel, 0 to 

10% MeOH/ethyl acetate) to give a white solid 3,7-Dibromo-dibenzothiophene (1.6 g, 55%). 

Pyrrolidine-1 ,2-dicarboxylic acid 2-[2-(7-bromo-dibenzothiophen-3-yl)-2-oxo-ethyl] ester 

1-tert-butyl ester: 

[ 1,1 '-Bis(diphenylphosphino )ferrocene ]dichloropalladium(II)(3%, 69 mg, 0.098 mmol) and 

tetrakis(triphenylphosphine)palladium (3%, 113 mg, 0.098 mmol) were added to the mixture of 

3,7-Dibromo-dibenzothiophene (1.12 g, 3.27 mmol) and tributyl(l-ethoxyvinyl)tin (1.2 eq., 1.33 
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mL) in 25 mL dioxane. The reaction was heated to 80°C under Ar overnight. The reaction was 

cooled to room temprature. 8 mL water was added and followed by NBS (1eq., 699 mg). The 

reaction was stirred at room for 1 hour. The reaction mixture was diluted with ethyl acetate and 

washed with saturated sodium bicarbonate solution. The organic layer dried (MgS04), 

concentrated down and dried on vacuum to give a residue which was used in next step. 

The residue was dissolved in 20 mL anhydrous DMF. Boc-L-Pro-OH (4 eq., 2.815 g) was 

added, followed by OlEA (3.5 eq., 1.60 mL) in 20 mL MeCN and 15 mL DMF dropwise. The 

reaction was stirred at room temperature overnight. The reaction crude was diluted with EtOAc 

and washed with saturated sodium bicarbonate solution. The organic layer was dried (MgS04), 

concentrated and purified by flash column chromatography (silica gel, 0 to 50% ethyl 

acetate/hexane) to give Pyrrolidine-1 ,2-dicarboxylic acid 2-[2-(7-bromo-dibenzothiophen-3-yl)-

2-oxo-ethyl] ester 1-tert-butyl ester (593 mg, yield 33%) and bis product. LCMS-ESr: calc'd 

for C24H24BrNOsS: 518.42; Found: 541.9(M+Na +). 

2-[ S-(7 -Bromo-dibenzotbiophen-3-yl)-1 H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert

butyl ester: 10 mL Xylenes was added to the mixture of Pyrrolidine-1 ,2-dicarboxylic acid 2-[2-

(7-bromo-dibenzothiophen-3-yl)-2-oxo-ethyl] ester 1-tert-butyl ester (514 mg, 0.99 mmol) and 

ammonia acetate (20eq., 1.53 g). The mixture was heated in microwave at 140°C for 60 

minutes. The mixture was diluted with EtOAc and washed with sat.NaHC03 aqueous solution. 

The organic layer was concentrated down and purified by flash column chromatography (silica 

gel, 20 to 80% ethyl acetate/hexane) to give 2-[5-(7-Bromo-dibenzothiophen-3-yl)-lH-imidazol-

2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (391 mg, yield 79%). LCMS-ESr: calc'd 

for C24H24BrN302S: 498.44; Found: 499.9(M+Na ). 

3-( 6-{7-[2-( 1-terl-B utoxyca rbony l-pyrrolidin-2-yi)-3H-imid azol-4-y I] -di benzothio p hen-3-

yl}-1H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester: 

A mixture of 2-[5-(7-Bromo-dibenzothiophen-3-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic 

acid tert-butyl ester (300 mg, 0.48 mmol, 1 eq.), 3-[6-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-

2-yl)-l H-benzoimidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester 

(1.1 eq., 530 mg), [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium(II)(3%, 12 mg), 

tetrakis(triphenylphosphine)palladium (3%, 17 mg) and 2N potassium carbonate aqueous 

solution (3.3 eq., 0.8 mL) in 2 mL DME was heated to 80°C under Argon for 5 hours. The 

reaction mixture was cooled and diluted in ethyl acetate and washed with saturated sodium 

bicarbonate solution. The organic layer dried (MgS04), concentrated and purified by flash 
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column chromatography (silica gel, 20 to 100% ethyl acetate/hexane) to give a yellow foam 3-

( 6-{ 7 -[2-( 1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3 H-imidazol-4-yl]-dibenzothiophen-3-yl} -1 H

benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester (245 mg, 

yield 70%). LCMS-ESr: calc'd for C42liJ6N604S: 730.92; Found: 731.2(M+H). 

(1-{2-[ S-(7-{2-[2-(2-M ethoxycarbo nylamino-3-methyl-butyry 1)-2-aza-bicyclo [2.2.1] hept-3-

yl]-3 H -benzoimidazol-5-yl}-dibenzothiophen -3-yl)-1 H -imidazol-2-y 1]-pyrrolid ine-1-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example DE): 4N HCl in dioxane 

(3 mL) was added to 3-(6-{7-[2-(l-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]

dibenzothiophen-3-yl} -1 H-benzoimidazol-2-yl)-2-aza-bicyclo [2.2.1 ]heptane-2-carboxylic acid 

tert-butyl ester (141 mg, 0.194 mmol) in 3 mL DCM. The reaction mixture was stirred at room 

temperature for I hour. The reaction mixture was concentrated and dried overnight under 

vacuwn. The residue was dissolved in DMF (4 mL) and to this solution was added 2-

Methoxycarbonylamino-3-methyl-butyric acid (2.08 eq., 71 mg), 4-methylmorpholine (6 eq., 

0.12 mL), followed by HA TU (2.04 eq., 150 mg). Reaction mixture was stirred at 0°C for 30 

minutes. The reaction mixture was diluted in ethyl acetate and washed with saturated sodiwn 

bicarbonate solution. The organic layer was dried (MgS04), concentrated and purified by flash 

column chromatography (silica gel, 0 to 20% MeOH/ethyl acetate), followed by preparative 

reverse phase HPLC (GEMINI, 5 to 100% ACN/l-hO + 0.1% TF A). Product was lyophilized to 

give ( l-{2-[5-(7 -{2-[2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza-bicyclo[2.2.1 ]hept-

3-yl]-3H-benzoimidazol-5-yl }-dibenzothiophen-3-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example DE) (121 mg, 59%). 
1H-NMR: 300 MHz, (DMSO-~) o: 8.60-8.40 (m, 4H), 8.16(m, IH), 8.01 (m, 1H), 7.90(m, 

2H), 7.76(m, 1H), 7.33 (m, 2H), 5.l5{m, IH), 4.76(m,1H), 4.56(d, 1H), 4.22-4.08(m, 3H), 

3.85(m, 2H), 3.55 (d, 6H), 2.76(m,1H), 2.30-1.50 (m, 9H}, 0.96-0.75 (m, 12 H). 19F-NMR: 300 

MHz, (CD30D-<4) o: -112.88. LCMS-ESI+: calc'd for C4~s2Ns06S: 845.02; Found: 845.4 

(M+W). 
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ExampleDF 

s 
Q-yo)-6b-sr 

Boc 0 
Pyrrolidine-1 ,2-dicarboxylic acid 2-[2-
(7 -bromo-d ibenzothiophen-3-yl}-2-
oxo-ethyij ester 1-tert-butyl ester 

3. OlEA, DMF 

HOO~fJ 
2-Aza-bicydo[2.2.1 )heptane-2,3-dicarboxylic acid 
3-(2{7 -[2-( 1-tert-butoxyca rbonyl-pyrrolid ine-2 • 
carbonyloxy)-acetyl]-dibenzothiophen-3-yl}-2-oxo
ethyl) ester 2-tert-butyl ester 

Boc 
2-Aza-bicyclo(2.2.1)heptane-
2,3-dicarboxylic acid 2-tert
butyl ester 

H H,~ 
N~s r; ~ N-..,.··\.Y 

BOCi II ~ ~ /. ~ II ~ 
N.._,r-N " 11 

- N Boc 
\.._JH 

3-(5{7 -[2-( 1-tert-Butoxycarbonyl-pyrrolidin-2-yi)-
3H-imidazol-4-yij-dibenzothiophen-3-yl}-1 H
imidazol-2-yl)-2-aza-bicyclo[2.2.1)heptane-2-
carboxylic acid tert-butyl ester 

~~ S ~H 

1. 4N HCVdioxane, DCM 

2. HATU, 4-methylmorpholine 

HO,;-N~: 
0 H 

2-Methoxycarbonylamino
propionic acid 

0 H ;f{ 
-o 0 N - N N .--·~ ~~~ n~b ~"'-, L .. -·' N.._,r-N~N 0(/\ 0-

t ; ' N--1 V H H. \\ 
0 

(2-{2-{5-(7-{2-{2-(2-Methoxycarbonylamino-propionyl}-2-aza-
bicydo[2.2.1 )hept-3-yi}JH-imidazol-4-yl}-dibenzothiophen-3-yl)-1 H-imidazol-
2-yij-pyrrolidin-1-yl}-1-methyl-2-oxo-ethyl)-carbamic acid methyl ester 

2-Aza-bicyclo (2.2.1] beptane-2,3-dicarboxylic acid 3-(2-{7 -(2-(1-tert-butoxycarbonyl

pyrrolidine-2-carbonyloxy)-acetyl]-dibenzotbiophen-3-yl]-2-oxo-etbyl) ester 2-tert-butyl 

ester: 

[1,1'-Bis(triphenylphosphine) dichloropalladium(II)(3%, 14 mg, 0.02 mmol) and 

tetrakis(triphenylphosphine)palladium (3%, 23 mg, 0.02 mmol) were added to the mixture of 

Pyrrolidine-1 ,2-dicarboxylic acid 2-[2-(7-bromo-dibenzothiophen-3-yl)-2-oxo-ethyl] ester·1-

tert-butyl ester (345 mg, 0.665 mmol) and tributyl(l-ethoxyvinyl)tin (1.2 eq., 0.269 mL) in 5 

mL dioxane. The reaction was heated to 80°C under Are for 4 hours. The reaction was cooled 

to room temperature. 1.5 mL water was added and followed by NBS (leq., 142 mg). The 

reaction was stirred at room for 1 hour. The reaction mixture was diluted with ethyl acetate and 

washed with saturated sodium bicarbonate solution. The organic layer dried (MgS04), 

concentrated down and dried on vacuum to give residue which was used in next step. 
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The residue was dissolved in 4 mL anhydrous DMF. 2-Aza-bicyclo[2.2.1 ]heptane-2,3-

dicarboxylic acid 2-tert-butyl ester (2 eq., 321 mg, 1.33 mmol g) was added, followed by TEA 

(2.2 eq., 204 mg) in 4 mL MeCN and 3 mL DMF dropwise. The reaction was stirred at room 

temperature overnight. The reaction crude was diluted with EtOAc and washed with saturated 

sodium bicarbonate solution. The organic layer dried (MgS04), concentrated and purified by 

flash column chromatography (silica gel, 0 to 50% ethyl acetate/hexane) to give 2-Aza

bicyclo[2.2.1 ]heptane-2,3-dicarboxylic acid 3-(2-{7 -[2-( 1-tert-butoxycarbonyl-pyrrolidine-2-

carbonyloxy)-acetyl]-dibenzothiophen-3-yl]-2-oxo-ethyl) ester 2-tert-butyl ester as a yellow 

residue (92.5 mg, yield 19%). LCMS-ESr: calc'd for C38H.wN20 10S: 720.83; Found: 743.2 

(M+Na+). 

3-(5-{7-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-dibenzothiophen-3-

yl}-1H-imidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester: 3 mL 

Xylenes was added to 2-Aza-bicyclo[2.2.1 ]heptane-2,3-dicarboxylic acid 3-(2-{7-[2-(1-tert

butoxycarbonyl-pyrrolidine-2-carbonyloxy)-acetyl]-dibenzothiophen-3-yl]-2-oxo-ethyl) ester 2-

tert-butyl ester (92.5 mg, 0.128 mmol) and ammonia acetate (20eq., 198 mg). The mixture was 

heated in microwave at 140°C for 60 minutes. The mixture was diluted with EtOAc and washed 

with sat.NaHC03 aqueous solution. The organic layer was concentrated down and purified by 

flash column chromatography (silica gel, 20 to 80% ethyl acetate/hexane) to give 3-(5-{7-[2-(1-

tert-Butoxycarbonyl-pyrrolidin-2-yl)-3 H -imidazol-4-yl]-dibenzothiophen-3 -yl} -1 H-imidazol-2-

yl)-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester (62 mg, yield 71%). LCMS

ESI": calc'd for C3sliwN604S: 680.86; Found: 681.2 (M+H+). 

(2-{2-(5-(7-{2-(2-(2-Methoxycarbonylamino-propionyl)-2-aza-bicyclo[2.2.1)hept-3-yi)-3H

imidazol-4-yl}-dibenzothiophen-3-yl)-1 H-imidazol-2-yl)-pyrrolidin-1-y 1}-1-methyl-2-oxo

ethyl)-carbamic acid methyl ester (Example DF): 4N HCl in dioxane (1 mL) was added to 3-

(5-{7 -[2-( 1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-dibenzothiophen-3-yl }-1 H

imidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester (62 mg, 0.091 

mmo1) in 2 mL DCM. The reaction mixture was stirred at room temperature for 1 hour. The 

reaction mixture was concentrated and dried overnight under vacuum. The residue was 

dissolved in DMF (2 mL) and to this solution was added 2-Methoxycarbonylamino-propionic 

acid (2.08 eq., 28 mg), 4-methylmorpholine (6 eq., 0.06 mL), followed by HATU (2.04 eq., 71 

mg). Reaction mixture was stirred at ooc for 30 minutes. The reaction mixture was diluted with 

ethyl acetate and washed with saturated sodium bicarbonate solution. The organic layer was 

dried (MgS04), concentrated and purified by flash column chromatography (silica gel, 0 to 20% 

633 



IPR2018-00211 Page 636 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

MeOH/ethyl acetate), followed by preparative reverse phase HPLC (GEMINI, 5 to 100% 

ACNIH20 + 0.1% TFA). Product was lyophilized to give (2-{2-[5-(7-{2-[2-(2-

Methoxycarbonylamino-propionyl)-2-aza-bicyclo[2.2.1 ]hept-3-yl ]-3H -imidazol-4-y 1}

dibenzothiophen-3-yl)-l H-imidazol-2-yl]-pyrrolidin-1-yl} -1-methyl-2-oxo-ethyl)-carbamic acid 

methyl ester (Example DF) (52.7 mg, 60%). 
1H-NMR: 300 MHz, (DMSO-d6) o: 8.60-8.40 (m, 4H), 8.12(m, 2H), 8.01 (m, 1H), 7.92(m, 

2H), 7.57-7.40 (m, 2H), 5.15(m, 1H), 4.70 (m,1H), 4.50-4.30(m, 3H), 3.54 (d, 6H), 2.76(m,1H), 

2.42-1.50 (m, 6H), 1.30-1.10 (m, 12 H). LCMS-ESt: calc'd for C42l44Ns06S: 738.86; 

Found: 739.3 (M+H\ 

ExampleDG 

BocN ~ 

(?-NH 
3-(6-{7 -[2-( 1-tert-Butoxycarbony 1-pyrrolidin-2 -yi)-
3H-imidazol-4-yl]-dibenzothiophen-3-yl}-1 H
benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-
2-carboxylic acid tert-butyl ester 

0 
)._ ,H 

--o N o ,)--1 ~ ~ 
N-..../"'"'N 
(Ji-1 

(2-{2-[5-(7-{2-[2-(2-Methoxycarbonylamino-propionyl)-2-aza-

1. 4N HCI!dioxane, DCM 

2. HATU, OlEA 

~ o-
HO · 1 
I('N~o 
0 H 

2-Methoxycarbonylamino
,propionic acid 

bicyclo[2. 2. 1]hept -3-yi]-3H-benzoimidazol-5-yl}-dibenzoth iophen-3-yl)-1 H
imidazol-2-yl]-pyrrolidin-1-yl}-1-methyl-2-oxo-ethyl)-carbamic acid methyl 
ester 

(2-{2-[5-(7-{2-[2-(2-Methoxycarbonylamino-propionyl)-2-aza-bicyclo[2.2.1)hept-3-yi]-3H

benzoimidazol-5-yl}-dibenzothiophen-3-yl)-1 H-imidazol-2-yl)-pyrrolidin-1-yl }-1-methyl-2-

oxo-ethyl)-carbamic acid methyl ester (Example DG): 4N HCl in dioxane (2 mL) was added 

to 3-( 6-{ 7 -[2-( 1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-dibenzothiophen-3-

yl }-1 H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester (1 03 

mg, 0.141 mmol) in 3 rnL DCM. The reaction mixture was stirred at room temperature for 1 

hour. The reaction mixture was concentrated and dried overnight under vacuum. The residue 
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was dissolved in DMF (2 mL) and to this solution was added 2-Methoxycarbonylamino

propionic acid (2.08 eq., 43 mg), 4-methylmorpholine (6 eq., 0.093 mL), followed by HA TV 

(2.04 eq., 109 mg). Reaction mixture was stirred at 0°C for 30 minutes. The reaction mixture 

was diluted with ethyl acetate and washed with saturated sodium bicarbonate solution. The 

organic layer was dried (MgS04), concentrated and purified by flash column chromatography 

(silica gel, 0 to 20% MeOH/ethyl acetate), followed by preparative reverse phase HPLC 

(GEMINI, 5 to 100% ACNIH20 + 0.1% TFA). Product was lyophilized to give (2-{2-[5-(7-{2-

[2-(2-Methoxycarbonylamino-propionyl)-2-aza-bicyclo[2.2.1 ]hept-3-yl]-3H-benzoimidazol-5-

yl }-dibenzothiophen-3-yl)-1 H-imidazol-2-yl]-pyrrolidin-1-yl }-1-methyl-2-oxo-ethyl)-carbamic 

acid methyl ester (Example DG) (91.3 mg, 80%). 
1H-NMR: 300 MHz, (DMSO-~) o: 8.60-8.52 (m, 2H), 8.44(m, 2H), 8.15 (m, I H), 8.05(m, 

IH), 7.92 (m, 2H), 7.80 (m, 2H), 7.56-7.42(m, 2H), 5.15(m, 1H), 4:70 (m,IH), 4.50-4.30(m, 

3H), 3.54 (d, 6H), 2.76(m,1H), 2.42-1.50 (m, 12H), 1.30-1.10 (m, 6 H). LCMS-ESt: calc'd 

for C42H44Ns06S: 788.91; Found: 789.4 (M+H+). 
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Br ~O + 

~NH:! 
2-Amino-1-{4-bromo
phenyl~thanone 

~ 
HOOC....--~ 

Boc 

5-Aza-spiro[2.4)heptane-
5,1Hiicarboxylic acid 5-
tert-butyl ester 

HATU, DIEA 

DMF 

PCT /US201 0/034600 

NK.OAc 
xylenes 

+ 

H H~ -\-a F\ ;=(Nil, .. · N 

-j--ds~N soc 
3-{6-[4-(4,4,5,5-Tetramethyl-[1 ,3,2]dioxaborolan-2-yl)
phenyl)-1 H-benzoimidazol-2-yl}-2-aza-

6-15-(4-Bromo-phenyl)-1 H-imidazol-
2-yl}-5-aza-spiro[2.4]heptane-5-
carboxylic acid tert-butyl ester 

bicydo[2.2.1 )heptane-2-carboxylic acid tert-buty1 ester 

Pd(PPh3)4 
PdCI2(dppfh 

K2C03, DME/~0 

90°C 

3-(6-{4'-[2-{5-tert-Butoxycarbonyl-5-aza
spiro(2.4]hept-6-yi)-3H-imidazol-4-yij-biphenyl-4-yl}-
1 H-benzoimid azol-2-yl)-2 -aza..bicydo[2 .2 .1 )heptane-
2-carboxylic acid tert-butyl ester 

- )_N,H ~ H.PJ L 0 L //0 N)--0--0--6-~ 1?-i .··· 
........... \ II ~ ~ A ~ A N cfF\ 0-

\ Ny--~ - ,N-i 
~ H H 0 

(1-{6-{5-{4'-{2-[2-(2-Methoxycarbonylamino-3-methyl
butyryl)-2-aza-bicyclo(2.2.1]hept-3-yQ-3H-benzoimidazol-5-
yl)-biphenyl-4-yi)-1H-imidazol-2-yij-5-aza-spiro(2.4]heptane-
5-carbonyl}-2-rnethyl-propyl)-carbamic acid methyl ester 

1. 4N HCVdioxane, DCM 

2. HATU, OlEA ........_...... 
= o-

Hof('N-{..o 
0 H 

2-Methoxycarbonylamino-3-
methyl-butyric acid 

6-[2-(4-Bromo-phenyl)-2-oxo-ethylcarbamoyl)-5-aza-spiro[2.4)heptane-5-carboxylic acid 

tert-butyl ester: 5-Aza-spiro[2.4]heptane-5,6-dicarboxylic acid 5-tert-butyl ester (350 mg, 1.45 

mmol) was mixed with HATU (551 mg, 1.45 mmol) in DMF (5 mL) and the mixture was stirred 

at room temperature for 30 minutes. 2-Amino-1-( 4-bromo-phenyl)-ethanone his HCI salt ( 416 

mg, 1.45 mmol) in 2 mL DMF was added, followed by DIEA (3.5 eq., 0.88 mL) dropwise at 

0°C. The reaction was stirred at ooc for 40 minutes. The reaction mixture was diluted in ethyl 

acetate and washed with saturated sodium bicarbonate solution. The organic layer was dried 

(MgS04), concentrated and purified by flash column chromatography (silica gel, 20 to 100% 

ethyl acetate/hexane) to give 6-[2-( 4-Bromo-phenyl)-2-oxo-ethylcarbamoyl]-5-aza

spiro[2.4]heptane-5-carboxylic acid tert-butyl ester (424 mg, 67%). LCMS-ESr: calc'd for 

CzoHzsBrNz04: 437.33; Found: 460.1 (M+Na}. 
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6-[5-(4-Bromo-phenyi)-1H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-carboxylic acid tert

butyJ ester: 15 mL Xylenes was added to 6-[2-(4-Bromo-phenyl)-2-oxo-ethylcarbamoyl]-5-

aza-spiro[2.4]heptane-5-carboxylic acid tert-butyl ester (424 mg, 0.97 mmol) and ammonium 

acetate (20eq., 1.5 g). The mixture was heated in microwave at 140°C for 60 minutes. The 

mixture was diluted with EtOAc and washed with sat.NaHC03 aqueous solution. The organic 

layer was concentrated down and purified by flash column chromatography (silica gel, 20 to 

80% ethyl acetate/hexane) to give 6-[ 5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-5-aza

spiro[2.4]heptane-5-carboxylic acid tert-butyl ester (249 mg, yield 61%). LCMS-ESr: calc'd 

for C2oH24BrN302: 418.33; Found: 418. (M+H+). 

3-(6-{4'-(2-(5-tert-Butoxycarbonyl-5-aza-spiro[2.4]hept-6-yl)-3H-imidazol-4-yl]-biphenyl-4-

yl}-1H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyJ ester: 

A mixture of 6-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-5-aza-spiro[2.4 ]heptane-5-carboxylic 

acid tert-butyl ester (101 mg, 0.243 mmol, 1 eq.), 3-{6-(4-(4,4,5,5-Tetramethyl-

[ 1 ,3,2]dioxaborolan-2-yl)-phenyl]-1 H-benzoimidazol-2-yl }-2-aza-bicyclo[2.2.1 ]heptane-2-

carboxylic acid tert-butyl ester (150 mg, 0.291 mmol, 1.2 eq.), 

tetrakis(triphenylphosphine)palladium (5%, 17 mg) and 2M potassium carbonate aqueous 

solution (5 eq., 0.73 mL) in 1.5 mL DME was heated to 90°C under Are overnight. The reaction 

mixture was cooled and dissolved in ethyl acetate and washed with saturated sodium bicarbonate 

solution. The organic layer was dried (MgS04), concentrated and purified by flash column 
> 

chromatography (silica gel, 50 to 100% ethyl acetate/hexane) to give 3-(6-{4'-[2-(5-ter/-

Butoxycarbonyl-5-aza-spiro[2.4 ]hept-6-yl)-3H-imidazol-4-yl ]-biphenyl-4-y I} -1 H

benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester (53 mg, yield 

26%). LCMS-ESr: calc'd for C44H50N60 4: 726.91; Found: 727.2 (M+H+). 

(1-{ 6-[ 5-( 4'-{2-[2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza-bicyclo[2.2.1] hept-3-

yl]-3H-benzoimidazol-5-yl}-biphenyl-4-yl)-1H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example DH): 4N HCl in dioxane 

(2 mL)was added to 3-(6-{ 4'-[2-(5-tert-Butoxycarbonyl-5-aza-spiro[2.4]hept-6-yl)-3H-imidazol-

4-yl]-biphenyl-4-yl} -1 H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid 

tert-butyl ester (53 mg, 0.073 mmol) in 2 mL DCM and the reaction mixture was stirred at room 

temperature for 2hours. The reaction mixture was concentrated and dried overnight under 

vacuum. The residue was dissolved in DMF (1 mL) and to this solution was added 2-

Methoxycarbony1amino-3-methyl-butyric acid (2.1 eq., 26.6 mg), 4-methylmorpholine (6 eq., 
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0.048 mL), followed by HA TU (2 eq., 56 mg). Reaction mixture was stirred at ooc for 50 

minutes. The reaction mixture was dissolved in ethyl acetate and washed with dilute sodium 

bicarbonate solution. The organic layer was dried (MgS04), concentrated and purified by 

preparative reverse phase HPLC (GEMINI, 5 to 100% ACNIH20 + 0.1% TFA). Product was 

lyophilized to give ( 1-{ 6-[ 5-( 4'-{2-[2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza

bicyclo[2.2.1 ]hept-3-yl]-3H -benzoimidazol-5-yl} -biphenyl-4-yl)-1 H-imidazol-2-yl ]-5-aza

spiro[2.4]heptane-5-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example DH) 

(41.6 mg, 53%). 
1H-NMR: 300 MHz, (DMSO-l4) o: 8.13 (s, IH), 7.95-7.80 (m, 9H), 7.69 (m, 2H), 7.40-7.24 

(m, 2H), 5.25 (m, lH), 4.76(m, IH), 4.55(m,1H), 4.20-3.80 (m, 3H), 3.55(d, 6H), 2.74 (m, 2H), 

2.40-1.55 (m, 10H), 0.95-0.65 (m, 12 H). 

LCMS-ESI+: calc'd for C46Hs4Ns06: 841.01; Found: 841.5 (M+H+). 

Example DI 

Br-6b--{ 
0 ,........, rN.) 

Boc! 

NH40Ac 

xylenes 

microwave 140 °C 
90min. 

Pyrrolidine-1,2-dicarboxylic acid 2-[2-(7-
bromo-9, 1 0-dihydro-phenanthren-2-yl)-2-
oxo-ethyl] ester 1-terl-butyl ester 

2-[5-(7 -Bromo-9, 1 0-dihydro-phenanthren-
2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-
carboxylic acid terl-butyl ester 

2-[6-(4,4,5,5-Tetramethyl-
[1 ,3,2]dioxaborolan-2-yl)-1 H
benzoimidazol-2-yl]-pyrrolidine-1-
carboxylic acid terl-butyl ester 

2-( 5-{7 -(2-( 1-Boc-pyrrolidin-2-yi)-3H-benzoim idazol-5-yl}-
9, 1 0-dihydro-phenanthren-2-yl}-1 H-imidazol-2-yl)
pyrrolidine-1-carboxylic acid terl-butyl ester 

1. 4N HCI/dioxane, DCM 

2. HATU, DIEA 
............... : o-

Ho · L 
I('N~o 
0 H 

2-Methoxycarbonylamino-3-
methyl-butyric acid 

o H H n L 
--l-N' 0 ~ ~ ~N_:r~-{ 
-t~Jru--v-v 0 H,N~o--

\_j i-t o 

( 1-{2-[5-(7 -{2-[ 1-(2 -Methoxycarbonylamino-3-methyl-butyryl )-pyrrolidin-2-
yi}-3H-benzoimidazol-5-yl}-9, 1 0-dihydro-phenanthren-2-yl)-1 H-imidazol-2-
yl}-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

2-[5-(7 -bromo-9,1 0-dihydro-phenaothren-2-yl)-1 H -imidazol-2-yl]-pyrrolidine-1-carboxylic 

acid tert-butyl ester: 10 mL Xylenes and 10 ml DME were added to the mixture of pyrrolidine-

1 ,2-dicarboxylic acid 2-[2-(7-bromo-9, 1 0-dihydro-phenanthren-2-yl)-2-oxo-ethyl] ester 1-tert-
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butyl ester (480 mg, 0.935 mmol) and ammonia acetate (20eq., 1.44 g). The mixture was heated 

in microwave at I40°C for 90 minutes. The mixture was diluted with EtOAc and washed with 

sat.NaHC03 aqueous solution. The organic layer was concentrated down and purified by flash 

column chromatography (silica gel, 20 to 80% ethyl acetate/hexane) to give 2-(5-(7-bromo-9,IO

dihydro-phenanthren-2-yl)-I H-imidazol-2-yl]-pyrrolidine-I-carboxylic acid tert-butyl ester (246 

mg, yield 53%). LCMS-ESr: calc'd for C26H2sBrN302: 494.42; Found: 495.5 (M+H+). 

2-(5-{7-[2-(1-Boc-pyrrolidin-2-yl)-3H-benzoimidazol-5-yl)-9,10-dihydro-phenanthren-2-

yi}-1H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester: A mixture of2-[5-(7-

bromo-9, I 0-dihydro-phenanthren-2-yl)-I H-imidazol-2-yl]-pyrrolidine-I-carboxylic acid tert

butyl ester (246 mg, 0.497 mmol), 2-[6-(4,4,5,5-tetrarnethyl-[I,3,2]dioxaborolan-2-yl)-IH

benzoimidazol-2-yl]-pyrrolidine-l-carboxylic acid tert-butyl ester (I eq., 206 mg), [I, I'-

bis( diphenylphosphino )ferrocene ]dichloropalladium(II)(5%, 20 mg), 

tetrakis(triphenylphosphine)palladium (5%, 29 mg) and potassium acetate (2 eq., 137 mg) in 5 

mL DME and I mL water was heated to 80°C for I 00 minutes. The reaction mixture was 

cooled and diluted with ethyl acetate and washed with saturated sodium bicarbonate solution. 

The organic layer dried (MgS04 ), concentrated and purified by flash column chromatography 

(silica gel, 20 to IOO% ethyl acetate/hexane) to give 2-(5-{7-[2-(l-Boc-pyrrolidin-2-yl)-3H

benzoimidazol-5-yl]-9, I 0-dihydro-phenanthren-2-yl} -I H-imidazol-2-yl)-pyrrolidine-I

carboxylic acid tert-butyl ester (220 mg, yield 63%). LCMS-ESr: calc'd for C42I-4sN604: 

700.87; Found: 70I.I(M+H+). 

(1-{2-[5-(7-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H

benzoimidazol-5-y I }-9 ,1 0-dihyd ro-phenanth ren-2-yl)-1 H -imid azol-2-yl]-pyrrolidine-1-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example A): 4N HCl in dioxane (2 

mL)was added to 2-(5-{7-[2-(l-Boc-pyrrolidin-2-yl)-3H-benzoimidazol-5-yl]-9, 1 0-dihydro

phenanthren-2-yl }-I H-imidazol-2-yl)-pyrrolidine-I-carboxylic acid tert-butyl ester (220 mg, 

0.3I4 mmol) in I mL DCM and the reaction mixture was stirred at room temperature for 4 

hours. The reaction mixture was concentrated and dried overnight under vacuum. The residue 

was dissolved in DMF (3 mL) and to this solution was added 2-Methoxycarbonylamino-3-

methyl-butyric acid (2.1 eq., 116 mg), diisopropyl ethylamine (5 eq., 270 f.lL), followed by 

HA TU (2 eq., 239 mg). Reaction mixture was stirred at 0°C for 30 minutes. The reaction 

mixture was dissolved in ethyl acetate and washed with dilute sodium bicarbonate solution. The 

organic layer was dried (MgS04), concentrated and purified by preparative reverse phase HPLC 

(GEMINI, 5 to 100% ACNIH20 + 0.1% TFA). Product was lyophilized to give (1-{2-[5-(7-{2-
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[ 1-(2-Methoxycarbony1amino-3-methy1-butyry1)-pyrrolidin-2-yl]-3H-benzoimidazol-5-yl} -9,10-

dihydro-phenanthren-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)

carbamic acid methyl ester (Example DI) (115 mg, 45%). 
1H-NMR: 300 MHz, (CDJOD-c4) o: 8.02-7.95 (m, 3H), 7.95-7.80 (m, 3H), 7.66-7.62 (m, 4H), 

5.40-5.23(m, 2H), 4.22(m, 2H), 4.16(m,2H), 3.96-3.82 (m, 2H), 3.62 (s, 6H), 3.00(s, 4H), 2.60 

(m, 2H), 2.40-2.18 (m, 6H), 2.08(m, 2H), 0.95-0.85 (m, 12 H). 

LCMS-ESI+: calc'd for C46Hs4Ns06: 814.97; Found: 815.4 (M+H+). 

Example OJ 
OEt 

0 D fl )..._Sn(Bu)J F. F 
eoxo uor, F. F 1. Pd(PPh3)4 

gooc,2d Br----6o-Br ~ -O~Br drops of EtOH _ _ PdCI (PPh ) 0 - -
Br Br 2 3 2 

2. NBSIH20 '111~ 
2,7-Dibromo- 2,7-Dibromo-9,9- . Boc 0 
fluoren-9-one diftuoro-9H-ftuorene 3· Boc-L-Prohne Py lid" 1 2-d" bo 1· id 2-{2-

Xylenes, miaowave 
140 oC, 90min. 

Pd(PP~)4 
PdCI2(dppfh 

DIEA DMF rro 1ne- , 1car xy IC ac 
· (7-bromo-9,9-difluoro-9H-fluoren-2-yl)-

2-oxo-ethy~ ester 1-terl-butyl ester 

F. F 

Boq N,~ ~ Br + NJ-~ c 
2-{5-(7-Bromo-9,9-difluoro-9H-fluoren-2-
yl)-1 H-imidazol-2-yl}-pyrrolidine-1-
carboxylic acid terl-butyl ester 

2-{6-(4,4,5,5-Tetramethyl-[1,3,2)dioxaborolan-
2-yl)-1 H-benzoimidazol-2-yl]-pyrrolidine-1-
carboxylic acid tert·butyl ester 

K2C03, DMEIH20 
90°C 

1. TFA 

2. HATU, OlEA 
............... 

: o-
Ho · I 
Y'w-~o 
0 H 

2-Methoxycarbonylamino-3-
methyl-butyric add 

2-( 5-(9,9-Difluoro-7 -[2-( 1-Boc-pyrrolidin-2-yl )-3H
benzoimidazol-5-y~-9H-fluoren-2-yl}-1 H-imidazol-2-
yl)-pyrrolidine-1-carboxylic acid tert-butyl ester 

-o M
1 

c~ 
)-.. .H F. F '~ ) 

0 t .,_0 ~ ~ -==/u-r \ 
-(15~No~)-

C H H.NYO' 

0 
( 1-{2-[5-(9,9-Difluoro-7 -{2-[1-(2-methoxycarbonylamino-
3-methyl-butyryl)-pyrrolidin-2-yt)-3H-benzolmidazol-5-
yi}-9H-fluoren-2-yl)-1 H-imidazol-2-yl}-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 
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2,7-Dibromo-9,9-difluoro-9H-fluorene: Deoxofluor (bis(2-methoxyethyl)aminosulfur 

trifluoride, 12 mL) was added to 2,7-dibromo-fluoren-9-one (3 grams, 8.87 mmol), followed by 

2 drops of ethanol. The reaction mixture was heated to 90°C. The reaction progress was 

monitored by analytical HPLC and TLC (in pure hexane). The product is more non-polar than 

the starting material. The reaction was complete after 2 days. The reaction mixture was cooled 

down, poured into ice water and neutralized by saturated sodium bicarbonate solution, then was 

extracted using ethyl acetate and washed with saturated sodium bicarbonate solution twice. The 

organic layer was dried (MgS04), concentrated and purified by flash column chromatography 

(silica gel, 0 to 20% ethyl acetate/hexane) give product 2,7-dibromo-9,9-difluoro-9H-fluorene 

(3 .1 gram, yield 97% ). 
1H-NMR: 300 MHz, (CDC~)) o: 7.76 (s, 2H), 7.62 (d, 2H), 7.42 (d, 2H). F-NMR: 300 MHz, 

(CDCb) o: -111.57. 

Pyrrolidine-1,2-dicarbo:xylic acid 2-[2-(7-bromo-9,9-ditluoro-9H-tluoren-2-yl)-2-oxo-ethyl] 

ester 1-tert-butyl ester: [ 1, 1'-Bis( diphenylphosphino )ferrocene ]dichloropalladium(II)(5%, 82 

mg) and tetrakis(triphenylphosphine)palladium (5%, 115 mg) were added to the mixture of2,7-

dibromo-9,9-difluoro-9H-fluorene (720 mg, 3 mmol) and tributyl(1-ethoxyvinyl)tin (1 eq., 0.677 · 

mL) in 12 mL dioxane. The reaction was heated to 70°C under Argon for 4 hours. The reaction 

was cooled to room temprature. 3 mL water was added and followed by NBS (1eq., 356 mg). 

The reaction was stirred at room temprature overnight. The reaction mixture was dissolved in 

ethyl acetate and washed with saturated sodium bicarbonate solution. The organic layer dried 

(MgS04), concentrated down. The residue was dissolved in 15 mL anhydrous DMF. Boc-L

Pro-OH (4 eq., 1.72 g) was added, followed by OlEA (3.5 eq., 1.22 mL) in 5 mL MeCN and 5 

mL DMF dropwise. The reaction was stirred at room temperature for 3 hours. The reaction 

crude was diluted with EtOAc and washed with saturated sodium bicarbonate solution. The 

organic layer dried (MgS04), concentrated and purified by flash column chromatography (silica 

gel, 20 to 100% ethyl acetate/hexane) to give pyrrolidine-1,2-dicarboxylic acid 2-[2-(7-bromo-

9,9-difluoro-9H-fluoren-2-yl)-2-oxo-ethyl] ester 1-tert-buty1 ester (363 mg, yield 34%). LCMS

ESr: calc'd for C2sH24BrF2NOs: 536.36; Found: 560.0(M+Na+), 535.9 (M-H). 
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2-[ 5-(7 -Bromo-9,9-difluoro-9H-fluoren-2-yl)-1 H -imidazol-2-yl]-pyrrolidine-1-carboxylic 

acid tert-butyl ester: 10 mL Xylenes was added to the mixture of pyrrolidine-1 ,2-dicarboxylic 

acid 2-[2-(7-bromo-9,9-difluoro-9H-fluoren-2-yl)-2-oxo-ethyl] ester 1-tert-butyl ester (363 mg, 

0.677 mmol) and ammonia acetate (20eq., 1.04 g). The mixture was heated in microwave at 

140°C for 90 minutes. The mixture was diluted with EtOAc and washed with sat.NaHC03 

aqueous solution. The organic layer was concentrated down and purified by flash column 

chromatography (silica gel, 20 to 80% ethyl acetate/hexane) to give 2-[5-(7-Bromo-9,9-difluoro-

9H-fluoren-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (324 mg, yield 

81%). LCMS-ESr: calc'd forC 25H24BrF2N30 2: 516.38; Found: 517.9 (M+H). 

2-( 5-{9 ,9-Difluoro-7-[2-(1-Boc-pyrrolidin-2-yl)-3 H -benzoimidazol-5-yl] -9 H -fluo ren-2-yl}

lH-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester: A mixture of 2-[5-(7-

Bromo-9,9-difluoro-9H-fluoren-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl 

ester (137 mg, 0.265 mmol), 2-[6-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yi)-1H

benzoimidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (1 eq., 11 0 mg), [ 1,1 '

bis(diphenylphosphino)ferrocene]dichloropalladium(II)(5%, 11 mg), 

tetrakis(triphenylphosphine)palladium (5%, 16 mg) and potassium carbonate (2 eq., 73 mg) in 4 

mL DME and 2 mL water was heated to 90°C for 2 hours. The reaction mixture was cooled and 

dissolved in ethyl acetate and washed with saturated sodium bicarbonate solution. The organic 

layer dried (MgS04), concentrated and purified by flash column chromatography (silica gel, 20 

to 100% ethyl acetate/hexane) to give 2-(5-{9,9-Difluoro-7-[2-(1-Boc-pyrrolidin-2-yl)-3H

benzoimidazol-5-yl]-9H-fluoren-2-yl }-1 H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert

butyl ester (83 mg, yield 43%). LCMS-ESr: calc'd for C41~F2N604 : 722.82; Found: 

723.1(M+W). 

(1-{2-[ 5-(9,9-Difluoro-7 -{2-[1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-

yi]-3H-benzoimidazol-5-yl}-9H-fluoren-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester (Example DJ): TFA (2 mL)was added to 2-(5-

{9,9-Difluoro-7 -[2-(1-Boc-pyrrolidin-2-yl)-3H-benzoimidazol-5-yl]-9H-fluoren-2-yl} -1 H

imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester (83 mg, 0.115 mmol) and the 

reaction mixture was stirred at room temperature for 4 hours. The reaction mixture was 

concentrated and dried overnight under vacuum. The residue was dissolved in DMF (3 mL) and 

to this solution was added 2-Methoxycarbonylarnino-3-methyl-butyric acid (2 eq., 40 mg), 

diisopropyl ethylamine (6 eq., 120 JlL), followed by HATU (2 eq., 88 mg). Reaction mixture 

was stirred at ooc for 30 minutes. The reaction mixture was dissolved in ethyl acetate and 
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washed with saturated sodium bicarbonate solution. The organic layer was dried (MgS04), 

concentrated and purified by preparative reverse phase HPLC (GEMINI, 5 to 100% ACNIH20 + 

0.1% TFA). Product was lyophilized to give (1-{2-[5-(9,9-Difluoro-7-{2-[1-(2-

methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-benzoimidazol-5-yl}-9H

fluoren-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methy 1-propyl)-carbamic acid 

methyl ester (Example DJ) (37 mg, 39%). 
1H-NMR: 300 MHz, (CD30D-<4) o: 8.05-7.82 (m, 9H), 5.40-5.22(m, 2H), 4.22(m, 2H), 

4.16(m,2H), 4.00-3.82 (m, 2H), 3.62 (s, 6H), 2.60 (m, 2H), 2.42-2.18 (m, 6H), 2.08(m, 2H), 

0.95-0.85 (m, 12 H). 19F-NMR: 300 MHz, (CD30D-dt) o: -112.88. LCMS-ESI+: calc'd for 

C4sHsoF2Ns06: 836.93; Found: 837.3 (M+H+). 

Example DK 

Pd(PPh3)4 
PdCI2(dppf)2 

K2C03, DMEIH20 
90°C 

2-[5-(7 -Bromo-9,9-difluoro-9H-fluoren-2-
yl)-1 H-imidazol-2-yl)-pyrrolidine-1-
carboxylic acid fert-butyl ester 

3-[6-(4,4,5,5-Tetramethyl
[1,3,2)dioxaborolan-2-yl)-1 H-benzoimidazol-
2-yij-2-aza-bicyclo[2.2.1)heptane-2-
carboxylic acid tert-butyl ester 

2-(5-{9,9-Difluoro-7 -[2-(2-Boc-2-aza-bicyclo(2.2.1]hept-3-
yi)-3H-benzoimidazol-5-yij-9H-fluoren-2-yl}-1 H-imidazol-2-
yl)-pyrrolidine-1-carboxylic acid fert-butyl ester 

1. HCI 

2. HATU, OlEA 
~ : o-Ho · I 
IJN~o 
0 H 

2-Methoxycarbonylamino-3-
methyl-butyric acid 

(1-{2-[5-(9,9-Difluoro-7 -{2-[2-(2-methoxycarbonylamino-3-
methyl-butyryl)-2-aza-bicydo[2.2.1]hept-3-yi)-3H-benzoimidazol-
5-yi}-9H-fluoren-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester 

2-( 5-{9 ,9-Difluoro-7 -(2-(2-Doc-2-aza-bicyclo (2.2.1] hept-3-y l)-3H -benzoimidazol-5-yl] -9 H

fluoren-2-yl}-lH-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester: A mixture of 

2-[ 5-(7-Bromo-9 ,9-difluoro-9H-fluoren-2-yl)-1 H -imidazo1-2-yl]-pyrrolidine-1-carboxylic acid 

tert-butyl ester (324 mg, 0.627 mmol), 3-[6-( 4,4,5,5-Tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-1H-
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benzoimidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester (1.1 eq., 304 

mg), [ 1, 1' bis( diphenylphosphino )ferrocene ]dichloropalladium(II)(3%, 15 mg), 

tetrakis(triphenylphosphine)palladium (3%, 22 mg) and potassium carbonate (3.3 eq., 285 mg) 

in 10 mL DME and 3 mL water was heated to 90°C under Argon for 3 hours. The reaction 

mixture was cooled and diluted with ethyl acetate and washed with saturated sodium bicarbonate 

solution. The organic layer was dried (MgS04), concentrated and purified by flash column 

chromatography (silica gel, 20 to 100% ethyl acetate/hexane) to give 2-(5-{9,9-Difluoro-7-[2-(2-

Boc-2-aza-bicyclo[2.2.1 ]hept-3-yl)-3H-benzoimidazol-5-yl]-9H-fluoren-2-yl }-1 H-imidazo1-2-

yl)-pyrrolidine-1-carboxylic acid tert-butyi ester (361 mg, yield 77%). LCMS-ESr: calc'd for 

C43~6F2N604: 748.86; Found: 749.2(M+H). 

(1-{2-[ 5-(9 ,9-Difluoro-7-{2-(2-(2-methoxyca rbonylam ino-3-methyl-butyryl)-2-aza-

bicyclo [2.2.1 ] hept-3-yl] -3H -benzoimidazoi-S-yi}-9H-fluo reo-2-yl)-1 H-im idazoJ;..2-y I]

pyrrolidine-1-carbonyl}-2-metbyl-propyl)-carbamic acid methyl ester (Example DK): 4N 

HCl in dioxane (2 mL) was added to 2-(5-{9,9-Ditluoro-7-[2-(2-Boc-2-aza-bicyclo[2.2.1 ]hept-

3-yi)-3H-benzoimidazol-5-yl]-9H-fluoren-2-yl} -1 H-imidazol-2-y1)-pyrrolidine-1-carboxylic 

acid tert-butyl ester (361 mg, 0.482 mmol) and the reaction mixture was stirred at room 

temperature for 4 hours. The reaction mixture was concentrated and dried overnight under 

vacuum. The residue was dissolved in DMF (5 mL) and to this solution was added 2-

Methoxycarbonylamino-3-methyl-butyric acid (2 eq., 169 mg), diisopropy1 ethylamine (6 eq., 

0.5 mL), followed by HATU (2 eq., 367 mg). Reaction mixture was stirred at ooc for 30 

minutes. The reaction mixture was dissolved in ethyl acetate and washed with saturated sodium 

bicarbonate solution. The organic layer was dried (MgS04), concentrated and purified by flash 

column chromatography (silica gel, 0 to 20% MeOHiethyl acetate), followed by preparative 

reverse phase HPLC (GEMINI, 5 to 100% ACN/J-hO + 0.1% TFA). Product was lyophilized to 

give (1-{2-[5-(9,9-Difluoro-7-{2-[2-(2-methoxycarbonylamino-3-methyl-butyryl)-2-aza

bicyclo[2.2.1 ]hept-3-yl]-3H-benzoimidazol-5-yl} -9H-fluoren-2-yl)-1 H-imidazol-2-yl]

pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (285 mg, 59%). 
1H-NMR: 300 MHz, (CD30D~) o: 8.05-7.82 (m, 9H), 5.40-5.22(m, 2H), 4.72(m,IH), 4.39(d, 

1H), 4.239d, 1H), 4.17(m, 1H), 3.91(m, 2H), 3.62 (d, 6H), 2.98(m,1H), 2.58 (m, 1H), 2.37-2.18 

(m, 4H), 2.18-1.92(m, 4H), 1.80(m, 2H), 1.09-0.85 (m, 12 H). 19F-NMR: 300 MHz, (CD30D

~) o: -112.88. LCMS-ES't: calc'd for C41Hs2F2Ns06 862.96; Found: 863.5 (M+W). 
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ExampleDL 

UVIight 

TFA, MeCN/water 

( 1-{2-[5-(9, 9-Difluoro-7 -{2-(2-(2-methoxycarbonylamino-3-
methyl-butyryl)-2-aza-bicyclo[2.2.1)hept-3-yi]-3H-benzoimidazol-
5-yi}-9H-fluoren-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester 

( 1-{2 -[5-{7 -{2-[2 -{2-Methoxycarbonylam ino-3-methyl-butyry 1)-2 -aza-
bicyclo[2 .2 .1 ]hept-3-yi]-3H-benzoimidazol-5-yl}-9-oxo-9H-fluoren-2 -yl)-1 H
imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

(1-{2-[ 5-(7-{2-[2-(2-Metboxycarbonylam ino-3-methy 1-butyryl)-2-aza-bicyclo [2.2.1) bept-3-

yi]-3H -benzoimidazol-5-y I }-9-oxo-9H-flu oren-2-yl)-1 H-im idazo 1-2-yl] -pyrro lidine-1-

carbonyl}-2-metbyl-propyl)-carbamic acid methyl ester (Example DL): 

( 1-{2-[ 5-(9 ,9-Difluoro-7-{2-[2-(2-methoxycarbonylamino-3-methyl-butyryl)-2-aza

bicyclo[2.2.1 ]hept-3-yl]-3H-benzoimidazol-5-yl }-9H-fluoren-2-yl)-1 H-imidazol-2-yl]

pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (10 mg) is dissolve in 

MeCN (1mL) and water (1 mL). 1 drop ofTFA was added. The mixture was treated with long 

wavelengh UV light at room temprature for 2 hours. The reaction crude was concentrated down 

and purified by preparative reverse phase HPLC (GEMINI, 5 to 100% ACN/I·hO + 0.1% TFA). 

Product was lyophilized to give ( 1-{2-[5-(7-{2-[2-(2-Methoxycarbonylamino-3-methyl-butyryl)-

2-aza-bicyclo[2 .2.1 )hept-3-yl]-3 H-benzoimidazol-5-yl} -9-oxo-9H-fluoren-2-yl)- 1 H -imidazol-2-

yl]-pyrrolidine-l-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example DL) (3.7 

mg). 
1H-NMR: 300 MHz, (C030D-dt) o: 8.05-7.82 (m, 9H), 5.27(m, 2H), 4.72 (m, 1H), 4.37(d,IH), 

4.23(d, 1H), 4.19(m, 1H), 3.91(m, 2H), 3.62 (d, 6H), 2.98(m,IH), 2.58 (m, 2H), 2.37-2.18 (m, 

4H), 2.18- I .92(m, 4H), 1 .80(m, 2H), 1.09-0.85 (m, I 2 H). LCMS-ESI+: calc'd for 

C41Hs2F2Ns06 840.97; Found: 841.6 (M+H). 
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ExampleDM 

N~ BocNJ~Br + 
Pd(PPh3)4 
PdCI2(dppf>2 

PCT /US201 0/034600 

\_jH 
2-(5-(4-Bromo-phenyQ-1 H
imidazol-2-yl}-pyrrolidine-1-
carboxylic acid tert-butyl ester 

K2C03, DMEIH~ 
110°C 

Naphthalene-2,6-<liboronic 
acid dipinocal ester 

2-(5-{4-{6-(4,4,5,5-Tetramethyl-{1,3,2)dioxaborolan-
2-yl)-naphthalen-2-yl)-phenyl}-1 H-imidazol-2-yl)
pyrrolidine-1-carboxylic acid tert-butyl ester 

~;q 3-(6-Bromo-1 H-
N N benzoimidazol-2-yl)-2-aza-

;=\ I Boc bicyclo[2.2.1 )heptane-2-
Br~N carboxylic acid tert-butyl 
_______ _,.ester 

Pd(PPh3)4 K2C03, DMEIH20 
PdCI:z(dppf)2 110°C 

1. TFA 

2. HATU, OlEA 
............... : o-

3-[6-(6-(4-{2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yi)-3H-imidazol-4-yiJ-phenyl}- HOY'N~ 
naphthalen-2-yl)-1 H-benzoimidazol-2-yl)-2-aza-bicydo(2.2.1 ]heptane-2-carboxy11c 0 H 0 

acid tert-butyl ester 2-Methoxycarbonylamino-3-
methyl-butyric acid 

'1 =~ 
Nl('l )_ 

~ b N o/1 
N_....o ...... 

H' II 
0 

(1-(3-{6-[6-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi)-3H-imidazol-4·yl}
phenyl)·naphthalen-2-yl)-1 H-benzoimidazol-2-yl}-2-aza-bicyclo[2 .2 .1 )heptane-2-carbonyl)-2-methyl· 

propyl}-carbamic acid methyl ester 

2'-( 5-{ 4-( 6-( 4,4,5,5-T etram ethy 1-[ 1 ,3,2] dioxa borolan-2-yl)-naph thalen-2-yl]-pheny 1}-1 H

imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester: A mixture of2-[5-(4-Bromo

phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-buty1 ester (1.079g, 2. 737 mmol), 

Naphthalene-2,6-diboronic acid dominical ester (5 eq., 5.2 g, 13.68 mmol), [1,1 '-

bis( diphenylphosphino )ferrocene ]dichloropalladium(Il)(5%, 96 mg), 

tetrakis(triphenylphosphine)palladium (5%, 158 mg) and potassium carbonate (5 eq., 757 mg) in 

40 mL DME and 10 mL water was heated to 11 ooc under Argon for 2 hours. The reaction 

mixture was cooled and diluted with ethyl acetate and washed with saturated sodium bicarbonate 

solution. The organic layer dried (MgS04), concentrated and purified by flash column 

chromatography (silica gel, 20 to 100% ethyl acetate/hexane) to give 2-(5-{4-[6-(4,4,5,5-

Tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)-naphthalen-2-yl ]-phenyl} -1 H-imidazol-2-yl )-pyrrolidine-

1-carboxylic acid tert-butyl ester (730 mg, yield 47%). LCMS-ESI": calc'd for C34~0BN304: 

565.51; Found: 566.1 (M+W). 
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3-[6-(6-{4-[2-(l-tert-Butoxycarbonyl-pyrrolidin-2-yi)-3H-imidazol-4-yl]-pbenyl}-

na pbtbalen-2-yl)-1 H-benzoimidazol-2-yl] -2-aza-bicyclo [2.2.1] beptane-2-carboxy lie acid 

tert-butyl ester: A mixture of2-(5-{4-[6-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)

naphthalen-2-yl]-phenyl}-1 H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester (216 

mg, 0.382 mmol), 3-(6-Bromo-1 H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-

carboxylic acid tert-butyl ester (1 eq., 150 mg, 0.382 mmol), [1, 1'-

bis( diphenylphosphino )ferrocene ]dichloropalladium(II)(5%, 16 mg), 

tetrakis(triphenylphosphine)palladium (5%, 22 mg) and potassium carbonate (2 eq., 106 mg) in 

4 mL DME and 1 mL water was heated to 90°C under Argon for 5 hours. The reaction mixture 

was cooled and diluted in ethyl acetate and washed with saturated sodium bicarbonate solution. 

The organic layer dried (MgS04), concentrated and purified by flash column chromatography 

(silica gel, 20 to 100% ethyl acetate/hexane) to give 3-[6-(6-{4-[2-(1-tert-Butoxycarbonyl-

. pyrrolidin-2-yl)-3H -imidazol-4-yl]-phenyl} -naphthalen-2-yl)-1 H -benzoimidazol-2-yl]-2-aza

bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester (100 mg, yield 35%). LCMS-ESr: 

calc'd for C46HsoN604: 750.93; Found: 751.2 (M+H+). 

[ l-(3-{6-(6-( 4-{2-[ l-(2-Metboxycarbonylamino-3-metbyl-butyryl)-pyrrolidin-2-yi]-3H-

im idazol-4-yl} -pbenyl)-na pbtbalen -2-y I] -I H -benzoimidazol-2-yl}-2-aza

bicyclo[2.2.l]beptane-2-carbonyl)-2-metbyl-propyl]-carbamic acid methyl ester (Example 

DM): TFA (2 mL) was added to 3-[6-(6-{4-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H

imidazol-4-yl]-phenyl} -naphthalen-2-yl)-1 H-benzoimidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-

2-carboxylic acid tert-butyl ester (100 mg, 0133 mmol) and the reaction mixture was stirred at 

room temperature for 2 hours. The reaction mixture was concentrated and dried overnight under 

vacuum. The residue was dissolved in DMF (2 mL) and to this solution was added 2-

Methoxycarbonylamino-3-methyl-butyric acid (2 eq., 47 mg), diisopropyl ethylamine (6 eq., 

0.14 mL), followed by HATU (2 eq., 101 mg). Reaction mixture was stirred at 0°C for 30 

minutes. The reaction mixture was diluted in ethyl acetate and washed with saturated sodium 

bicarbonate solution. The organic layer was dried (MgS04), concentrated and purified by 

preparative reverse phase HPLC (GEMINI, 5 to 100% ACNIH20 + 0.1% TFA). Product was 

lyophilized to give [ 1-(3-{ 6-[ 6-( 4-{2-[ l-(2-Methoxycarbonylamino-3-methyl-butyryl)

pyrrolidin-2-yl]-3H-imidazol-4-yl} -phenyl)-naphthalen-2-yl]-1 H-benzoimidazol-2-yl} -2-aza

bicyclo[2.2.1 ]heptane-2-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (Example DM) 

(19.7 mg, 17%). 
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1H-NMR: 300 MHz, (CD30D-d,) o: 8.13-7.82 (m, 14H), 5.40-5.22(m, 2H), 4.98(m,IH), 

4.72(m, I H), 4.38(d, I H), 4.22(m, IH), 4.10(m, 2H), 3.92 (m, 2H), 3.66(d, 6H), 2.98(m,IH), 

2.58 (m, I H), 2.37-2.18 (m, 4H), 2.18-1.92(m, 4H), 1.80(m, 2H), 1.09-0.85 (m, 12 H). LCMS

ESt: calc'd for C50H56N80 6: 865.03; Found: 866.3 (M+H+). 

Example ON 

Boq ~~~II \\ 
N......,.r--N ~ Br 
\._jH -

+ 
Pd(PPh3)4 
PdCI2(dppf)2 

K2C03o DMEIH20 
9QOC 

2-(5-(6-Bromo-naphthalen-2-yl)-1 H
imidazol-2-yl]-pyrrolidine-1-
carboxylic acid tert-butyl ester 

Benzene-1 o<kiiboronic 
acid dipinocal ester 

2-{ 5-{6-{ 4-( 4,4 0 5,5-Tetramethyl-( 1 0 3 o2]dioxaborolan-
2-yl)-phenyl]-naphthalen-2-yl)-1 H-imidazol-2-yl)
pyrrolidine-1-carboxylic acid tert-butyl ester 

'il~ 3-(6-Bromo-1H-benzoimidazol-2-

-o-N N yl)-2-aza-bicycto[2.2.1]heptane-2-

N

l soc carboxylic acid tert-butyl ester 
Br 

Pd(PPh3)4 K2C03o DMEIH20 
PdCI2(dppf)2 90 °C 

1. HCI 

2. HATUo OlEA 
"-..../ : o-

3-{6-{ 4-{6-[2-( 1-tert-Butoxycarbonyl-pyrrolidin-2-yi)-3H
imidazol-4-yij-naphtha len-2 -yl}-phenyl)-1 H-benzoimidazol-2-yl]-
2-aza-bicydo(2.2.1]heptane-2-carboxylic acid tert-butyl ester 

Ho · I 
[('N~o 
0 H 

2-Methoxycarbonylamino-3-
methyl-butyric acid 

~A 
Nl('N I 
~ 1..._ ............ 

~~~ c:r\ o 
H'N\( -.. 

0 
( 1-(3-{6-[ 4-(6-{2 -( 1-(2 -Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2 -yQ-
3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1 H-benzoimidazol-2-yl}-2-aza
bicyclo(2.2.1]heptane-2-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester 

2-(5-{6-[ 4-( 4,4,5,5-Tetramethyl-(1 ,3,2] dioxaborolao-2-yl)-pheoyl]-oaphthaleo-2-yl}-J H

imidazol-2-yl)-pyrrolidioe-1-carboxylic acid tert-butyl ester: A mixture of2-[5-(6-Bromo

naphthalen-2-yl)-IH-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyi ester (615 mg, 1.39 

mmol), Benzene-1,4-diboronic acid dipinocal ester (5 eq., 2.3 g, 6.95 mmol), [1,1'-

bis( diphenylphosphino )ferrocene ]dichloropalladium(ID(5%, 57 mg), 

tetrakis(triphenylphosphine)palladiurn (5%, 80 mg) and potassium carbonate (3 eq., 576 mg) in 
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20 mL DME and 10 mL water was heated to 90°C under Ar for 1 hour. The reaction mixture 

was cooled and diluted in ethyl acetate and washed with saturated sodium bicarbonate solution. 

The organic layer dried (MgS04), concentrated and purified by flash column chromatography 

(silica gel, 20 to 100% ethyl acetate/hexane) to give 2-(5-{6-[4-(4,4,5,5-Tetramethyl-

[1 ,3,2]dioxaborolan-2-yl)-phenyl]-naphthalen-2-yl} -1 H-imidazol-2-yl)-pyrrolidine-1-car}?oxylic 

acid tert-butyl ester (488 mg, yield 62%). LCMS-ESr: calc'd for C34HwBN30 4: 565.51; 

Found: 566.2 (M+W). 

3-[6-(4-{6-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yi)-3H-imidazol-4-yl]-naphthalen-2-yl}

phenyi)-1H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1) heptane-2-carboxylic acid tert-butyl 

ester: A mixture of 2-(5-{ 6-[4-( 4,4,5,5-Tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-phenyl]

naphthalen-2-yl}-1 H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester (248 mg, 

0.438 mmol, 1.1 eq.), 3-(6-Bromo-1 H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-

carboxylic acid tert-butyl ester (1 eq., 156 mg, 0.399 mmo1), [1, 1 '-

bis( diphenylphosphino )ferrocene ]dichloropalladium(II)(3 %, 1 0 mg), 

tetrakis(triphenylphosphine)palladium (3%, 14 mg) and potassium carbonate (3.3 eq., 182 mg) 

in 4 mL DME and 2 mL water was heated to 90°C under Argon for 1 hour. The reaction· 

mixture was cooled and diluted in ethyl acetate and washed with saturated sodium bicarbonate 

solution. The organic layer dried (MgS04), concentrated and purified by flash column 

chromatography (silica gel, 20 to 100% ethyl acetate/hexane) to give 3-[6-(4-{6-[2-(1-tert

Butoxycarbonyl-pyrrol idin-2-yl )-3H-imidazol-4-y 1]-naphthalen-2-y I} -phenyl )-1 H

benzoimidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester (178 mg, 

yield 59%). LCMS-ESr: calc'd for C46HsoN604: 750.93; Found: 751.3 (M+H+). 

[ 1-(3-{6-[ 4-(6-{2-[ 1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H

imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-benzoimidazol-2-yl}-2-aza

bicyclo[2.2.1)heptane-2-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (Example 

DN): 4N HCI in dioxane (1 mL) was added to 3-[6-(6-{4-[2-(1-tert-Butoxycarbonyl-pyrrolidin-

2-yl )-3H-imidazol-4-yl]-pheny 1} -naphthalen-2-yl)-1 H-benzoimidazol-2-yl ]-2-aza-

bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester (1 00 mg, 0133 mmol) in 2 mL DCM 

and the reaction mixture was stirred at room temperature for 3 hours. The reaction mixture was 

concentrated and dried overnight under vacuum. The residue was dissolved in DMF (2 mL) and 

to this solution was added 2-Methoxycarbonylamino-3-methy1-butyric acid (2 eq., 83 mg), 

diisopropyl ethylamine (6 eq., 0.25 mL), followed by HATU (2 eq., 180 mg). Reaction mixture 

was stirred at ooc for 30 minutes. The reaction mixture was dissolved in ethyl acetate and 
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washed with saturated sodium bicarbonate solution. The organic layer was dried (MgS04), 

concentrated and purified by preparative reverse phase HPLC (GEMINI, 5 to 100% ACN/H20 + 

0.1% TFA). Product was lyophilized to give [1-(3-{6-[4-(6-{2-[1-(2-Methoxycarbonylamino-3-

methyl-butyryl)-pyrrolidin-2-yl]-3H -imidazol-4-y1} -naphthalen-2-yl)-phenyl]-1 H

benzoimidazol-2-yl} -2-aza-bicyclo[2 .2.1 ]heptane-2-carbonyl )-2-methyl-propyl]-carbamic acid 

methyl ester (Example DN) (1 02 mg, 50%). 

1H-NMR: 300 MHz, (CD30D-c4) o: 8.13-7.82 (m, 14H), 5.40-5.22(m, 2H), 4.98(m,1H), 

4.72(m, 1H), 4.38(d, IH), 4.22(m, IH), 4.10(m, 2H), 3.92 (m, 2H), 3.66(d, 6H), 2.98(m,IH), 

2.58 (m, lH), 2.37-2.18 (m, 4H), 2.18-1.92(m, 4H), 1.80(m, 2H), 1.09-0.85 (m, 12 H). LCMS

ESf": calc'd for CsoHs~s06: 865.03; Found: 866.4 (M+H+). 
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3-[4-(4-Bromo-phenyl)-1 H-imidazol-2-
y~-4-(2-methoxycarbonylamino-3-
methyl-butyryl)-piperazine-1-
carboxylic acid tert-butyl ester 

oyo~ 

~~-~-:>I 
~~~No~····'-.. 

H'NI(o, 

0 

(1-{2-[5-(4-Ethynyl-phenyl)-1 H
imidazol-2-yl)-pyrrolidine-1-
carbonyl}-2-methyl-propyl)
carbamic acid methyl ester 

PCT /US201 0/034600 

Pd(PPh3)4 
Cu(l)l 

( Nl H H 0 
I H N~N I 'Nf.t_ ... l_ 
0 N~ N ~NO' l' l ~ 0 H'NI(O' 

SEM-CI, NaH 

DMF 

1\ 4-(2-Methoxycarbonylamino-3-methyl-butyryl)-3- 0 
{4-(4-(4-{2-[1-(2-methoxycarbonylamino-3-
methyl-butyryl)-pyrrolidin-2-y~-3H-imidazol-4-yl}
phenylethynyl)-phenyl)-1 H-imidazol-2-yl}
piperazine-1-carboxylic acid tert-butyl ester 

oyo~ 
(Nl NSEM 

I H N /---.(~ I lj 

onN0o 

o A 

HCI in Dioxane I DCM 

1. A~O. NMM, DCM 
2. TFADCM 

[1-(2-{5-(4-( 4-{2-[4-Acetyl-1-(2-methoxycarbonylamino-3-methyl-butyryl)
piperazin-2-y~-1 H-imidazol-4-yl}-phenylethynyl)-phenyl]-1 H-imidazol-2-yl}
pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester 
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4-(2-Methoxycarbonylamino-3-methyl-butyryl)-3-{4-[ 4-( 4-{2-[ l-(2-

methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H-imidazol-4-yl}

phenylethynyl)-phenyl]-lH-imidazol-2-yl}-piperazine-1-carboxylic acid tert-butyl ester: 3-

[ 4-( 4-Bromo-phenyl)-1 H -imidazol-2-yl]-4-(2-methoxycarbonylamino-3-methyl-butyry 1)

piperazine-1-carboxylic acid tert-butyl ester (600 mg, 1.06 mmol) was combined with (1-{2-[5-

( 4-Ethynyl-phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic acid 

methyl ester (503 mg, 1.27 mmol) and Pd(PPh3)4 (122 mg, 0.106 mmol) under an argon 

atmosphere. DMF (degassed with Argon) was added followed by triethylamine (1.47 mL, 10.6 

mmol) and copper( I) iodide (20.0 mg, 0.106 mmol). The mixture was heated at 80 °C. After 

20 minutes, volatiles were removed in vacuo and the crude material was semi-purified via 

chromatography on silica gel (eluent: EtOAc w MeOH 10% I hexanes) to yield the product 4- · 

(2-Methoxycarbonylamino-3-methyl-butyryl)-3-{ 4-[ 4-( 4-{ 2-[ 1-(2-methoxycarbonylamino-3-

methyl-butyryl )-pyrrolidin-2-yl]-3H -imidazol-4-yl} -phenylethynyl)-phenyl ]-1 H-imidazol-2-yl}

piperazine-1-carboxylic acid tert-butyl ester (542 mg). LCMS-ESI+: calc'd for C47H59N90s: 

878.0 (Ml; Found: 878.5 (M+H+). 

SEM protected imidazole intermediate: 4-(2-Methoxycarbonylarnino-3-methyl-butyryl)-3-

{ 4-[ 4-( 4-{ 2-[ 1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3 H -imidazol-4-

yl }-phenylethynyl)-phenyl]-1 H-imidazol-2-y1} -piperazine-1-carboxylic acid tert-butyl ester 

(512 mg, 0.586 mmol) was dissolved in DMF (10 mL). Sodium hydride (60% in mineral oil, 

56 mg) was added at 0 °C, followed by SEM-Cl (0.217 mL). After two hours, the solvents were 

removed in vacuo and the crude material was partitioned between DCM and water. The organic 

layer was dried and the crude material was purified by flash chromatography in silica gel to 

yield 591 mg of the SEM protected imidazole product. 

LCMS-ESt: calc'd for Cs9Hs1N9010Sh: 1138.6 (M+); Found: 1138.7 (M+H). 

de-Doc piperazine material: The above SEM protected imidazole material was dissolved in 

DCM (2.5 mL) at room temperature. HCl (4M in dioxane, 5 mL) was added and stirring ofthe 

resultant suspension at room temperature was continued. After 60 minutes all volatiles were 

removed in vacuo and the crude material was used in the next reaction without further 

purification. 
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[1-(2-{5-[ 4-( 4-{2-[ 4-Acetyl-1-(2-metboxycarbonylamino-3-metbyl-butyryl)-piperazin-2-yl]-

1 H -imidazol-4-yl }-pbenyletbynyl)-pbenyl]-1 H-imidazol-2-yl}-pyrrolidine-1-carbooyl)-2-

metbyl-propyl]-carbamic acid methyl ester (Example A): The above de-Boc piperazine 

material (139 mg, 0.129 mmol) was dissolved in DCM (3 mL) containing NMM (0.057 mL) at 

room temperature. Acetic anhydride (0.0183 mL) was added and stirring at room temperature 

was continued. After 60 minutes all volatiles were removed in vacuo and the crude material was 

dissolved in a micture ofDCM (5 mL) and TFA (5 mL). Stirring at room temperature was 

continued. After 16 hours, the volatiles were removed in vacuo and the material was purified by 

RP-HPLC (eluent: water I MeCN w/ 0.1% TF A). The product-containing fractions were 

combined and lyphilized to yield the product [1-(2-{5-[4-(4-{2-[4-Acetyl-1-(2-

methoxycarbonylamino-3-methyl-butyryl )-piperazin-2-yl]-1 H-imidazol-4-yl} -phenylethynyl )

phenyl]-1 H-imidazol-2-yl} -pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl 

ester (example DO) as a TFA salt (15.7 mg). 

LCMS-ESt: calc'd for C44H53N90 7: 819.9 (~);Found: 820.4 (M+H+). 
1H-NMR: 300 MHz, (dmso-d6) o: 8.07 (m, 2 H), 7.91-7.68 (m, 10H), 7.28 (m, 2H), 5.64 (m, 

1H), 5.38 (m, 1H), 5.17 (m, 2H), 4.23 (d, J=7.8Hz, lH), 4.11 (m, 1H), 3.85 (m,IH), 3.68 (s, 3H), 

3.66 (s, 3H), 3.49-3.45 (m, 2H), 3.15-3.02 (m, 3H), 2.77 (m, lH), 2.58 (m, lH), 2.29-2.01 (m, 

5H), 1.07-0.83 (m, 12H) ppm. 

ExampleDP 

0 

Cl)l0.....-

1. NMM, DCM 
2. TFA DCM 

4-(2-Methoxycarbonylamino-3-methyl-butyryl)-3-{4-[4-(4-{2-[1-(2-
methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi)-3H-imidazol-4-yl}
phenylethynyl)-phenyl)-1 H-imidazol-2-yl}-piperazine-1-carboxylic acid methyl ester 
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4-(2-Metboxycarbonylamino-3-metbyl-butyryl)-3-{4-[4-(4-{2-[1-(2-

metboxycarbonylamino-3-metbyl-butyryl)-pyrrolidin-2-yl)-38-imidazol-4-yl}

pbenylethynyl)-pbenyl)-1 H-imidazol-2-yl}-piperazine-1-carboxylic acid methyl ester 

(Example DP): It was prepared in a similar fashion to [1-(2-{5-[4-(4-{2-[4-Acetyl-1-(2-

methoxycarbonylamino-3-methyl-butyryl )-piperazin-2-yl ]-1 H -imidazol-4-yl} -phenylethynyl )

phenyl]-1 H-imidazol-2-yl }-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl 

ester (example DO) replacing the acetic anhydride with methylchloro formate. 

LCMS-ESt: calc'd for C44H53N90 8: 835.4 (M); Found: 835.9 (M+H+). 
1H-NMR: 300 MHz, (dmso-dt;) o: 8.08 (m, 1 H), 7.76-7.54 (m, 10H), 7.30 (m, 2H), 5.58 (m, 

1H), 5.08 (m, 1H), 4.36 (m, IH), 4.26 (m, 1H), 4.03 (m, 2H), 3.95-3.75 (m, 4H), 3.50 (m, 9H), 

2.29 (m, IH), 2.13-1.95 (m, 4H), 0.87-0.68 (m, 12H) ppm. 

Example DQ 

H 
eN ,SEM 

I H N~/ ~ 
oYN0o 

0 1\ 

H() 
k-ifN I 
~'No~··'''--

H,NI(o' 

-N=C=O 
1. NMM, DCM 
2. TFA DCM 

0 
(1-(2-{5-[4-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-4-methylcarbamoyl
piperazin-2 -yl]-1 H-imidazol-4-yl}-phenylethynyl)-phenyl]-1 H-imidazol-2 -yl}
pyrrolidine-1-carbonyl)-2-methyl-propyl)-carbamic acid methyl ester 

[ 1-(2-{ 5-[ 4-( 4-{2-[ 1-(2-Metboxycarbonylamino-3-metbyl-butyryl)-4-metbylcarbamoyl

piperazin-2-y 1]-1 H-imidazol-4-y I} -phenyletbyny 1)-pheny I) -1 H-imid azol-2-yl}-pyrrolidine-

1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (Example DQ): It was prepared 

in a similar fashion to [1-(2-{5-[4-(4-{2-[4-Acetyl-1-(2-methoxycarbonylamino-3-methyl

butyryl)-piperazin-2-yl]-1 H-imidazol-4-yl }-phenylethynyl)-phenyl]-1 H-imidazol-2-yl}-
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pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (example DO), replacing 

the acetic anhydride with isocyanatomethane. 

LCMS-ESI+: calc'd for C44Hs4N 100 7: 834.9 (M+); Found: 835.4 (M+). 
1H-NMR: 300MHz,(dmso-<4)o: 8.08(m, 1 H), 7.77-7.36(m, lOH), 7.36-7.24(m,2H), 

5.51 (m, 1H), 5.07 (m, IH), 4.36 (m, 1H), 4.07 (m, 1H), 4.06 (m, 2H), 3.95-3.75 (m, 4H), 3.52 

-3.48 (m, 9H), 2.34 (m, IH), 2.13-1.96 (m, 4H), 0.90-0.78 (m, 12H) ppm. 

CIS02NMe2 

1. NMM, DCM 
2. TFA DCM 

[ 1-(2-{ 5-[ 4-( 4-{2 -[4-Dimethylsulfamoyl-1-(2-methoxycarbonylamino-3-methyl
butyryl)-piperazin-2-yl)-1 H-imidazol-4-yl}-phenylethynyl)-phenyl)-1 H-imidazol-2-yl}
pyrrolidine-1-carbonyl)-2-methyl-propyl)-carbamic acid methyl ester 

[1-(2-{5-[4-( 4-{2-[4-Dimethylsulfamoyl-1-(2-methoxycarbonylamino-3-methyl-butyryl)

piperazin-2-y I )-1 H -imidazo 1-4-yl}-phenylethynyl)-pheny I) -1 H -imidazol-2-y 1}-pyrrolidine-

1-carbonyl)-2-methyl-propyl)-carbamic acid methyl ester (Example DR): It was prepared in 

a similar fashion to [1-(2-{ 5-[4-( 4-{2-[ 4-Acetyl-1-(2-methoxycarbonylamino-3-methyl-butyryl)

piperazin-2-yl]-1 H-imidazol-4-yl }-phenylethynyl)-phenyl]-1 H-imidazol-2-yl }-pyrrolidine-1-

carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (example DO), replacing the acetic 

anhydride with N,N-dimethyl sulfurylamido chloride. 

LCMS-ESI+: calc'd for C44Hs6N100sS: 885.0 (~);Found: 885.4 (M+). 
1H-NMR: 300 MHz, (dmso-d6) o: 8.05 (m, 1 H), 7.91-7.52 (m, lOH), 7.32-7.28 (m, 2H), 

5.72 (s, 1H), 5.07 (m, 1H), 4.39-4.06 (m, 4H), 3.95-3.75 (m, 4H), 3.52-3.48 (m, 6H), 2.86-

46 (m, 6H), 2.12-1.95 (m, 4H), 0.94-0.76 (m, 12H) ppm. 
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imidazol-2-yl}-4-(2-methoxycarbonylamino-propionyl)
piperazine-1-carboxylic acid methyl ester 

PCT /US201 0/034600 

3-{4-[4-( 4-{2-[ l-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H

imidazol-4-yl}-phenylethynyl)-phenyl]-lH-imidazol-2-yl}-4-(2-methoxycarbonylamino

propionyl)-piperazine-1-carboxylic acid methyl ester (example DS) was prepared in a similar 

fashion to 4-(2-Methoxycarbonylamino-3-methyl-butyryl)-3-{ 4-[ 4-( 4-{2-[ 1-(2-

methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}-phenylethynyl)

phenyl]-1 H-imidazol-2-yl} -piperazine-1-carboxylic acid methyl ester (example DP), replacing 

the valine derived carbamate with the corresponding alanine derived carbamate. 

LCMS-ES(: calc'd for C4oH49N90s: 783.8 (M+); Found: 784.3 (M+H+). 
1H-NMR: 300 MHz, (dmso-c4) o: 8.08 (m, 1 H), 7.95-7.80 (m, 10H), 7.47 (m, I H), 7.30 (m, 

lH), 5.72 (s, lH), 5.55 (s, 1H), 5.09 (m, lH), 4.58 (m, lH), 4.09 (m, lH), 3.89-3.80 (m, 5H), 

3.50-3.30 (m, 9H), 2.29 (m, 1H), 2.09-1.98 (m, 4H), 1.21 (m, 3H) 0.81-0.75 (m, 6H) ppm. 

ExampleDT 

H 
N-

o=( 
N ,H 

I H (_~NI 
0 N~ N 
I( 0 

0 /\ 

( 1-{2 -(5-( 4-{ 4-( 3' -(2 -Methoxycarbonylamino-3-methyl-butyryl)-1 '-methylcarbamoyl-
2' ,3' ,4',5'-tetrahydro-1 H, 1 'H-[2,4']biimidazolyl-4-yl]-phenylethynyl}-phenyl)-1 H-imidazol-

2-yl)-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

(1-{2-[ 5-( 4-{4-[3' -(2-Methoxycarbonylamino-3-methyl-butyryl)-1 '-methylcarbamoyl-

2' ,3' ,4' ,5'-tetrahydro-lH,l 'H-(2,4']biimidazolyl-4-yl]-phenylethynyl}-phenyi)-1H-imidazol-

2-yl]-pyrrolidine-l-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (example DT) 

was prepared in a similar fashion to [ 1-(2-{ 5-[ 4-( 4-{2-[1-(2-Methoxycarbonylamino-3-methyl

butyryl)-4-methylcarbamoyl-piperazin-2-yl]-1 H -imidazol-4-yl} -phenylethynyl )-phenyl]-1 H-
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imidazol-2-yl} -pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (example 

DQ), replacing the piperazine carboxylic acid with the corresponding 4-amino-pyrrolidine 

derivative, using methodology described under examples BU and DO. 

LCMS-ESt: calc'd for C43Hs2N1001: 820.9 (M+); Found: 821.4 (M+). 
1H-NMR: 300 MHz, (dmso-~) B: 8.05 (m, 1 H), 7.91 (s, 1H), 7.77-7.50 (m, 10H) 7.32 {m, 

1H), 6.54 (m, 1H), 5.51 (m, lH), 5.36 (m, 1H), 5.21 (m, 2H), 4.51 (m, 1H), 4.07 (m, 1H), 3.95-

3.75 (m, 2H), 3.51 (s, 6H), 2.57 (m, 3H), 2.13 (m, 1H), 2.05-1.95 (m, 4H), 0.94-0.77 (m, 12H) 

ppm. 

ExampleDU 

I ~~'\_I + 
~s~ 

2,6-Diiodo-1, 5-dithia-s-indacene 

N --~ 

t;s-Q-r'~oc 
2-[5-(4,4,5,5-Tetramethyl-
[1 ,3,2)dioxaborolan-2-yl)-1 H
benzoimidazol-2-yl]-pyrrolidine-1-
carboxylic acid tart-butyl ester 

1. 4N HCI/dioxane, DCM 

2. HATU, OlEA 
~ 

= o-
2-(5-{6-[2-( 1-boc-pyrrolidin-2-yl)-1 H-benzoimidazol-5-
yl]-1 ,5-dithia-s-indacen-2-yl}-1 H-benzoimidazol-2-yl)
pyrrolidine-1-carboxylic acid tert-butyl ester 

HO · --{_ 

"~ 0 0 
2-Methoxycarbonylamino-3-
methyl-butyric acid 

(1-{2-[5-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-
yl]-1 H-benzoimidazol-5-yl}-1 ,5-dithia-s-indacen-2-yl)-1 H-benzoimidazol-2-
yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

2-(5-{6-(2-(1-boc-pyrrolidin-2-yl)-lH-benzoimidazol-5-yl]-1,5-dithia-s-indacen-2-yl}-lH

benzoimidazol-2-yl)-pyrrolidine-l-carboxylic acid tert-butyl ester: 2,6-Diiodo-1 ,5-dithia-s

indacene (117 mg, 0.263 mmol), 2-[5-( 4,4,5,5-Tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-l H

benzoimidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (1 09 mg, 0.263 mmol), 

Pd(PPh3)4 (9.1 mg), K2C03 (69 mg, 0.52 mmol), were dissolved in toluene (5 mL) I water (1 
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mL) under an argon atmosphere. The mixture was heated for 30 minutes at 130 oc (microwave) 

and 30 minutes at 140 °C. Removed all volatiles in vacuo and purified via silica gel 

chromatography (eluent: EtOAc I hexanes) to yield the product 2-(5-{ 6-[2-(1-Boc-pyrrolidin-2-

yl)-1 H-benzoimidazol-5-yl]-1 ,5-dithia-s-indacen-2-yl}-1 H-benzoimidazol-2-yl)-pyrrolidine-1-

carboxylic acid tert-butyl ester (36.3 mg). 

LCMS-ESt: calc'd for C42lLwS2N604: 760.3 (~);Found: 761.3 (M+H+). 

(1-{2-[ 5-(6-{2-[ 1-(2-Metboxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl)-1 H

benzoimidazol-5-yl}-1,5-dithia-s-indacen-2-yl)-1 H-benzoimidazol-2-yl)-pyrrolidine-1-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example DU): 2-(5-{6-[2-(1-Boc

pyrrolidin-2-yl)-1 H-benzoimidazol-5-yl]-1 ,5-dithia-s-indacen-2-yl} -1 H-benzoimidazol-2-yl)

pyrrolidine-1-carboxylic acid tert-butyl ester (36 mg) was dissolved in DCM (3 mL) and HCl in 

dioxane (4M, 4 mL) was added and stirring at room temperature was continued. After 20 

minutes, all volatiles were removed in vacuo. The crude material was used in the next step 

without further purification. 

The above crude material was dissolved in DMF (3 mL) and NMM (0.025 mL) was added. A 

solution of2- (L) Methoxycarbonylamino-3-methyl-butyric acid (17 mg, 0.094 mrnol), HA TV 

(36 mg, 0.094 mrnol) and NMM (0.025 mL) in DMF (1 mL) was added. The reaction was 

stirred at room temperature. After 20 minutes, the reaction was diluted with EtOAc and was 

washed with aqueous bicarbonate solution, aqueous LiCl solution (5%), brine, and was dried 

over sodium sulfate. Filtration and removal of solvents in vacuo gave the crude material, which 

was purified by RP-HPLC (eluent: water I MeCN w/ 0.1% TFA) to yield the product (1-{2-[5-

( 6-{ 2-[ 1-(2-Methoxycarbonylamino-3-methyl-butyryl )-pyrrolidin-2-yl ]-1 H -benzoimidazol-5-

yl }-1 ,5-dithia-s-indacen-2-yl)-1 H-benzoimidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl

propyl)-carbamic acid methyl ester (3.8 mg). 

LCMS-ESt: calc'd for C46H50N80 6S2: 875.1 (M}; Found: 875.4 (M+H+). 
1H-NMR: 300 MHz, (dmso-d6) o: 8.41 (s, 2 H), 7.94-7.91 (m, 4H), 7.73-7.67 (m, 4H), 7.31 

(m, 2H), 5.19 (m, 2H), 4.09 (m, 2H), 3.85 (m, 4H), 3.51 (s, 6H), 2.31-1.82 (m, 1 OH), 0.94-0.77 

(m, 12H) ppm. 
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ExampleDV 

0 H L 
-o)-NX_,, 

NCt•·CN 0 

'"~:H 

PCT /US201 0/034600 

F. F 

( 1-{3-[6-(7 -{2 -[ 4-Cyano-1-(2 -methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi)-3H
imidazol-4-yl}-9, 9-difluoro-9H-fluoren-2 -yl)-1 H-benzoimidazol-2 -yl]-2 -aza-bicyclo[2 .2 .1 ]heptane-

2-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

(l-{3-[6-(7-{2-[4-Cyano-1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi)-

3H-imidazol-4-yl}-9,9-dit1uoro-9H-fluoren-2-yi)-1H-benzoimidazol-2-yl)-2-aza

bicyclo[2.2.1)heptane-2-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example 

DV) was prepared in a similar fashion to (1-{2-[5-(9,9-Difluoro-7-{2-[2-(2-

methoxycarbony !amino-3-methy 1-butyry 1)-2-aza-bicyclo [2.2 .1] hept-3-y 1 ]-3 H-benzoimidazo 1-5-

yl }-9H-fluoren-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic 

acid methyl ester (Example DK), replacing the proline derivative with the corresponding 4-

cyano-proline derivative. 

LCMS-ESt: calc'd for C4sHs1F2N906: 887.9 (~);Found: 888.3 (M+H+). 
1H-NMR: 300 MHz, (dmso-~) o: 8.10-7.95 (m, 8H), 7.70 (s, 2H), 7.34 (m, 1 H), 7.26 (m, 1H), 

5.12 (dd, J = 8.4 Hz, 1H), 4.72 (s, 1H) 4.52 (s, IH), 4.42 (m, 1H), 4.16 (m, IH), 4.05 (m, 1H), 

3.94 (m,1H), 3.74 (m, 1H), 3.53 (s, 3H), 3.52 (s, 3H), 2.85 (m, 1H), 2.73 (m, lH), 2.39 (m, 1H), 

2.25 (m, lH), 2.03- 1.72 (m, 6H), 1.54 (m, 2H), 0.94- 0.77 (m, 15H) ppm. 
19F-NMR: 282 MHz, (dmso-d6) o: -108.6 ppm [-74.3 ppm TFA]. 

ExampleDW 

( 1-{6-(5-( 4'-{2-[ 1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H-imidazol-4-yl}-biphenyl-4-yl)-1 H-
imidazol-2-yl)-5-aza-spiro[2.4)heptane-5-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

(1-{6-[5-(4'-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi)-3H

imidazol-4-yl}-biphenyl-4-yl)-lH-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester (Example DW) was prepared in a similar fashion 

to ( 1-{2-[5-( 4'-{2-[2-Hydroxy-1-(2-methoxycarbonylamino-3-methyl-butyrylamino )-ethyl]-3H-
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imidazol-4-yl} -biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl-propyl)

carbamic acid methyl ester, replacing the oxazolidine derived carboxylic acid with the 

corresponding 4-cyclopropyl-proline derivative and using HCl in dioxane for the Boc 

deprotection. 

LCMS-ESt: calc'd for C42Hs2Ns06: 764.9 (Ml; Found: 765.3 {M+Hl. 
1H-NMR: 300 MHz, (dmso-d6) o: 8.08 {m, 2 H), 7.91-7.84 (m, 10H) 7.33 (m, 2H), 5.23 {m, 

1H), 5.11 (m, 1H), 4.10 {m, 1H), 4.01 (m, 1H), 3.95-3.75 (m, 4H), 3.53 (s, 6H), 2.40 (m, 1H), 

2.23 (m, IH), 2.05-1.95 (m, 4H), 0.94-0.80 (m, 12H), 0.63 (m, 4H) ppm. 

ExampleDX 

0 

'o)lN,H H, G 
~····~ON1~~-(,t· .... l_ 

I NJ-N~~ 0' l 
\__§ 'H H'NI(O' 

0 
(1-{2-[5-(4'-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H-imidazol-4-yl}-biphenyl-4-

yl)-1 H-imidazol-2-yl]-thiazolidine-3-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

(1-{2-(5-(4'-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-

imid azol-4-y I }-biphenyl-4-y 1)-1 H-imidazol-2-y I] -thiazo lidine-3-carbonyl} -2-methy 1-

propyl)-carbamic acid methyl ester (Example DX) was prepared in a similar fashion to ( 1-{ 6-

[ 5-( 4'-{ 2-[ 1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3 H-imidazol-4-y I}

biphenyl-4-yl)-1 H-imidazol-2-yl] -5-aza-spiro[2.4 ]heptane-5-carbonyl} -2-methyl-propyl)

carbamic acid methyl ester (Example DW), replacing the cyclopropyl proline carboxylic acid 

with the corresponding thiazolidine derivative. 

LCMS-ES(: calc'd for C391itsNs06S: 756.9 ~);Found: 757.0 (M+). 
1H-NMR: 300 MHz, (dmso-d6) o: 8.06 (m, 2 H), 7.86-7.70 (m, 10H), 7.45 {m, 1 H), 7.22 (m, 

1 H), 6.33 (s, I H), 5.09 (m, 1 H), 4.18 - 4.08 (m, 4H), 3.80 (m, 2H), 3.56 {s, 6H), 3.30 (m, 2H), 

2.40 (m, IH), 2.05-1.95 (m, 5H), 0.94-0.75 (m, 12H) ppm. 
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1. HCI Dioxane I DCM 
2. HATU, OlEA, DMF 

'oJlN~OH 
H 0 

PCT /US201 0/034600 

3-(6-(9,9-Difluoro-7-{2-(5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza
spiro(2.4]hept-6-yi)-3H-imidazol-4-yi}-9H-IIuoren-2-yi)-1H-benzoimidazol-2-yl]-2-aza

bicyclo(2.2.1)heptane-2-carboxylic acid tart-butyl ester 

H H£A 
~ ~Nrt/~ 6 
- o· I y 

0 
( 1-{6-(5-(9. 9-Difluoro-7 -{2-(2-{2-methoxycarbonylamino-propionyl)-2-aza-bicyclo(2.2.1 )hept-3-yi)-3H
benzoimidazol-5-yi}-9H-IIuoren-2-yi)-1H-imidazol-2-yl)-5-aza-spiro(2.4]heptane-5-carbonyl}-2-methyl

propyl)-aubamic acid methyl ester 

( 1-{ 6-[ 5-(9 ,9-Difluoro-7-{2-[ 2-(2-m ethoxycarbony )amino-pro pionyl)-2-aza-

bicyclo [2.2.1) hept-3-yl)-3 H-benzoimidazo 1-5-yl}-9 H-fluoren-2-y 1)-1 H -imidazol-2-y I) -5-aza

spiro[2.4)heptane-5-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester: 

3 -[ 6-(9 ,9-Di fl uoro-7-{ 2-[ 5-(2-methoxycarbony lamino-3 -methy 1-butyry l )-5-aza-spiro [2. 4] hept -6-

yl]-3H-imidazol-4-yl} -9H-fluoren-2-yl)-l H-benzoimidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-2-

carboxylic acid tert-butyl ester (57.6 mg, 0.068 mmol) was dissolved in DCM (1 mL) and HCl 

in dioxane (4M, 1 mL) was added and stirring at room temperature was continued. After 45 

minutes, all volatiles were removed in vacuo. The crude material was used in the next step 

without further purification. The crude material was dissolved in DMF ( 1.0 mL) and DIEA 

(26.4 mg, 0.204 mmol) was added. A solution of2- (L) methoxycarbonylamino-propionic acid 

(9.95 mg, 0.068 mmol), HA TU (25.9 mg, 0.068 mmol) and DIEA (8.8 mg, 0.068 mmol) in 

DMF (1 mL) was added. The reaction was stirred at room temperature. After 45 minutes, the 

reaction was diluted with EtOAc and was washed with aqueous bicarbonate solution, aqueous 

LiCl solution (5%), brine, and was dried over sodium sulfate. Filtration and removal of solvents 

in vacuo gave the crude material, which was purified by RP-HPLC (eluent: water I MeCN w/ 

0.1% TFA) to yield the product (l-{6-[5-(9,9-Difluoro-7-{2-[2-(2-methoxycarbonylamino

propionyl)-2-aza-bicyclo[2.2.1 ]hept-3-y1]-3H-benzoimidazol-5-yl }-9H-fluoren-2-yl)-1 H

imidazol-2-yl]-5-aza-spiro[2.4 ]heptane-5-carbonyl} -2-methyl-propyl)-carbamic acid methyl 

ester (25.4 mg) as a TF A salt. 

LCMS-ESf": calc'd for C41HsoF2Ns06: 860.9 (M}; Found: 861.8 (M+H+). 
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1H-NMR: 300 MHz, (dmso-d6) o: 8.20-7.99 (m, 8H), 7.73 (s, 2H), 7.37-7.27 (m, 2H), 5.24 

(dd, J = 7.2 Hz, IH), 4.76 (s, lH) 4.50 (s, IH), 4.41 (m,IH), 4.02 (m, IH), 3.85 (m,IH), 3.74 

(m, I H), 3.55 (s, 3H), 3.53 (s, 3H), 2. 77 (m, I H), 2.25 (m, 2H), 2.09- 2.04 (m, 2H), 1.88- I. 79 

(m, 2H), 1.54 (m, IH), 1.25 (d, J= 7.8 Hz, 3H), 0.94- 0.77 (m, 9H) 0.63 (m, 4H) ppm. 
19F-NMR: 282 MHz, (dmso-~) o: -I09.1 ppm [-74.8 ppm TFA]. 

ExampleDZ 

1. HCI Dioxane I DCM 
2. HATU, OlEA, DMF 

0 
II 

0 rs..
'o)lN~OHO 

H 0 

3-(6-(9,9-Difluoro-7-{2-{5-(2-methoxycarbonylamino-3-methyl4>utyryl)-5-aza-spiro(2.4]hept-6-
yij-3H-imidazol-4-yi}-9H-fluoren-2-yl)-1 H-benzoimidazol-2-yl]-2-aza-bicyclo[2.2.1]heptane-2-

carboxylic acid tert-butyl ester 

H H_A/ 
'/ ~ Nr?'l':lN/ ~ 6 
- 0 " 0 

O=S=O 
I 

( 1-{6-{5-(9. 9-Difluoro-7 -{2 -{2-(2-methoxycarbonylam ino-4-methylsulfonyl-butyryl)-2 -aza-bicyclo[2. 2. 1]hept-
3-yi]-3H-benzoimidazol-5-yi}-9H-fluoren-2-yl)-1 H-imidazol-2-yl]-5-aza-spiro[2 .4)heptane-5-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester 

( 1-{6-[ 5-(9,9-Difluoro-7-{2-(2-(2-metboxycarbonylamino-4-metbylsulfonyl-butyryl)-2-aza

bicyclo [2.2.1] bept-3-y I] -3 H -benzoim idazol-5-y I} -9 H-fluoren-2-yl)-1 H -imidazol-2-y I) -5-aza

spiro[2.4]beptane-5-carbonyl}-2-metbyl-propyl)-carbamic acid methyl ester: 

3-[ 6-(9 ,9-Difluoro-7-{2-[ 5-(2-methoxycarbonylamino-3-methyl-butyry I)-5-a7.a-spiro[2.4 ]hept -6-

y 1 ]-3 H-imidazol-4-yl} -9H-fluoren-2-yl )-I H-benzoimidazol-2-yl ]-2-aza-bicyclo(2.2.I ]heptane-2-

carboxylic acid tert-butyl ester (55.6 mg, 0.067 mmol) was dissolved in DCM (I mL) and HCl 

in dioxane (4M, I mL) was added and stirring at room temperature was continued. After 30 

minutes, all volatiles were removed in vacuo. The crude material was used in the next step 

without further purification. The crude material was dissolved in DMF (I.O mL) and OlEA 

(25.8 mg, 0.20I mmol) was added. A solution of2- (L) methoxycarbonylarnino-4-methyl

sulfonyl-butyric acid (I5.9 mg, 0.067 mmol), HATU (25.4 mg, 0.067 mmol) and DIEA (8.6 mg, 

0.067 mmol) in DMF (I mL) was added. The reaction was stirred at room temperature. After 
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20 minutes, the reaction was diluted with EtOAc and was washed with aqueous bicarbonate 

solution, aqueous LiCl solution (5%), brine, and was dried over sodium sulfate. Filtration and 

removal of solvents in vacuo gave the crude material, which was purified by RP-HPLC (eluent: 

water I MeCN w/ 0.1% TFA) to yield the product (1-{6-[5-(9,9-Difluoro-7-{2-[2-(2-

methoxycarbonylamino-4-methylsulfonyl-butyryl)-2-aza-bicyclo[2.2.1]hept-3-yl]-3H

benzoimidazol-5-yl} -9H-fluoren-2-yl)-1 H -imidazol-2-yl ]-5-aza-spiro[2.4 ]heptane-5-carbonyl}-

2-methyl-propyl)-carbamic acid methyl ester (23 mg) as a TF A salt. 

LCMS-ESr: calc'd for C49H54F2NsOsS: 953.1 (M+); Found: 954.0 (M+W). 
1H-NMR: 300 MHz, (dmso-~) o: 8.20-7.99 (m, 8H), 7.77 (s, 2H), 7.65 (m, lH), 7.35 (m, IH), 

5.25 (dd, J = 7.2 Hz, 1H), 4.79 (s, IH) 4.56 (s, IH), 4.53 (m, IH), 4.02 (m, 1H), 3.88 (m,IH), 

3.72 (m, 1H), 3.56 (s, 3H), 3.53 (s, 3H), 3.27 (m, 2H), 3.01 (s, 3H), 2.78 (m, IH), 2.25 (m, 2H), 

2.09- 2.04 (m, 2H), 1.88- 1. 79 (m, 4H), 1.56 (m, 1H), 0.94 - 0. 77 (m, 9H) 0.63 (m, 4H) ppm. 
19F-NMR: 282 MHz, (dmso~) o: -109.1 ppm [-74.8 ppm TFA]. 

ExampleEA 

1. HCI Dioxane I DCM 
2. HATU, OlEA, DMF 

3-{6-(9,9-Difluoro-7 -{2-{5-{2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4]hept-6-yi}-
3H-imidazol-4-yi]-9H-fluoren-2-yl)-1 H-benzoimidazol-2-yl}-2-aza-bicyclo[2.2.1)heptane-2-

carboxylic acid tert-butyl ester 

0 H L 
--o)\-Nx··' 
~N 0 
v\ ... \-

NH 

~ /} 
r ~ ~;fl?'N ~ 6 
- o n 

0 

CN 
(3-Cyano-1-{3-{6-(9,9-difluoro-7-{2-[5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4)hept-6-yi]-
3H-imidazol-4-yi}-9H-fluoren-2-yl)-1 H-benzoimidazol-2 -yl]-2-aza-bicyclo[2.2. 1]heptane-2-carbonyl}-propyl)

carbamic acid methyl ester 

(3-Cyano-1-{3-[6-(9,9-difluoro-7 -{2-[S-(2-methoxycarbonylamino-3-metbyl-butyryl)-5-aza

s piro [2.4] hept-6-y 1)-3 H -imidazol-4-y I} -9 H -fluo ren-2-yl)-1 H-benzoi midazol-2-y I]-2-aza

bicyclo[2.2.1]beptane-2-carbonyl}-propyl)-carbamic acid methyl ester: 

3-[6-(9,9-Difluoro-7-{2-[5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4]hept-6-

yl]-3H-imidazol-4-yl} -9H-fluoren-2-yl)-1 H-benzoimidazol-2-yl]-2-aza-bicyclo[2.2.l ]heptane-2-

carboxylic acid tert-butyi ester (61.9 mg, 0.074 mmol) was dissolved in DCM (1 mL) and HCl 

in dioxane (4M, 1 mL) was added and stirring at room temperature was continued. After 30 
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minutes, all volatiles were removed in vacuo. The crude material was used in the next step 

without further purification. The crude material was dissolved in DMF (1.0 mL) and OlEA 

(28.5 mg, 0.186 mrnol) was added. A solution of2- (L) Methoxycarbonylamino-3-cyano

butyric acid (13.8 mg, 0.074 mrnol), HA TU (28.3 mg, 0.074 mmol) and OlEA (9.5 mg, 0.074 

mrnol) in DMF (0.5 mL) was added. The reaction was stirred at room temperature. After 30 

minutes, the reaction was diluted with EtOAc and was washed with aqueous bicarbonate 

solution, aqueous LiCI solution (5%), brine, and was dried over sodium sulfate. Filtration and 

removal of solvents in vacuo gave the crude material, which was purified by RP-HPLC (eluent: 

water I MeCN w/ 0.1% TFA) to yield the product (3-Cyano-1-{3-[6-(9,9-difluoro-7-{2-[5-(2-

methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4]hept-6-yi]-3H-imidazol-4-yl}-9H

fluoren-2-yl)-1 H-benzoimidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-2-carbonyl }-propyl)

carbamic acid methyl ester (33 .1 mg) as a TF A salt. 

LCMS-ESt: calc'd for C49HstF2N906: 899.9 (~);Found: 900.4 (M+H+). 
1H-NMR: 300 MHz, (dmso-d6) o: 8.20-7.99 (m, 8H), 7.76 (s, 2H), 7.59 (m, 1H), 7.36 (m, I H), 

5.25 (dd, J = 7.2 Hz, IH), 4.79 (s, 1H) 4.55 (s, 1H), 4.41 (m, 1H), 3.99 (m, 1H), 3.86 (m,1H), 

3.74 (m, IH), 3.56 (s, 3H), 3.54 (s, 3H), 2.77 (m, 1H), 2.62 (m, 2H), 2.25 (m, 2H), 2.14 (m, 2H), 

1.88- 1.79 (m, 4H), 1.54 (m, 1H), 0.94-0.77 (m, 9H) 0.63 (m, 4H) ppm. 
19F-NMR: 282 MHz, (dmso-d6) o: -109.1 ppm [-74.7 ppm TFA]. 

Example EB 

1. HATU, OlEA, OMF 

~~OH 
J~~OH 
I H 0 

2. HATU, OlEA, OMF 
0 

.,M", 
1 s\ O 0 ( H 

~ ~ tN,?-{}-Br 
HN~O N_// 'L.!/ 

A 

0 0 < ~ (1-{4-[5-{4-Bromo-phenyl)-1 H
imidazol-2-yl]-5,5-<iimethyl

thiazolidine-3-carbonyl}-2-methyl
propyl}-carbamic acid methyl ester 

1 s\ 
~ N 
HN~O ~ !J 

A 
[ 1-( 4-{5-[4-{ 4-{2-[ 1-(2 -Melhoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H
imidazol-4-yl}-phenylethynyl)-phenyl]-1 H-imidazol-2-yl}-5,5-<iimethyl-thiazolidine-3-

carbonyl)-2-methyl-propyq~rbamic acid methyl ester 
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(1-{4-[5-(4-Bromo-phenyl)-lH-imidazol-2-yl]-5,5-dimethyl-thiazolidine-3-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester: 

5,5-0imethyl-thiazolidine-4-carboxylic acid (1.1 g, 6.91 mmol) and DIEA (891 mg, 6.91 

mmol) were added as a OMF (5 mL) suspension to a premixed solution of N

(methylcarbamoyl)(L)-valine (1.21 g, 6.91 mmol), HATU (2.26g, 6.91 mmol) and OlEA (891 

mg, 6.91 mrnol) at room temperature. After 20 minutes, additional HA TV (2.26g, 6.91 mmol) 

and OlEA (891 mg, 6.91 mmol) were added and stirring at room temperature was continued. 

After 5 minutes, as suspension of amino-(4'bromo) acetophenone hydrochloride salt (1.72 g, 

6.91 mmol) and OlEA (891 mg, 6.91 mmol) in OMF (3 mL) was added. Stirring at room 

temperature was continued. After I 0 minutes, all volatiles were removed in vacuo and the crude 

material was taken into EtOAc. The organic layer was washed with aqueous hydrochloric acid 

(0.1 M), aqueous lithium chloride solution (5%), saturated aqueous sodium bicarbonate solution, 

brine and was dried over sodium sulfate. Filtration and evaporation of solvents yielded crude 

material. Purification via silica gel chromatography (eluent EtOAc I hexanes) yielded the 

product (3.46 g, 6.73 mmol). 

LCMS-ESt: calc'd for C21H2sBrN30sS: 514.3 (M+); Found: 515.41513.4 (M+H+). 

The product of the previous step (1.04mg, 1.94 mmol) was dissolved in m-xylenes (9.0 mL) and 

heated at 135 °C. Solid ammonium acetate (700 mg, 9.07 mmol) was added and the reaction 

was stirred at 135 °C. After 240 minutes, the reaction was cooled to room temperature and the 

volatiles were removed in vacuo. The crude material was purified via silica gel chromatography 

(eluent: EtOAc I hexanes) to yield the product (l-{4-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-

5,5-dimethyl-thiazolidine-3-carbonyl }-2-methyl-propyl)-carbamic acid methyl ester (190 mg). 

LCMS-ESt: calc'd for C21H2sBrN403S: 495.4 (~);Found: 496.41494.4 (M+H+). 

[l-(4-{5-[4-(4-{2-[l-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi)-3H

imidazol-4-yl}-phenylethynyl)-phenyi]-1H-imidazol-2-yl}-5,5-dimethyl-thiazolidine-3-

carbonyl)-2-methyl-propyl)-carbamic acid methyl ester: 

( 1-{ 4-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-5,5-dimethyl-thiazolidine-3-carbonyl }-2-methyl

propyl)-carbamic acid methyl ester (83 mg, 0.167 mmol) was combined with (1-{2-[5-(4-

Ethynyl-phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl-propyl)-carbamic acid 

methyl ester (66.0 mg, 0.167 mmol) and PdCh(PPh3)2 (11.7 mg, 0.017 mmol) under an argon 

atmosphere. OMF (2.0 mL degassed with Argon) was added followed by triethylamine (168 

mg, 1.67 mmol) and copper(!) iodide (3.2 mg, 0.017 mmol). The mixture was heated at 80 °C. 

After 20 hours, volatiles were removed in vacuo and the crude material was semi-purified via 

chromatography on silica gel (eluent EtOAc w MeOH 10% I hexanes) and further purified via 
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RP-HPLC (eluent: water/ MeCN w 0.1% TFA) to yield the product [1-(4-{5-[4-(4-{2-[1-(2-

Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}-phenylethynyl)

phenyl]-1 H-imidazol-2-yl} -5,5-dimethyl-thiazolidine-3-carbonyl)-2-methyl-propyl]-carbamic 

acid methyl ester (32.1 mg) as a TF A salt. 

LCMS-ESI+: calc'd for C43HszN80 6S: 808.9 (M+); Found: 809.9 {M+H+). 
1H-NMR: 300 MHz, (dmso-d6) o: 8.09 (m, 2H), 7.83 -7.69 {m, 12H), 7.56 (m, I H), 7.34 (m, 

1H), 5.33 (s, 1H), 5.12 (m, 2H), 5.01 (m, 1H) 4.01 (m, 2H), 3.83 (m, 2H), 3.55 (s, 3H), 3.53 (s, 

3H), 2.37 {m, 1H), 2.09-2.04 (m, 3H), 1.55 (s, 3H), 1.11 (s, 3H), 0.92- 0.76 (m, 12H) ppm. 

Example EC 

1. HATU, OlEA, DMF l1 ~) 

O~~.('N I 
_; 'Lff 'Lff ~No.?-.,··'"' 

H2N N 0 
H ')( ' HCI O 

2,2-Dimethyl-oxazolidine-4-
carboxylic acid 

1.TFA/OCM 
2. HATU, OlEA, DMF 

\P H n /' '1 -~~~-('N I 
J,~J V V ~'No~··''' 

0 0 H'NI(O' 

'oJlXooH 
H 

~ 4-[5-(4'-{2-[1-(2- 0 
Methoxycarbonylamino-3-methyl

butyryl)-pyrrolidin-2-yi)-3H-imidazol-
4-yl}-biphenyl-4-yl)-1 H-imidazol-2-yl)-

2,2-dimethyl-oxazolidine-3-
carboxylic acid tart-butyl ester 

I HO\r H ~\ 0 H '_/' ) 
0~ ,N,,_f\_/\_l\\ N I 
H~:t ~__§' V V ~

1

No~··''' 
~ 0 H'NI(O' 

A o 
(1-{2-{5-(4'-{2-[2-Hydroxy-1-(2-rnethoxycarbonylamino-3-methyl

butyrylam ino )-elhyij-3H-imidazol-4-yl}-biphenyl-4-yl)-1 H-imidazol-2-
yl)-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl 

ester 

4-(5-( 4' -{2-( l-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-

4-yl}-biphenyl-4-yl)-1H-imidazol-2-yl)-2,2-dimetbyl-oxazolidine-3-carboxylic acid ten

butyl ester: 

2,2-Dimethyl-oxazolidine-4-carboxylic acid (350 mg, 1.02 mmol) was dissolved in DMF (2.5 

mL) and HATU (387 mg, 0.102 mmol) and OlEA (129.0 mg, 1.02 mmol) were added. The 

reaction was stirred at room temperature for five minutes, after which [1-(2-{5-[4'-(2-Amino

acetyl)-biphenyl-4-yl]-1 H-imidazol-2-yl }-pyrrolidine-1-carbonyl)-2-methyl-propy I)-carbamic 

acid methyl ester hydrochloride salt (503 mg, 1.0 mmol) and DIEA (129.0 mg, 1.02 mmol) 

were added. Stirring at room temperature was continued. After 18 hours, all volatiles were 
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removed in vacuo and the crude material was purified via silica gel chromatography (eluent: 

EtOAc I hexanes) to yield the product (323 mg). The material was dissolved was dissolved in 

m-xylenes (5.0 mL) and heated at 135 °C. Solid ammonium acetate (280 mg, 3.63 mmol) was 

added and the reaction was stirred at 135 °C. After 180 minutes, the reaction was cooled to 

room temperature and the volatiles were removed in vacuo. The crude material was purified via 

silica gel chromatography (eluent: EtOAc I hexanes) to yield the product 4-[5-(4'-{2-[1-(2-

Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}-biphenyl-4-yl)-

1 H-imidazol-2-yl]-2,2-dimethyl-oxazolidine-3-carboxylic acid tert-butyl ester (123 mg, 0.172 

mmol). 

LCMS-ESt: calc'd for C39H49N106: 711.8 (M}; Found: 712.7 (M+Ir). 

(1-{2-[5-( 4' -{2-(2-Hydroxy-1-(2-metboxycarbonylamino-3-methyl-butyrylamino )-etbyl)-

3 H -imidazol-4-y I }-biphenyl-4-y I)-I H -imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methy 1-

propyl)-carbamic acid methyl ester: 

4-[ 5-( 4'-{2-[ 1-(2-Methoxycarbonylamino-3-methy )-butyryl )-pyrrolidin-2-yl ]-3 H-imidazol-4-

yl} -biphenyl-4-yl)-1 H-imidazol-2-yl]-2,2-dimethyl-oxazolidine-3-carboxylic acid tert-butyl 

ester (61 mg, 0.086 mmol) was dissolved in DCM (I mL) and TFA (4M, 0.2 mL) was added and 

stirring at 0 oc was continued. After 30 minutes, all volatiles were removed in vacuo. The 

crude material was used in the next step without further purification. The crude material was 

dissolved in DMF (1.5 mL) and DIEA (33.0 mg, 0.255 mmol) was added. A solution of2- (L) 

Methoxycarbonylamino-3-methyl-butyric acid (15.2 mg, 0.086 mmol), HA TU (32.5 mg, 0.086 

mmol) and DIEA (11.0 mg, 0.086 mmol) in DMF (0.5 mL) was added. The reaction was stirred 

at room temperature. After 20 minutes, the reaction was diluted with EtOAc and was washed 

with aqueous bicarbonate solution, aqueous LiCI solution (5%), brine, and was dried over 

sodium sulfate. Filtration and removal of solvents in vacuo gave the crude material, which was 

purified by RP-HPLC (eluent: water I MeCN w/ 0.1% TFA) to yield the product ( 1-{2-[5-( 4'-

{ 2-[2-Hydroxy-1-(2-methoxycarbonylamino-3-methyl-butyrylamino )-ethyl]-3 H -imidazol-4-yl}

biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic acid 

methyl ester (11.2 mg) as a TFA salt. 

LCMS-ESt: calc'd for C3s~sNs01: 728.8 (~);Found: 729.7 (M+H+). 
1H-NMR: 300 MHz, (dmso-d6) o: 8.62 (m, IH), 8.11 (m, 2H), 7.95-7.86 (m, 8H), 7.34 (m, 

1H), 7.22(m, IH), 5.10(m,2H),4.78(s, IH)4.13(m, IH),3.94{m, IH), 3.83{m,4H),3.54 

(s, 3H), 3.53 (s, 3H), 2.37 (m, 1H), 2.09-2.04 (m, 5H), 0.88-0.75 (m, 12H) ppm. 
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Example ED 

Preparation of Intermediate S-Aza-spiro[2.4]heptane-5,6-dicarboxylic acid 5-benzyl ester 

6-methyl ester 

1. HCI, MeOH 
2. Cbz-CI, NMM 

4-Methylene-pyrrolidine-1,2-
dicarboxylic acid 1-tert-butyl ester 

4-Methylene-pyrrolidine-1,2-
dicarboxylic acid 1-benzyl ester 2-

methyl ester 

NMO, Os04~ 

THF/H20/acetone 

5-Aza-spiro[2.4]heptane-5,6-
dicarboxylic acid 5-benzyl 

ester 6-methyl ester 

DCM 

~bz 
N 

+ J> ... co,Mo 

l 
LiOH, 
THF, MeOH, H20 

~z 
N 

p··•Co,_H 

5-Aza-spiro[2.4]heptane-
5,6-dicarboxylic acid 5-

benzyl ester 

4-Methylene-pyrrolidine-1,2-dicarboxylic acid 1-benzyl ester 2-methyl ester: 

4-Methylene-pyrrolidine-1 ,2-dicarboxylic acid I-tert-butyl ester (I 0.0 g, 44 mmol) was 

dissolved in MeOH (75 mL) at room temperature and HCI (4M in dioxane, 75 mL) was added. 

Stirring at room temperature was continued for 4 hours. All volatiles were removed in vacuo 

and a beige solid was obtained. 

The crude material was suspended in DCM (100 mL) and N-Methyl morpholine (13.3 g, 132 

mmol) was added. The mixture was cooled to 0 °C and benzyl chloroforrnate (8.26 g, 48.4 

mmol) was added while stirring. After 30 minutes, the reaction was warmed to room 

temperature and the solution was washed with water and aqueous HCl (IM). The solution was 

dried over sodium sulfate. Filtration and evaporation of solvents gave crude product, which was 

purified by silica gel chromatography (eluent: EtOAc I hexanes) to yield the product (10.2 g). 

LCMS-ESt: calc'd for C15H17N04: 275.3 (M+); Found: 276.4 (M+H+). 
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S-aza-spiro[2.4)beptanes-5,6-dicarboxylic acid benzyl ester: An oven-dried 3-neck round 

bottom flask was equipped with a nitrogen inlet adaptor and a 250 mL addition funnel. The 

third neck was sealed with a septum. The flask was charged with a stir bar, diclorormethane 

(120 mL) and diethyl zinc (1.0 Min hexane, 118 mL, 118 mmol) then cooled to 0 ·c in an ice 

bath. The addition funnel was charged with dichloromethane (40 mL) and trifluoroacetic acid 

(9.1 mL, 118 mmol). After the diethyl zinc solution had cooled to 0 ·c (about 25 minutes), the 

trifluoroacetic acid solution was added dropwise over 20 minutes to the stirred reaction mixture. 

After stirring for another 20 minutes at 0 ·c, diiodomethane (9.5 mL, 118 mmol) was added 

slowly over 4 minutes. After another 20 minutes, 4-methylene-pyrrolidine-1,2-dicarboxylic acid 

1-benzyl ester 2-methyl ester (8.1 0 g, 29.4 mrnol) was added in 30 mL dichloromethane by 

cannula. The flask containing 4-methylene-pyrrolidine-1 ,2-dicarboxylic acid 1-benzyl ester 2-

methyl ester was then rinsed with another 10 mL dichloromethane and this solution was also 

transferred to the reaction mixture by cannula. The reaction mixture was allowed to warm to R T 

and stirred for 110 hours (about 5 days) after which the reagents were quenched with saturated 

aqueous ammonium chloride (-150 mL). The contents ofthe flask were slowly poured into a 2 

L sep funnel containing saturated aqueous sodium bicarbonate (-800 mL). The aqueous phase 

was extracted three times with 300 mL ethyl acetate. The combined organics were dried over 

magnesium sulfate and concentrated to provide the crude material. The crude material was 

dissolved in 3: 1: l THF/water/acetone ( 165 mL) then treated with N-methylmorpholine-N-oxide 

(3.45 g, 29.4 mmol) and osmium tetroxide (4 wt% in water, 5 mL, 0.818 mmol). After stirring 

at RT for 7 h, the reagents were quenched with 1 M aqueous sodium thiosulfate (-100 mL). The 

contents ofthe flask were then poured into a 1 L sep funnel containing water (-300 mL). The 

aqueous phase was extracted three times with 300 mL dichloromethane. The combined organics 

were dried over magnesium sulfate and concentrated. The crude residue was purified by silica 

column chromatography (5% to 45% EtOAc/hexane) to provide 5-aza-spiro[2.4]heptane-5,6-

dicarboxylic acid 5-benzyl ester 6-methyl ester as a clear oil (5.54g, 19.15 mmol, 65%) as a 

clear oil. 1H NMR (CDCh) o 7.36-7.29 (m, 5H), 5.21-5.04 (m, 2H), 4.56-4.47 (m, I H), 3.75 (s, 

1.5H), 3.60 (m, 1.5H), 03.51-3.37 (m, 2H), 2.32-2.25 (m, lH), 1.87-1.80 (m, lH), 0.64-0.51 (m, 

4H). 

S-Aza-spiro[2.4)beptane-5,6-dicarboxylic acid 5-benzyl ester: 

5-Aza-spiro[2.4]heptane-5,6-dicarboxylic acid 5-benzyl ester 6-methyl ester (244 mg, 0.840 

mmol) was dissolved in THF (2.0 mL)/MeOH (1.5 mL). An aqueous solution of LiOH (35.5 

mg, 0.84 mmol) was added and stirring at room temperature was continued. After 3 hours, the 

reaction was neutralized with aqueous HCI (1M) and the organic solvents were removed in 
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vacuo. The crude mixture was diluted with water and EtOAc and the organic layer was 

collected. All volatiles were removed in vacuo and the crude acid was used without further 

purification. LCMS-ESI+: calc'd for C15H11N04: 275.3 (M); Found: 276.3 (M+H). 
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F. F 
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1. Pd(PPh3)4 (2.5%), SnBu3y0Et 

.. -c¢o-., deoxofluor ~~·· 
PdCiiPPh3)2 (2.5%) II 
Dioxane 80 °C 3 h 

2, 7 -Dibrome>-fluoren-9-one 2, 7 -Dibrorno-9,9-difluoro- 3. N-Cbz-4-qclopropyl (L) Proline, OlEA, 
DMF, MeCN, rt 9H-fluorene 

~N~Cbz F. F 

•"~~& NH,OAo.~X~. 
~~~Cb: F. F 

~~ .. 
5-Aza-spiro(2.4)heptane-5,6-dicarboxylic acid 5- 6-(5-(7 -Bromo-9, 9-difluore>-9H-fluoren-2-yl)-1 H

imidazol-2-yQ-5-aza-spiro(2.4]heptane-5-carboxylic 
acid benzyl ester 

benzyl ester 6-{2-{7-brome>-9,9-difluoro-9H
fluoren-2-yl)-2-oxe>-ethyQ ester 

Pd(PPh3)4 (10%), 
KzC03 (3x) 
DMEIH20 

1. HBr I HOAc O:::o(0-
2. HATU, OlEA, DMF ) NH 

oy ''·i 
-...0Jl~~OH ,__/~ ~0 F. F 

0 V\, .. l NH ___ ___:.___ Y, /} lj ~ lj ~ Br 

N - -

(1-{6-{5-{7 -Brome>-9,9-difluore>-9H-fluoren-2-yQ-1 H
imidazol-2-yl]-5-aza-spiro[2.4)heptane-5-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester 

F. F 

3-(6-(9,9-Difluore>-7-{2-(5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza
spiro(2.4)hept-6-yi)-3H-imidazol-4-yi}-9H-fluoren-2-yl)-1 H-benzoimidazol-2-yl)-

2-aza-bicycl0[2.2.1 )heptane-2-carboxylic acid tart-butyl ester 

1. HCI Dioxane I DCM H H_A 2. HATU, OlEA, DMF 

,0Jl~oH 
H 0 

F. F 

r_~·r:~ .. ·~ 
HNYO 

_...0 
( 1-{3-[6-(9. 9-Difluore>-7 -{2-( 5-{2-methoxycarbonylamino-3-methyl-butyryl)-5-aza

spiro[2.4)hept.Q-yi)-3H-imidazol+yi}-9H-fluoren-2-yi)-1H-benzoimidazol-2-yl)-2-aza
bicydo[2.2.1 ]heptane-2-carbonyl)-2-methyl-propyl)-carbamic acid methyl ester 

2, 7-Dibromo-9,9-difluoro-90-fluorene: 

2,7-Dibromo-fluoren-9-one (4.0 g, 11.8 mmol) was suspended in deoxofluor (12 mL) at room 

temperature and EtOH (4 drops) was added. The stirred suspension was heated at T = 90° C for 

24 hours (CAUTION: Use of deoxofluor at elevated temperatures, as described above, is 

strongly discouraged as rapid and violent exotberms may occur). The reaction was cooled 

to room temperature and poured onto ice containing sodium bicarbonate. A solid formed and 

was collected via filtration_ The crude material was taken into EtOAc and was washed with 
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aqueous HCl (1M) and brine. The solution was dried over sodium sulfate. Filtmtion and 

evaporation of solvents gave crude product, which was purified by silica gel chromatography 

(eluent: EtOAc I hexanes) to yield the product 2,7-Dibromo-9,9-difluoro-9H-fluorene (3.2 g). 
19F-NMR: 282 MHz, (dmso-~) o: -111.6 ppm. 

Before using the material in the next step, it was exposed as a solution in EtOAc to charcoal. 

5-Aza-spiro[2.4)heptane-5,6-dicarboxylic acid 5-benzyl ester 6-[2-(7-bromo-9,9-difluoro-

9H-fluoren-2-yl)-2-oxo-ethyl) ester: 

2,7-Dibromo-9,9-difluoro-9H-fluorene (372 mg, 1.04 mmol), Pd(PPh3)4 (30.0 mg, 0.026 mmol), 

PdCh(PPh3)2 (18.2 mg, 0.026 mmol), As(PPh3)3 (5.0 mg) were dissolved in dioxane (10 mL) 

under an argon atmosphere. Ethoxyvinyl-tributyl tin (376.4 mg, 1.04 mmol) was added. The 

mixture was heated for 140 minutes at 85°C (oil bath). The reaction was cooled to room 

temperature. N-bromo succinimide ( 177 mg, 1.0 mmol) was added followed by water (2 mL). 

The reaction was stirred at room temperature for 3 hours, after which the majority of the dioxane 

was removed in vacuo. The crude reaction mixture was diluted with EtOAc and was washed 

with water. All volatiles were removed in vacuo. Toluene was added and all volatiles were 

removed in vacuo for a second time. The crude material was dissolved in DMF I MeCN (2 mL, 

1:1) at room temperature. A solution of N-Cbz-4-cyclopropyl (L) Proline (0.84 mmol) and 

OlEA (268 mg, 2.08 mmol) in MeCN (2 mL) was added and stirring at room tempemture was 

continued. After 14 hours, most ofthe MeCN was removed in vacuo and the crude reaction 

mixture was diluted with EtOAc. The mixture was washed with aqueous HCl (1M), aqueous 

LiCl solution (5%), brine, and was dried over sodium sulfate. Filtration and evaporation of 

solvents gave the crude reaction product, which was purified via silica gel chromatography 

(eluent: EtOAc I hexanes) to yield the product 5-Aza-spiro[2.4]heptane-5,6-dicarboxylic acid 5-

benzyl ester 6-[2-(7-bromo-9,9-difluoro-9H-fluoren-2-yl)-2-oxo-ethyl] ester (176 mg). LCMS

ESt: calc'd for C3oH24BrF2NOs: 596.4 (M); Found: 595.21597.2 (M+H+). 

6-[5-(7-Bromo-9,9-difluoro-9H-fluoren-2-yi)-1H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-

carboxylic acid benzyl ester: 

5-Aza-spiro[2.4]heptane-5,6-dicarboxylic acid 5-benzyl ester 6-[2-(7-bromo-9,9-difluoro-9H

fluoren-2-yl)-2-oxo-ethyl] ester (172 mg, 0.293 mmol) was dissolved in m-xylenes (6.0 mL). 

Ammonium acetate (226 mg, 2.93 mmol) was added and the reaction was stirred at 140°C for 60 

minutes under microwave conditions.- The reaction was cooled to room temperature and all 

volatiles were removed in vacuo. The crude material was purified via silica gel chromatography 
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(eluent: EtOAc I hexanes) to yield the product 6-[5-(7-Bromo-9,9-difluoro-9H-fluoren-2-yl)

IH-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-carboxylic acid benzyl ester (80.3 mg). LCMS

ESI+: calc'd for C3oH24BrF2N302: 576.4 (M +);Found: 575.2 I 577.2 (M+H+). 

(l-{6-[5-(7-Bromo-9,9-difluoro-9H-fluoren-2-yi)-1H-imidazol-2-yl]-5-aza

spiro[2.4)beptane-5-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester: 

6-[ 5-(7-Bromo-9 ,9-di fluoro-9H-fluoren-2-yl )-1 H-imidazol-2-yl]-5-aza-spiro[2.4 ]heptane-5-

carboxylic acid benzyl ester (800 mg, 1.38 mmol) was dissolved in DCM (15 mL) and HBr in 

AcOH (37%, 2 mL) was added and stirring at room temperature was continued. After 180 

minutes, the suspension was diluted with hexanes and the solid was collected via filtration and 

was washed with hexanes and subjected to vacuum. The crude material was used in the next 

step without further purification. The crude material was dissolved in DMF (4.0 mL) and DIEA 

(356 mg, 2.76 mmol) was added. A solution of2-(L)-Methoxycarbonylamino-3-methyl-butyric 

acid (242 mg, 1.38 mmol), HATU (524 mg, 1.38 mmol) and DIEA (178 mg, 1.38 mmol) in 

DMF (1 mL) was added. The reaction was stirred at room temperature. After 50 minutes, the 

reaction was diluted with EtOAc and was washed with aqueous bicarbonate solution, aqueous 

LiCl solution (5%), brine, and was dried over sodium sulfate. Filtration and removal of solvents 

in vacuo gave the crude material, which was purified by silica gel chromatography (eluent: 

EtOAc I hexanes) to yield the slightly impure product (l-{6-[5-(7-Bromo-9,9-difluoro-9H

fluoren-2 -yl )-1 H-imidazol-2-yl ]-5-aza-spiro[2.4 ]heptane-5-carbonyl}-2 -methyl-propyl)

carbamic acid methyl ester (878 mg). LCMS-ESt: calc'd for C29H29BrF2N403: 599.5 (M+); 

Found: 598.5 I 600.5 (M+H+). 

3-[6-(9,9-Difluoro-7-{2-[5-(2-metboxycarbonylamino-3-metbyl-butyryl)-5-aza

spiro[2.4)bept-6-yl]-3H-imidazol-4-yl}-9H-fluoren-2-yi)-1H-benzoimidazol-2-yl]-2-aza

bicyclo[2.2.1 )beptane-2-carboxylic acid tert-butyl ester: 

( 1-{ 6-[5-(7 -Bromo-9,9-difluoro-9H-fluoren-2-yl)-1 H-imidazol-2-yl]-5-aza-spiro[2.4 ]heptane-5-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (840 mg, 1.4 mmol), 3-[6-(4,4,5,5-

Tetramethyl-[ 1 ,3 ,2]dioxaborolan-2-yl)-1 H -benzoimidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-2-

carboxylic acid tert-butyl ester ( 615 mg, 1.4 mmol) , Pd(PPh3)4 ( 161 mg, 0.14 mmol), K2C03 

(579 mg, 4.2 mmol), were dissolved in DME (15 mL) I water (3 mL) under an argon 

atmosphere. The mixture was heated for 120 minutes at 85- 90°C (oil bath). After 120 minutes 

additional boronate ester (61 mg, 0.14 mmol) was added and heating was continued. After 3 

hours, the reaction was cooled to room temperature. Most of the DME was removed in vacuo 
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and the crude reaction mixture was diluted with EtOAc. The mixture was washed with brine 

and was dried over sodium sulfate. Filtration and evaporation of solvents gave the crude 

reaction product, which was purified via silica gel chromatography (eluent: EtOAc I hexanes) to 

yield the product 3-[ 6-(9, 9-Difluoro-7-{2-[ 5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-

aza-spiro[2.4 ]hept-6-yl]-3 H-imidazol-4-yl} -9H -fluoren-2-yl )-1 H-benzoimidazol-2-y l]-2-aza

bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester (878 mg). LCMS-ESI+: calc'd for 

C47Hs1F2N70s: 831.9 (M+); Found: 832.7 (M+W). 

(1-{3-[6-(9,9-Difluoro-7-{2-[S-(2-methoxycarbooylamino-3-methyl-butyryl)-S-aza

spiro[2.4]hept-6-yl]-3H-imidazol-4-yl}-9H-fluoren-2-yl)-lH-benzoimidazol-2-yl]-2-aza

bicyclo[2.2.1)heptane-2-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester: 

3-[6-(9,9-Difluoro-7-{2-[5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4]hept-6-

yl]-3H-imidazol-4-yl} -9H-fluoren-2-yl)-1 H-benzoimidazol-2-yl]-2-aza-bicyc1o[2.2.1 ]heptane-2-

carboxylic acid tert-butyl ester (115 mg, 0.138 mmol) was dissolved in DCM (2 mL} and HCI in 

dioxane (4M, 2 mL) was added and stirring at room temperature was continued. After 20 

minutes, all volatiles were removed in vacuo. The crude material was used in the next step 

without further purification. The crude material was dissolved in DMF (1.5 mL) and OlEA 

(53.4 mg, 0.414 mmol) was added. A solution of2- (L) Methoxycarbonylamino-3-methyl

butyric acid (24.2 mg, 0.138 mmol), HATU (52.4 mg, 0.138 mmol) and OlEA (17.8 mg, 0.138 

mmol) in DMF (1 mL) was added. The reaction was stirred at room temperature. After 20 

minutes, the reaction was diluted with EtOAc and was washed with aqueous bicarbonate 

solution, aqueous LiCI solution (5%), brine, and was dried over sodium sulfate. Filtration and 

removal of solvents in vacuo gave the crude material, which was purified by RP-HPLC (eluent: 

water I MeCN wl 0.1% TFA) to yield the product (1-{3-[6-(9,9-Difluoro-7-{2-[5-(2-

methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4]hept-6-yl]-3H-imidazol-4-yl}-9H

fluoren-2-yl)-1 H-benzoimidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-2-carbonyl }-2-methyl

propyl)-carbamic acid methyl ester (76 mg). LCMS-ESt: calc'd for C49H54F2N80 6: 888.9 (M 

+); Found: 890.0 (M+W). 
1H-NMR: 300 MHz, (dmso-~) o: 8.20-7.99 (m, 8H), 7.73 (s, 2H), 7.37-7.27 (m, 2H), 5.25 

(dd,J=7.2Hz, 1H),4.78(s, 1H)4.54(s, 1H),4.16(m, 1H),4.02(m, IH}, 3.87(m,1H),3.74 

(m, IH), 3.55 (s, 3H), 3.53 (s, 3H), 2.75 (m, 1H), 2.25 (m, 2H}, 2.09-2.04 (m, 2H), 1.88- 1.79 

(m, 2H), 1.54 (m, IH}, 0.94-0.77 (m, ISH) 0.63 (m, 4H) ppm. 19F-NMR: 282 MHz, (dmso

~) o: -109.1 ppm [-74.8 ppm TFA] 

674 



IPR2018-00211 Page 677 of 1092 I-MAK 1011

wo 2010/132601 

2-(S-(7-Bromo-9.10-<lihydro
phenan1hren-2-yl)-1 H-lmklazol-
2-~pyrrolidin ... 1-car1>oxylie 

acid tert-butyl astor 

TFA 
CHzClz 

HATU 
OIPEA 
DMF 

PCT /US201 0/034600 

ExampleEE 

H, H.._P\1 H H 

+~B-6('{ 
Boc N~-~ ~ ~ ~ N/)''0 

' II ~ b N I 

- -- N___.r-N - - Boc 
\._jii 

3-(&-(4.4,5.5-T etnunelhyl
(1,3.2]dloxaborol&r>-2-yl}-1 H
benzoimidazol-2-~2-az ... 

bicyelo(2.2.1)heptan ... 2-carlloxylie 
acid lltrt-butyl estar 

Pll(PPhJl• 
NaHC03 
OME 3-(6{7-(2-(1-tett-Butoxycar11onyl-pyrrolidirl-2-yi)-3H

Imidazoi4~9.1 O-dlhydro-phenan1hren-2-~ 1 H
banzoimidazol-2-yl)-2-aza-bicydo(2.2. 1 )heptan&-2-

carboxyllc acid tert-butyl estar 

(1-{3-(&-(7 -{2-(1·(2-Methoxycart>onylarTW!o-3-methyl-butyryl)
pyrrolidin-2-~3H-imidazol-4-yl}-9,1 0-dihydro-phenantllren-2-

yl}-1 H-benzoimidazo~2-~2-aza-bicydo(2.2.1)heptan&-2· 
carbonyl}-2-melhyl-propyl)-carbamk: edd methyl ester 

3-( 6-{7 -[2-( 1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl] -9,1 O-dihydro

pheuanthren-2-yl}-lH-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid 

tert-butyl ester. Pd(Ph3)4 (20 mg, 0.017 mmol) was added to a mixture 2-[5-(7-bromo-9, 10-

dihydro-phenanthren-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester ( 173 

mg, 0.35 mmol), 3-[6-( 4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl}-l H-benzoimidazol-2-yl]-

2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyi ester (154 mg, 0.35 mmol), NaHC03 

(103 mg, 1.22 mmol) in 1,2-dimethoxyethane (5 mL) and water (1 mL). The reaction mixture 

was flushed with nitrogen, heated at 80°C for 16 hours, and then the volatile component was 

removed in vacuo. The residue was dissolved in ethyl acetate (100 mL), washed with NaHC03 

solution, water and brine, dried over NazS04, filtered and concentrated in vacuo. The obtained 

residue was purified by flash chromatography to provide the desired product 3-(6-{7-[2-(1-tert

Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-9, 1 0-dihydro-phenanthren-2-yl} -1 H

benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester as a white 

solid (150 mg, 59%). rnfz 727.4 (M+Ht. 

(1-{3-[6-(7-{2-(1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H

imidazol-4-yl}-9,1 0-dihydro-phenanthren-2-yl)-1 H-benzoimidazol-2-yl]-2-aza

bicyclo(2.2.l]heptane-2-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester: To a 

solution of 3-(6-{7 -[2-(l-tert-Butoxycarbony1-pyrrolidin-2-yl)-3H-imidazol-4-yl]-9, 1 0-dihydro

phenanthren-2-yl}-1 H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert

butyl ester ( 135 mg, 0.19 mmol) in dichloromethane (6 mL) was added trifluoroacetic acid (2 

mL, excess). The mixture was stirred for 2 hours at ambient temperature and concentated under 

reduced pressure. The residue was treated with ether to remove excess trifluoroacetic acid. The 
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obtained white solid was dissoved in DMF (5 mL), to the solution was added 2-

methoxycarbonylamino-3-methyl-butyric acid (65 mg, 0.37 mmol), HATU (156 mg, 0.41 

mmol) and N,N-diisopropylethylamine (0.32 mL, 1.86 mmol). The mixture was stirred at 

ambient for 2 hours, and then the volatile component was removed in vacuo. The residue was 

dissolved in ethyl acetate (1 00 mL), washed with I N NaOH solution, water and brine, dried 

over Na2S04, filtered and concentrated in vacuo. The obtained residue was purified by HPLC to 

provide the desired product (1-{3-[6-(7-{2-[l-{2-Methoxycarbonylamino-3-methyl-butyryl)

pyrrolidin-2-yl]-3H-imidazol-4-yl }-9, I 0-dihydro-phenanthren-2-yl)-1 H-benzoimidazol-2-yl]-2-

aza-bicyclo[2.2.l]heptane-2-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester as a TFA 

salt (57 mg, 36%). 1H-NMR (300 MHz, CD30D) o 8.05-7.60 (m, IOH), 5.25 (t, lH), 4.40-4.05 

{m, 3H), 3.95-3.60 {m, 8H), 3.10-2.90 (m 6H), 2.65-2.50 (m, IH), 2.40-1.70 (m, IIH), 1.05-0.90 

(m, 12H); m/z 839.2 (M+Ht. 
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2-[5-(7 -Bromo-9, 1 O..dihydro-
phenanthren-2-yl)-1 H-imidazol-

2-yl]-pyrrolidine-1-carboxylic 
acid terl-butyl ester 

Hrx:;t;; 
Boc 

2-Aza-bicyclo[2.2.1]heptane-
2,3-dicarboxylic acid 2-tert
butyl ester 

DIEA, MeCN 

NH40Ac 
xylene 

HATU 
DIPEA 
DMF 

PCT /US201 0/034600 

ExampleEF 

OEt 

~Sn(Buh 

1 . Pd(PPh3)4 
PdCI2(PPh3h 

2. NBS/H20 2-{5-[7 -(2-Bromo-acetyl)-9, 1 O..dihydro
phenanthren-2-yl]-1 H-imidazol-2-yl}

pyrrolidine-1-carboxylic acid tert-butyl ester 

2-Aza-bicyclo[2.2.1]heptane-2,3-dicarboxylic 
acid 3-(2-{7 -[2-( 1-terl-butoxycarbonyl-pyrrolidin-2-
yi)-3H-imidazol-4-yl]-9, 10..dihydro-phenanthren-2-

yl}-2-oxo-ethyl) ester 2-terl-butyl ester 

3-(5-{7 -[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yi)-3H-imidazol-
4-yl]-9, 1 0-dihydro--phenanthren-2-yij-1 H-imidazol-2-yl)-2-

aza-bicyclo[2.2.1]heptane-2-carboxylic acid terl-butyl ester 

r{ 
)- ,H H H~ 

o 1_ //o ___ ~ ·-~~-···\.Y 
, .. ·· I ~: }-,_j-~I~~N 

N..../'-N 0 \J H ..... 
wN 'Fo 
-0 

(2-{3-[5-(7 -{2-[1-(2-Methoxycarbonylamino--propionyl)
pyrrolidin-2-yi]-3H-imidazol-4-yl}-9, 1 O..dihydro--phenanthren-

2-yl)-1 H-imidazol-2-yl]-2-aza-bicydo{2.2.1]hept-2-yl}-1-
methyl-2-oxo-ethyl)-carbamic acid methyl ester 

· 2-{5-[7 -(2-Bromo-acetyl)-9, 1 0-dibydro-pbenantbren-2-yl]-1 H-imidazol-2-yl}-pyrrolidine-1-

carboxylic acid tert-butyl ester. Pd(Ph3)4 (15 mg, 0.015 mmol) and PdCh(Ph3)2 (10 mg, 0.015 

mmol) were added to a mixture 2-[5-(7-bromo-9, 1 0-dihydro-phenanthren-2-yl)-1 H-imidazol-2-

yl]-pyrrolidine-1-carboxylic acid tert-butyl ester ( 180 mg, 0.37 mmol) and tributyl( 1-

ethoxyvinyl)tin (0.15 mL, 0.44 mL) in 5 mL dioxane. The reaction mixture was flushed with 

nitrogen, heated at 80°C for 16 hours, then cooled to ambient temperature. Water (1.5 mL) and 

NBS (78 mg, 0.44 mmol) was added and the mixture was stirred at room temperature for 40 
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minutes, then diluted with ethyl acetate (100 mL). Washed with water and brine, dried over 

Na2S04, filtered and concentrated in vacuo. The obtained residue was carried on to next step 

reaction without purification. 

2-Aza-bicyclo[2.2.l]heptane-2,3-dicarboxylic acid 3-(2-{7-[2-(l-tert-butoxycarbonyl

pyrrolidin-2-yl)-3H-imidazol-4-yl]-9,10-dihydro-phenanthren-2-yl}-2-oxo-ethyl) ester 2-

tert-butyl ester. A mixture of 2-aza-bicyclo[2.2.1 ]heptane-2,3-dicarboxylic acid 2-tert-butyl 

ester (167 mg, 0.69 mmol) and DIPEA (0.11 mL, 0.67 mmol) was added to a solution of 2-{ 5-

[7 -(2-bromo-acetyl)-9 ,I 0-dihydro-phenanthren-2-yl]-1 H-imidazol-2-yl} -pyrrolidine-1-

carboxylic acid tert-butyl ester (0.37 mmol, crude) in acetonitrile (5 mL). The mixture was 

stirred at room temperature for 16 hours, then diluted with ethyl acetate (100 mL). The organic 

layer was washed with NaHC03 solution and water, dried over Na2S04, filtered and 

concentrated in vacuo. The obtained residue was purified by flash chromatography to provide 

the desired product 2-aza-bicyclo[2.2.1 ]heptane-2,3-dicarboxylic acid 3-(2-{ 7 -[2-( 1-tert

butoxycarbonyl-pyrrolidin-2-yl)-3 H-imidazol-4-yl]-9, 1 0-dihydro-phenanthren-2-yl} -2-oxo

ethyl) ester 2-tert-butyl ester as a brown solid ( 132 mg, 51% over two steps). rn/z 697.2 

(M+Ht. 

3-( 5-{7-[2-( 1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3 H -imidazol-4-yiJ-9, 1 0-dihyd ro

phenanthren-2-yl}-lH-imidazol-2-yl)-2-aza-bicyclo[2.2.1 J heptane-2-carboxylic acid ten

butyl ester. A mixture of 2-aza-bicyclo[2.2.1 ]heptane-2,3-dicarboxylic acid 3-(2-{7-[2-( 1-ter/

butoxycarbonyl-pyrrolidin-2-yl )-3 H -imidazol-4-yl ]-9, 1 0-dihydro-phenanthren-2-yl}-2-oxo

ethyl) ester 2-tert-butyl ester (132 mg, 0.19 mmol) and ammonium acetate (292 mg, 3.8 mmol) 

in xylene (I 0 mL) was heated in a sealed tube at 140°C for 1.5 hours under microwave 

condition. The volatile component was removed in vacuo, and the residue was dissolved in 

ethyl acetate (1 00 mL), washed with NaHC03 solution, water and brine, dried over Na2S04, 

filtered and concentrated in vacuo. The obtained residue was purified by flash chromatography 

to provide the desired product 3-(5-{7-[2-( l-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-

4-yl]-9, 1 0-dihydro-phenanthren-2-yl }-1 H -imidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-

carboxylic acid tert-butyl ester as a white solid (36 mg, 28%). rn/z 677.4 (M+Hf. 

(2-{3-(5-(7-{2-[1-(2-Methoxycarbonylamino-propionyl)-pyrrolidin-2-yiJ-3H-imidazol-4-yl}-

9,1 0-dibydro-phenantbren-2-yl)-1 H -imidazol-2-yl]-2-aza-bicyclo [2.2.1) hept-2-yl}-1-methyl-

2-oxo-ethyl)-carbamic acid methyl ester. To a solution of3-(5-{7-[2-(1-tert-Butoxycarbonyl

pyrrolidin-2-yl)-3H-imidazol-4-yl]-9, 1 0-dihydro-phenanthren-2-yl} -1 H -imidazol-2-yl )-2-aza-
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bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester (36 mg, 0.053 mmol) in 

dichloromethane (6 mL) was added trifluoroacetic acid (2 mL, excess). The mixture was stirred 

for 2 hours at ambient temperature and concentated under reduced pressure. The residue was 

treated with ether to remove excess trifluoroacetic acid. The obtained white solid was dissoved 

in DMF (5 mL), to the solution was added 2-methoxycarbonylamino-propionic acid (17 mg, 

0.12 mmol), HATU (50 mg, 0.13 mmol) and N,N-diisopropylethylamine (0.09 mL, 0.53 mmol). 

The mixture was stirred at ambient for 2 hours, and then the volatile component was removed in 

vacuo. The residue was dissolved in ethyl acetate (1 00 mL), washed with 1 N NaOH solution, 

water and brine, dried over Na2S04, filtered and concentrated in vacuo. The obtained residue 

was purified by HPLC to provide the desired product (2-{3-[5-(7-{2-[1-(2-

Methoxycarbonylamino-propionyl)-pyrrolidin-2-yl]-3H-imidazol-4-yl} -9,1 0-dihydro

phenanthren-2-yl)-1 H-imidazol-2-yl]-2-aza-bicyclo[2.2. i ]hept-2-yl} -1-methyl-2-oxo-ethyl)

carbamic acid methyl ester as a TFA salt (5.5 mg, 14%). 1H-NMR (300 MHz, CD300) o 8.05-

7.60 (m, 8H), 5.35-5.25 (m, lH), 4.65-4.40 (m, 3H), 4.05-3.80 (m, 2H), 3.75-3.50 (m, 7H), 3.00 

(s, 4H), 2.87 (s, 1H), 2.65 (m, lH), 2.30-1.70 (m, 9H), 1.45-1.20 (m, 6H); rnlz 735.3 (M+Ht. 
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2-[5-(7 -Bromo-9, 1 o-dihydro
phenanthren-2-yl)-1 H-imidazol-

2-yq-pyrrolidine-1-cartloxylic 
acid terl-butyl ester 

OEt 

Example EG 

\ "->-: ~H)=c ---HCi HATU 
MeOH DIPEA 

DMF 

c/ 
)-N,H 

PCT /US201 0/034600 

( 1-{2-[5-{7 -Bromo-9, 1 Q-dihydro-phenanthren-
2-yl)-1 H-imidazol-2-yl)-pyrrolidine-1-cartlonyl}-
2-methyl-propyl)-cartlamic acid methyl es1er 

~Sn(Bu)J OlEA, DMF o \_no N-<~. ~ .o a H 

,.~~~}"'b 
1. Pd(PPh3)4 

PdCI2(PPh3l2 

2. NBS/H20 

NH40Ac 
xylene 

H~ 
HATU 
DIPEA 
DMF 

(J H Boc' 

2-Aza-bicyclo(2.2.1)heptane-2,3-dicarboxylic acid 2-terl
butyl ester 3-[2-(7-{2-{1-(2-methoxycartlonylamino-3-
methyl-butyryl)-pyrrolidin-2-yij-3H-imidazol-4-yl}-9, 10-

dihydro-phenanthren-2-yl)-2-oxo-ethyl) ester 

c/ 
)- ,H 1-j H~ 

0 NL //0 ~" N-;,'''\.Y 
-.(· I ~ ~ ~ II ~ \ ~ ~ ~ 

\ N~N - ~ 

CH 
3-[5-{7 -{2-{ 1-{2 -Methoxycarbonylamino-3-methyl-butyryl}-pyrrolidin-2-
yq-3H-imidazol-4-yl}-9, 1 0-dihydro-phenanthren-2-yl)-1 H-imidazol-2-

yl)-2-aza-bicyclo[2.2.1)heptane-2-carboxylic acid tert-butyl ester 

0/ 
)- ,H H H~ 

o ~Lno N-'"' ~ ·-~11_..-\y 

1"(!~~ .. 
wN 'Fo 
-o 

( 1-{2-[5-(7 -{2 -[2 -{2 -Methoxycarbonylam ino-propionyl)-2 -aza
bicyclo[2.2.1)hept-3-yi)-3H-imidazol-4-yl}-9, 1 o-dihydro

phenanthren-2-yl)-1 H-imidazol-2-yq-pyrrolidine-1-carbonyl}-2-
methyl-propyQ-carbamic acid methyl ester 

(1-{2-[ 5-(7 -Bromo-9, 1 0-dibydro-phenantbren-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-

carbonyl}-2-metbyl-propyl)-carbamic acid methyl ester. To a solution of2-[5-(7-bromo-

9, 1 0-dihydro-phenanthren-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester 

(187 mg, 0.38 mmol) in methanol (5 mL) was added 4.0 M solution ofHCl in dioxane (2 mL, 

excess). The mixture was stirred for 3 hours at 50°C and concentated under reduced pressure. 

The residue was treated with ether to remove excess HCI. The obtained white solid was 

dissoved in DMF (5 rnL), to the solution was added 2-methoxycarbonylamino-3-methyl-butyric 

acid (70 mg, 0.40 mmol), HATU (173 mg, 0.46 mmol) and N,N-diisopropylethylamine (0.66 

mL, 3.8 mmol). The mixture was stirred at ambient for 2 hours, and then the volatile component 

was removed in vacuo. The residue was dissolved in ethyl acetate (100 mL), washed with 1 N 
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NaOH solution, water and brine, dried over Na2S04, filtered and concentrated in vacuo. The 

obtained residue was purified by flash chromatography to provide the desired product (1-{2-[5-

(7 -bromo-9, 1 0-dihydro-phenanthren-2-y1)-1 H-imidazol-2-y1]-pyrrolidine-1-carbonyl} -2-methyl

propyl)-carbamic acid methyl ester as an oil (200 mg, 95%). m/z 551.2, 553.2 (M+H( 

2-Aza-bicyclo[2.2.1)heptane-2,3-dicarboxylic acid 2-tert-butyl ester 3-(2-(7-{2-[1-(2-

methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H-imidazol-4-yl}-9,10-

dihydro-phenanthren-2-yl)-2-oxo-etbyl] ester: Pd(Ph3)4 ( 15 mg, 0.015 mmol) and 

PdCh(Ph3)2 (10 mg, 0.015 mmol) were added to a mixture of(1-{2-[5-(7-bromo-9,10-dihydro

phenanthren-2-yl)-1 H -imidazol-2-yl ]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic acid 

methyl ester (200 mg, 0.37 mmol) and tributyl(1-ethoxyvinyl)tin (0.15 mL, 0.44 mL) in 5 mL 

dioxane. The reaction mixture was flushed with nitrogen, heated at 80°C for 16 hours, then 

cooled to ambient temperature. Water (1.5 mL) and NBS (78 mg, 0.44 mmol) was added and 

the mixture was stirred at room temperature for 40 minutes, then diluted with ethyl acetate (100 

mL). Washed with water and brine, dried over Na2S04, filtered and concentrated in vacuo. The 

obtained residue was disolved in acetonitrile (3 mL). To it was added a solution of2-aza

bicyclo[2.2.1 ]heptane-2,3-dicarboxylic acid 2-tert-butyl ester (167 mg, 0.69 mmol) and DWEA 

(0.11 mL, 0.67 mmol) in 2 mL acetonitrile. The mixture was stirred at room temperature for 16 

hours, then diluted with ethyl acetate (100 mL). The organic layer was washed with NaHC03 

solution and water, dried over Na2S04, filtered and concentrated in vacuo. The obtained residue 

was purified by flash chromatography to provide the desired product 2-Aza-

bicyclo[2.2.1 ]heptane-2,3-dicarboxylic acid 2-tert-butyl ester 3-[2-(7-{2-[ 1-(2-

methoxycarbonylamino-3-methyl-butyryl )-pyrrolidin-2-yl]-3 H -imidazol-4-yl} -9, I 0-dihydro

phenanthren-2-yl)-2-oxo-ethyl] ester as a brown oil (130 mg, 47% over two steps). m/z 754.3 

(M+Ht. 

3-[5-(7-{2-[l-(2-Metboxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-

yl}-9,10-dihydro-phenanthren-2-yl)-lH-imidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-

carboxylic acid tert-butyl ester. A mixture of 2-Aza-bicyclo[2.2.1 ]heptane-2,3-dicarboxylic 

acid 2-tert-butyl ester 3-[2-(7-{ 2-[ 1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-

yi]-3H-imidazol-4-yl} -9, I O-dihydro-phenanthren-2-yl)-2-oxo-ethy1] ester (130 mg, 0.17 mmol) 

and ammonium acetate (292 mg, 3.8 mmol) in xylene (10 mL) was heated in a sealed tube at 

140°C for 1.5 hours under microwave condition. The volatile component was removed in 

vacuo, and the residue was dissolved in ethyl acetate (1 00 mL), washed with NaHC03 solution, 

water and brine, dried over Na2S04, filtered and concentrated in vacuo. The obtained residue 
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was purified by flash chromatography to provide the desired product 3-[5-(7-{2-[1-(2-

Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3 H -imidazol-4-yl} -9,1 0-dihydro

phenanthren-2-yl)- 1 H-imidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl 

ester as a white solid (38 mg, 28%). m/z 734.4 (M+Hf. 

(1-{2-[5-(7-{2-[2-(2-Methoxycarbonylamino-propionyl)-2-aza-bicyclo[2.2.1]bept-3-yl]-3H

imidazol-4-y I} -9,1 0-dibydro-pbenan tbren-2-y l)-1H -imidazol-2-y 1]-pyrrolidine-1-carbony I}-

2-methyl-propyl)-carbamic acid methyl ester. To a solution of3-[5-(7-{i-[1-(2-

Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3 H-imidazol-4-yl} -9,1 0-dihydro

phenanthren-2-yl)-1 H-imidazol-2-yl]-2~aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl 

ester (38 mg, 0.052 mmol) in dichloromethane (6 mL) was added tritluoroacetic acid (2 mL, 

excess). The mixture was stirred for 2 hours at ambient temperature and concentated under 

reduced pressure. The residue was treated with ether to remove excess tritluoroacetic acid. The 

obtained white solid was dissoved in DMF (5 mL), to the solution was added 2-

methoxycarbonylamino-propionic acid (9 mg, 0.06 mmol), HA TV (30 mg, 0.08 mmol) and N,N

diisopropylethylamine (0.09 mL, 0.53 mmol). The mixture was stirred at ambient for 2 hours, 

and then the volatile component was removed in vacuo. The residue was dissolved in ethyl 

acetate (1 00 mL), washed with 1 N NaOH solution, water and brine, dried over Na2S04, filtered 

and concentrated in vacuo. The obtained residue was purified by HPLC to provide the desired 

product ( 1-{2-[ 5-(7-{ 2-[2-(2-Methoxycarbonylarnino-propionyl)-2-aza-bicyclo[2.2.1 ]hept-3-yl ]-

3H-imidazol-4-yl }-9, 1 0-dihydro-phenanthren-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-

2-methyl-propyl)-carbamic acid methyl ester as a TFA salt (15 mg, 39%). 1H-NMR (300 MHz, 

CD30D) 5 8.10-7.60 (m, 8H), 5.35-5.25 (m, lH), 4.70-4.45 (m, 3H), 4.30-3.80 (m, 3H), 3.67 (s, 

6H), 2.70-1.60 (m, 12H), 1.41 (d, 3H), 1.05-0.80 (m, 6H); m/z 763.3 (M+Ht. 

682 



IPR2018-00211 Page 685 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

Example EH 

0 C,.;Boc oJ-0=0--'I ~ ,>---{ , 1 Br 
' 0 \\II -

9, 10.Dihydro-phenanthrene 
2,7-Dibromo-9,10. 

dihydro-phenanthrene 
HOOC....--~ 

Boc 
OlEA, OMF 

Pyrrolidine-1 ,2-dicarboxylic acid 2-(2-(7-
bromo-9, 1 Q.dihydro-phenanthren-2-yl)-2· 

oxo-ethyl] ester 1-/ert-bulyl ester 

OEt 

~Sn(Bu)J NBoc 0 Q, ~ .o 0 H 

1. Pd(PPh3)4 
PdCI2(PPh3)2 HOO~[J 

C.>-),~J···~ Boc,NU 

2. NBS/H20 

NH40Ac 
xylene 

Boc 
DIEA,MeCN 

2-Aza-bicyclo{2.2.1)heptane-2,3-dicarboxylic acid 3-(2{7-[2-(1-/ert
butoxycarbonyl-pyrrolidine-2-<:arbonyloxy)-acetyij-9, 10-dihydro

phenanthre~2-yl}-2-oxo-ethyl) ester 2-/ert-butyl ester 

N~'/ ~ t-,~:<.)) 
Boc, II ~ ~ II ~ It ~ 

N._.....-.N - N Boc 
\_JH 

3-(5{7 -(2-( 1-/ert-Butoxycarbonyl-pyrrolidi~2·Y~·3H-imidazol-4-
yl)-9, 1 Q.dihydro-phenanthre~2-yl}-1 H-imidazot-2-yl)-2-aza

bicycJo(2.2.1)heptane-2-carboxytic acid /elf-butyl ester 

cf \ ,H H H:<.)) 
t?'""N ~-0 \._ /p - '/ ~ Nj( , .. 1J: ~ ~~ - ~ s,~l 

HCI HATU \j H ) .. ·( 
MeOH DIPEA 

DMF 
wN 'Fo 
-o 

( 1-{3-(5-(7 -{2·[ 1·(2-Methoxycarbonylamino-3-meth)i-butyryl)-pyrrolidin-2-yij-3H
imidazol-4-yl}-9,1 Q.dihydro-phenanthr~2-yl)-1 H-lmldazot-2-yl]-2-aza

bicyclo(2.2.1)heptane-2-carbonyl}-2-methyl-propy~-carbamic acid methyl ester 

2,7-Dibromo-9,10-dihydro-phenanthrene. Bromine (6.13 mL, 119.3 mmol) was added slowly 

to a solution of9, 10-dihydro-phenanthrene (10 g, 55.5 mmol) in trimethylphosphate (100 mL). 

The mixture was stirred at room temperature for 18 hours and concentrated in vacuo. The 

residue was recrystallized from chloroform to give product 2,7-Dibromo-9,10-dihydro

phenanthrene as a white crystal (9.45g, 51%). 

Pyrrolidine-1 ,2-dicarboxylic acid 2-[2-(7 -bromo-9,1 0-dihydro-phenanthren-2-yl)-2-oxo

ethyl] ester 1-tert-butyl ester. Pd(Ph3)4 (347 mg, 0.3 mmol) and PdCh(Ph3)2 (210 mg, 0.3 

mmol) were added to a mixture 2,7-dibromo-9,10-dihydro-phenanthrene (2.5 g, 7.4 mmol) and 

tributyl(1-ethoxyvinyl)tin (2.5 mL, 7.4 mL) in 70 mL dioxane. The reaction mixture was 

flushed with nitrogen, heated at 80°C for 16 hours, then cooled to ambient temperature. Water 

(20 mL) and NBS (1.39 g, 7.8 mmol) were added and the mixture was stirred at room 

temperature for 40 minutes, then diluted with ethyl acetate (300 mL). Washed with water and 

brine, dried over Na2S04, filtered and concentrated in vacuo. The obtained residue was 
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suspended in acetonitrile (70 mL). To it was added a solution ofpyrrolidine-1,2-dicarboxylic 

acid 1-tert-butyl ester (3.2 g, 14.9 mmol) and DIPEA (2.4 mL, 14.1 mmol) in 20 mL 

acetonitrile. The mixture was stirred at room temperature for 16 hours, then diluted with ethyl 

acetate (300 mL). The organic layer was washed with NaHC03 solution and water, dried over 

Na2S04, filtered and concentrated in vacuo. The obtained residue was purified by flash 

chromatography to provide the desired product pyrrolidine-1,2-dicarboxylic acid 2-[2-(7-bromo-

9,10-dihydro-phenanthren-2-yl)-2-oxo-ethyl] ester 1-tert-butyl ester as a white solid (1.76 g, 

46% over two steps). rnlz 514.2, 516.2 {M+Ht. 

2-Aza-bicyclo [2.2.1 ]heptane-2,3-dicarboxylic acid 3-(2-{7-[2-(1-tert-butoxycarbonyl

pyrrolidine-2-carbonyloxy)-acetyl]-9,10-dihydro-phenanthren-2-yl}-2-oxo-ethyl) ester 2-

tert-butyl ester. Pd(Ph3)4 (37 mg, 0.03 mmol) and PdCh(Ph3)2 (22 mg, 0.03 mmol) were added 

to a mixture of pyrrolidine-1 ,2-dicarboxylic acid 2-[2-(7-bromo-9, 1 0-dihydro-phenanthren-2-

yl)-2-oxo-ethyl] ester 1-tert-butyl ester ( 410 mg, 0.8 mmol) and tributyl(1-ethoxyvinyl)tin (0.32 

mL, 0.96 mmol) in 8 mL dioxane. The reaction mixture was flushed with nitrogen, heated at 

80°C for 16 hours, then cooled to ambient temperature. Water (2 mL) and NBS (171 mg, 0.96 

mmol) were added and the mixture was stirred at room temperature for 40 minutes, then diluted 

with ethyl acetate (100 mL). Washed with water and brine, dried over Na2S04, filtered and 

concentrated in vacuo. Half of the obtained residue was suspended in acetonitrile (5 mL). To it 

was added a solution of 2-aza-bicyclo[2.2.1 ]heptane-2,3-dicarboxylic acid 2-tert-butyl ester (I 00 

mg, 0.41 mmol) and DTPEA (0.068 mL, 0.39 mmol) in 2 mL acetonitrile. The mixture was 

stirred at room temperature for 16 hours, then diluted with ethyl acetate (100 mL). The organic 

layer was washed with NaHC03 solution and water, dried over Na2S04, filtered and 

concentrated in vacuo. The obtained residue was purified by flash chromatography to provide 

the desired product 2-aza-bicyclo[2.2.1 ]heptane-2,3-dicarboxylic acid 3-(2- {7 -[2-( 1-tert

butoxycarbonyl-pyrrolidine-2-carbonyloxy )-acetyl]-9, I 0-dihydro-phenanthren-2-yl} -2-oxo

ethyl) ester 2-tert-butyl ester as a white solid (171 mg, 60% over two steps). rnlz 717.2 (M+Ht. 

3-(5-{7-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-9,10-dihydro

phenanthren-2-yl}-1H-imidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert

butyl ester. A mixture of 2-aza-bicyclo[2.2.1 ]heptane-2,3-dicarboxylic acid 3-(2-{ 7 -[2-( 1-tert

butoxycarbonyl-pyrrolidine-2-carbonyloxy )-acetyl ]-9, 1 0-dihydro-phenanthren-2-yl} -2-oxo

ethyl) ester 2-tert-butyl ester (171 mg, 0.24 mmol) and ammonium acetate (800 mg, 10.2 mmol) 

in xylene (5 mL) was heated in a sealed tube at 140°C for 1.5 hours under microwave condition. 

The volatile component was removed in vacuo, and the residue was dissolved in ethyl acetate 
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(1 00 mL), washed with NaHC03 solution, water and brine, dried over Na2S04, filtered and 

concentrated in vacuo. The obtained residue was purified by flash chromatography to provide 

the desired product of 3-(5-{ 7 -[2-( 1-tert-butoxycarbonyl-pyrrolidin-2-yi)-3H-imidazol-4-yl]-

9, 1 0-dihydro-phenanthren-2-yl }-1 H-imidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic 

acid tert-butyl ester as a white solid (100 mg, 62%). m/z 677.9 (M+Ht. 

(1-{3-[5-(7-{2-[1-(2-Metboxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H

imidazol-4-yl} -9, 1 0-dibyd ro-pbenan thren-2-y 1)-1 H -imidazol-2-y I] -2-aza

bicyclo[2.2.1)beptane-2-carbonyl}-2-metbyl-propyl)-carbamic acid methyl ester. To a 

solution of 3-(5-{ 7-[2-( 1-tert-butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-9, 1 0-dihydro

phenanthren-2-yl} -1 H -imidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl 

ester (I 00 mg, 0.15 mmol) in methanol (5 mL) was added 4.0 M solution of HCI in dioxane (2 

mL, excess). The mixture was stirred for 3 hours at 50°C and concentated under reduced 

pressure. The residue was treated with ether to remove excess HCI. The obtained white solid 

was dissoved in DMF (5 mL), to the solution was added 2-methoxycarbonylamino-3-methyl

butyric acid (54 mg, 0.31 mmol), HATU (141 mg, 0.37 mmol) and N,N-diisopropylethylamine 

(0.2 mL, 1.2 mmol). The mixture was stirred at ambient for 2 hours, and then the volatile 

component was removed in vacuo. The residue was dissolved in ethyl acetate (100 mL), washed 

with 1 N NaOH solution, water and brine, dried over Na2S04, filtered and concentrated in vacuo. 

The obtained residue was purified by HPLC to provide the desired product (1-{3-[5-(7-{2-[1-(2-

Methoxycarbonylamino-3-methyl-butyryl )-pyrrolidin-2-yl ]-3 H-imidazol-4-y I} -9,1 0-dihydro

phenanthren-2-yl)-1 H-imidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-2-carbonyl}-2-methyl

propyl)-carbamic acid methyl ester as TFA salt (67 mg, 57%). 1H-NMR (300 MHz, CD30D) cS 

8.05-7.65 (m, 8H), 5.35-5.20 (m, 1H), 4.40-4.05 (m, 3H), 3.95-3.80 (m, 1H), 3.67 (d, 6H), 3.05-

2.80 (m, 5H), 2.70-2.50 (m, 1H), 2.40-1.60 (m, 13H), 1.10-0.85 (m, 12H); m/z 791.3 (M+Ht. 
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Example EI 

Br~Br- Br ~ Br 

~Mel~ 
t q ,of B-B 

d 'o 

KOH 
2,7-0ibromo-9H-fluorene OMSO 2,7-0ibromo-9,9-

Pd(PPh3)4 
KOAc 
1,4-dioxane 4,4,5,5-Tetramethyl-2-[7 -(4 ,4, 5, 5-tetramethyl

(1,3,2]dioxaborolan-2-y1}-9,9-dimethyi-9H-ftuoren-2-
y1H1,3,2]dioxaborclane 

Pd(PPh3)4 
NaHC03 
DMEJwater 

HCI 
MeOH 

HATU 
DIPEA 
OMF 

dimethy1-9H-ftuorene 

2-(5-{7-(2-(1-Boc-pyrrolidin-2-yi)-3H-imidazol-4-yl)-
9,9-dlmethyi-9H-ftuoren-2-yi}-1H-imidazol-2-y1}
pyrrolidine-1-<:arboxylic acid tert-butyl ester 

H~o ~()R - )-...../J HNfN 

\ .~JN~ r- ~ : !J ~ IN '_ ~H 
CH 0'=\ o-

(1-{2-{5-(7-(2-{1-(2-Methoxycarbonylamlno-3-methyl
butyryf}-pyrrolidin-2-y1)-3H-imidazol-4-yl}-9,9-dimethyi-9H
ftuoren-2-y1}-1 H-imidazol-2-yl)-pyrrolidine-1-carbonyl}-2-

methyl-propyl)-<:arbamic acid methyl ester 

2,7-Dibromo-9,9-dimethyl-9H-fluorene. To a stirred solution of2,7-dibromo-9H-fluorene (1.0 

g, 3.1 mmol), KI (50 mg, 0.3 mmol) and KOH (750 mg, 13.3 mmol) in DMSO was added 

methyl iodide (0.42 mL, 6.8 mmol). The mixture was stirred at room temperature for 16 hours, 

then diluted with ethyl acetate (100 mL). The organic layer was washed with water and brine, 

dried over Na2S04, filtered and concentrated in vacuo. The obtained residue was purified by 

flash chromatography to provide the desired product 2,7-Dibromo-9,9-dimethyl-9H-fluorene as 

a white solid (1.1 g, 100%). 

4,4,5,5-T etram ethy 1-2-(7 -( 4,4,5,5-tetram ethy 1-[ 1 ,3,2] dioxa borolan -2-y 1)-9 ,9-dimethyl-9 H

fluoren-2-yl)-(1,3,2]dioxaborolane. Pd(PPh3)4 (347 mg, 0.3 mmol) was added to a flask 

containing a mixture of 2,7-dibromo-9,9-dimethyl-9H-fluorene (1.0 g, 2.9 mmol), 

bis(pinacolato)diboron (2.9 g, 11.6 mmol), potassium acetate (1.4 g, 14.5 mmol) and 1,4-

dioxane (30 mL). The reaction mixture was flushed with nitrogen, heated at 80°C for 16 hours, 

then the volatile component was removed in vacuo. The residue was dissolved in ethyl acetate 

(300 mL), washed with water and brine, dried over Na2S04, filtered and concentrated in vacuo. 

The obtained residue was purified by flash chromatography to provide the desired product 

4,4,5,5-Tetramethyl-2-[7 -( 4,4,5 ,5-tetramethyl-[ I ,3,2)dioxaborolan-2-yl)-9 ,9-dimethy l-9H

fluoren-2-yl]-[1,3,2]dioxaborolane as a white solid (0.8 g, 62%). 

686 



IPR2018-00211 Page 689 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

2-(5-{7-[2-(1-Boc-pyrrolidin-2-yi)-3H-imidazol-4-yl]-9,9-dimethyi-9H-fluoren-2-yi}-1H

imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester. Pd(Ph3)4 (55 mg, 0.05 mmol) 

was added to a mixture 4,4,5,5-Tetramethyl-2-[7-( 4,4,5,5-tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-

9,9-dimethyi-9H-fluoren-2-yl]-[1 ,3,2]dioxaborolane (205 mg, 0.48 mmol), 2-( 4-bromo-1 H

imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester (309 mg, 0.98 mmol), NaHC03 

(282 mg, 3.4 mmol) in 1,2-dimethoxyethane (8 mL) and water (I mL). The reaction mixture 

was flushed with nitrogen, heated at 80°C for 16 hours, and then the volatile component was 

removed in vacuo. The residue was dissolved in ethyl acetate (100 mL), washed with NaHC03 

solution, water and brine, dried over Na2S04, filtered and concentrated in vacuo. The obtained 

residue was purified by HPLC to provide the desired product 2-(5-{7-[2-(1-Boc-pyrrolidin-2-

yl)-3H-imidazol-4-yl]-9, 9-dimethyl-9H-fluoren-2-yl} -1 H-imidazol-2-yl)-pyrrolidine-1-

carboxylic acid tert-butyl ester as a TFA salt (45 mg, 14%). rn/z 665.4 (M+Ht. 

(1-{2-[5-(7-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H

imidazol-4-yl}-9 ,9-dimethy 1-9H-fluo ren-2-yl)-1 H -imidazol-2-y I] -pyrrolidine-1-carbooyl }-2-

m~thyl-propyl)-carbamic acid methyl ester. To a solution of 2-(5- {7-[2-(1 -Boc-pyrrolidin-2-

yl)-3H-imidazol-4-yl]-9,9-dimethyl-9H-fluoren-2-yl }-1 H-imidazol-2-yl)-pyrrolidine-1-

carboxylic acid tert-butyl ester (45 mg, 0.07 mmol) in methanol (5 mL) was added 4.0 M 

solution ofHCI in dioxane (1 mL, excess). The mixture was stirred for 3 hours at 50°C and 

concentated under reduced pressure. The residue was treated with ether to remove excess HCI. 

The obtained white solid was dissoved in DMF (5 mL), to the solution was added 2-

methoxycarbonylamino-3-methyl-butyric acid (25 mg, 0.14 mmol), HATU (65 mg, 0.17 mmol) 

and N,N-diisopropylethylamine (0.09 mL, 0.54 mmol). The mixture was stirred at ambient for 2 

hours, and then the volatile component was removed in vacuo. The residue was dissolved in 

ethyl acetate (1 00 mL), washed with 1 N NaOH solution, water and brine, dried over Na2S04, 

filtered and concentrated in vacuo. The obtained residue was purified by HPLC to provide the 

desired product ( 1-{2-[5-(7-{2-[ 1 -(2-Methoxycarbonylamino-3-methy1-butyryl)-pyrrolidin-2-

yi]-3H-imidazol-4-yl} -9,9-dimethyl-9H-fluoren-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester as TFA salt (15 mg, 28%). 1H-NMR 

(300 MHz, CD30D) o 8.05-7.70 (m, SH), 5.35-5.20 (m, 2H), 4.30-3.80 (m, 6H), 3.67 (s, 6H), 

2.65-2.00 (m, 10H), 1.61 (s, 6H), 1.05-0.85 (m, 12H); rnfz 779.4 (M+H)+. 
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0 

Br ~ Br----v-z;;- TFAA 
H:z02-urea 
CH:!Ci;! 

Example EJ 
0 

&-db-" 
2, 7 -Dibromo-fluorert-9-one 

OEt 

Asn(Bu)J 

1. Pd(PPh3)4 
PdCI2(PPh3)2 

2. NBSIH20 

NH40Ac 
xylene 

TFA 
DCM 

3,8-Dibromo
benzo(c)chromen-6-one 

3,8-DibromcHiH
benzo(c)chromene 

() 
HOOC....-fo1 

Boc 
DIPEA,DMF 

HATU 
DIPEA 
DMF 

Boc 0 

eN oJ-Ob-to o 
)--{ ~ A r ~ ~--('" 

0 - 0 N_j 
Sol{ 

Pyrrolidine-1 ,2-<licarboxylic acid 1-terl-bulyl ester 2-
(2-{8-(2-(1-Boc-pyrrolidine-2-carbonyloxy)-acetyf]-6H
benzo{cjchrornert-3-yl}-2-oxo-elhyl) ester 

~ ~oh ~-n 
BocNJN~-('NBoc 
VH 
2-(5-{8-(2-(1-Boc-pyrrolidirt-2-yi)-3H-imidazol-4-yi]-
6H-benzo(c)chrornert-3-yl}-1 H-imidazol-2-yl)
pyrrolidine-1-carboxylic acid lert-butyl ester 

rf 
~ ~Hn, 0 NH 0 - N-./"-N }-

\...._,-) N ' r ' II L .---..,.·· I II ~ II ~ N ~\ 0 
\ N..../'-N - O HN-f c H /0 

(1-{2-{5-(3-(2-(1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-
2-yi)-3H-Imidazol-4-y~H-benzo{c)chrornen-8-yl)-1 H-imidazol-2 -yl)
pyrrolldine-1-carbonyl}-2-methyl-propyl)-carbamic acid rneltlyl ester 

3,8-Dibromo-benzo[c]chromen-6-one. A solution ofTFAA (2.1 mL, 3.15 mmol) in 

dichloromethane (5 mL) was added dropwise to a suspension of2,7-dibromo-fluoren-9-one (3.3 

g, 10 mmol) and H202-urea (1.4 g, 15 mL) in dichloromethane (50 mL). The mixture was 

stirred at room temperature for 48 hours, a second portion of H202-urea was added, and stirring 

was continued at room temperature for a further 72 hours. The mixture was filtered, the organic 

phase was extracted with water (50 mL), and dried over Na2S04 • After removal of solvent, the 

residue was heated with 2N NaOH at 80°C for 10 minutes, filtered, the cooled filtrate extracted 

with ether. The aqueous phase was acidified with 2N HCl and extracted with ethyl acetate (200 

mL). HCI (2 mL 4M solution) was added to the ethyl acetate and heated for 2 hours. The 

solvent was removed under vacuum, the residue was recrystallized from ethyl acetate/ethanol to 

give the final product 3,8-Dibromo-benzo[ c ]chromen-6-one as a white solid ( 1.5 g, 40% ). 

3,8-Dibromo-6H-benzo[c]chromene. To a solution of 3,8-dibromo-benzo[ c]chromen-6-one 

(650 mg, 1.85 mmol) in THF (20 mL) was added 2M solution ofLiBH.t in THF (3.7 mL, 7.4 

mmol). The mixture was stirred for 3 hours at room temperature. Quenched slowly with 

ammonium chloride solution. The mixture was extracted with ethyl acetate, dried over Na2S04, 
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filtered and concentrated in vacuo. The obtained residue was suspended in 85% phosphoric acid 

(20 mL) and heated at 160°C for 4h. The mixture was extracted with ethyl acetate, washed with 

water, dried over Na2S04, filtered and concentrated in vacuo. The obtained residue was purified 

by flash chromatography to provide the desired product 3,8-Dibromo-6H-benzo[c]chromene as a 

white solid (539 mg, 86%). 

Pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-(2-{8-[2-(1-Boc-pyrrolidine-2-

carbonyloxy)-acetyl]-6H-beozo[c]cbromen-3-yl}-2-oxo-ethyl) ester. Pd(PPh3)4 (74 mg, 0.064 

mmol) and PdCh(Ph3)2 (45 mg, 0.064 mmol) were added to a mixture 3,8-dibromo-6H

benzo[c]chromene (539 mg, 1.6 mmol) and tributyl(1-ethoxyvinyl)tin (1.2 mL, 3.5 mL) in 20 

mL dioxane. The reaction mixture was flushed with nitrogen, heated at 80°C for 16 hours, then 

cooled to ambient temperature. Water (7 mL) and NBS (623 mg, 3.5 mmol) were added and the 

mixture was stirred at room temperature for 40 minutes, then diluted with ethyl acetate (300 

mL). The solid was filtered and kept separately. The ethyl acetate layer was washed with water 

and brine, dried over Na2S04, filtered and concentrated in vacuo. The obtained residue conbine 

with the solid collected before was suspended in acetonitrile (20 mL) and DMF (10 mL). To it 

was added a solution of pyrrolidine-1 ,2-dicarboxylic acid 1-tert-butyl ester ( 1.6 g, 7.4 mmol) 

and DIPEA ( 1.2 mL, 7.1 mmol) in 5 mL acetonitrile. The mixture was stirred at room 

temperature for 16 hours, then diluted with ethyl acetate (300 mL). The organic layer was 

washed with NaHC03 solution and water, dried over Na2S04, filtered and concentrated in 

vacuo. The obtained residue was purified by flash chromatography to provide the desired 

product Pyrrolidine-1 ,2-dicarboxylic acid 1-tert-butyl ester 2-(2-{ 8-[2-(l-Boc-pyrrolidine-2-

carbonyloxy)-acetyl]-6H-benzo[c]chromen-3-yl}-2-oxo-ethyl) ester as a white solid (602 mg, 

54% over two steps). m/z 715.2 (M+Nat. 

2-(S-{8-[2-(1-Boc-pyrrolidin-2-yl)-3H-imidazol-4-yi]-6H-benzo[c)cbromen-3-yi}-1H

imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester. A mixture of pyrrolidine-1 ,2-

dicarboxylic acid 1-tert-butyl ester 2-(2-{8-[2-(1-Boc-pyrrolidine-2-carbonyloxy)-acetyl]-6H

benzo[c]chromen-3-yl}-2-oxo-ethyl) ester (168 mg, 0.24 mmol) and ammonium acetate (374 

mg, 4.8 mmol) in xylene (10 mL) was heated in a sealed tube at 140°C for 1.5 hours under 

microwave condition. The volatile component was removed in vacuo, and the residue was 

dissolved in ethyl acetate ( 100 mL ), washed with NaHC03 solution, water and brine, dried over 

Na2S04, filtered and concentrated in vacuo. The obtained residue was purified by flash 

chromatography to provide the desired product 2-(5-{8-[2-(1-Boc-pyrrolidin-2-yl)-3H-imidazol-
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4-yl]-6H-benzo[ c ]chromen-3-yl} -1 H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl 

ester as a white solid (100 mg, 64%). m/z 653.4 (M+H/. 

(l-{2-(5-(3-{2-[l-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H

imidazol-4-yi}-6H-benzo [ c ]chromen-8-yl)-l H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester. To a solution of2-(5-{8-[2-(1-Boc-pyrrolidin-2-

yl)-3H-imidazol-4-yl]-6H-benzo[ c ]chromen-3-yl }-1 H-imidazol-2-yl)-pyrrolidine-1-carboxylic 

acid tert-butyl ester (300 mg, 0.46 mmol) in dichloromethane (10 mL) was added trifluoroacetic 

acid (2.5 mL, excess). The mixture was stirred for 2 hours at ambient temperature and 

concentrated under reduced pressure. The residue was treated with ether to remove excess 

trifluoroacetic acid. The obtained white solid was dissolved in DMF (10 mL), to the solution 

was added 2-methoxycarbonylamino-3-methyl-butyric acid (161 mg, 0.92 mmol), HA TU ( 43 7 

mg, 1.2 mmol) and N,N-diisopropylethylamine (0.64 mL, 3.7 mmol). The mixture was stirred at 

ambient for 2 hours, and then the volatile component was removed in vacuo. The residue was 

dissolved in ethyl acetate (100 mL), washed with 1 N NaOH solution, water and brine, dried 

over Na2S04, filtered and concentrated in vacuo. The obtained residue was purified by HPLC to 

provide the desired product (1-{2-[5-(3-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)

pyrrolidin-2-yl]-3 H-imidazol-4-yl} -6H -benzo[ c ]chromen-8-yl )-1 H-imidazol-2-yl]-pyrrolidine-

1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester as a TFA salt (130 mg, 37%). 1H

NMR (300 MHz, CD30D) o 7.80-7.20 (m, SH), 5.40-5.05 (m, 4H), 4.65-3.80 (m, 6H), 3.75-3.40 

(m, 6H), 2.40-1.90 (m, 10H), 1.05-0.80 (m, 12H); m/z 767.3 (M+H/. 
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Example EK 

{1-[6-(5-{7 -[2-(2-Aza-bicyclo[2.2.1]hept-3-yi)-3H-benzoimidazol-5-yl]-
9, 9-difluoro-9H-fluoren-2 -yl}-1 H-imidazol-2 -yl)-5-aza-spiro[2. 4 ]heptane-

5-carbonyl]-2-methyl-propyl}-carbamic acid methyl ester 

HATU 
DIPEA 
DMF 

( 1-{6-[5-(7 -{2 -[2 -( 3-Cyano-2-methoxycarbonylamino-propionyl)-2-
aza-bicyclo[2.2.1]hept-3-yi]-3H-benzoimidazol-5-yl}-9,9-difluoro-

9H-fluoren-2 -yl)-1 H-imidazol-2 -yl)-5-aza-spiro[2. 4 ]heptane-5-
carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

(1-{6-[S-(7-{2-[2-(3-Cyano-2-methoxycarbonylamino-propionyl)-2-aza-bicyclo[2.2.1)hept-

3-yi)-3H-benzoimidazol-S-yl}-9,9-difluoro-9H-fluoren-2-yi)-1H-imidazol-2-yi)-S-aza

spiro[2.4)heptane-S-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester. To a solution 

of { 1-[6-(5-{7 -[2-(2-aza-bicyclo[2.2.1 ]hept-3-yl)-3H-benzoimidazol-5-yl]-9, 9-difluoro-9H

fluoren-2-yl} -1 H -imidazol-2-yl)-5-aza-spiro[2.4 ]heptane-5-carbonyl ]-2-methyl-propyl}

carbamic acid methyl ester (30 mg, 0.037 mmol) in DMF (2 mL) was added 3-cyano-2-

methoxycarbonylamino-propionic acid (8 mg, 0.045 mmol), HA TU (20 mg, 0.052 mmol) and 

N,N-diisopropylethylamine (0.051 mL, 0.3 mmol). The mixture was stirred at ambient for 2 

hours, and then the volatile component was removed in vacuo. The residue was dissolved in 

ethyl acetate (50 mL), washed with 1 N NaOH solution, water and brine, dried over Na2S04, 

filtered and concentrated in vacuo. The obtained residue was purified by HPLC to provide the 

desired product ( 1-{ 6-[5-(7 -{ 2-[2-(3-Cyano-2-methoxycarbonylamino-propionyl)-2-aza

bicyclo[2.2.1 ]hept-3-yl]-3H-benzoimidazol-5-yl} -9,9-difluoro-9H-fluoren-2-yl)-1 H-imidazol-2-

yl]-5-aza-spiro[2.4]heptane-5-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester as a TFA 

salt (18 mg, 54%). 1H-NMR (300 MHz, DMSO-c4) o 8.30-7.70 (m, IOH), 7.45-7.30 {m, 1H), 

5.26 (t, 1H), 5.00-4.80 (m, 2H), 4.60-4.45 (m, 1H), 4.10-3.70 (m, 4H), 3.63 (s, 3H), 3.54 (s, 3H), 

3.00-2.65 {m, 4H), 2.30-1.10 (m, 12H), 1.00-0.60 (m, 8H); m/z 886.4 (M+Ht. 
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Example EL 

{1-[6-(5-{7 -(2-(2-Aza-bicyclo[2.2.1 ]hept-3-yi)-3H-benzoimidazol-5-yl)-
9,9-difluoro-9H-fluoren-2-yi}-1H-imidazol-2-yl)-5-aza-spiro(2.4]heptane-

5-carbonyl]-2-methyl-propyl}-carbamic acid methyl ester 

HATU 
DIPEA 
DMF 

( 1-{6-[5-(7 -{2 -[2-(3-Methanesulfonyl-2-methoxycarbonylamino
propionyl)-2-aza-bicyclo[2.2. 1 )hept-3-yi)-3H-benzoimidazol-5-yl}-9, 9-
difluoro-9H-fluoren-2-yl)-1 H-imidazol-2-yl)-5-aza-spiro[2 .4 ]heptane-5-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

(l-{6-[5-(7-{2-[2-(3-Methanesulfonyl-2-methoxycarbonylamino-propionyl)-2-aza

bicyclo(2.2.l]hept-3-yi]-3H-benzoimidazol-5-yl}-9,9-difluoro-9H-fluoren-2-yi)-1H

imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-carbonyl}-2-methyl-propyl)-carbamic acid 

methyl ester. To a solution of {l-[6-(5-{7-[2-(2-aza-bicyclo[2.2.l]hept-3-yl)-3H

benzoimidazol-5-yl]-9 ,9-difluoro-9H-fluoren-2-yl} -1 H -imidazol-2-yl)-5-aza-spiro[2 .4 ]heptane-

5-carbonyl]-2-methyl-propyl}-carbamic acid methyl ester (30 mg, 0.037 mmol) in DMF (2 mL) 

was added 3-methanesulfonyl-2-methoxycarbonylamino-propionic acid (8 mg, 0.045 mmol), 

HA TU (20 mg, 0.052 mmol) and N,N-diisopropylethylamine (0.051 mL, 0.3 mmol). The 

mixture was stirred at ambient for 2 hours, and then the volatile component was removed in 

vacuo. The residue was dissolved in ethyl acetate (50 mL), washed with l N NaOH solution, 

water and brine, dried over Na2S04, filtered and concentrated in vacuo. The obtained residue 

was purified by HPLC to provide the desired product (1-{6-[5-(7-{2-[2-(3-Methanesulfonyl-2-

methoxycarbonylamino-propionyl )-2-aza-bicyclo[2.2.1 ]hept-3-yl]-3 H -benzoimidazol-5-yl} -9,9-
• 

difluoro-9H-fl uoren-2-yl)-1 H-imidazol-2-yl]-5-aza-spiro[2.4 ]heptane-5-carbonyl} -2-methyl-

propyl)-carbamic acid methyl ester as a TFA salt (18 mg, 54%). 1 H-NMR (300 MHz, DMSO-

692 



IPR2018-00211 Page 695 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

~) o 8.30-7.70 (m, 10H), 7.40-7.30 (m, IH), 5.26 (t, 1H), 5.00-4.80 (m, 2H), 4.60-4.45 (m, 1H), 

4.10-3.70 (m, 5H), 3.63 (s, 3H), 3.54 (s, 3H), 3.00-2.65 (m, 4H), 2.30-1.10 (m, 12H), 1.00-0.60 

(m, 10H); m/z 939.4 (M+Ht. 

A. Example EM 

OzN --QO-OzN 
Br ~ ~ Br Cu!DMF - Br ~ ~ - Br -Q 137C Br ~-h Br~ - ~ h 

N02 ~ OMe 
1 ,4-0ibromo-2-nitro- N~ 4,4'-0ibromo-2-melhoxy. 

benzene 4,4' -Oibromo-2,2' -dini11t>-biphenyl 2'-nitro-biphenyl 

1. NaNo2 -QO-~ - 1. CH;z=C(OEt)SnBu3 
2. NH2CONH2 Br _ ~ h Br PdCI:z(PPhJ):z/80 C; 

O 2. NBS/H20 

3, 7 -Oibromo-dibenzofuran 

oo n 
BocPrOHIEt3N ar--QY--(_b"'lb: 

0 
Pyrrolldine-1 ,2-dicarboxyllc acid 

2-[2-{7-bromo-dibenzofuran-3-yl)-2-oxo-ethyl] 
ester 1-lelf-butyl ester 

sr--Q:O-tBr 
0 

2-Bromo-1-(7 -bromo
dibenzoturan-3-yl)-elhanone 

N~NH2 
S%Ru/C 

H2N 

ar--QO-sr 

OMe 

4,4'-0ibromo-2'-melhoxy
biphenyl-2-ylamine 

Br~ 
/j '=(_)-!! '\..-Br 

0. . 
2-Bromo-1-[7 -{2-bromo-acetyl)

dibenzofuran-3-yf}-elhanone 

1,4-Dibromo-2-nitro-benzene: The compound was bought from Sigma-Aldrich Co. 

4,4'-Dibromo-2,2'-dinitro-biphenyl: The mixture of 1,4-dibromo-2-nitro-benzene (25 g, 89 

mmol) and copper powder (12.5 g, 197 mmol) in DMF (150 ml) was heated at 137 C for 2 

hours. The mixture was cooled to 25°C and was quenched with water. The mixture was 

extracted with EtOAc (2x). The combined organic solution was washed with water and brine 

and was dried with Na2S04• Concentration and purification by flash column chromatography 

(hexanes/EtOAc) gave 4,4'-dibromo-2,2'-dinitro-biphenyl (13.6 g). 

4,4'-Dibromo-2-methoxy-2'-nitro-biphenyl: To the solution of 4,4'-dibromo-2,2'-dinitro

biphenyl (6.58 g, 16.5 mmol) in DMF (50 ml) at 0°C was added a solution of sodium methoxide 

in Methanol ( 4.4 M, 4.5 ml, 19.8 mmol). The mixture was stirred at 25°C for 12 hours and was 

poured into ice-water (140 ml). The mixture was extracted with EtOAc (2x). The combined 

organic phase was washed with water and brine and dried with Na2S04. Concentration under 
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reduced pressure gave pale solid. The re-crystallization from CH3CN/Me0H gave 4,4'

dibromo-2-methoxy-2'-nitro-biphenyl as a white solid (3.76 g). 

4,4'-Dibromo-2'-metboxy-bipbenyl-2-ylamine: To a suspension of 4,4'-dibrorno-2-rnethoxy-

2'-nitro-biphenyl (3.76 g, 9.8 mmol) and 5%Ru/C (400 rng) in ethanol (37 ml) at 65-70°C was 

added dropwise a solution ofhydrazine (4.6 ml, 59 mmol) in ethanol (5 ml). The mixture was 

refluxed for 7 hours and filtered through a pad of CELITE. The CELITE pad was washed with 

ethanol. The combined solution was concentrated under reduced pressure. Coevaporation with 

ethanol, EtOAc and DCM gave 4,4'-dibromo-2'-methoxy-biphenyl-2-ylamine as yellow solid 

(3.5 g). 

3,7-Dibromo-dibenzofuran: To a suspension of 4,4'-Dibromo-2'-methoxy-biphenyl-2-ylamirie 

(3.5 g, 9.8 mmol) in H2S04 (2.4 g) and water (8.5 ml) at 0°C was added slowly a solution of 

NaN02 (682 mg, 9.8 mmol) in water (9 ml). The mixture was stirred at 0°C for 2 hours. Urea 

(1.2 g, 20 mmol) was added and the mixture was stirred for 12 hours. The mixture was diluted 

with water and was heated at 70°C for 24 hours. The mixture was cooled to 25°C and was 

filtered. The collected solid was re-crystallized from benzene/methanol to give 3,7-dibromo

dibenzofuran (2.27 g). 

2-Bromo-1-(7 -bromo-dibeozofuran-3-yl)-ethaoone and 2-Bromo-1-(7 -(2-bromo-acetyl)

dibenzofurao-3-yl)-ethanone: To the solution of3,7-dibromo-dibenzofuran (972 mg, 3 mmol) 

and tributyl(ethoxyvinyl)stannane (1.22 ml, 3.6 mmol) in dioxane (20 ml) was added 

PdCh(PPh3)2 (90 mg) and Pd(PPh3 )4 (90 mg). The mixture was heated at 80°C for 16 hours 

and was cooled to 0°C. Water (7 ml) was added, followed by slow addition of NBS (641 mg, 

3.6 mmol) over 5 minutes period. The mixture was stirred at 0°C for additional40 minutes, and 

the solvent was removed under reduced pressure. The mixture was diluted with EtOAc, and was 

washed with water and brine and dried with sodium sulfate. Concentration under reduced 

pressure gave a mixture of 2-bromo-1-(7-bromo-dibenzofuran-3-yl)-ethanone and 2-Bromo-1-

[7-(2-bromo-acetyl)-dibenzofuran-3-yl]-ethanone, which was used directly for the next step. 

Pyrrolidine-1 ,2-dicarboxylic acid 2-(2-(7-bromo-dibenzofuran-3-yl)-2-oxo-ethyl]ester 1-

tert-butyl ester and Diketoester: To the solution of(s)Boc-PrOH (2.58 g, 12 mmol) and 

triethylamine ( 1.46 ml, 10.5 mmol) in acetonitrile (20 ml)/DMF ( 15 rnl) was added a solution of 

2-bromo-1-(7 -bromo-dibenzofuran-3-yl)-ethanone and 2-bromo-1-[7 -(2-bromo-acetyl)

dibenzofuran-3-yl]-ethanone in DMF (20 ml). The mixture was stirred for 10 hours, and the 

694 



IPR2018-00211 Page 697 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

solvent was evaporated. The mixture was diluted with EtOAc, and washed with 0.5 N NaOH 

solution, water and brine, and was dried with sodium sulfate. Concentration and purification by 

flash column chromatography (hexanes/EtOAc) gave Pyrrolidine-1,2-dicarboxylic acid 2-[2-(7-

bromo-dibenzofuran-3-yl)-2-oxo-ethyl] ester 1-lert-butyl ester (630 mg) and Diketoester (620 

mg). 

a. TFAIDCM; 
b. RCOOHIHATU/iPr2NEt 

Example EN 

3,7- bis-[2-(1-tert-butoxycarbonyt-pyrrolidin-2-yi)-
3H-imidazol-4-yl)-dibenzofuran 

0 

-o)LNH H r-> 
-,.··'--f0 ~~~lf.l_ ,,L 

I N......,..r-r{ "=/...._>--Jf ~N 0' ''( 
0 H 0 HN')(o' 

0 
( 1-{2-[5-(7 -{2-( 1-(2-Methoxycarbonylamino-3-methyl-butyryl)

pyrrolidin-2-yi)-3H-imidazol-4-yl)-dibenzofuran-3-yl)-
1 H-imidazol-2-yl)-pyrrolidine-1-carbonyl}2-methyl-propyl}-carbamic acid methyl ester 

3, 7- bis-[2-(1-tert-butoxycarbonyl-pyrrolidin-2-yi)-3H-imidazol-4-yl]-dibenzofuran: The 

mixture ofdiketoester (600 mg, 0.89 mmol) and ammonium acetate (1.72g) in xylene (10 ml) 

was heated at 140°C for 80 minutes under microwave. The mixture was quenched with water, 

and extracted with EtOAc. The organic phase was washed with water and brine, and was dried 

with sodium sulfate. Concentration and purification by flash column chromatography 

(DCM/EtOAc) gave 3, 7- bis-[2-( 1-lert-butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]

dibenzofuran (330 mg). rnlz: 639.1 (M+1), 637.3 (M-1), 320.0 (M+2)/2. 

( 1-{2-[ 5-(7 -{2-( 1-(2-Metboxycarbonylamino-3-metbyl-butyryl)

pyrrolidin-2-yi]-3H-imidazol-4-yl}-dibenzofuran-3-yl)-

1 H-imidazol-2-yl)-pyrrolidine-1-carbonyl}-2-metbyl-propyl)-carbamic acid methyl ester: 

To the solution of 3, 7- bis-[2-(l-tert-butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]

dibenzofuran (330 mg, 0.51 mmol) in DCM (4 ml) was added TFA (2 ml). The mixture was 

stirred for 60 minutes, and the solvent and reagent were removed under reduced pressure. The 

mixture was diluted with acetonitrile and water, and was freezer-dried to give brown powder. 

To the solution of above powder (0.51 mmol) and MeOCO-Val-OH (179 mg, 1.02 mmol) in 

DMF (15 ml) was added HA TU ( 407 mg, 1.07 mmol), followed by diisopropylethylamine (0.9 

ml, 5.1 mmol). The mixture was stirred for 60 minutes and was evaporated and then diluted 

with EtOAc. The organic phase was washed with 1 N NaOH solution, water, and brine, and was 
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dried with sodium sulfate. Concentration and purification by HPLC 

(0.1 %TF NCH3CN/O.l %TFNI-h0) gave (1-{2-[5-(7-{2-[1-(2-Methoxycarbonylamino-3-

methyl-butyryl)-pyrrolidin-2-yl]-3H -imidazol-4-yl} -dibenzofuran-3-yl )-1 H -imidazol-2-yl ]

pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (130 mg). m/z: 753.4 

(M+1), 751.3 (M-1), 377.3 (M+2)/2. 1H NMR (CD30D, 300 MHz) () 8.23 (2 H, d, J = 7.9 Hz), 

8.0 (2 H, s), 7.98 (2 H, s), 7.78 (2 H, d, J = 7.9 Hz), 5.27 (2 H, m), 4.24 (2 H, d, J = 7.0 Hz), 4.15 

(2 H, m), 3.90 (2 H, m), 3.67 (6 H, s), 2.60 (2 H, m), 2.35-2.0 (8 H, m), 1.0-0.8 (12 H, m). 

B. Example EO 

_ 9~ a CH2:C(OEt)SnBu1 
~ /J ~-~ Br PdC~(PPh1)z/80 C; 

0~ 
2~ /J ~-~ \.-Br RCOOHIEt,N u O 0 O b. NBS/H20 0 0 0 0 

Pynolidina-1,2-<1-xylic acid 2-{2~7-l>tomo
dibenmfuron-3-yl}-2-oxo-ethyf] eoter 1-/etf-butyf eoter 

Pyrrolidine-1,2-dicarboxyfic: acid 2-{2-{7-
(2-bromo-acetyf}-dibenzoturan-3-y!)-2-oxo-ethy~ 

ester 1-lert-butyl ester 

2~~ rt2 NH40Ad140C < ! 0 g ~0.>--JI \.-
Y-Aza-t>qdo[2.2.1)heptane-2,3-<licarboxylic acid 

3~2-{7 -{2-( 1 ~ert-butoxycartonyl1')'rrolidine-2-<:arbonyloxy)- 3-(5-{7 -{2-( 1 ~ert-6utoxycarbonyl-pyridin-2-yl}-
acet~ofuran-3-y!)-2-oxo-elhyl) ester 2~ert-butyl eol&GH-im idazol-4-yl}-dibenzolllar>-3-yl}-1 H-imidazol-2-yl)-2-aza-bicyclo{2.2.1 Jllaplane-2 -<:arboxyfic 

acid lert-butyl ester 

a. TFAIDCM; b. RCOOH/HATUnPr2NEI 
0 :({ -o)_NH H H 

-, ... ·'--l ~~~-, 1. .. L 
[ N__....--N ~-.>-Jf ~N o· , .. u H 0 HN)(o' 

0 
( 1-(3-{5-(7 -(2-{1 ~2-Methoxycerbonytamlno-3-melhyl-bulyryl)

pyrrolidin-2-yf]-JH-Imidazol-4-yl)-dibenzofuran.-3-)-
1 H-imidazol-2-yf)-2-aza-bic:yclo(2.2.1jheptana-

2-<:arbonyl)-2-melhy\ilropyl)-cart>amic: acid methyl ester 

Pyrrolidine-1,2-dicarboxylic acid 2-{2-(7-(2-bromo-acetyl)-dibenzofuran-3-yl]-2-oxo

etbyl}ester 1-tert-butyl ester: To the solution of Pyrrolidine-1 ,2-dicarboxylic acid 2-[2-(7-

bromo-dibenzofuran-3-yl)-2-oxo-ethyl] ester 1-tert-butyl ester (250 mg, 0.5 mmol) and 

tributyl(ethoxyvinyl)stannane (188 J.d, 0.55 mmol) in dioxane (3.3 ml) was added PdCh(PPh3) 2 

(15 mg). The mixture was heated at 80°C for 16 hours and was cooled to 0°C. Water (1.1 ml) 

was added, followed by slow addition of NBS (98 mg, 0.55 mmol) over 5 minutes period. The 

mixture was stirred at ooc for additional 40 minutes, and the solvent was removed under 

reduced pressure. The mixture was diluted with EtOAc, and was washed with water and brine 

and dried with sodium sulfate. Concentration and purification by flash column chromatography 

(hexane/EtOAc) gave Pyrrolidine-1 ,2-dicarboxylic acid 2-{2-[7-(2-bromo-acetyl)-dibenzofuran-

3-yl]-2-oxo-ethyl} ester 1-tert-butyl ester (205 mg). 

696 



IPR2018-00211 Page 699 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

2-Aza-bicyclo(2.2.l]beptane-2,3-dicarboxylic acid 3-(2-{7-[2-(1-tert-butoxycarbonyl

pyrrolidine-2-carbonyloxy)-acetyl]-dibenzofuran-3-yl}-2-oxo-etbyl) ester 2-tert-butyl ester: 

To the solution of2-Aza-bicyclo[2.2.1 ]heptane-2,3-dicarboxylic acid 2-tert-butyl ester (155 mg, 

0.64 mmol) and triethylamine (77 j.!l, 0.55 mmol) in acetonitrile (3 ml) was added a solution of 

Pyrrolidine-1 ,2-dicarboxylic acid 2-{2-[7 -(2-bromo-acetyl)-dibenzofuran-3-yl]-2-oxo

ethyl}ester 1-tert-butyl ester (200 mg, 0.37 mmol) in DMF (6 ml). The mixture was stirred for 

10 hours, and the solvent was evaporated. The mixture was diluted with EtOAc, and washed 

with water and brine, and was dried with sodium sulfate. Concentration gave 2-Aza

bicyclo[2.2.1 ]heptane-2,3-dicarboxylic acid 3-(2-{7 -[2-( 1-tert-butoxycarbonyl-pyrrolidine-2-

carbonyloxy)-acetyl]-dibenzofuran-3-yl}-2-oxo-ethyl) ester 2-tert-butyl ester (243 mg). rn/z: 

703.3 (M-1), 727.2 (M+Na) 

3-(S-{7-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yi)-3H-imidazol-4-yl]dibenzofuran-3-yl}-

1H-imidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester: The 

mixture of 2-Aza-bicyclo[2.2.1 ]heptane-2,3-dicarboxylic acid 3-(2-{ 7-[2-( 1-tert

butoxycarbonyl-pyrrolidine-2-carbonyloxy)-acetyl]-dibenzofuran-3-yl }-2-oxo-ethyl) ester 2-

tert-butyl ester (243 mg) and ammonium acetate (860 mg, 11 mmol) in xylene (5 ml) was heated 

at 140°C for 80 minutes under microwave. The mixture was quenched with water, and extracted 

with EtOAc. The organic phase was washed with water and brine, and was dried with sodium 

sulfate. Concentration and purification by flash colwnn chromatography (DCMIEtOAc) gave 3-

(5-{7 -[2-( 1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]dibenzofuran-3-yl }-1 H

imidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester (170 mg). rn/z: 

665.0 (M+1), 663.4 (M-1), 333.0 (M+2)/2. 

(l-{3-(5-(7-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H

imidazol-4-yl}-dibenzofuran-3-yl)-l H-imidazol-2-yl]-2-aza-bicyclo[2.2.1] beptane-

2-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester: To the solution of3-(5-{7-[2-(1-

tert-Butoxycarbonyl-pyrrolidin-2-yl )-3 H-imidazol-4-yl]dibenzofuran-3-yl} -1 H-imidazol-2-yl)-

2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester ( 170 mg) in DCM ( 6 ml) was 

added TF A (3 ml). The mixture was stirred for 60 minutes, and the solvent and reagent were 

removed under reduced pressure. The mixture was diluted with acetonitrile and water, and was 

freezer-dried to give brown powder. To the solution of above powder (0.256 mmol) and 

MeOCO-Val-OH (90 mg, 0.51 mmol) in DMF (7.5 ml) was added HATU (204 mg, 0.54 mmol), 

followed by diisopropylethylamine (0.45 ml, 2.56 mmol). The mixture was stirred for 90 

minutes and was diluted with EtOAc. The organic phase was washed with 1 N NaOH solution, 
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water, and brine, and was dried with sodium sulfate. Concentration and purification by HPLC 

(0.1 %TFNCH3CN/0.1 %TFNfh0) gave (1-{3-[5-(7-{2-[1-(2-Methoxycarbonylamino-3-

methyl-butyry 1)-pyrrolidin-2-yl]-3H -imidazol-4-yl} -dibenzofuran-3-yl)-1 H -imidazol-2-yl ]-2-

aza-bicyclo[2.2.1 ]heptane-2-carbonyl }-2-methyl-propyl)-carbamic acid methyl ester ( 127 mg). 

rnlz: 779.3 (M+ 1), 777.3 (M-1), 390.2 (M+2)/2. 1H NMR (CD30D, 300 MHz) o 8.23 (2 H, d, J 

= 8.2 Hz), 8.03 (2 H, s), 7.98 (2 H, m), 7.88 (2 H, d, J = 8.2 Hz), 5.25 (1 H, m), 4.85 (1 H, m), 

4.33 (1 H, d, J = 6.1 Hz), 4.24 (1 H, d, J = 7.0 Hz), 4.15 (1 H, m), 3.88 (1 H, m), 3.69 (3 H, s), 

3.67 (3 H, s), 3.45 (1 H, m), 2.89 (1 H, m), 2.60 (1 H, m), 2.35-1.6 (11 H, m), 1.05-0.8 (12 H, 

m). 

cl)-QO-Br c 00 0 

Pynolidlne-1,2-dicartloxylk: acid 2·[2-{7-bromo. 
dibenzcfU!lln-3-yf)-2-oxo-ethyiJ es1er 1·1etf·butyl 

ester 

~OAc 

C. Example EP 

2-{!>-(7-Bromo-dibenzofurar>-3-yl}-
1 H-lmidazol-2-yf)-pynolidine-

1-<:arboxylic acid tert-butyl ester 

2-[5-(4,4,5.> Tetramethyi-{1,3,2J 
dioxaborolan-2-yl}-

1 H-benzoimldazo~2-y1J-pyrrolldine-
1-catlloxyllc acid lerf..butyl ester 

~ ?:) 
Pd(PPh,)4 x: ~~ "if"L a. TFNDCM; b. RCOOHIHATUfiPr2NEI 
PdC~(dppf) ~N ~-_)..J '=/"N 

\._) H 0 

2-(S-(7 -{2-( 1 +butoxyc:artlonyl-pyrrolldin-2-yf)
JH-benzoimidazol->yf}-dibenza!urar>-3-yl}-

1 H-lmidazo~2-yf}-pyrrolldine-1-a~r1loxyllc acid terf..butyl ester 

o H r) 
-o)lNH NJ("'N L 

._,,)-l ~~~o n--~ o~···' 
I N~~ ~ o 

\._) H 0 ')(' 
0 

(1-(2-[S-(7-{2-{1-(2-Methoxycarbonylamino-3-methy~butyryl}-pym>fidin-2-yf}-3H
benzoimidazo~5-yf}-dibenzofurar>-3-yf}-1 H-imidazol-2-yl}-pyrrolidine-1-<:arbonyf}-

2-metlly~propyl)-<:arbamic acid methyl ester 

2-[5-(7 -Bromo-dibenzofuran-3-yl)-1 H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert

butyl ester: The mixture of Pyrrolidine-1 ,2-dicarboxylic acid 2-[2-(7-bromo-dibenzofuran-3-

yl)-2-oxo-ethyl] ester 1-tert-butyl ester (200 mg) and ammonium acetate (860 mg, 11 mmol) in 

xylene (5 m1) was heated at 140°C for 80 minutes under microwave. The mixture was quenched 

with water, and extracted with EtOAc. The organic phase was washed with water and brine, and 

was dried with sodium sulfate. Concentration and purification by flash column chromatography 

(DCM/EtOAc) gave 2-[5-(7 -Bromo-dibenzofuran-3-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-

carboxylic acid tert-butyl ester (124 mg). m/z: 481.9 {M+ 1 ), 480.2 (M-1 ). 

698 



IPR2018-00211 Page 701 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

2-(5-{7-[2-(l-t-butoxycarbonyl-pyrrolidin-2-yi)-3H-benzoimidazoi-S-yl]-dibenzofuran-3-

yl}-lH-imidazol-2-yl)-pyrrolidine-l-carboxylic acid tert-butyl ester: To the solution of2-[5-

(7-Bromo-dibenzofuran-3-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester 

(124 mg, 0.26 mmol) and 2-[6-( 4,4,5,5-Tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-1 H

benzoimidazol-2-yl]-pyrrolidine-

1-carboxylic acid tert-butyl ester (107 mg, 0.26 mmol) in DME (2.25 ml) and water (0.75 ml) 

was added potassium carbonate (72 mg, 0.52 mmol), followed by Pd(PPh3)4 (15 mg) and 

PdCh( dppf)CH2Ch ( 15 mg). The mixture was heated at 90°C for 6 hours. The mixture was 

diluted with EtOAc, and was washed with water and brine, and was dried with sodium sulfate. 

Concentration and purification by flash column chromatography (EtOAc) gave 2-(5-{7-[2-(1-t

butoxycarbonyl-pyrrolidin-2-yl )-3H -benzoimidazol-5-yl]-dibenzofuran-3-yl }-I H -imidazol-2-

yl)-pyrrolidine-I-carboxylic acid tert-butyl ester (83 mg). rnlz: 689 .I (M+ I), 687.3 (M-I ), 

345.0 (M+2)/2. 

(l-{2-[5-(7-{2-[l-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H

benzoimidazol-S-yl}-dibenzofuran-3-yl)-l H-imidazol-2-yl]-pyrrolidine-l-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester: To the solution of2-(5-{7-[2-(l-t

butoxycarbonyl-pyrrolidin-2-yl)-3H -benzoimidazol-5-yl]-dibenzofuran-3-yl} -1 H -imidazol-2-

yl)-pyrrolidine-1-carboxylic acid tert-butyl ester (82 mg, 0.12) in DCM (4 ml) was added TFA 

(2 ml). The mixture was stirred for 60 minutes, and the solvent and reagent were removed under 

reduced pressure. The mixture was diluted with acetonitrile and water, and was freezer-dried to 

give brown powder. To the solution of above powder (O.I2 mmol) and MeOCO-Val-OH (42 

mg, 0.24 mmol) in DMF (3.5 ml) was added HA TU (95 mg, 0.25 mmol), followed by 

diisopropylethylamine (0.21 ml, 1.2 mmol). The mixture was stirred for 90 minutes and was 

diluted with EtOAc. The organic phase was washed with I N NaOH solution, water, and brine, 

and was dried with sodium sulfate. Concentration and purification by HPLC 

(0.1 %TFA/CH3CN/0.1 %TFAIH20) gave (1-{2-[5-(7-{2-[I-(2-Methoxycarbonylamino-3-

methyl-butyryl)-pyrrolidin-2-yl ]-3H-benzoimidazol-5-yl} -dibenzofuran-3-yl )-1 H -imidazol-2-

yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic acid methyl ester (79 mg). rnlz: 803.4 

(M+1), 801.1 (M-I), 402.2 (M+2)/2. 1H NMR (CD30D, 300 MHz) o 8.25 (2 H, m), 8.1-7.9 (5 

H, m), 7.9-7.75 (3 H, m), 5.4-5.2 (2 H, m), 4.25 (2 H, m), 4.2-3.8 (4 H, m), 3.67 (6 H, s), 2.60 (2 

H, m), 2.4-2.0 (8 H, m), 1.05 -0.8 (12 H, m). 
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D. Example EQ 

M~-Q-Br 
Pd(PPh3)4 

bis(pinacolato)diborcn M~C-q-8:~ 
Br 

3-Brcmomelhyl-4-(4,4,5,5-letramethy~ 
(1,3,2)dioxaborclan-2-yl}
benzoic acid methyl ester 

HO~ 
4-Bromo-3-melhy~ 
benzoic acid methyl 

ester 

3-Methy~-(4,4,5,5-tetramethyl 
;1 ,3,2)dloxaborolan-2-yl}-benzolc 

acid methyl ester 

Pd(PPh3)4 
Pd(dppi)C~ 0'¢ 

NOz 

3-(2-lodo-S.nttro-phenoxymethyl}-4-(4,4,5,5-letramelhyl
[1 ,3,2)dioxaborolan-2-yl}-benzoic acid methyl estannethane; 

3-Nttro-6H-benzo[c]chrcmene-
8-carboxylic acid methyl ester 

1-BuONO 
CuBr2 , M..n...c-qj)-"l B 1. NaOH 

W"'2- ~~~ r2HCI, 

0 
3-Brcmo-6H-benzo[c:jchromene-

8-carboxylic acid methyl ester 

H~C-qy-Br 

3-Brcmo-6H-benzo[c]chromene
B-<:arboxylic acid 

1. CICOCOCI 
2. TMSCHN2 
3. HBr/HOAc 

NOz 

2-lodo-S.nitro
phenol 

3-Amino-6H-benzo[c]chrcmene-&
carboxylic acid methyl ester 

0 
Br 

Br 
0 

2-Brcmo-1-{3-brcmo-6H
benzo{c)chrcmen-8-yl)-elhanone 

PyrroUdine-1 ,2-dlcarboxylic acid 
2-(2-{3-brorno-BH-benzo( cjchrornell-8-yl) 

-2-oxo-ethyl] ester 1-lert-bulyl ester 

2-{S.(3.Srcmo-6H-benzo(c(c:hrornen-B-yl) 
-1 H-imiclazol-2-yl}-pyrrolldln&-

1-carboxylic acid lerl-butyl ester 
2-[8-(4,4,5,5-Tetramethyl-(1,32] 

dioxaborolan-2-yl}-
1 H-benzolmidazol-2-yQ-pyrrolidin&-

1-carboxyic acid tart-butyl ester 

2-(5-(3-(2-(1-t-butaxycarbonyl-pyrrolidin-2-yi)-
3H-benzoimidazol-5-yi}-6H-benzo(cjchrornell-8-yl}-

1H-imldaza~2-yl)-pyrrclidine-1-earboxylic acid lert-llutyl ester 

Q H n 
- 0 )l..NH _ _ NfN L 

._,,.·\...( ~~'!-~ ~ li ~II No~··' 
I N.....,..--N HN 0 

\_) H 0 't(' 
0 

a. TFNOCM; b. RCOOH/HATUfiPr2NEt 

( 1-{2-(5-(3-(2-{1-(2-Methoxycarbonylam no-3-m ethyl-butyryl)-pyrrclidin-2-yi]~H-Ilenzoimidazoi-S.yi}-6H
benzo[cJchrornen.S-yl}-1 H-imidazol-2-yiJ-pyrrclldine-1-carbonyl}-2-methyl-propyl)-carbamic a cil methyl 

ester 

4-Bromo-3-methyl-benzoic acid methyl ester: The chemical was bought from Sigma-Aldrich 

Co. 

3-Methyl-4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-benzoic acid methyl ester: To 

the solution of 4-Bromo-3-methyl-benzoic acid methyl ester ( 4.56 g, 20 mmol) and 

bis(pinacolato)diboron (10.2 g, 40 mmol) in 1,4-dioxane (160 ml) was added potassium acetate 

(5.0 g, 51 mmol), followed by Pd(PPh3)4 (924 mg). The mixture was heated at 80°C for 16 

hours. The mixture was diluted with EtOAc, and was washed with water and brine, and was 

dried with sodium sulfate. Concentration and purification by flash column chromatography 
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(hexanes/EtOAc) gave 3-Methyl-4-( 4,4,5,5-tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-benzoic acid 

methyl ester (4.8 g). 

3-Bromomethyl-4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-benzoic acid methyl ester: 

The solution of 3-Methyl-4-( 4,4,5,5-tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-benzoic acid methyl 

ester (3.71 g, 13.4 mmol), NBS (2.39 g, 13.4 mmol), and AIBN (235 mg) in CC14 (20 ml) was 

heated at 80°C for 14 hours. The mixture was cooled to 25°C, and was filtered and washed with 

CC4. The solution was concentrated under reduced pressure, and was diluted with EtOAc. The 

solution was washed with water and brine and was dried with Na2S04. Concentration gave 3-

Bromomethyl-4-( 4,4,5,5-tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-benzoic acid methyl ester ( 4.9 

g). 

3-(2-Iodo-5-nitro-phenoxymethyl)-4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-benzoic 

acid methyl estermethane: The mixture of 3-Bromomethyl-4-(4,4,5,5-tetramethyl-

[ 1 ,3,2]dioxaborolan-2-yl)-benzoic acid methyl ester (3.63 g, 10.3 mmol), 2-Iodo-5-nitro-phenol 

(2.72 g, 10.3 mmol), and potassium carbonate (2.26 g, 16.4 mmol) in DMF (21 ml) was heated 

at 75°C for 3 hours. The mixture was cooled to 25°C, and DMF was removed under reduced 

pressure. The mixture was diluted with EtOAc, and was acidified with 0.5 N HCl until pH=4. 

More water (total volume ofwater 100 ml) was added and the mixture was stirred for 5 minutes. 

The mixture was filtered and washed with water. The solid was collected and dried under 

reduced pressure. 3-(2-Iodo-5-nitro-phenoxymethyl)-4-( 4,4,5,5-tetramethyl

[1,3,2]dioxaborolan-2-yl)-benzoic acid methyl estermethane was obtained as solid (1.8 g). 

3-Nitro-6H-benzo[c]chromene-8-carboxylic acid methyl ester: To the solution of 3-(2-Iodo-

5-nitro-phenoxymethyl)-4-( 4,4,5 ,5-tetramethyl-[ 1 ,3 ,2]dioxaborolan-2-yl )-benzoic acid methyl 

estermethane (2. 7 g, 5 mmol) in 1 ,2-dimethoxyether (75 ml) and water (25 ml) was added 

sodium bicarbonate (1.26 g, 15 mmol), followed by Pd(PPh3)4 (250 mg) and Pd(dppt)Ch (250 

mg). The mixture was heated at 80°C for 16 hours. The mixture was diluted with EtOAc, and 

was washed with water and brine, and was dried with sodium sulfate. Concentration and 

purification by flash column chromatography (DCM/hexanes) gave 3-Nitro-6H

benzo[c]chromene-8-carboxylic acid methyl ester (690 mg). 

3-Amino-6H-benzo[c]chromene-8-carboxylic acid methyl ester: To the solution of 3-Nitro-

6H-benzo[c]chromene-8-carboxylic acid methyl ester (690 mg) in THFIDMF (5 ml/5 ml) was 

added acetic acid (10 ml), followed by slow addition of Zinc (800 mg). The mixture was stirred 
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for 12 hours and solvents were removed under reduced pressure. The mixture was diluted with 

EtOAc, and 0.2 N sodium hydroxide solution was added until pH=10. The organic layer was 

separated and was washed with water and brine and dried with Na2S04. Concentration and 

purification by flash column chromatography (DCM!EtOAc) gave 3-Amino-6H-

benzo[ c ]chromene-8-carboxylic acid methyl ester (300 mg). 

3-Bromo-6H-benzo[c]cbromeoe-8-carboxylic acid methyl ester: To a solution of copper (II) 

bromide (315 mg, 1.42 mmol) and t-butyl nitrite (233 Jll, 1.77 mrnol) in CH3CN (4 ml) at 65°C 

was added dropwise a suspension of 3-Amino-6H-benzo[c]chromene-8-carboxylic acid methyl 

ester (300 mg, 1.18 mrnol) in CH3CN (5 ml). The mixture was heated at 65°C for 3 hours. 

Concentration and purification by flash column chromatography (DCM/EtOAc) gave 3-Bromo-

6H-benzo[c]chromene-8-carboxylic acid methyl ester (160 mg). 

3-Bromo-6H-benzo(c)cbromene-8-carboxylic acid: The solution of 3-Bromo-6H

benzo[c]chromene-8-carboxylic acid methyl ester (160 mg, 0.5 mrnol) and sodium hydroxide 

(1.0 N, I ml, 1 mmol) in THF/MeOH (2 ml/2 ml) was heated at 50°C for 3 hours. The mixture 

was cooled to 25°C and was acidified with 2 N HCl (0.6 ml). The solvents were removed under 

reduced pressure. The mixture was diluted with acetonitrile and water, and was freezer-dried to 

give 3-Bromo-6H-benzo[c]chromene-8-carboxylic acid as brown powder. 

2-Bromo-1-(3-bromo-6H-benzo[c]cbromen-8-yl)-etbanone: To 3-Bromo-6H

benzo[c]chromene-8-carboxylic acid (0.5 mrnol) was added a solution of oxalyl chloride in 

DCM (2.0 N, 5 ml, 10 mrnol). The mixture was heated at 45°C for 2 hours and cooled to 25°C. 

Excess reagents and solvent were removed under reduced pressure and co-evaporated with 

toluene. To the solution of above residue in DCM (5 ml) at 0°C trimethylsilyldiazomethane (2.0 

N, 0.75 ml, 1.5 mrnol) was added dropwise. The mixture was stirred at 25°C for 12 hours and 

was concentrated. The residue was dissolved in EtOAc and was cooled to 0°C. To above 

solution HBriHOAc (0.28 ml, 1.5 mrnol) was added dropwise. The mixture was stirred at 25°C 

for I hour. Solid sodium bicarbonate was added and the mixture was stirred for 30 minutes. 

The mixture was diluted with EtOAc, and was washed with water and brine and was dried with 

Na2S04• Concentration gave 2-Bromo-l-(3-bromo-6H-benzo[ c ]chromen-8-yl)-ethanone, which 

was used for next step without purification. 

Pyrrolidine-1 ,2-dicarboxylic acid 2-(2-(3-bromo-60-beozo[ c ]cbromen-8-yl) -2-oxo-etbyl] 

ester 1-tert-butyl ester: To the solution of(s)Boc-PrOH (1.07 g, 5 mrnol) and triethylamine 
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(0.63 ml, 4.5 mmol) in acetonitrile (20 ml) was added a solution of2-Bromo-1-(3-bromo-6H

benzo[c]chromen-8-yl)-ethanone (0.5 mmol) in DMF (10 ml). The mixture was stirred for 10 

hours, and the solvent was evaporated. The mixture was diluted with EtOAc, and washed with 

0.5 N NaOH solution, water and brine, and was dried with sodium sulfate. Concentration gave 

Pyrrolidine-1 ,2-dicarboxylic acid 2-[2-(3-bromo-6H-benzo[ c ]chromen-8-yl)-2-oxo-ethyl] ester 

1-tert-butyl ester, which was used for the next step without further purification. 

2-[ 5-(3-Bromo-6H-benzo[ c )cbromen-8-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid 

tert-butyl ester: The mixture of Pyrrolidine-1 ,2-dicarboxylic acid 2-[2-(3-bromo-6H

benzo[c]chromen-8-yl) -2-oxo-ethyl] ester 1-tert-butyl ester (0.5 mrnol) and ammonium acetate 

(860 mg, 11 mmol) in xylene (5 ml) was heated at 140°C for 80 minutes under microwave. The 

mixture was quenched with water, and extracted with EtOAc. The organic phase was washed 

with water and brine, and was dried with sodium sulfate. Concentration and purification by 

HPLC (0.1% TF NCH3CN/0.1% TF NHzO) gave 2-[ 5-(3-Bromo-6H-benzo[ c ]chromen-8-yl)-1 H

imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (8 mg). m/z: 496.0 (M+ 1 ), 494.1 

(M-1). 

2-(5-{3-[2-(1-t-butoxycarbooyl-pyrrolidio-2-yi)-3H-benzoimidazol-5-yi]-6H

beozo[c)chromen-8-yl}-1H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester: To 

the solution of 2-[5-(3-Bromo-6H-benzo[ c ]chromen-8-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-

carboxylic acid tert-butyl ester (9 mg, 0.02 mmol) and 2-[6-(4,4,5,5-Tetramethyl-

[ 1,3,2]dioxaborolan-2-yl)-1 H-benzoirnidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester 

(9.6 mg, 0.02 mmol) in DME (0.75 ml) and water (0.25 ml) was added potassium carbonate (10 

mg, 0.07 mrnol), followed by Pd(PPh3)4 (2 mg) and PdC(z(dppf)CH2Ch (2 mg). The mixture 

was heated at 90°C for 6 hours. The mixture was diluted with EtOAc, and was washed with 

water and brine, and was dried with sodium sulfate. Concentration and purification by flash 

column chromatography (EtOAc) gave 2-(5-{ 3-[2-( 1-t-butoxycarbonyl-pyrrolidin-2-yi)-3H

benzoimidazol-5-yi]-6H-benzo[ c ]chromen-8-yl }-1 H-imidazol-2-yl)-pyrrolidine-1-carboxylic 

acid tert-butyl ester (4.2 mg). rnlz: 729.2 (M+l), 727.3 (M-1), 365.2 (M+2)/2. 

(1-{2-[5-(3-{2-[1-(2-Metboxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H

benzoimidazol-5-yi}-6H-benzo [ c]chromen-8-yl)-1 H-imidazol-2-yl]-pyrrolidioe-1-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester: To the solution of2-(5-{3-[2-(1-t

butoxycarbonyl-pyrrolidin-2-yl)-3H -benzoimidazol-5-yl]-6H-benzo[ c ]chromen-8-yl} -1 H-
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imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester (4.2 mg, 0.006) in DCM (2 ml) was 

added TFA (1 ml). The mixture was stirred for 60 minutes, and the solvent and reagent were 

removed under reduced pressure. The mixture was diluted with acetonitrile and water, and was 

freezer-dried to give brown powder. To the solution of above powder (0.006 mmol) and 

MeOCO-Val-OH (2 mg, 0.012 mmol) in DMF (1 ml) was added HATU (4.6 mg, 0.012 mmol), 

followed by diisopropylethylamine (10 j.Ll, 0.058 mmol). The mixture was stirred for 90 minutes 

and was diluted with EtOAc. The organic phase was washed with 1 N NaOH solution, water, 

and brine, and was dried with sodium sulfate. Concentration and purification by HPLC 

(0.1%TFA/CH3CN/0.1%TFAIH20) gave (1-{2-[5-(3-{2-[1-(2-Methoxycarbonylamino-3-

methyl-butyryl)-pyrrolidin-2-yl]-3 H-benzoimidazol-5-yl} -6H-benzo[ c ]chromen-8-yl)-1 H

imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl-propyl)-carbamic acid methyl ester (2.5 mg). 

m/z: (M+l), (M-1), (M+2)/2. 1H NMR (C030D, 300 MHz) 6 8.07-7.7 (7 H, m), 7.62 (1 H, s), 

7.45 (1 H, m), 7.38 (1 H, s), 5.25 (4 H, m), 4.35 (1 H, m), 4.22 (1 H, m), 4.15 (2 H, m), 3.85 (2 

H, m), 3.65 (6 H, m), 2.98 (1 H, s), 2.6 (1 H, m), 2.3-1.7 (8 H, m), 1.05-0.85 (12 H, m). 

Example ER 

><o-rO N-D-Br 
N__)!.. 'J--'1 
c~ 

TFA 

DCM. RT 
H ~-o-Br 
if~ 

+ 

2-(6-Bromo-1H-benzoimidazol-2-yl)
pyrrolidine-1-carboxylic acid ferl-butyl ester 

6-Bromo-2-pyrrolidin-2-yl-
1 H-benzoimidazole 

2-Methoxycarbooylamino-3-
methyl-butyric acid 

HATU, NMM 

DMF, RT 

Pd(Pf'!lJ)4 
NaHC03 

OME-H20 
ss•c 

( 1-[2-(6-Bromo-1 H-benzoimidazol-2-yl)
pyrrolidine-1-carbonyl}-2-methyl-propyl}

carbamic acid methyl ester 

+ -+~ /}-tf?-_ .... 
~l~ -v 0 HN-fO 

o.._ 
[2-Methyl-1-(3-(5-[6-(4,4,5,5-tetramethyl

[1,3,2)dioxaborolan-2-yl)-naphthalen-2-yl)-
1 H-imidazol-2-y1}-2-aza-bicydo[2. 2. 1)haptane-
2-carbonyl)-methyl)-carbamic acid methyl ester 

.._0 HH-~ 
o)-NH O F\ ;=(MJ~.··' 
-(~J~ ~ 0 HN-fO 

C ~ o.._ 

(1-{2-{6-(6-{2-{2-(2-Methoxycarbonylamino-propionyl)-2-aza-bicydo[2.2.1)hept-3-yi}-
3H-imidazol-4-yl)-naphthalen-2-yl)-1 H-benzoimidazol-2-yl}-pyrrolidine-1-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester 

6-Bromo-2-pyrrolidin-2-yl-lH-benzoimidazole: Prepared by the same method as (1-{2-[5-(4-

Bromo-phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-
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carbonyl }-2-methyl-propyl)-carbamic acid methyl ester, except that 2-(6-Bromo-1 H

benzoimidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester was used as the substrate. 

120 mg light yellow solid (66% yield). 

{1-(2-(6-Bromo-1 H-benzoimidazol-2-yl)-pyrrolidine-1-carbonyl]-2-methyl-propyl}

carbamic acid methyl ester: Prepared by the same method as (1-{2-[5-(4-Bromo-phenyl)-1H

imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic acid methyl ester but using 

6-bromo-2-pyrrolidin-2-yl-IH-benzoimidazole as the substrate. 193 mg crude solid were used 

for the next step. 

(2-Methyi-1-(3-{S-[6-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-lH

imidazoJ-2-yl}-2-aza-bicyclo [2.2.1 ]heptane-2-carbonyl)-methyl)-carbamic acid methyl 

ester: This compound was made using the same procedure as for [2-Methyl-1-(2-{5-[6-

( 4,4,5,5-tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-l H-imidazol-2-yl }-pyrrolidine-

1-carbonyl)-propyl]-carbamic acid methyl ester, except that 2-Aza-bicyclo[2.2.1 ]heptane-2,3-

dicarboxylic acid 2-tert-butyl ester was used in place of Pyrrolidine-1 ,2-dicarboxylic acid 1-tert

butyl ester and 2-Methoxycarbonylamino-propionic acid was used in place of2-

Methoxycarbonylamino-3-methyl-butyric acid 2-Methoxycarbonylamino-propionic acid. 

(l-{2-[6-(6-{2-[2-(2-Methoxycarbonylamino-propionyl)-2-aza-bicyclo[2.2.l]hept-3-yi]-3H

imidazol-4-yl} -na phthalen-2-yl)-1 H -benzoimidazol-2-yl] -py rrolidine-1-ca rbony I}-2-methy 1-

propyl)-carbamic acid methyl ester: { 1-[2-(6-Bromo-1 H-benzoimidazol-2-yl)-pyrrolidine-1-

carbonyl]-2-methyl-propyl} -carbamic acid methyl ester (0.193 g), [2-Methyl-1-(3-{ 5-[ 6-

( 4,4,5,5-tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-l H-imidazol-2-yl} -2-aza

bicyclo[2.2.1 ]heptane-2-carbonyl)-methyl]-carbamic acid methyl ester (0.241 g), and NaHC03 

(0.123 g) were dissolved in a mixture of I ,2-dimethoxyethane (6 mL) and water (2 mL). The 

solution was degassed with nitrogen, and Pd(PPh3) 4 (0.0219 g) was added. The reaction mixture 

was stirred at 85°C for 2 days and evaporated under vacuum. Solid was dissolved in ethyl 

acetate (15 mL) and extracted twice with water (10 mL) and once with brine (10 mL). The 

resulting oil was subjected to silica gel chromatography using a 40 g ISCO column and effluent 

of0-5% MeOH:DCM. The fractions containing product were combined and the solvent was 

removed under reduced pressure. Oil was dissolved in DMF, purified by reverse phase HPLC 

(5-70% acetonitrile:water), and lyophilized, giving (1-{2-[6-(6-{2-[2-(2-

Methoxycarbonylamino-propiony l)-2-aza-bicyclo[2.2.1 ]hept-3-yl]-3H -imidazol-4-yl}-
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naphthalen-2-yl)-1 H-benzoimidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic 

acid methyl ester (0.039 g, 12%) as a white solid. 
1H-NMR: 300 MHz, (DMS0-<4) o: 11.8 (s, 1H), 8.2 (d, J= 27Hz, 2H), 7.9 (m, 4H), 7.6 (m, 

3H), 7.3 (m, 2H), 5.3 (m, 2H), 4.1 (m, 2H), 3.8 (m, 2H), 3.5 (s, 6H), 2.5 (s, 6H), 2.8 (m, 1H), 2.1 

(m, 4H), 2.0 (m, 4H), 0.9 (m, 12H); MS (ESI): mlz 763 [M + Ht. 

Example ES 

0 0 H2.~ 0 &-0--)\) H2N,N)lO_.., 
AcOH 'fN_~)lo,..... AcOH ~~-~)lo,..... + 
Acetone EIOH, RT 

H RT 
Hydrazinecarboxytic acid W-lsopropyliclene-hydrazine- W -lsopropyl-hydrazine-

5-(4-Bromo-phenyl)-2-pyrrolidin-
methyl ester carboxylic acid methyl ester carboxylic acid methyl ester 

Triphosgene 
OIPEA 

OCM 
O"C-RT 

+ :to, ,ot B-B 
d 'o 

W-{2-(5-(4-Bromo-phenyi)·1H-Imidazol-2-yQ- 4,4,5,5,4',4',5',5'-0clamethyl-(2,21-
pyrrolidine-1-carbonyi)-W -isopropyl-hydrazine- b1U1,3,2)dloxaborolanyl) 

carboxylic acid methyl ester 

+ 

Pci(PPh3)4 
KOAc 

Oiol<ane 
so·c 

W -lsopropyi-W-(2-{5-(4-( 4,4 ,5,5-tetramethyl-(1,3,2)dioxaborolan-
2-yl)-phenyQ·1 H-imidazol-2-yl)-pyrrolidine-1-carbonyl)

hydrazinecarboxylic acid methyl ester 

(1-{2-(5-(B-Bromonaphthaien-2-yl)-1 H-imidazol 
-2 -yl)-pyrrolidine-1-aubonyl)-2 -methyl-propyl)

carbamic acid methyl ester 

Pd(PP1l3)4 
NaHC03 

OME-H20 
B5"C 

W -lsopropyi-W -{2-(5-(4 '-{2-(1-(2-methoxycarbonylamino-3-methyl-butyryl)
pyrrolidin-2-yi)-3H-imidazol-4-yl)-biphenyl-4-yl)-1 H-imidazol-2-y1}

pyrrolldine-1-carbonyl)-hydrazinecarboxylic acid methyl ester 

2-yl-1 H-imidazole 

N'-lsopropylidene-hydrazine-carboxylic acid methyl ester: Hydrazinecarboxylic acid methyl 

ester (5.01 g) were dissolved in acetone (28 mL), and acetic acid (0.0636 mL) was added. The 

reaction mixture was stirred at room temperature for 24 hours. Water (50 mL) was added, and 

mixture was extracted three times with DCM (50 mL) and evaporated under vacuum, giving N'

lsopropylidene-hydrazine-carboxylic acid methyl ester (6.45 g, 89%). 

N'-lsopropyl-hydrazine-carboxylic acid methyl ester: N'-Isopropylidene-hydrazine

carboxylic acid methyl ester (6.45 g) were dissolved in ethanol (50 mL) and acetic acid (50 mL). 

Pt02 (0.231 g) was added, and reaction was stirred at room temperature for 22 hours under an 

atmosphere of hydrogen. Mixture was evaporated under vacuum, giving N'-Isopropyl

hydrazine-carboxylic acid methyl ester (5.08 g, 77%) as a white solid. 
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N'-{2-(5-(4-Bromo-pbenyi)-1H-imidazol-2-yl)-pyrrolidine-1-carbonyl}-N'-isopropyl

hydrazine-carboxylic acid methyl ester: Triphosgene (1.05 g) was dissolved in DCM (17 mL) 

and stirred at 0°C. N'-lsopropyl-hydrazine-carboxylic acid methyl ester (1.00 g) and DIPEA 

(1.5 mL) were dissolved in DCM (25 mL), and mixture was added to triphosgene solution and 

stirred for 10 minutes. 5-(4-Bromo-phenyl)-2-pyrrolidin-2-yl-1H-imidazole (2.65 g) was added. 

Reaction was stirred at room temperature for 1 hour and extracted twice with water (10 mL), 

once with brine (I 0 mL), and evaporated under vacuum. The resulting oil was subjected to 

silica gel chromatography using a 40 g ISCO column and effluent of 0-100% ethyl 

acetate:hexanes. The fractions containing product were combined and the solvent was removed 

under vacuum, giving N'-{2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl }

N'-isopropyl-hydrazine-carboxylic acid methyl ester (533 mg, 16%). 

N' -Isopropyi-N' -(2-{5-[ 4-( 4,4,5,5-tetrametbyl-[ 1,3,2 )dioxaborolan-2-yl)-pbenyl)-1 H

imidazol-2-yl}-pyrrolidine-1-carbonyl)-bydrazinecarboxy lie acid methyl ester: N'-{ 2-[ 5-( 4-

Bromo-phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -N'-isopropyl-hydrazine-carboxylic 

acid methyl ester (0.533 g), 4,4,5,5,4',4',5',5'-0ctamethyl-[2,2']-bi[[ 1 ,3,2]dioxaborolanyl] (0.644 

g), and KOAc (0.309 g) were dissolved in dioxane (8 mL). The solution was degassed with 

nitrogen, and Pd(PPh3) 4 (0.0562 g) was added, and reaction was stirred at 80°C for 2 days. Solid 

was removed by vacuum filtration, and solvent was removed under vacuum. The resulting oil 

was subjected to silica gel chromatography using a 40 g ISCO column and effluent of0-5% 

MeOH:DCM. The fractions containing product were combined and the solvent was removed 

under vacuum, giving N'-Isopropyl-N'-(2-{ 5-[4-( 4,4,5,5-tetramethyl-[1 ,3,2]dioxaborolan-2-yl)

phenyl]-1 H-imidazol-2-yl} -pyrrolidine-1-carbonyl)-hydrazinecarboxylic acid methyl ester 

(0.564 g, 96%) as a yellow solid. 
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N'-lsopropyl-N'-{2-[5-(4'-{2-[1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-

y I) -3 H -imidazol-4-yl}-bipheny 1-4-yl)-1 H -imidazol-2-yl ]-pyrrolidine-1-carbony I}

hydrazinecarboxylic acid methyl ester: N'-Isopropyl-N'-(2-{5-[4-(4,4,5,5-tetramethyl-

[ I ,3,2]dioxaborolan-2-yl)-phenyl]-1 H-imidazol-2-yl} -pyrrolidine-1-carbonyl)

hydrazinecarboxylic acid methyl ester (0.295 g), (1-{2-[5-(6-Bromophenyl-2-yl)-1 H-imidazol-2-

yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (0.280 g), and 

NaHC03 were dissolved in DME (9 mL) and water (3 mL). The solution was degassed with 

nitrogen, and Pd(PPh3)4 (0.0282 g) was added, and reaction was stirred at 85°C for 19 hours. 

Solvent was removed under vacuum. Solid was dissolved in DMF, purified by reverse phase 

HPLC (5-70% acetonitrile:water) two times, and lyophilized, giving N'-Isopropyl-N'-{2-[5-(4'-

{ 2-[ 1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H -imidazol-4-yl}

biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-hydrazinecarboxylic acid methyl 

ester (0.017 g, 4%) as a white solid. 
1H-NMR: 300 MHz, (CH30H-~) o: 7.9 (m, 12H), 5.3 (m, 2H), 4.4 (m, 1H), 4.2 (d, J= 7Hz, 

2H), 4.1 (m, 1H), 3.9 (m, 4H), 3.6 (m, 6H), 3.3 (s, 3H), 2.6 (m, 2H), 2.0 (m, 8H), 1.1 (m, 6H), 

0.9 (m, 6H); MS (ESI): mlz 740 [M + Ht. 

Example ET 

+ 'fo. ~~!1-, ... 
.+l~ \:.- 0 HN-f'O 

(1-{2-[5-(6-Bromonaphthalen-2-yl)-1 H-imidazol 
-2-yf]-pyrrolid ine-1-carbonyl}-2-methyl-propyl)

carbamic acid methyl ester 

0-. 
[2-Methyl-1-(3-{~6-(4. 4, 5 ,5-tetramethyl

[1,3,2]dioxaborolan-2-yl)-naphthalen-2-yl}-
1 H-imidazol-2-yl}-2-aza-bicyclo(2.2.1]heptane-
2-carbonyl)-methyf]-carbamic acid methyl ester 

Pd(PPh3)4 
NaHC03 

DME-H20 
ao·c 

-o HH·~ 
)-NH ~-?-N: o \_ no N ~ - - II ~ ~ L .···' 
-( ~_;L~ ~ II ~ II rf/ ~-fo 

0 0-. 

[ 1-(3-{5-[6-( 4-{2-(1-(2-Methoxycarbonylamino-3-methyl-butyryl)
pyrrolidin-2-yi}-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl}-
1 H-imidazol-2-yl}-2-aza-bicyclo[2 .2.1]heptane-2-carbonyl)-

2-methyl}-carbamic acid methyl ester 

fl-(3-{5-f6-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H

imidazol-4-y I} -p heny 1)-naph thalen-2-yl] -1 H-im idazol-2-y I}-2-aza-bicyclo [2.2.1) he pta ne-2-

carbonyl)-2-methyl]-carbamic acid methyl ester: (1-{2-[5-(6-Bromonaphthalen-2-yl)-1 H-
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imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic acid methyl ester (0.226 g), 

[2-Methyl-1-(3-{ 5-[ 6-( 4,4,5,5-tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-1 H

imidazol-2-yl} -2-aza-bicyclo[2.2.1 ]heptane-2-carbonyl)-methyl]-carbamic acid methyl ester 

(0.297 g), and NaHC03 (0.154 g) were dissolved in a mixture of 1,2-dimethoxyethane (9 mL) 

and water (3 mL). The solution was degassed with nitrogen, and Pd(PPh3) 4 (0.0263 g) was 

added. The reaction mixture was stirred at 80°C for 19 hours and evaporated under vacuum. 

Solid was dissolved in DCM (15 mL) and extracted twice with water (10 mL) and once with 

brine (10 mL). The resulting oil was subjected to silica gel chromatography using a 40 g ISCO 

column and effluent of 0 -5 % MeOH:DCM. The fractions containing product were combined 

and the solvent was removed under reduced pressure. Oil was dissolved in DMF, purified by 

reverse phase HPLC (5-70% acetonitrile:water), and lyophilized, giving [1-(3-{5-[6-(4-{2-[1-(2-

Methoxycarbon ylamino-3 -methy )-butyryl )-pyrro lidin-2-y I]-3 H-imidazo l-4-y I} -phenyl)

naphthalen-2-yl]-1 H-imidazol-2-yl} -2-aza-bicyclo[2.2.1 ]heptane-2-carbonyl)-2-methyl]

carbamic acid methyl ester (0.138 g, 32%) as a white solid. 
1H-NMR: 300 MHz, (CH30H-c4) cS: 8.3 (d, J= 9Hz, 2H), 8.1 (m, 2H), 8.0 (m, 4H), 7.9 (m, 

4H), 5.3 (t, J =7Hz, 2H), 4.6 (s, 2H), 4.5 (m, 2H), 4.2 (d, J =7Hz, 2H), 4.1 (m, 2H), 3.9 (m, 

2H), 3.6 (s, 6H), 3.3 (s, 2H), 2.9 (s, ll-i), 2.8 (m, 1H), 2.0 (m, 8H), 1.8 (m, 1H), 1.4 (d, J= 7Hz, 

3H), 0.9 (m, 6H); MS (ESI): mlz 787 [M + Hf. 

--o 

0)-_NH 0 

,.)--f r~-~Br 
N~N~ 
\_jH 

(2-{2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl)
pyrrolidin-1-yl}-1-methyl-2 -oxo-ethyl)

carbamic add methyl ester 

Pd(PPh3)4 
NaHC03 

DME-H20 
so·c 

ExampleEU 

+ 
'fa_ ~~f1_.__ ... 
)r-cl~ ~ o HN-fo 

0-... 
[2-Methyl-1-(3-{5-[6-(4,4,5,5-tetramethyl

[1,3,2]dioxaborolan-2-yl)-naphthalen-2-yl)-
1 H-imidazol-2-yl}-2-aza-bicyclo[2.2.1 ]heptane-
2-carbonyl)-rnethyl]-carbamic add methyl ester 

[2 -(3-{5-(6-( 4-{2-[ 1-(2 -Methoxycarbonylamino-propionyl )
pyrrolidin-2-yi)-3H-imidazol-4-y1}-phenyl)-naphthalen-2-yl)-

1 H-imidazol-2-yl}-2-aza-bicyclo[2.2 .1 )hept-2-yl)-
1-methyl-2-oxo-ethyl]-carbamic add methyl ester 

(2-(3-{ 5-(6-( 4-{2-(1-(2-Methoxy carbo ny Ia min o-p ropionyl)-pyrrolidin-2-yl) -3H -im idazol-4-

yl}-pheoyl)-naphthalen-2-yl)-1 H-imidazol-2-yl}-2-aza-bicyclo[2.2.1) hept-2-yl)-1-methyl-2-

oxo-ethyl)-carbamic acid methyl ester: (2-{2-[5-(4-Bromo-phenyl)-1 H-imidazol-2-yl]-
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pyrrolidin-1-yl}-1-methyl-2-oxo-ethyl)-carbamic acid methyl ester (0.241 g), [2-Methyl-1-(3-

{ 5-[ 6-( 4,4,5,5-tetrarnethyl-[ I ,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-l H-imidazol-2-yl} -2-aza

bicyclo[2.2.1 ]heptane-2-carbonyl)-methyl]-carbamic acid methyl ester (0.303 g), and NaHC03 

(0.164 g) were dissolved in a mixture of 1 ,2-dimethoxyethane (9 mL) and water (3 mL). The 

solution was degassed with nitrogen, and Pd(PPh3)4 (0.0263 g) was added. The reaction mixture 

was stirred at 80°C for 19 hours and evaporated under vacuum. Solid was dissolved in DCM 

(15 mL) and extracted twice with water (1 0 mL) and once with brine ( 10 mL). The resulting oil 

was subjected to silica gel chromatography using a 40 g ISCO column and etlluent of0-5% 

MeOH:DCM. The fractions containing product were combined and the solvent was removed 

under reduced pressure. Oil was dissolved in DMF, purified by reverse phase HPLC (5-70% 

acetonitrile:water), and lyophilized, giving [2-(3-{ 5-[6-( 4-{2-[ 1-(2-Methoxycarbonylamino

propionyl)-pyrrolidin-2-yl]-3H-imidazol-4-yl} -phenyl)-naphthalen-2-yl]-1 H-imidazol-2-yl} -2-

aza-bicyclo[2.2.1 ]hept-2-yl)-1-methyl-2-oxo-ethyl]-carbamic acid methyl ester (0.159 g, 38%) 

as a white solid. 
1H-NMR: 300 MHz, (CH30H-~) o: 8.3 (d, J= 9Hz, 2H), 8.1 (m, 2H), 8.0 (m, 4H), 7.9 (m, 

4H), 5.3 (m, 2H), 4.6 (s, 2H), 4.5 (m, 4H), 4.0 (m, 2H), 3.9 (m, 2H), 3.7 (d, J= 7Hz, 6H), 3.3 

(m, 2H), 2.9 (s, 1H), 2.8 (s, I H), 2.6 (m, IH), 2.0 (m, 8H), 1.8 (m, 2H), 1.4 (m, 6H); MS (ESI): 

mlz 759 [M + Ht. 

ExampleEV 

+ '{o. ,~-f/1.\-. 
~OB~ ~ 0 HN-fO 

(1-{2;5-{4-Bromo-phenyi)-1H-imidazol-2-yl)
pyrrolidine-1-carbonyl}-2-methyl-propyl)

carbamic acid methyl ester 

0-
[2-Methyl-1-{3-{5-{6-( 4 ,4,5,5-tetramethyl-

[1 ,3,2)dioxaborolan-2-yl)-naphthalen-2-yi)-
1H-imidazol-2-yl}-2-aza-bicyclo[2.2.1)heptane-2-carbonyl)

propyl)-carbamic acid methyl ester 

Pd(PPh3)4 
NaHC03 

DME-H20 
aooc 

[ 1-{3-{5-{6-( 4-{2-[ 1-{ 2-Methoxyca rbonylam ino-3-methyl-buty ryl)
pyrrolidin-2-yi]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl]-

1 H-imidazol-2-yl}-2-aza-bicydo[2.2.1]heptane-2-carbony1)-2-methyl-propyl)
carbamic acid methyl ester 
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[2-Methyl-1-(2-{5-[6-( 4,4,5,5-tetramethyl-[1,3,2 ]dioxaborolan-2-yl)-naphthalen-2-yl]-1 H

imidazol-2-yl}-pyrrolidine-1-carbonyl)-propyl]-carbamic acid methyl ester: This 

compound was made using the same procedure as for [2-Methyl-1-(2-{5-(6-(4,4,5,5-tetramethyl

[1 ,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-1 H-imidazol-2-yl }-pyrrolidine-1-carbonyl)-propyl]

carbamic acid methyl ester, except that 2-Aza-bicyclo[2.2.1 ]heptane-2,3-dicarboxylic acid 2-

tert-butyl ester was used in place ofPyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester as 

described in example CL. 

[ 1-(3-{5-(6-( 4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)

pyrrolidin-2-yi]-3H-imidazol-4-yl}-phenyl)-oaphthalen-2-yl]-

1 H -imidazol-2-yl}-2-aza-bicyclo [2.2.1] heptane-2-carbooyl)-2-methyl-propyl]-

carbamic acid methyl ester: ( 1-{2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]

pyrrolidine-1-carbonyl }-2-methyl-propyl)-carbamic acid methyl ester (0.251 g), [2-Methyl-1-(3-

{ 5-[ 6-( 4,4,5,5-tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-1 H-imidazol-2-yl }-2-aza

bicyclo(2.2.1]heptane-2-carbonyl)-propyl]-carbamic acid methyl ester (0.301 g), and NaHC03 

(0.162 g) were dissolved in a mixture of 1,2-dimethoxyethane (9 mL) and water (3 mL). The 

solution was degassed with nitrogen, and Pd(PPh3)4 (0.0254 g) was added. The reaction mixture 

was stirred at 80°C for 21 hours and evaporated under vacuum. Solid was dissolved in DCM 

(20 mL) and extracted twice with water (I 0 mL) and once with brine (1 0 mL). The resulting oil 

was subjected to silica gel chromatography using a 40 g ISCO column and effluent of 0-5 % 

MeOH:DCM. The fractions containing product were combined and the solvent was removed 

under reduced pressure. Oil was dissolved in DMF, purified by reverse phase HPLC (5-70% 

acetonitrile:water), and lyophilized, giving [1-(3-{ 5-[6-(4-{2-[1-(2-Methoxycarbonylamino-3-

methyl-butyryl)-pyrrolidin-2-yl]-3 H -imidazol-4-yl} -phenyl)-naphthalen-2-yl]-1 H-imidazol-2-

yl} -2-aza-bicyclo(2.2.1 ]heptane-2-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester 

(0.187 g, 44%) as a white solid. 
1H-NMR: 300 MHz, (CH30H-~) o: 8.3 (d, J =9Hz, 2H), 8.1 (m, 2H), 8.0 (m, 4H), 7.9 (m, 

4H), 5.3 (m, 2H), 4.7 (s, 2H), 4.3 (m, 2H), 4.1 (m, 2H), 3.9 (m, 2H), 3.7 (d, J= 7Hz, 6H), 3.3 

(m, 2H), 2.9 (s, IH), 2.6 (m, 2H), 2.1 (m, 8H), 1.8 (m, 2H), 1.4 (m, 12H); MS (ESI): mlz 815 

(M+Ht. 
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ExampleEW 

--o 

0
).-NH 

,.··~0 ~~~. Br 
N......,r-N~ CH 

(2-{2-[5-(4-Bromo-phenyi)-1H-imidazol-2-yl)
pyrrolidin-1-yl}-1-methyl-2-oxo-ethyl)

carbamic acid methyl ester 

Pd(PPh3)4 
NaHC03 

DME-H20 
ao·c 

+ 'fo. ~sN,'}__ 
}t;-r/~ ~ o HN-fo 

0-
[2-Methyl-1-(3-{5-[6-( 4,4,5,5-tetramethyl-

[1 ,3,2)dioxaborolan-2-yl)-naphthalen-2-yij-
1H-imidazol-2-yl}-2-aza-bicydo{2.2.1]heptane-2-carbonyl)

propyq-carbamic acid methyl ester 

[1-(3-{5-[6-( 4-{2-[1-(2-Methoxycarbonylamino-propionyl)
pyrrolidin-2-yi)-3H-imidazol4yl}-phenyl)-naphthalen-2-yl)-

1H-imidazol-2-yl}-2-aza-bicydo[2.2.1]heptane-2-carbonyl)-2-methyl-propyl)
carbamic acid methyl ester 

[1-(3-{5-[6-{4-{2-[1-(2-Methoxycarbonylamino-propionyl)-pyrrolidin-2-yi]-3H-imidazol-4-

yl}-phenyl)-naphthalen-2-yi)-1H-imidazol-2-yl}-2-aza-bicyclo[2.2.1]heptane-2-carbonyl)-2-

methyl-propyl)-carbamic acid methyl ester: (2-{2-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]

pyrrolidin-1-yl }-1-methyl-2-oxo-ethyl)-carbamic acid methyl ester (0.235 g), [2-Methyl-1-(3-

{ 5-[6-( 4,4,5,5-tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-l H-imidazol-2-yl} -2-aza

bicyclo[2.2.1 ]heptane-2-carbonyl)-propyl]-carbamic acid methyl ester (0.31 0 g), and NaHC03 

(0.145 g) were dissolved in a mixture of 1 ,2-dimethoxyethane (9 mL) and water (3 mL). The 

solution was degassed with nitrogen, and Pd(PPh3)4 (0.0260 g) was added. The reaction mixture 

was stirred at 80°C for 24 hours and evaporated under vacuum. Solid was dissolved in DCM 

(20 mL) and extracted twice with water (10 mL) and once with brine (10 mL). The resulting oil 

was subjected to silica gel chromatography using a 40 g ISCO column and effluent of 0-5 % 

MeOH:DCM. The fractions containing product were combined and the solvent was removed 

under reduced pressure. Oil was dissolved in DMF, purified by reverse phase HPLC (5-70% 

acetonitrile:water), and lyophilized, giving [1-(3-{ 5-[ 6-( 4-{2-[ 1-(2-Methoxycarbonylamino

propionyl)-pyrrolidin-2-yl]-3H-imidazol-4-yl} -phenyl)-naphthalen-2-yl ]-1 H -imidazol-2-yl} -2-

aza-bicyclo[2.2.1 ]heptane-2-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (0.150 g, 

36%) as a white solid. 
1H-NMR: 300 MHz, (CH30H-d1) o: 8.3 (d, J =9Hz, 2H), 8.1 (m, 2H), 8.0 (m, 4H), 7.9 (m, 

4H), 5.3 (m, 2H), 4.7 (s, 2H), 4.5 (m, lH), 4.3 (d, J= 7Hz, IH), 4.0 (m, 2H), 3.7 (d, J= 7Hz, 

712 



IPR2018-00211 Page 715 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

6H), 3.3 (s, 6H), 2.9 (s, IH), 2.3 (m, 2H), 2.1 (m, 8H), 2.0 (m, 2H), 1.8 (m, 2H), 1.3 (d,J= 7Hz, 

3H)l.O (m, 6H); MS (ESI): mlz 787 [M + Ht. 

Example EX 

Pd(PPh3)4, Cui, Et3N, 
-o H 

}-N' 0 

O )-f ~~H 
3-[5-(4-Bromo-phenyl)-1 H-imidazol-2-yl)-2-aza
bicyclo[2.2.1 )heptane-2-carboxylic acid tert-butyl 
ester 

---.;: N__,-N~ 
'V H 

DMF, so·c 

( 1-{2-( 5-(4-Ethynyl-phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl)-
2-methyl-propyl)-carbamic acid methyl ester 

-o H 
}-N' 0 

0 )-f ~ ~ 
---.;: N__,-N 

'V H 

H;R N N 

~ ~ Boc 

3-{5-[4-(4-(2-(1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi}-3H-imidazol-4-
yl]-phenylethynyl)-phenyl)-1 H-imidazol-2-yl]-2-aza-bicydo(2 .2.1 )heptane-2-carboxylic 

acid tert-butyl ester 

-o ,H HR 
0}-N\.._/p N~--~--=-/~--)~~ N \_ , ... ~J~~ }-( 0 

1) HCI. Dioxanes 
2) HATU, NMM, DMF 

ljl 0 

_....OI(N~OH 
0 /'--..... 

2-Methoxycarbonylamino-3-
methyl-butyric acid 

\u. . 0 N_u - H , \ 
- H 0-

[ 1-(3-{5-[4-( 4-{2-{1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H-imidazol-4-yl]
phenylethynyl)-phenyl}-1 H-imidazol-2-yl]-2-aza-bicyclo[2 .2.1)heptane-2 -carbonyl)-2-methyl-propyl]

carbamic acid methyl ester 

3-{ 5-[ 4-( 4-{2-[ 1-(2-Meth o:xycarbooy lamioo-3-methyl-bu tyryl)-pyrrolidio-2-y I] -3 H

imidazol-4-yl}-pheoy lethyoyl)-pheoy I] -1 H -imidazol-2-y I }-2-aza-bicyclo [2.2.1] heptane-2-

carboxylic acid tert-butyl ester: A solution of (1- {2-[5-( 4-Ethynyl-phenyi)-IH-imidazol-2-yl]

pyrrolidine-1-carbonyl }-2-methyl-propyl)-carbamic acid methyl ester (500 mg, 1.27 mmol), 3-

[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert

butyl ester (530 mg, 1.27 mmol), and triethylamine (531 OL, 3.81 mmo1) in DMF (6.4 mL) was 

degassed with N2 gas for 20 minutes. To the degassed solution was added Pd(PPh3)4 (150 mg, 

0.13 mrnol) and Cui (25 mg, 0.13 mrnol). The pressure flask was sealed then heated at 80°C 

overnight. After cooling to room temperature, the reaction was quenched with AcOH then 

purified by reverse phase preparative HPLC (10-70% MeCN-H20; 0.1% formic acid modifier) 

then silica gel chromatography (0-10% MeOH-EtOAc gradient) to afford 3-{5-[4-(4-{2-[1-(2-
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Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl)-3H-imidazol-4-yl}-phenylethynyl)

phenyl]-1H-imidazol-2-yl }-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester (500 

mg, 0.68 mmol, 54% yield). LCMS-ESf": calc'd for C42HsoN10s: 732.4 (M+W); Found: 

732.2 (M+W). 

(1-(3-{S-(4-(4-{2-(1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H

imidazol-4-yl}-phenylethyny 1)-phenyl]-1 H-imidazol-2-y 1}-2-aza-bicyclo [2.2.1] heptane-2-

carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: To 3-{5-[4-(4-{2-[1-(2-

Methoxycarbonylamino-3 -methy 1-butyry 1 )-pyrrolidin-2-yl]-3 H -imidazo 1-4-y 1}-phenylethynyl )

pheny1]-1 H-imidazol-2-yl }-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester ( 150 

mg, 0.20 mmol) in dioxanes (2 mL) was added 4N HCI in dioxanes (250 OL). The suspension 

was stirred for 2 hours then concentrated to afford the HCI salt of the crude amine. To the crude 

amine in DMF (4 mL) was added N-methylmorpholine (330 OL, 0.30 mmol). After all material 

dissolved, 2-methoxycarbonylamino-3-methyl-butyric acid (53 mg, 0.30 mmol) and HA TU (76 

mg, 0.20 mmol) were added. After stirring for overnight the reaction was quenched with AcOH 

then purified by reverse phase preparative HPLC (5-45% MeCN-H20; 0.1% formic acid 

modifier) to afford the title product [1-(3-{5-[4-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl

butyryl)-pyrrolidin-2-yl]-3H -imidazol-4-y 1} -phenylethynyl)-phenyl]-1 H-imid.azol-2-yl} -2-aza

bicyclo[2.2.1 ]heptane-2-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (83 mg, 0.11 

mmol, 53% yield). 1H-NMR: 400 MHz, (DMS0-<4) o: 7.59-7.55 (m, 4H), 7.41-7.38 (m, 4H), 

7.17 (s, 1H}, 7.15 (s, 1H), 6.16 (m, 2H), 5.15 (m, 1H), 4.63 (s, IH), 4.50 (s, 1H), 4.34-4.24 (m, 

2H}, 3.88-3.72 (m, 2H), 3.63 (s, 3H), 3.61 (s, 3H), 2.88 (m, 1H), 2.25-2.15 (m, 1H), 2.27-2.16 

(m, 2H), 2.05-1.80 (m, 5H), 1.54 (d, 2H), 1.00-0.887 (m, 12H). LCMS-ESf": calc'd for 

C44Hs3Ns06: 789.4 (M+H+); Found: 789.5 (M+H+). 
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ExampleEY 

Boc(;f.~~Br 
N ~~~ 

H H 

+ 

3-(5-(4-Bromo-phenyi)-1H-imidazoi·2·YIJ-2-aza.bic;ydo{2.2.1]heptane-2- [2-Methyl-1-(2-{5-{6-(4,4,5,!>-tetramethyl-
carboxylic acid left-butyl ester [1 ,3,2)dioxaborolan-2-yl)-naphthalen-2-yl)-1 H-imidazol-2-yl)

pyrrolidine-1-carbonyl)-propyl)-c:arbamic acid methyl ester 

~5-{4-{6-(2-{1-{2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-
yi)-3H-imidazol-4-yl)-naphthalen-2-yl)-phenyl)-1 H-imidazol-2-yl)-2-aza

bic;ydo{2.2.1)heptane-2-carboXylic acid tert-butyl ester 

H=-"--o H • : l \_ 

1) HCI, Dioxanes 
2) HATU, NMM, DMF 

~ 0 

_...of(N0oH 
0 ./--.-. 

2-Melhoxycarbonylamino-3-
methyl-butyric acid 

\_ , ~N__,.,-N rN o 11 •• • 
0 >-f Nl ~ r; ~ r; ~ II ~ N OH 0 ""-\ lf.N - - ,N-{ 

\ • H o-
H H 

(1-{2-{5-{6-(4-{2-{2-{2-Methoxycarbonylamino-3-methyl-butyryl)-2-aze
bicyclo(Z .2. 1 )hept-3-yi)-3H-imidazol-4-yl)-phenyl)-naphlhalen-2-yl)-1 H-imldazol-2· 

yl)-pyrrolidine-H;arbonyl)-2-melhyl-propyl)-carbamic acid methyl ester 

Pd(PPhJ)4 
PdCI2<!Ppl2 
K2co, 
OME 
BO'C 

3-{5-[4-(6-{2-[1-(2-Methoxycarbonylamino-3-metbyl-butyryl)-pyrrolidin-2-yi]-3H

imidazol-4-y I} -napbtbalen-2-y 1)-phenyl] -1 H -imidazol-2-y I }-2-aza -bicyclo [2.2.1 ] heptane-2-

carboxylic acid tert-butyl ester: A solution of [2-Methyl-1-(2-{5-[6-(4,4,5,5-tetramethyl

[1 ,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-1 H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-propyl]

carbamic acid methyl ester (500 mg, 0.92 mmol), 3-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-2-

aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester (383 mg, 0.92 mmol) and aq K2C03 

(920 J.Ll of a 2M solution, 1.84 mmol) in DME (9 mL) was degassed with N2 gas for 20 minutes. 

To the degassed solution was added Pd(PPh3)4 (106 mg, 0.092 mmol) and PdChdppf (75 mg, 

0.092 mmol) and then the reaction was heated to 80°C overnight. After cooling to room 

temperature, the reaction was quenched with acetic acid, filtered, and then concentrated. The 

crude product was purified by reverse phase preparative HPLC (5-50% MeCN-H20; 0.1% 

formic acid modifier) to afford 3-{ 5-[ 4-(6- {2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)

pyrrolidin-2-yl]-3H-imidazol-4-yl} -naphthalen-2-yl)-phenyl)-1 H-imidazol-2-yl} -2-aza

bicyclo[2.2.l]heptane-2-carboxylic acid tert-butyl ester (112 mg, 0.15 mmol, 16% yield). 

LCMS-ESt: calc'd for C44Hs2N10s: 758.4 {M+H+); Found: 758.0 (M+H+). 
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[ 1-(2-{ 5-[ 6-( 4-{2-[2-(2-Methoxycarbony lamino-3-methyl-bu tyryl)-2-aza-bicyclo [2.2.1] hept-

3-y I] -3H -imidazol-4-yl }-phenyl)-naphthalen-2-yl] -1 H -imidazol-2-yl }-pyrrolidine-1-

carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: To 3-{5-[4-(6-{2-[1-(2-

Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}-naphthalen-2-

yl)-phenyl]-1 H-imidazol-2-yl} -2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester 

(60 mg, 0.092 mmol) in dioxanes (3 mL) was added 4N HCI in dioxanes (1 mL). The 

suspension was stirred overnight then concentrated to afford the HCI salt of the crude amine, 

which was purified by reverse phase preparative HPLC (5-45% MeCN-H20; 0.1% formic acid 

modifier) and concentrated. The formate salt was dissolved in MeOH then passed through an 

ion-exchange colwnn (StratoSpheres SPE PL-HC03 MP SE) to afford the free amine (30 mg, 

0.046 mmol, 58%). To the amine (30 mg, 0.046 mmol) in DMF (1 mL) was added N

methylmorpholine (10 OL, 0.092 mmol). After all material dissolved, 2-

methoxycarbonylamino-3-methyl-butyric acid (12 mg, 0.068 mmol) and HATU (19 mg, 0.051 

mmol) were added. After stirring for 3 hours the reaction was quenched with AcOH then 

purified by reverse phase preparative HPLC (5-45% MeCN-H20; 0.1% formic acid modifier) to 

afford [1-(2-{ 5-[6-( 4-{2-[2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza-

bicyclo[2.2.1 ]hept-3-yl]-3H-imidazol-4-yl} -phenyl)-naphthalen-2-yl]-1 H-imidazol-2-yl}

pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (29 mg, 0.036 mmol, 77% 

yield). 1H-NMR: 400 MHz, (DMS0-<4) o: 8.04 (s, 1H), 7.86 (s, 1H), 7.71 (d, 2H), 7.63-7.58 

(m,4H), 7.52(d,2H), 7.26(s, 1H), 7.14(s, 1H),6.17(m,2H),5.21 (m, 1H),4.67(s, 1H),4.52 

(s, 1H), 4.35-4.26 (m, 2H), 3.86 (m, 1H), 3.79 (m, 1H), 3.64 (s, 6H), 2.90 (m, 1H), 2.43 (m, IH), 

2.30-2.1.82 (m, 9H), 1.55 (d, 2H), 1.02-0.87 (m, 12H). LCMS-ESI+: calc'd for C46HssNs06: 

815.3 (M+H+); Found: 815.4 (M+W). 
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-q ,H 
,?-N 0 0 .-·'---flf.~~Br \ N ~~~--

H H 

(1-{3-(>(4-Bromo-phenyf}-1 H-imidazo1.2-ylr2-aza
bicydof2.2.1 )heptana-2-carbonyl)-2-melhyl-propyl)

c:arbamic acid melhyl ester 

+ 

Example EZ 

(2-Melhyl-1-{8-{5-(8-{4 .4 ,5,5-tetramelhyl-{ 1,3,2)dioxaborolan-2-yf}
naphlhalen-2-Yir 1 H-lmldazol-2-yf}-5-aza-spiro(2.4]heptane-5-

carbonyf}-propyl]-carbamlc acJd melhyl ester 

H0 
-o\_ .H ~N-./"-N \._ 

rN o 11 .·' 
o )-1( ~ ~ r ~ r ~ 11 ~ N 

0
h o 

~ lf.N - - ,N--f 
' , H o-H H 

(1-(8-{5-{8-{4-{2·(2-(2-Methoxycarbonylamino-3-methyl-butyryl}-2-aza
bicyclo(2.2.1 )hept-3-ylr3H-imidazol-4-yl}-phenyl}-naphlttalen-2-yl]-1 H-imidazol-2-yf}-5-

aza-spiro(2.4]heptane-5-c:arbonyl}-2-methyl-propyl)-carbamlc acid melhyl es1er 

Pd(PP~)4 
PdCI~ppfz 
KzC03 
DMF 
so·c 

(1-(6-{S-(6-(4-{2-(2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza-bicyclo(2.2.1]hept-

3-yl]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yi]-1H-imidazol-2-yl}-S-aza

spiro[2.4]heptane-S-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: A solution of 

( 1-{3-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-2-carbonyl} -2-

methyl-propyl)-carbamic acid methyl ester ( 151 mg, 0.32 mmol), (2-Methyl-1-(6-{ 5-[6-( 4,4,5,5-

tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-1 H -imidazol-2-yl} -5-aza

spiro[2.4]heptane-5-carbonyl)-propyl]-carbamic acid methyl ester (200 mg, 0.35 mmol) and aq 

K2C03 (438 ~I of a 2M solution, 0.88 mmol) in DME (4 mL) was degassed with N2 gas for 20 

minutes. To the degassed solution was added Pd(PPh3)4 (40 mg, 0.035 mmol) and then the 

reaction was heated to 80°C overnight. After cooling to room temperature, the reaction was 

quenched with acetic acid, filtered, and then concentrated. The crude product was purified by 

reverse phase preparative HPLC (5-50% MeCN-H20; 0.1% formic acid modifier) to afford [ 1-

(6-{ 5-[ 6-( 4-{2-[2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza-bicyclo[2.2.1 ]hept-3-yl]-

3H-imidazol-4-yl} -phenyl)-naphthalen-2-yl]-1 H-imidazol-2-yl} -5-aza-spiro[2.4 ]heptane-5-

carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (40 mg, 0.047 mmol, 14% yield). 1H

NMR: 400 MHz, (DMSO-d6) o: 11.75 (s, 1H), 11.72 (s, 1H), 8.24 (s, 1H), 8.15 (d, 1H), 7.93-

7.74 (m, 8H), 7.63 (s, 1H), 7.54 (s, 1H), 7.30 (d, lH), 7.16 (d, lH), 5.22 (t, lH), 4.52-4.50 (m, 

2H), 4.16 (t, 1H), 4.00 (t, 1H), 3.81 (d, IH), 3.75 (d, 1H), 3.72 (s, 3H), 3.31 (s, 3H), 2.55 (m, 

1H), 2.32-1.41 (m, 10H), 1.01-0.57 (m, 16H). LCMS-ESI+: calc'd for C48H51N80 6: 841.4 

(M+W); Found: 842.1 (M+H). 
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Example FA and FB 

+ 
Br'Cey9' 

:::,.. :::,..1 + 
Br 

oo'fo 

HO_.U';;.(N) 

H' L.f-H 13o•c. 75 min 
0 

Iii 
N 

2-Bromo-1-(6-bromo
naphthalen-2-yl)-ethanone 

N-Boc-ds+cyano-L-
profine methyl ester 

.. ~ ~Nt;O 
N~OAc ~.Jl •... N 

Xylenes H H~ 
13o·c. 75 min ~· H 

l/f 
N 

2·[5-(6-Bromo-naphthalen-2-yl)-1 H
imidazol-2-yl}-4<yano-pyrrolidlne-1-

carboxylic add lerl-buty1 ester 

1 . 4N HCL'Dioxane 

RT,4h 

2. HATU, DIPEA 

DMF,RT 

H 0 

,.....onN0oH 
0 _,..;-....._ 

t o. ,ot B-B 
d 'o 

-\-;8~ B'N 0~ ~N-\-
-f-o ~->-tf ·r 

Pd(dppf)CI;llCH2C~ 
KOAc, 1 ,4-Dioxane 
so·c. 16h 

H H b . ) ;<H 
Ill 
N 

[1-(4-Cyano-2-{5-{6-(4,4,5,5-tetramethyl-
[1 ,3,2)dioxaborolan-2-yl)-naphthalen-2-yl)-1 H
imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-
methyl-propyl}-carbamic acid methyl ester 

+ 0 0 
BrYY'i! 0 ~ 
~o...U'X'N) 

0 H' "-+H 

Iii 
N 

4-Cyano-pyrrolidine-1.2-dicarboxylic 
acid 2-{2-(6-bromo-naphthalen-2-yl)-2· 

oxo-ethyl] ester 1-lert-buty1 ester 

0 
H.N_tz 

Br N 0~ J o-
N-\-r-··r 
H H ~ ) 

i<H 
Ill 
N 

( 1-(2-[5-(6-Bromo-naphthalen-2-yl)-1 H-imidazol-
2-yl)--k:yano-pyrrolldine-1-carbonyl)-2-methyl

propyl)-carbamlc acid methyl ester 

's?~ ''') HH 
0 I N N -

+ ''·ri ~)--0-sr 
-o__ N 0 

cf 'H 

(1-(6-[5-(4-Bromo-phenyl )-1 H-imldazol-2-yl)-5-aza
splro[2.4Jheptane-5-carbonyi}-:Hnethanesulfonyl
propyl)-carbamic acid methyl ester 

~S~~HH H, 1? 
If~~ N~ '··. _~._ ~ u ~ I) ~ - N o~ J. o-

-ofr( "'o ~ /) :Jl tf . r 
0 H H H)() 

f<.H 
II! 
N 

[1-(4.Cyano-2-(5-{6-(4-(2-{5-(4-methanesulfonyl-2-methoxycarbonylamino
butyryl)-5-aza-spiro[2.4jhept~yi)-3H-imldazol-4-yl)-phenyl)-naphthalen-2-
yl)-1 H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyq-carbamlc 
acid methyl ester 
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4-Cyano-pyrrolidine-1,2-dicarboxylic acid 2-(2-(6-bromo-naphthalen-2-yl)-2-oxo-ethyl] 

ester 1-tert-butyl ester: 

Title compound was prepared according to the method employed to prepare pyrrolidine-1 ,2-

dicarboxylic acid 2-[2-(6-bromo-naphthalen-2-yl)-2-oxo-ethyl] ester l-tert-butyl ester in 

Example CL, substituting pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester with N-Boc-cis-4-

cyano-L-proline methyl ester (643 mg, 67%) 

2-[ 5-(6-Bromo-naphthalen-2-yl)-1 H-imidazol-2-yl]-4-cyano-pyrrolidine-1-carboxylic acid 

tert-butyl ester: 

Title compound was prepared according to the method employed to prepare 2-[5-(6-Bromo

naphthalen-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester: in Example 

CL, changing the reaction temperature to 130°C and the reaction time to 75 minutes. (396 mg, 

64%) MS (ESI) mlz 468.99 [M + Ht. 

( 1-{2-( 5-( 6-Bromo-na ph thalen-2-yl)-1 H -imidazol-2-y I] -4-cyano-pyrrolidine-1-carbonyl }-2-

methyl-propyl)-carbamic acid methyl ester: 

Title compound ~as prepared according to the method employed to prepare (1-{2-[5-(7-{2-(1-

(2-Methoxycarbony !amino-3 -methyl-butyry 1 )-pyrrolidin-2-y 1]-3 H-imidazol-4-y I} -thianthren-2-

yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl-propyl)-carbamic add methyl ester and 

( 1-{ 2-[ 5-(8-{ 2-[ 1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3 H -imidazol-4-

yl }-thianthren-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic acid 

methyl ester in Example BS, substituting N-methylmorpholine with five equivalents of 

diisopropylethylamine. (430 mg, 97%) MS (ESI) mlz 525.94 [M + Ht. 

[ 1-( 4-Cyano-2-{5-[6-( 4,4,5,5-tetramethyl-(1 ,3,2 ]dioxaborolan-2-yl)-naphthalen-2-yl]-1 H

imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: 

Title compound was prepared according to the method employed to prepare 2-[6-(4,4,5,5-

Tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)-I H-benzoimidazol-2-yl]-pyrrolidine-1-carboxylic acid 

tert-butyl ester in Example CL, replacing N-Boc Proline with N-Boc-4-cyano-proline. (407 mg, 

87%) MS (ESI) mlz 572.46 [M + Ht. 
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(1-{6-[ 5-( 4-Bromo-phenyi)-1H-imidazol-2-yl]-S-aza-spiro[2.4]heptane-S-carbonyl}-3-

methanesulfonyl-propyl)-carbamic acid methyl ester: 

HBr 

[)('~H HBr 

. ~)-oar 
6-(5-(4-Bromo-phenyl)-1 H-imidazol-

2-yQ-5-aza-spiro(2.4)heptane X2 
hydrogen bromide salt 

+ 

4-Methanesulfonyl-2-
methoxycarbonylaml 

no-buty!ic acid 

130'C, 75 min 

~<~H I N ~N~ 
'··~ J~Br 

-Oq-N. 0 

0 H 

( 1-{6-(>(4-Bromo-phenyt)-1 H-lmidazol-2-yl]->aza
spiro(2.4)heptane-X:arbonyl}-3-melhanesulfonyl
propyl)-carbamic acid methyl ester 

Title compound was prepared according to the method employed to prepare ( 1-{ 2-[ 5-( 4-

Bromonaphthalen-1-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-

2-methyl-propyl)-carbamic acid methyl ester in Example CK, substituting N-methylmorpholine 

with five equivalents of diisopropylethylamine.(99%) 

Example FA: [1-( 4-Cyano-2-{S-[6-( 4-{2-[ 5-( 4-metbanesulfonyl-2-metboxycarbonylamino

butyryi)-S-aza-spiro[2.4)bept-6-yi)-3H-imidazol-4-yl}-pbenyl)-napbtbalen-2-yi)-1H

imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-metbyl-propyl]-carbamic acid methyl ester 

,,,o 9Y (l\ H H 
I N -N~ '··ri ~~Br 

-o)rN o 
0 'H 

(1-i&-[5-(4-B~yf)-1 H-imidazo~2-yl)->az• 
spR{2.4)heptan&-5-cabonyl)-3-melhanesulfony~ Pd(PPh,)• 
propyl}<;arbamic acid methyl ester 2M KzCO, 

+ DMEIH20 

t o - H, Jl. 
• N o-
,B ~ - N 0 . o~~Y·r 

~Hi ) 
j<.H 
/It 

N 

[ 1 ·(4-Cyano-2-{5-[6-(4,4,5,!>-tetramelh~ 
(1,3,2)dioxaborolan-2-yl)-naph1halen-2-yl)-1 H-midazol-
2-yl)-pyrrolidine-1-carbonyl)-2-melhyl-p'opyl)
carbamic acid methyl ester 

es·c. 1Bh 

[1-(4-Cyano-2-{f>.{&-(4-(2-(5-(4-malhanesulfonyl-2~ 
bulyryi}-S-aza.&Pro(2.4jhepl-&-vtr3H-imicllll:o~yl)-phenyl)-naph1halen-2-
YIJ-1 H-imidazol-2-yl)-pyrrolidine-1-carbonyl}-2-fTllllhyli-pro 
acid malhyf ester 

Title compound was prepared according to the method employed to prepare (1-{2-[5-(6'-{2-[1-

(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-

3 H -imidazol-4-yl} -[2,2']binaphthalenyl-6-yl)-l H-imidazol-2-yl]-pyrrolidine-

1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester in Example CL. (30%) 

720 



IPR2018-00211 Page 723 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

:
1H-NMR: 400 MHz, (CD30D) o 8.14 (s, 2H), 8.09 (d, J= 5.6 Hz, I H), 7.92 (d, J= 7.6 Hz, 2H), 

7.85 -7.78 (m, 5H), 7.46 (s, 1H), 7.41 (s, 1H), 5.33 (dd, J= 5.6 Hz, 7.6 Hz, 1H), 5.21 (t, J= 8.4 

Hz, 1H), 4.63-4.58 (m, 2H), 4.17-4.13 (m, 1H), 4.05 (t, J= 10.4 Hz, I H), 3.83 (s, 2H), 3.65 

(d, J= 5.2 Hz, 6H), 3.48- 3.42 (m, 3H), 3.21 (t, J= 7.6 Hz, 2H), 2.98 (s, 1 H), 2.95 (s, 2H), 2.92 

-2.84 (m, 1H), 2.64-2.55 (m, 1H), 2.35-2.27 (m, 2H), 2.14- 1.92 (m, 4H), 0.98-0.87 (m, 

7H), 0.79-0.59 (m, 4H). MS (ESI) mlz 904.58 [M + Ht. 

Example FB: [1-(4-Cyano-2-{S-[6-( 4-{2-[2-(2-methoxycarbonylamino-3-methyl-butyryl)-2-

aza-bicyclo[2.2.1)bept-3-yi]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl]-lH-imidazol-2-

yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: 

- )_N,H )--c}}- '~ o.oN _ 6 a, ---t-t-<-: ~ fi 0 
))H H 

H ·, 

'" N 
(1-(4-Cyano-2-(>(&-(4,4,5,!>-tetramelhyt
(1,3,2Jdloxaborolan-2-yl)-naphll1aleD-2-yt}-1 H
lmldazol-2-yt}-pym>lldlne-1-<:arbonyl)-2-melhyt
propytJ-cart>amlc acid methyl ester 

+ 

&-o-{fi,'>--
0 .N-(_o-

H 0 

(1-(3-(!>-(4-Bromo-phenyi)-1H-Imldazol-2-y1)-
2-az,..bicycto(2.2.1lheptan&-2-cs1lonyt)-2-
melhyl-propyl)-amic acid methyl ester 

Pd(PPh:l), 
2M K;zC03 

OMEIH;z(l 
85'C, 18h 

0 H Hf{ 
J._N· ~-N N l_ -o .L no N - h ~ fi ~ I L .··' \ ~-<- ~ ~ fi N c)/ )-(o-

(iH~ H 0 
H>;_-

\\\ 
N 

(1-(4-Cyano-2-(>(8-{4-(2-{2-(2-methoxycart>onytamino-3-methyt-butyryt)-2-az&
bicydoj2 .2. 1 )hept-3-yt)-3H-imidazol-4-yt}-pheny1)-naphthalen-2-yt)-1H-Imidazol-
2-yl}-pym>lidin&-1-carbonyl)-2-me!hyt-propyl)-car1>amic acid methyl ester 

Title compound was prepared according to the method employed to prepare (1-{2-[5-(6'-{2-[1-

(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-

3H -imidazol-4-yl}-[2,2']binaphthalenyl-6-yl)-1 H-imidazol-2-yl ]-pyrrolidine-

1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester in Example CL. (35%) 

:
1H-NMR: 400 MHz, (CD30D) o 8.22 (s, lH), 8.15.(s, 1H), 8.07 (s, IH), 7.92 (dd,J= 2Hz, 8.4 

Hz, 2H), 7.85-7.76 (m, 6H), 7.44 (s, 1H), 7.33 {s, 1H), 5.21 (t, J= 8.8 Hz, 1H), 4.71 (s, 1H), 

4.62- 4.55 (m, 2H), 4.33- 4.27 (m, 1 H), 4.16 (d, J= 7.6 Hz, I H), 4.05 (t, J= 10.4 Hz, I H), 3.65 

(d, J= 5.6 Hz, 4H), 3.51 (m, 2H), 2.90 {m, I H), 2.76 (s, 1H), 2.64 (m, I H), 2.29 (d, J= 9.6 Hz, 

I H), 2.19-2.10 (m, I H), 2.00- 1.84 (m, 4H), 1.65- 1.56 (m, 2H), 1.31 (m, 1H), 1.02 (d, .!= 6.8 

Hz, 2H), 0.971-0.86 (m, 8H). MS (ESI) m/z 840.64 [M + Ht. 
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r-=\ rNH3CI 
Br~ 

0 
2-Amino-1-( 4-bromo-phenyl)

ethanone hydrochloride 

Example FC 

+ HOCJ) 
2 I 

Soc 

Morpholine-3,4-dicarboxylic 
acid 4-tert-butyl ester 

t'o) 
H : 

HATU, 
DIPEA.., 
DMF 

1. HCI 
2. carboxcylic acid, 

_F\ rNH :--'\ 
Br~ htr-f ~N-./'N 

Br~~ Soc 
HATU, DIPEA ~ 

0 0 I 
BoC 

3-[2-(4-Bromo-phenyl)-2-oxo
ethylcarbamoyl]-morpholine-4-
carboxylic acid tert-butyl ester 

H (~ 
Br-o-{laM 

OyNH 

-o 
(1-{3-[5-(4-Bromo-phenyl)-1 H-imidazol-
2-yl)-morpholine-4-carbonyl}-2-methyl

propyl)-carbamic acid methyl ester 

+ 

3-[5-( 4-Bromo-phenyl)-1 H
imidazol-2-yl)-morpholine-4-

carboxylic acid tert-butyl ester 

~0 
HN 

YiJ-)--0--== VH 

DMF 

Cui, 
Pd(PPh3)4 
Et3N 

DMF 

(1-{2-[5-( 4-Ethynyl-phenyl)-1 H-imidazol-2-
yl)-pyrrolidine-1-carbonyl}-2-methyl
propyl)-carbamic acid methyl ester 

(1-(2 -{5-[4-(4-{2 -[4-(2-Methoxycarbonylamino-3-methyl-butyryl)
morpholin-3-yi]-3H-imidazol-4-yl}-phenylethynyl)-phenyl)-1 H-imidazol-2-
yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester 

... 

3-[2-(4-Bromo-phenyl)-2-oxo-ethylcarbamoyl]-morpholine-4-carboxylic acid tert-butyl 

ester: Title compound was prepared according to the method employed to prepare 3-[2-(4-

Bromo-phenyl)-2-oxo-ethylcarbamoyl]-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl 

ester (Example AE), substituting Morpholine-3,4-dicarboxylic acid 4-tert-butyl ester for 2-aza

bicyclo[2.2.1 ]heptane-2,3-dicarboxylic acid 2-tert-butyl ester. 

3-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-morpholine-4-carboxylic acid tert-butyl ester: 

Title compound was prepared according to the method employed to prepare 3-[5-(4-Bromo

phenyl)-1 H-imidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester 

(Example AS), substituting 3-[2-(4-Bromo-phenyl)-2-oxo-ethylcarbamoyl]-morpholine-4-

722 



IPR2018-00211 Page 725 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

carboxylic acid tert-butyl ester for 3-[2-( 4-bromo-phenyl)-2-oxo-ethylcarbamoyl]-2-aza

bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester. 

(1-{3-[5-( 4-Bromo-pbenyl)-1 H-imidazol-2-yl)-morpholine-4-carbonyl}-2-methyl-propyl)

carbamic acid methyl ester: Title compound was prepared according to the method employed 

to prepare { 1-[2-( 4'-Bromo-biphenyl-4-ylcarbamoyl)-pyrrolidine-1-carbonyl]-2-methyl-propyl}

carbamic acid methyl ester (Example CY), substituting 3-[5-(4-Bromo-pheny1)-1 H-imidazol-2-

yl]-morpholine-4-carboxylic acid tert-butyl ester for 2-(4'-Bromo-biphenyl-4-ylcarbarnoyl)

pyrrolidine-1-carboxylic acid tert-butyl ester. 

[1-(2-{S-[4-(4-{2-[4-(2-Methoxycarbonylamino-3-methyl-butyryl)-morpholin-3-yi)-3H

imidazol-4-yl}-phenylethynyl)-phenyi)-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-

methyl-propyl)-carbamic acid methyl ester: Title compound was prepared according to the 

method employed to prepare Methoxycarbonylamino-3-methyl-butyryl}-pyrrolidin-2-yl]-3H

imidazol-4-ylethynyl} -phenylethynyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl

propyl)-carbamic acid methyl ester (Example CT), substituting (l-{3-[5-(4-Bromo-phenyl)-1H

imidazol-2-yl]-morpholine-4-carbonyl }-2-methyl-propyl)-carbamic acid methyl ester for ( 1-{2-

[ 5-( 4-bromo-phenylethynyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl-propyl)

carbarnic acid methyl ester. 1H-NMR: 400 MHz, (DMSO-d6) o 12.05 (s, lH), 11.84 (s, 1H), 

7.81 -7.74 (m, 4H), 7.69 (s, 1H), 7.56 (s, 1H), 7.50-7.47 (m, 4H), 7.32-7.27 (m, 2H), 4.42-

4.34 (m, 2H), 4.08-3.95 (m, 2H), 3.85-3.79 (m, 3H}, 3.72-3.68 (m, 2H), 3.56 (d, J= 7.6 Hz, 

5H), 3.46-3.40 (m, 2H), 2.2-2.07 (m, 3H), 2.01 - 1.90 (m, 4H), 1.02- 1.00 (d, J= 6.4 Hz, 

2H), 0.953-0.837 (m, 12H); MS (ESI) mlz 779 [M + Ht. 

723 



IPR2018-00211 Page 726 of 1092 I-MAK 1011

wo 2010/132601 

Bo<i ~')-Br 
N~N + VH 

2-(5-Bromo-1 H-imidazol-2-
yl)-pyrrolidine-1-carboxylic 

acid tert-butyl ester 

1. H2NOH, EtOH 
2. TBSCI, lm., DMF ... 

Example FD 

4-Chloro-2-formyl
phenylboronic acid 

Pd(PPh3)4, 
Pd(dppf)CI2-DCM, 
K2C03 ... 

1. HCI 
2. carboxcylic acid, 
HATU, DIPEA ... 

DMF 

PCT /US201 0/034600 

~j~l 
\.JH 

2-{5-(4-Chloro-2-formyl-phenyl)-
1 H-imidazol-2-yl)-pyrrolidine-1-
carboxylic acid tert-butyl ester 

2-[5-(4-Chloro-2-cyano-phenyl)-
1 H-imidazol-2-yl)-pyrrolidine-1-
carboxylic acid tert-butyl ester 

( 1-{2-[5-( 4-Chloro-2-cyano-phenyl)-1 H
imidazol-2-yl)-pyrrolidi ne-1-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester 

Bis(pinacolato )diboron, 
Pd2(dba)3, x-phos, KOAc + 

dioxane 

3-Cyano-4-{2-[ 1-(2-methoxycarbonylamino- ( 1-{2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-
3-methyl-butyryl)-pyrrolidin-2-yi)-3H- yl)-pyrrolidine-1-carbonyl}-2-methyl-

imidazol-4-yl}-phenylboronic acid propyl}-carbamic acid methyl ester 

/ 

Pd(PPh3)4, H}o ~H (') 
K2C03 rt: ~ ~ - 'I ~ Nftf I 
DME/H20 ... ll N ~ !J - ~ ~ o~ l-r-H NH v o;;;;( 

/0 

(1-{2-[5-(3-Cyano-4'-{2-[1-(2-methoxycarbonylamino-3-methyl-butyryl)
pyrrolidin-2-yi}-3H-imidazol-4-yl}-biphenyl-4-yi)-1H-imidazol-2-yl]

pyrrolidine-1-carbonyl}-2-methyl-propyl}-carbamic acid methyl ester 

2-[ 5-( 4-Cbloro-2-formyl-pbenyl)-lH -imidazol-2-yl]-pyrrolidine-1-carboxy lie acid tert-butyl 

ester: 2-(5-Bromo-1 H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester (2.00 g, 

6.32 mmol), 4-Chloro-2-formyl-phenylboronic acid ( 1.17 g, 6.32 mmol), Pd(PPh3) 4 (365 mg, 

0.316 mmol), Pd(dppf)Ch-DCM (258 mg, 0.316 mmol) K2C03 (2M, 6.3 mL, 12.6 mmol) and 

DME (30 mL) were combined in a round bottom flask. The stirred suspension was degassed for 

10 minutes with bubbling N2 then heated to 85 ·c. After 4 h, the reaction mixture was poured 

into saturated aqueous NaHC03. The aqueous phase was extracted 3x with EtOAc and the 

combined organics were dried over MgS04, filtered and concentrated under reduced pressure. 

The crude residue was purified by silica column chromatography (25% to 75% EtOAc/Hexane) 

to afford the title compound 2-[5-(4-Chloro-2-formyl-phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-

carboxylic acid tert-butyl ester (1.85 g, 78%). 
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2-(5-( 4-Chloro-2-cyano-phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl 

ester: 2-[ 5-( 4-Chloro-2-fonnyl-phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert

butyl ester (985 mg, 2.62 mmol) was dissolved in ethanol (20 mL) and hydroxylamine (50% 

w/w in H20, 642 J.lL, 10.48 mmol) was added. After stirring at room temperature for 15 h, the 

solution was concentrated. To the crude oxime was added TBSCl (474 mg, 3.14 mmol), 

imidazole (357 mg, 5.24 mmol) and DMF (10 mL). The reaction mixture was stirred at 120 ·c 
for 80 minutes at which point more TBSCl (237 mg, 1.58 mmol) and imidazole (177 mg, 2.60 

mmol) were added. The reaction mixture was stirred an additional 17 hours at 120 ·c then 

cooled to room temperature, diluted with EtOAc. The organic phase was washed with saturated 

aqueous NaHC03 and brine then dried over MgS04, filtered and concentrated under reduced 

pressure. The crude residue was purified by silica column chromatography (25% to 50% 

EtOAc!Hexane) to afford the title compound 2-[5-(4-Chloro-2-cyano-phenyl)-1H-imidazol-2-

yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (500 mg, 51%). 

(1-{2-[ 5-( 4-Chloro-2-cyano-phenyl)-1H -imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl

propyl)-carbamic acid methyl ester: Title compound was prepared according to the method 

employed to prepare { 1-[2-( 4'-Chloro-biphenyl-3-ylcarbamoyl)-pyrrolidine-1-carbonyl]-2-

methyl-propyl}-carbamic acid methyl ester (Example CX), substituting 2-[5-(4-Chloro-2-cyano

phenyl)-IH-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester for 2-( 4'-Chloro

biphenyl-3-ylcarbamoyl)-pyrrolidine-1-carboxylic acid tert-butyl ester. 

3-Cyano-4-{2-[1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H

imidazol-4-yl}-phenylboronic acid: Title compound was prepared according to the method 

employed to prepare 2-{ 5-[2'-Cyano-4'-( 4,4,5,5-tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)-biphenyl-

4-yl]-1 H-imidazol-2-yl} -pyrrolidine-1-carboxylic acid tert-butyl ester (Example CZ), 

substituting (1-{2-[5-(4-Chloro-2-cyano-phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-

methyl-propyl)-carbamic acid methyl ester for 2-[5-( 4'-Chloro-2'-cyano-biphenyl-4-yl)-1 H

imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester. 

(l-{2-[5-(3-Cyano-4'-{2-[1-(2-methoxycarbonylamino-3-metbyl-butyryl)-pyrrolidin-2-yi]-

3H-imidazol-4-yl}-biphenyl-4-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl

propyl)-carbamic acid methyl ester: Title compound was prepared according to the method 

employed to prepare [ 1-(2-{ 5-[6-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)

pyrrolidin-2-yl]-3H-imidazol-4-yl} -phenyl)-naphthalen-2-yl]-1 H-imidazol-2-yl} -pyrrolidine-1-
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carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (Example AZ), substituting 3-Cyano-4-

{2-[1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}

phenylboronic acid for [2-methyl-1-(2-{ 5-[6-( 4,4,5,5-tetramethyl-[1 ,3,2]dioxaborolan-2-yl)

naphthalen-2-yl]-1 H-imidazol-2-yl} -pyrrolidine-1-carbonyl)-propyl]-carbamic acid methyl 

ester. 1H-NMR: 400 MHz, (DMSO-d6) o 12.13 (s, I H), 8.13-8.04 (m, 2H), 7.85-7.75 (m, 

4H), 7.57 (s, 1H), 7.31 (dd, J= 3.6 Hz, 8.4 Hz, 1H), 5.13-5.10 (m, 2H); MS (ESI) mlz 764 [M 

+Hr. 

Example FE 

;\••H 
r=\ rNH3CI 
Br~ 

0 
+ 

?sH 
HOyti 

0 
Boc 

HATU, 
DIPEA 

DMF )lo 

NH ~ ) 

Br~Y'ti 
0 0 Bee 

2-Amincr1-(4-bromcrphenyl)
ethanone hydrochloride 

xylenes 

4-Cyancrpyrrolidine-1,2-
dicarboxylic acid 1-tert-butyl ester 

2-[5-( 4-Bromcrphenyl)-1 H
imidazol-2-yl]-4-cyancrpyrrolidine-
1-carboxylic acid tert-butyl ester 

1. HCI 

,/ 
2-[2-( 4-Bromcrphenyl)-2-oxcr 

ethylcarbamoyl]-4-cyancrpyrrolidine-
1-carboxylic acid tert-butyl ester 

2. carboxcylic acid, 
HATU, DIPEA ... 

DMF 

;\·•H 
H f ) 

0/ 
)=o 

sr-Q-{f:~ 
NH 

o=( 
/0 

( 1-{2-[5-( 4-Bromcrphenyl)-1 H-imidazol-2-
yl)-4-cyancrpyrrolidine-1-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester 

+ 
HN 

'Yi:Y.~l4-u -~ ~o{-
!2-Methyl-1-(2-{5-!6-(4.4,5,5-tetramethyl

[1,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-1 H-imidazol-2-
yl}-pyrrolidine-1-carbonyl)-propyQ-carbamic acid methyl 

ester 

/ 
0 NC 
)=o ~··H 

HN f ) 

Y'i:J?-CO--o---{fM u H - - N 0 ~H 
o=( 

/0 

(1-(2-{5-[6-( 4-{2-[4-Cyancr 1-(2-methoxycarbonylamincr3-methyl-butyryl)
pyrrolidin-2-yi)-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yi]-1H-imidazol-2-
yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester 

2-[2-(4-Bromo-pbenyl)-2-oxo-etbylcarbamoyl]-4-cyano-pyrrolidine-1-carboxylic acid tert

butyl ester: Title compound was prepared according to the method employed to prepare 3-[2-

( 4-Bromo-phenyl)-2-oxo-ethylcarbamoyl]-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-
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butyl ester (Example AE), substituting 4-Cyano-pyrrolidine-1 ,2-dicarboxylic acid 1-tert-butyl 

ester for 2-aza-bicyclo[2.2.1 ]heptane-2,3-dicarboxylic acid 2-tert-butyl ester. 

2-(5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-cyano-pyrrolidine-1-carboxylic acid tert-butyl 

ester: Title compound was prepared according to the method employed to prepare 3-[5-( 4-

Bromo-phenyl)-1 H-imidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl 

ester (Example AS), 2-[2-(4-Bromo-phenyl)-2-oxo-ethylcarbamoyl]-4-cyano-pyrrolidine-1-

carboxylic acid tert-butyl ester for 3-[2-( 4-bromo-phenyl)-2-oxo-ethylcarbamoyl]-2-aza

bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester. 

(1-{2-(5-( 4-Bromo-phenyi)-1H-imidazol-2-yl)-4-cyano-pyrrolidine-1-carbonyl }-2-methyl

propyl)-carbamic acid methyl ester: Title compound was prepared according to the method 

employed to prepare { 1-[2-( 4'-Chloro-biphenyl-3-ylcarbamoyl)-pyrrolidine-1-carbonyl]-2-

methyl-propyl}-carbamic acid methyl ester (Example CX), substituting 2-[5-(4-Bromo-phenyl)-

1 H-imidazol-2-yl]-4-cyano-pyrrolidine-1-carboxylic acid tert-butyl ester for 2-( 4'-Chloro

biphenyl-3-ylcarbamoyl)-pyrrolidine-1-carboxylic acid tert-butyl ester. 

[ 1-(2-{ 5-[ 6-( 4-{2-(4-Cyano-1-(2-methoxycarbonylamino-3-methy 1-butyryl)-pyrrolidin-2-y I]-

3 H -imidazol-4-yl} -phenyl)-na phthalen-2-y 1]-1 H -imidazol-2-y 1}-pyrrolidine-1-carbony 1)-2-

methyl-propyl)-carbamic acid methyl ester: Title compound was prepared according to the 

method employed to prepare [1-(2-{5-[6-(4-{2-[l-(2-Methoxycarbonylamino-3-methyl-butyryl)

pyrrolidin-2-yl]-3H-imidazol-4-yl }-phenyl)-naphthalen-2-yl]-1 H-imidazol-2-yl }-pyrrolidine-1-

carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (Example AZ), substituting (1-{2-[5-(4-

Bromo-phenyl)-1 H-imidazol-2-yl]-4-cyano-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic 

acid methyl ester for [2-methyl-1-(2-{ 5-[6-( 4,4,5,5-tetramethyl-[1 ,3,2]dioxaborolan-2-yl)

naphthalen-2-yl]-1 H-imidazol-2-yl }-pyrrolidine-1-carbonyl)-propyl]-carbamic acid methyl 

ester. 1H-NMR: 400 MHz, (DMS0-<4) o 11.98 (s, 1H), 11.82 (s, 1H), 8.22 (m, 2H), 7.92-7.77 

(m, 6H), 7.62 (m, 2H), 7.44 (d, J= 7.6 Hz, 1H), 7.31 (d, J= 8.0, 1H), 5.24 (t, J= 5.2 Hz, 1 H), 5.12 

(d, J= 4.0, 1H), 4.22-4.19 (m, 1H), 4.09-4.0 (m, 4H), 3.89-3.83 (m, 4H), 3.56 (d, J= 5.6 Hz, 

6H), 2.17 (brs, 2H), 2.06- 1.90 (m, 4H), 0.95-0.84 (m, 14H); MS (ESI) mlz 814 [M + Ht. 
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ExampleFF 

o( 
)=o 

HN 

YiJ~Br 0,~ ~ 

1. TMS-acetylene, 
Cui, Pd(PPh3)4, 
Et3N, DMF ... 

( 1-{2-[5-(6-Bromo-naphthalen-2-yl)-1 H
imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester 

~0 
HN 

-rret~ 
(1-{2-[5-(6-Ethynyl-naphthalen-2-yl)-1 H
imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester 

Cui, 
Pd(PPh3)4 
Et3N ... 

DMF 

~0 
HN 

YiJ: VH 

+ 

~;f{ 
Br n.~ o~ --y- NH 

o=( 
/0 

{1-[3-(6-Bromo-1 H-benzoimidazol-2-yl)-2-
aza-bicyclo[2.2.1 )heptane-2-carbonyl]-2-

methyl-propyl}-carbamic acid methyl ester 

·>-:=---<:n ~fJJ-A 
- NH 

o=( 
/0 

(1-{2-[5-(6-{2-[2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza
bicyclo[2.2.1 ]hept-3-yi]-3H-benzoimidazol-5-ylethynyl}-naphthalen-2-yl)-1 H

imidazol-2-yl)-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

(1-{2-[5-(6-Ethynyl-naphthalen-2-yl)-lH-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl

propyl)-carbamic acid methyl ester: Title compound was prepared according to the method 

employed to prepare (1-{2-[5-( 4-Ethynyl-phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester from ( 1-{ 2-[ 5-( 4-bromo-phenyl)-1 H-imidazol-2-yl]

pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example A Y), 

substituting (1-{2-[5-(6-Bromo-naphthalen-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-

methyl-propyl)-carbamic acid methyl ester for (1-{2-[5-( 4-bromo-phenyl)-1 H-imidazol-2-yl]

pyrrolidine-1-carbonyl }-2-methyl-propyl)-carbamic acid methyl ester. 

(1-{2-[ 5-( 6-{2-[2-(2-M ethoxycarbony lamino-3-m ethyl-bu tyry 1)-2-aza-bicyclo [ 2.2.1) h ept-3-

yl) -3 H -benzoimidazol-5-ylethyny 1}-na phthalen-2-y 1)-1 H -imidazol-2-y I) -py rrolidine-1-

carbonyl}-2-metbyl-propyl)-carbamic acid methyl ester: Title compound was prepared 
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according to the method employed to prepare Methoxycarbonylamino-3-methyl-butyryl)

pyrrolidin-2-yl]-3 H-imidazol-4-ylethynyl} -phenylethynyl)-1 H-imidazol-2-yl]-pyrrolidine-1-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example CT), substituting { 1-[3-(6-

Bromo-1 H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-carbonyl]-2-methyl-propyl}

carbamic acid methyl ester for (1-{2-[5-( 4-bromo-phenylethynyl)-1 H-imidazol-2-yl]

pyrrolidine-1-carbonyl }-2-methyl-propyl)-carbamic acid methyl ester and ( 1-{2-[5-(6-Ethynyl

naphthalen-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic acid 

methyl ester for { 1-[2-(5-Ethynyl-1 H-imidazol-2-yl)-pyrrolidine-1-carbonyl]-2-methyl-propyl}

carbamic acid methyl ester. NMR (MeOH-d4, 400 MHz) o: 8.19-8.11 (m, 1 H), 8.01-7.99 (m, 

IH), 7.86-7.71 (m, 3H), 7.57-7.39 (m, 3H), 7.02-6.99 (m, 1H); MS (ESI) mlz 813 [M + Ht. 

ExampleFG 

_F\ JNH3CI 
Br~ 

0 
+ 

HATU, 
DIPEA 

DMF )llo 

H 
~··CN 

NH ~ ) sr--0--{' r~ 
00 Boc 

2-Amino-1-(4-bromo-phenyl)
ethanone hydrochloride 

H 

4-Cyano-pyrrolidine-1 ,2-
dicarboxylic acid 1-tert-butyl ester 

2-(5-(4-Bromo-phenyi)-1H
imidazol-2-yl)-4-cyano-pyrrolidine-
1-carboxylic acid tert-butyl ester 

1. HCI 

2-[2-(4-Bromo-phenyl)-2-oxo
ethylcarbamoyl)-4-cyano-pyrrolidine-

1-carboxylic acid tert-butyl ester 

2. carboxcylic acid, 
HATU, DIPEA ,.. 

DMF 

~·•CN 
H i ) 

sr--o--{1:~ 
r{ 
)=o 

HN 

NH 
o=( 

/0 

( 1-{2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-
yl)-4-cyano-pyrrolidine-1-carbonyl)-2-

methyl-propyl)-carbamic acid methyl ester 

/ 

+ '(1~)--(h s:o+V ~~· ~oT 

[2-Methyl-1-(2-{5-[6-(4,4,5,5-tetramelhyl-
[ 1,3,2)dioxaborolan-2-yl)-naphthalen-2-yl)-1 H-imidazol-2-
yl}-pyrrolidine-1-carbonyl)-propyl)-carbamic acid methyl 

ester 

0 H 
)=o _A·•CN 

HN ~ ) 

'(1~)--(h n ~~-~-~ 1 
t ~ ~~· ~N oJ--.f' 
~ NH 

o=( 
/0 

(1-(2-{5-[6-(4-{2-[4-Cyano-1-(2-methoxycarbonylamino-3-methyl-butyryl)
pyrrolidin-2-yij-3H-imidazol-4-yl}-phenyl)-naphlhalen-2-yi)-1H-imidazol-2-
yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl)-carbamic acid methyl ester 
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2-[2-( 4-Bromo-phenyl)-2-oxo-ethylcarbamoyl]-4-cyano-pyrrolidine-1-carboxylic acid tert

butyl ester: Title compound was prepared according to the method employed to prepare 3-[2-

( 4-Bromo-phenyl)-2-oxo-ethylcarbamoyl]-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert

butyl ester (Example AE), substituting 4-Cyano-pyrrolidine-1 ,2-dicarboxylic acid 1-tert-butyl 

ester for 2-aza-bicyclo[2.2.1 ]heptane-2,3-dicarboxylic acid 2-tert-butyl ester. 

2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-cyano-pyrrolidine-1-carboxylic acid tert-butyl 

ester: Title compound was prepared according to the method employed to prepare 3-[5-(4-

Bromo-pheny1)-1 H-imidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl 

ester (Example AS), and substituting 2-[2-(4-Bromo-phenyl)-2-oxo-ethylcarbamoyl]-4-cyano

pyrrolidine-1-carboxylic acid tert-butyl ester for 3-[2-(4-bromo-phenyl)-2-oxo-ethylcarbamoyl]-

2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester. 

(1-{2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-cyano-pyrrolidine-1-carbonyl}-2-methyl

propyl)-carbamic acid methyl ester: Title compound was prepared according to the method 

employed to prepare { 1-[2-( 4'-Chloro-biphenyl-3-ylcarbamoyl)-pyrrolidine-1-carbonyl]-2-

methyl-propyl}-carbamic acid methyl ester (Example CX), substituting 2-[5-(4-Bromo-phenyl)-

1 H-imidazol-2-yl]-4-cyano-pyrrolidine-1-carboxylic acid tert-butyl ester for 2-( 4'-Chloro

biphenyl-3-ylcarbamoyl)-pyrrolidine-1-carboxylic acid tert-butyi ester. 

[1-(2-{5-[6-(4-{2-[4-Cyano-1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-

3H-imidazol-4-yl}-phenyl)-naphthalen-2-yi]-1H-imidazol-2-yl}-pyrrolidine-l-carbonyl)-2-

methyl-propyl]-carbamic acid methyl ester: Title compound was prepared according to the 

method employed to prepare [1-(2-{5-[6-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)

pyrrolidin-2-yl]-3H-imidazol-4-yl }-phenyl)-naphthalen-2-yl]-1 H-imidazol-2-yl }-pyrrolidine-1-

carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (Example AZ), substituting (1-{2-[5-(4-

Bromo-phenyl)-1 H-imidazol-2-yl]-4-cyano-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic 

acid methyl ester for [2-methyl-1-(2-{ 5-[ 6-( 4,4,5,5-tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)

naphthalen-2-yl]-1 H-imidazol-2-yl} -pyrrolidine-1-carbonyl)-propyl]-carbamic acid methyl 

ester. NMR (Me0H-d4, 400 MHz) o: 8.12-8.03 (m, 2H), 7.89-7.74 (m, 6H), 7.48-7.36 (m, 2H), 

5.20 (m, 2H), 4.60 (m, 1 H), 4.28-3.88 (m, 6H), 3.66 (s, 6H), 2.86 (m, 1 H), 2.60 (m, 1 H), 2.40-

2.19 (m, 3H), 2.11-1.97 (m, 3H), 1.00-0.88 (m, 12H); MS (ESI) m/z 814 [M + Ht. 
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NC-!OH 
NH2 

2-Amino-J-cyano-propionic acid 

1. HCI 

NC~OH 
HN')(O' 

0 
J-Cyano-2-methoxycarbonylamino

propionic acid 

~0 
HN 

PCT /US201 0/034600 

B~_Jl~ ?4--
f::d_H~~ ~~t-

2. carboxcylic acid, 
HATU, DIPEA 

DMF 

(--fo ~}--(h 4 
CN {;f.~· ~ot-

J-{5-(6-(4,4,5,5-Tetramelhyl-(1,3,2)dioxaborolan-2-yl)
naphthalen-2-yl)-1 H-imidazol-2-yl}-2-aza

bicyclo[2.2.1)haptane-2-carboxylic acid tet1-butyl ester 

(2-Cyano-1-(J-{5-(6-( 4 ,4,5,5-tetramethyl-(1, J,2]dioxaborotan-2-yl)
naphthalen-2-yl)-1 H-imidazol-2-yl)-2-aza-bicydo(2. 2. 1 )heptane-2-

carbonyl)-elhyl}carbamic acid methyl ester 

~0 
H{;;f~~ n ~~f) I 
CN ~~·~No~ H a=(H 

/0 

[1-(2-15-(4-(6-(2-(2-(J-Cyano-2-methoxycarbonylamino-propionyl)-2-aza
bicydo(2. 2. 1 )hept-J-yi]-3H-imidazol-4-yl)-naphthalen-2-yl)-phenyl]-1 H-imidazol-

2-yl)-pyrrolidine-1-carbonyl)-2-methyl-propyl)-carbamic acid methyl ester 

3-Cyano-2-methoxycarbonylamino-propionic acid: Methyl chlorofonnate (0.81 mL, 10.51 

mmol) was added dropwise to a stirred suspension of2-Amino-3-cyano-propionic acid ( l.OOg, 

8.76 mmol) and NaOH (5 N in H20, 4.2 mL, 21.0 mmol) in THF (20 mL). After stirring at 

room temperature for 7h, the reaction mixture was poured into l 0% HCl and the aqueous phase 

was extracted 3x with diethyl ether. The combined organics were dried over MgS04, filtered 

and concentrated to afford 3-Cyano-2-methoxycarbonylamino-propionic acid (295 mg, 20%). 

[2-Cyano-1-(3-{5-[6-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-lH

imidazol-2-yl}-2-aza-bicyclo[2.2.1 ]heptane-2-carbonyl)-ethyl]-carbamic acid methyl ester: 

Title compound was prepared according to the method employed to prepare { 1-[2-( 4' -Ch1oro

biphenyl-3-ylcarbamoyl)-pyrrolidine-1-carbonyl]-2-methyl-propyl} -carbamic acid methyl ester 

(Example CX), substituting 3-{ 5-[6-(4,4,5,5-Tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-naphthalen-

2-yl]-1 H-imidazol-2-yl }-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyJ ester for 2-( 4'

Chloro-biphenyl-3-ylcarbamoyl)-pyrrolidine-1-carboxylic acid tert-butyJ ester and 3-Cyano-2-

methoxycarbonylamino-propionic acid for 2-methoxycarbonylamino-3-methyl-butyric acid. 

[1-(2-{5-[4-(6-{2-[2-(3-Cyano-2-methoxycarbonylamino-propionyl)-2-aza-

bicyclo [2.2.1] hept-3-yl] -3 H-im idazol-4-y 1}-naph thalen-2-y 1)-pheny I] -1 H -imid azol-2-y I}

pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: Title compound was 

prepared according to the method employed to prepare [1-(2-{5-[6-(4-{2-[1-(2-
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Methoxycarbony lamino-3 -methy 1-butyry l )-pyrrolidin-2-y 1]-3 H-imidazo l-4-y 1} -phenyl)

naphthalen-2-yl]-1 H-imidazol-2-yl }-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid 

methyl ester (Example AZ), substituting [2-Cyano-1-(3-{5-[6-(4,4,5,5-tetramethyl-

[ 1 ,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-1 H-imidazol-2-yl} -2-aza-bicyclo£2.2.1 ]heptane-2-

carbonyl)-ethyl]-carbamic acid methyl ester for [2-methyl-1-(2-{ 5-[ 6-( 4,4,5,5-tetramethyl-

[ 1 ,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-1 H-imidazol-2-yl} -pyrrolidine-1-carbonyl)-propyl]

carbamic acid methyl ester. 1H NMR (DMSO-d6, 400 MHz) o: 8.24-8.18 (m, 2H), 7.99-7.79 

(m, 6H), 7.63-7.54 (m, 2H), 5.09 (m, lH), 4.84 (m, 1H), 4.53 (s, 1H), 4.41 (s, 1H), 4.07 (m, 1H), 

3.82 (m, 2H), 3.62 (s, 3H), 3.54 (s, 3H), 2.92-2.87 (m, lH), 2.79-2.75 (m, IH), 2.72-2.67 (m, 

1H), 2.16-1.42 (m, 9H), 0.91-0.87 (m, 12H); MS (ESI) m/z 812 [M + Ht. 

Example FI 

~0 
HN 

~0 
YiJ-)--0--== Fv H 

+ 
HN 

'(-tJ_~sr (JH 

Cui, 
Pd(PPh3)4 
EI]N 

NC 
(1-{2-[5-(4-Bromo-phenyl}-1 H-imidazol-2-

yl)-4-cyano-pyrrolidine-1-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester 

DMF 

F 
( 1-{2-[5-( 4-Ethynyl-phenyl)-1 H-imidazol-2-
yl)-4,4-difluoro-pyrrolidine-1-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester 

~0 ;-F 
HN H ~ ) 

YiJ-)--0--==-0-{l:~ 
t : H NH v 0=( 

Nd /0 

[1-( 4-Cyano-2-{5-[4-( 4-{2-[4 ,4-difluoro-1-(2-methoxycarbonylamino-3-methyl
butyryl)-pyrrolidin-2-yi)-3H-imidazol-4-yl}-phenylethynyl)-phenyl)-1 H-imidazol-

2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl)-carbamic acid methyl ester 

[ 1-( 4-Cyano-2-{5-[ 4-( 4-{2-[4,4-difluoro-1-(2-metboxycarbonylamino-3-metbyl-butyryl)

pyrrolidin-2-yi]-3H-imidazol-4-yl}-phenylethynyl)-phenyi]-1H-imidazol-2-yl}-pyrrolidine-

1-carbonyl)-2-methyl-propyl)-carbamic acid methyl ester: Title compound was prepared 

according to the method employed to prepare [1-(2-{5-[4-(4-{2-[4,4-Difluoro-1-(2-

methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}-phenylethynyl)

phenyl]-1 H-imidazol-2-yl} -pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl 

ester (Example AB 1) substituting (1-{2-[5-(4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-cyano

pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester for (1-{2-[5-(4-bromo

phenyl)-1 H-imidazol-2-yl]-pyrro1idine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl 
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ester (400 mg, 0.89 mmol), and (l-{2-[5-(4-ethynyl-phenyl)-lH-imidazol-2-yl]-4,4-difluoro

pyrrolidine~ 1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester for (1-{2-[5-(4-ethynyl

phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl-propyl)-carbamic acid methyl 

ester. 1H NMR (MeOH-d4, 400 MHz) o: 7.71-7.61 (m, 4H) 7.46-7.34 (m, 4H), 5.30 (m, IH), 

5.14 (m, I H), 4.55-4.45 (m, 2H), 4.20-3.94 (m, 5H), 3.61 (s, 6H), 3.47-3.40 (m, 2H), 2.84-2.76 

(m, 3H), 2.52 (m, I H), 1.96-1.91 (m, 2H), 0.96-0.83 (m, 12H); MS (ESI) mlz 824 [M + H( 

Example FJ 

.J 1.HCI, ~__j' 
HO C__.(N) MeOH/dioxane Jt; M~C__.(N) Et~n. CH2I2, TFA 

2 &c 2. CbzCI, Cbz DCM/hexane 
4-Methylene-pyrrolidine-1,2- DIPEA, DCM 4-Methylene-pyrrolidine-1,2-

dicarboxylic acid 1-tert-butyl ester dicarboxylic acid 1-benzyl 
ester 2-methyl ester 

M~C,l-) 
I 
Cbz 

5-Aza-spiro[2.4)heptane-5,6-
dicarboxylic acid 5-benzyl ester 

1. LiOH, 
H20/MeOH 

2. 2-Amino-1-(4-bromo-phenyl)
ethanone hydrochloride, 6-[2-( 4-Bromo-phenyl)-2-oxo

ethylcarbamoyl)-5-aza-spiro(2.4)heptane-
5-carboxylic acid benzyl ester 

HATU, 
DIPEA, DMF 

c~J)-0-Br 
~H 

1. HBr/AcOH 
2. carboxcylic acid, 
HATU, DIPEA 

6-{5-{ 4-Bromo-phenyl)-1 H-imidazol-2-
yl)-5-aza-spiro£2. 4)heptane-5-
carboxylic acid benzyl ester 

DMF 

(1-{6-[5-(4-Bromo-phenyl)-1 H-imidazol-2-yl)-
5-aza-spiro[2.4)heptane-5-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester 

~0 
HN 

xylene 

1. TMS-acetylene, 
Cui, Pd(PPh3)4, 

Et3N, DMF + Yi~)-0-sr 
UH 

( 1-{6-{5-(4-Ethynyl-phenyl)-1 H-imidazol-2-
yl)-5-aza-spiro{2.4)heptane-5-carbonyl}-2-
methyl-propyl )-carbamic acid methyl ester 

NC,; 
(1-{2-{5-(4-Bromo-phenyl)-1 H-imidazol-2-

yij-4-cyano-pyrrolidine-1-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester 

Cui, ~o j;;> 
Pd(PPh3)4 H~ 

0 
N _ ~ f ~ 

Et3~MF ._ YiJ-~1:0 u H NH 
£ - 0=(0 

NC / 
(1-(4-Cyano-2-{5-{4-(4-{2-{5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza
spiro(2. 4)hept-6-yi)-3H-im idazol-4-yl)-phenylethynyl)-phenyl)-1 H-im idazol-2-yl}

pyrrolidine-1-carbonyl)-2-methyl-propyij-carbamic acid methyl ester 
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4-Methylene-pyrrolidine-1,2-dicarboxylic acid 1-benzyl ester 2-methyl ester: 4-Methylene

pyrrolidine-1 ,2-dicarboxylic acid 1-tert-butyl ester (12.00 g, 52.80 mmol) was dissolved in 

MeOH (200 mL) and treated with 4.0 M HCVdioxane (50 mL). After stirring for 3.5 hours at 

room temperature, the reaction mixture was concentrated under reduced pressure. The crude 

residue was dissolved in DCM (200 mL) and treated with DIPEA (22 mL, 127 mmol) and 

BnOCOCl (9.64 mL, 63.4 mmol). After stirring for I hours at room temperature, the reaction 

mixture was poured into H20. The aqueous layer was extracted 3x with DCM. The combined 

organics were dried over MgS04, filtered and concentrated. The residue was purified by silica 

column chromatography (10% to 25% EtOAclhexane) to provide 4-Methylene-pyrrolidine-1,2-

dicarboxylic acid 1-benzyl ester 2-methyl ester (8.20 g, 56%). 

5-Aza-spiro(2.4]heptane-5,6-dicarboxylic acid 5-benzyl ester: Diethyl zinc (1.0 Min hexane 

( 118 mL, 118 mmol) was added to a 3-neck round bottom flask containing a stir bar, DCM (120 

mL) and equipped with an addition funnel and an Argon inlet adaptor. The solution was cooled 

to 0 ·c before TFA (9.5 mL, 118 mmol) in DCM (40 mL) was added dropwise by addition 

funnel over 22 minutes. 20 minutes after completion of the addition, CH2h was added slowly 

over 4 minutes. 20 minutes after completion of addition, 4-Methylene-pyrrolidine-1 ,2-

dicarboxylic acid 1-benzyl ester 2-methyl ester (8.10 g, 29.4 mmol) in DCM (30 mL) was added 

by cannula followed by a rinse with DCM (I 0 mL). I 0 minutes later, the reaction mixture was 

warmed to room temperature and stirred for II 0 hours. The reaction was quenched by addition 

of 100 mL saturated aqueous NH4Cl. The entire contents of the flask were poured into saturated 

aqueous NaHC03 and the aqueous phase was extracted 3x with EtOAc. The combined organics 

were dried over MgS04, filtered and concentrated. The residue was dissolved in THF (100 mL), 

acetone (33 mL) and H20 (33 mL) and N-methylmorpholine-N-oxide (3.45 g, 29.41 mmol) and 

osmium tetroxide (4 wfO/o in H20, 5 mL, 0.818 mmol) were added sequentially. The reaction 

mixture was stirred 7 hours at room temperature then quenched with 100 mL saturated aqueous 

Na2S20 3• The entire contents of the flask was poured into H20 and the aqueous layer was 

extracted 3x with DCM. The combined organics were dried over MgS04, filtered and 

concentrated. The resulting residue was purified by silica coltunn chromatography (10% to 25% 

EtOAc/hexane) to provide 5-Aza-spiro[2.4]heptane-5,6-dicarboxylic acid 5-benzyl ester (5.54 g, 

65%). 

6-[2-(4-Bromo-phenyl)-2-oxo-ethylcarbamoyl]-5-aza-spiro[2.4)heptane-5-carboxylic acid 

benzyl ester: 5-Aza-spiro[2.4]heptane-5,6-dicarboxylic acid 5-benzyl ester (361 mg, 1.25 

mmol) was dissolved in MeOH (I 0 mL) and LiOH (I M in H20, 5 mL, 5 mmol) was added. 
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After stirring for 15 hours at room temperature, the reaction mixture was poured into 10% HCl 

and the aqueous phase was extracted 3x with DCM. The combined organics were dried over 

MgS04, filtered and concentrated. The residue was treated with 2-Amino-1-( 4-bromo-phenyl)

ethanone hydrochloride (344 mg, 1.38 mmol), HATU (525 mg, 1.38 mmol) and DMF (14 mL). 

The suspension was stirred at 0 ·c for 21 minutes before DIPEA (0. 72 mL, 4.1 mmol) was 

added dropwise. Immediately after addition, the reaction mixture was warmed to room 

temperature. 40 minutes later the mixture was diluted with EtOAc. The organic layer was 

washed with saturated aqueous NaHC03 and brine, then dried over MgS04, filtered and 

concentrated. The crude residue was purified by silica column chromatography (30% to 50% 

EtOAclhexane) to afford 6-[2-( 4-Bromo-phenyl)-2-oxo-ethylcarbamoyl]-5-aza

spiro[2.4]heptane-5-carboxylic acid benzyl ester (589 mg, 1 00%). 

6-( 5-( 4-Bromo-pheoyi)-1H-imidazol-2-yl]-5-aza-spiro(2.4] heptaoe-5-carboxylic acid benzyl 

ester: Title compound was prepared according to the method employed to prepare 3-[5-(4-

Bromo-phenyl)-1 H-imidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl 

ester (Example AS), substituting 6-[2-(4-Bromo-phenyl)-2-oxo-ethylcarbamoyl]-5-aza

spiro[2.4 ]heptane-5-carboxylic acid benzyl ester for 3-[2-( 4-bromo-phenyl)-2-oxo

ethylcarbamoyl]-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester. 

(l-{6-[5-(4-Bromo-pheoyi)-1H-imidazol-2-yl]-5-aza-spiro(2.4]heptane-5-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester: 6-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-5-

aza-spiro[2.4]heptane-5-carboxylic acid benzyl ester (478 mg, 1.04 mmol) was treated with 

DCM (5 mL) then HBr (33 wt% in AcOH, 5 mL). The mixture was stirred for 160 minutes at 

room temperature, concentrated under reduced pressure then coevaporated 2x with toluene to 

remove excess AcOH. The crude residue was treated with 2-Methoxycarbonylamino-3-methyl

butyric acid (274 mg, 1.56 mmol), HATU (435 mg, 1.14 mmol) and DMF (10 mL). The stirred 

mixture was cooled to 0 ·c and DIPEA (0.91 mL, 5.2 mmol) was added before the warming to 

room temperature. After 1h, the reaction mixture was diluted with EtOAc and washed with 

saturated aqueous NaHC03 and brine. The organic layer was dried over MgS04, filtered and 

concentrated and the crude residue was purified by silica column chromatography (75% to 100% 

EtOAclhexane) to yield ( 1-{ 6-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-

5-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (297 mg, 60%). 
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(1-{6-[S-(4-Ethynyl-phenyl)-1H-imidazol-2-yi]-S-aza-spiro[2.4]heptane-S-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester: Title compound was prepared according to the 

method employed to prepare (1-{2-[5-(4-Ethynyl-phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-

carbony1 }-2-methyl-propyl)-carbamic acid methyl ester from ( 1-{2-[5-( 4-bromo-phenyl)-1 H

imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example 

A Y), substituting (1-{ 6-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester for (1-{2-[5-( 4-bromo-phenyl)-1 H

imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl-propyl)-carbamic acid methyl ester. 

[1-( 4-Cyano-2-{5-[ 4-( 4-{2-[S-(2-methoxycarbonylamino-3-methyl-butyryi)-S-aza

spiro[2.4]bept-6-yi]-3H-imidazol-4-yl}-phenylethynyl)-pbenyi]-1H-imidazol-2-yl}

pyrrolidine-1-carbonyl)-2-methyl-propyl)-carbamic acid methyl ester: Title compound was 

prepared according to the method employed to prepare [1-(2-{5-[4-(4-{2-[4,4-Difluoro-1-(2-

methoxycarbonylamino-3 -methyl-butyry I )-pyrrolidin-2-y I]-3 H-imidazol-4-yl}-pheny lethynyl )

phenyl]-1 H-imidazol-2-yl }-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl 

ester (Example AB1), substituting (1-{2-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-4-cyano

pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester for (1-{2-[5-(4-bromo

phenyl)-l H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl-propyl)-carbamic acid methyl 

ester ( 400 mg, 0.89 mmol), and (1-{ 6-[5-( 4-Ethynyl-phenyl)-1 H-imidazol-2-yl]-5-aza

spiro[2.4]heptane-5-carbonyl }-2-methyl-propyl)-carbamic acid methyl ester for ( 1-{2-[5-( 4-

Ethynyl-phenyl)-1 H-imidazol-2-yl]-4,4-difluoro-pyrrolidine-1-carbonyl} -2-methyl-propyl)

carbamic acid methyl ester. 1H NMR (MeOH-d4, 400 MHz) o: 7.78-7.66 (m, 4H), 7.52-7.37 

(m, 4H), 5.29 (m, 1H), 5.17 (m, 1H), 4.59 (m, 1H), 4.17-4.09 (m, 3H), 4.01 (m, 1H), 3.93-3.80 

(m, 2H), 3.65 (s, 6H), 3.50-3.42 (m, 2H), 2.88-2.81 (m, 1H), 2.66-2.52 (m, 2H), 2.36-2.31 (m, 

1H), 2.18-2.13 (m, 1H), 2.05-1.94 (m, 3H), 1.01-0.87 (m, 12H), 0.82-0.63 (m, 4H); MS (ESI) 

mlz 814 [M + Ht. 
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ExampleFK 

MeO~J.-$ 
' 

NH.OAc, ~ 

xylene Cbz 

5-Aza-splro(2.4)heptane-5,6-
dlcarboxyllc acid 5-benzyl ester 

2. 2-Bromo-1-(6-bromo
naphthalen-2-yt)-ethanone, 
E~N.MeCN 

6-[2-(6-Bromo-naphlhalen-2-yl)-2-oxo
ethylcarbamoyl}-5-aza-spiro(2.4)heptane-

5-carboxytic acid benzyl ester 

6-{5-(6-Bromo-naphthalen-2-yl)-11+ 
imidazol-2-yl}-5-aza-spiro[2.4)heptane-

5-carboxylic acid benzyl ester 

1. HBr/AcOH 
H0 

2. carboxcyllc acid, 
B

r ~~1~ : 1 Bis(pinacolato)diboron, 
~ ~ ~ Pd(dppf)Ciz-DCM, KOAc HATU. OIPEA ... 

o=( dioxane OMF 
,P 

(1-{6-{5-(6-Bromo-naphthalen-2-yt)-1 H-imidazol-
2-yt}-5-aza-spiro[2.4)heptane-5-carbonyl}-2-
methyl-propyt)-carbamic acid methyl ester 

H~ 
--t-o.B ~Y:~ -lro ~ ~ NH 

+ 

~0 
HN 

'(-(_))-O-ar 

~ 
(2-Methyl-1-(6-{5-{6-( 4,4 ,5,5-tetramethyi-(1,3,2Jdloxaborolan-2-
yl)-naphthalen-2-yl}-1 H-imldazol-2-yl}-5-aza-splro(2 .4)heptane-

5-carbonyl)-propyt}-carbamic acid methyl ester 

VH 
NC;; 

(1-{2-{5-(4-Bromo-phenyl)-1 H-imldazol-2-
yt}-4-cyano-pyrrolidine-1-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester 

Pd(PP~)4 , 'S=o H Q 
_K:::2c~o~3~_. ~ ~ = ~1~ . l 
DMEIH20~ r u~ ~ tf1:"' 

( ~ H o=( 
y _,a 

Ne 
(1-(4-Cyano-2-{5-{4-(6-{2-{5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza
spiro(2.4)hept~yl}-31+imidazol-4-yl)-naphthalen-2-yl)-phenyl)-1 H-imidazol-2-

yl}-pyrrolidlne-1-carbonyl)-2-methyl-propyl)-carbamic add methyl ester 

6-[2-(6-Bromo-naphthalen-2-yl)-2-oxo-ethylcarbamoyi)-S-aza-spiro[2.4]heptane-S

carboxylic acid benzyl ester: 5-Aza-spiro[2.4]heptane-5,6-dicarboxylic acid 5-benzyl ester 

(2.217 g, 7.66 mmol) was dissolved in MeOH (30 mL) and LiOH (1M in H20, 15 mL, 15 

mmol) was added. After stirring for 15 hours at room temperature, the reaction mixture was 

poured into 10% HCI and the aqueous phase was extracted 3x with DCM. The combined 

organics were dried over MgS04, filtered and concentrated. The residue was treated with MeCN 

(40 mL), Et3N (1.2 mL, 8.4 rnmol) and 2-Bromo-1-(6-bromo-naphthalen-2-yl)-ethanone and the 

mixture was stirred at room temperature for 20 hours before being filtered over CELITE and 

concentrated. The resulting oil was dissolved in the minimum amount ofDCM and EtOAc (30 

mL) was added causing the product to precipitate. The mixture was cooled to 0 ·c then the solid 

was filtered off and rinsed with EtOAc giving clean product (4.00g, 100%). 

6-[S-(6-Bromo-naphthalen-2-yi)-1H-imidazol-2-yi)-S-aza-spiro[2.4]heptane-S-carboxylic 

acid benzyl ester: Title compound was prepared according to the method employed to prepare 
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3-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert

butyl ester (Example AS), substituting 6-[2-(6-Bromo-naphthalen-2-yl)-2-oxo-ethylcarbamoyl]-

5-aza-spiro[2.4]heptane-5-carboxylic acid benzyl ester for 3-[2-( 4-bromo-phenyl)-2-oxo

ethylcarbamoyl]-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester. 

(1-{6-[5-(6-Bromo-naphthalen-2-yi)-1H-imidazol-2-yl)-5-aza-spiro[2.4]heptane-5-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester: Title compound was prepared 

according to the method employed to prepare (1-{6-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-5-

aza-spiro[2.4]heptane-5-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester, substituting 6-

[ 5-( 6-Bromo-naphthalen-2-yl)-1 H -imidazol-2-yl]-5-aza-spiro[2. 4 ]heptane-5-carboxylic acid 

benzyl ester for 6-[2-( 4-Bromo-phenyl)-2-oxo-ethylcarbamoyl]-5-aza-spiro[2.4 ]heptane-5-

carboxylic acid benzyl ester according to example FJ. 

[2-Methyl-1-( 6-{5-[6-( 4,4,5,5-tetrametbyl-[1,3,2 ]dioxaborolan-2-yl)-napbtbalen-2-yl]-1 H

imidazol-2-yl}-5-aza-spiro[2.4]heptane-5-carbonyl)-propyl]-carbamic acid methyl ester: 

Title compound was prepared according to the method employed to prepare Methyl-1-{2-[4'

( 4,4,5,5-tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)-biphenyl-4-ylcarbamoyl]-pyrrolidine-l

carbonyl}-propyl)-carbamic acid methyl ester (Example CY), substituting (1-{6-[5-(6-Bromo

naphthalen-2-yl)-1 H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-carbonyl }-2-methyl-propyl)

carbamic acid methyl ester for { 1-[2-( 4'-Brorno-biphenyl-4-ylcarbamoyl)-pyrrolidine-1-

carbonyl]-2-methyl-propyl}-carbamic acid methyl ester. 

(1-(4-Cyano-2-{5-(4-(6-{2-(5-(2-metboxycarbonylamino-3-methyl-butyryl)-5-aza

spiro(2.4)hept-6-yi]-3H-imidazol-4-yl}-naphthalen-2-yl)-pbenyi]-1H-imidazol-2-yl}

pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: Title compound was 

prepared according to the method employed to prepare [1-(2-{5-[6-(4-{2-[1-(2-

Methoxycarbony lamino-3 -methyl-butyry I )-pyrrolidin-2-yl]-3 H-imidazol-4-y I} -phenyl)

naphthalen-2-yl]-1 H-imidazol-2-yl} -pyrrolidine-l-carbonyl)-2-methyl-propyl]-carbamic acid 

methyl ester (Example AZ), substituting (1-{2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-

cyano-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic acid methyl ester for (1-{2-[ 5-( 4-

bromo-phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic acid 

methyl ester and [2-Methyl-1-(6-{ 5-[6-( 4,4,5,5-tetramethyl-[1 ,3,2]dioxaborolan-2-yl)

naphthalen-2-yl]-1 H -imidazol-2-yl} -5-aza-spiro[2.4 ]heptane-5-carbonyl)-propyl]-carbamic acid 

methyl ester for [2-methyl-1-(2-{ 5-[6-( 4,4,5,5-tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)

naphthalen-2-yl]-1 H-imidazol-2-yl} -pyrrolidine-1-carbonyl)-propyl]-carbamic acid methyl 
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ester. 1H NMR (DMSO-d6, 400 MHz) o: 8.20-8.10 (m, 2H), 7.90-7.68 (m, 6H), 7.60-7.55 (m, 

2H), 7.33-7.30 (m, 2H), 5.18 (m, 1H), 5.07 (m, 1H), 4.44 (m, 1H), 4.04-3.69 (m, 6H), 3.40-3.38 

(m, 1H), 3.30 (s, 6H), 2.71 (m, 1H), 2.40-1.90 (m, 5H), 0.90-0.79 (m, 12H), 0.70-0.54 (m, 4H); 

MS (ESI) mlz 841 [M + Ht. 

v-l 
OMe Cbz 

5-Aza-spiro[2.4)heptane-
5,6-dicarboxylic acid 5-

benzyl ester 6-methyl ester 

ExampleDL 

1. LiOH, 
0 
~ 

H20/MeOH .... y-N 

2. 4-Bromo
benzene-1,2-
diamine, HATU, 
DIPEA, DMF 

Br'CCNH Cbz 
1"<::: 

.& NH2 

6-(2-Amino-5-bromo
phenylcarbamoyl)-5-aza-

spiro[2.4)heptane-5-
carboxyfic acid benzyl ester 

0 ~ y-~ 
+ ~NH Cbz 

Br~NH2 
6-(2-Amino-4-bromo

phenylcarbamoyl)-5-aza
spiro(2.4)heptane-5-

carboxylic acid benzyl ester 

1. HBr/AcOH 
2. carboxcylic acid, 

H~ 
Nytf I 

Bis(pinacolato) 
diboron, 
Pd(dppf)CI2-

DCM, KOAc ... HATU, DIPEA • 
Br M ~ oJ--f' AcOH. H ~ 

N..._.;-.N 
A II Cbz 

Br~N 

DMF ~ NH 
o=( 

,o 
dioxane 

6-(6-Bromo-1 H-benzoimidazol-
2-yl)-5-aza-spiro[2.4)heptane-5-

carboxylic acid benzyl ester 

{1-{6-(6-Bromo-1 H-benzoimidazol-2-yl)-5-
aza-spiro[2.4)heptane-5-carbonyl)-2-

methyl-propyl}-carbamic acid methyl ester 

H~ 
t·-6C)-{ + 

o=( 
,o 

(2-Methyl-1-{6-{6-(4, 4,5,5-tetramethyl-[ 1 ,3,2)dioxaborolan-
2-yl)-1 H-benzoimidazol-2-y~-5-aza-spiro[2.4]heptane-5-

carbonyl}-propyl)-carbamic acid methyl ester 

/ 

~0 F. F 
HN _... ~ YiJKfO-sr 

\)H 
Ne 

(1-{2-[5-{7-Bromo-9,9-difluoro-9H-fluoren-2-yl)-
1 H-imidazol-2-yl}-4-cyano-pyrrolidine-1-carbonyl}-

2-methyl-propyl)-carbamic acid methyl ester 

~0 F.F H~ 
HN ~..._.;-.M : 0 N - - - II 
~ ll~ ~~~~~~No: I N~N NH VH 0=( .: ,o 

NC 
( 1-{4-Cyano-2-{5-(9,9-difluoro-7 -{2-[5-{2-methoxycarbonylamino-3-methyl-butyryl)-
5-aza-spiro{2.4)hept-6-yi)-3H-benzoimidazol-5-yi}-9H-fluoren-2-yi)-1H-imidazol-2-

yl)-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

6-(2-Amino-5-bromo-pheoylcarbamoyl)-5-aza-spiro(2.4]heptaoe-5-carboxylic acid benzyl 

ester and 6-(2-Amino-4-bromo-pheoylcarbamoyl)-5-aza-spiro[2.4]heptaoe-5-carboxylic 

acid benzyl ester: 5-Aza-spiro[2.4]heptane-5,6-dicarboxylic acid 5-benzyl ester 6 methyl ester 

(987 mg, 3.41 mmol) was dissolved in EtOH (10 mL) and LiOH (1 Min H20, 5 mL, 5 mmol) 

was added. After stirring for 2 hours at 50 ·c, the reaction mixture was poured into I 0% HCl 

and the aqueous phase was extracted 3x with DCM. The combined organics were dried over 

739 



IPR2018-00211 Page 742 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

MgS04, filtered and concentrated. The residue was treated with 4-Bromo-benzene-1 ,2-diamine 

(1.60 g, 8.53 mmol), HATU (1.43 g, 3.75 mmol) and DMF (17 mL) then cooled to 0 ·c. DIPEA 

(0.712 mL, 4.09 mmol) was added and the reaction mixture was allowed to warm to room 

temperature slowly overnight. The reaction mixture was then diluted with EtOAc and the 

organic layer was washed with saturated aqueous NaHC03 and brine then dried over MgS04, 

filtered and concentrated. The crude material was purified by silica column chromatography to 

afford a mixture of 6-(2-Amino-5-bromo-phenylcarbamoyl)-5-aza-spiro[2.4]heptane-5-

carboxylic acid benzyl ester and 6-(2-Amino-4-bromo-phenylcarbamoyl)-5-aza

spiro[2.4]heptane-5-carboxylic acid benzyl ester (1.47 g, 97%). 

6-(6-Bromo-lH-benzoimidazol-2-yl)-5-aza-spiro[2.4]heptane-5-carboxylic acid benzyl 

ester: A mixture of 6-(2-Amino-5-bromo-phenylcarbamoyl)-5-aza-spiro[2.4 ]heptane-5-

carboxylic acid benzyl ester and 6-(2-Amino-4-bromo-phenylcarbamoyl)-5-aza

spiro[2.4]heptane-5-carboxylic acid benzyl ester (1.446 g, 3.25 rnmol) was dissolved in AcOH 

(20 mL) and the reaction mixture was stirred at 40 ·c for 18 hours then concentrated under 

reduced pressure. The residue was dissolved in EtOAc and washed with saturated aqueous 

NaHC03. The aqueous layer was extracted 2x with EtOAc and the combined organics were 

dried over MgS04, filtered and concentrated to provide 6-(6-Bromo-IH-benzoimidazo1-2-yl)-5-

aza-spiro[2.4 ]heptane-5-carboxylic acid benzyl ester ( 1.385 g, 100% ). 

{l-[6-(6-Bromo-lH-benzoimidazol-2-yl)-5-aza-spiro[2.4]heptane-5-carbonyl)-2-metbyl

propyl}-carbamic acid methyl ester: 6-(6-Bromo-1 H-benzoimidazol-2-yl)-5-aza

spiro[2.4]heptane-5-carboxylic acid benzyl ester (301 mg, 0.706 rnmol) was dissolved in DCM 

(10 mL) and HBr (33 wt% in AcOH, 5 mL) was added. After 2h the reaction mixture was 

concentrated and placed under hi-vac. The residue was co-evaporated with PhMe, MeOH, then 

again with PhMe and MeOH and placed under hi-vac. The residue was treated with 2-

Methoxycarbonylamino-3-methyl-butyric acid (130 mg, 0. 741 rnmol, HA TU (282 mg, 0. 741 

mmol) and DMF (7 mL). The reaction mixture was cooled to 0 ·c then DIPEA (0.615 mL, 3.53 

mmol) was added before warming to room temperature. After 30 minutes, the reaction mixture 

was diluted with EtOAc and the organic phase was washed with saturated aqueous NaHC03 and 

brine, then dried over MgS04, filtered and concentrated. The crude residue was purified by 

silica column chromatography (50% to 80% EtOAclhexane) to afford { 1-[6-(6-Bromo-1H

benzoimidazol-2-yl )-5-aza-spiro[2.4 ]heptane-5-carbonyl]-2-methyl-propyl} -carbamic acid 

methyl ester (238 mg, 75%). 
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(2-Methyl-1-{6-(6-( 4,4,5,5-tetramethyl-( 1,3,2)dioxaborolan-2-yl)-1 H-benzoimidazol-2-yl]-5-

aza-spiro[2.4)heptane-5-carbonyl}-propyl)-carbamic acid methyl ester: Title compound 

was prepared according to the method employed to prepare Methyl-1-{2-[4'-(4,4,5,5-

tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)-biphenyl-4-ylcarbamoyl]-pyrrolidine-1 -carbonyl}

propyl)-carbamic acid methyl ester(Example CY), substituting {1-[6-(6-Bromo-1H

benzoimidazol-2-yl)-5-aza-spiro[2.4]heptane-5-carbonyl]-2-methyl-propyl}-carbamic acid 

methyl ester for { 1-[2-( 4'-Bromo-biphenyl-4-ylcarbamoyl)-pyrrolidine-1-carbonyl]-2-methyl

propyl}-carbamic acid methyl ester. 

(1-{4-Cyano-2-[5-(9,9-difluoro-7-{2-( 5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza

spiro ( 2.4] hept-6-yl] -3H -benzoimidazol-5-y 1}-9 H-fl uoren-2-y 1)-1 H-im idazol-2-yl]

pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester: Title compound was 

prepared according to the method employed to prepare [1-(2-{5-[6-(4-{2-[1-(2-

Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}-phenyl)

naphthalen-2-yl]-1 H-imidazol-2-yl} -pyrrolidine-1 -carbonyl)-2-methyl-propyl]-carbamic acid 

methyl ester (Example AZ), substituting (1 -{2-[5-(7-Bromo-9,9-difluoro-9H-fluoren-2-yl)-1 H

imidazol-2-yl]-4-cyano-pyrrolidine-1 -carbonyl }-2-methyl-propyl)-carbamic acid methyl ester 

for ( 1-{2-[5-( 4-bromo-phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl-propyl)

carbamic acid methyl ester and (2-Methyl-1 -{ 6-[6-( 4,4,5,5-tetrarnethyl-[1 ,3,2]dioxaborolan-2-

yl)-1 H-benzoimidazol-2-yl]-5-aza-spiro[2.4 ]heptane-5-carbonyl} -propyl)-carbamic acid methyl 

ester for [2-methyl- 1 -(2-{ 5-[6-( 4,4,5,5-tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-

1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-propyl]-carbamic acid methyl ester. 1H NMR 

(DMSO-d6, 400 MHz) o: 8.07-7.55 (m, 9H), 7.34 (m, 2H), 5.31 (m, 1H), 5.11 (m, IH), 4.45 (m, 

1 H), 4.08-3.87 (m, 6H), 3.63-3.54 (m, 9H), 3.41-3.28 (m, 4H), 2.73 (m, 1H), 2.40-2.25 (m, 2H), 

2.15-2.13 (m, 1H), 1.95 (m, 3H), 0.93-0.83 (m, 12H), 0.74-0.57 (m, 4H); MS (ESI) m/z 889 [M 

+Ht. 
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HO~SO:zMe 

Example FM 
0 

HO~SO:zMe 
HN'l(OMe 
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NH2 

2-Amino-4-methanesulfonyl
butyric acid 

0 
4-Methanesulfonyl-2-

methoxycarbonylamino-butyric acid 

~ 'Q.)--0--sr 
N.....,.r-N 

\..) H 1. HCI, dioxane 

~ 2. 4-Methanesulfonyi-2-
NC methoxycarbonylamino-

2-[5-(4-Bromo-phenyi)-1H- butyric acid HATU DIPEA 
imidazol-2-yl)-4-cyano-pyrrolidine- ' ' 
1-carboxylic acid tert-butyl ester 

H~O H 0 
?-fJ)--0--sr + -}-qB r0---<~£0 

Me02S) 6 H -}a ~ ~ o.d:.H 
~ ~ 

(1-{2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-4- [2-Methyl-1-{6-{5-[6-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-
cyano-pyrrolidine-1-carbonyl}-3-methanesulfonyl- yl)-naphthalen-2-yl)-1 H-imidazol-2-yl}-5-aza-spiro(2.4]heptane-

propyl)-carbamic acid methyl ester 5-carbonyl)-propyl]-carbamic acid methyl ester 

rf 0 H 0 
~~rci:h3)4. H-r ~ /='. ~~fM 
OMEIH20... ~ _)..~ ~N 0 ~H 

MeO) ;t~~: ~ o=( 
2 ~ 0 

~ / 
NC 

[1-(6-{5-[6-(4-{2-[4-Cyano-1-(4-methanesulfonyl-2-methoxycarbonylamino-butyryl)
pyrrolidin-2-yi]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yij-1H-imidazol-2-yl}-5-aza

spiro[2.4)heptane-5-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester 

4-Metbanesulfonyl-2-metboxycarbonylamino-butyric acid: Methyl chloroformate (2.6 mL, 

33 mmol) was added dropwise to a stirred suspension of2-Amino-4-methanesulfonyl-butyric 

acid (5.03 g, 27.8 mmol) and NaOH (5 N in H20, 13.3 mL, 66.6 mmol) in THF (50 mL). After 

stirring at room temperature for 9h, additional methyl chloroformate (5.2 mL, 66.6 mmol) and 

NaOH (5 N in H20, 30 mL, 150 mmol) were added. After another 14 h, the reaction mixture 

was poured into H20. The aqueous phase was washed with DCM 2x then acidified to pH 1 with 

10% HCI. The acidified aqueous phase was extracted 3x with EtOAc. The combined organics 

were dried over MgS04, filtered and concentrated to provide 4-Methanesulfonyl-2-

methoxycarbonylamino-butyric acid (970 mg, 15%). 
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(1-{2-[5-( 4-Bromo-phenyl)-1 H -imidazol-2-yl)-4-cyano-pyrrolidine-1-carbonyl}-3-

methanesulfonyl-propyl)-carbamic acid methyl ester: Title compound was prepared 

according to the method employed to prepare { 1-[2-( 4'-Chloro-biphenyl-3-ylcarbamoyl)

pyrrolidine-1-carbonyl]-2-methyl-propyl}-carbamic acid methyl ester (Example CX), 

substituting 2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-cyano-pyrrolidine-1-carboxylic acid 

tert-butyl ester for 2-( 4'-Chloro-biphenyl-3-ylcarbamoyl)-pyrrolidine-1-carboxylic acid tert

butyl ester and 4-Methanesulfonyl-2-methoxycarbonylamino-butyric acid for 2-

methoxycarbonylamino-3-methyl-butyric acid. 

[ 1-( 6-{ 5-(6-( 4-{2-( 4-Cyano-1-( 4-methanesulfonyl-2-methoxycarbonylamino-butyryl)

pyrrolidin-2-yi)-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yi)-1H-imidazol-2-yl}-5-aza

spiro(2.4)heptane-5-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: Title 

compound was prepared according to the method employed to prepare [l-(2-{5-(6-(4-{2-[1-(2-

Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}-phenyl)

naphthalen-2-yl]-1 H-irnidazol-2-yl} -pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid 

methyl ester (Example AZ), substituting (1-{2-[5-(4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-

cyano-pyrrolidine-1-carbonyl }-3-methanesulfonyl-propyl)-carbamic acid methyl ester for (1-{2-

[ 5-( 4-bromo-phenyl)- I H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl-propyl)-carbamic 

acid methyl ester and [2-Methyl-1-(6-{ 5-[6-( 4,4,5,5-tetramethyl-[1 ,3,2]dioxaborolan-2-yl)

naphthalen-2-yl]-1 H-imidazol-2-yl} -5-aza-spiro[2.4 ]heptane-5-carbony 1)-propyl]-carbamic acid 

methyl ester for [2-methyl-1-(2-{ 5-[ 6-( 4,4,5,5-tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)

naphthalen-2-yl]-1 H-imidazol-2-yl} -pyrrolidine-1-carbonyl)-propyl]-carbamic acid methyl 

ester. 1H NMR (MeOH-d4, 400 MHz) 8: 8.09-8.07 (m, 2H), 7.92-7.22 (m, 8H), 7.42-7.38 (m, 

2H), 5.33 (t, J = 7.5 Hz, I H), 5.21 (t, J = 8.0 Hz, 1H), 4.65 (m, I H), 4.49 (m, 1 H), 4.17-4.11 (m, 

2H), 3.95 {d, J= 9.6 Hz, IH), 3.83 (d, J= 10.2 Hz, 1H), 3.66 {s, 6H), 3.55-3.49 (m, 3H), 3.19-

3.15 (m, 3H), 2.94 (s, 3H), 2.89-2.03 (m, 10 H), 1.03-0.64 (m, 14H); MS (ESI) mlz 904 [M + 

Ht. 
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2-Bromo-1-(4-bromo
phenyl)-elhanone 

Example FN 

Br~o o~--\') .. 0H 
~0 N 

sod 
4-Hydroxy.pyrrolidine-1 ,2-<licarboxylic: 

acid 2-[2-(4-bromo-phenyl)-2-
oxo-e!hyl) ester 1 -tett-butyl ester 

9H 
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2-(5-( 4-Bromo-phenyl)-1 H-imidazol-
2-yl)-4-hydroxy-pyrrolidine-1-
carboxylic: acid tert-butyl ester 

9""'-o 
' ' 

NaH 
SEM-CI 

n 
Br~N1NBoc 
~'SEM 

2-(4-(4-Bromo-phenyl)-1-(2-lrlmelhylsllanyl
elhoxyme!hyl)-1 H-imidazol-2-yl}-4-hydroxy
pyrrolidine-1-<:arboxylic: acid tert-butyl ester 

n 
Br·~N1'L 
~'SEM NaH HCI 

2-[4-(4-Bromo-phenyl}-1-(2-lrimelhylsilanyl
elhoxymethyl}-1 H-imidazol-2-yl)-4-(2-melhoxy

elhoxy)-pyrrolidine-1..:arboxylic acid tert-butyl ester 

c! 
9""'-o 
' ' 

_F\__)J-/ L 
Br~l~ f--\·'' 

0 
O HN-f 

;to. ,ox B-B 
ci 'o 

~NH O 0 \..._~ N?-<=0-----.··· I II "'I ~ 'I ~ 
\~~ _ Br 

HATU o- KOAc, Pd(dppf)CI2 
(1-[2-(5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl)-4-
(2-melhoxy•lhoxy)-pyrrolidlne-1-<:arbonyl)-2-

/ melhyl-propyl)-carbamic acid methyl ester 

o 9""'-o 
\ . ' 

rNH O ,..-\ 
0 )---~ N~-H.....)- l \ (1-(6-(5-(6-(4-(2-(1-(2-Melhoxycarbonylamino-3-melhyl-bulyryl}-
--{ · I J ~ r; ~ - N II NL . }-._ 4-(2-melhoxy~oxy}-pyrrolidin-2-yi}-3H-Imldazol-4-yl)-phenyl}-

\ N , ~ _ ~ A ~ ~ :V ~· naphlhalen-2-yi]-1H-imidazol-2-yl)-5-aza-spiro[2.4Jheplane-5-
= 0 HN-f'O carbonyl}-2-melhyl-propyl}-carbamlc acid methyl ester 

o-

4-Hydroxy-pyrrolidine-1,2-dicarboxylic acid 2-(2-(4-bromo-pheoyl)-2-oxo-ethyl] ester 1-

terl-butyl ester: 4-Hydroxy-pyrrolidine-1 ,2-dicarboxylic acid 1-tert-butyl ester (5.0 g) was 

dissolved in methanol (87 mL), and Cs2C03 (3.5 g) in water (56 mL) was added. The mixture 

was stirred over 10 min. and evaporated under vacuum. The solid was dissolved in DMF ( 100 

mL), and 2-bromo-1-(4-bromo-phenyl)-ethanone (6.0 g) was added. Reaction mixture was 

stirred over 3 hours and evaporated under vacuum. The crude solid was used for the next step. 

2-[ 5-( 4-Bromo-phenyi)-1H-imidazol-2-yl]-4-hydroxy-pyrrolidioe-1-carboxylic acid terl

butyl ester: The crude 4-Hydroxy-pyrrolidine-1 ,2-dicarboxylic acid 2-[2-( 4-bromo-phenyl)-2-

oxo-ethyl] ester 1-tert-butyl ester (1 0.8 g) and ammonium acetate (13.3 g) were suspended in 

toluene (80 mL). The reaction mixture was stirred at 110°C for 80 min. and evaporated under 

reduced pressure and resulting residue was taken up in ethyl acetate (200 mL). The organic 

phase was washed with saturated sodium bicarbonate (1 x 150 mL) and dried over sodium 

sulfate. After the solvent was removed, the resulting oil was subjected to silica gel 

chromatography using effluent of 50 -90 % ethyl acetate and hexanes. The fractions containing 

product were combined and the solvent was removed under reduced pressure to provide 2-[5-(4-
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Bromo-phenyl)-1 H-imidazol-2-yl]-4-hydroxy-pyrrolidine-1-carboxylic acid tert-butyl ester (2.3 

g, 32 %over 2 steps) as an off-white solid. 

2-[4-( 4-Bromo-pbeoyl)-1-(2-trimethylsilanyl-ethoxymetbyi)-1H-imidazol-2-yl]-4-hydroxy

pyrrolidine-1~arboxylic acid ten-butyl ester: 2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-

hydroxy-pyrrolidine-1-carboxylic acid tert-butyl ester (500 mg) was dissolved in DMF (8 mL), 

and NaH (54 mg) was added. The mixture was stirred over 10 min. and SEM-CI was added 

slowly, and then stirred for 2 hours. The mixture was quenched with 3 mL of sat. NH.Cl and 

was taken up in ethyl acetate (100 mL). The organic phase was washed with saturated sodium 

bicarbonate (1 x 100 mL) and dried over sodium sulfate. After the solvent was removed, the 

resulting oil was subjected to silica gel chromatography using effluent of 20 -50 % ethyl acetate 

and hexanes. The fractions containing product were combined and the solvent was removed 

under reduced pressure to provide 2-[4-(4-Bromo-phenyl)-1-(2-trimethylsilanyl-ethoxymethyl)

lH-imidazol-2-yl]-4-hydroxy-pyrrolidine-1-carboxylic acid tert-butyl ester (648 mg, 98 %) as 

an off-white solid. 

2-[4-(4-Bromo-pbenyl)-1-(2-trimethylsilaoyl-ethoxymetbyi)-1H-imidazol-2-yl]-4-(2-

methoxy-ethoxy)-pyrrolidine-1-carboxylic acid tert-butyl ester: 2-[4-(4-Bromo-phenyl)-1-

(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazol-2-yl]-4-hydroxy-pyrrolidine-1-carboxylic acid 

tert-butyl ester (222 mg) was dissolved in DMF (4 mL), and NaH (25 mg) was added. The 

mixture was stirred over 20 min. and 1-bromo-2-methoxy-ethane was added slowly, and then 

stirred for 2.5 hours. The mixture was quenched with 3 mL of sat. NH.Cl and was taken up in 

ethyl acetate (50 mL). The organic phase was washed with saturated sodium bicarbonate (1 x 50 

mL) and dried over sodium sulfate. After the solvent was removed, the resulting oil was 

subjected to silica gel chromatography using effluent of 20 -60 % ethyl acetate and hexanes. The 

fractions containing product were combined and the solvent was removed under reduced 

pressure to provide 2-[ 4-( 4-Bromo-phenyl)-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazol-2-

yl]-4-(2-methoxy-ethoxy)-pyrrolidine-1-carboxylic acid tert-butyl ester (209 mg, 85 %) as a 

clear oil. 

{1-[2 [ 5-( 4-Bromo-pbenyl)-1 H-imidazol-2-yl]-4-(2-metboxy-ethoxy )-pyrrolidine-1-

carbooy1]-2-methyl-propyl}-carbamic acid methyl ester: To 2-[ 4-( 4-Bromo-phenyl)-1-(2-

trimethylsilanyl-ethoxymethyl)-1 H-imidazol-2-yl]-4-(2-methoxy-ethoxy )-pyrrolidine-1-

carboxylic acid tert-butyl ester (209 mg) in DCM (3 mL) was added 4N HCI in dioxane (2.6 

mL). The suspension was stirred for 16 hours then concentrated to afford the HCI salt of the 
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crude amine. To the crude amine in DMF (3 mL) was added N-methylmorpholine (193 JlL). 

After all material dissolved, 2-methoxycarbonylamino-3-methyl-butyric acid (123 mg) and 

HA TU (267 mg) were added. After stirring for 30 min. the reaction was purified by a 

preparative HPLC (10-60% MeCN-H20; 0.1% formic acid modifier) to afford the title product 

(169 mg, 92%). 

(1-(6-{S-[6-( 4-{2-(1-(2-Methoxycarbonylamino-3-methyl-butyryl)-4-(2-methoxy-ethoxy )

pyrrolidin -2-yi]-3H-imidazol-4-y I} -pbenyl)-naphthalen-2-yl] -1 H -imidazol-2-yl}-S-aza

spiro[2.4]heptane-S-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: A mixture of 

{ 1-[2[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-(2-methoxy-ethoxy)-pyrrolidine-1-carbonyl]-2-

methyl-propyl} -carbamic acid methyl ester ( 169 mg), bis(pinacolato )diboron( 107 mg), [1, 1'

bis(diphenylphosphino)ferrocene]dichloropalladium(ll)(24 mg) and potassium acetate (95 mg) 

in 1.6 mL of dioxane was heated to 90 °C for 1.5 hour. (1-{6-[5-(6-Bromo-naphthalen-2-yl)-1H

imidazol-2-yl]-5-aza-spiro[2.4] heptane-5-carbonyl }-2-methyl-propyl)-carbamic acid methyl 

ester ( 1 70 mg) in 1 mL of dioxane and 2M tripotassium phosphate ( 565 Jll} were added and 

stirred at 90 °C for overnight. The mixture was purified by a preparative HPLC (10-60% MeCN

H20; 0.1% formic acid modifier) to afford the title product (119 mg, 41 %). 1H NMR (DMSO

d6, 400 MHz) o: 8.20-8.10 (m, 2H), 7.90-7.68 (m, 6H), 7.60-7.55 (m. 2H), 7.33-7.30 (m, 2H), 

5.18 (m, 1H), 5.07 (m, lH), 4.44 (m, 1H), 4.04-3.69 (m, 6H), 3.80-3.38 (m, 5H), 3.30 (m, 9H), 

2.71 (m, 1H), 2.40-1.90 (m, 5H), 0.90-0.79 (m, 12H), 0.70-0.54 (m, 4H); MS (ESI) mlz 889.5 

[M+Ht. 

746 



IPR2018-00211 Page 749 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

ExampleFO 

PH 
n 

N,.._/"N 
Br -~ Boc 

NaH HCI 
'SEM 

2-(4-(4-Bromo-phenyl)-1-(2-1rimethylsilanyl
elhoxymelhyl)-1 H-imidazol-2-yl}-4-hydroxy
pyrrolidine-1-carboxylic acid lett-butyl ester 

2-(4-( 4-Bromo-phenyl)-1-(2-1rimethylsilanyl
ethoxymethyl)-1 H-imidazol-2-yl}-4-(pyrazin-2-

yloxy)-pyrrolidine-1-carboxylic acid tert-butyl ester 

HATU 

t o, ,oJc 
B-B 

d 'o 
KOAc, Pd(dppf)CI2 

{1-(2-(5-(4-Bro~henyl)-1 H-lmldazol-2-yl}-4-
(pyrazin-2-yloxy)-pyrrolidine-1-carbonyl}-2-methy~ 

propyl}-carbamic acid methyl ester 

0/ 

~NH O O \- h N?--Cb--
\

,··1 II ~ 'I~ 

~~ _ Br 

cf p-() 
O~Nt_.bo N~-H 0 (1-(6-{5-(6-(4-{2-(1-(2-Melhoxycarbonylamino-3-methyl-butyryl)-

, •• · \ 11 ~ - N-/'-N \_ 4-(pyrazin-2-yloxy)-pyrrolidin-2-yi}-3H-imidazol-4-yl)-phenyl)-
\ N-/'-N If ~ , , ~ II L .··' naphthalen-2-yi}-1H-imldazo~2-yl)-5-aza-splro(2.4)heptane-5-

' H - " 11 N 0(/ \ o carbonyl)-2-methyl-propyl)-carbamic acid methyl ester 
- HN-f 

o-

2-(4-( 4-Bromo-pheoyl)-1-(2-trimethy lsilaoyl-ethoxymethyl)-1 H-imidazol-2-yl)-4-(pyrazio-

2-yloxy)-pyrrolidioe-1-carboxylic acid tert-butyl ester: Title compound was prepared 

according to the method employed to prepare 2-[4-(4-Bromo-phenyl)-1-(2-trimethylsilanyl

ethoxymethyl)-1 H-imidazol-2-yl]-4-(2-methoxy-ethoxy)-pyrrolidine-1-carboxylic acid tert-butyl 

ester (Example 1), substituting 2-chloro-pyrazine (50 J.Ll) for 1-bromo-2-methoxy-ethane (94 mg, 

40%). 

{1-(2(5-( 4-Bromo-pheoyl)-1H-imidazol-2-yl)-4-(pyrazin-2-yloxy)-pyrrolidioe-1-carbonyl)-

2-methyl-propyl}-carbamic acid methyl ester: Title compound was prepared according to the 

method employed to prepare { 1-[2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-(2-methoxy

ethoxy)-pyrrolidine-1-carbonyl]-2-methyl-propyl} -carbamic acid methyl ester (Example 1 ), 

substituting 2-[ 4-( 4-Bromo-phenyl)-1-(2-trimethy1silany1-ethoxymethy1)-1 H-imidazol-2-yl]-4-

(pyrazin-2-yloxy)-pyrrolidine-1-carboxylic acid tert-butyl ester (94 mg) for 2-[4-(4-Bromo

phenyl)-1-(2-trimethylsilanyl-ethoxymethyl )-1 H-imidazol-2-yl]-4-(2-methoxy-ethoxy)

pyrrolidine-1-carboxylic acid tert-butyl ester (88 mg, 99%). 

(1-( 6-{5-(6-( 4-{2-(1-(2-Methoxycarbonylamino-3-methyl-butyryl)-4-(pyrazio-2-yloxy)

pyrrolidin-2-yi]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-imidazol-2-yl}-5-aza

spiro(2.4)heptaoe-5-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: Title 

compound was prepared according to the method employed to prepare [1-(6-{5-[6-(4-{2-[1-(2-
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Methoxycarbonylamino-3-methyl-butyryl)-4-(2-methoxy-ethoxy)-pyrrolidin-2-yl]-3H-imidazol-

4-yl} -phenyl)-naphthalen-2-yl]-1 H -imidazol-2-yl} -5-aza-spiro[2.4 ]heptane-5-carbonyl)-2-

methyl-propyl]-carbamic acid methyl ester (Example 1 ), substituting { 1-[2[5-( 4-Bromo-phenyl)-

1 H-imidazol-2-yl]-4-(pyrazin-2-yloxy)-pyrrolidine-1-carbonyl]-2-methyl-propyl} -carbamic acid 

methyl ester (88 mg) for { 1-[2[5-(4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-(2-methoxy-ethoxy)

pyrrolidine-1-carbonyl]-2-methyl-propyl}-carbamic acid methyl ester (38 mg, 26 %). 1H NMR 

(MeOH-d4, 400 MHz) B: 8.20-8.10 (m, 3H), 7.90-7.68 (m, 8H), 7.60-7.55 (m. 2H), 7.33-7.30 

(m, 2H), 5.68 (m, IH), 5.39 (m, IH), 4.44 (m, IH), 4.04-3.69 (m, 6H), 3.80-3.38 (m, IH), 3.30 

(m, 6H), 2.71 (m, 1H), 2.40-1.90 (m, 5H), 0.90-0.79 (m, 12H), 0.70-0.54 (m, 4H); MS (ESI) m/z 

910.5 [M + Ht. 

/ 

~ 
HOH 

0 NH2 

2-Amlno-3-phenyl
propionic acid 

Example FP 

NaOH, Na~03 

~ 
HO : 

ho 0 HN-{ 
o-

2-Methoxycarbonylamino-
3-phenyl-propionic acid 

)-NH 
0 

.:--"'\. 

0 ~-·\-.f ~0b--o-{~ 'I ~ ~_)...l 
\ N~N , , ~ II Boc c H - " " N HCI HATU 

2-{5-(4-(6-(2·( 1 -(2-Methoxycarbonylamino-3-methyl-butyryl)· 
pyrrolidin-2-yi)-3H-imidazol-4-yl}-naphthalen-2-yl}-phenyl}-1 H

imidazol-2-yl}-pyrrofidine-1-carboxylic acid lett-butyl ester 

cl 
OJ-NH 0 n r';, 
-(ij~ ~ -~fN /~ 
~~~~-~Noh o 
'\.....-' HN-f 

o
(1-(2-{5-(6-(4-{2-!1-(2-Methoxycarbonylamino-3-phenyl-propionyl)

pyrrolidin-2-yQ-3H-imldazol-4-yl}-phenyl)-naphthalen-2-yQ-1 H-imldazol-
2-yl}-pyrrolidine-1-<:arbonyl)-2-methyl-propyl)-carbamic acid methyl ester 

2-Methoxycarbonylamino-3-phenyl-propionic acid: 2-Amino-3-phenyl-propionic acid (1.65 

g) was dissolved in IN NaOH (10 mL), and Na2C03 (530 mg) was added. The mixture was 

cooled to 0°C and methyl chloroformate was added slowly, and then stirred for overnight at 

room temperature. The mixture was washed with DCM and acidified with 3 mL of 2N HCl, and 

then was taken up in ether (200 mL). The organic phase was dried over sodium sulfate. 

Removing the solvent to give 2-Methoxycarbonylamino-3-pheny1-propionic acid (1.95 g, 87 %) 

as an off-white solid. 
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[ 1-(2-{ 5-( 6-( 4-{2-( 1-(2-Methoxycarbonylamino-3-pbenyl-propiony 1)-pyrrolidin-2-y I] -3H

imidazol-4-yl} -pbenyl)-na phthalen-2-yl] -1 H-im idazol-2-yl}-pyrrolidine-1-carbonyl)-2-

metbyl-propyl]-carbamic acid methyl ester: 

To 2-{ 5-[ 4-( 6-{2-[ 1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H

imidazol-4-yl} -naphthalen-2-yl]-1 H-imidazol-2-yl }-pyrrolidine-1-carboxylic acid tert-butyl 

ester (40 mg) in methanol (0.5 mL) was added 4N HCI in dioxanes (0.5 mL). The mixture was 

stirred for 1.5 hours then concentrated to afford the HCI salt of the crude amine. To the crude 

amine in DMF (2 mL) was added N-methylmorpholine (30 J.lL). After all material dissolved, 2-

methoxy carbonylamino-3-phenyl-propionic acid (24 mg) and HATU (42 mg) were added. 

After stirring for 30 min. the reaction was purified by a preparative HPLC (10-60% MeCN-H20~ 

0.1% forrnic acid modifier) to afford the title product (34 mg, 37%). 1H NMR (MeOH-d4, 400 

MHz) o: 8.22-8.03 (m, 4H), 7.89-7.74 (m, 8H), 7.54-7.05 (m, 5H), 5.20 (m, 2H), 4.63 (m, JH), 

4.48(m, 1H), 4.25 (m, 1H), 4.15-3.88 (m, 4H), 3.69-3.51 (m, 8H), 3.45-3.15 (m, 4H) 3.10 (m, 

1H), 2.95 (m, 1H), 2.86 (m, IH), 2.45-2.04 (m, 7H), 1.00-0.88 (m, 6H)~ MS (ESI) mlz 837.4 [M 

+Ht. 

cl 

"~ 
0 NH2 

2-Amino-3-phenyl
propionic acid 

~NH 0 n 

ExampleFQ 

"OJ; 
0 HN~ 

o-
2-Methoxycarbonyramrno-

3-phenyl-propionic acid 

0

~·-~.JLKh F=\ ~f~ 
\ \..) ~~· ~N Boc HCI HATU 

2-{5-(4-(6-{2-(1-(2-Melhoxycarbonylamino-3-melhyl-butyryl)
pyrrolidin-2-yi)-3H-Imidazol-4-yl}-naphlhalen-2-yi)·Phenyl}-1 H-

imidazol-2-yl}-pyrrolidine-t-carboxylic acid tert-butyt ester 

[t-{2-{5-(6-{4-{2-(1-(2-Melhoxycarbonylamino-3-phenyl-propionyl)· 
pyrrolidin-2-yi}-3H-Imidazol-4-yl}-phenyl}-naphthalen-2-yl]- t H-imidazc»-

2-yl}-pyrrolidine-t-carbonyl)-2-melhyl-propyl}-carbamic acid methyl ester 

[1-(2-{S-[6-(4-{2-[1-(2-Methoxycarbonylamino-3-phenyl-propionyl)-pyrrolidin-2-yi]-3H

imidazo 1-4-yl} -pbenyl)-naphthalen-2-yl)-1 H -imidazol-2-y 1}-pyrrolidine-1-carbony 1)-2-

metbyl-propyl]-carbamic acid methyl ester: Title compound was prepared according to the 
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method employed to prepare [ 1-(2-{ 5-[ 6-( 4-{2-[ 1-(2-Methoxycarbonylamino-3-phenyl

propionyl)-pyrrolidin-2-yl]-3H -imidazol-4-yl} -phenyl)-naphthalen-2-yl ]-1 H -imidazol-2-yl}

pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (Example 3), (33 mg, 

36%). 1H NMR (MeOH-d4, 400 MHz) o: 8.22-8.03 (m, 4H), 7.89-7.74 (m, 9H), 7.54-7.05 (m, 

4H), 5.20 (m, 2H), 4.63 (m, 1 H), 4.48(m, 1 H), 4.25 (m, 1 H), 4.15-3.88 (m, 4H), 3.69-3.51 (m, 

8H), 3.45-3.15 (m, 4H) 3.10 (m, IH), 2.95 (m, IH), 2.86 (m, IH), 2.45-1.97 (m, 5H), 1.80 (m, 

I H), 1.63 (m, IH), 1.00-0.88 (m, 6H); MS (ESI) m/z 837.4 [M + Ht. 

-HCI 

ExampleFR 

+ 

2-{!i-(6-(4,4.~.!>-Tttr.,.lhyl-{1,3,2)dloxoboral.,. 
2-y1)-noplllh*"'2.,ti-1H-imidlzol-2-y1J

IJ11Talidino-1~ O<id lllrl-Wyl ater 

4-Difluoromethoxy-pyrrolidine-1 ,2-dicarboxylic acid 2-[2-( 4-bromo-phenyl)-2-oxo-ethyl) 

ester 1-tert-butyl ester: To 4-Hydroxy-pyrrolidine-1,2-dicarboxylic acid 2-[2-(4-bromo

phenyl)-2-oxo-ethyl] ester l-tert-butyl ester (500 mg) and Cu(I)I (45 mg) in MeCN (8 mL) at 45 

°C was added 242 J.Ll of difluoro-fluorosulfonyl-acetic acid in 2 mL ofMeCN dropwise for 60 

min. The reaction mixture was stirred at 45°C for 60 min. and evaporated under reduced 

pressure, and resulting residue was taken up in ethyl acetate (100 mL). The organic phase was 

washed with brine (I x 100 mL) and dried over sodium sulfate. After the solvent was removed, 

the resulting oil was subjected to silica gel chromatography using effluent of 10 -50 % ethyl 

acetate and hexanes. The fractions containing product were combined and the solvent was 

removed under reduced pressure to provide 4-Difluoromethoxy-pyrrolidine-1 ,2-dicarboxylic 

acid 2-[2-(4-bromo-phenyl)-2-oxo-ethyl] ester l-tert-butyl ester (339 mg, 61 %) as a clear oil. 

2-[5-( 4-Bromo-phenyl)-lH-imidazol-2-yl-4-difluoromethoxy-pyrrolidine-1-carboxylic acid 

tert-butyl ester : Title compound was prepared according to the method employed to prepare 2-
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[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-hydroxy-pyrrolidine-1-carboxylic acid tert-butyl 

ester (Example 1 ), substituting 4-Difluoromethoxy-pyrrolidine-1 ,2-dicarboxylic acid 2-[2-( 4-

bromo-phenyl)-2-oxo-ethyl] ester 1-tert-butyl ester (305 mg) for 4-Hydroxy-pyrrolidine-1 ,2-

dicarboxylic acid 2-[2-(4-bromo-phenyl)-2-oxo-ethyl] ester 1-tert-butyl ester (244 mg, 83 %). 

(1-{2-[5-( 4-Bromo-phenyl)-1 H-imidazo1-2-yl-4-difluoromethoxy-pyrrolidine-1-carbonyl}-2-

methoxy-propyl)-carbamic acid methyl ester: To 2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl-4-

difluoromethoxy-pyrrolidine-1-carboxylic acid tert-butyl ester (244 mg) in DCM (4 mL) was 

added 4N HCl in dioxanes (1.3 mL). The mixture was stirred for 1 hours then concentrated to 

afford the HCl salt of the crude amine. To the crude amine in DMF (2.7 mL) was added N

methylmorpholine (234 J!L). After all material dissolved, 2-methoxycarbonylamino-3-methyl

butyric acid (103 mg) and HATU (263 mg) were added. After stirring for 60 min. the reaction 

was evaporated under reduced pressure, and resulting residue was taken up in ethyl acetate (1 00 

mL). The organic phase was washed with saturated sodium bicarbonate (I x 100 mL) and dried 

over sodium sulfate. After the solvent was removed, the resulting oil was subjected to silica gel 

chromatography using effluent of 80 -100 % ethyl acetate and hexanes. The fractions containing 

product were combined and the solvent was removed under reduced pressure to provide (1-{2-

[ 5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl-4-difluoromethoxy-pyrrolidine-1-carbonyl} -2-methoxy

propyl)-carbamic acid methyl ester ( 166 mg, 61 %) as a clear oil. 

2-{5-[6-( 4-{2-[ 4-Difluoromethoxy-1-(2-methoxycarbonylamino-3-methyl-butyryl)

pyrrolidin-2-yi]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yi]-1H-imidazol-2-yl}

pyrrolidine-1-carboxylic acid tert-bytyl ester: To ( 1-{2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-

yl-4-difluoromethoxy-pyrrolidine-1-carbonyl }-2-methoxy-propyl)-carbamic acid methyl ester 

(166 mg) and 2-{ 5-[6-(4,4,5,5-tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-l H

imidazol-2-yl}-pyrrolidine-1-carboxylic acid tert-butyl ester (237 mg) in DME (1.6 mL) were 

added Pd2(dba)J (15 mg), Xanphos (19 mg), and 2M K3P04 (483 J,ll). After stirring for 

overnight at 80°C, the mixture was filtered and evaporated under reduced pressure, and resulting 

residue was subjected to silica gel chromatography using effluent of 10 -15 % MeOH and DCM. 

The fractions containing product were combined and the solvent was removed under reduced 

pressure to provide the title product (30 mg, 12 %) as a clear film. 

[1-(4-Difluoromethoxy-2-{5-[4-(6-{2-[1-(2-methoxycarbonylamino-2-phenyl-acetyl)

pyrrolidin-2-yl]-3H -imidazol-4-y I }-naphthalen-2-yl)-phenyl )-1 H -imidazol-2-yl}

pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: Title compound was 
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prepared according to the method employed to prepare (1-{2-[5-(4-Bromo-phenyl)-1H

imidazol-2-yl-4-difluoromethoxy-pyrrolidine-1-carbonyl} -2-methoxy-propyl)-carbamic acid 

methyl ester (Example 5), substituting methoxycarbonylamino-phenyl-acetic acid (30 mg) for 2-

methoxycarbonylamino-3-methyl-butyric acid (22 mg, 58 %). 1H NMR (MeOH-d4, 400 MHz) 

o: 8.20-8.05 (m, 3H), 7.95-7.72 (m, 5H), 7.56-7.35 (m. 8H), 7.15 (m, 1H), 6.71-6.35 (m, 1H), 

5.55 (m, lH), 5.30-5.20 (m, 3H), 5.05-4.90 (m, 3H), 4.36 (m, 1H), 4.20 (m, 1H), 4.12-3.82 (m, 

2H), 3.65 (m, 6H), 3.50 (m, 1H), 2.75 (m, 1H), 2.45 (m, 1H), 2.35-1.90 (m, 2H), 0.98-0.85 (m, 

6H); MS (ESI) mlz 889.3 [M + Ht. 

Example FS 

2-{5-{4-(6-{2-{5-(2-Methoxycart>onytamino-:knethyl-butyryi)-~Hwt-spiro{2.4)hept-6-
yt}-1 H~midazol-4-yt)-naphtllalen-2-yt}-j>henytj-1 H-imidazol-2-yf)-(hiazolidine-3-

c:artx>xylic acid t&rt-butyl es1er 

[)-cOOH 
1. HCI. 2. HATU, OlEA ~ 

BOC 

NH.OAc, m- Xylenes, 135 °C 

0~ MeO)lN OH 
1. HCI. 2. HATU, OlEA H 

0 

2-{2-[4-(6-{2-[S-(2-Metboxycarbonylamino-3-methyl-butyryl)-S-aza-spiro[2.4]hept-6-yi]-

1H-imidazol-4-yl}-napbtbalen-2-yl)-pbenyl]-2-oxo-ethylcarbamoyl}-thiazolidine-3-

carboxylic acid tert-butyl ester: 

{ 1-[ 6-( 4-{ 6-[ 4-(2-tert-Butoxycarbonylamino-acetyl)-phenyl]-naphthalen-2-yl }-1 H-imidazol-2-

yl)-5-aza-spiro[2.4]heptane-5-carbonyl]-2-methyl-propyl }-carbamic acid methyl ester (395.0 

mg, 0.581 mmol) was dissolved in DCM (4 mL) and HCl in dioxane (4M, 4 mL) was added and 

stirring at room temperature was continued. After 60 minutes, all volatiles were removed in 

vacuo. The crude material was used in the next step without further purification. The crude 
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material was dissolved in DMF (2.0 mL) and DIEA (110.8 mg, 0.860 mmol) was added. A 

solution ofN-Boc (S) thiazolidine -2-carboxylic acid (1 00.0 mg, 0.430 mmol), HA TU (163.0 

mg, 0.430 mmol) and DIEA (55.4 mg, 0.430 mmol) in DMF (1 mL) was added. The reaction 

was stirred at room temperature. After 20 minutes, the reaction was diluted with EtOAc and was 

washed with brine, sodium hydroxyl solution (1M), brine, and was dried over sodium sulfate. 

Filtration and removal of solvents in vacuo gave the crude material (350 mg), which was used in 

the next step without further purification. 

LCMS-ESf: calc'd for C43HsoN601S: 794.9 (M); Found: 795.8 (M+f(). 

2-{5-[4-(6-{2-[5-(2-Methoxycarbony1amino-3-methyl-butyryl)-5-aza-spiro[2.4]hept-6-yl]-

1H-imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-thiazolidine-3-carboxylic 

acid tert-butyl ester: 

2-{2-[4-(6-{2-[5-(2-Methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4]hept-6-yl]-1H

imidazol-4-yl} -naphthalen-2-yl )-phenyl]-2-oxo-ethylcarbamoyl} -thiazolidine-3 -carboxylic acid 

tert-butyl ester (350 mg, 0.44 mmol) was dissolved in m-xylenes (3.0 mL) and heated at 135 °C. 

Solid ammonium acetate (400 mg, 9.07 mmol) was added and the reaction was stirred at 135 °C. 

After 45 minutes, the reaction was cooled to room temperature and the volatiles were removed 

in vacuo. The crude reaction product was partitioned between chloroform and water. The 

organic layer was collected and dried over sodium sulfate. Filtration and evaporation of solvents 

gave the crude product. The crude material was purified via silica gel chromatography (eluent: 

EtOAc I hexanes) to yield the product (151.3 mg, 0.195 mmol). 

LCMS-ESf: calc'd for C43~9N10sS: 775.9 (M); Found: 776.8 (M+W). 

[1-(2-{5-[4-(6-{2-[5-(2-Metboxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4)bept-6-

yi]-1H-imidazol-4-yl}-naphthalen-2-yl)-pbenyl]-1H-imidazol-2-yl}-thiazolidine-3-

carbonyl)-2-metbyl-propyl)-carbamic acid methyl ester: 

2-{ 5-[ 4-( 6-{ 2-[ 5-(2-Methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4 ]hept-6-yl ]-1 H

imidazol-4-yl} -naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl }-thiazolidine-3-carboxylic acid tert

butyl ester (49.9 mg,_0.064 mmol) was dissolved in DCM (0.33 mL) and HCl in dioxane (4M, 

0.33 mL) was added and stirring at room temperature was continued. After 45 minutes, all 

volatiles were removed in vacuo. The crude material was used in the next step without further 

purification. The crude material was dissolved in DMF (0.5 mL) and DIEA (24.6 mg, 0.191 

mmol) was added. A solution of2- (L) methoxycarbonylamino-3-methyl-butyric acid (11.2 mg, 

0.064 mmol), HA TU (24.1 mg, 0.064 mmol) and DIEA (8.2 mg, 0.064 mmol) in DMF (0.5 mL) 

was added. The reaction was stirred at room temperature. After 18 hrs all volatiles were 
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removed in vacuo. The crude material, which was purified by RP-HPLC (eluent: water I MeCN 

wl 0.1% TF A) to yield the product (8.5 mg) as a TF A salt. 

LCMS-ESt: calc'd for C4sH52Ns06S: 833.0 (M }; Found: 833.7 (M+H+). 
1H-NMR: 300 MHz, (dmso~) 6: 8.35-7.88 (m, 14H), 7.36-7.33 {m, 2H), 6.36 (m, 1H), 5.28 

(dd, J = 7.2 Hz, 1H), 4.24 {m, lH) 4.16 (m, lH), 4.03- 3.74 (m, 6H), 3.55 (s, 3H), 3.54 (s, 3H), 

2.27 (m, 2H), 2.08 (m, 2H), 0.90-0.76 (m, 12H) 0.65 (m, 4H) ppm. 

ExampleFT 

0 ~OMe 
MeO)lN OH 

1. HCL2. HATU, OlEA H 
0 

2-{5-(4-{6-{2-{5-(2-Melhoxycarbonylami»3-methyl-butyryl)-5-az&-spirc(2.4Jlept.S. 
yi)-IH-imidazol-4-yf}naphlhalar>-2-y1)-phenyi}-IH-imidaz .. 2-yl)-lhiazolidine-3-

carboxylic acid lett-butyl eater 

(1-(6-{4-[6-(4-{2-(3-(4-Methoxy-2-methoxycarbonylamino-butyryl)-thiazolidin-2-yi]-3H

imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-imidazol-2-yl}-5-aza-spiro[2.4]heptane-5-

carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: 

2-{ 5-[ 4-( 6-{ 2-[ 5-(2-Methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4 ]hept-6-yl]-1 H

imidazol-4-yl} -naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl }-thiazolidine-3-carboxylic acid tert

butyl ester (49.9 mg, 0.064 mmol) was dissolved in DCM (0.33 mL) and HCl in dioxane (4M, 

0.33 mL) was added and stirring at room temperature was continued. After 45 minutes, all 

volatiles were removed in vacuo. The crude material was used in the next step without further 

purification. The crude material was dissolved in DMF (0.5 mL) and OlEA (24.6 mg, 0.191 

mmol) was added. A solution of (L) 4-methoxy-2-methoxycarbonylamino-butyric acid (12.1 mg, 

0.064 mmol), HATU (24.1 mg, 0.064 mmol) and DIEA (8.2 mg, 0.064 mmol) in DMF (0.5 mL) 

was added. The reaction was stirred at room temperature. After 3 hrs all volatiles were removed 

in vacuo. The crude material, which was purified by RP-HPLC (eluent: water I MeCN wl 0.1% 

TF A) to yield the product (21.3 mg) as a TF A salt. 

LCMS-ESr: calc'd for C45H5zNs01S: 849.0 (M}; Found: 849.7 (M+H). 
1H-NMR: 300 MHz, (dmso-<i6) 6:8.37 (m, 2H), 8.20-8.14 (m, 2H), 8.06-7.88 (m, IOH), 7.36 

-7.33 {m, 2H), 6.36 (m, I H), 5.30 (dd, J = 7.2 Hz, 1H), 4.45 {m, 1H) 4.06 (m, I H), 4.06-3.69 

754 



IPR2018-00211 Page 757 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

(m, 6H), 3.55 (s, 3H), 3.54 (s, 3H), 3.36 (m,2H), 3.25 (m, 3H), 2.26 (m, 2H), 2.02 (m, 2H), 1.81 

(m,IH), 0.90-0.76 (m, 6H) 0.65 (m, 4H) ppm. 

Example FU 

I ~ 9~ 
0 H H ~-N-..r-N \/ 
}-ti\_ //0 N - A ~ A ~ 11 }-if 

0 /~.._.,1,: ~ h N 0 

'2( 
2-{5-f4-{6-{2-{5-f2-Methoxycarbonylamino-J.melhyl-butyry)-5-aza..&piro(2.4)hept~ 

yi)-1H~midazol-<l-yl)-naphthaler>-2-yl)-phenyt}-1H-imidazol-2-yl~hiazolidi,...3-
carboxylic: acid tell-butyl ester 

o;\o 
)l OH 

1. HCL 2. HATU, OlEA MeO ~ 
0 

I ~ ~~ 0 
0 ,H H ~-N-..r-N 
,?-N'- 1P N - A ~ A ~ ~ L ···' 

0 '~ L~ ~h c)F\ 0 ---\ ~N H.N:b 
(1-{6-(4-{6-i4-{2-{3-{2-Melhoxycarbonylamino-2-(letrahy~-yl)
acalyl}-lhiazolidin-2-yi}-3H-imidazoi-'l-yl)1>henyl}-naphthaler>-2·yi}-1H· 
imidazol-2-yl)-5-aza..&piro(2.4)hepla ...... 5-catbonyl)-2-melhyl-pfopyf)-

cart>amic acid methyleslar 

{ 1-[ 6-( 4-{ 6-[ 4-(2-{3-[2-Meth oxycarbony lam ioo-2-( tetrahydro-py rao-4-y I)-acetyl]

thiazolidio-2-yl}-3H-imidazol-4-yl)-phenyl]-naphthaleo-2-yi}-1H-imidazol-2-yl)-5-aza

spiro[2.4]heptane-5-carbooyl]-2-methyl-propyl}-carbamic acid methyl ester: 

2-{ 5-[ 4-( 6-{ 2-[ 5-(2-Methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4 ]hept-6-yl]-1 H

imidazol-4-yl} -naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl }-thiazolidine-3-carboxylic acid tert

butyl ester (49.9 mg, 0.064 mmol) was dissolved in DCM (0.33 mL) and HCl in dioxane (4M, 

0.33 mL) was added and stirring at room temperature was continued. After 45 minutes, all 

volatiles were removed in vacuo. The crude material was used in the next step without further 

purification. The crude material was dissolved in DMF (0.5 mL) and OlEA (24.6 mg, 0.191 

mmol) was added. A solution of2- (L) methoxycarbonylamino-(tetrahydro-pyran-4-yl)-acetic 

acid (13.8 mg, 0.064 mmol), HATU (24.1 mg, 0.064 mmol) and OlEA (8.2 mg, 0.064 mmol) in 

DMF (0.5 mL) was added. The reaction was stirred at room temperature. After 18 hrs all 

volatiles were removed in vacuo. The crude material, which was purified by RP-HPLC (eluent: 

water I MeCN w/ 0.1% TF A) to yield the product (6.2 mg) as a TFA salt. 

LCMS-ESI+: calc'd for C41Hs2Ns01S: 875.0 (M+); Found: 875.7 (M+H). 
1H-NMR: 300 MHz, (dmso-d6) 6: 1H-NMR: 300 MHz, (dmso~) o: 8.31 -7.89 (m, 14H), 7.36-

7.33 (m, 2H), 6.34 (m, 1H), 5.27 (m, 1H), 4.30 (m, I H) 4.03 (m, 1H), 4.06-3.69 (m, 6H), 3.57 

(s, 3H), 3.54 (s, 3H), 3.28-2.95 (m, 4H), 2.26 (m, 2H), 2.02 (m, 2H), 1.50-1.32 (m,4H), 0.85 -

0.73 (m, 6H) 0.65 (m, 4H) ppm. 
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Example FV 

~Ph 
I t'f ; ) 

0 H H ~-N-.../'"N \/ 
,}-N'._ b0 'N - u ~ u ~ 11 )-~ 

o _ .. ----, L~ '' No 
• N-/""N \\ II 

\\.) 
2-{5-(4-i6-i2-{1-i2-Melhoxycarbonylamino-3-melhyl-bulyryl)-pym>lidin-2-yi]-1H
imidazol..4-yl}napllihaler>-2-yl)-phenyi}1H..jmidazo~2-yl}4-phenyl-pyrrolidine-1-

cartx>xytic acid felt-butyl ester 

Ph ••. 

0-cooH 
N 

1. HCI. 2. HATU. OlEA BOC 

NH40Ac, m- Xylenes, 135 °C 

0~ MeO)lN OH 
1. HCI. 2. HATU, OlEA H 

0 

2-{2-[ 4-(6-{2-[ 1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl)-1 H

imidazol-4-yl}-naphthalen-2-yl)-phenyl)-2-oxo-ethylcarbamoyl}-4-phenyl-pyrrolidine-1-

carboxylic acid tert-butyl ester: 

{ 1-[2-( 4-{ 6-[ 4-(2-tert-Butoxycarbonylamino-acetyl)-phenyl]-naphthalen-2-yl} -1 H-imidazol-2-

yl)-pyrrolidine-1-carbonyl]-2-methyl-propyl }-carbamic acid methyl ester (61.0 mg, 0.095 

mrnol) was dissolved in DCM (1 mL) and HCl in dioxane (4M, 1 mL) was added and stirring at 

room temperature was continued. After 90 minutes, all volatiles were removed in vacuo. The 

crude material was used in the next step without further purification. The crude material was 

dissolved in DMF (1.0 mL) and OlEA (23.7 mg, 0.183 mrnol) was added. A solution of 4-

Phenyl-pyrrolidine-1 ,2-dicarboxylic acid 1-tert-butyl ester ( 17.8 mg, 0.061 mrnol), HA TU (23 .3 

mg, 0.061 mrnol) and DIEA (7.9 mg, 0.061 mrnol) in DMF (0.5 mL) was added. The reaction 

was stirred at room temperature. After 20 minutes, the reaction was diluted with EtOAc and was 

washed with brine, saturated sodium bicarbonate solution, brine, and was dried over sodium 

sulfate. Filtration and removal of solvents in vacuo gave the crude material (88 mg), which was 

used in the next step without further purification. 

LCMS-ESt: calc'd for C4sH54N601: 826.9 (Ml; Found: 827.7 (M+Hl. 
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2-{S-[4-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yll-1H

imidazol-4-yl}-na phthalen-2-yl)-phenyl] -1 H -imidazol-2-yl} -4-pheny 1-pyrrolidine-1-

carboxylic acid tert-butyl ester: 

2-{ 2-[ 4-( 6-{ 2-[ 1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-y 1]-1 H-imidazol-4-

yl} -naphthalen-2-yl)-phenyl]-2-oxo-ethylcarbamoyl }-4-phenyl-pyrrolidine-1-carboxylic acid 

tert-butyl ester (88 mg) was dissolved in m-xylenes (1.0 mL) and heated at 135 °C. Solid 

ammonium acetate (100 mg, 1.2 mmol) was added and the reaction was stirred at 135 °C. After 

180 minutes, the reaction was cooled to room temperature and the volatiles were removed in 

vacuo. The crude reaction product was partitioned between chloroform and water. The organic 

layer was collected and dried over sodium sulfate. Filtration and evaporation of solvents gave 

the crude product. The crude material was purified via silica gel chromatography (eluent: EtOAc 

I hexanes) to yield the product (51.0 mg, 0.195 mmol). 

LCMS-ESt: calc'd for C48H53N70 5: 807.9 (M+); Found: 808.4 (M+W). 

[1-(2-{S-[4-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi)-1H

imidazol-4-y 1}-na ph thalen-2-yl)-pheny 1)-1 H-im idazol-2-yl}-4-p heny 1-pyrro lidine-1-

carbonyl)-2-methyl-propyl)-carbamic acid methyl ester: 

2-{ 5-[ 4-( 6-{ 2-[ 1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl] -1 H-imidazol-4-

yl }-naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl} -4-phenyl-pyrrolidine-1-carboxylic acid tert

butyl ester (51.0 mg, 0.063 mmol) was dissolved in DCM (1.0 mL) and HCI in dioxane (4M, 1.0 

mL) was added and stirring at room temperature was continued. After 30 minutes, all volatiles 

were removed in vacuo. The crude material was used in the next step without further 

purification. The crude material was dissolved in DMF (0.5 mL) and DIEA (24.3 mg, 0.190 

mmol) was added. A solution of2- (L) methoxycarbonylamino-3-methyl-butyric acid (11.1 mg, 

0.063 mmol), HA TV (24.0 mg, 0.063 mmol) and DIEA (8.1 mg, 0.063 mmol) in DMF (0.5 mL) 

was added. The reaction was stirred at room temperature. After 60 minutes, the crude reaction 

was quenched with aqueous hydrochloric acid (0.1 mL, 2 M) and was purified by RP-HPLC 

(eluent: water I MeCN wl 0.1% TFA) to yield the product (12.1 mg) as a TFA salt. 

LCMS-ESt: calc'd for CsoHs6Ns06: 865.0 (M+); Found: 865.4 (M+H+). 
1H-NMR: 300 MHz, (dmso-~) o: 8.31-8.30 (d, J =3Hz, 2H), 8.08 (d, J = 6.6 Hz, 2h), 7.98-

7.86(m, 10H), 7.34-7.21 (m, 7H),5.28(dd,J=6.012.7Hz, 1H),5.10(dd,J=6.015.7Hz, 

IH), 4.26 (m, IH) 4.11 (m, IH), 4.06 (m, IH) 3.85-3.73 (m, 3H), 3.48 (s, 3H), 3.47 (s, 3H), 

2.27 (m, 2H), 2.14-2.09 (m, 7H), 0.89-0.72 (m, 12H) ppm. 
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0~ MeO)l OH 
1. HCI. 2. HATU. DIEA ~ 

0 

2-{5-(4-(&-{2-{1-(2-Methoxyl:arbonylarnino-3-rnethyl-butyryl2-yf}-1H
imidazal+yl}-naphlhalen-2-yt}-phenyi}-1H-irridazol-2-~lidin&-1-

carboxylic acid letl-bulyf ester 

PCT /US201 0/034600 

[ 1-(2-{5-[ 4-( 6-{2-[1-(2-Methoxycarbony lamino-3-methyl-bu tyryl)-pyrrolidin-2-y 1]-1 H

imidazol-4-yl}-naphthalen-2-yl)-phenyl]-lH-imidazol-2-yl}-4-phenyl-pyrrolidine-l

carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: 

2-{ 5-[ 4-( 6-{2-[ 1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-1 H-imidazol-4-

yl }-naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl} -4-phenyl-pyrrolidine-1-carboxylic acid tert

butyl ester (88.mg, 0.107 mmol) was dissolved in OCM (1.0 mL) and HCl in dioxane ( 4M, 1.0 

mL) was added and stirring at room temperature was continued. After 40 minutes, all volatiles 

were removed in vacuo. The crude material was used in the next step without further 

purification. The crude material was dissolved in OMF (0.4 mL) and OlEA (40.8 mg, 0.321 

mmol) was added. A solution of2- (L) methoxycarbonylamino-3-methyl-butyric acid (18.7 mg, 

0.107 mmol), HATU (40.6 mg, 0.107 mmol) and OlEA (13.6 mg, 0.107 mmol) in OMF (0.4 

mL) was added. The reaction was stirred at room temperature. After 20 minutes, the crude 

reaction was quenched with aqueous hydrochloric acid (0.1 mL, 2 M) and was purified by RP

HPLC (eluent: water I MeCN w/ 0.1% TFA) to yield the product (38.7 mg) as a TFA salt. 

LCMS-ESI+: calc'd for CsoHs6Ns06: 865.0 (M+); Found: 865.4 (M+W). 
1H-NMR: 300 MHz, (dmso-~) o: 8.37-8.35 (m, 2H), 8.16 -7.91 (m, 12H), 7.47-7.28 (m, 

7H), 5.24 (dd, J = 7.8 I 5.4 Hz, 1 H), 5.16 (dd, J = 4.8 I 4 .. 8 Hz, 1H), 4.44 (dd, J = 6.3 I 6.3 Hz, 

1H) 4.16-4.09 (m, 2H) 3.85- 3.80 (m, 3H), 3.57 (s, 3H), 3.56 (s, 3H), 2.78 (m, 1H), 2.30- 1.96 

(m, 8H), 0.90-0.75 (m, 12H) ppm. 
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[1-( 4-Benzyi-2-{S-[4-(6-{2-[ 1-(2-metho:xycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-

yl]-1 H-imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-

2-methyl-propyl]-carbamic acid methyl ester: 

4-Benzyl-2-{ 5-[ 4-(6-{2-[1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-1 H

imidazol-4-yl }-naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl} -pyrrolidine-1-carboxylic acid tert

butyl ester (58.0 mg, 0.071 mrnol) was dissolved in OCM (1.0 mL) and HCl in dioxane (4M, 1.0 

mL) was added and stirring at room temperature was continued. After 30 minutes, all volatiles 

were removed in vacuo. The crude material was used in the next step without further 

purification. The crude material was dissolved in OMF (0.5 mL) and OlEA (27.3 mg, 0.211 

mmol) was added. A solution of2- (L) methoxycarbonylamino-3-methyl-butyric acid (12.3 mg, 

0.071 mmol), HATU (26.8 mg, 0.071 mrnol) and OlEA (9.1 mg, 0.071 mmol) in OMF (0.5 mL) 

was added. The reaction was stirred at room temperature. After 30 minutes, the crude reaction 

was quenched with aqueous hydrochloric acid (0.1 mL, 2 M) and was purified by RP-HPLC 

(eluent: water I MeCN w/ 0.1% TFA) to yield the product (25.1 mg) as a TFA salt. 

LCMS-ESt: calc'd for Cs1Hs1Ns06: 878.0 (M+); Found: 879.6 (M+W). 
1H-NMR: 300 MHz, (dmso-~) o: 8.36 (s, 2H), 8.16-7.89 (m, 12H), 7.38-7.19 (m, 7H), 5.29 

(dd, J = 5.7/3.9 Hz, 1H), 5.16 (dd, J = 5.1/5.1 Hz, 1H), 4.18-4.05 (m, 2H), 3.93-3.86 (m, 

2H), 3.56 (s, 3H), 3.53 (s, 3H), 3.52 (m, 2H), 2.79 (m, 1H), 2.48 (m, 2H), 2.39 (m, 1H), 2.18-

2.01 (m, 7H), 0.91- 0.77 (m, 12H) ppm. 
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Example FY 

0 

$ 
1. MeMgCI, THF. 
2. SnC~. HCI 

I. n-Buli, THF, -7B"C 
ii. 0 

Ci..._}lN,0-

1 

0 
1,5-Dilhia-s-inc:tacene-4,8-dione 4,8-Dimethyl-1,5-dithia-s-indacene 

()-cooH 
N 

r CI~ ~}-i 1 
!'s~CI 

2-Chloro-1-[&-(2-dlloro-acetyl)-4,8-dimethyl-1,5-dithia
s-lndacen-2-yl)-ethanone 

,.,,0-fo N, ~ 
/\ N_)LN 

\,_jH 

~())L 
N........-N 
~II )-o 

N 0 

1-{2-[5-(1).(2-(1-Qirbamic acid tert. buty ester-pyrrolidin-2-yi]-3H-Imldazol-
4-yl]-4,8-dimelhyl-1,5-dnhia-:.-indacen-2-yt}-1 H-imidazol-2-yt)-pyrrolldine-

1-Qirbamic add tert.butyl ester 

(1-{2-[5-(1).(2-[1-{2-Methoxycarbonylamino-3-melhyl-bu1yryl)-pyrrolidin-2-yq-3H
imidazol-4-yl]-4.8-dimethyl-1,5-dithia-:.-indacen-2-yf)-1 H-imldazot-2-yl]-pyrrolidine-

1-Qirbonyt}-2-melhyl-propyl)-carbamlc acid methyl ester 

4,8-Dimethyl-1 ,5-dithia-s-indacene: 

I 
BOC 

NH40Ac, m- Xylenes. 135 °C 

oy 
MeO)l ('l(OH 

1. HCI. 2. HATlJ, OlEA ~ O 

1,5-Dithia-s-indacene-4,8-dione (2.0 g, 9.17 mmol) was added to a methyl magnesium chloride 

solution (60 mmol) in THF (80 mL) [Org. Lett., 2008, 10:4421-4424]. The reaction mixture was 

heated at 55° C (oil bath). After 14 hrs, a solution oftin(II)chloride (10 g) in aqueous HCl (2M, 

50 mL) was added carefully and the heating was continued for 4 additional hours. The reaction 

was cooled to room temperature and the THF was removed in vacuo. The crude mixture was 

partitioned between chloroform and brine. The resultant thick suspension was filtered and the 

solid was discarded. The organic layer was dried over sodium sulfate. Filtration and removal of 

solvents in vacuo gave the crude material, which was via silica gel chromatography (eluent: 

EtOAc I hexanes) to yield the product (355.0 mg, 1.63 mmol). 
1H-NMR: 300 MHz, (CDCh) o: 7.49 (d, J = 4.2 Hz, 2H), 7.46 {d, J = 4.2 Hz, 2H), 2.81 (s, 

6H)ppm. 
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2-Chloro-1-(6-(2-chlo ro-acetyl)-4,8-dimethyl-1 ,5-dithia-s-indacen-2-yl] -ethanone: 

4,8-Dimethyl-1,5-dithia-s-indacene (61.0 mg, 0.095 mmol) was dissolved in THF (9 mL) and 

was cooled to -78° C. A solution of n-BuLi (1.6 M hexanes, 0.946 mL) was added and stirring at 

-78° C was continued for 90 minutes. To the resultant suspension was added a solution of N

Methyl, N-Methoxy-2-chloroacetate (209 mg, 1.51 mmol) in THF (1 mL). Stirring at -78° C was 

continued for 45 minutes. The reaction was quenched with ammonium chloride solution and 

methanol and was warmed to room temperature. The bright yellow solid was collected and used 

in the next step without further purification. 

1-{2-(5-(6-{2-[1-carbamic acid tert. butyl ester-pyrrolidin-2-yl]-3H-imidazol-4-yl}-4,8-

dimethyl-1 ,5-dithia-s-indacen-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbamic acid terl

butyl ester 

2-Chloro-1-[6-(2-chloro-acetyl)-4,8-dimethyl-1 ,5-dithia-s-indacen-2-yl]-ethanone (crude solid 

from previous step)) was combined and with (L)-N-Boc Proline carboxylic acid (324 mg, 1.51 

mmol), potassium carbonate (304 mg, 2.2 mmol), sodium iodide (21.6 mg) and was heated in 

acetone (10 mL) at -78° C. After 120 minutes, all volatiles were removed in vacuo. The reaction 

was diluted with chloroform and was washed with brine, saturated sodium bicarbonate solution, 

brine, and was dried over sodium sulfate. Filtration and removal of solvents in vacuo gave the 

crude material (580 mg, 0.797 mmol), which was used in the next step without further 

purification. 

The crude product from the previous step (580.1 mg, 0.797 mol) was dissolved in m-xylenes 

(7.0 mL) and heated at 140 °C. Solid ammonium acetate (500 mg, 6.41 mmol) was added and 

the reaction was stirred at 140 °C. After 240 minutes, the reaction was cooled to room 

temperature and the volatiles were removed in vacuo. The crude reaction product was 

partitioned between chloroform and aqueous sodium bicarbonate solution. The organic layer 

was collected, washed with brine and dried over sodium sulfate. Filtration and evaporation of 

solvents gave the crude product (303.0 mg, 0.440 mmol). 

LCMS-ES:f: calc'd for C36l44N604S2: 688.9 (M+); Found: 688.3 (M+H+). 

(1-{2-(5-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H

imidazol-4-yl}-4,8-dimethyl-1,5-dithia-s-indacen-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester: 

1-{2-[5-(6-{2-[ I -carbamic acid tert-butyl ester-pyrro1idin-2-yl]-3H-imidazol-4-yl }-4,8-

dimethyl-1 ,5-dithia-s-indacen-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbamic acid tert-butyl 

ester (51.0 mg, 0.073 mmol) was dissolved in DCM (0.67 mL) and HCl in dioxane (4M, 0.67 
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mL) was added and stirring at room temperature was continued. After 45 minutes, all volatiles 

were removed in vacuo. The crude material was used in the next step without further 

purification. The crude material was dissolved in DMF (0.8 mL) and OlEA (37.6 mg, 0.292 

mmol) was added. A solution of2- (L) methoxycarbonylamino-3-methyl-butyric acid (25.5 mg, 

0.146 mmol), HATU (55.5 mg, 0.146 mmol) and DIEA (18.8 mg, 0.146 mmol) in DMF (0.5 

mL) was added. The reaction was stirred at room temperature. After 30 minutes, the reaction 

was quenched with aqueous hydrochloric acid (0.2 mL, 2M) and was purified by RP-HPLC 

(eluent: water I MeCN w/ 0.1% TFA) to yield the product (5.1 mg) as a TFA salt. 

LCMS-ESI+: calc'd for C4oH5oN80 6S2: 803.0 (M+); Found: 803.2 (M+H+). 
1H-NMR: 300 MHz, (dmso-d6) o: 7.88 (s, 4H), 7.30 {m, 2H), 5.10 (m, 2H), 4.12 (dd, J = 8.1/ 

8.1 Hz, 2H), 3.83 (m, 4H) 3.53 (s, 6H), 2.73 (s, 6H), 2.27 (m, 2H), 2.14- 1.98 (m, 8H), 0.89-

0.80 (m, 12H) ppm. 

Example FZ 

(2-{2-{5-(6-{2-{1-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-yi]-3H
imidazol-4-yl}4, 8-dimethyl-1 , 5-dithia-s-indacen-2-yl)-1 H-imidazol-2-yl]-pyrrolidin-

1-yl}-2-oxo-1-phenyl-ethyl)-carbamic acid methyl ester 

(2-{2-[S-(6-{2-[l-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-yi]-3H-imidazol-

4-yl}-4,8-dimethyl-1 ,S-dithia-s-indacen-2-yl)-1 H-imidazol-2-yl]-pyrrolidin-1-yl}-2-oxo-1-

phenyl-ethyl)-carbamic acid methyl ester 

1-{2-[5-(6-{2-[1-carbamic acid tert-butyl ester-pyrrolidin-2-yl]-3H-imidazol-4-yl }-4,8-

dimethyl-1 ,5-dithia-s-indacen-2-yl)-1 H-irnidazol-2-yl]-pyrrolidine-1-carbamic acid tert-butyl 

ester (51.0 mg, 0.073 mmol) was dissolved in DCM (0.67 mL) and HCI in dioxane (4M, 0.67 

mL) was added and stirring at room temperature was continued. After 45 minutes, all volatiles 

were removed in vacuo. The crude material was used in the next step without further 

purification. The crude material was dissolved in DMF (0.8 mL) and DIEA (37.6 mg, 0.292 

mmol) was added. A solution of2- (D) methoxycarbonylamino-2-phenyl-acetic acid (30.5 mg, 

0.146 mmol), HATU (55.5 mg, 0.146 mmol) and DIEA (18.8 mg, 0.146 mmol) in DMF (0.5 

mL) was added. The reaction was stirred at room temperature. After 30 minutes, the reaction 

was quenched with aqueous hydrochloric acid (0.2 mL, 2 M) and was purified by RP-HPLC 
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(eluent: water I MeCN w/ 0.1% TFA) to yield the product (6.7 mg) as a mixture of isomers and 

in the form of the TF A salt. 

LCMS-ESt: calc'd for C40H50N80 6S2: 871.0 (M+); Found: 871.7 (M+H). 
1H-NMR: 300 MHz, (dmso-d6) o: 7.95-7.66 (m, 6H), 7.40-7.34 (m, 8H), 7.06 (m, 2H), 5.51 

(m, 2H), 5.13 (m, 2H), 3.91 (m, 2H), 3.54 and 3.52 (2x s, 6H), 3.16 (m, 2H), 2.76 (s, 6H), 2.19 

- 1.98 (m, 8H) ppm. 

Example GA 

(2 -{2 -[ 5-(6-{2-[ 1-(2 -Methoxycarbonylamino-2 -tetrahydropyranyl-acetyl)-pyrrolid in-2-
yi)-3H-imidazol-4-yl}-4, 8-dimethyl-1,5-dith ia-s-indacen-2 -yl)-1 H-imidazol-2-yl)

pyrrolidin-1-yl}-2-<>xo-1-tetrahydropyranyl-ethyl)-carbamic acid methyl ester 

(2-{2-(5-(6-{2-(1-(2-Methoxycarbonylamino-2-tetrahydropyranyl-acetyl)-pyrrolidin-2-yi]-

3H -imidazol-4-yl }-4,8-dimethyl-1 ,5-ditbia-s-indacen-2-yi)-IH -imidazol-2-yl] -pyrrolidin -1-

yl}-2-oxo-1-tetrabydropyranyl-etbyl)-carbamic acid methyl ester: 

1-{2-[ 5-(6-{2-[ 1-carbamic acid tert-butyl ester-pyrrolidin-2-yi]-3H-imidazol-4-yl} -4,8-

dimethyl-1 ,5-dithia-s-indacen-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbamic acid tert-butyl 

ester (51.0 mg, 0.073 mmol) was dissolved in DCM (0.67 mL) and HCl in dioxane (4M, 0.67 

mL) was added and stirring at room temperature was continued. After 45 minutes, all volatiles 

were removed in vacuo. The crude material was used in the next step without further 

purification. The crude material was dissolved in DMF (0.8 mL) and DIEA (37.6 mg, 0.292 

mrnol) was added. A solution of2- (L) methoxycarbonylamino-2-(4-tetrahydropyranyl)-acetic 

acid (31.6 mg, 0.146 mmol), HA TU (55.5 mg, 0.146 mmol) and DIEA (18.8 mg, 0.146 mmol) 

in DMF (0.5 mL) was added. The reaction was stirred at room temperature. After 20 minutes, 

the reaction was quenched with aqueous hydrochloric acid (0.2 mL, 2 M) and was purified by 

RP-HPLC (eluent: water I MeCN w/ 0.1% TF A) to yield the product (8.1 mg) as a TF A salt. 

LCMS-ESI+: calc'd for C44Hs4NsOsS2: 887.0 (M+); Found: 887.9 (M+W). 
1H-NMR: 300 MHz, (dmso-~) 8: 7.81 (s, 4H), 7.39 (m, 2H), 5.08 (m, 2H), 4.18 (m, 2H), 3.85 

(m, SH) 3.53 (s, 6H), 3.22 (m, 4H), 2.72 (s, 6H), 2.27 (m, 2H), 2.14- 1.98 (m, 8H), 1.58- 1.25 

(m, 8H) ppm. 
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ExampleGB 

,...,o 

( 1-{2-[ 5-( 4, 8-Dimethoxy-6-{2-[ 1-{2-methoxycarbonylamino-3-methyl-butyryl)
pyrrolidin-2 -yi]-3H-imidazol-4-y 1}-1 , 5-dithia-s-i ndacen-2 -y 1)-1 H-imidazol-2 -yl)

pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

PCT /US201 0/034600 

(1-{2-(5-( 4,8-Dimethoxy-6-{2-[ 1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-

yi]-3H -imidazol-4-yl}-1 ,5-dithia-s-indacen-2-yl)-1 H -imidazol-2-yl) -pyrrolidine-1-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester: 

1-{2-[5-(6-{2-[ 1-carbamic acid tert-butyl ester-pyrrolidin-2-yl]-3H-imidazol-4-yl }-4,8-

dimethoxy-1 ,5-dithia-s-indacen-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbamic acid tert-butyl 

ester (49.3 mg, 0.070 mmol) was dissolved in DCM (0.67 mL) and HCl in dioxane (4M, 0.67 

mL) was added and stirring at room temperature was continued. After 45 minutes, all volatiles 

were removed in vacuo. The crude material was used in the next step without further 

purification. The crude material was dissolved in DMF (0.8 mL) and DIEA (36.0 mg, 0.280 

mmol) was added. A solution of2- (L) methoxycarbonylamino-3-methyl-butyric acid (24.5 mg, 

0.140 mmol), HATU (53.2 mg, 0.140 mmol) and DIEA (18.0 mg, 0.140 mmol) in DMF (0.5 

mL) was added. The reaction was stirred at room temperature. After 45 minutes, the crude 

reaction was quenched with aqueous hydrochloric acid (0.2 mL, 2 M) and was purified by RP

HPLC (eluent: water I MeCN w/ 0.1% TFA) to yield the product (5.1 mg) as a TFA salt. [The 

required starting material for the modified sequence was described in Org. Lett., 2008, I 0:4421-

4424.] 

LCMS-ESr: calc'd for C4oHsoNs08S2: 835.0 (M +);Found: 835.2 (M+W). 
1H-NMR: 300 MHz, (dmso-<4) o: 7.95 (s, 2H), 7.85 (s, 2H), 7.30 (d, J = 8.4 Hz, 2H), 5.09 (dd, 

J = 4.8/4.8 Hz, 2H), 4.10-4.07 (m, 8H), 3.82 (m, 4H) 3.57 (s, 6H), 2.30 (m, 2H), 2.15-1.96 

(m, 8H), 0.87- 0.80 (m, 12H) ppm. 
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Example GC 

(2-{2-[5-(4,8-Dimethoxy-6-{2-[1-(2-methoxycarbonylamino-2-phenyl-acetyl)
pyrrolidin-2-yi)-3H-imidazol-4-yl}-1 , 5-dithia-s-indacen-2 -yl)-1 H-imidazol-2 -yl]

pyrrolidin-1-yl}-2-oxo-1-phenyl-ethyl)-carbamic acid methyl ester 

PCT /US201 0/034600 

(2-{2-[S-(4,8-Dimethoxy-6-{2-[1-(2-methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-

yi)-3H -imidazol-4-yl}-1,5-dithia-s-indacen-2-yl)-1H-imidazol-2-yl)-pyrrolidin-l-yl}-2-oxo-

1-phenyl-ethyl)-carbamic acid methyl ester: 

1-{2-[5-(6-{2-[1-carbamic acid lert-butyl ester-pyrrolidin-2-yl]-3H-imidazol-4-yl }-4,8-

dimethoxy-1 ,5-dithia-s-indacen-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbamic acid tert-buty1 

ester (49.3 mg, 0.070 mmol) was dissolved in OCM (0.67 mL) and HCl in dioxane (4M, 0.67 

mL) was added and stirring at room temperature was continued. After 45 minutes, all volatiles 

were removed in vacuo. The crude material was used in the next step without further 

purification. The crude material was dissolved in OMF (0.8 mL) and OlEA (36.0 mg, 0.280 

mmol) was added. A solution of2- (D) methoxycarbonylamino-2-phenyl-acetic acid (29.3 mg, 

0.140 mmol), HATU (53.2 mg, 0.140 mmol) and OlEA (18.0 mg, 0.140 mmol) in DMF (0.5 

mL) was added. The reaction was stirred at room temperature. After 45 minutes, the crude 

reaction was quenched with aqueous hydrochloric acid (0.2 mL, 2 M) and was purified by RP

HPLC (eluent: water I MeCN w/ 0.1% TFA) to yield the product (6.7 mg) as a mixture of 

isomers and in the form of the TFA salt. 

LCMS-ESf": calc'd for C4oHsoNs06S2: 871.0 (M+); Found: 871.7 (M+H+). 
1H-NMR: 300 MHz, (dmso-<4) o: 8.01 - 7.67 (m, 6H), 7.39- 7.35 (m, 8H), 7.06 (m, 2H), 5.51 

(m, 2H), 5.13 (m, 2H), 4.13 (s, 6H), 3.91 (m, 2H), 3.54 and 3.52 (2x s, 6H), 3.16 (m, 2H), 2.19 

- 1.87 (m, 8H) ppm. 
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Example GD 

(2-{2-[5-(4,8-Dimethoxy-6-{2-[1-(2-methoxycarbonylamino-2-
tetrahydropyranyl-acetyl)-pyrrolidin-2-yi)-3H-imidazol-4-yl}-1,5-dithia-s

indacen-2-yl)-1 H-imidazol-2-yl]-pyrrolidin-1-yl}-2-oxo-1-tetrahydropyranyl
ethyl)-carbamic acid methyl ester 

PCT /US201 0/034600 

(2-{2-[5-(6-{2-[1-(2-Methoxycarbonylamino-2-tetrahydropyranyl-acetyl)-pyrrolidin-2-yl)-

3H-imidazol-4-yl}-4,8-dimethyl-1,5-dithia-s-indacen-2-yl)-lH-imidazol-2-yl)-pyrrolidin-l

yl}-2-oxo-1-tetrahydropyranyl-ethyl)-carbamic acid methyl ester: 

1-{2-[5-(6-{2-[ 1-carbamic acid tert-butyl ester-pyrrolidin-2-yl]-3H-imidazol-4-yl }-4,8-

dimethoxy-1 ,5-dithia-s-indacen-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbamic acid tert-butyl 

ester (49.3 mg, 0.070 mmol) was dissolved in DCM (0.67 mL) and HCl in dioxane (4M, 0.67 

mL) was added and stirring at room temperature was continued. After 45 minutes, all volatiles 

were removed in vacuo. The crude material was used in the next step without further 

purification. The crude material was dissolved in DMF (0.8 mL) and DIEA (36.0 mg, 0.280 

mmol) was added. A solution of2- (L) methoxycarbonylamino-2-(4-tetrahydropyranyl)-acetic 

acid (30.4 mg, 0.140 mmol), HATU (53.2 mg, 0.140 mmol) and DIEA (18.0 mg, 0.140 mmol) 

in DMF (0.5 mL) was added. The reaction was stirred at room temperature. After 20 minutes, 

the reaction was quenched with aqueous hydrochloric acid (0.2 mL, 2 M) and was purified by 

RP-HPLC (eluent: water I MeCN w/ 0.1% TFA) to yield the product (8.1 mg) as a TFA salt. 

LCMS-ESI+: calc'd for C44H54NsOsS2: 919.0 (M+); Found: 919.6 (M+H+). 
1H-NMR: 300 MHz, (dmso-<4) o: 7.86 (s, 2H), 7.74 (s, 2H), 7.39 (m, 2H), 5.07 (m, 2H), 4.18 

(m, 2H), 4.08 (s, 6H), 3.84 (m, 8H), 3.53 (s, 6H), 3.21 (m, 4H), 2.26 (m, 2H), 2.15- 1.92 (m, 

8H), 1.64 - 1.27 (m, 8H) ppm. 
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Example GE 

(2-{2-[4-(4,8-Dimethoxy-6-{2-[3-(2-methoxycarbonylamino-2-phenyl-acetyl)
thiazolidin-2-yl]-1 H-imidazol-4-yl}-1 , 5-dithia-s-indacen-2-yl)-1 H-imidazol-2-yl)

thiazolidin-3-yl}-2-oxo-1-phenyl-ethyl)-carbamic acid methyl ester 

PCT /US201 0/034600 

(2-{2-[5-(6-{2-[1-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-yi]-3H-imidazol-

4-yl }-4,8-dimethyl-1 ,5-dithia-s-indacen-2-yl)-1H-imidazol-2-yl]-pyrrolidin-1-y 1}-2-oxo-1-

phenyl-ethyl)-carbamic acid methyl ester 

(2-{ 2-[ 5 -( 6-{ 2-[ 1-(2-Methoxycarbonylamino-2-phenyl-acety 1 )-pyrrolidin-2-y I]-3H-imidazol-4-

yl }-4,8-dimethyl-1 ,5-dithia-s-indacen-2-yl)-1H-imidazol-2-yl]-pyrrolidin-1-yl }-2-oxo-1-phenyl

ethyl)-carbamic acid methyl ester was prepared following method used for (2-{2-[5-(4,8-

Di methoxy -6-{ 2-[ 1-(2-methoxycarbony I amino-2 -pheny 1-acetyl )-pyrrolidin-2-yl]-3 H- imidazol-

4-yl }-1 ,5-dithia-s-indacen-2-yl)-1H-imidazol-2-yl]-pyrrolidin-1-yl} -2-oxo-1-phenyl-ethyl)

carbamic acid methyl ester substituting L- thiazolidine-2,3-dicarboxylic acid 3-tert-butyi ester 

for L-pyrrolidine-1 ,2-dicarboxylic acid 1-tert-butyl ester. 

LCMS-ESI+: calc'd for C44I-42N80 8S4: 938.2 (~)found: 939.1 (M +H) 
1H-NMR: 300 MHz, (dmso-~) o: 7.85 - 7.63 (m 2H), 7.46-7.29 (m10H), 7.08 -7.01 (m, 2H), 

6.31 (m, 2H), 5.60 (d,J= 7.6 Hz, 2H), 4.24 (m 2H), 4.13 (s, 6H), 4.06- 3.76 (m 2H), 3.54 (m, 

6H), 3.28 (m, 2H), 3.15 (m, 2H). 
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(1-(8-{5-(~l-1H-imidazo~2-y1)-1,4-
dioxa-7-aza-spiro(4.4)1onane-7-cartJonyt}-2-mathyl

propyl)-<:arbamic acid methyl ester 

(2-Melhyl-1 -(2-(4-(&-{4,4,5,5-letramelhyl-(1 ,3.2)dioxaborolan-
2-y1~2-yi}-1H-<tnidazol-2-yl}pyrrolidine-1-

cart>onyJH>ropyl}-cart>ani: ecid methyl ester 

ExampleGF 

pTsOH, Acetone, H:zO 
60 "C. 3 daya 

0 

- ~ 0 ~ Br-Q--{l( f-( 
0 HN-.l 

o-
(1 -(2-(5-(4-BromD-iJhenYI)-1 H....,idazol-2-yl}-

4-oxo-pyrrolidine-1 -carbonyl}-2-mathyl
propyl)-carbami: acid methyl ester 

PCT /US201 0/034600 

Pd(PPhl)4. NaHCClJoq. 
DME, 110 "C. 

(1-{2-(5-( 4-Bromo-phenyi)-1H-imidazol-2-yl)-4-oxo-pyrrolidine-1-carbonyl}-2-methyl

propyl)-carbamic acid methyl ester: 

(1-{8-[5-(4-Bromo-phenyl)-1 H-imidazol-2-yl]-1 ,4-dioxa-7-aza-spiro[4.4]nonane-7-carbonyl }-2-

methyl-propyl)-carbamic acid methyl ester (230.0 mg, 0.453 mmol) was dissolved in acetone 

(10 mL) and water (0.2 mL) and p-TsOH o H20 (53 mg, 0.278 mmol) were added. The reaction 

was heated at 60 oc for 20 hours, after which additional p-TsOH o H20 (53 mg, 0.278 mmol) 

was added heating at 60 oc was continued. After three days, all volatiles were removed in 

vacuo. The crude material was taken into EtOAc and was washed with aqueous sodium 

bicarbonate solution and dried over sodium sulfate. Filtration and evaporation of solvents in 

vacuo gives the crude product. The crude material was purified via silica gel chromatography 

(eluent: EtOAc containing 10%MeOH I hexanes) to yield the product (93.9 mg, 0.202 mmol). 

LCMS-ESf': calc'd for C2oHnBrN404: 463.3 (M}; Found: 463.6 (M+H+). 
1H-NMR: 300 MHz, (dmso-d6) o: 7.92 (m, 1H), 7.64 (m, 5H), 7.49 (d, J = 6.5Hz, 1H), 5.56 (dd, 

J = 7.5/3.6 Hz, I H), 4.34 (m, 2H), 3.91 (dd, J = 6.3/6.3 Hz, I H), 3.52 (s, 3H), 3.20 (dd, J = 

14.4/7.8 Hz, 1H), 2.82 (br-d, J = 14.4 Hz, IH), 1.87 (m, lH), 0.78 (d, J= 5.1 Hz, 3H), 0.71 (d, J 

= 4.8 Hz, 3H) ppm. 
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(1-(2-{5-[4-(6-{2-(1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-1H

imidazol-4-yl}-naphthalen-2-yl)-phenyi]-1H-imidazol-2-yl}-4-oxo-pyrrolidine-1-carbonyl)-

2-methyl-propyl]-carbamic acid methyl ester: 

( 1-{2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-oxo-pyrrolidine-1-carbonyl }-2-methyl-propyl)

carbamic acid methyl ester ( 46.0 mg, 0.1 mmol), [2-Methyl-1-(2-{ 4-[6-( 4,4,5,5-tetramethyl-

[ I ,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-1 H-imidazol-2-yl }-pyrrolidine-1-carbonyl)-propyl]

carbamic acid methyl ester (54 mg, 0.1 mmol), and Pd[PPh3] 4 (11.5 mg, 0.01 mmol) were 

dissolved in DME (2 mL) under an atmosphere of argon. Saturated, aqueous sodium bicarbonate 

solution (0.3 mL) was added and the reaction was heated under microwave conditions at 120 oc 
for 20 minutes. The solids were discarded and the volatiles were removed in vacuo. The crude 

reaction mixture was purified by RP-HPLC (eluent: water I MeCN wl 0.1% TF A) to yield the 

product (4.0 mg) as a TFA salt. 

LCMS-ESt: calc'd for C44H5oNs07: 802.9 (M +); Found: 803.4 (M+~). 
1H-NMR: 300 MHz, (dmso-c4) o: 8.32 (m, 2H), 8.12-7.84 (m, 10H), 7.52 (d, J = 7.8Hz, IH), 

7.32 (d, J = 8.4Hz, 1H), 5.61 (m, 1H), 5.14 (m, 1H), 4.39 (m, 2H), 4.12 (dd, J = 1.5 Hz, IH), 

3.94 (dd, J = 8.4 I 8.4 Hz, I H), 3.85 (m, 2H), 3.54 (2x s, 6H), 3.26 (m, IH), 2.90 (m, 1H), 2.13-

1.90 {m, 6H), 0.86-0.74 (m, 12H) ppm. 
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ExampleGG 

0 
C>-cooH 

1. HCI. 2. HATU, OlEA ~ 
BOC 

NH40Ac, m- Xylenes, 135 °C 

0~ MeO)l_N OH 
1. HCI. 2. HATU, OlEA H 

0 

1-[2-( 4'-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-1H -imidazol-

4-yl}-biphenyl-4-yl)-2-oxo-ethylcarbamoyl]-1,3-dibydro-isoindole-2-carboxylic acid ten

butyl ester: 

[ 1-(2-{ 4-[ 4'-(2-tert-Butoxycarbonylamino-acetyl)-biphenyl-4-yl]-1 H-imidazol-2-yl}

pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester ( 1 07.0 mg, 0.177 mmol) 

was dissolved in OCM (1 mL) and HCl in dioxane (4M, 1 mL) was added and stirring at room 

temperature was continued. After 45 minutes, all volatiles were removed in vacuo. The crude 

material was used in the next step without further purification. The crude material was dissolved 

in OMF (0.6 mL) and OlEA (68.4 mg, 0.531 mmol) was added. A solution of racemic 1,3-

dihydro-isoindole-1 ,2-dicarboxylic acid 2-tert-butyl ester ( 46.6 mg, 0.177 mmol), HA TU (67 .3 

mg, 0.177 mmol) and OlEA (22.8 mg, 0.177 mmol) in OMF (0.4 mL) was added. The reaction 

was stirred at room temperature. After 15 minutes, the reaction was diluted with EtOAc and was 

washed with brine, saturated sodium bicarbonate solution, brine, and was dried over sodium 
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sulfate. Filtration and removal of solvents in vacuo gave the crude material ( 14 7.8 mg), which 

was used in the next step without further purification. 

LCMS-ESt: calc'd for C42~sN607 : 748.8 (M +);Found: 749.2 (M+H). 

1-[5-(4'-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-1H-imidazol-

4-yl}-biphenyl-4-yi)-1H-imidazol-2-yl]-1,3-dihydro-isoindole-2-carboxylic acid tert-butyl 

ester: 

1-[2-( 4'-{2-[ 1-(2-Methoxycarbonylarnino-3-methyl-butyryl)-pyrrolidin-2-yl]-1 H-imidazol-4-

yl} -biphenyl-4-yl)-2-oxo-ethylcarbarnoyl]-1 ,3-dihydro-isoindole-2-carboxylic acid tert-butyl 

ester (147.8 mg) was taken into m-xylenes (2.0 mL) and heated at 135 °C. Solid ammonium 

acetate (120 mg, 1.5 mmol) was added and the reaction was stirred at 135 °C. After 180 minutes, 

the reaction was cooled to room temperature and the volatiles were removed in vacuo. The crude 

reaction product was partitioned between EtOAc and water. The organic layer was collected and 

dried over sodiwn sulfate. Filtration and evaporation of solvents gave the crude product (142 

mg). 

LCMS-ESt: calc'd for C42~1N10s: 729.8 (M ); Found: 730.4 (M+W). 
1H-NMR: 300 MHz, (dmso-<4) o: 8.07 (m, 2H), 7.90-7.85 (m, 8H), 7.49- 7.27 (m, 5H), 6.31 

(s, 1H), 5.12 (dd, J = 6.9/6.9 Hz, 1H), 4.95-4.70 (m, 2H), 4.11 (dd, J = 7.5/7.5 Hz, 1H), 3.83 

(m, 2H), 3.53 (s, 3H), 2.41 (m, 1H), 2.13- 1.95 (m, 4H), 1.45 and 1.22 (2 x s, 9H), 0.88-0.78 

(m, 6H) ppm. 

(1-{1-[5-(4'-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-1H

imidazol-4-yl}-bipheny 1-4-y 1)-1 H-imidazol-2-yl] -1 ,3-dihydro-isoin dole-2-carbonyl} -2-

methyl-propyl)-carbamic acid methyl ester: 

1-[5-( 4'-{2-[1-(2-Methoxycarbonylarnino-3-methyl-butyryl)-pyrrolidin-2-yl]-1 H-imidazol-4-

yl} -biphenyl-4-yl)-1 H-imidazol-2-yl]-1 ,3-dihydro-isoindole-2-carboxylic acid tert-butyl ester 

(71.0 mg, 0.086 mmol) was dissolved in DCM (1.0 mL) and HCl in dioxane (4M, 0.5 mL) was 

added and stirring at room temperature was continued. After 5 minutes, all volatiles were 

removed in vacuo. The crude material was used in the next step without further purification. The 

crude material was dissolved in DMF (0.5 mL) and DIEA (30.9 mg, 0.24 mmol) was added. A 

solution of2- (L) methoxycarbonylarnino-3-methyl-butyric acid (14.0 mg, 0.080 mmol), HATU 

(30.4 mg, 0.08 mmol) and DIEA (10.3 mg, 0.08 mmol) in DMF (0.4 mL) was added. The 

reaction was stirred at room temperature. After 120 minutes, the crude reaction was quenched 

with aqueous hydrochloric acid (0.1 mL, 2M) and was purified by RP-HPLC (eluent: water I 
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MeCN w/ 0.1% TFA) to yield the two diastereomeric products (1.5 mg and 2.4 mg) as TFA 

salts. 

Compound A (faster eluding material on RP-HPLC) 

LCMS-ESt: calc'd for C44H5oNs06: 786.9 (M+); Found: 787.4 (M+W). 
1H-NMR: 300 MHz, (dmso~) o: 7.90-7.75 (m, IOH), 7.50-7.27 (m, 6H), 6.42 (m, I H), 5.39 

- 5.21 (m, 2H), 5.09 (m, I H), 4.16- 4.08 (m, 2H), 3.81 (m, 2H), 3.52 (s, 6H), 2.41 (m, 1 H), 

2.13- 1.95 (m, 5H), 0.91 -0.79 (m, 12H) ppm. 

Compound B (later eluding material on RP-HPLC) 

LCMS-ESt: calc'd for C44H50N80 6: 786.9 (M}; Found: 787.4 (M+H+). 
1H-NMR: 300 MHz, (dmso-d6) o: 7.80-7.58 (m, IOH), 7.40-7.13 (m, 6H), 6.29 (m, I H), 5.09 

-4.70 (m, 3H), 4.06 (m, I H), 3.91 (m, IH), 3.65 (m, 2H), 3.34 (s, 3H), 3.33 (s, 3H), 2.18 (m, 

I H), 1.98- 1.82 (m, 5H), 0.75- 0.59 (m, 12H) ppm. 
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(S)-1-(tert-butoxycarbonyl)-4-
oxopyrrolidine-2-carboxylic 

acid 

o ,--fo 

Example GH 

~CO:J. DMF 
rt, 18h ~ 

~~.;:Jo v 0 H N 1...-
oAo/<.... 

(S)-2-benzyl1-tert-butyl4-
oxopyrrolidine-1,2-

dicarboxylate 

PCT /US201 0/034600 

4N HCVDioxane 

THF 

~~.;:Jo 
~-f .. J....) V 0 H N + 

H 
HATU, DIPEA V o"o~··'l 

HCI DMF, rt, 2h 

( S)-benzyl4-oxopyrrolidine-2-
carboxylate hydrochloride 

( S)-2-(methoxycarbonylamino)-
3-methylbutanoic acid 

H'NI(O' 
0 

( S)-benzyl 1-(( S)-2-(methoxycarbonylamino)-
3-methylbutanoyl)-4-oxopyrrolidine-2-

carboxylate 

Toluene, reflux 

TEA,ACN 
rt, 18h 

o] 
~~.)j-0 
v 0 "oJ,.l 

H'NI(O' 
0 

( S)-benzyl 7 -(( S)-2-(methoxycarbonylamino)-
3-methylbutanoyl)-1,4-dioxa-7-

azaspiro[4.4]nonanEHk:arboxylate 

EIOH 

HO ;\-J 
).·/-.) 

o Ho~J, 
H'NI(O' 

0 

(S)-7-((S)-2-(methoxycarbonylamino)-3-
methylbutanoyt)-1 , 4-dioxa-7-

azaspiro[4.4)nonanEHk:arboxylic acid 

Toluene 
reflux 

(S)-2-(4-bromophenyl)-2-oxoethyl 7 -(( S)-2-
(methoxycarbonylamino )-3-methylbutanoyl)-

1,4-<l ioxa-7 -azaspiro[4.4 )nonane-8-carboxylate 
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methyl ( S)-1-( ( S)-8-( 5-{ 4-bromophenyl)-1 H
imidazol-2-yl)-1,4-dioxa-7-azaspiro[4.4)nonan-
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methyl (S}-1-((S~-(5-(S-bromonaphlhalen-2.yi)-
1H_...,~2-yl)-5-azasplro(2.4)heplan-5-yl)-3-

melhy~1-oxobu1an-2-ylcarbamate 

+ 
oiJ 

H"-r\0 
Br--Q-{1~-·\_ 

0 .N-l-
H 0 

1) 

:::.r-o·s-l...,C.. 
"-7-o o-'< 

Pd(dppf)CI, 
KOAc, 90'C, 18h 

1 ,4-0ioxene 

2) Pd(PPh,)4 
2M K2CO, 

OMSO. 100'C, 4h 

melhyl (S}-1-((S~5-(4-bromcphenyi}-1H~midazo~2.yl}-
1,<klioxa-7;,zaspir0(4.4]nonan-7-yl)·3-methyl·1· 

oxobulan-2-ylc:arbamate 

(S)-2-benzyl1-tert-butyl 4-oxopyrrolidine-1,2-dicarboxylate 

PCT /US201 0/034600 

To a stirring solution of a mixture of (S)-1-(tert-butoxycarbonyl)-4-oxopyrrolidine-2-carboxylic 

acid (2.85 g, 12.43 mmol) and potassium carbonate (4.33 g, 24.87 mmol) in anhydrous N,N

dimethylformamide (60 mL) was added benzyl bromide (4.25 g, 24.87 mmol). The mixture was 

stirred at room temperature overnight. 

The resulting crude mixture was diluted with ethylacetate and the organic layer was washed with 

10% sodium carbonate and brine. The organic layer was dried over sodium sulfate and volatiles 

were removed in-vacuo. The residue was purified on normal phase column to yield 2.82 g (71%) 

of desired product. 

(S)-benzyl 4-oxopyrrolidine-2-carboxylate hydrochloride 

To a stirring solution of (S)-2-benzyl 1-tert-butyl 4-oxopyrrolidine-1 ,2-dicarboxylate (2.82 g, 

8.8 mmol) in anhydrous tetrahydrofuran ( 44 mL) was added 4N HCl in 1 ,4-dioxane (9.3 mL) at 

room temperature. The mixture was stirred for 18 hours at room temperature. The product was 

then three times with toluene on rotovap to dryness to remove all the excess acid and further 

dried on a high vacuum overnight and used as is in the next step. Quantitative yield. 

(S)-benzyl 1-((S)-2-(methoxycarbonylamino )-3-methylbutanoyl)-4-oxopyrrolidine-2-

carboxylate 

Following the procedure used to prepare compound (S)-benzyl 1-((S)-2-

(methoxycarbonylamino)-3-methylbutanoyl)-4-oxopyrrolidine-2-carboxylate, except that (S)

benzyl 4-oxopyrrolidine-2-carboxylate and (S)-2-( methoxycarbonylamino )-3-methylbutanoic 

acid were used instead of 2-{ 5-[ 4-( 4,4,5,5-tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-phenyl]-1 H-
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imidazol-2-yl }-pyrrolidine-1-carboxylic acid tert-butyl ester and 3-[5-(4-bromo-phenyl)-1 H

imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester. 

(S)-benzyl7-((S)-2-(metboxycarbonylamino)-3-metbylbutanoyl)-1,4-dioxa-7-

azaspiro(4.4]nonane-8-carboxylate 

(S)-benzyl 1-( (S)-2-(methoxycarbonylamino )-3-methylbutanoyl)-4-oxopyrrolidine-2-

carboxylate (2.45 g, 6.51 mmol) in a round bottom flask was dissolved in anhydrous toluene 

(200 mL) and p-toluene sulfonic acid monohydride (124 mg, 0.1 mmol) and ethylene glycol 

(808 mg, 13.02 mmol) were added and the mixture was refluxed for 18 hours, removing the 

generated byproduct water with a Dean-Stark apparatus. The crude mixture was then diluted 

with ethyl acetate and washed, respectively, with I 0% citric acid, saturated ammonium chloride, 

10% sodium carbonate and finally with brine. The organic layers were combined and dried over 

sodium sulfate and concentrated down on rotovap. The crude residue was then purified on 

normal phase column chromatography with 5% MeOHIDCM. (2.3 g, 84%) 

(S)-7 -( (S)-2-(metboxycarbooylamino )-3-methylbutanoyl)-1,4-dioxa-7 -azaspiro (4.4) nonane-

8-carboxylic acid 

(S)-benzyl 7 -((S)-2-(methoxycarbonylamino )-3-methylbutanoyl)-1 ,4-dioxa-7-

azaspiro[4.4]nonane-8-carboxylate (2.3 g, 5.47 mmol) was dissolved in ethyl alcohol (55 mL) 

and under Argon charged with I 0% Pd/C in a round bottom flask. The flask was then sealed 

with a rubber septa and the air was removed by vacuum and replaced with H2 from a balloon. 

This process repeated three times and the mixture was stirred under H2 atmosphere for 18 hours. 

The resulting mixture was then passed through a elite plug and concentrated down on rotovap to 

yield 1.76 g, 98% desired product. 

(S)-2-( 4-bromophenyl)-2-oxoethyl 7 -( (S)-2-(methoxycarbonylamino )-3-methylbutanoyl)-

1 ,4-dioxa-7 -azaspiro[ 4.4 ]nonane-8-carboxylate 

Title compound was prepared according to the method employed to prepare (S)-2-( 4-

bromophenyl)-2-oxoethyl 5-((S)-2-(methoxycarbonylamino )-3-methylbutanoyl)-5-

azaspiro[2.4]heptane-6-carboxylate (2.07g, 74%) 
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Methyl (S)-1-( (S)-8-(5-( 4-bromopbenyl)-1 H-imidazol-2-yl)-1,4-dioxa-7 -azaspiro[ 4.4 ]nonan-

7-yl)-3-methyl-1-oxobutan-2-ylcarbamate 

Title compound was prepared according to the method employed to prepare methyl (S)-1-((S)-6-

(5-( 4-bromophenyl)-1 H-imidazol-2-yl)-5-azaspiro[2.4 ]heptan-5-yl)-3-methyl-1-oxobutan-2-

ylcarbamate (1.64 g, 82.2%) 

(S)-1-((S)-6-(5-(6-(4-(2-((S)-7-((S)-2-(methoxycarbonylamino)-3-methylbutanoyl)-1,4-

dioxa-7-azaspiro[4.4]nonan-8-yl)-1H-imidazol-5-yl)phenyl)naphthalen-2-yi)-1H-imidazol-

2-yl)-5-azaspiro (2.4] heptan-5-yl)-3-methyl-1-oxobutan-2-yl-carbamic acid methyl ester: 

Methyl (S)-1-((S)-8-(5-( 4-bromophenyl)-1 H-imidazol-2-yl)-1 ,4-dioxa-7-azaspiro[ 4.4]nonan-7-

yl)-3-methyl-1-oxobutan-2-ylcarbamate (200 mg, 0.39 mmol), bis(pinacolato )diboron (130 mg, 

0.51 mmol), potassium acetate (116 mg, 1.18 mmol), and Pd(dppf)Ch (29 mg, 0.039 mmol) 

were all weighed out in a glass pressure vessel and anhydrous 1,4-Dioxane (2 mL) was added. 

The mixture was bubbled with nitrogen gas for about 5 min. The vessel was then capped and 

sealed and heated in an oil bath at 90°C overnight with continuous stirring. 

The reaction vessel was cooled down to room temperature and methyl (S)-1-((S)-6-(5-(6-

bromonaphthalen-2-yl)-1 H-imidazol-2-yl)-5-azaspiro[2.4]heptan-5-yl)-3-methyl-1-oxobutan-2-

ylcarbamate (215 mg, 0.41 mmol), 2M KzC03, and Pd(PPh3)4 (46 mg, 0.04 mmol) were all 

added along with 2 mL of DMSO and the mixture was bubbled with nitrogen gas for 5 minutes. 

The vessel, again, was capped, sealed and placed in an oil bath at 1 00°C for 4 hours. 

The resulting crude mixture was diluted with ethyl acetate and washed, respectively, with brine, 

10% Na2C03, 10% citric acid, saturated solution ofN~Cl, and brine. The organic layer was 

then dried over NazS04 and the volatiles were removed on rotovap. The residue was first 

purified on normal phase chromatography and then on prep HPLC. Yield= 205 mg (60%). 1H

NMR: 400 MHz, (CDCh) o 8.18-7.97 (m, 1H), 7.83-7.6 (m, 8H), 7.82-7.22 (m, 3H), 5.47-

5.34 (m, 4H),4.33- 4.26 (m, 1H), 4.08-4.03 (m, 4H), 3.94-3.89 (m, 1H), 3.78-3.69 (m, 

8H), 3.22 (brs, 1H), 2.96-2.94 (m, 1H), 2.49-2.46 (m, 1H), 2.22-2.17 (m, 1H), 1.99 (brs, 

1H), 1.08-1.04 (m, 2H), 0.94-0.79 (m, 12H), 0.71 (m, 4H). MS (ESI) mlz 873.79 [M + Ht. 
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rt, 18h 
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HO~O/"...Ph 
NHBoc 

(S)-benzyl 2-(tert
butoxycarbonylamino)-

4-hydroxybutanoate 

PCT /US201 0/034600 

Pyridine 
Dichloromethane 

rt, 18h 

sys 0 
0~0/"...Ph 

NHBoc 

HF.Pyridine 
NIS, DCM 

-3s·c. 1h 
then rt, 18h 

FYF 0 

0~0/"...Ph 
NHBoc 

30"k TFNDCM 

rt, 1h 

(S)-benzyl4-(benzo[d][1 ,3]dithiol-
2-yloxy)-2-(tert-butoxycarbonyl 

amino) butanoate 

(S)-benzyl2-(tert
butoxycarbonylamino )-4-

(difluoromethoxy)butanoate 

FYF 0 

0~0/"...Ph 
NH2 TEA, DCM 

o•c, then rt, 18h 

FYF 0 

0~0/"...Ph 
HNYO 

H2, 10%Pd/C 

EtOH 

TFA 

(S)-benzyl2-amino-4-
(difluoromethoxy)butanoate 

_....0 

(S)-benzy14-(difluoromethoxy)-2-
(methoxycarbonylamino)butanoate 

FYF 0 

O~OH 
HNYO 

-~NH ;/1 
0 . 0 N ~ - HH 

-('-f~I~!J ~ N N 

EDC.HCI, HOB! 

+ \ N N ~ 1. ~I H 
H - \\11 N 

_....0 

(S)-4-(difluoromethoxy)-2-
(methoxycarbonylamino) 

butanoic acid 

HCI HCI HCI HCI 

methyl (S)-1-((SHH~(6-(4-(2-((1R,3S,4S)-2-
azabicyclo{2.2.1]heptan-3-yl)-1 H-imidazol-~yl)phenyl)naphthalen-

2-yl)-1 H-imidazol-2-yl)-~azaspiro[2.4]heptan-~yl)-3-methyl-1-
oxobutan-2-ylcarbamate tetrahydrochloride 

H 0 N~H~..~Pv F-{ 
0 ~ N H - ~ !J ~ N k 0 

.-OfrN~~H.)!._N ~ !J ~ - Ny-t{ .•• --./0 

~ O HN-f' 

o
(S)-1-((SHH~(6-(4-(2-((1R,3S,4S)-2-((S)-4-(difluoromethoxy)-2-

(methoxycarbonylamino)butanoyl)-2-azabicydo(2.2.1]heptan-3-yl)-1 H
imidazol-~yl)phenyl)naphthalen-2-yi)-1H-imidazol-2-yl)-~azaspiro(2.4)heptan

~yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester 
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(S)-benzyl2-(tert-butoxycarbonylamino)-4-bydroxybutanoate: 

N-t-Boc-L-homoserine (5.14 g, 23.45 mmol) and potassium bicarbonate (2.46g, 24.6 mmol) was 

weighed out in a round bottom flask and to it was added anhydrous N,N-dimethylfonnamide 

(100 mL) and benzyl bromide (4.2 g, 24.6 mmol). The mixture was stirred at room temperature 

for 18 hours. The crude mixture was then diluted with ethyl acetate and washed, respectively, 

with brine, saturated NaHC03 and brine, and dried over Na2S04. The organic layer was then 

concentrated down on rotovap and purified on normal phase column chromatography. Yield:::; 

7.27 g (100%). 

(S)-benzyl4-(benzo(d](l,3]ditbiol-2-yloxy)-2-(tert-butoxycarbonyl amino) butanoate: 

(S)-Benzyl2-(tert-butoxycarbonylamino)-4-hydroxybutanoate (5.76 g, 18.62 mmol) and 1,3-

benzodithiol-2-ylium tetrafluoroborate (4.69 g, 19.55 mmol) were dissolved in dichloromethane 

(186 mL) and pyridine (4.42 g, 55.86 mmol) was added at room temperature. The mixture was 

stirred overnight. Upon completion ofthe reaction, it was quenched with triethylamine (11.5 g, 

113.5 mmol) and diluted with dichloromethane. The organic layer was then washed with 

saturated NaHC03 and brine. The organic layer was dried over MgS04 and concentrated down 

in vacuo. The residue was then purified on normal phase column to obtain a clear oil. 7.6 g 

(88%). 

(S)-Benzyl 2-(tert-butoxycarbonylamino )-4-( difluoromethoxy)butanoate: 

N-lodosuccinimide (783 mg, 3.48 mmol) was suspended in anhydrous dichloromethane (10 mL) 

and at -35°C was slowly added HF.pyridine (70% HF)(50 J.ll, 1.91 mmol) and the mixture was 

stirred for 5 - 10 min. At this temperature was then dropwise added a solution of (S)-benzyl 4-

(benzo[d][1,3]dithiol-2-yloxy)-2-(tert-butoxycarbonyl amino) butanoate (400 mg, 0.87 mmol) in 

dichloromethane (3 mL). The reaction content was then stirred for 1 hour at- 35°C and 1 hour at 

room temperature. 

To the reaction mixture was added ice-cold saturated NaHC03 and extracted with 

dichloromethane. The organic layer was washed with a saturated solution of sodium thiosulfate 

and washed with brine and dried over sodium sulfate. The volatiles were removed in vacuo and 

the residue was purified on normal phase column. 161 mg (52%). 

(S)-benzy12-amino-4-(difluoromethoxy)butanoate: 

(S)-benzyl 2-(tert-butoxycarbonylamino)-4-(difluoromethoxy)butanoate (161 mg, 0.448 mmol) 

was stirred in 30% TFA in dichloromethane (5 mL) for 1h. The resulting mixture was 

concentrated down on rotovap and redissolved and concentrated down with toluene three times, 
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and finally the residue was dried on high vacuum pump. The desired product was used as-is in 

the next step. 

(S)-benzyl 4-( difluoromethoxy)-2-(methoxycarbonylamino )butanoate: 

(S)-Benzyl2-amino-4-(difluoromethoxy)butanoate (116 mg, 0.448 mmol) was dissolved in 

anhydrous dichloromethane (2.5 mL) and cooled down to ooc and TEA (181 mg, 1.79 mmol) 

and methylchloroformate (51 mg, 0.538 mmol) were added respectively. The mixture was 

stirred for 30 minutes and then it was stirred at room temperature overnight. The resulting 

product mixture was quenched with saturated NaHC03 and extracted with dichloromethane. The 

organic layer was washed with saturated NH4Cl solution and brine and dried over Na2S04. The 

volatiles were removed in vacuo to afford 56 mg (40%) of desired product after column 

purification. 

(S)-4-(Difluoromethoxy )-2-(methoxycarbonylamino) butanoic acid: 

(S)-Benzyl4-(difluoromethoxy)-2-(methoxycarbonylamino)butanoate (56 mg, 0.176 mmol) was 

dissolved in ethyl alcohol (3.5 mL) and under Argon charged with 10% Pd/C (19 mg). The flask 

was sealed with a rubber septa and the air atmosphere was replaced with H2 from a balloon by 

applying vacuum and then releasing H2 and repeating this three times. The mixture was stirred 

for 4 hours at room temperature. Upon completion, the crude mixture was passed through a Elite 

plug, concentrated down on rotovap and used as-is in the next step. 40 mg (100%). 

(S)-1-( (S )-6-(5-( 6-( 4-(2-( (1R,3S,4S)-2-( (S)-4-( difluoromethoxy )-2-

( methoxycarbony lamino )butanoyl)-2-azabicyclo(2.2.1 ]heptan-3-yl)-1 H-imidazol-5-

yl)phenyl)naphthalen-2-yl)-1 H -imidazol-2-yl)-5-azaspiro (2.4] heptan-5-yl)-3-methyl-1-

oxobutan-2-ylcarbamic acid methyl ester: 

Methyl (S)-1-((S)-6-(5-(6-( 4-(2-((1 R,3S,4S)-2-azabicyclo(2.2.1 ]heptan-3-yl)-1 H-imidazol-5-

yl)phenyl)naphthalen-2-yl)-1 H-imidazol-2-yl)-5-azaspiro[2.4 ]heptan-5-yl)-3-methyl-1-

oxobutan-2-ylcarbamate tetrahydrochloride (66 mg, 0.096 mmol), (S)-4-(difluoromethoxy)-2-

(methoxycarbonylamino) butanoic acid (20 mg, 0.088 mmol), N-(3-dimethylaminopropyl)-N'

ethylcarbodiimide hydrochloride (24 mg, and hydroxybenzotriazole hydrate (HOBt)( 17 mg, 

0.125 mmol) were all weighed out in a flask and anhydrous N,N-dimethylformamide (1 mL) 

was added. The mixture was cooled down in an ice bath to 0°C and N-methylmorpholine 

(NMM)(58 mg, 0.576 mmol) was added from a syringe to the mixture. The reaction content was 

stirred for 4 hours at room temperature. The resulting mixture was then directly purified on 

reverse phase prep. HPLC. 37 mg, (43%). 1H-NMR: 400 MHz, (CD30D) o 8.08 (s, 1H), 8.01 (d, 
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J= 16Hz, 1H), 7.86-7.66 (m, 10H), 7.38 (s, 1H), 7.27 (s, 1H), 7.03 (d, J= 8.4 Hz, 1H), 6.58 (t, 

J=75.6Hz, IH),5.32(t,J=7.2Hz, 1H),4.70(s, 1H),6.66-6.25(m, 1H),4.51 (s, 1H),4.14(m, 

1H), 3.98-3.78 (m, 4H), 3.63 (s, 6H), 3.50-3.46 (m, 1H), 2.70 (brs, 1H), 2.39-1.78 (m, 7H), 

1. 71 - 1.40 (m, 2H), 0.99- 0.90 (m, 5H), 0.82- 0.60 (m, 4H). MS (ESI) mlz 894.16 [M + Ht. 

Example GJ 

EDC.HCI, HOBI 
NMM,DMF 

D"C lort, 4h 

~~~-b ~ - ~HPJ L 
N ~ b ~ -?-{__,.. 
H - N rf/\ 0 

HCI HCI HC1 HC1 HN-f 

melhy1 (S}-1-((1R,3S,4S)-3-(~4-(&{2-((S~spiro(2.4Jlaptar>-
6-yl)-1 H-imidaz<JI.S-yf)napl-.n-2-yt)phenyl)-1 H-imidaz<JI.2·W·2· 
azabicyclo(2.2.1)heptan-2-yt)-3-me1hyl-1-<»<obutan-2-ytcarbamate 

totr ahydroc:hloride 

o-

(S)-4-(difluoromethoxy)-1-((S)-6-(5-(6-(4-(2-((1R,3S,4S)-2-((S)-2-(methoxycarbonylamino)-

3-methylbutanoyl)-2-azabicyclo(2.2.1)heptan-3-yi)-1H-imidazol-5-yl)phenyl)naphthalen-2-

yi)-1H-imidazol-2-yl)-5-azaspiro[2.4]heptan-5-yl)-l-oxobutan-2-ylcarbamic acid methyl 

ester 

Title compound was prepared according to the method employed to prepare (S)-1-((S)-6-(5-(6-

(4-(2-((1R,3S,4S)-2-((S)-4-(difluoromethoxy)-2-(methoxycarbony1amino)butanoyl)-2-

azabicyclo[2.2.1 ]heptan-3-yl)-1 H-imidazol-5-yl)phenyl)naphthalen-2-yl)-1 H-imidazol-2-yl)-5-

azaspiro[2.4]heptan-5-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester. 1H-NMR: 400 

MHz, (CD30D) o 8.13 (s, 1H), 8.03 (m,1H), 7.91 -7.85 (m, 2H), 7.80-7.71 (m, 6H), 7.42 (s, 

IH), 7.31 (s, 1H), 6.97 (m, 1H), 6.56 (t, J= 76Hz, IH), 5.40-5.35 (m, 1H), 4.83 (m, IH), 4.71 

(s, IH), 4.56 (m, IH), 4.44-4.33 (m, 1H), 3.93 (brs, 2H), 3.82 (m, 2H), 3.76-3.66 (m, 5H), 

3.51-3.42 (m, 1H), 2.80-2.64 (m, IH), 2.32-2.25 (m, 1H), 2.17-2.12 (m, 2H), 2.07- 1.86 

(m, 5H), 1.73- 1.57 (m, 2H), 1.03-0.9 (m, 4H), 0.77-0.57 (m, 4H). MS (ESI) mlz 894.00 [M 

+Ht. 
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Example GK 

o'l 
0 

H 

Br~N h·)._ 
0 .N-(,0-

H 0 1) 

;ro. ,o:t 
methyl (S}-1-{(S)-8-{5-(~romophenyt)-1H- ,B-B, 

imidazol-2-yt)-1,4-0ioxa-7-azaspinl{4.4)nonan- 0 0 
7 -yt)-3-methyl-1-<!xobulan-2-ytcarbamate 

+ 

Br-o-{1?-o oy_ 
( S}-lert-bulyl 2-{5-( 4-bromophenyt)-1 H-imidazol-2· 

yl)pyrrolidine-1-cart>oxylate 

Pd(dppf)Ciz 
KOAc, 9D"C, 1811 

1,4-0ioxane 

2) Pd(PPh3l4 
2MKzC03 

OMSO. 1DD"C, 4h 

(S}-Ierl-butyi2-{5-(4'-{2-{(S}-7-{(S}-2-{melhoxycarbonytamlno)-3-
melhylbutanoyi)-1,4-0ioxa-7-azaspiro(4.4)1anan-8-yt)-1H-imidazol-!>

yt)biphenyt-4-yt)-1 H-imidazcl-2-yt)pyrrolidine-1-<:arboxylate 

o"' 
H 1-Lr\0 

30% TFA/DCM N~--{1----{?'i_ )._ 

(S)-tert-butyt2-(5-(4'-(2-((S)-7-((S')-2-(methoxyaut>onytamlno)-3-
rnelhytbulanoyl)-1,4-dioxa-7-azasplro{4.4Jnonan-8-yt)-1H-imldazo~S. 

yl)biphenyt-4-yi)-1H-Imldazol-2-yl)pyrrolldlne-1-carlloxylale 

)NH 

-y··~ 

rt.1h 'N~N o"\ O, 
H ,N-(, 

H 0 
methyl (S)-3-melh~ 1-<~xo-1-((S)-8-(S-(4'-(2-((S'H>Yrrolidin-2-

yt)-1 H-lmidazoi-S.yt)blphenyt-4-yt)-1 H-lmklazol-2-yt)-1,4-
dioxa-7-azaspiro(4.4Jnonall-7-yt)bulan-2-ylcart)amate 

'o 0b 
O.)...NH Hyc{ 

L nO N~N- N \._ 
'·('lf.-~1 ~-( -HA-TU-. 01-PEA---- N H ~ N O .N-(_O-

DMF.~ H 0 

(S)-Tert-butyl 2-(5-( 4' -(2-((S)-7 -((S)-2-(methoxycarbonylamino )-3-metbylbutanoyl)-1 ,4-

dioxa-7 -azaspiro[ 4.4] nonan-8-yl)-1 H-imidazol-5-yl)biphenyl-4-yl)-1 H-imidazol-2-

yl)pyrrolidine-1-carboxylate: 

Title compound was prepared according to the method employed to prepare (S)-1-((S)-6-(5-(6-

( 4-(2-((S)-7 -((S)-2-(methoxycarbonylamino )-3-methylbutanoyl)-1 ,4-dioxa-7-

azaspiro[ 4.4]nonan-8-yl)-1 H -imidazol-5-yl)phenyl)naphthalen-2-yl )-1 H-imidazol-2-yl)-5-

azaspiro[2.4]heptan-5-yl)-3-methyl-1-oxobutan-2-yl-carbamic acid methyl ester, except instead 

of methyl (S)-1-((S)-6-(5-(6-bromonaphthalen-2-yl)-1 H-imidazol-2-yl)-5-azaspiro[2.4 ]heptan-5-

yl)-3-methyl-1-oxobutan-2-ylcarbamate and methyl (S)-1-((S)-8-(5-( 4-bromophenyl)-1 H

imidazol-2-yl)-1 ,4-dioxa-7-azaspiro[4.4 ]nonan-7-yl)-3-methyl-1-oxobutan-2-ylcarbamate, 

methyl (S)-1-((S)-8-(5-( 4-bromophenyl)-1 H-imidazol-2-yl)-1 ,4-dioxa-7-azaspiro[4.4]nonan-7-

yl)-3-methyl-1-oxobutan-2-ylcarbamate (600 mg, 1.182 mmol) and (S)-tert-butyl 2-(5-( 4-
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bromophenyl)-1 H-imidazol-2-yl)pyrrolidine-1-carboxylate (51 0 mg, 1.3 mmol). The amount for 

all the other reagents were adjusted accordingly. 489 mg (56%). 

Methyl (S)-3-metbyl-1-oxo-1-((S)-8-(S-(4'-(2-((S)-pyrrolidin-2-yl)-1H-imidazol-5-

yl)biphenyl-4-yl)-1 H-imidazol-2-yl)-1 ,4-dioxa-7 -azaspiro[4.4]nonan-7 -yl)butan-2-

ylcarbamate: 

Title compound was prepared according to the method employed to prepare (S)-benzyl 2-amino-

4-(difluoromethoxy)butanoate, except it was freebased as follows: The volatiles were removed 

and the residue was taken up in EtOAc and washed with water to get the desired product in 

aqueous layer. The organic layer was again washed with some more water and the aqueous 

layers were combined and basified with 50% NaOH solution to adjust the pH to 9. The desired 

product was then back-extracted into EtOAc layer and the aqueous layer was extracted three 

times with EtOAc. The organic phase was dried over Na2S04 and concentrated down on rotovap 

to afford 290 mg (69%) of desired compound as free base. 

(S)-1-((S)-2-(5-( 4' -(2-((S)-7 -( (S)-2-(methoxycarbonylamino )-3-methylbutanoyl)-1 ,4-dioxa-7-

azaspiro[4.4] nonan-8-yl)-1 H-imidazol-5-yl)biphenyl-4-yl)-1 H-imidazol-2-yl)pyrrolidin-1-

yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester: 

Title compound was prepared according to the method employed to preparel-{2-[5-(9-{2-[1-(2-

Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}-6-methyl-6,7-

dihydro-SH-dibenzo[ c,e ]azepin-3-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl

propyl)-carbamic acid methyl ester. 1H-NMR: 400 MHz, (CD30D) o 7.80 (d, J= 8.0 Hz, 1H), 

7.74-7.70 (m, 4H), 7.66-7.62 (m, SH), 7.36-7.31 (m, 2H), 7.02 (t, J=7.6 Hz, 1H), 5.24 (m, 

2H), 4.25 (d, J= 7.2 Hz, lH), 4.17 (d, J= 1.6 Hz, lH), 4.11-3.85 (m, 8H), 3.66 (s, 5H), 3.50-

3.45 (m, 1 H), 2.56- 2.44 (m, 2H), 2.36- 2.17 (m, 3H), 2.09- 1.99 (m, 3H), 1.01 - 0.86 (m, 

12H). MS (ESI) mlz 797.84 [M + Ht. 
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Example GL 

o'l 
H H_ ('\0 

if,N~:-ifi ).._ 
'N~N o'\ 0-H .N\f 

H 0 

me1hyt ( S»-fniMilyl-1-oxo-1-{(SHI-(~4·-{2-{(SH>yiTOiidin-2-yl)-1 H
imidazof.6.yl)biphanyr.l-yt)-1H-imidazol-2-yl)-1.4-dioxa-7-

azasplrc(4.4)nonan-7-yt)bulan-2-ylcatbama!a 

HATU.OIPEA 
OMF.n 

(~dlfluorome1hoxy)-1-{(S)-2·(~4'-(2-((S)-7-{(S)-2-
(methoxycartlonylamino)-3-melhylbu1anoyl)-1.4-dioxa-7 • 

azasplrc(4.4)'lona~yl)-1 H-imidazol->yl)biphenyl-4-yl)-1 H-<midazol-2· 
yl)pyrrolidin-1-yl)-1-<>xobufan.2-ylcarbamlc acid me1hyl ester 

(S)-4-( difluoromethoxy)-1-( (S)-2-(5-( 4' -(2-((S)-7 -( (S)-2-( metboxycarbonylamino )-3-

metbylbutanoyl)-1 ,4-dioxa-7-azaspiro[ 4.4] nonan-8-yi)-1H-imidazol-5-yl)bipbenyl-4-yl)-1 H

imidazol-2-yl)pyrrolidin-1-yl)-1-oxobutan-2-ylcarbamic acid methyl ester: 

Title compound was prepared according to the method employed to preparel-{2-[5-(9-{2-[l-(2-

Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}-6-methyl-6,7-

dihydro-5H-dibenzo[ c,e ]azepin-3-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl

propyl)-carbamic acid methyl ester. 
1H-NMR: 400 MHz, (CD30D) o 7.69 (d, J= 8.0 Hz, I H), 7.61 -7.57 (m, 4H), 7.56-7.52 (m, 

5H), 7.28-7.24 (m, 2H), 6.46 (t, J=7.6 Hz, 1H), 5.14 (m, 2H), 4.62 (m, lH), 4.24(m, llH), 3.64 

(s, 5H), 2.54-2.43 (m, 2H), 2.36- 1.81 (m, 8H), 099-0.84 {m, 6H). MS (ESI) m/z 849.76 [M 

+Ht. 

Example GM 

HATU,OIPEA 
DMF,n 
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(S)-2-( (S)-2-(5-( 41 -(2-((S)-7 -( (S)-2-(Methoxycarbonylamino )-3-methylbutanoyl)-1 ,4-dioxa-

7 -azaspiro [ 4.4] nonan-8-yl)-1 H -imidazol-5-y l)bipbeny 1-4-yl)-1 H -imidazol-2-y l)pyrrolidin-1-

yl)-2-oxo-l-(tetrabydro-2H-pyran-4-yl)ethylcarbamic acid methyl ester: 

Title compound was prepared according to the method employed to prepare1-{2-[5-(9-{2-[1-{2-

Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H -imidazol-4-yl} -6-methyl-6, 7-

dihydro-5H-dibenzo[ c,e ]azepin-3-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl

propyl)-carbamic acid methyl ester. 1H-NMR: 400 MHz, (CD30D) o 7.68 {d, J= 8.0 Hz, 1H), 

7.63-7.50 (m, 8H), 7.25-7.19 {m, 2H), 5.13-5.05 {m, 2H), 4.22 (d, J= 8.4 Hz, 1H), 4.07 {d, 

J= 7.2 Hz, 1H), 4.01-3.80 (m, 10H), 3.56 (s, 5H), 3.36 (s, 1H), 3.29-3.18 (m, 3H), 2.46-2.34 

(m, 2H), 2.27- 2.07 (m, 3H), 1.99- 1.87 (m, 4H), 1.54- 1.19 (m, 5H), 0.85- 0. 76 (m, 6H). MS 

(ESI) mlz 839.84 [M + Ht. 

methyl ( S)-1-(( sra-{5-{4-bnlmophenyl)-1 H
lmidazol-2-yl)-1,4-dioxa-7 -azaspiro(4.4 )nonan-

7 -yl)-3-methyl-1-oxobutan-2-ylcarbamate 

+ 

methyl (S)-1-((S)-8-(5-{4-bromophenyi)-1H
imidazol-2-yl)-1,4-dioxa-7 -azaspiro(4 .4 Jnonan-

7 -yl)-3-methyl-1-oxobutan-2-ylcarbamate 

Example GN 

1) 

9:0. ,0~ B-B 
c5 'o 

Pd(dppf)Ciz 
KOAc, 90'C, 18h 

1,4-0ioxane 

2) Pd(PPh3)4 
2MK~O, 

OMSO, 100'C, 4h 

'o o~ 
O~NH H¥{ 

I N N N 0/ I 0-

l /p N)-0-0--{-N N \._ -......, ... · '1f. ~ ~ ,; ~ ,; ~ I L ..-' 
H H H·N\( 

0 0 
L.._,O 

(S)-1-{( sra-{5-{4'-{2-(( S)-7 -(( S)-2-(melhoxycartonylamino)-3-
methy1butanoyl)-1,4-dioxa-7-azaspiro(4.4]nonan-8-yi)-1H-imidazol-!>
yl)biphenyl-4-yi)-1H-imidazol-2-y1)-1,4-<lioxa-7-azaspiro(4.4]nonan-7-

yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester 

(S)-1-((S)-8-(5-( 41 -(2-((S)-7 -( (S)-2-(methoxycarbonylamino )-3-methylbutanoyl)-1 ,4-dioxa-7-

azaspiro[ 4.4 ]nonan-8-yl)-1 H-imidazol-5-yl)biphenyl-4-yi)-1H-imidazol-2-yl)-1 ,4-dioxa-7-

azaspiro[4.4]nonan-7-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester: 

Title compound was prepared according to the method employed to prepare (S)-tert-butyl2-(5-

( 4'-(2-((S)-7-((S)-2-(methoxycarbonylamino )-3-methylbutanoyl)-1 ,4-dioxa-7-

azaspiro[ 4.4]nonan-8-yl)-1 H-imidazol-5-yl)biphenyl-4-yl)-1 H-imidazol-2-yl)pyrrolidine-1-

carboxylate. 1H-NMR: 400 MHz, (CD30D) o 7.78 (d, J= 8.0 Hz, lH), 7.71 -7.69 (m, 4H), 7.65 

-7.61 (m, 5H), 5.23 (t, J= 8.4 Hz, 2H), 4.17 (d, J= 7.6 Hz, 1H), 4.10 (m, 14H), 3.65 (s, 5H), 
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3.46 (s, 1H), 2.65 (s, 1H), 2.55-2.44 (m, 4H), 2.04- 1.96 (m, 2H), 1.00 (d, J= 6.8 Hz, 1 H), 

0.95- 0.85 (m, 12H). MS (ESI) mlz 855.80 [M + Ht. 

Example GO 

(S).4-(difluoromethoxy~2-
(rnelhoxycarbonytamino) 

butanoic acid EDC.HCI. HOB1 
NMM.DMF 

O"C tort. 4h 

melhyt (S)-3-melhy1-1-oxo-1-((S}&-(S.(I>-(4-(2-((S}pyrrofodin-2-y!}-
1H-Imldazoi-S.yl)pheny1)naphthale,...2-~1H-lmidazol-2-y1~5-

azaspiro(2.4)heptan-5-yl)bula,...2-ylcarbamate tetrahydrochloride 

(S)-1-((S)-6-(5-(6-(4-(2-((S)-1-((S)-4-(Difluoromethoxy)-2-

( methoxycarbonylamino )butanoyl)pyrrolidin-2-yl)-1 H-imidazol-5-yl)phenyl)naphthalen-2-

yl)-1 H-imidazol-2-yl)-5-azaspiro[2.4]heptan-5-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid 

methyl ester: 

Title compound was prepared according to the method employed to prepare (S)-1-((S)-6-(5-(6-

( 4-(2-( ( 1 R,3 S,4S)-2-((S )-4-( difluoromethoxy)-2-( methoxycarbony I amino )butanoyl)-2-

azabicyclo[2.2.1 ]heptan-3-yl)-1 H-imidazol-5-yl)phenyl)naphthalen-2-yl)-1 H-imidazol-2-yl)-5-

azaspiro[2.4]heptan-5-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester. 1H-NMR: 400 

MHz, (C0300) o 8.00-7.98 (m, 1H), 7.91 -7.84 (m, 1H), 7.78-7.55 (m, 8H), 7.37-7.20 (m, 

2H),6.49(t,J=75.6Hz, 1H),5.25-5.20(m, 1H),5.14(m, 1H),4.57(m, 1H),4.12-4.01 (m, 

1 H), 3.89- 3.81 (m, 4H), 3. 75 - 3.66 (m, 1 H), 3.58 (s, 5H), 3.42- 3.39 (m, 1 H), 2.33 - 1. 77 (m, 

9H), 0.94-0.83 (m, 6H), 0.72-0.52 (m, 4H). MS (ESI) mlz 867.86 (M + Ht. 
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-:~Br 
methyl4-

bromobicyclo[2.2.2]oct 
ane-1-carboxylate 

Example GP and GQ 

AICI3 
bromobenzene 

0°C, 30 min 
then rt, 18h 

PCT /US201 0/034600 

-:PUO-Br 
methyl4-(4-

bromophenyl)bicyclo(2.2. 
2)octane-1-carboxylate 

+ 

-0~ 

rJUk( Br 
methyl 4-(3-

bromophenyl)bicyclo[2.2. 
2)octane-1-carboxylate 

Mixture of methy14-(4-bromophenyl)bicyclo[2.2.2]octane-1-carboxylate and methyl 4-(3-

bromophenyl)bicyclo[2.2.2]octane-1-carboxylate: 

A solution ofmethyl4-bromobicyclo[2.2.2]octane-1-carboxylate (1 g, 4.05 mmol) in anhydrous 

bromobenzene (6.75 mL) was added dropwise to an ice-water cooled suspension of aluminum 

chloride (2.16 g, 16.2 mmol) in bromobenzene (3.25 mL) under nitrogen. The resulting reaction 

mixture was allowed to stir in the ice bath for 30 min and then at ambient temperature overnight. 

The mixture was cautiously poured onto ice (1 00 g) and concentrated HCI (3.3 mL) and the 

mixture was extracted into ether (4 100 mL). The ether extracts were combined, washed with 

brine (100 mL), separated, and dried over MgS04 to leave a-brown solid. Purification by silica 

chromatography (5% ethyl acetate I hexane) gave a mixture of para- and meta substituted 

derivatives. (970 mg, 74%). (For a more detailed procedure see J. Med Chern., 2009, 52, 6, 

1563). 

-:P(fO-sr 
methyl4-(4-

bromophenyl)bicyclo[2.2. 
2)octane-1-carboxylate 

+ 

-o~ 

rJUk( Br 
methyl4-(3-

bromophenyl)bicyclo[2.2. 
2)octane-1-carboxylate 

2.5M LiOH 

786 

Ho,~ 

011\S~ Br 
4-(4-bromophenyl)bicyclo(2.2.2)octane-

1-carboxylic acid 

+ 

HO~ 

rJUk( Br 
4-(3-bromophenyl)bicyclo[2.2.2)octane-

1-carboxylic acid 
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Mixture of 4-(4-bromopbeoyl)bicyclo[2.2.2]octane-1-carboxylic acid and 4-(3-

bromopbenyl)bicyclo[2.2.2)octane-1-carboxylic acid: 

A mixture of the title compounds were prepared according to the method employed to prepare 

( 1-{ 3-Acetyl-5-[2-( 4-bromo-phenyl)-2-oxo-ethylcarbamoy1]-imidazolidine-1-carbonyl} -2-

methyl-propyl)-carbamic acid methyl ester; (638 mg, 94%) 

HO\.~ 
oii\.S V Br 

4-(4-brornophenyl)bicydo[2.2.2)oclane-
1-carboxylic acid 

+ 

HO~ 

0 Lj '=( 
Br 

4-(3-bromopheny1)bicydo(2.2.2)octane-
1-carboxylic acid 

1 . Oxalyl Chloride 
DMF (2 drops) 
6h, rt,DCM 

2. TMSCH2N2. Anh. DCM 
o·c. 15 min then rt 2 days 

3. HBr/AcOH 
EtOAc, o·c lhen rt, 1 h 

Brmo-Br 

2-bromo-1-(4-(4-bromophenyl)blcydo[2.2.2)octan-
1-yl)ethanone 

+ 

Br~ 

0 u '=( 
Br 

2-bromo-1-(4-{3-
bromophenyl)bicyclo(2.2 .2)octan-1-yl)ethanone 

Mixture of 2-bromo-1-( 4-( 4-bromophenyl)bicyclo[2.2.2)octao-1-yl)etbanooe and 2-bromo-

1-( 4-(3-bromopbenyl)bicyclo[2.2.2)octan-1-yl)etbanone: 

A mixture of the title compounds were prepared according to the method employed to prepare 2-

Bromo-1-{ 4-[3-(2-bromo-acetyl)-phenoxy ]-phenyl} -ethanone.(290 mg, 43%) 

Br~Br 

2-bromo-1-( 4-( 4-bromophenyl)bicydo[2.2.2)oclan-1-yl)ethanone 

+ 

Br~ 
0 u "=( 

Br 

TEA,ACN 

rt, 18h 

2-bromo-1-( 4-(3-bromophenyl)bicyclo[2.2.2]octan-1-yl)ethanone 

+ 

Boc 

~OH 
H 0 

(S}-1-(tert-butoxycarbonyl)pyrrolidine-2-carboxylic acid 

787 

Boc 

(}.{~sr 
H o oi!U "L-ff 

(S}-2-(2-(4-(4-bromophenyl)bicyclo[2.2.2]octan-
1-yl)-2-oxoethyl) 1-tert-butyl pyrrolidine-1,2-

dicarboxylate 

+ 
Boc 

IN\.._..P~ 
l._J\H \b 0 U "=( 

Br 

(S)-2-(2-(4-(3-bromopheny1)bicyclo[2.2.2)octan-
1-yl)-2-oxoethyl) 1-tert-butyl pyrrolidine-1,2-

dicarboxylate 
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Mixture of (S)-2-(2-(4-( 4-bromopbenyl)bicyclo[2.2.2)octan-1-yl)-2-oxoetbyl) 1-tert-butyl 

pyrrolidine-1,2-dicarboxylate and (S)-2-(2-( 4-(3-bromopbenyl)bicyclo[2.2.2 ]octan-1-yl)-2-

oxoetbyl) 1-tert-butyl pyrrolidine-1 ,2-dicarboxylate: 

A mixture of the title compounds were prepared according to the method employed to prepare 2-

Aza-bicyclo[2.2.1 ]heptane-2,3-dicarboxylic acid 3-(2-{9-[2-(1-tert-butoxycarbonyl-pyrrolidine-

2-carbonyloxy)-acetyl]-5, 7-dihydro-dibenzo[ c,e ]oxepin-3-yl} -2-oxo-ethyl) ester 2-tert-butyl 

ester. (365 mg, 94%). 

Boc 

6.-i~~Br 
H ooru-~ 

(S)-2-(2-(4-(4-bromophenyl)bicyclo[2.2.2)octan-
1-yl)-2-oxoethyl) 1-tert-butyl pyrrolidine-1 ,2-

dicarboxylate 

+ 
Boc 

rN,_p~ 
l.J\H \.b 0 U '=( 

Br 

( S)-2-(2-( 4-(3-bromophenyl)bicydo[2 .2. 2]octan-
1-yl)-2-oxoethyl) 1-tert-butyl pyrrolidine-1,2-

dlcarboxylate 

Toluene, reflux 
18h 

BocN_)_}S(fO-sr 

\_J"H H 
(S)-tert-butyl2-(5-(4-(4-

bromophenyl)bicyclo[2.2 .2)octan-1-yl)-1 H
imidazol-2-yl)pyrrolidine-1-carboxylate 

+ 

(S)-tert-butyl 2-(5-(4-(3-
bromophenyl)blcydo[2.2.2)octan-1-yl)-1 H

imidazol-2-yl)pyrrolidine-1-carboxylate 

Mixture of (S)-tert-buty12-(5-(4-(4-bromopbenyl)bicyclo[2.2.2)octan-1-yl)-1H-imidazol-2-

yl)pyrrolidine-1-carboxylate and (S)-tert-butyl 2-(5-( 4-(3-bromopbenyl)bicyclo[2.2.2)octan-

1-yl)-1 H-imidazol-2-yl)pyrrolidine-1-carboxylate: 

A mixture of the title compounds were prepared according to the method employed to prepare 

methyl (S)-1-((S)-6-(5-( 4-bromophenyl)-1 H-imidazol-2-yl)-5-azaspiro[2.4 ]heptan-5-yl)-3-

methyl-1-oxobutan-2-ylcarbamate. (298 mg, 85%). 
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B~N_J-YCfO-sr 
\._j'HH 

(S)-Iert-butyl 2-(5-(4-(4-
bromophenyl)bicyclo(2.2.2)octan-1-yl)-1 H

imidazol-2-yl)pyrrolidine-1-<:arboxylete 

+ 

. ~~~ 
N~ 'Y\_S "=={ 

Boclf.NH Br 
(S)-Iert-butyl 2-(5-(4-{3-

bromophenyl)bicyclo(2.2.2)octan-1-yl)-1 H
lmldazol-2-yl)pyrrolidine-1-carboxylate 

+ 

~ O.Boc 
Br~V" 

(S)-tert-butyl 2-(5-bromo-1 H-imidazol-
2-yl)pyrrolidine-1-carboxylate 

1) 

0. ,o:(? B-B 
d 'o 

Pd(dppf)Ciz 
KOAc, eo·c. 1Bh 

1,4-Dioxane 

2) Pd(PPh:s)4 
2MK~03 

DMSO, 1oo•c. 4h 

PCT /US201 0/034600 

''L:t~-R'"' 
\._j'HH 

(S)-Iert-butyi2-(5-(4-(4-(2-((S)-1-{Iert
butoxycarbonyl)pyrrolidin-2-yl)-1 H-imidazol-

5-yl)bicyclo(2.2.2)octan-1-yl)phenyl)-1 H
imidazol-2-yl)pyrrolidine-1-carboxylate 

+ 

N~ 
BocN_/;NH '--' (-~H 
VH Nw 

B~ 
( S)-lerl-butyl 2-( 5-(3-(4-{2-(( S)-1-(lerl

butoxycarbonyl)pyrrolidin-2-yl)-1 H-imidazol-
5-yl)bicyclo(2.2.2)octan-1-yl)phenyi}-1H
imidazol-2 -yl )pyrrolidine-1-carboxylate 

Mixture of (S)-tert-butyl 2-(5-( 4-( 4-(2-((S)-l-(tert-butoxycarbooyl)pyrrolidio-2-yl)-lH

imidazol-5-yl)bicyclo(2.2.2)octao-l-yl)pbenyl)-l H-imidazol-2-yl)pyrrolidioe-1-carboxylate 

and (S)-tert-butyl 2-(5-(3-( 4-(2-((S)-1-(tert-butoxycarbonyl)pyrrolidio-2-yi)-1H-imidazol-5-

yl)bicyclo [2.2.2 )octao-l-yl)pbeoyl)-1 H-imidazol-2-yl)pyrrolidioe-1-carboxylate 

A mixture of the title compounds were prepared according to the method employed to prepare 

(S)-tert-butyl 2-(5-( 4'-(2-((S)-7 -((S)-2-(methoxycarbonylamino )-3-methylbutanoyl)-1 ,4-dioxa-7-

azaspiro[ 4.4 ]nonan-8-yl)-1 H-imidazol-5-yl)biphenyl-4-yl)-1 H-imidazol-2-yl)pyrrolidine-1-

carboxylate. (287 mg, 73%). 

HR. N - N Boc 

~NJ..~~H 
\_J'HH 

(S)-tert.outyi2-{~4-{4-(2-{(S)-1-{tert-buloxycartlonyt)pyrrolidin-2-yl)-
1 H-lmldazoi-S-yl)bicydo{2 .2.2Joclar>-1..yl)phenyl)-1 H-imidazol-2-

yl)pym>Udlne-1-<:arboxylate 

4N HCVDioxane 

THF 

789 

~ (1H 
~_)_~~" 

\_J'H HCI HCI HCI HCI 

2-{(S)-pyrrolidln-2..yi~4-(4-(2-{(S)-pyrrolidin-
2-yl)-1 H-lmidazoi-S-yl)bicydo(2.2.2JOdar>-1-
yl)phenyl)-1 H-imidazole letrahydrochlolide 
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Mixture of 2-( (S)-pyrrolidio-2-yi)-S-( 4-( 4-(2-((S)-pyrrolidio-2-yl)-1 H-imidazoi-S

yl)bicyclo(2.2.2]octao-1-yl)pheoyi)-1H-imidazole tetrabydrochloride and 2-((S)-pyrrolidio-

2-yi)-S-(3-(4-(2-((S)-pyrrolidio-2-yi)-1H-imidazoi-S-yl)bicyclo[2.2.2]octan-1-yl)pbeoyi)-1H

imidazole tetrabydrocbloride 

A mixture of the title compounds were prepared according to the method employed to prepare 

(S)-benzyl 4-oxopyrrolidine-2-carboxylate hydrochloride. 

H 0 
_...OI(N00H 

0 ./'-..... 

(S}-2-(methoxycarbonytamlno)-
3-methy1butanalc acid 

H (1H 
~J~rt" 

\._J'"H H HCI HCI HCI HCI 

2-((S}-pynolidin-2-yi)-5-(4-(4-(2-((S)-pyrrolldln-2-yl)-1 H-lmidazof.S
yl)blcyclo(2.2.2)oclan-1-yl)phenyl)-1 H-imidazole tetrahydroc:hlorlde 

~~0 
HCI HCI HCI HCI ~ 

2-((S)-pyrrolidin-2-yi)-5-(3-(4-(2-((S)-pyrrolidin-2-yl)-1 H-<midazof.5-
yl)blc:ydo(2.2.2)oclan-1-yl)phenyl)-1 H-lmldazole lelrahydroch!oride 

-o R '-
0)-NH H N f ?-

).._ /p N~N~ ff'w~ ,-·y.ru'V ~~ H 0 H 0 

(S}-1-((S}-2-(5-(4-(4-(2-((S}-1-((S}-2-(methoxycaJbonylmlno)-3-
melhytbutanoyt)pynolldin-2·yl)-1 H-lmldazof.S

yl)phenyl)blcyda(2.2.2)oclao-1·y1)-1 H-imidazof.2-yl)pynolidin-1-yl)-3-
rne1hyl-1-oxobutan-2-y1ca1lamic acid me1hyl ester 

EOC.HCI, HOBI 
NMM,OMF 

ere tort. 4h 

(S}-1-((S}-2-(5-(~(3-(2-((S}-1-((S}-2-
(methoxycar11onylamino)-3-mell1ylllutanoyQpyrrofldin-
2-yl)-1 H-lmldazof.5-yl)phenyl)blqclo(2.2.2)oclan-1-yl)-
1 H-imidazof.2-yl)pynolidin-1-yl)-3-melhyt-1-oxobutan-

2-ylcarbemic acid melhyl ester 

(S)-1-( (S)-2-(5-( 4-( 4-(2-( (S)-1-((S)-2-( metboxycarbonylamino )-3-

metbylbutaooyl)pyrrolidio-2-yi)-1H-imidazol-S-yl)pbeoyl)bicyclo(2.2.2]octao-1-yi)-1H

imidazol-2-yl)pyrrolidio-1-yl)-3-methyl-1-oxobutao-2-ylcarbamic acid methyl ester: 

Title compound was prepared according to the method employed to prepare (S)-1-((S)-6-(5-(6-

( 4-(2-( ( 1 R,3S,4S)-2-((S)-4-( difluoromethoxy )-2-(methoxycarbonylamino )butanoyl)-2-

azabicyclo[2.2.1 ]heptan-3-yl)-1 H-imidazol-5-yl)phenyl)naphthalen-2-yl)-1 H-imidazol-2-yl)-5-

azaspiro[2.4]heptan-5-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester and separated 

from (S)-1-((S)-2-(5-( 4-(3-(2-((S)-1-((S)-2-(methoxycarbonylamino )-3-

methylbutanoyl)pyrrolidin-2-yl)-1 H-imidazol-5-yl)phenyl)bicyclo[2.2.2]octan-1-yl)-1 H

imidazol-2-yl)pyrrolidin-1-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester by prep 

HPLC. (41 mg, 23%) 1H-NMR: 400 MHz, (CD30D) 6 7.63 (d, J= 8Hz, 1H), 7.55 (d, J= 8.4 Hz, 

2H), 7.42(s, 1H), 7.34(d,J=8.4Hz,2H), 7.20(s, 1H), 7.01-6.95(m, 1H),5.17-5.11 (m, 

2H), 4.24-4.19 (m, 2H), 4.00- 3.96 (m, 2H), 3.88- 3.81 (m, 2H), 3.64 (s, 5H), 3.54- 3.48 (m, 

lH), 2.34-1.96 (m, 10H), 1.91 (brs, 12H), 1.01-0.88 (m, 12H). MS (ESI) mlz 712.56 (M + 

Ht. 
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(S)-1-((S)-2-(5-(4-(3-(2-((S)-1-((S)-2-(metboxycarbonylamino)-3-

methylbutanoyl)pyrrolidin-2-yl)-1 H-imidazol-5-yl)pbenyl)bicyclo[2.2.2]octan-1-yl)-1 H

imidazol-2-yl)pyrrolidin-1-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester: 

Title compound was prepared according to the method employed to prepare (S)-l-((S)-6-(5-(6-

( 4-(2-(( 1 R,3 S,4S)-2-( (S)-4-( difluoromethoxy )-2-(methoxycarbonylarnino )butanoyl)-2-

azabicyclo[2.2.1 ]heptan-3-yl)-1 H-imidazol-5-yl)phenyl)naphthalen-2-yl)-1 H-imidazol-2-yl)-5-

azaspiro[2.4]heptan-5-yl)-3-methyl-1-oxobutan-2-ylcarbarnic acid methyl ester and separated 

from (S)-1-((S)-2-(5-( 4-( 4-(2-((S)-1-((S)-2-(methoxycarbonylarnino )-3-

methylbutanoyl)pyrrolidin-2-yl)-1 H-imidazol-5-yl)phenyl)bicyclo[2.2.2]octan-1-yl)-1 H

imidazol-2-yl)pyrrolidin-1-yl)-3-methyl-1-oxobutan-2-ylcarbarnic acid methyl ester by prep 

HPLC. (54 mg, 30%). 1H-NMR: 400 MHz, (CD30D) () 7.66 (s, 1H), 7.43 (d, J= 8Hz, 2H), 7.28 

-7.21 (m, 3H), 7.01-6.95 (m, 1H), 5.17-5.11 (m, 2H), 4.25-4.20 (m, 2H), 3.99-3.94 (m, 

2H), 3.89-3.81 (m, 2H), 3.64 (s, SH), 3.57-3.45 (m, 1H), 2.34- 1.88 (m, 22H), 1.02-0.89 

(m, 12H). MS (ESI) mlz 772.96 [M + Ht. 

melhyl (S)-3-<nelhyl-1-o..,.1-((S)-2-(f>-(&-(4-(2-((2S.5R)-5-
phenylpyrrolldln-2·yl)-1 H-lmidazol-5-yl)phenyt)naphlhalen-2·yl)-1 H· 
lmldazo1·2·yl)pyrrolidin-1·yl)bulan-2·ylcabamala letrahydrochlor1de 

Example GR 

HO 

f--( 
0 HN--(.0-

0 

EDC.HCI. HOB! 
NMM.DMF 

O"C Iori. 4h 

0 

'o..JlN.H 

')···yoN~-t!y£{···0 
,.-N,..)!_ ~ - - N N 
Vu~ ~/i ~ ~I .L.-·' 

H H N o'l 0 
N--(. -

H 0 

(S)-1-((S)-2-(5-(6-(4-(2-((2S.5R)-1-((S)-2· 
(methoxycart>onytamlno)propanoyl)-5-phenylpyrrolldlr~-2·yt}-1 H

lmidazol-5-yl)phenyt)naphlhaloo-2·yt}-1 H-imidazol-2-yl)pym>lldin-
1-yl)-3-melhyl-1 -oxobulan-2-ylcalt>amlc acid methyl ester 

(S)-1-((S)-2-(5-(6-( 4-(2-( (2S,5R)-1-( (S)-2-(metboxycarbonylamino )propanoyl)-5-

phenylpyrrolidin-2-yi)-1H-imidazol-5-yl)phenyl)naphthalen-2-yl)-1H-imidazol-2-

yl)pyrrolidin-1-yl)-3-metbyl-1-oxobutan-2-ylcarbamic acid methyl ester 

Title compound was prepared according to the method employed to prepare (S)-1-((S)-6-(5-(6-

( 4-(2-( (I R,3 S,4S)-2-( (S)-4-( difluoromethoxy )-2-(methoxycarbonylarnino )butanoy l)-2-

azabicyclo[2.2.l ]heptan-3-yl)-1 H-imidazol-5-yl)phenyl)naphthalen-2-yl)-1 H-imidazol-2-yl)-5-

azaspiro[2.4]heptan-5-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester. 
1H-NMR: 400 MHz, (CD30D) () 8.13 (s, 1H), 8.08 (s, I H), 7.94-7.77 (m, 8H), 7.50-7.42 (m, 

3H), 7.36-7.25 (m, 2H), 7.17-6.99 (m, 2H), 5.49-5.36 (m, 2H), 5.23 (d, J= 5.2 Hz, lH), 

4.27-4.21 {m, 2H), 4.04-3.99 {m, IHN, 3.93-3.87 (m, lH), 3.70 (s, I H), 3.66 (s, 4H), 2.68-
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2.48 (m, 2H), 2.39-2.20 (m, 4H), 2.11-2.03 (m, 2H), 1.39 (d, J= 6.8 Hz, IH), 1.04-0.96 (m, 

4H),0.93 (d, J= 6.8 Hz, 2H), 0.70 (d, J= 6.8 Hz, 2H). MS (ESI) mlz 837.92 [M + Ht. 

->r-P 
0 OH 

Hydroxy-phenyl-acetic 
acid methyl ester 

rl 

TEA. DMAP 

Example GS 

-~ 
o o--( 

N-
/ 

Dimethylcarbamoyloxy-phenyl
acetic acid methyl ester 

LiOH 

HOr-R 
o o-{ 

N-
/ 

Dimethylcarbamoyloxy
phenyl-acetic acid 

~NH O .:""\. 

0 -{\..f _)L~ r-=\ -~-r~l v ~~- ~~ Boc 

COMU 

2-{5-[4-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)
pyrrolidin-2-yij-3H-imidazol-4-yl}-naphthalen-2-yl)-pheny~-1 H

imidazol-2-yl}-pyrrolidine-1-carboxylic acid tert-butyl ester 

rl 

HCI 

~NH O .:""\.~ 0 \....~ N~H: l '/ ~ --·( "1J-N ~ '/ ~ - :lfN ~ 
(~ H - ~h NO 0 "\,._...; O-f 

/N

[1-(2-{5-[6-{4-{2-[1-(2-Dimethylcarbamoyloxy-2-phenyl-acetyl)-pyrrolidin-
2-yi]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl)-1 H-imidazol-2-yl}

pyrrolidine-1-carbonyl)-2-methyl-propyl}-carbamic acid methyl ester 

Dimethylcarbamoyloxy-phenyl-acetic acid: To hydroxyl-phenyl-acetic acid methyl ester (500 

mg) in THF (10 mL) were added dimethylcarbamoyl chloride (304 J..t.l), TEA (503 Jll), and 

DMAP (37 mg). After stirring for overnight at room temperature, the mixture was taken up in 

ethyl acetate (150 mL). The organic phase was washed with I N HCI (1 x 100 mL) and saturated 

sodium bicarbonate (l x 100 mL), and dried over sodium sulfate. After the solvent was 

removed, the resulting solid was dissolved in THF (6 mL). To the solution was added 2M LiOH 

(3 mL). After stirring for 90 min. at room temperature, the reaction mixture was acidified with 2 

N HCl (3.2 mL). The mixture was extracted with ethyl acetate (50 mL). The organic phase was 

dried over sodium sulfate. The solvent was removed under reduced pressure to provide 

dimethylcarbamoyloxy-phenyl-acetic acid (561 mg, 83 %) as an off-white solid. 

(1-(2-{ 5-(6-( 4-{2-[ 1-(2-Dimethylcarbamoy loxy-2-phenyl-acety 1)-pyrrolidin-2-yl]-3 H

imidazol-4-yl)-naphtbalen-2-yl]-lH-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl

propyl]-carbamic acid methyl ester: To 2-{5-[4-(6-{2-[1-(2-Methoxycarbonylamino-3-
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methyl-butyryl)-pyrrolidin-2-yl]-3H -imidazol-4-y I} -naphthalen-2-yl]-1 H -imidazol-2-yl}

pyrrolidine-1-carboxylic acid tert-butyl ester (40 mg) in methanol (0.5 mL) was added 4N HCI 

in dioxanes (0.5 mL). The mixture was stirred for 2 hours then concentrated to afford the HCI 

salt of the crude amine. To the crude amine in DMF (1 mL) was added OlEA (14 Jll). After all 

material dissolved, dimethylcarbamoyloxy-phenyl-acetic acid (12 mg) and (1-cyano-2-ethoxy-2-

oxoethylidenaminooxy)dimethylamino-morpholino-carbenium hexafluorophosphate (COMU, 

23 mg) were added. After stirring for 30 min. the reaction was purified by a preparative HPLC 

(10-60% MeCN-H20; 0.1% formic acid modifier) to afford the title product (22 mg, 48%). 1H 

NMR (Me0H-d4, 400 MHz) o: 8.22-8.05 (m, 2H), 7.92-7.69 (m, 9H), 7.56-7.44 (m, 6H), 6.08-

5.92 (d, 1H), 5.27-5.20 (m, 2H), 4.28-4.24 (m, 1H), 4.13-4.00 (m, 2H), 3.90-3.68 (m, 2H), 3.66 

(s, 3H), 3.45-3.38 (m, 2H), 2.92-2.90 (m, 6H), 2.47-1.96 (m, 10H), 1.05-0.91 (m, 6H); MS 

(ESI) mlz 837.3 [M + Ht. 

-o 0 
}--{ 

0 OH 
Hydroxy-phenyl-acetic 

acid methyl ester 

/ 

TEA, DMAP 

0 . 

ExampleGT 

-0 0 
}--( 0 

o o-{ 
N-

1 
Dimethylcarbamoyloxy-phenyl

acetic acid methyl ester 

liOH 

HO 0 
}--{ 0 

o o-{ 
N-

1 
Dimethylcarbamoyloxy

phenyl-acetic acid 

)-NH O .:---"\ 

0 ~-·~J~ t=\ -~ft/ COMU 

\ \_j -~· ~N Boc 

2-{5-(4-(6-{2-[ 1-(2-Methoxycarbonylamino-3-methyl-butyryl)
pyrrolidin-2-yi}-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyq-1 H-

imidazol-2-yl}-pyrrolidine-1-carboxylic acid left-butyl ester 

rl 

HCI 

#-NH 0 .:---"\ 0 
0 \._,b N~H : l ~ ~ -{ ~J-N ~ lj ~ - Ny-N .··· ,._ 

{ .: H - ~ h ~ N oh 0 

"---"' 0-f 
/N-

[1-(2-{&-[6-{4-{2-{1-(2-Dimethylcarbamoyloxy-2-phenyl-acetyl)-pyrrolidin-
2-yQ-3H-imidazol-4-yl}-phenyl)-naphthalen-2 -yQ-1 H-imidazol-2-yl}

pyrrolidine-1-carbonyl)-2-methyl-propyl}-carbamic acid methyl ester 

[l-(2-{5-[6-(4-{2-[l-(2-Dimethylcarbamoyloxy-2-pheoyl-acetyl)-pyrrolidio-2-yi)-3H

imidazol-4-yl)-na ph thalen-2-yl) -1 H -imidazol-2-y 1}-py rrolidine-1-carbony 1)-2-methyl

propyl)-carbamic acid methyl ester: Title compoWld was prepared according to the method 
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employed to [ 1-(2-{ 5-[ 6-( 4-{2-[ 1-(2-Dimethylcarbamoyloxy-2-phenyl-acetyl)-pyrrolidin-2-yl]-

3H-imidazol-4-yl)-naphthalen-2-yl]-1 H -imidazo1-2-y1} -pyrrol idine-1-carbony1 )-2-methy1-

propyl]-carbamic acid methyl ester (Example 6), (20 mg, 43%). 1H NMR (MeOH-d4, 400 MHz) 

o: 8.21-8.04 (m, 2H), 7.93-7.89 (m, 3H), 7.81-7.68 (m, 5H), 7.53-7.41 (m, 7H), 6.10-5.78 (d, 

1 H), 5.28-5.21 (m, 2H), 4.28-4.26 (m, 1 H), 4.03-3.81 (m, 4H), 3.66 (s, 3H), 3.62-3.45 (m, 2H), 

2.92-2.85 (m, 6H), 2.42-1.90 (m, 10H), 1.01-0.89 (m, 6H); MS (ESI) mlz 837.5 [M + Ht. 

ExampleGU 

+ 

[2-Methyl-1-(6-{5-[4-(4 ,4,5,5-tetramethyl-
[1 ,3,2)dioxaborolan-2-yl)-phenyl]-1 H- _2-~5-(6-Bromo-naphthalen-2~y~)-1 H-

imidazol-2-yl}-5-aza-spiro[2.4]heptane-5- amldazol-2-yl]-4-cyano-pyrrolidme-1-
carbonyl)-propyl]-carbamic acid methyl ester carboxylic acid tert-butyl ester 

0 

'OJlN.H CN 

'r·yO~~r; ~ ~ II HNJ) HCI, dioxane/DCM 
\N:v-N - ~ , TI , <J"f i-t - "" N Boc 

4-Cyano-2-{5-[6-(4-{2-[5-(2-methoxycarbonylamino-3-methyl
butyryl)-5-aza-spiro[2.4]hept-6-yi]-3H-imidazol-4-yl}-phenyl)
naphthalen-2-yl]-1 H-imidazol-2-y~-pyrrolidine-1-carboxylic 

acid tert-butyl ester 
0 

'OJlN.H 3HCI CN 
HOV. 

NHC02Me 

'r·yO~~r; ~ ~ II ~J) 
\N:v-N - ~ ~ il I 

2-Methoxycarbonylamino-
3-methyl-butyric acid 

qf i-t - N R EDC-HCI, HOBt, NMM 
DMF 

( 1-{6-[5-( 4-{6-[2-( 4-Cyano-pyrrolidin-2 -yi)-3H-imidazol-4-yn-naphthalen-
2-yl}-phenyl)-1 H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester-tris-hydrochloride 

0 

'OJlN.H CN 

~····yON~r; ~ 11 c-5 
I NJN - ~ ;; ~ NI(N L 

. ' ~ N A •' .: H - o- '( 
H'NI(O' 

0 
[1-(6-{5-[4-(6-{2-[4-Cyano-1-(2-methoxycarbonylamino-3-methyl-butyryl)

pyrrolidin-2-yi]-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl}-5-
aza-spiro[2.4]heptane-5-carbonyl)-2-methyl-propyn-carbamic acid methyl ester 
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4-Cyano-2-{5-(6-(4-{2-(5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-

spiro (2.4] hept-6-y I] -3 H -imidazol-4-yl} -phenyl)-naphthalen-2-y I) -1 H -imidazol-2-yl }

pyrrolidine-1-carboxylic acid tert-butyl ester: [2-Methyl-1-(6-{ 5-[ 4-( 4,4,5,5-tetramethyl-

[ 1 ,3 ,2]dioxaborolan-2-yl)-phenyl]-1 H -imidazol-2-yl} -5-aza-spiro[2.4 ]heptane-5-carbonyl)

propyl]-carbamic acid methyl ester (997 mg, 1.91 mmol), 2-[5-(6-Bromo-naphthalen-2-yi)-IH

imidazol-2-yl]-4-cyano-pyrrolidine-1-carboxylic acid tert-butyl ester, Pd(PPh3)4 (184 mg, 0.159 

mmol}, and K2C03 (2M in H20, 1.9 mL, 3.8 mmol) were combined in 1,2-dimethoxyethane (16 

mL). The reaction mixture was degassed with bubbling N2 for 10 minutes then heated to reflux 

for 3.5 h. After heating, the reaction mixture was cooled toRT, diluted with EtOAc and washed 

with H20 and brine. The organic phase was dried over MgS04, then filtered and concentrated. 

The resulting residue was purified with silica column chromatography 0% to 1 00% ( 10% 

MeOHIDCM)/EtOAc to afford the title compound (641 mg, 51%). 

(1-{6-(5-(4-{6-(2-(4-Cyano-pyrrolidin-2-yl}-3H-imidazol-4-yl]-naphthalen-2-yl}-phenyi)-

1H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-carbonyl}-2-methyl-propyl)-carbamic acid 

methyl ester-tris-hydrochloride: 4-Cyano-2-{ 5-[ 6-( 4-{ 2-[ 5-(2-methoxycarbonylamino-3-

methyl-butyryl)-5-aza-spiro[2.4 ]hept-6-yi]-JH-imidazol-4-yl} -phenyl)-naphthalen-2-yl]-1 H

imidazol-2-yl }-pyrrolidine-1-carboxylic acid tert-butyl ester (639 mg, 0.816 mmol) was 

dissolved in DCM (8 mL) and 4.0 M HCI in dioxane (2 mL, 8 mmol) was added. After stirring 

for 37 min, the solid was filtered off and rinsed with EtOAc, affording the title compound (597 

mg, 92%). 

[1-(6-{5-[4-(6-{2-[4-Cyano-1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-

3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-5-aza-spiro(2.4]heptane-5-

carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: 2-Methoxycarbonylamino-3-

methyl-butyric acid (40 mg, 0.227 mmol) EDC-HCI (44 mg, 0.227 mmol) and HOBt (32 mg, 

0.237 mmol) were combined in DMF (2 mL) and stirred for 20 min at RT. (1-{6-[5-(4-{6-[2-(4-

Cyano-pyrrolidin-2-yl)-3 H-imidazol-4-yl]-naphthalen-2-yl} -phenyl )-1 H -imidazol-2-yl]-5-aza

spiro[2.4 ]heptane-5-carbonyl} -2-methyl-propyl)-carbamic acid methyl ester-tris-hydrochloride 

(150 mg, 0.189 mg) was added, the reaction mixture was cooled to 0 ·c and NMM (0.1 04 mL, 

0.947 mmol) was added dropwise. After 1.5h, the reaction mixture was warmed toRT. 30 min 

later, the mixture was diluted with EtOAc and washed with NaHC03, then 1: 1 brine/5M NaOH. 

The organic phase was dried over MgS04, then filtered and concentrated. The resulting residue 

was purified by HPLC to afford the title compound (18 mg, 11%). MS (ESI) mlz 840 [M + Ht. 
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0 

HO~ 
NHC02Me 

2-Methoxycarbonylamino
butyric acid 

EDC-HCI, HOBt, NMM 
DMF 

( 1-{6-[5-( 4-{6-[2 -( 4-Cyano-pyrrolidin-2 -yi)-3H-im idazol-4-yl]-naphthalen-
2-yl}-phenyl)-1 H-imidazol-2-yl]-5-aza-spiro(2.4]heptane-5-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester-tris-hydrochloride 

0 

'OJlN.H .CN 

'r1)~ :~-;-;> ··-c·~ ·NH '=/ ~No~·· 
<r H.NI(O' 

0 
[1-{6-{5-[4-(6-{2-[4-Cyano-1-(2-methoxycarbonylamino-butyryl)-pyrrolidin-2-y~-3H-imidazol-

4-yl}-naphthalen-2-yl)-phenyi]-1H-imidazol-2-yl}-5-aza-spiro[2.4]heptane-5-carbonyl)-2-
methyl-propy~-carbamic acid methyl ester 

[l-(6-{S-[4-(6-{2-(4-Cyano-l-(2-methoxycarbonylamino-butyryl)-pyrrolidin-2-yi]-3H

imidazol-4-yl} -na phthalen-2-yl)-pheny I] -1 H -imidazol-2-yl} -5-aza-spiro (2.4] heptane-5-

carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: 2-Methoxycarbonylamino-butyric 

acid (37 mg, 0.227 mmol) EDC-HCI (44 mg, 0.227 mmol) and HOBt (32 mg, 0.237 mrnol) were 

combined in DMF (2 mL) and stirred for 20 min at RT. (1-{6-[5-(4-{6-[2-(4-Cyano-pyrrolidin-

2-yl)-3 H-imidazol-4-yl]-naphthalen-2-yl} -phenyl)-1 H -imidazol-2-yl ]-5-aza-spiro[2.4 ]heptane-

5-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester-tris-hydrochloride (150 mg, 0.189 

mg) was added, the reaction mixture was cooled to 0 ·c and NMM (0.1 04 mL, 0.94 7 mmol) was 

added dropwise. After 1.5h, the reaction mixture was warmed toRT. 30 min later, the mixture 

was diluted with EtOAc and washed with NaHC03, then 1: 1 brine/5M NaOH. The organic 

phase was dried over MgS04, then filtered and concentrated. The resulting residue was purified 

by HPLC to afford the title compound (85 mg, 54%). MS (ESI) mlz 826 [M + Ht. 
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HOJ\* 
NHC02Me 

2-Methoxycarbonylamino-3 ,3-
dimethyl-butyric acid 

EDC-HCI, HOBt, NMM 
DMF 

( 1-{6-[5-( 4-{6-[2 -( 4-Cyano-pyrrolidin-2 -yi)-3H-imidazol-4-yl)-naphthalen-
2-yl}-phenyl)-1 H-imidazol-2-yl)-5-aza-spiro[2. 4 )heptane-5-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester-tris-hydrochloride 

0 

'OJlN.H CN 

'r~··';()_~ ~.;? .l ~ ·NH '=/ ~No. ·( 
H"N)(O' 

0 
[1-( 4-Cyano-2-{5-[6-( 4-{2 -[5-(2 -methoxycarbonylam ino-3-methyl-butyryl)-5-aza-: 
spiro[2.4)hept-6-yi]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-y0-1H-imidazol-2-yl}

pyrrolidine-1-carbonyl)-2,2-dimethyl-propyO-carbamic acid methyl ester 

[1-(4-Cyano-2-{S-(6-(4-{2-[5-(2-metboxycarbonylamino-3-methyl-butyryi)-S-aza

spiro(2.4]hept-6-yl]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yi]-1H-imidazol-2-yl}

pyrrolidine-1-carbonyl)-2,2-dimethyl-propyl]-carbamic acid methyl ester: 2-

Methoxycarbonylamino-3,3-dimethyl-butyric acid (37 mg, 0.227 mmol) EDC-HCI (44 mg, 

0.227 mmol) and HOBt (32 mg, 0.237 mmol) were combined in DMF (2 mL) and stirred for 20 

min at RT. (1-{ 6-[5-( 4-{ 6-[2-( 4-Cyano-pyrrolidin-2-yl)-3H-imidazol-4-yl]-naphthalen-2-yl}

phenyl)-1 H -imidazol-2-y l]-5-aza-spiro[2.4 ]heptane-5-carbonyl} -2-methyl-propyl)-carbamic 

acid methyl ester-tris-hydrochloride (150 mg, 0.189 mg) was added, the reaction mixture was 

cooled to 0 ·c and NMM (0.104 mL, 0.947 mmol) was added dropwise. After 1.5h, the reaction 

mixture was warmed toRT. 30 min later, the mixture was diluted with EtOAc and washed with 

NaHC03, then 1:1 brine/5M NaOH. The organic phase was dried over MgS04, then filtered and 

concentrated. The resulting residue was purified by HPLC to afford the title compound (77 mg, 

48%). MS (ESI) mlz 855 [M + Ht. 
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~oc~~Br 

CN/t{~ ~ H 
Nc·· 

2-[5-(4-Bromo-phenyl)-1 H-imidazol-
2 -yl)-4-cyano-pyrrolidine-1-

carboxylic acid terl-butyl ester 

~oc~~s,of + 

CN/~~b : H 
Nc··· 

bis(pinnacolato)diboron, 
Pd(dppfhCI2 , KOAc 

PCT /US201 0/034600 

4-Cyano-2-{5-[4-(4,4,5,5-tetramethyl- (1-{6-[5-(6-Bromo-naphthalen-2-yl)-1 H-imidazol-
[ 1, 3 ,2)dioxaborolan-2 -yl)-phenyl)-1 H-im idazol-2- 2 -yl)-5-aza-spiro[2. 4]heptane-5-carbonyl}-2-
yl}-pyrrolidine-1-carboxylic acid terl-butyl ester methyl-propyl)-carbamic acid methyl ester 

BocN~'I ~ 1-! __}-]> HCI, 
N...)LN _ ~ It ~ N 11 N dioxane/DCM_. 
~i H - ~ N

0
J-yNHC02Me 

NC' , A 
4-Cyano-2-{5-[4-(6-{2-[5-(2-methoxycarbonylamino-3-methyl-butyryl)-
5-aza-spiro[2.4)hept-6-yi)-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl)-

1 H-imidazol-2-yl}-pyrrolidine-1-carboxylic acid terl-butyl ester 
0 

HO~ 3HCI __/> 

~ ~~~ 'I ~ ~ !J ~ HNt!N) NHC02Me 

C~ ~ ~ 2-Methoxycarbonylamino-
.. 

i H. - "" N
0 

NHC02Me butyric acid 
NC --------~---------

EDC-HCI, HOBt, NMM 
( 1-{6-[ 5-(6-{ 4-[2-( 4-Cyano-pyrrolidin-2-yi)-3H-im idazol-4-yl)-phenyl}- DM F 

naphthalen-2-yi)-1H-imidazol-2-yl)-5-aza-spiro[2.4]heptane-5-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester tris-hydrochloride 

0 

'OJl.N.H __!> 

'-····yO~~r; ~ 1-! ~-_) 
eN/~ - ~ II ~ ~ff';l I 

~ H - NO~ 

NC.. H'~I(O' 
0 

( 1-(6-{5-[6-( 4-{2-[ 4-Cyano-1-(2-methoxycarbonylamino-butyryl)-pyrrolidin-2-yi)-
3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl)-1 H-imidazol-2-yl}-5-aza

spiro[2.4)heptane-5-carbonyl)-2-methyl-propyl)-carbamic acid methyl ester 

4-Cyano-2-{5-(4-(4,4,5,5-tetramethyl-(1,3,2]dioxaborolan-2-yl)-phenyl)-1H-imidazol-2-yl}

pyrrolidine-1-carboxylic acid terl-butyl ester: 2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-

cyano-pyrrolidine-1-carboxylic acid tert-butyl ester (2.895 g, 6.94 mmol), 

bis(pinacolato)diboron (2.64 g, 10.41 mmol), Pd(dppf)2Ch (254 mg, 0.347 mmol) and KOAc 
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(2.04 g, 20.82 mmol) were combined in dioxane and degassed for 12 min with bubbling N2• The 

reaction mixture was then stirred at 90 ·c for 18h, cooled toRT and diluted with EtOAc. The 

organic mixture was washed with saturated aqueous NaHC03 and brine before being dried over 

MgS04, filtered and concentrated. The crude residue was purified by silica column 

chromatography (50% to 100% EtOAc!Hex) to provide the title compound ( 1.56 g, 48%). 

4·Cyano·2-{5-[4-(6-{2-[5-(2-metboxycarbonylamino-3-metbyl-butyryl)-5-aza

spiro[2.4]hept-6-yl]-3H-imidazol-4-yl}-oaphthaleo-2-yl)-phenyi]-1H-imidazol-2-yl}

pyrrolidine-1-carboxylic acid tert-butyl ester: 4-Cyano-2-{5-[4-(4,4,5,5-tetramethyl-

[1 ,3,2]dioxaborolan-2-yl)-phenyl]-1 H-imidazol-2-yl }-pyrrolidine-1-carboxylic acid tert-butyl 

ester (0.990 g, 2.13 mmol), (1-{ 6-[5-(6-Bromo-naphthalen-2-yl)-1 H-imidazol-2-yl]-5-aza

spiro[2.4]heptane-5-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (1.007 g, 1.92 

mmol), Pd(PPh3)4 (222 mg, 0.192 mmol) and KzC03 (2.0 M in HzO, 2.1 mL, 4.2 mmol) were 

combined in 1,2-dimethoxymethane. The mixture was degassed for 10 min with bubbling N2 

then heated to reflux for 4h then cooled. The reaction mixture was diluted with EtOAc and 

washed with saturated aqueous NaHC03 and brine before being dried over MgS04, filtered and 

concentrated. The crude residue was purified by silica column chromatography (EtOAc, then 2% 

MeOHIDCM, then 4% MeOHIDCM) to provide the title compound (1.028 g, 68%). 

( 1-{ 6-[ 5-( 6-{ 4-[2-( 4-Cyaoo-pyrrolidin-2-yi)-3H -imidazol-4-yl] -phenyl }-oa ph thalen-2-yl)-

1H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-carbonyl}-2-methyl-propyl)-carbamic acid 

methyl ester tris-hydrochloride: A solution of 4-Cyano-2-{5-[4-(6-{2-[5-(2-

methoxycarbony I amino-3 -methyl-butyryl)-5-aza-spiro [2. 4 ]hept -6-y 1 ]-3 H -imidazo 1-4-y 1}

naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl }-pyrrolidine-1-carboxylic acid tert-butyl ester 

(l.OOOg, 1.28 mmol) in DCM (16 mL) was treated with HCl (4.0 Min dioxane, 3.2 mL, 12.8 

mmol). After 2.5 h. the solid was filtered off and rinsed with EtOAc to provide the title 

compound (1.004 g, 99%). 

[1-(6-{5-[6-(4-{2-(4-Cyano-1-(2-methoxycarbonylamino-butyryl)-pyrrolidio-2-yi]-3H

imidazol-4-yl}-phenyl)-napbthalen-2-yi]-1H-imidazol-2-yl}-5-aza-spiro(2.4]heptane-5-

carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: 2-2-Methoxycarbonylamino-butyric 

acid (37 mg, 0.227 mmol) EDC-HCI (44 mg, 0.227 mmol) and HOBt (32 mg, 0.237 mmol) were 

combined in DMF (2 mL) and stirred for 20 min at RT. (1-{6-[5-(6-{4-[2-(4-Cyano-pyrrolidin-

2-yl)-3 H-imidazol-4-yl]-phenyl} -naphthalen-2-yl)-1 H -imidazol-2-yl]-5-aza-spiro[2.4 ]heptane-

5-carbonyl }-2-methyl-propyl)-carbamic acid methyl ester tris-hydrochloride (150 mg, 0.189 mg) 
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was added, the reaction mixture was cooled to 0 ·c and NMM (0.104 mL, 0.947 mmol) was 

added dropwise. After 1.5h, the reaction mixture was warmed to RT. 30 min later, the mixture 

was diluted with EtOAc and washed with NaHC03, then brine. The organic phase was dried 

over MgS04, then filtered and concentrated. The resulting residue was purified by HPLC to 

afford the title compound (78 mg, 49%). MS (ESI) m/z 826 [M + Ht. 

ExampleGY 

2-Methoxycarbonylamino-
3,3-dimethyl-butyric acid 

EDC-HCI, HOBt, NMM 
( 1-{6-[5-(6-{4-[2 -( 4-Cyano-pyrrolidin-2 -yi)-3H-imidazol-4-yl]-phenyl}- DM F 

naphthalen-2 -yl )-1 H-imidazol-2 -yl]-5-aza-spi ro[2 .4 ]heptane-5-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester tris-hydrochloride 

0 
'O)lN.H 

>,,.··~0~~¥ ' ~ H H;,J) 
CNy-~ - ~ ~ tl ~ I 

~ H - No~ 

Nc' H'~'"l(O' 
0 

[1-(4-Cyano-2-{5-[4-(6-{2-[5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza
spiro[2.4]hept-6-yi]-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyi}-1H-imidazol-2-

yl}-pyrrolidine-1-carbonyl)-2,2-dimethyl-propyl}-carbamic acid methyl ester 

(l-(4-Cyano-2-{5-(4-(6-{2-(5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza

spiro[2.4)hept-6-yl)-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl)-1H-imidazol-2-yl}

pyrrolidine-1-carbonyl)-2,2-dimethyl-propyl)-carbamic acid methyl ester: 2-

Methoxycarbonylamino-3,3-dimethyl-butyric acid (43 mg, 0.227 mmol) EDC-HCl (44 mg, 

0.227 mmol) and HOBt (32 mg, 0.237 mmol) were combined in DMF (2 mL) and stirred for 20 

min at RT. ( 1-{ 6-[ 5-(6-{ 4-[2-( 4-Cyano-pyrrolidin-2-yi)-3H-imidazol-4-yl]-phenyl} -naphthalen-

2-yl)-1 H -imidazol-2-yl]-5-aza-spiro[2.4 ]heptane-5-carbonyl} -2-methyl-propyl)-carbamic acid 

methyl ester tris-hydrochloride ( 150 mg, 0.189 mg) was added, the reaction mixture was cooled 

to 0 ·c and NMM (0.104 mL, 0.947 mmol) was added dropwise. After 20, the reaction mixture 

was warmed to RT. 30 min later, the mixture was diluted with EtOAc and washed with 

NaHC03, then brine. The organic phase was dried over MgS04, then filtered and concentrated. 

The resulting residue was purified by HPLC to afford the title compound (73 mg, 45%). MS 

(ESI) m/z 854 [M + Ht. 
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4-Methylene-pyrrolidine-
1 ,2-dicarboxylic acid 1-tert
butyl ester 2-methyl ester 

ExampleGZ 

BocO 

j_-/'oMe 

Mel, AgOTf, 
2,6-di-tert-butyl-
4-methylpyridine ... 

DCM 

PCT /US201 0/034600 

BocO 

J-0oMe 

Mea HO 
4-Hydroxymethyl-pyrrolidine-
1 ,2-dicarboxylic acid 1-tert
butyl ester 2-methyl ester 

4-Methoxymethyl-pyrrolidine-
1,2-dicarboxylic acid 1-tert
butyl ester 2-methyl ester 

Boc 
~ocO o~ B I ~)-0--sr 

1. UOH, H20/MeOH \N~o~ r NH40Ac L?Ni-t -

2. 2,4'-dibromoacetophenone, MeO__;-" PhMe Mea-···· 
triethylamine, MeCN 

4-Methoxymethyl-pyrrolidine-1 ,2-
dicarboxylic acid 2-[2-(4-bromc;phenyl)-

2-oxc;ethyl] ester 1-tert-butyl ester 

0 

2-[~4-Bromc;phenyl)-1 H-imidazol-
2-yl]-4-methoxymethyl-pyrrolidine-
1-carboxylic acid tert-butyl ester 

'~N-H bis(pinnacolato)diboron, 
1. HCI, dioxane/DCM ~ Pd(dppt)zC12, KOAc 

'r· f
0

~~Br 2. HATU, DIPEA, DMF 

~OH 
NHC02Me 

2-Methoxycarbonylaminc;3-
methyl-butyric acid 

CNy-~~ £ H 
Mea-···· 

( 1-{2-[5-(4-Bromc;phenyl)-1 H-imidazol-2-yl]-
4-methoxymethyl-pyrrolidine-1-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester 

0 

'O.Jl.N.H H ~~ 
"l ~0 * Br~ ~f~ I (. f J-)--0--l + ~NO~ 

Li Ni-t - 0 H.N'!(O' 

Mea-···· o 
( 1-(4-Methoxymethyl-2-{5-[4-(4,4,5,5-tetramethyl- ( 1-{6-[5-(6-Bromo-naphthalen-2-yl)-1 H-imidazol-

[1, 3,2]dioxaborolan-2-yl)-phenyl]-1 H-imidazol-2-yl}-pyrrolidine- 2-yl]-5-aza-spiro(2.4]heptane-5-carbonyl}-2-
1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester methyl-propyl)-carbamic acid methyl ester 

H20, DME 

0 
'O.Jl.N.H 

,,.··~0 ~~~ ~ ~ !J HN__)~ 
CNy-~ - ~ ~II ~ I 

£H -No~ 
Meo-···· H~'!(o' 

0 
[1-(2-{5-[4-(6-{2-[5-(2-Methoxycarbonylaminc;3-methyl-butyryl)-5-aza

spiro[2.4]hept-6-yi]-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyi]-1H-imidazol-2-yl}-4-
methoxymethyl-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester 

4-Hydroxymethyl-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-methyl ester: 4-

Methylene-pyrrolidine-1 ,2-dicarboxylic acid 1-tert-butyl ester 2-methyl ester ( 4.48 g, 19.71 

mmol) was dissolved in THF (1 00 mL) and the stirred solution was cooled to 0 ·c. Borane

dimethylsulfide complex (1.9 mL, 19.7 mmol) was added and the reaction mixture was allowed 

to warm toRT o/n. After 16h, water was added dropwise until no bubbling was observed. The 
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stirred mixture was then cooled to 0 ·c. Aqueous NaOH (SM in H20, 5.3 mL, 26.6 mmol), then 

H20 2 (30 wt% in H20, 6.0 mL, 58.5 mmol) were added dropwise. The reaction was then 

warmed to 50 ·c. After 30 min, the mixture was diluted with ethyl ether and washed with water 

and brine. The organic phase was dried over MgS04, filtered and concentrated. The crude 

residue was purified by silica column chromatography (25% to 75% EtOAc!Hex) to afford the 

title compound (2.08 g, 41%). 

4-Metboxymetbyl-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-metbyl ester: 4-

Hydroxymethyl-pyrrolidine-1 ,2-dicarboxylic acid 1-tert-butyl ester 2-methyl ester (861 mg, 3.32 

mmol) was dissolved in DCM (6.6 mL) then 2,6-di-tert-butyl-4-methylpyridine (1.023 g, 4.98 

mmol) and AgOTf (938 mg, 3.65 mmol) were added. The reaction mixture was cooled to 0 ·c 
and iodomethane (0.25 mL, 3.98 mmol) was added. After 4 min, the reaction mixture was 

diluted with DCM and it was filtered over elite. The filtrate was concentrated to a residue which 

was dissolved in diethyl ether. The organic solution was washed with 10% HCI and brine, then 

dried over MgS04, filtered and concentrated. The crude residue was purified by silica column 

chromatography (20% to 80% EtOAc!Hex) to afford the title compound (479 mg, 53%). 

4-Metboxymethyl-pyrrolidine-1,2-dicarboxylic acid 2-(2-(4-bromo-phenyl)-2-oxo-ethyl) 

ester 1-tert-butyl ester: 4-Methoxymethyl-pyrrolidine-1 ,2-dicarboxylic acid 1-tert-butyl ester 

2-methyl ester (461 mg, 1.68 mmol) was dissolved in MeOH (17 mL) and LiOH (1 Min H20, 

8.5 mL, 8.5 mmol) was added. After stirring at RT for Sh, the MeOH was removed under 

reduced pressure. The aqueous solution was poured into a separatory funnel, diluted with 1 M 

HCI (9 mL, 9 mmol) and extracted with DCM (3x). The combined organics were dried over 

MgS04, filtered and concentrated. The residue was dissolved in MeCN (17 mL) and treated 

with 2,4'-dibromoacetophenone (514 mg, 1.85 mmol), and triethylamine (0.258 mL, 1.85 

mmol). After stirring for 2 h, the solvent was removed and the solid was suspended in EtOAc. 

The organic layer was washed with saturated aqueous NaHC03 and brine then dried over 

MgS04, filtered and concentrated. The crude residue was purified by silica column 

chromatography (15% to 35% EtOAc!Hex) to afford the title compound (746 mg, 97%). 

2-[ 5-( 4-Bromo-pbenyl)-1 H-imidazol-2-yl)-4-metboxymetbyl-pyrrolidine-1-carboxylic acid 

tert-butyl ester: 4-Methoxymethyl-pyrrolidine-1 ,2-dicarboxylic acid 2-[2-( 4-bromo-phenyl)-2-

oxo-ethyl] ester 1-tert-butyl ester (746 mg, 1.63 mmol) was dissolved in PhMe (16 mL) and 

treated with NHtOAc (2.52 g, 32.7 mmol). The stirred mixture was refluxed for 19 h then 

cooled to RT and diluted with EtOAc. The organic phase was washed with saturated aqueous 
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NaHC03 and brine then dried over MgS04, filtered and concentrated. The crude residue was 

purified by silica column chromatography (35% to 65% EtOAc/Hex) to afford the title 

compound (334 mg, 47%). 

(1-{2-[S-( 4-Bromo-phenyi)-1H-imidazol-2-yl]-4-methoxymethyl-pyrrolidine-1-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester: 2-[5-(4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-

methoxymethy1-pyrrolidine-l-carboxylic acid tert-butyl ester (334 mg, 0.765 mmol) was 

dissolved in DCM (4 mL) and treated with HCl (4.0M in dioxane, 0.960 mL, 3.83 mmol). After 

2.5 h, the solution was concentrated and the residue was treated with 2-Methoxycarbonylamino-

3-methyl-butyric acid (146 mg, 0.832 mmol) and HA TU (316 mg, 0.832 mmol). The solids were 

suspended in DMF (4 mL) and the reaction mixture was cooled to 0 ·c before triethylamine 

(0.67 mL, 3.83 mmol) was added in a dropwise fashion. After 30 min, the mixture was warmed 

toRT. After another 1 h, it was diluted with EtOAc and washed with saturated aqueous 

NaHC03 and brine. Then it was dried over MgS04, filtered and concentrated. The crude residue 

was purified by silica column chromatography (80% to 100% EtOAc!Hex) to afford the title 

compound (369 mg, 98% ). 

(1-(4-Metboxymethyi-2-{S-[4-(4,4,S,S-tetramethyi-[1,3,2Jdioxaborolao-2-yl)-phenyi]-1H

imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: (1-

{2-[ 5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-methoxymethyl-pyrrolidine-1-carbonyl} -2-

methyl-propyl)-carbamic acid methyl ester (348 mg, 0. 705 mmol), bis(pinacolato )diboron (269 

mg, 1.06 mmol), Pd(dppf)2Ch (52 mg, 0.0705 mmol) and KOAc (208 g, 2.12 mmol) were 

combined in dioxane and degassed for 12 min with bubbling N2. The reaction mixture was then 

stirred at 90 ·c for ISh, cooled to RT and diluted with EtOAc. The organic mixture was washed 

with saturated aqueous NaHC03 and brine before being dried over MgS04, filtered and 

concentrated. The crude residue was purified by silica column chromatography (80% to 100% 

EtOAc!Hex) to provide the title compound (297 mg, 78%). 

[ 1-(2-{ S-[ 4-( 6-{2-[ S-(2-Methoxycarbony lamino-3-methyl-butyryl)-5-aza-spiro [2.4) hept-6-

yi]-3H-imidazol-4-yl}-naphthalen-2-yl)-pbenyi]-1H-imidazol-2-yl}-4-metboxymethyl

pyrrolidine-1-carbonyl)-2-metbyl-propyl)-carbamic acid methyl ester: [ 1-( 4-

Methoxymethyl-2-{ 5-[ 4-( 4,4,5,5-tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)-phenyl]-1 H-imidazol-2-

y1} -pyrrolidine-1-carbony1)-2-methyl-propy1]-carbamic acid methyl ester ( 132 mg, 0.244 

mmol), ( 1-{ 6-[5-(6-Bromo-naphthalen-2-yl)-1 H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-

carbonyl}-2-methy1-propyl)-carbamic acid methyl ester (154 mg, 0.293 mmol) Pd(PPh3)4 (28 
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mg, 0.0244 mmol) and K2C03 (2M in H20, 0.488 mL, 0.976 mmol) were combined in 1,2-

dimethoxyethane (5 mL). The mixture was degassed with bubbling N2 for 12 min then heated to 

85 ·c for 4 h. After cooling to RT, the reaction mixture was diluted with EtOAc then washed 

with water and brine. The organic layer was dried over MgS04, filtered and concentrated. The 

crude residue was purified by HPLC to provide the title compound (118 mg, 56%). MS (ESI) 

mlz 859 [M + Ht. 

+ 

2-[4-Ethynyl-1-(2-trimethylsilanyl
ethoxymethyl)-1 H-imidazol-2-yl]-pyrrolidine-

1-carboxylic acid tart-butyl ester 

1. Pd(PPh3)4• Cui 
Et3N, DMF 

2. TFA, DCM .. 
3. HATU, DIPEA, DMF 

= 0 

~OH 
NHC02Me 

Example HA 

Br~ HNf~ 
~N Boc 

2-[5-(6-Bromo-naphthalen-2-yl)-
1 H-imidazol-2-yl]-pyrrolidine-1-
carboxylic acid tart-butyl ester 

. ( 1-{2-[ 4-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-pentanoyl)-pyrrolidin-
2-Methoxycarbony~aml~o-3- 2-yi]-3H-imidazol-4-yl}-naphthalen-2-ylethynyl)-1 H-imidazol-2-y~-

methyl-pentanolc acid pyrrolidine-1-carbonyl}-2-methyl-butyl)-carbamic acid methyl ester 

(1-{2-[4-(6-{2-(l-(2-Methoxycarbonylamino-3-methyl-pentanoyl)-pyrrolidin-2-yl)-3H

imidazol-4-y 1}-naph thalen -2-y lethynyl)-1 H-imidazol-2-y I) -pyrrolidine-1-carbony 1}-2-

metbyl-butyl)-carbamic acid methyl ester: 2-[ 4-Ethyny1-1-(2-trimethylsilanyl-ethoxymethyl)-

1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (192 mg, 0.490 mmol), 2-[5-(6-

Bromo-naphthalen-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (260 

mg, 0.588 mmol), Pd(PPh3)4 (57 mg, 0.0490 mmol), Cui (19 mg, 0.0980 mmol) and Et3N (0.683 

mL, 4.90 mmol) were combined in DMF (5 mL). The stirred reaction mixture was degassed for 

10 min, then heated to 80 ·c for 3h, after which it was diluted with EtOAc, washed with H20 

and brine. The organic phase was dried over MgS04, filtered and concentrated. The crude 

residue was purified by silica colwnn chromatography (45% to 75% EtOAc!Hex) to provide the 

naphthyl alkyne compound (147 mg, 40%). This product was dissolved in DCM (10 mL) and 

treated with TFA (5 mL). After stirring for 20h, the mixture was concentrated. The residue was 

free-based then treated with 2-Methoxycarbonylamino-3-methyl-pentanoic acid (52 mg, 0.276 

mmol), HA TU (84 mg, 0.222 mmol) and DMF (2 mL). The stirred mixture was cooled to 0 ·c 
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and DIPEA (0.160 mL, 0.923 mmol) was added dropwise. The reaction was allowed to come to 

RT slowly o/n. After 30h, 6 drops of 5 M NaOH were added and the mixture was stirred for 20 

min, after which it was diluted with EtOAc and washed with 1M LiOH and brine. The organic 

phase was dried over MgS04, filtered and concentrated. The crude residue was purified by 

HPLC to afford the title compound (33 mg, 22%). MS (ESI) mlz 765 [M + Ht. 

Br~ .0 + 

~Br 

F 
.-+-F 

HO C):.N) 
2 ' 

Boc 

Example HB 

F)c-F 
Et3N Br~ .0 ( ~ 
MeCN ~o-.{ Boc 

0 
2-Bromo-1-(6- 4,4-Difluoro-pyrrolidine- 4,4-Difluoro-pyrrolidine-1,2-dicarboxylic 

acid 2-[2-(6-bromo-naphthalen-2-yl)-2-
oxo-ethyl) ester 1-tett-butyl ester 

bromo-naphthalen- 1,2-dicarboxylic acid 1-
2-yl)-ethanone tett-butyl ester 

F 

NH40Ac., -ccK ~-j-F 
PhMe Br ~ !J ~ Nft:J 

_ ~ N Boc 

+ 

2-[5-(6-Bromo-naphthalen-2-yl)-1 H- 2-[4-Ethynyl-1-(2-trimethylsilanyl-
imidazol-2-yij-4 ,4-difluoro-pyrrolidine-1- ethoxymethyl)-1 H-imidazol-2-yl]-pyrrolidine-

carboxylic acid tett-butyl ester 1-carboxylic acid tett-butyl ester 

1. Pd(PPh3)4, Cui 
Et3N. DMF 

2. TFA. DCM 

3. HATU, DIPEA, DMF 

~OH 
NHC02Me 

2-Methoxycarbonylamino-3-
methyl-butyric acid 

Me02CH~~N~H z1F 
N~ - ~ !J ~ Nl('N 

Ci N - ~ N0~HC02Me 

(1-{2-[4-(6-{2-[4 ,4-Difluoro-1-(2-methoxycarbonylamino-3-methyl-butyryl)
pyrrolidin-2-yij-3H-imidazol-4-yl]-naphthalen-2-ylethynyl)-1 H-imidazol-2-
yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

4,4-Difluoro-pyrrolidine-1 ,2-dicarboxylic acid 2-[2-(6-bromo-naphthalen-2-yl)-2-oxo-ethyl] 

ester 1-tert-butyl ester: 2-Bromo-1-(6-bromo-naphthalen-2-yl)-ethanone (1 g, 3.07 mmol) and 

4,4-Difluoro-pyrrolidine-1 ,2-dicarboxylic acid 1-tert-butyi ester (849 mg, 3.38 mmol) were 

suspended in MeCN (15 mL) and treated with Et3N (0.45 mL, 3.22 mmol). After stirring o/n, the 

reaction mixture was concentrated. The resulting residue was dissolved in EtOAc and washed 

with water, saturated aqueous NaHC03 and brine. The organic layer was dried over MgS04, 

filtered and concentrated. The crude material was purified by silica column chromatography (0% 

to 20% EtOAc/Hex) to provide the title compound ( 1.27 g, 83%). 

2-[S-(6-Bromo-naphthalen-2-yl)-1 H-imidazol-2-yl]-4,4-difluoro-pyrrolidine-1-carboxylic 

acid tert-butyl ester: 4,4-Difluoro-pyrrolidine-1 ,2-dicarboxylic acid 2-[2-(6-bromo-naphthalen-
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2-yl)-2-oxo-ethyl] ester 1-tert-butyl ester (1.2 g, 2.41 mmol) was treated with NH.OAc (3.72 g, 

96.4 mmol) and PhMe (48 mL). The reaction mixture was refluxed with stirring for 18 h. After 

this period, it was cooled to RT, diluted with EtOAc and washed with saturated aqueous 

NaHC03 and brine. Filtration and concentration provided a crude residue that was purified by 

silica column chromatography (20% to 60% EtOAc/Hex) to provide the title compound (803 

mg, 70%). 

(l-{2-(4-(6-{2-(4,4-Difluoro-1-(2-methoxycarbonylamino-3-metbyl-butyryl)-pyrrolidin-2-

yl]-3H-imidazol-4-yl}-napbtbalen-2-ylethynyl)-lH-imidazol-2-yl]-pyrrolidine-1-carbonyl}-

2-methyl-propyl)-carbamic acid methyl ester: 2-[ 4-Ethynyl-1-(2-trimethylsilanyl

ethoxymethyl)-1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (199 mg, 0.508 

mmol), 2-[5-(6-Bromo-naphthalen-2-yl)-1H-imidazol-2-yl)-4,4-difluoro-pyrrolidine-1-

carboxylic acid tert-butyl ester (364 mg, 0.762 mmol), Pd(PPh3)4 (118 mg, 0.102 mmol), Cui 

(19 mg, 0.102 mmol) and triethylamine (0.71 mL, 5.08 mmol) were suspended in DMF (5 mL). 

The reaction mixture was degassed with bubbling N2 then heated to 80 ·c for 4h. Following this 

period, the mixture was cooled toRT, diluted with EtOAc and washed with water, saturated 

aqueous NaHC03 and brine. The organic layer was dried over MgS04, filtered and concentrated. 

The crude material was purified by silica column chromatography (50% to 100% EtOAc/Hex) to 

provide the naphthyl alkyne (284 mg, 71%). A fraction ofthis material (123 mg, 0.156 mg) was 

dissolved in EtOH (4 mL) and treated with cone. HCI. The reaction mixture was stirred at reflux 

for 18h. The solution was then concentrated. The resulting residue treated with 2-

Methoxycarbonylamino-3-methyl-butyric acid (60 mg, 0.343 mmol) and HATU (130 mg, 0.343 

mmol), suspended in DMF (3 mL) and cooled to 0 ·c. DIPEA (0.272 mL, 1.56 mmol) was 

added dropwise. After stirring for 4h, NaOH (5M in H20, 0.300 mL, 1.5 mrnol) was added. This 

mixture was stirred for 3h then diluted with EtOAc and washed with 1 M LiOH (2x) then brine. 

The organic phase was dried over MgS04, filtered and concentrated. The crude residue was then 

purified by HPLC to afford the title compound (53 mg, 44%). MS (ESI) mlz 773 [M + Ht. 
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Example HC 

HO~ 
NHC02Me 

2-Methoxycarbonylamino-
3-methyl-pentanoic acid 

{1-{6-[5-(4-{6-[2-{4-Cyano-pyrrolidin-2-yi)-3H-imidazol-4-yl)-naphthalen-
2-yl}-phenyl)-1 H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester-tris-hydrochloride 

0 
'O)lN.H .CN 

'rf)_~ :t-1~ , ~' ·NH '==/ ~No~ 
H.NI(O' 

HATU, DIPEA 
DMF 

0 
(1-{4-Cyano-2-{5-[6-{4-{2-[5-{2-methoxycarbonylamino-3-methyl-butyryl)-5-aza
spiro[2 .4 ]hept..O-yi)-3H-imidazol-4-yl}-phenyl)-naphthalen-2 -yl]-1 H-imidazol-2 -yl}

pyrrolidine-1-carbonyl)-2-methyl-butyl]-carbamic acid methyl ester 

[ 1-( 4-Cyaoo-2-{5-[ 6-( 4-{2-[5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza

spiro[2.4]hept-6-yi)-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl)-1H-imidazol-2-yl}

pyrrolidine-1-carbonyl)-2-methyl-butyl]-carbamic acid methyl ester: ( 1-{ 6-[5-( 4-{ 6-[2-( 4-

Cyano-pyrrolidin-2-yl)-3 H -imidazol-4-y 1]-naphthalen-2-yl} -phenyl )-1 H -imidazol-2-yl]-5-aza

spiro[2.4 ]heptane-5-carbonyl} -2-methyl-propyl)-carbamic acid methyl ester-tris-hydrochloride 

(148 mg, 0.187 mmol), 2- 2-Methoxycarbonylamino-3-methyl-pentanoic acid (42 mg, 0.224 

mmo1) and ~ATU (78 mg, 0.206 mmol) were combined in DMF (2 mL) and cooled to 0 ·c. 
DIPEA (0.163 mL, 0.935 mmol) was added dropwise. The reaction mixture was allowed to 

warm toRT slowly. Afterl2 h, it was diluted with EtOAc and washed with saturated aqueous 

NaHC03, then brine. The organic phase was dried over MgS04, filtered and concentrated. The 

crude residue was purified by HPLC to afford the title compound (80 mg, 50%). MS (ESI) mlz 

854 [M + Hf. 
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ExampleHD 

l;k>c ~ Difluoro-fluorosulfonyl- ~~ 1. UOH, H
2
0/MeOH 

5
NY""OMe acetic acid, Cui -<F (" ·j OMe 

~ MeCN F ~ 2. 2,4'-dibromoacetophenone, 
HO 0 triethylamine, MeCN 

4-Hydroxymethyl-pyrrolidine- 4-Difluoromethoxymethyl-
1,2-dicarboxylic acid 1-tert- pyrrolidine-1,2-dicarboxylic acid 
butyl ester 2-methyl ester 1-tert-butyl ester 2-methyl ester 

Boc BocO_)-Q-riiJ ~ b Br 

0 

(" .l 0 NH40Ac 

~ PhMe 

I ~~Br 
F CNy-~~ 

F-{ .· ~ H 
F-{ o-·· 

F 
4-Ditluoromethoxymethyl-pyrrolidine-1,2-
dicarboxylic acid 2-[2-(4-bromo-phenyl}-

2-oxo-ethyl) ester 1-tert-butyl ester 

2-[5-(4-Bromo-phenyl)-1 H-imidazol-2-
yl]-4-difluoromethoxymethyl-pyrrolidine-

1-carboxylic acid tert-butyl ester 

0 
'OJlN.H 

1. HCI, dioxane/DCM 

2. HATU, DIPEA, DMF 

J)loH 
NHC02Me 

2-Methoxycarbonylamino-3-
methyl-butyric acid 

'r·~o~~sr 
F CNy-~~ 

F-{ .· ~ H 

+ 

H ~~ 
-t-~B~~f~ I 
-}o~No~ 

H"NYO' 
o-·· 

( 1-{2-[5-( 4-Bromo-phenyl)-1 H-imidazol-
2-y~-4-ditluoromethoxymethyl

pyrrolidine-1-carbonyl}-2-methyl
propyl}-carbamic acid methyl ester 

0 
[2-Methyl-1-(2-{5-[4-(4,4,5,5-tetramethyl

[1,3,2]dioxaborolan-2-yl}-phenyl)-1 H
imidazol-2-yl}-pyrrolidine-1-carbonyl}
propy~-carbamic acid methyl ester 

0 
'o)lN.H 

'r·~O~~~f~ I 
F CNy-~~No~ 

F-{ ~ H = 
o-···· H"NI(O' 

0 
( 1-{4-Difluoromethoxymethyl-2-[5-( 4 '-{2-[1-(2-methoxycarbonylamino-3-

methyl-butyryl)-pyrrolidin-2-yi)-3H-imidazol-4-yl)-biphenyl-4-yl)-1 H-imidazol-
2-yl}-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

4-Difluoromethoxymethyl-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-methyl 

ester: 4-Hydroxymethyl-pyrrolidine-1 ,2-dicarboxylic acid l-tert-butyi ester 2-methyl ester (584 

mg, 2.25 mmol) and Cui (86 mg, 0.45 mmol) were suspended in MeCN (10 mL). The reaction 

mixture was heated to 45 ·c and difluoro-fluorosulfonyl-acetic acid (0.465 mL, 4.5 mmol) was 

added dropwise over the course of 30 min. Stirring was continued for another 3h, after which the 
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reaction mixture was cooled to RT and concentrated. The residue was taken up in EtOAc and 

washed with saturated aqueous NaHC03 and brine then dried over MgS04, filtered and 

concentrated. The crude residue was purified by silica column chromatography (19% to 40% 

EtOAc/Hex) to afford the title compound (394 mg, 57%). 

4-Difluoromethoxymethyl-pyrrolidine-1 ,2-dicarboxylic acid 2-(2-( 4-bromo-pbenyl)-2-oxo

etbyl] ester 1-tert-butyl ester: 4-Difluoromethoxymethyl-pyrrolidine-1 ,2-dicarboxylic acid l

tert-butyl ester 2-methyl ester (398 mg, 1.29 mmol) was dissolved in MeOH (8 mL) and LiOH 

(1 Min H20, 2mL, 2 mmol) was added. After stirring at RT for 5h, the MeOH was removed 

under reduced pressure. The aqueous solution was poured into a separatory funnel, diluted with 

1 M HCl (2 mL, 2 mmol) and extracted with DCM (3x). The combined organics were dried over 

MgS04, filtered and concentrated. The residue was dissolved in MeCN (4 mL) and treated with 

2,4'-dibromoacetophenone (200 mg, 0.719 mmol), and triethylamine (0.100 mL, 0.719 mmol). 

After stirring for 15 h, the solvent was removed. The crude residue was purified by silica 

column chromatography (10% to 35% EtOAc/Hex) to afford the title compound (303 mg, 94%). 

2-(5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-difluoromethoxymetbyl-pyrrolidine-1-

carboxylic acid tert-butyl ester: 4-Difluoromethoxymethyl-pyrrolidine-1 ,2-dicarboxylic acid 2-

[2-( 4-bromo-phenyl)-2-oxo-ethyl] ester 1-tert-butyl ester (303 mg, 0.615 mmol) was dissolved 

in PhMe (12 mL) and treated with NH40Ac (948 mg, 12.3 mmol). The stirred mixture was 

refluxed for 23 h then cooled toRT and diluted with EtOAc. The organic phase was washed 

with saturated aqueous NaHC03 and brine then dried over MgS04, filtered and concentrated. 

The crude residue was purified by silica column chromatography (25% to 50% EtOAc/Hex) to 

afford the title compound (130 mg, 45%). 

(1-{2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-difluoromethoxymetbyl-pyrrolidine-1-

carbonyl}-2-metbyl-propyl)-carbamic acid methyl ester: 2-[5-( 4-Bromo-phenyl)-1 H

imidazol-2-yl]-4-difluoromethoxymethyl-pyrrolidine-1-carboxylic acid tert-butyl ester was 

dissolved in DCM (4 mL) and treated with HCl (4.0M in dioxane, 1 mL, 4 mmol). After 2.5 h, 

the solution was concentrated and the residue was treated with 2-Methoxycarbonylamino-3-

methyl-butyric acid (55 mg, 0.315 mmol) and HATU (120 mg, 0.315 mmol). The solids were 

suspended in DMF (3 mL) and the reaction mixture was cooled to 0 ·c before triethylamine 

(0.25 mL, 1.43 mmol) was added in a dropwise fashion. After 30 min, the mixture was warmed 

toRT. After another 1 h, it was diluted with EtOAc and washed with saturated aqueous 

NaHC03 and brine. Then it was dried over MgS04, filtered and concentrated. The crude residue 
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was purified by silica column chromatography (60% to 100% EtOAc!Hex) to afford the title 

compound (92 mg, 61%). 

(1-{4-Difluoromethoxymethyl-2-[5-(4'-{2-[1-(2-methoxycarbonylamino-3-methyl-butyryl)

pyrrolidin-2-yl]-3 H-imidazol-4-yl }-biphenyl-4-yl)-1 H -imidazol-2-y I] -pyrrolidine-1-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester: (1-{2-[5-(4-Bromo-phenyl)-1 H

imidazol-2-yl]-4-difluoromethoxymethyl-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic 

acid methyl ester ( 42 mg, 0.174 mmol), [2-Methyl-1-(2-{ 5-[ 4-( 4,4,5,5-tetramethyl-

[ 1 ,3,2]dioxaborolan-2-yl)-phenyl]-1 H-imidazol-2-yl }-pyrrolidine-1-carbonyl)-propyl]-carbamic 

acid methyl ester (95 mg, 0.191 mmol), Pd(PPh3)4 (20 mg, 0.0174 mmol) and K2C03 (2M in 

H20, 0.191 mL, 0.383 mmol) were combined in 1,2-dimethoxyethane (2 mL). The mixture was 

degassed with bubbling N2 for 12 min then heated to 85 ·c for 4 h. After cooling toRT, the 

reaction mixture was diluted with EtOAc then washed with water and brine. The organic layer 

was dried over MgS04, filtered and concentrated. The crude residue was purified by HPLC to 

provide the title compound (42 mg, 30%). MS (ESI) mlz 819 [M + Ht. 
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Ho~i 

MeNHOMe-HCI, 
HOBt, EDCI, DIPEA 

DMF 

Example HE 

MeMgBr 

THFIPhMe 

PCT /US201 0/034600 

3a,6a-Dihydro- 3a,6a-Dihydro-thieno[3,2-
1-(3a,6a-Dihydro

thieno(3,2-b)thiophen-
2-yl)-ethanone thieno(3,2- b]thiophene-2-carboxylic 

b]thiophene-2- acid methoxy-methyt-amide 
carboxylic acid 0 S B, ocO __}{x)S ,, v'L.J"J""\. Soc-Proline, ~ ~ II " 

PhNMe3Br3 Br_/~s/ triethylamine. CNjo ~ s NBS -fflF M~N 
2-Bromo-1-(3a,6a-dihydro-

DMF 

thieno[3,2-b)thiophen-2-
yl)-ethanone 

BocO _)---U}--0 S " '--II " Br 
L_jo ~ s 

Pyrrolidine-1 ,2-dicarboxylic acid 2-(2-(5-
bromo-3a,6a-dihydro-thieno(3,2-b)thiophen-

2-yl)-2-oxo-ethyl) ester 1-tert-butyl ester 

Pyrrolidine-1,2-dicarboxylic acid 1-tert-
butyl ester 2-(2-(3a,6a-dihydro-thieno[3,2-

b]thiophen-2-yl)-2-oxo-ethyl) ester 

bis(pinnacolato) 
Boc S diboron, 
I ~"'\. _/"~sr Pd(dppfhCI2• 

L?N~s' ..:...:K.:::..:OA..:.:c:....___,. 

2-(5-(5-Bromo-3a,6a-dihydro-thieno(3,2-
b]thiophen-2-yl)-1 H-imidazol-2-yl]

pyrrolidine-1-carboxylic acid tert-butyl ester 

+ 
~ (J 

Br~~f~ 
~N Boc 

2-{5-[5-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-
3a,6a-dihydro-thieno(3,2-b]thiophen-2-yl]-1 H-imidazol-

2-yl}-pyrrolidine-1-carboxylic acid tart-butyl ester 

2-(5-(4-Bromo-phenyl)-1 H
imidazol-2-yl)-pyrrolidine-1-

carboxylic acid tert-butyl ester 

1. Pd(PPh3)4, 
K2C03; H20/DME 

2. HCI, dioxane/DCM 

3. HATU, DIPEA, DMF 

~OH 
NHC02Me 

2-Methoxycarbonylamino-
3-methyl-butyric acid 

0 
'O)lN.H 

~····~0~~----\~~~~-~~~N 
CNyr-~~s~No ..' 

£ H .. '-

H.N'l(O' 

0 
(1-(2-{5-(5-(4-{2-(1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yQ-

3H-imidazol-4-yl}-phenyl)-3a,6a-dihydro-thieno[3,2-b]thiophen-2-yQ-1H-imidazol-
2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl}-carbamic acid methyl ester 

3a,6a-Dihydro-thieno(3,2-b)thiophene-2-carboxylic acid methoxy-methyl-amide: 3a,6a

Dihydro-thieno[3,2-b]thiophene-2-carboxylic acid (2g, 10.86 mmol) MeNHOMe-HCI (1.06 g, 

10.86 mmol), HOBt (1.47 g, 10.86 mmol) and DIPEA (5.9 mL, 33.67 mmol) were combined in 

DMF (40 mL). To the stirred mixture was added EDCI (2.72 g, 14.12 mmol). After 5h, EtOAc 

(1 00 mL) was added and the organics were washed with saturated aqueous NaHC03 and brine 

then dried over MgS04, filtered and concentrated. The crude residue was purified by silica 

colwnn chromatography (20% to 45% EtOAc/Hex) to afford the title compound (1.98 g, 80%). 

l-(3a,6a-Dihyd ro-thien o (3,2-b )thiophen-2-y 1)-ethanone: 3 a,6a-Dih ydro-thieno [3 ,2-

b]thiophene-2-carboxylic acid methoxy-methyl-amide (1.955 g, 8.60 mmol) was dissolved in 
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THF. The stirred solution was cooled to 0 ·c before methylmagnesiwn bromide (1.4 Min 

PhMe, 8.6 mL, 12.04 mmol) was added. The reaction was allowed to gradually warm toRT o/n, 

then it was quenched by addition of 10% HCI. The aqueous phase was extracted with diethyl 

ether. The organic phase was washed with brine then dried over MgS04, filtered and 

concentrated to afford the title compound (1.98 g, 80%). 

2-Bromo-1-(3a,6a-dihydro-thieno(3,2-b ]tbiophen-2-yl)-etbanone: l-(3a,6a-Dihydro

thieno[3,2-b]thiophen-2-yl)-ethanone (453 mg, 2.48 mmol) was dissolved in THF (12 mL) and 

phenyltrimethylammonium tribromide (932 mg, 2.48 mmol) was added. After stirring for 1h, the 

suspension was filtered over CELITE. The filtrate was diluted with diethyl ether, then washed 

with saturated aqueous NaHC03 and brine then dried over MgS04, filtered and concentrated to 

afford the title compound which was carried on without purification. 

Pyrrolidine-1 ,2-dicarboxylic acid 1-tert-butyl ester 2-[2-(3a,6a-dihydro-tbieno[3,2-

b)thiopben-2-yl)-2-oxo-etbyl] ester: Crude 2-Bromo-1-(3a,6a-dihydro-thieno[3,2-b ]thiophen-

2-yl)-ethanone (2.48 mmol assuming complete conversion from starting material) was treated 

with Boc-proline and MeCN (25 mL). Triethylamine was added and the solution was stirred at 

RT for lh then concentrated. The crude residue was purified by silica colwnn chromatography 

(14% to 35% EtOAc/Hex) to afford the title compound (595 mg, 61%). 

Pyrrolidine-1,2-dicarboxylic acid 2-[2-(S-bromo-3a,6a-dihydro-thieno(3,2-b]thiophen-2-

yl)-2-oxo-ethyl] ester 1-tert-butyl ester: Pyrrolidine-1 ,2-dicarboxylic acid 1-tert-butyl ester 2-

[2-(3a,6a-dihydro-thieno[3,2-b]thiophen-2-yl)-2-oxo-ethyl] ester (595 mg, 1.5 mmol) was 

dissolved in DMF (7.5 mL) and treated with N-bromosuccinimide (295 mg, 1.65 mmol). The 

reaction mixture was stirred for 4d at RT then diJuted with EtOAc and washed with saturated 

aqueous NaHC03 and brine. The organic layer was dried over MgS04, filtered and concentrated. 

The crude residue was purified by silica column chromatography (20% to 50% EtOAc/Hex) to 

afford the title compound (469 mg, 66%). 

2-(S-(S-Bromo-3a,6a-dihydro-thieno(3,2-b]tbiophen-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-

carboxylic acid tert-butyl ester: Pyrrolidine-1,2-dicarboxylic acid 2-[2-(5-bromo-3a,6a

dihydro-thieno[3,2-b]thiophen-2-yl)-2-oxo-ethyl) ester 1-tert-butyl ester (480 mg, 1.01 mmol) 

was treated with PhMe (10 mL) and ammoniwn acetate (1.56 g, 20.24 mmol). The reaction 

mixtuie was refluxed whiJe stirring for 16h, then cooled toRT. EtOAc was added and the 

organic phase was washed with saturated aqueous NaHC03 and brine. After it was dried over 
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MgS04, it was filtered and concentrated. The crude residue was purified by silica colwnn 

chromatography (25% to 60% EtOAc!Hex) to afford the title compound (378 mg, 82%). 

2-{ S-( 5-( 4,4,5,5-Tetrametby 1-(1 ,3,2) dioxaborolan-2-yl)-3a,6a-dibydro-tbieno [3,2-

b)tbiophen-2-yi)-1H-imidazol-2-yl}-pyrrolidine-1-carboxylic acid ten-butyl ester: 2-[5-(5-

Bromo-3a,6a-dihydro-thieno[3,2-b ]thiophen-2-yl)-1 H -imidazol-2-yl ]-pyrrolidine-1-carboxylic 

acid tert-butyl ester 

(273 mg, 0.598 mmol), bis(pinacolato)diboron (0.228 mg, 0.897 mmol), Pd(dppt)2Ch (44 mg, 

0.0598 mmol) and KOAc (176 mg, 1. 79 mmol) were combined in dioxane and degassed for 12 

min with bubbling N2• The reaction mixture was then stirred at 85 ·c for 2.5h, cooled to RT and 

diluted with EtOAc. The organic mixture was washed with saturated aqueous NaHC03 and 

brine before being dried over MgS04, filtered and concentrated. The crude residue was purified 

by silica colwnn chromatography (25% to 60% EtOAc!Hex) to provide the title compound 

(0.159 g, 53%). The product was contaminated with an equimolar amount of a byproduct which 

was believed to be the proteodebrominated starting material. 

(1-(2-{5-(5-( 4-{2-(1-(2-Methoxycarbonylamino-3-metbyl-butyryl)-pyrrolidin-2-yl)-3H

imidazol-4-yl}-phenyl)-3a,6a-dihydro-thieno[3,2-b]thiopben-2-yi]-1H-imidazol-2-yl}

pyrrolidine-1-carbony1)-2-metbyl-propyl)-carbamic acid methyl ester: 2-{ 5-[5-( 4,4,5,5-

Tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)-3a,6a-dihydro-thieno[3,2-b ]thiophen-2-yl ]-1 H -imidazol-

2-yl}-pyrrolidine-1-carboxylic acid tert-butyl ester (159 mg, 0.317 mmol), 2-[5-(4-Bromo

phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester ( 124 mg, 0.317 mmol), 

Pd(PPh3)4 (37 mg, 0.0317 mmol) and K2C03 (2M in H20, 0.32 mL, 0.64 mmol) were combined 

in 1 ,2-dimethoxyethane (3 mL) and degassed with bubbling N2 for 10 min. The stirred reaction 

mixture was warmed to 85 ·c for 3.5h then cooled toRT and diluted with EtOAc. The organic 

phase was washed with saturated aqueous NaHC03 and brine before being dried over MgS04, 

filtered and concentrated. The crude residue was purified by silica column chromatography 

(EtOAc then 5% MeOHJDCM) to afford the Suzuki-coupled product (89 mg, 41 %). This 

material was dissolved in DCM (4 mL) and treated with HCl (4 Min dioxane, 1 mL, 4 mmol). 

After stirring for 73min, the reaction mixture was diluted with EtOAc and the solid was filtered 

off and rinsed with EtOAc. The solid was dried, then combined with 2-Methoxycarbonylamino-

3-methyl-butyric acid (37 mg, 0.212 mmol), HATU (81 mg, 0.212 mmo1) and DMF (2 mL). The 

stirred reaction mixture was cooled to 0 ·c and DIPEA (0.17 mL, 0.96 mmol) was added 

dropwise. After 15min, it was warmed toRT. 17h later, the reaction mixture was diluted with 

EtOAc .. The organic phase was washed with saturated aqueous NaHC03 and brine before being 
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dried over MgS04, filtered and concentrated. The crude residue was purified by HPLC to afford 

the title compound (23 mg, 22%). MS (ESI) mlz 801 [M + Ht. 

Boc s 
I ~~~~Br 
CNv-~~r ~ H 

+ 

2-{5-(5-Bromo-3a,6a-dihydro-thieno[3,2-
b]thiophen-2-yl)-1 H-imidazol-2-yl]

pyrrolidine-1-carboxylic acid tart-butyl ester 

1. Pd(PPh3)4, 
K2C03; H20/DME 

2. HCI, dioxane/DCM 

3. HATU, DIPEA, DMF 

Example HF 

li C) 
-t-~B nNt'J ,I -fo ""=T 0

9
'( "-

H.N'l(o, 

0 
(2-Methyl-1-{2-{6-(4,4,5,5-tetramethyl-{1,3,2)dioxaborolan-

2-yl)-1 H-benzoimidazol-2-yl]-pyrrolidine-1-carbonyl}
propyl)-carbamic acid methyl ester 

0 

'O.JlN.H HN Z~ 

'r·~O ~"' ~~ n t'1 ·' N-..r-N~S'J"'\,J (}"''(' "-cj H H'N'l(O' ~OH 
NHC02Me 

2-Methoxycarbonylamino-
3-methyl-butyric acid 

0 
(1-{2-[5-(5-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H
benzoimidazol-5-yl}-3a,6a-dihydro-thieno(3,2-b)thiophen-2-yi)-1H-imidazol-2-yl)

pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

(1-{2-[5-(5-{2-[1-(2-Methoxycarbooylamioo-3-methyl-butyryl)-pyrrolidio-2-yl]-3H

beozoimidazol-5-yl}-3a,6a-dihydro-thieoo[3,2-b]thiopheo-2-yi)-1H-imidazol-2-yl]

pyrrolidioe-1-carbooyl}-2-metbyl-propyl)-carbamic acid methyl ester: 2-[5-(5-Bromo-

3a,6a-dihydro-thieno[3,2-b ]thiophen-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert

butyl ester (1 00 mg, 0.219 mmol), (2-Methyl-1-{2-[6-( 4,4,5,5-tetramethyl-[ I ,3,2]dioxaborolan-

2-yl)-1H-benzoimidazol-2-yl]-pyrrolidine-1-carbonyl}-propyl)-carbamic acid methyl ester (117 

mg, 0.283 mmol}, Pd(PPh3)4 (51 mg, 0.0438 mmol) and K2C03 (2 M in H20, 0.33 mL, 0.66 

mmol) were combined in 1,2-dimethoxyethane (4 mL) and degassed with bubbling N2 for 10 

min. The stirred reaction mixture was warmed to 85 ·c for 3.5h then cooled toRT and diluted 

with EtOAc. The organic phase was washed with saturated aqueous NaHC03 and brine before 

being dried over MgS04, filtered and concentrated. The crude residue was purified by silica 

column chromatography (EtOAc) to afford the Suzuki-coupled product (71 mg, 49%). This 

material was dissolved in DCM (4 mL) and treated with HCl (4 Min dioxane, I mL, 4 mmol). 

After stirring for 97min, the reaction mixture was concentrated. The solid was dried, then 

combined with 2-Methoxycarbonylamino-3-methyl-butyric acid (39 mg, 0.225 mmol), HA TU 

(86 mg, 0.225 mmol) and DMF (4 mL). The stirred reaction mixture was cooled to 0 ·c and 

DIPEA (0.18 mL, 1.07 mmol) was added dropwise. After 30min, it was warmed toRT. 12min 

814 



IPR2018-00211 Page 817 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

later, the reaction mixture was diluted with EtOAc .. The organic phase was washed with 

saturated aqueous NaHC03 and brine before being dried over MgS04, filtered and concentrated. 

The crude residue was purified by HPLC to afford the title compound (32 mg, 39%). MS (ESI) 

mlz 775 [M + Ht. 

ExampleHG 

Boc s 
I ~~~~Br 1. HCI, dioxane/DCM 

CNy-f'!~r : H 2. HATU, DIPEA, DMF 

2-[5-(5-Bromo-3a,6a-dihydro-thieno[3,2- 1 ~ OH 
b]thiophen-2-yi)-1H-imidazol-2-y~- _, Y ~ 

pyrrolidine-1-carboxylic acid tert-butyl ester NHC02Me 

+ 

(1-{2-[5-(5-Bromo-3a,6a-dihydro-thieno[3,2-
b]thiophen-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-
carbonyl]-2-methyl-propyl)-carbamic acid methyl 

ester 

2-Methoxycarbonylamino-
3-methyl-butyric acid 

- ~-~) 
~N ~NHCOMe 

o A 2 

{1-[2-(5-Ethynyl-1 H-imidazol-2-yl)
pyrrolidine-1-carbonyl]-2-methyl

propyl}-carbamic acid methyl ester 

Pd(PPh3)4, Cui, y 0 H Z~ 
triethylamine ~ Me02CHNf ~~____JS~Nt('N 

DMF L~N~s~-~ N0~HCO,Me 

(1-{2-[5-(5-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi)-3H
imidazol-4-ylethynyl}-3a,6a-dihydro-thieno[3,2-b]thiophen-2-yi)-1H-imidazol-2-

yl}-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

(1-{2-[ 5-( 5-Bromo-3a,6a-dibydro-tbieno [3,2-b) tbiopben-:2-yl)-1 H -imidazol-2-yl)

pyrrolidine-1-carbonyl}-2-metbyl-propyl)-carbamic acid methyl ester: 2-[5-(5-Bromo-

3a,6a-dihydro-thieno[3,2-b ]thiophen-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert

butyl ester (250 mg, 0.548 mmol) was dissolved in DCM (4 mL) and treated with HCl (4 Min 

dioxane, 1 mL, 4 mmol). After stirring for 1.5h, the reaction mixture was concentrated. The 

solid was dried, then combined with 2-Methoxycarbonylamino-3-methyl-butyric acid (106 mg, 

0.603 mmo1), HA TU (229 mg, 0.603 mmol) and DMF (6 mL). The stirred reaction mixture was 

cooled to 0 ·c and DIPEA (0.48 mL, 2.74 mmol) was added dropwise. After 50min, it was 

wanned toRT. 12min later, the reaction mixture was diluted with EtOAc .. The organic phase 

was washed with saturated aqueous NaHC03 and brine before being dried over MgS04, filtered 
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and concentrated. The crude residue was purified by silica column chromatography to afford the 

title compound (252 mg, 90%). 

(l-{2-[S-(S-{2-[1-(2-Metboxycarbonylamino-3-metbyl-butyryl)-pyrrolidin-2-yl]-3H

imidazol-4-yletbynyl}-3a,6a-dibydro-tbieno[3,2-b]tbiopben-2-yl)-1H-imidazol-2-yl)

pyrrolidine-1-carbonyl}-2-metbyl-propyl)-carbamic acid methyl ester: ( 1-{ 2-[ 5-( 5-Bromo-

3a,6a-dihydro-thieno[3,2-b ]thiophen-2-yl)-1 H-imidazol-2-yl)-pyrrolidine-1-carbonyl} -2-methyl

propyl)-carbamic acid methyl ester (140 mg, 0.440 mmol), { 1-[2-(5-Ethynyl-1 H-imidazol-2-yl)

pyrrolidine-1-carbonyl]-2-methyl-propyl}-carbamic acid methyl ester (130 mg, 0.254 mmol), 

Pd(PPh3) 4 (29 mg, 0.0254 mmol), Cui (10 mg, 0.0508 mmol) and triethylamine (0.354 mmol, 

2.54 mmol) were combined in DMF (2.5 mL) and degassed with N2 for 17min. The reaction was 

heated to 85 ·c for 4h then cooled to RT, diluted with EtOAc and washed with saturated 

aqueous NaHC03 (2x) and brine. The organic layer was dried over MgS04, filtered and 

concentrated. The crude residue was purified by HPLC chromatography to afford the title 

compound (34 mg, 18%). MS (ESI) mlz 749 [M + Ht. 

Example HH 

1. HCI, dioxane/DCM 

2. HA TU, K3P04 , DCM 
0 

2-{5-[4-(4,4,5,5-Tetramethyl-[1 ,3,2]dioxaborolan-2- Ph._Jl. 
yl)-phenyij-1 H-imidazol-2-yl}-pyrrolidine-1- : OH 

carboxylic acid terl-butyl ester NHC02Me 

Methoxycarbonylamin~ 
phenyl-acetic acid 

+ 

[2-0x~1-phenyl-2-(2-{5-[4-{4,4,5,5-tetramethyl
[1,3,2]dioxaborolan-2-yl)-phenyij-1 H-imidazol-2-yl}

pyrrolidin-1-yl)-ethyij-carbamic acid methyl ester 

(1-{2-[5-(5-Brom~3a,6a-dihydr~thieno[3,2-
b)thiophen-2-yl)-1 H-imidazol-2-yij-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-carbamic acid methyl 

Pd(PPh3)4 , 

K2C03; H20/DME 

ester 

y 0 H ~~ 
Me02CHNr N~S~NfN 

CN?r{-'\-l-.5~N o~····'NHCH202Me 
H Ph 

{2-Methyl-1-[2-(5-{5-[4-(2-{1-[2-(methylperoxymethyl-amino )-2-phenyl-acetyij
pyrrolidin-2-yi}-3H-imidazol-4-yl)-phenyij-3a,6a-dihydr~thieno[3,2-b]thiophen-2-
yl)-1 H-imidazol-2-yl)-pyrrolidine-1-carbonyij-propyl}-carbamic acid methyl ester 
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[2-0xo-1-pbenyl-2-(2-{5-[4-( 4,4,5,5-tetrametbyl-[1 ,3,2]dioxaborolan-2-yl)-pbenyl]-1 H

imidazol-2-yl}-pyrrolidin-1-yl)-etbyl]-carbamic acid methyl ester: 2-{ 5-[ 4-( 4,4,5,5-

Tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)-phenyl]-1 H-imidazol-2-yl} -pyrrolidine-1-carboxylic acid 

tert-butyl ester (530 mg, 1.21 mrnol) was dissolved in DCM (4 mL) and treated with HCI (4M in 

dioxane, 1 mL, 4 mrnol). The reaction mixture was stirred at R T for 19h then the solid was 

filtered off and rinsed with DCM. After being thoroughly dried (461 mg, 92%), a portion of this 

solid (200 mg, 0.485 mrnol) was combined with Methoxycarbonylamino-phenyl-acetic acid 

(122 mg, 0.582 mrnol) and HATU (221 mg, 0.582 mrnol)were suspended in DCM (5 mL) and 

K3P04 (309 mg, 1.455 mmol) was added. After stirring 24h, the reaction mixture was diluted 

with EtOAc and washed with 1M LiOH and brine. The orgruiic layer was dried over MgS04, 

filtered and concentrated. The crude residue was purified by silica column chromatography 

(75% to 100% EtOAc) to provide the title compound (204 mg, 79%). 

{2-Metbyl-1-[2-( 5-{ 5-[ 4-(2-{ 1-[ 2-( metbylperoxymetbyl-amino )-2-phenyl-acety I) -pyrrolidin-

2-yl}-3H-imidazol-4-yl)-pbenyl)-3a,6a-dihydro-thieno[3,2-b]thiopben-2-yl}-1H-imidazol-2-

yl)-pyrrolidine-1-carbonyl]-propyl}-carbamic acid methyl ester: [2-0xo-1-phenyl-2-(2-{ 5-

[ 4-( 4,4,5,5-tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)-phenyl]-1 H-imidazol-2-yl }-pyrrolidin-1-yl)

ethyl]-carbamic acid methyl ester (204 mg, 0.385 mrnol), (1-{2-[5-(5-Bromo-3a,6a-dihydro

thieno[3,2-b ]thiophen-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl-propyl)

carbamic acid methyl ester (137 mg, 0.268 mrnol), Pd(PPh3)4 (31 mg, 0.0268 mmol) and K2C03 

(2M in H20, 0.4 mL, 0.8 mmol) were combined in 1,2-dimethoxyethane (2.7 mL). After 10 min 

of degassing with bubbling N2, the reaction mixture was heated to 85 ·c for 19h. After this 

period, it was cooled and diluted MeOH. The suspension was filtered over a thiol SPE cartridge 

to remove the palladium, then concentrated. The crude residue was purified by HPLC to afford 

the title compound (103 mg, 46%). MS (ESD mlz 835 [M + Ht. 
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Example HI 

o, 
3,5-Dimethoxy-benzoic 

acid methyl ester 
2-Bromo-3,5-<jimethoxy
benzoic add methyl ester 

4,6,4',6'-Tetramethoxy-biphenyl-2, 
2'-dicarboxylic acid dimethyl ester 

,~6 
HO \ 

(6'-Hydroxymethyl-4,6,2',4'-tetra 
methoxy-biphenyl-2-yl)-methanol 

H~OO 
5, 10-Dihydro-chromeno 

[5,4,3-cde)chromene-2,7-diol 

~6 _6_6r_3_.H~OH 
Br \ Br 

6,6'-Bis-bromomethyl-2,4, 6,6'-Bi&-bromomethyl-
2',4'-tetramethoxy-biphenyl biphenyl-2,4,2',4'-tetraol 

n2o 
Pyridine 

Trifluoro-methanesulfonic acid 7-trifluoro 
methanesulfonyloxy-5, 1 O-dihydro

chromeno[5,4,3-cde)chromen-2-yl ester 

( 1-{2-[5-(7 -{2-[ 1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yij-
3H-imidazol-4-yl}-5, 1 O-dihydro-chromeno(5,4,3-Gde)chromen-2-yl)-1 H-imidazol-

2-yij-pyrrolid ine-1-carbonyl}-2 -methyl-propyl)-carbamic acid methyl ester 

2-Bromo-3,5-dimethoxy-benzoic acid methyl ester: 3,5-Dimethoxy-benzoic acid methyl ester 

(4.0 g) was dissolved in MeCN (28 mL), and NBS (4.4 g) was added at 0°C. After stirring at 

room temperature for 3 hours, saturated Na2S03 (15 mL) was added. The mixture was 

evaporated under vacuum and extracted with ether (1x, 500 mL). After the solvent was removed, 

the crude material was subjected to silica gel chromatography using eflluent of 10 -40 % ethyl 

acetate and hexanes. The fractions containing product were combined and the solvent was 

removed under reduced pressure to provide 2-bromo-3,5-dimethoxy-benzoic acid methyl ester 

(5.2 g, 93 %) as a clear oil. 

4,6,4' ,6'-Tetramethoxy-biphenyl-2,2'-dicarboxylic acid dimethyl ester: 2-Bromo-3,5-

dimethoxy-benzoic acid methyl ester (5.2 g) was dissolved in DMF (16 mL), and Cu powder 

(2.4 g) was added. After stirring at 150°C for 3 days, the mixture was filtered and evaporated 

under vacuum. The crude material was subjected to silica gel chromatography using eflluent of 
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30 -60 % ethyl acetate and hexanes. The fractions containing product were combined and the 

solvent was removed under reduced pressure to provide 4,6,4' ,6' -tetramethoxy-biphenyl-2,2'

dicarboxylic acid dimethyl ester (2.5 g, 68 %) as a clear oil. 

(6'-Hydroxymetbyl-4,6,2' ,4'-tetrametboxy-bipbenyl-2-yl)-metbanol : 4,6,4' ,6'

tetramethoxy-biphenyl-2,2' -dicarboxylic acid dimethyl ester (2.5 g) was dissolved in THF (96 

mL), and IM LiAll-4 in THF (9.6 mL) was added. After stirring at room temperature for 

overnight, the mixture was quenched with water and 2N HCl (24 mL) was added. The mixture 

was evaporated under vacuum and partitioned with DCM (300 mL) and water (200mL). The 

organic layer was dried over Na2S04 and crystallized with DCM to provide (6' -hydroxymethyl-

4,6,2' ,4'-tetramethoxy-biphenyl-2-yl)-methanol (1.7 g, 77 %) as a pale blue white triclinic 

crystals. 

6,6'-Bis-bromomethyl-2,4,2' ,4'-tetrametboxy-biphenyl : (6' -hydroxymethyl-4,6,2' ,4'

tetramethoxy-biphenyl-2-yl)-methanol (779 mg) was dissolved in DCM (5.8 mL), and PBr3 (527 

JJl) was slowly added at 0°C. After stirring at 0°C for 30 min. and at room temperature for 1 

hour, H20 (40 mL) was added. The mixture was extracted with ether (lx, 50 mL). After the 

solvent was removed, the crude material was subjected to silica gel chromatography using 

effluent of I 0 -40 % ethyl acetate and hexanes. The fractions containing product were combined 

and the solvent was removed under reduced pressure to provide 6,6' -bis-bromomethyl-2,4,2' ,4'

tetramethoxy-biphenyl (700 mg, 65 %) as a thick oil. 

6,6'-Bis-bromomethyl-biphenyl-2,4,2' ,4'-tetraol : 6,6' -bis-bromomethyl-2,4,2' ,4'

tetramethoxy-biphenyl (685 mg) was dissolved in DCM (3.0 mL), and 1M BBr3 in DCM (16.4 

mL) was slowly added. After stirring for 2 days, the mixture was poured on to ice and 

concentrated. The crude material was used for the next step without a further purification. 

5-10-Dihydro-chromeno[S,4,3-cde]chromene-2,7-diol: The crude 6,6'-bis-bromomethyl

biphenyl-2,4,2' ,4'-tetraol was dissolved in DMF (30 mL), and Cs2C03 (1.9 g) was added. After 

stirring at room temperature for 1 hour, the mixture was partitioned with 1 N HCl (100 mL) and 

ethyl acetate (100 mL), and extracted with ethyl acetate (3X, 100 mL). After the solvent was 

removed, the crude material was subjected to silica gel chromatography using effluent of 10 -15 

%methanol and DCM. The fractions containing product were combined and the solvent was 

removed under reduced pressure to provide 5-10-dihydro-chromeno[5,4,3-cdeJchromene-2,7-

diol (301 mg, 84 %) as a white solid. 
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Trifluoro-methanesulfonic acid 7-trifluoromethanesulfonyloxy-5,10-dihydro

cbromeno[5,4,3-cde]chromen-2-yl ester : 5-l O-Dihydro-chromeno[5,4,3-cde ]chromene-2,7-

diol (290 mg) was dissolved in DCM (12 mL), and Tf20 (1.2 mL) and pyridine (969 J.Ll) were 

added. After stirring at room temperature for overnight, the mixture was partitioned with 2 N 

HCI (50 mL) and DCM (50 mL), and washed with 2 N HCl (2 x 50 mL) and saturated sodium 

bicarbonate (1 x 50 mL). After the solvent was removed, the resulting oil was subjected to silica 

gel chromatography using effluent of 0 -30 % ethyl acetate and hexanes. The fractions 

containing product were combined and the solvent was removed under reduced pressure to 

provide trifluoro-methanesulfonic acid 7-trifluoromethanesulfonyloxy-5, 1 O-dihydro

chromeno[5,4,3-cde]chromen-2-yl ester (472 mg, 78%) as an off-white solid. 

(1-{2-[5-(7-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H

imidazol-4-yl}-5,10-dihydro-chromeno[5,4,3-cde]chromen-2-yi)-1H-imidazol-2-yl]

pyrrolidine-1-carbonyl}-2-metbyl-propyl)-carbamic acid methyl ester: Title compound was 

prepared according to the method employed to prepare (1-{2-[5-(2-{2-[1-(2-

Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}-6-H-

dibenzo[ c,h ]chromen-8-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl-propyl)

carbamic acid methyl ester, substituting trifluoro-methanesulfonic acid 7-trifluoromethane 

sulfonyloxy-5, 1 O-dihydro-chromeno[5,4,3-cde ]chromen-2-yl ester for trifluoro-methanesulfonic 

acid 2-trifluoromethanesulfonyloxy-6-H-dibenzo[ c,h ]chromen-8-yl ester. 
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Example HJ 

t1 H ~ 
~":·--Q---{1~-).__ 

3-[5-(6-Bromo-naphthalen-2-yl)-1 H-imidazol-2-yl]-2-aza
bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester 

-7-o o HN-fo 
o-

12-Methyl-1-(6-{5-[4-( 4,4,5,5-tetramethyl-(1,3,2]dioxaborolan-
2-yl)-phenyl)-1 H-imidazol-2-yl}-5-aza-spiro[2.4]heptane-5-

carbonyl)-propyl]-carbamic acid methyl ester 

Pd(PPhJ)4 
K2C03 
DME, H20 

H H ~ 
Nl(-{)-
~N (/~ 

0 HN\(0-

0 
3-{5-[6-(4-{2-[5-(2-Methoxycarbonylamino-3-methyl-butyryl)-5-aza

spiro[2.4]hept-6-yij-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yij-1H-imidazol-2-
yl}-2-aza-bicyclo(2.2.1 ]heptane-2-carboxylic acid tert-butyl ester 

1) HCI, dioxanes 
MeOH 

[1-(6-{5-[4-(6-{2-[2-(2-Cyclopropyl-2-methoxycarbonylamino-acetyl)-2-aza
bicyclo[2.2.1 ]hept-3-yij-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl)-1 H-imidazol-2-yl}-

5-aza-spiro(2.4]heptane-5-carbonyl)-2-methyl-propyij-carbamic acid methyl ester 

3-{5-[6-(4-{2-[5-(2-Methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4]hept-6-yi]-

3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-imidazol-2-yl}-2-aza

bicyclo(2.2.l)heptane-2-carboxylic acid tert-butyl ester. To a solution of[2-Methyl-1-(6-{5-

[ 4-( 4,4,5,5-tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)-phenyl]-1 H-imidazol-2-yl} -5-aza

spiro[2.4]heptane-5-carbonyl)-propyl]-carbamic acid methyl ester (0.95 g, 1.82 mmol) and 3-[5-

(6-Bromo-naphthalen-2-yl)-1 H-imidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid 

tert-butyl ester (0.96 g, 1.82 mmol, 1 equiv.) in DME (20 mL) was added K2C03 (aqueous, 2M, 

3.6 mL, 7.2 mmol, 4 equiv.) and Pd(PPh3)4 (0.11 g, 0.09 mmol, 0.05 equiv.). The slurry was 

degassed with argon for 5 minutes and heated to 80 oc for 12 hours. The resulting reaction 

mixture was diluted with EtOAc and washed with water. The aqueous layer was back-extracted 

with EtOAc and the combined organic layers were dried over Na2S04 and concentrated. The 

crude oil was purified by column chromatography (Si02, 50-+ 100% EtOAc in Hexanes) to 
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provide 3-{ 5-[ 6-( 4-{2-[ 5-(2-Methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4]hept-6-

yl]-3H-imidazol-4-yl} -phenyl)-naphthalen-2-yl]-1 H-imidazol-2-yl }-2-aza

bicyclo[2.2.l]heptane-2-carboxylic acid tert-butyl ester (0.53 g, 37%) as a yellow powder. 

LCMS-ESt: calc'd for C46H53N70 5: 783.4 (M}; Found: 784.3 (M+W). 

( 1-( 6-{S-[4-(6-{2-[2-(2-Cyclopropyl-2-metboxycarbonylamino-acetyl)-2-aza-

bicyclo [2.2.1) bept-3-yl] -3 H -imidazol-4-yl }-na pbtbalen-2-yl)-pbenyl) -1 H -imidazol-2-yl }-5-

aza-spiro[2.4]beptane-5-carbonyl)-2-metbyl-propyl]-carbamic acid methyl ester. To a 

slurry of 3-{ 5-[ 6-( 4-{2-[ 5-(2-Methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4 ]hept-6-

yl]-3H-imidazol-4-yl} -phenyl)-naphthalen-2-yl]-1 H-imidazol-2-yl} -2-aza-

bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester (0.05 g, 0.06 mmol) in MeOH (0.1 mL) 

was added HCl in dioxanes (4 M, 0.6 mL). The resulting solution was stirred at room 

temperature for 1 hour and the concentrated to dryness. Cyclopropyl-methoxycarbonylarnino

acetic acid (0.02 g, 0.09 mmol, 1.5 equiv.) and CH2Ch (0.6 mL) were then added, followed by 

HA TU (0.03 g, 0.08 mmol, 1.25 equiv.) and NMM (0.05 mL, 0.45 mmol, 5 equiv.). The 

resulting solution was stirred at room temperature for 18 hours. The reaction mixture was 

concentrated and purified by preparative HPLC (Gemini, 15-40% MeCN in H20 (0.1% formic 

acid)) and lyophilized to provide [1-(6-{5-[4-(6-{2-[2-(2-Cyclopropyl-2-

methoxycarbony lamino-acety 1 )-2-aza-bicyclo [2 .2 .1 ]hept-3-y 1]-3 H-imidazol-4-y I} -naphtha} en-2-

yl)-phenyl]-1 H -imidazol-2-yl} -5-aza-spiro[2.4 ]heptane-5-carbonyl)-2-methyl-propyl]-carbamic 

acid methyl ester (0.03 g, 49%) as a white powder. LCMS-ESI+: calc'd for C4sHs4Ns06: 838.4 

(M +); Found: 839.9 (M+H+). 1H-NMR: 400 MHz, (CDCh) o: (mixture of rotomers) 8.22 (s, 

2H), 7.81-7.96 (m, 10H), 7.63 (d, lH), 7.29 (d, 1H), 5.18 (t, 1H), 4.56 (d, lH), 3.96 (t, lH), 3.74 

(m, lH), 3.51 (s, 6H), 3.12 (t, lH), 2.48 (s, lH), 1.93-2.29 (m, 6H), 1.58-1.77 (m. 5H). 0.85 (d. 

3H), 0.80 (d, 3H), 0.58 (m, 4H), 0.34 (m, lH), 0.26 (m, 1H), 0.03 (m, lH), -0.12 (m, lH). 
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0 

)LNH O 

-o --(~__)-; li~ N N 

I::JYH H ~ ~ Boc 

6-{5-[4-(6-{2-[2-(2-Methoxycarbonylamino-3-methyl
butyryl)-2 -aza-bicyclo[2. 2 .1)hept-3-yi]-3H-imidazol-4-
yl}-naphthalen-2-yl)-phenyl)-1 H-imidazol-2-yl}-5-aza-
spiro[2.4)heptane-5-carboxylic acid tert-butyl ester 

PCT /US201 0/034600 

1) HCI, dioxanes 
MeOH 

HR N N t> 
~ ~ L .·'' 

0(/ \ 0-
HN\( 

0 

[1-(3-{5-[6-(4-{2-[5-(2-Cyclopropyl-2-methoxycarbonylamino-acetyl)-5-aza
spiro[2.4)hept-6-yi)-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yi]-1H-imidazol-2-yl}-2-
aza-bicyclo[2.2.1]heptane-2-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester 

(l-(3-{5-(6-(4-{2-(S-{2-Cyclopropyl-2-methoxycarbonylamino-acetyl)-5-aza-spiro(2.4)bept-

6-yl]-3H-imidazol-4-yl}-phenyl)-oaphthalen-2-yl]-lH-imidazol-2-yl}-2-aza

bicyclo(2.2.l)heptane-2-carbooyl)-2-methyl-propyl]-carbamic acid methyl ester. This 

compound was prepared following the procedure for [1-(6-{5-[4-(6-{2-[2-(2-Cyclopropyl-2-

methoxycarbony lamino-acety I)-2-aza-bicyclo[2 .2 .1 ]hept-3-y I]-3 H-imidazol-4-y I} -naphtha] en-2-

yl )-phenyl ]-1 H-imidazol-2-yl} -5-aza-spiro[2.4 ]heptane-5-carbonyl)-2-methyl-propyl]-carbamic 

acid methyl ester using 6-{5-[4-(6-{2-[2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza

bicyclo[2.2.1 ]hept-3-yl]-3H-imidazol-4-yl }-naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl} -5-aza

spiro[2.4]heptane-5-carboxylic acid tert-butyl ester (0.05 g, 0.06 mmol) to provide [1-(3-{5-[6-

( 4-{ 2-[ 5-(2-Cyclopropyl-2-methoxycarbonylamino-acety I)-5-aza-spiro [2. 4 ]hept -6-y I]-3 H

imidazol-4-yl} -phenyl)-naphthalen-2-yl]-1 H-imidazol-2-yl} -2-aza-bicyclo[2.2.1 ]heptane-2-

carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (0.02 g, 46%) as a white powder. 

LCMS-ES:f": calc'd for C4sH54Ns06: 838.4 (M +);Found: 839.9 (M+W). 1H-NMR: 400 MHz, 

(CDCh) o: (mixture ofrotomers) 8.18 (s, 2H), 7.80-7.91 (m, 10H), 7.58 (s, IH), 7.14 (d, 1H), 

5.19 {d, IH), 4.50 {d, 1H), 4.13 {t, 1H), 3.57 (m, IH), 3.51 (s, 6H), 3.28 (m, IH), 2.48 (s, 1H), 

1.94-2.04 (m, 2H), 1.71-1.83 (m, 5H), 1.42-1.49 (m, 4H), 0.97 (d, 3H), 0.87 (d, 3H), 0.52-0.68 

(m, 4H), 0.33 {m, 1H), 0.23 (m, 1H), 0.03 (m, 1H), -0.12 (m, 1H). 
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Example HL 

(lX>-Br 
~00:s-<:Q-{r \'l ~N HI..() kN .. \-. 2~5-(4-Brnroo-ph:nyi)-1H-Imldazo~2~1J--j- ,, fN~ pyrrolidine-1-carboxylic acid tert-butyl ester 

- N 0 0 
HN-f 

o-
[2-Methyl-1-(2-{5-[6-(4,4,5,5-tetramethyl-11 ,3,2]dioxaborolan-

2 -yl)-naphthalen-2-yl]-1 H-imidazol-2-yl}-pyrrolidine-1-
carbonyl)-propyl]-carbamic acid methyl ester 

0 

t-j~ N N 
~ ~ Boc 

2-{5-(4-(6-{2-(1-(2-Methoxycarbonylamino-3-methyl-butyryl)
pyrrolidin-2-yi]-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyij-1 H

imidazol-2-yl}-pyrrolidine-1-carboxylic acid tert-butyl ester 

_)\-NH O 
-o \- -d N ~ 

-( ~_)L~ VH H 
{2-Methyl-1-[2-( 5-(6-[4-(2-pyrrolidin-2-yi-3H-imidazol-4-yl)
phenyl]-naphthalen-2-yl}-1 H-imidazol-2-yl)-pyrrolidine-1-

carbonyl]-propyl}-carbamic acid methyl ester 

Pd2dba3, Xantphos 

HCI, dioxanes 
MeOH 

Methoxycarbonylamino
phenyl-acetic acid 

2-{5-[4-(6-{2-[l-(2-Metboxycarbonylamino-3-metbyl-butyryl)-pyrrolidin-2-yi]-3H

imidazol-4-yl}-napbtbalen-2-yl)-pbenyl]-lH-imidazol-2-yl}-pyrrolidine-l-carboxylic acid 

terl-butyl ester. To a solution of 2-[5-(4-Bromo-phenyl)-lH-imidazol-2-yl]-pyrrolidine-1-
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carboxylic acid tert-butyl ester (1.00 g, 2.5 mmol) and [2-Methyl-1-(2-{5-[6-(4,4,5,5-

tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-1 H-imidazol-2-yl} -pyrrolidine-1-

carbonyl)-propyl]-carbamic acid methyl ester (1.97 g, 3.6 mmol, 1.5 equiv.) in DME (12.5 mL) 

was added K3P04 (aqueous, 2M, 3.9 mL, 7.8 mmol, 3 equiv.), Pd2dba3 (0.12 g, 0.13 mmol, 0.05 

equiv.), and Xantphos (0.15 g, 0.26 mmol, 0.1 equiv.). The slurry was degassed with argon for 

5 minutes and heated to 80 oc for 18 hours. The resulting reaction mixture was diluted with 

EtOAc/MeOH (10:1) and filtered through CELITE. The solution was washed with water and 

brine. The aqueous layer was back-extracted with EtOAc and the combined organic layers were 

dried over Na2S04 and concentrated. The crude oil was purified by column chromatography 

(Si02, 50-+100% EtOAc in Hexanes) to provide 2-{5-[4-(6-{2-[1-(2-Methoxycarbonylamino-3-

methyl-butyryl )-pyrrolidin-2-yl]-3H -imidazol-4-yl} -naphthalen-2-yl )-phenyl]-1 H-imidazol-2-

yl}-pyrrolidine-1-carboxylic acid tert-butyl ester (0.93 g, 49%) as a yellow powder. LCMS

ESt: calc'd for C42I-49N10s: 731.4 (M}; Found: 732.9 (M+H). 

{2-Metbyl-l-[2-(5-{6-[4-(2-pyrrolidin-2-yi-3H-imidazol-4-yl)-pbenyl]-napbtbalen-2-yi}-1H

imidazol-2-yl)-pyrrolidine-l-carbonyl]-propyl}-carbamic acid methyl ester. To a slurry of 

2-{ 5-[ 4-( 6-{2-[ 1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3 H -imidazol-4-

yl} -naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl} -pyrrolidine-1-carboxylic acid tert-butyl ester 

(0.1 g, 0.14 mmol) in MeOH (0.15 mL) was added HCl in dioxanes (4 M, 0.7 mL). The 

resulting solution was stirred at room temperature for I hour and diluted with Et20. The 

resulting precipitate was filtered and dried to provide {2-Methyl-1-[2-(5-{ 6-[ 4-(2-pyrrolidin-2-

yl-3H-imidazol-4-yl)-phenyl]-naphthalen-2-y1} -1 H -imidazol-2-yl)-pyrrolidine-1-carbonyl]

propyl}-carbamic acid methyl ester trihydrochloric acid salt (0.09 g, 87%) as a white powder. 

LCMS-ESI+: calc'd for C37I-41N703: 631.3 (M+); Found: 632.7 (M+H+). 

[ l-(2-{5-[ 6-( 4-{2-[ l-(28)-(2-Methoxycarbony lamino-2-pheny 1-acety l)-pyrrolidin-2-yi]-3H

imidazol-4-yl} -pheny 1)-naphthalen-2-yl] -1 H-imidazol-2-yl }-pyrrolidine-l-carbonyl)-2-

methyl-propyl)-carbamic acid methyl ester. To a slurry of {2-Methyl-l-[2-(5-{6-[4-(2-

pyrrolidin-2-yl-3H -imidazol-4-yl)-phenyl]-naphthalen-2-yl} -1 H -imidazol-2-yl)-pyrrolidine-1-

carbonyl]-propyl}-carbamic acid methyl ester (0.045 g, 0.06 mmol) and (S)

methoxycarbonylamino-phenyl-acetic acid (0.02 g, 0.09 mmol, 1.5 equiv.) in CH2Ch (0.6 mL) 

was added HATU (0.03 g, 0.08, 1.25 equiv.) and K3P04 (0.05 g, 0.22 mmol, 3 equiv.). The 

reaction mixture was stirred at room temperature for 18 hours and diluted with CH2Ch. The 

salts were filtered and the filtrate was concentrated. The crude oil was purified by preparative 

HPLC (Gemini, 15-+40% MeCN in H20 (0.1% formic acid)) and lyophilized to provide [1-(2-
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{ 5-[ 6-( 4-{ 2-[ 1-(2S)-(2-Methoxycarbonylamino-2-phenyl-acetyl )-pyrrolidin-2-yl]-3H-imidazol-

4-yl} -phenyl)-naphthalen-2-yl]-1 H-imidazol-2-yl} -pyrrolidine-1-carbonyl)-2-methyl-propyl]

carbamic acid methyl ester (0.03 g, 65%) as a white powder. LCMS-ESr: calc'd for 

C47HsoNs06: 822.4 (M ); Found: 823.5 (M+H}. 1H-NMR: 400 MHz. (CDCh) o: (Mixture of 

rotomers) 7.64-8.03 (m, 9H), 7.20-7.40 (m, 6H), 7.17 (s, 2H), 6.14 (m, lH), 5.53 (dd, 2H), 5.25-

5.33 (m, 2H), 4.33 (t, 1H), 3.85 (m, lH), 3.73 (m, lH), 3.68 (s, 3H), 3.66 (s, 3H), 3.27 (m, 1H), 

2.86-2.96 (m, 3H), 2.35 (m, lH), 1.94-2.23 (m, 6H), 0.87-0.90 (m, 6H). 

ExampleHM 

{2-Methyl-1-[2-(5-{6-[ 4-(2-pyrrolidin-2-yi-3H-imidazol-4-yl)
phenyl]-naphthalen-2-yl}-1 H-imidazol-2-yl)-pyrrolidine-1-

carbonyl)-propyl}-carbamic acid methyl ester 

N N ""--

Methoxycarbonylamino
phenyl-acetic acid 

t-t-1{~~ 
~ ~ 

0 HN-(0-

0 
(1-(2-{5-[6-(4-{2-[1-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-

2-yi]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl)-1 H-imidazol-2-yl}
pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester 

[l-(2-{5-(6-(4-{2-(l-(2R)-(2-Metboxycarbonylamino-2-pbenyl-acetyl)-pyrrolidin-2-yi]-3H

imidazol-4-yl}-pbenyl)-napbtbalen-2-yi]-1H-imidazol-2-yl}-pyrrolidine-l-carbonyl)-2-

metbyl-propyl]-carbamic acid methyl ester. This compound was prepared following the 

procedure for [ 1-(2-{ 5-[ 6-( 4-{2-[ 1-(2S)-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-

2-yl]-3H-imidazol-4-yl} -phenyl)-naphthalen-2-yl]-1 H-imidazol-2-yl} -pyrrolidine-1-carbonyl)-

2-methyl-propyl]-carbamic acid methyl ester using (R)-methoxycarbonylamino-phenyl-acetic 

acid (0.02 g, 0.09 mmol, 1.5 equiv.) to provide [l-(2-{5-[6-(4-{2-[I-(2R)-(2-

Methoxycarbonylamino-2-phenyl-acety l )-pyrro lidin-2-y l]-3 H-imidazol-4-y 1} -phenyl)

naphthalen-2-yl]-1 H-imidazol-2-yl} -pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid 

methyl ester (0.03 g, 65%) as a white powder. LCMS-ESI+: calc'd for C41HsoNs06: 822.4 (M }; 

Found: 823.8 {M+H). 1H-NMR: 400 MHz, (CDCh) o: (Mixture ofrotomers) 7.62-8.02 (m, 

9H), 7.36-7.43 (m, 6H), 7.22 (s, 2H), 6.01 (s, I H), 5.29-5.53 (m, 4H), 4.35 (t, IH), 3.73-3.87 (m, 
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2H), 3.68 (s, 3H), 3.63 (s, 3H), 3.22 (q, 2H), 2.82-2.96 (m, 2H), 2.37 (m, 1H), 2.23 (m, 2H), 

1.90-2.11 (m, 4H), 0.87-0.93 (m, 6H). 

ExampleHN 

0 

-cl-NH 0 N -

\~J)---0-"' VH H 
( 1-{2-{5-(4-Bromo-phenyl)-1 H-imidazol-2-yl]

pyrrolidine-1-carbonyl}-2-methyl-propyl)
carbamic acid methyl ester 

2-{5-[6-( 4,4,5,5-Tetramethyl-[ 1,3,2]dioxaborolan-
2-yl)-naphthalen-2-yl)-1 H-imidazol-2-yl}

pyrrolidine-1-carboxylic acid tert-butyl ester 

N ~ 
N 

I 

H 

•3HCI 

H HJ) 

NjfNL)-
~ N ~\ 

0 HN\(0-

0 
{2-Methyl-1-{2-( 5-{ 4-{6-(2 -pyrrolidin-2 -yi-3H-imidazol-4-yl)
naphthalen-2 -yij-phenyl}-1 H-imidazol-2 -yl)-pyrrolidine-1-

carbonyl]-propyl}-carbamic acid methyl ester 

0 

-cl-NH O 
\..__ ,d N ~ H HJ) 

NjfN;__\-

HCI, dioxanes 
MeOH 

O,··~JN 

VH H ~ N ~~ 
0 HN\(0-

0 
[ 1-(2 -{5-{ 4-(6-{2-[ 1-(2-Methoxycarbonylamino-2 -phenyl-acetyl)-pyrrolidin-

2-yi)-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyi]-1H-imidazol-2-yl}
pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester 
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[1-(2-{S-[4-(6-{2-[1-(2S)-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-yl]-3H

imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-

methyl-propyl]-carbamic acid methyl ester. This compound was prepared following the 

procedure for [ 1-(2-{ 5-[6-( 4-{2-[ 1-(28)-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-

2-yl]-3 H-imidazol-4-yl} -phenyl)-naphthalen-2-yl]-1 H -imidazol-2-yl }-pyrrolidine-1-carbonyl)-

2-methyl-propyl]-carbamic acid methyl ester using (1-{2-[5-(4-Bromo-phenyl)-1H-imidazol-2-

yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic acid methyl ester ( 1.0 g, 2.2 mmol) and 

2-{ 5-[6-( 4,4,5,5-Tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-1 H-imidazol-2-yl }

pyrrolidine-1-carboxylic acid tert-butyl ester (1.6 g, 3.4 mmol, 1.5 equiv.) to provide [1-(2-{5-

[4-(6-{2-[1-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}

naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl} -pyrrolidine-1-carbonyl)-2-methyl-propyl]

carbamic acid methyl ester (0.03 g, 54%) as a white powder. LCMS-ES:t: calc'd for 

c47HsoNs06: 822.4 (M +); Found: 823.9 (M+W). 1H-NMR: 400 MHz, (CDCh) o: (Mixture of 

rotomers) 7.52-7.93 (m, 9H), 7.27-7.42 (m, 6H), 7.16 (s, 2H), 6.08 (m, 1H), 5.48-5.56 (m, 2H), 

5.34 (s, 1H), 5.24 (s, 1H), 4.35 (t, 1H), 3.93 (m, 1H), 3.73 (m, 1H), 3.68 (s, 3H), 3.66 (s, 3H), 

3.38 (m, 1H), 2.78-2.83 (m, 3H), 2.36 {m, 1H), 2.04-2.23 (m, 6H), 0.86-0.97 (m, 6H). 

Example DO 

&
~~ 

N 
I 

H 

H HJ) 
NI("N;._ )--
~ N ~\ 

0 HN-(0-

0 
•3HCI 

{2 -Methyl-1-[2 -( 5-{4-[6-(2-pyrrol idin-2 -yi-3H-imidazol-4-yl)
naphthalen-2-yl)-phenyl}-1 H-imidazol-2-yl)-pyrrolidine-1-

carbonyl)-propyl}-carbamic acid methyl ester 

H HJ) 
NI("NL)-
~ N ~\ 

0 HN-(0-

0 

[1-(2-{5-[4-(6-{2-[1-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-
yi)-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl}

pyrrolidine-1-carbonyl)-2-methyl-propyl)-carbamic acid methyl ester 

[ 1-(2-{ 5-[ 4-( 6-{2-[ 1-(2R)-(2-M ethoxycarbonylamino-2-pbenyl-acety 1)-pyrrolidin-2-yl] -3 H

im idazol-4-yl} -naphtbalen-2-y 1)-pheny I] -1 H -imidazol-2-y I}-pyrrolidine-1-carbonyl)-2-

methyl-propyl]-carbamic acid methyl ester. This compound was prepared following the 

procedure for [1-(2-{ 5-[ 4-(6-{2-[1-(28)-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-
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2-yl]-3H-imidazol-4-yl} -naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl} -pyrrolidine-1-carbonyl)-

2-methyl-propyl]-carbamic acid methyl ester using (R)-methoxycarbonylamino-phenyl-acetic 

acid (0.02 g, 0.09 mmol, 1.5 equiv.) to provide [1-(2-{5-[4-(6-{2-[1-(2-Methoxycarbonylamino-

2-phenyl-acetyl)-pyrrolidin-2-yl]-3H -imidazol-4-yl} -naphthalen-2-yl )-phenyl]-1 H-imidazol-2-

yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (0.03 g, 58%) as a 

white powder. LCMS-ESt: calc'd for C41HsoNs06: 822.4 (M }; Found: 823.8 (M+H+). 1H

NMR: 400 MHz, (CDCh) o: (Mixture ofrotomers) 7.62-7.87 (m, 9H), 7.29-7.43 (m, 6H), 7.18 

(s, 2H), 6.09 (m, IH), 5.46 (m, 2H), 5.33 (s, 1H), 5.27 (s, lH), 4.33 (t, 1H), 3.84 (m, lH), 3.71 

(m, 1H), 3.68 (s, 3H), 3.61 (s, 3H), 3.24 (m, IH), 2.83-2.93 (m, 3H), 2.35 (m, 1H), 1.92-2.23 (m, 

6H), 0.86-0.97 (m, 6H). 

2-[5-(4-Bromo-phenyl)-1 H-imidazol-2-yl]
pyrrolidine-1-carboxylic acid tert-butyl ester 

&
~~ 

N 
I 

H 

ExampleHP 

1l +~s-s::¢ 
Pd(dppf)CI2 

Br~~ 
2-[5-(6-Bromo-naphthalen-2-yl)-1 H

imidazol-2-yl]-pyrrolidine-1-
carboxylic acid tert-butyl ester 

t'j;!i 
N N 
~ ~ Boc 

1) HCI, dioxanes 
MeOH 

2) DEPBT, NaHC03 

H 0 

2-[5-(6-{4-[2-( 1-tert-butyloxycarbonyl-pyrrol idin-2-yi)-3H
imidazol-4-yl]-phenyl}-naphthalen-2-yi)-1H-imidazol-2-

yl]-pyrrolidine-1-carboxylic acid tert-butyl ester 

....-
0y6oH 

0 -7 

~I 

t'j-1{i-P.~ N N =--
I 

~ N 0 
O HN-(-

0 
[2-(2-{5-[4-(6-{2-[1-(2-Methoxycarbonylamino-2-phenyl-acetyl)

pyrrolidin-2-yi]-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyi]-1H-imidazol-
2-yl}-pyrrolidin-1-yl)-2-oxo-1-phenyl-ethyl]-carbamic acid methyl ester 
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2-[5-(6-{4-[2-(l-tert-butyloxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl)-pbenyl}

napbtbalen-2-yl)-1H-imidazol-2-yl]-pyrrolidine-l-carboxylic acid tert-butyl ester. To a 

solution of 2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl 

ester (0.39 g, 1.0 mmol) and bis(pinacolato)diborane (0.31 g, 1.2 mmol, 1.2 equiv.) in dioxane 

(5 mL) was added KOAc (0.30 g, 3.0 mmol, 3 equiv.) and Pd(dppf)Cl2 (0.04 g, 0.05 mmol, 0.05 

equiv.). The slurry was degassed with argon for 5 minutes and heated to 85 °C for 2.5 hours. 

The resulting solution was cooled to room temperature and 2-[5-(6-Bromo-naphthalen-2-yl)-lH

imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (0.45 g, 1.0 mmol, 1 equiv.) and 

K3P04 (aqueous, 2 M, 1.75 mL, 3.5 mmol, 3.5 equiv.) was added. The reaction mixture was 

heated to 85 oc for 6 hours. The slurry was filtered through CELITE and concentrated. The 

crude product was purified by column chromatography (Si02, 50-+ 100% EtOAc in Hexanes 

(2% MeOH)) and preparative HPLC (Gemini, 15-+40% MeCN in H20 (0.1% formic acid)) to 

provide 2-[ 5-( 6-{ 4-[2-(1-tert-butyloxycarbonyl-pyrrolidin-2-yl)-3 H -imidazol-4-yl]-phenyl}

naphthalen-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (0.07 g, 1 0%) 

as a white powder. LCMS-ESt: calc'd for C4o~604: 674.4 (M}; Found: 675.6 (M+H+). 

[2-(2-{ 5-[ 4-( 6-{2-[ 1-(2-Metboxycarbony lamino-2-pbenyl-acety 1)-pyrrolidin-2-y I) -3 H

imidazol-4-yl}-napbtbalen-2-yl)-pbenyl]-lH-imidazol-2-yl}-pyrrolidin-l-yl)-2-oxo-1-

pbenyl-etbyl]-carbamic acid methyl ester. To a slurry of 2-[5-(6-{4-[2-(1-lert-

butyloxycarbonyl-pyrrolidin-2-yl)-3 H-imidazol-4-yl]-phenyl} -naphthalen-2-yl)-1 H-imidazol-2-

yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (0.07 g, 0.09 mmol) in MeOH (0.1 mL) was 

added HCl in dioxanes (4 M, 1.5 mL). The resulting solution was stirred at room temperature 

for 2 hour and basified with NaOH (2 N). The crude product was extracted with CH2Ch. The 

organic extracts were combined, dried over Na2S04 and concentrated. (R)

Methoxycarbonylamino-phenyl-acetic acid (0.08 g, 0.4 mmol, 4.4 equiv.) and DMF (1.0 mL) 

were then added, followed by DEPBT (0.12 g, 0.4, 4 equiv.) and NaHC03 (0.04 g, 0.43 mmol, 4 

equiv.). The resulting slurry was stirred at room temperature for 7 days. The reaction mixture 

was purified by preparative HPLC (Gemini, 15-+40% MeCN in H20 (0.1% formic acid)) and 

lyophilized to provide [2-(2-{ 5-[ 4-(6-{2-[ 1-(2-Methoxycarbonylamino-2-phenyl-acetyl)

pyrrolidin-2-yl]-3H-imidazol-4-yl }-naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl} -pyrrolidin-1-

yl)-2-oxo-1-phenyl-ethyl]-carbamic acid methyl ester (0.04 g, 49%) as a white powder. LCMS

ESt: calc'd for C5o~8N806: 856.4 (M}; Found: 858.1 (M+H). 1H-NMR: 400 MHz, (CDCh) 

o: (Mixture of rotomers) 10.32-10.45 (m, 2H), 8.26 (s, 1H), 8.00 (s, 1H), 7.72-7.98 (m, 8H), 

7.19-7.50 (m, 12H), 6.07 (m, 2H), 5.28-5.55 (m, 4H), 3.73 (m, 2H), 3.66 {s, 3H), 3.65 (s, 3H), 

3.22 (m, 2H), 2.86-2.96 (m, 2H), 2.22 (m, 2H), 2.04 (m, 2H), 1.92 (m, 2H). 
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ExampleHQ 

H-1;> N N 
~ ~ H 

•3HCI 

{2-Methyl-1-[2-(5-{6-[4-(2-pyrrolidin-2-yi-3H-imidazol~-yl)
phenyl]-naphthalen-2-yl}-1 H-imidazol-2-yl)-pyrrolidine-1-

carbonyl]-propyl}-carbamic acid methyl ester 
Methoxycarbonylamino

o-tolyl-acetic acid 

HNH-0 0 
~!('~ 

O NH 
0~ 

/0 

[ 1-(2-{ 5-[6-( 4-{2-( 1-(2-Methoxycarbonylamino-2-o-tolyl-acetyl)-pyrrolidin-2-
yi]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1 H-imidazol-2-yl}

pyrrolidine-1-carbonyl)-2-methyl-propyl)-<:arbamic acid methyl ester 

[ 1-(2-{ 5-[ 6-( 4-{2-[ 1-(2-Methoxycarbonylamino-2-o-tolyl-acetyl)-pyrrolidin -2-yl] -3H

imidazol-4-yl}-phenyl)-naphtbalen-2-yl]-lH-imidazol-2-yl}-pyrrolidine-l-carbonyl)-2-

methyl-propyl]-carbamic acid methyl ester. This compound was prepared following the 

procedure for [1-(2-{5-[6-(4-{2-[1-(2S)-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-

2-yl]-3H -imidazol-4-yl} -phenyl)-naphthalen-2-yl]-1 H-imidazol-2-yl} -pyrrolidine-1-carbonyl)-

2-methyl-propyl]-carbamic acid methyl ester using Methoxycarbonylamino-o-tolyl-acetic acid 

(0.03 g, 0.12 mmol, 1.75 equiv.) to provide [1-(2-{5-[6-(4-{2-[1-(2-Methoxycarbonylamino-2-o

tolyl-acetyl )-pyrrolidin-2-yl]-3 H-imidazol-4-yl} -phenyl)-naphthalen-2-yl ]-1 H-imidazol-2-yl}

pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (0.03 g, 50%) as a white 

powder. LCMS-ESt: calc'd for C4sH52Ns06: 836.4 (M }; Found: 837.4 (M+W). 1H-NMR: 

400 MHz, (CDCh) o: (Mixture ofdiastereomers) 7.61-8.00 (m, 16H), 7.18-7.41 (m, 12H), 7.10 

(s, 2H), 5.28-5.63 (m, IOH), 4.36 (t, 2H), 3.72-3.86 (m, 4H), 3.68 (s, 6H), 3.66 (s, 6H), 2.79-

3.07 (m, 8H), 2.50 (s, 3H), 2.44 (s, 3H), 2.38 (m, 4H), 1.86-2.28 (m, 8H), 0.88-0.94 (m, 12H). 
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ExampleHR 

•3HCI 

{2-Methyl-1-[2 -( 5-{6-[4-(2-pyrrolidin-2-yi-3H-imidazol-4-yl)
phenyl]-naphthalen-2-yl}-1 H-imidazol-2-yl)-pyrrolidine-1-

carbonyl]-propyl}-carbamic acid methyl ester 
Methoxycarbonylamino-(2-

methoxy-phenyl)-acetic acid 

HN~O 
~ N f--(1. 

O NH -
0::::( 

/0 

{1-(2-(5-{6-{4-(2-{1-(2-Methoxycarbonylamino-2-(2-methoxy-phenyl)-acetyl)
pyrrolidin-2-yi}-3H-imidazol-4-yl)-phenyl]-naphthalen-2-yi}-1H-imidazol-2-yl)

pyrrolidine-1-carbonyl]-2-methyl-propyl}-carbamic acid methyl ester 

{1-[2-(5-{6-[4-(2-{1-(2-Methoxycarbonylamino-2-(2-metboxy-phenyl)-acetyl)-pyrrolidin-2-

yl }-3H -imidazol-4-yl)-phenyl) -napb tbalen-2-yl}-1 H -imidazol-2-yl)-pyrrolidine-1-carbonyl)-

2-methyl-propyl}-carbamic acid methyl ester. To a solution of {2-Methyl-1-[2-(5-{6-[4-(2-

pyrrolidin-2-yl-3H-imidazol-4-yl)-phenyl]-naphthalen-2-yl} -1 H -imidazol-2-yl)-pyrrolidine-1-

carbonyl]-propyl}-carbamic acid methyl ester (0.04 g, 0.05 mmol) and (S)

Methoxycarbonylamino-(2-methoxy-phenyl)-acetic acid (0.02 g, 0.08 mmol, 1.5 equiv.) in 

CH2Ch (0.5 mL) was added K3P04 (0.03 g, 0.15 mmol, 3 equiv.). The slurry was cooled to 0 

oc and COMU (0.03 g, 0.06 mmol, 1.25 equiv.) and the reaction was stirred at 0 °C for 1 hour. 

The slurry was diluted with CH2C}z and filtered. The filtrate was concentrated and the crude 

product was purified by preparative HPLC (Gemini, 15-+40% MeCN in H20 (0.1% formic 

acid)) and lyophilized to provide { 1-[2-(5-{ 6-[ 4-(2-{ 1-[2-Methoxycarbonylamino-2-(2-

methoxy-phenyl)-acetyl]-pyrrolidin-2-yl}-3H-imidazol-4-yl)-pheny1]-naphthalen-2-y1} -1 H

imidazol-2-yl)-pyrrolidine-1-carbonyl]-2-methy1-propy1 }-carbamic acid methyl ester (0.02 g, 

50%) as a white powder. LCMS-ESf": calc'd for C4sHs2Ns07: 852.4 (M +);Found: 853.6 

{M+H}. 1H-NMR: 400 MHz, (acetone-~) o: (Mixture ofrotomers) 10.96-11.01 (m, 2H), 8.29 

(s, 1H), 8.07 (s, 1H), 7.73-7.89 (m, 7H), 7.35-7.48 (m, 4H), 7.33 (t, 1H), 7.05 (d, lH), 6.96 (t, 

lH), 6.36 (d, lH), 5.91 (d, 1H), 5.21-5.26 (m, 3H), 4.29 (t, 1H), 3.90 (s, 3H), 3.78-3.93 {m, 2H), 
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3.60 (s, 3H), 3.58 (s, 3H), 3.30 (q, 2H), 2.59-2.65 (m, 2H), 2.36 (m, lH), 1.90-2.21 (m, 6H), 

0.85-0.93 (m, 6H). 

Example US 

(1-{2-[5-(6-{2-[1-(2-Metboxycarbonylamino-3-metbyl-butyryl)-pyrrolidin-2-yl] -3H

imidazol-4-yl}-napbtbalen-2-yl)-1H-benzoimidazol-2-yl]-azetidine-1-carbonyl}-2-metbyl

propyl)-carbamic acid methyl ester 

H 
I 

N ·'') 
/{--"'N \ 

N o~··''~ 
N~o 

H' I o_ 

(1-{2-[5-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi)-3H
imidazol-4-yl}-naphthalen-2 -yl)-1 H-benzoimidazol-2-yl)-azetidine-1-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester 

(l-{2-[5-(6-{2-[l-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-

yl}-naphthalen-2-yl)-1H-benzoimidazol-2-yl]-azetidine-1-carbonyl}-2-methyl-propyl)-carbamic 

acid methyl ester was prepared following method YYY substituting azetidine-1 ,2-dicarboxylic 

acid l-tert-butyl ester for pyrrolidine-1 ,2-dicarboxylic acid 1-tert-butyl ester. C41Ht8N80 6 

calculated 748.4 observed [M + It 749.4; rt = 1.59 min. 1H (DMSO-d6): cS = 8.31 (d, J= 6.4 

Hz, 2H), 8.16 (m, 2H), 8.04 (m, 2H), 7.98 (m, 1H), 7.90 (d, J= 8.8 Hz, 1H), 7.78 (s, 2H), 7.42 

(d,J=7.6Hz, IH), 7.32(d,J=8.8Hz, 1H),5.49(t,J=6.8Hz, 1H),5.15(t,J=6.8Hz, 1H), 

4.41 (m, 2H), 4.12 (t,J= 8.0 Hz, 2H), 3.85 (m, lH), 3.78 (t,J= 8.0 Hz, 1H), 3.55 (s, 3H), 3.53 

(s, 3H), 2.76 (m, 1H), 2.65 (m, lH), 2.41 (m,1H), 2.17-2.08 (m, 2H), 2.03 (m, 2H), 1.86 (m, 

1H), 0.83 (m, 6H). 
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Example HT 

(1-{2-[ S-( 4' -{2-[1-(2-Methoxycarbooylamino-3-methyl-butyryl)-azetidin-2-yi]-3H

benzoimidazol-5-yl}-biphenyl-4-yi)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl

propyl)-carbamic acid methyl ester 

(1-{2-(5-(4'-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-azetidin-2-yi]-3H
benzoimidazol-5-yl}-biphenyl-4-yl)-1 H-i midazol-2-yl]-pyrrolidine-1-carbony 1}-2-

methyl-propyl)-carbamic acid methyl ester 

( 1-{ 2-[ 5-( 4'-{ 2-[ 1-(2-Methoxycarbonylamino-3-methyl-butyryl)-azetidin-2-yl]-3 H

benzoimidazol-5-yl }-biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl

propyl)-carbamic acid methyl ester was prepared following method YYY substituting azetidine-

1 ,2-dicarboxylic acid 1-tert-butyl ester for pyrrolidine-1 ,2-dicarboxylic acid 1-tert-butyl ester. 

c43HsoNs06: calculated 774.4 observed [M + It 775.8; rt = 1.66 min. 1H (DMSO-d6): 0 = 8.11 

(s, 1H), 7.91 (m, 3H), 7.86 (m, 5H), 7.72 (d,J= 8.0 Hz, lH), 7.65 (d,J= 8.4 Hz, 1H), 7.42 (d,J 

= 7.6 Hz, 1H), 7.32 (d,J= 8.4 Hz, lH), 5.47 (t,J= 6.4 Hz, 1H), 5.12 (t,J= 7.2 Hz, 1H), 4.40 

(m, 2H), 4.11 (t, J= 7.6 Hz, lH), 3.84 (m, 2H), 3.69 (m, 2H), 3.55 (s, 3H), 3.53 (s, 3H), 2.75 (m, 

I H), 2.63 (m, 1 H), 2.39 (m, 1 H), 2.18 - 2.03 (m, 2H), 2.01 (m, 2H), 1.86 (m, 1 H), 0.83 (m, 6H). 
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'o N 

2-lsopropyi-3,Ekllmethoxy-
2,S-dihydro-pyrazine 

n-BuU, THF, -78 °C; 

Br.....--........CF3 

THF,RT 

H 0 
_...o-.,...N--,)l_ 0...-

Example HU 

:):Nxo, 
0 "N •• ,,,........_CF3 

2-lsopropyl-3,6-dimethoxy-5-
(3,3,3-trfflu~pyl)-
2,5-dihydro-pyrazine 

OCM, RT 

11 LiOH 

0( ---CF3 MeOH,RT 

+ CIC~Me, TEA 

5,5,5-Trilluoro-2-melhoxy
carbonylamino-penlllnoic acid 

methyl eater 

5,5,5-Trilluoro-2-rnelhoxy
carbonylamlno-penlllnoic acid 

0.25M HCI(aq)• RT 

PCT /US201 0/034600 

0 
H2N--,)l0...-

( 
CF3 

2-Amino-5,5,5-trffluoro
penlllnoic acid methyl eslllr 

2-{5-{4'-(2-Pyrrolidin-2-yi-3H-imidazol+yl)
blphenyl-4-yl}-1 H-imidazol-2-yl)-pyrrolidine-

1-carboxylic acid tlltf-butyl ester 

HATU, OIPEA, 

OMF, RT 

-o 
}-NH H n TFA, DCM, RT 

0 \._nO N~N...._,r-N 
r-···· I ~~~~~ }-q 

F3C v~ 0 ,1\-

2-{5-{ 4 '-{2-{1-(5,5,5-Trilluoro-2-rnelhoxycarbonylamin~ 
pen1anoyl)-pyrrolidin-2-yf}-3H-imidazol-4-yl)-biphenyl-4-yl)-1 H

imidazol-2-yf}-pyrrolidlne-1-carboxyllc acid tert-bulyl eslar 

[4,4,4-Trilluoro-1-(2-{5-[4'-(2-pyrrolldin-2-yi-3H-Imidazol+yl)-biphenyl-4-yf)-
1 H-imldazol-2-yl)-pyrrolidine-1-carbonyl)-butyl)-carbamic acid melhyl eater 

(4,4,4-Tliftuoro-1-{2-{5-{4'-{2-{1-(2-melhoxycarbonylamino-
3-rnelhyl-butyryl)-pyrrolidin-2-yi}-3H-imidazol+yl}biphenyl-4-yi)-1H

imidazol-2-yl}-pyrrolidlne-1-carbonyl)-butyl)-carbamic acid methyl eater 

HATU, OIPEA, OMF, RT 

2-Isopropyl-3,6-dimethoxy-5-(3,3,3-trifluoro-propyl)-2,5-dibydro-pyrazine: To a stirred 

solution of2-isopropyl-3,6-dimethoxy-2,5-dihydro-pyrazine (1 mL, 5.58 mmol) in THF (13.5 

mL) under argon at -78° C was added a solution of n-butyllithium (2.5 M, 2.3 mL, 5. 75 mmol). 

The solution was stirred at -78° C for 30 minutes. A solution of 1-Jodo-3,3,3-trifluoropropane 

(925 IlL, 5.87 mrnol) in THF (11.5 mL) was added slowly. The resulting solution was stirred at 

-78° C for 5 hours, warmed to room temperature and diluted with ethyl acetate. The organic 

layer was washed successively with saturated aqueous NJ-4Cl solution, water and brine. The 

organic layer was then dried (MgS04), concentrated and purified by flash chromatography to 

yield 2-Isopropyl-3,6-dimethoxy-5-(3,3,3-trifluoro-propyl)-2,5-dihydro-pyrazine (915 mg, 

59%). 1H-NMR: 400 MHz, (CDCh) o: 4.04-3.99 (m, lH), 3.98-3.95 (m, I H), 3.71 (s, 3H), 3.68 
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{s, 3H), 2.29-2.20 (m, lH), 2.18-2.04 (m, 3H), 1.94-1.84 (m, lH), 1.03 {d, J = 6.9 Hz, 3H), 0.71 

(d, J = 6.8 Hz, 3H) ppm. 

5,5,5-Trifluoro-2-methoxycarbonylamino-pentanoic acid methyl ester: A solution of 2-

Isopropyl-3,6-dimethoxy-5-(3,3,3-trifluoro-propyl)-2,5-dihydro-pyrazine (725 mg, 2.59 mmol) 

in 0.25N HCl was stirred at room temperature for 3 hours. The aqueous solution was washed 

once with ethyl acetate. The ethyl acetate rinsing was discarded and the aqueous layer was 

basified to pH-1 0 with saturated aqueous NaHC03. The aqueous layer was extracted twice 

with ethyl acetate. The combined organics were washed with brine, dried (MgS04) and 

concentrated to give crude (2S)-amino-5,5,5-trifluoro-pentanoic acid methyl ester contaminated 

with D-valine methyl ester. The crude material was dissolved in dichloromethane (20 mL) and 

cooled to 0° C. Triethylamine (1.75 mL, 12.6 mmol) and methyl chlorofonnate (480 J.1L, 6.2 

mmol) were successively added to the solution. After 1 hour the reaction was concentrated and 

purified by flash chromatography to yield 5,5,5-Trifluoro-2-methoxy-carbonylamino-pentanoic 

acid methyl ester (465 mg, 74%). 1H-NMR: 400 MHz, (CDCh) o: 5.27 (br, 1 H), 4.42 (br, lH), 

3.79 {s, 3H), 3.70 {s, 3H), 2.29-2.09 (m, 3H), 1.94-1.84 (m, lH) ppm. 

2-(S-(4'-{2-(l-(5,5,5-Trifluoro-2-methoxycarbonylamino-pentanoyl)-pyrrolidin-2-yi]-3H

imidazol-4-yl}-biphenyl-4-yi)-1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl 

ester: To a solution of 5,5,5-Trifluoro-2-methoxycarbonylamino-pentanoic acid methyl ester 

(194 mg, 0.80 mmol) in methanol (3 mL) was added an aqueous LiOH solution (1M, 2 mL, 2 

mmol). The resulting solution was stirred at room temperature for 45 minutes and then washed 

with ethyl acetate. The ethyl acetate washing was discarded and the aqueous layer was acidified 

with concentrated HCI. The acidified aqueous layer was extracted twice with ethyl acetate. The 

combined organics were washed with brine, dried (MgS04), and concentrated to give clean 

5,5,5-Trifluoro-2-methoxy-carbonylamino-pentanoic acid. To a solution ofthe pentanoic acid in 

dimethylformamide (2 mL) was added HATU (300 mg, 0.79 mmol). After stirring for 5 

minutes, a solution of 2-{ 5-[ 4'-(2-pyrrolidin-2-yl-3H-imidazol-4-yl)-biphenyl-4-yl]-1 H

imidazol-2-yl}-pyrrolidine-1-carboxylic acid tert-butyl ester (412 mg, 0.79 mmol) in 

dimethylformamide (1.9 mL) was added to the reaction, followed immediately by 

diisopropylethylamine (275 J.1L, 1.58 mmol). The reaction was stirred for 1 hour at room 

temperature then diluted with ethyl acetate. The organic layer was washed with water and brine, 

dried (MgS04), concentrated and purified by flash chromatography to yield 2-[5-(4'-{2-[l

(5,5,5-trifluoro-2-methoxycarbonylamino-pentanoyl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}-
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biphenyl-4-yl)-IH-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (340 mg, 59%). 

LCMS-ESI+: calculated for C3sH.wF3N10s: 735.34; observed [M+1f: 736.05. 

[ 4,4,4-Trifluoro-1-(2-{5-[4 1 -(2-pyrrolidin-2-yi-3H-imidazol-4-yl)-biphenyl-4-yl)-1 H

imidazol-2-yl}-pyrrolidine-1-carbonyl)-butyl]-carbamic acid methyl ester: To a solution of 

2-[ 5-( 4'-{ 2-[ 1-( 5,5,5-trifluoro-2-methoxycarbonylamino-pentanoyl)-pyrrolidin-2-yl]-3H

imidazol-4-yl} -biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester 

(340 mg, 0.46 mmol) in dichloromethane (5 mL) was added trifluoroacetic acid (1 mL). The 

reaction was stirred at room temperature for 3 hours and then thoroughly concentrated. The 

resulting residue was dissolved in dichloromethane and washed three times with saturated 

aqueous NaHC03 solution. The organic layer was dried (MgS04), and concentrated to give the 

crude free pyrrolidine (270 mg, 92%), which was clean enough to use without further 

purification. LCMS-ESI+: calculated for C33H36F3N703: 635.28; observed [M+ 1 t: 636.17. 

( 4,4,4-Trifluoro-1-{2-[5-( 41 -{2-[ 1-(2-methoxycarbonylamino-3-metbyl-butyryl)-pyrrolidin-

2-yl]-3H-imidazol-4-yl}-bipbenyl-4-yl)-1H-imidazol-2-yl)-pyrrolidine-1-carbonyl}-butyl)

carbamic acid methyl ester: To a solution of crude [4,4,4-Trifluoro-1-(2-{5-[4'-(2-pyrrolidin-

2-yl-3 H-imidazol-4-yl)-biphenyl-4-yl]-1 H -imidazol-2-yl} -pyrrolidine-1-carbonyl)-butyl]

carbamic acid methyl ester (125 mg, 0.20 mmol) in dimethylformamide (0.6 mL) was added a 

solution of2-methoxycarbonylamino-3-methyl-butyric acid (38 mg, 0.22 mmol) and HA TV (82 

mg, 0.22 mmol) in dimethylformamide (0.6 mL). Diisopropylethylamine (70 JJ.L, 0.40 mmol) 

was then added and the reaction was stirred at room temperature for 16 hours. The solution was 

concentrated and purified by preparative reverse phase HPLC (Gemini, 15 to 50% ACN/1-hO + 

0.1% HC02H) to yield (4,4,4-trifluoro-1-{2-[5-( 4'-{2-[ 1-(2-methoxycarbonylamino-3-methyl

butyryl)-pyrrolidin-2-yl]-3H -imidazol-4-yl} -biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-

carbonyl}-butyl)-carbamic acid methyl ester (73 mg, 47%). LCMS-ESI+: calculated for 

C4ol-LnF3Ns06: 792.85; observed [M+It: 794.33. 1H-NMR: 400 MHz, (CD30D) o: 7.82-7.70 

(m, 4H), 7.68-7.63 (m, 4H), 7.32-7.31 (m, 2H), 5.20-5.16 (m, 2H), 4.56-4.51 (m, IH), 4.26-4.22 

(m, 1H), 4.04-3.96 (m, 1H), 3.91-3.84 (m, 2H), 3.67 (s, 3H), 3.66 (s, 3H), 3.51-3.46 (m, 1H), 

2.38-1.96 (m, 12H), 1.90-1.78 (m, 1H), 1.01-0.89 (m, 6H) ppm. 
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-~NH H n 
Or 0 N - - N...../""'"N 
~--·\...f 11)--0-0---(:n H 

F3C <:_-I~ N HATU, DIPEA, DMF, RT 

(4 ,4 ,4-Trifluoro-1-(2-{ 5-(4' -(2-pyrroHdin-2-yi-3H-imldazol-4-yl}-blphenyl-4-yl} 
1 H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-butyq-carbamlc acid methyl ester 

(4 ,4 ,4-Trifluoro-1-{2-[5-( 4'-{2-[1-( 5,5,5-trifluoro-2-methoxycarbonylamino
pentanoyl)-pyrrolidin-2-yi}3H-imldazol-4-yf}-biphenyl-4-yl)-1 H

lmldazol-2-yl)-pyrrolidine-1-carbonyf}-butyt)-carbamic acid methyl ester 

PCT /US201 0/034600 

( 4,4,4-Trifluoro-1-{2-( 5-( 4'-{2-(l-(S,S,S-trifluoro-2-methoxycarbonylamino-pentanoyl)

pyrrolidin-2-yi]-3H-imidazol-4-y I} -bipheoy 1-4-y I)-I H-imidazol-2-y I] -pyrrolidioe-1-

carbooyl}-butyl)-carbamic acid methyl ester: To a solution of crude [ 4,4,4-Trifluoro-1-(2-{ 5-

[ 4'-(2-pyrrolidin-2-yl-3H-imidazol-4-yl)-biphenyl-4-yl]-1 H-imidazol-2-yl} -pyrrolidine-1-

carbonyl)-butyl]-carbamic acid methyl ester (115 mg, 0.18 mmol) in dimethylforrnamide (0.5 

mL) was added a solution of5,5,5-Trifluoro-2-methoxycarbonylamino-pentanoic acid (44 mg, 

0.19 mmol) and HA TU (72 mg, 0.19 mmol) in dimethylformamide (0.5 mL). 

Diisopropylethylamine (65 J.1L, 0.37 mmol) was then added and the reaction was stirred at room 

temperature for 16 hours. The solution was concentrated and purified by preparative reverse 

phase HPLC (Gemini, 15 to 50% ACN/1-hO + 0.1% HC02H) to yield (4,4,4-Trifluoro-1-{2-[5-

( 4'-{ 2-[ 1-( 5,5,5-trifluoro-2-methoxycarbonylamino-pentanoyl)-pyrrolidin-2-yl ]-3H-imidazol-4-

yl }-biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -butyl)-carbamic acid methyl ester 

(35 mg, 23%). LCMS-ESr: calculated for C4014tF~806: 846.82; observed [M+1t: 847.34. 
1H-NMR: 400 MHz, (C0300) o: 7.81-7.72 (m, 4H), 7.67-7.64 (m, 4H), 7.38-7.32 (m, 2H), 

5.20-5.16 (m, 2H), 4.55-4.51 (m, 2H), 3.91-3.86 (m, 4H), 3.67 (s, 6H), 2.38-2.20 (m, 8H), 2.18-

1.79 (m, 8H) ppm. 

::XNxO, 
0 "'N ••• ,_..............O............_CF3 

2-lsopropyl-3,6-dimethoxy-5-(2-(2,2,2-
trifluoi'IH!thoxy~thyq-2,5-dihydro-pyrazine 
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2-lsopropyl-3,6-dimethoxy-S-[2-(2,2,2-trifluoro-ethoxy)-ethyl]-2,5-dihydro-pyrazine: This 

compound was made in 65% yield by the same procedure as 2-Isopropyl-3,6-dimethoxy-5-

(3,3,3-trifluoro-propyl)-2,5-dihydro-pyrazine, substituting l-Iodo-3,3,3-trifluoropropane with 2-

(2-Bromoethoxy)-1,1,1-trifluoroethane. 1H-NMR: 400 MHz, (CDCh) o: 4.11-4.05 (m, 1H), 

3.95 (t, J = 3.5 Hz, I H), 3.86-3.75 (m, 3H), 3.74-3.66 (m, 7H), 2.30-2.18 (m, 2H), 1.92-1.82 (m, 

1H), 1.03 (d, J = 6.9 Hz, 3H), 0.70 (d, J = 6.8 Hz, 3H) ppm. 

H 0 
,.....oi(N0o,...... 

0( 
o......,.....cF3 

2-Methoxycarbonylamino-4-
(2,2,2-trifluorCHithoxy)-butyric 

acid methyl ester 

2-Methoxycarbonylamino-4-(2,2,2-trifluoro-ethoxy)-butyric acid methyl ester: This 

compound was made by the same procedure as 5,5,5-Trifluoro-2-methoxycarbonylamino

pentanoic acid methyl ester, using 2-Isopropyl-3,6-dimethoxy-5-[2-(2,2,2-trifluoro-ethoxy)

ethyl]-2,5-dihydropyrazine as the starting material. 1H-NMR: 400 MHz, (CDCh) o: 5.51-5.43 

(br, 1H), 4.51-4.43 (m, 1H), 3.83-3.63 {m, 10H), 2.22-2.13 (m, 1H), 2.13-2.03 {m, lH) ppm. 

2-{5-[4 '-(2 -{1-(2-Methoxycarbonylamino-4-(2,2 ,2-trifluoro
ethoxy)-butyryl)-pyrrolidin-2-yi)-3H-imidazo14-yl)-biphenyl-4-

yl)-1 H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester 

2-{S-[4'-(2-{l-(2-Methoxycarbonylamino-4-(2,2,2-trifluoro-ethoxy)-butyryl]-pyrrolidin-2-

yi}-3H-imidazol-4-yl)-biphenyl-4-yl]-l H-imidazol-2-yl}-pyrrolidine-1-carboxylic acid ten

butyl ester: This compound was made in 74% yield by the same procedure as 2-[5-(4'-{2-[1-

( 5 ,5,5-Trifluoro-2-methoxycarbony lamino-pentanoy I )-pyrrolidin-2-yl]-3 H-imidazol-4-yl}

biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester, using 2-

Methoxycarbonylamino-4-(2,2,2-trifluoro-ethoxy)-butyric acid methyl ester as the starting 

material. LCMS-ESt: calculated for C39l-46F3N106: 765.35; observed [M+tt: 766.12. 
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_}-NH H n 

0 \- ~P N)--Q--0---{._,-.N 
r-/ \ II ~ ~ II ~ II ~ II H 

0 N._,-. N N 

'-
( : H 

CF3 ~ 

(1-(2-{5-(4'-(2-Pyrrolidin-2-yi-3H-imidazo14-yl)-biphen~-ylt 1 H
imidazol-2-yl}-pyrrolidine-1-carbonyl)-3-(2 ,2 ,2-trifluoro-elhoxy)

propyl)-carbamic acid methyl ester 

PCT /US201 0/034600 

[l-(2-{5-[4'-(2-Pyrrolidin-2-yl-3H-imidazol-4-yl)-biphenyl-4-yl]-lH-imidazol-2-yl}

pyrrolidine-l-carbonyl)-3-(2,2,2-trifluoroethoxy)-propyl]-carbamic acid methyl ester: This 

compound was made by the same procedure as [4,4,4-Trifluoro-1-(2-{5-[4'-(2-pyrrolidin-2-yl-

3H-imidazol-4-yl)-biphenyl-4-yl]-1 H-imidazol-2-yl} -pyrrolidine-1-carbonyl)-butyl]-carbamic 

acid methyl ester, using 2-{ 5-[4'-(2-{ 1-[2-Methoxycarbonylamino-4-(2,2,2-trifluoro-ethoxy)

butyryl]-pyrrolidin-2-yl} -3H-imidazol-4-yl)-biphenyl-4-yl]-1 H-imidazol-2-yl} -pyrrolidine-1-

carboxylic acid tert-butyl ester as the starting material. LCMS-ESt: calculated for 

C34H3sf3N704: 665.29; observed [M+1t: 666.20. 

ExampleHW 

Do 
Hoo-K~ o 
o-{i,···~o 

NH2 

L-Valine, d8 

ECDI, HOBt 

DIEPA, DMF 

DD 

Hoo-K~ o 
F. F 

o~···~o 
H'N-f + ,~ j 

o, 4 
2-Melhoxycarbonylamino-
3-methyl-butyric acid, d8 2-(2-Aza-bicyclo{2.2.1 )hept-3-yl)-6-{7 -[5-(5-aza-

spi ro(2. 4 ]hept-6-yl)-1 H-pyrrol-2-yl)-9, 9-difluoro-9H-fluoren-
2-yl}-1 H-benzoimidazole 

(1-{3-(EH9,9-Difluoro-7-{2-[5-(2-
methoxycarbonylamino-3-methyl-butyryl, d8)-5-aza
spiro(2.4)hept-6-yQ-3H-imidazol-4-yi}-9H-fluoren-2-

yl)-1 H-benzoimidazol-2-ylt2-aza
bicydo(2.2.1 )heptane-2-carbonyl}-2-methyl-propyl)

carbamic acid methyl ester,d8 

To a solution of L-valine, d8 (Cambridge Isotope Laboratories, 0.4949 g) in 1 N sodium 

hydroxide (3.95 mL) was added sodium carbonate (0.419 g). The solution was cooled to ooc 
and methyl chloroformate (0.289 mL) was added dropwise over 30 minutes and reaction mixture 
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was stirred for 3 hat 0°C. Reaction mixture was washed with ethyl ether (3 x 15 mL) and 

aqueous layer was acidified to pH =1 with concentrated HCI. Aqueous layer was extracted 

dichloromethane (3 x 15 mL) and organic layers were dried (MgS04) and concentrated to give 

2-Methoxycarbonylamino-3-methyl-butyric acid, d8 as a white solid (0.5681 g). 

LCMS-ESr: calc'd for C1HsDsN04: 184.2 (M+H}; Found: 184.0 (M+H\ 

A solution of hydroxybenzotriazole (0.242 g), 1-(3-dimethylaminepropyl)-3-ethylcarbodiimide

HCl (0.328 g) and 2-Methoxycarbonylamino-3-methyl-butyric acid, d8 (0.315g) in DMF (5.0 

mL) was stirred at rt for 1 hr. Reaction mixture was cooled to 0°C and a solution of2-(2-Aza

bicyclo[2.2.1 ]hept-3-yl)-6-{ 7 -[ 5-( 5-aza-spiro[2.4 ]hept-6-yl)-1 H -pyrrol-2-yl]-9 ,9-difluoro-9H

fluoren-2-yl}-1H-benzoimidazole in DMF (2.0 mL) was added, followed by dropwise addition 

of diisopropylethylamine over 15 min. Reaction mixture was warmed tort overnight, diluted 

with ethyl acetate and washed with brine, brine/saturated sodium bicarbonate solution (1: 1) and 

aqueous layers back-extracted with ethyl acetate. The combined organic layer was dried 

(MgS04), concentrated and purified by flash column chromatography (silica gel, 0 to 5% 

methanoVethyl acetate), then and purified by preparative reverse phase HPLC (Gemini, 25 to 

100% ACNIH20 + 0.1% TF A). The product-containing fractions were pooled and treated with 

saturated sodium bicarbonate solution at 0 oc for 1h. Product was extracted with ethyl acetate 

(2x), combined organic layer was dried (MgS04), concentrated and lyophilized from ACNIH20 

to give (l-{3-[6-(9,9-Difluoro-7-{2-[5-(2-methoxycarbonylamino-3-methyl-butyryl, d8)-5-aza

spiro[2.4]hept-6-yl]-3H-imidazol-4-yl }-9H-fluoren-2-yl)-1 H -benzoimidazol-2-y l]-2-aza

bicyclo[2.2.1 ]heptane-2-carbonyl }-2-methyl-propyl)-carbamic acid methyl ester,d8 as a white 

powder (0.3947) 
1H-NMR: 300 MHz, (DMSO-<i6) 5: 12.13 (s, 1H), 11.77 (s, 1H), 8.1-7.1 {m, 12H), 7.23 (s, 

IH), 7.14 (s, 1H), 5.2-5.1 (m, 1 H), 4.60 (d, J=4.5 Hz, 1H, 4.48 (s, 1H), 3.8-3.6 (m, 2H), 3.48 {s, 

6H), 2.60 (s, 1H), 2.40-2.01 (m, 10H), 0.64-0.52 (m, 4 H). 

LCMS-ESf": calc'd for C49H3sD1~2Ns06: 906.1 (M+H}; Found: 905.6 (M+H+). 
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ExampleHX 

HR \ 

N N 
~ ~ Boc 

3-(6-{7 -[5-(5-Benzyloxycarbonyl-5-
aza-spiro[2.4]hept-6-yl)-1 H-pyrrol-
2-yl)-9,9-difluoro-9H-fluoren-2-yl}-

1 H-benzoimidazol-2-yl)-2-aza
bicyclo[2.2.1)heptane-2-carboxylic 

acid tert-butyl ester 

F. F 

{1-(3-(6-{7 -[5-(5-Aza-spiro[2.4 ]hept-6-yl)-1 H
pyrrol-2-yl)-9, 9-difluoro-9H-fluoren-2-yl}-1 H

benzoimidazol-2-yl)-2-aza
bicyclo[2.2. 1 )heptane-2 -carbonyl)-2-methyl

propyl}-carbamic acid methyl ester 

ECDI, HOBt 

DIEPA, DMF 

1. HCI, dioxane 

2. ECDI, HOSt, 
DIEPA, DMF 

~0 
Ho0 )( _,. 

II N 0 
0 ~ 

PCT /US201 0/034600 

2-Methoxycarbonylamino-
3-methyl-butyric acid 

3. Pd/C, H2, 
wet iPA 

1. Pd/C, H2, wet iPA 

2. ECDI, HOSt, 
DIEPA, DMF 

HOy Jl _,. 
'('~ 0 
0 ~ 

2-Methoxycarbonylamino-
3-methyl-butyric acid 

( 1-{3-[6-(9, 9-Difluoro-7 -{2-[5-(2 -methoxycarbonylamino-3-methyl
butyryl)-5-aza-spiro[2.4)hept-6-yi)-3H-imidazol-4-yi}-9H-fluoren-2-

yl)-1 H-benzoimidazol-2-yl)-2 -aza-bicyclo[2.2. 1]heptane-2-carbonyl}-
2-methyl-propyl)-carbamic acid methyl ester 

o'-?-
NH2 

D-Valine 2-Methoxycarbonylamino-
3-methyl-butyric acid 
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To a solution of 3-(6-{7-[5-(5-Benzyloxycarbonyl-5-aza-spiro[2.4]hept-6-yl)-l H-pyrrol-2-yl]-

9,9-difluoro-9H-fluoren-2-yl} -1 H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-

carboxylic acid tert-butyl ester (1.0 g), in CH2Ch (10 mL) at 0 °C was added 4 N HCI in 

dioxane (2.0 mL). Reaction mixture was stirred at 0 oc for 5 minutes, then warmed tort. After 

stirring for 1.5 h, reaction mixture was concentrated and dried overnight under vacuum to give 

an off-white powder (0.8826 g). Powder was suspended in ethyl acetate and saturated sodium 

bicarbonate solution and stirred for I h. Aqueous layer was extracted with ethyl acetate (2x), 

dried (MgS04), and concentrated. A portion of this residue was used in the next step. 

A solution of hydroxybenzotriazole ( 40 mg), 1-(3-dimethylaminepropyl)-3-ethylcarbodiimide

HCl (57 mg) and 2-Methoxycarbonylamino-3-methyl-butyric acid (54 mg) in DMF (0.5 mL) 

and CH2Ch (0.5 mL) was stirred at 0°C for I hr. This solution was added to a solution the above 

amine (ISO mg) in DMF (0.5 mL) and CH2Ch (0.5 mL) at -20°C and stirred at this temperature 

overnight. Reaction mixture was diluted with ethyl acetate and washed with brine, 

brine/saturated sodium bicarbonate solution (1: I) and aqueous layers back -extracted with ethy I 

acetate. The combined organic layer was dried (MgS04), concentrated and purified by flash 

column chromatography (silica gel, 0 to 5% methanol/ethyl acetate) to 6-[5-(9,9-Difluoro-7-{2-

[2-(2-methoxycarbonylamino-3-methyl-butyryl)-2-aza-bicyclo[2.2.1 ]hept-3-yl]-3H

benzoimidazo 1-5-yl} -9 H-fluoren-2-y I)-I H -pyrrol-2-yl]-5 -aza-spiro[2. 4] heptane-5-carboxy lie 

acid benzyl ester as a yellow foam (127 mg). 

LCMS-ESf: calc'd for C5o~9F2N10s: 865.96 {M+Ir); Found: 866.3 (M+H+). 

A mixture of 6-[5-(9,9-Difluoro-7-{2-[2-(2-methoxycarbonylamino-3-methyl-butyryl)-2-aza

bicyclo[2.2.1 ]hept-3-yl]-3H-benzoimidazol-5-yl} -9H-fluoren-2-yl)-l H-pyrrol-2-yl]-5-aza

spiro[2.4]heptane-5-carboxylic acid benzyl ester (127 mg) and 10% palladium on carbon, wet 

(29 mg) in ethanol ( 4 mL) was stirred under an hydrogen atmosphere for 18 h. Added more and 

I 0% palladium on carbon, wet (50 mg) and continued reaction for 30 h. Reaction mixture was 

filtered through a pad of CELITE, concentrated and purified by flash column chromatography 

(silica gel, 5 to 20% methanol/dichloromethane) to give {1-[3-(6-{7-[5-(5-Aza-spiro[2.4]hept-6-

yl)-l H-pyrrol-2-yl]-9,9-difluoro-9H-fluoren-2-yl} -I H-benzoimidazol-2-yl)-2-aza

bicyclo[2.2.1]heptane-2-carbonyl]-2-methyl-propyl}-carbamic acid methyl ester as a pale 

yellow film (21 mg). 

LCMS-ESf: calc'd for C42~3F2N103: 732.8 (M+H); Found: 732.4 (M+Ir). 
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A solution of hydroxybenzotriazole (5.4 mg), 1-(3-dimethylaminepropyl)-3-ethylcarbodiimide

HCI (7.7 mg) and 2-Methoxycarbonylamino-3-methyl-butyric acid (7.0 mg) in DMF (0.2 mL) 

and CH2Ch (0.2 mL) was stirred at 0°C for 1 hr. This solution was added to a solution {1-[3-(6-

{7 -[5-(5-Aza-spiro[2.4]hept-6-yl)-1 H-pyrrol-2-yl]-9,9-difluoro-9H-fluoren-2-yl} -1 H

benzoimidazol-2-y I)-2 -aza-bicyclo[2.2.1 ]heptane-2-carbony 1]-2-methyl-propy1} -carbamic acid 

methyl ester (21 mg) in DMF (0.4 mL) and CH2C}z (0.4 mL) at -25°C and stirred at this 

temperature overnight. Reaction mixture was diluted with ethyl acetate and washed with brine, 

brine/saturated sodiwn bicarbonate solution ( 1: 1) and aqueous layers back-extracted with ethyl 

acetate. The combined organic layer was dried (MgS04), concentrated and purified by 

preparative reverse phase HPLC (Gemini, 25 to 100% ACNIHzO + 0.1% TF A). The product

containing fractions were pooled, diluted with ethyl acetate and treated with saturated sodiwn 

bicarbonate solution at for lh. Product was extracted with ethyl acetate (2x), combined organic 

layer was dried (MgS04), concentrated and lyophilized from ACNIHzO to (1-{3-[6-(9,9-

Difluoro-7-{ 2-[ 5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4 ]hept-6-yl]-3H

imidazol-4-yl} -9H-fluoren-2-yl)-1 H-benzoimidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-2-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester as a white powder (11.8 mg) 
1H-NMR: 300 MHz, (DMSO-~) o: 12.18 {s, 1H), 12.05 (s 0.5H ), I 1.48 {s, 0.5H), 8.1 -7.1 

(m, lOH), 5.75 {d, J=4.5 Hz, 0.5H), 5.190 (d, J=4.5 Hz, 0.5H), 4.63 (d, J=4.8 Hz, I H), 4.54 (s, 

IH), 4.12-4.0 (m, 2H), 3.8-3.2 (m, 9H), 2.65 (s, IH), 2.40-2.01 (m, 27H). 

LCMS-ESI+: calc'd for C49Hs4FzNs06: 890.0 (M+H+); Found: 889.4 (M+W). 

To a solution of d-valine, (5.0 g) in IN sodiwn hydroxide (42.7 mL) was added sodiwn 

carbonate (4.53 g). The solution was cooled to ooc and methyl chloroformate (0.289 mL) was 

added dropwise over 2 h and reaction mixture was stirred for 2 h at ooc. White reaction mixture 

was diluted with enough HzO to form a colorless solution and washed with ethyl ether (3 x 30 

mL). Aqueous layer was acidified to pH =2 with concentrated HCI to give a white precipitate 

that collected by filtration, washed with HzO and dried under high vacuwn to give 2-

Methoxycarbonylamino-3-methyl-butyric acid as a crystalline white solid (4.668 g). LCMS

ESr: calc'd for C7H13N04: 176.2 (M+W); Found: 175.9 (M+H}. 
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)-NH H n \ 

o \-/P N~NfN ~ 
r--··· \ _)!..~~ f-( 

0 VN : ~ 0 HN-0'0 
'-cF - ' 3 0-

[1-(2-{5-[4'-{2-{1-[2-Methoxycarbonylamino-4-(2,2,2-trifluoro-ethoxy)
butyryl]-pyrrolidin-2-yi}-3H-imidazol-4-yl}-biphenyl-4-yl}-1 H-imidazol-

2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl}-carbamic acid methyl ester 

PCT /US201 0/034600 

[1-(2-{5-[4'-(2-{1-[2-Methoxycarbonylamino-4-(2,2,2-trifluoro-ethoxy)-butyryl]-pyrrolidin-

2-yl }-JH-imidazol-4-yl)-biphenyl-4-y 1]-1 H -imidazol-2-yl }-pyrrolidine-1-carbony 1)-2-

metbyl-propyl]-carbamic acid methyl ester: This compound was made in 45% yield by the 

same procedure as (4,4,4-Trifluoro-1-{2-[5-(4'-{2-[1-(2-methoxycarbonylarnino-3-methyl

butyryl)-pyrrolidin-2-yl]-3 H-imidazol-4-yl} -biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-

carbonyl}-butyl)-carbarnic acid methyl ester, using [1-(2-{ 5-[4'-(2-Pyrrolidin-2-yl-3H-imidazol-

4-yl)-biphenyl-4-yl]-1 H-imidazol-2-yl} -pyrrolidine-1-carbonyl)-3-(2,2,2-trifluoroethoxy)

propyl]-carbarnic acid methyl ester as the starting material. LCMS-ESI+: calculated for 

C41~9F3Ns01: 822.87; observed [M+tt: 823.45. 1H-NMR: 400 MHz, (CD30D) o: 7.82-7.72 

(m, 4H), 7.69-7.65 {m, 4H), 7.38-7.32 (m, 2H), 5.22-5.16 (m, 2H), 4.65-4.61 (m, 1H), 4.26-4.21 

(m, 1H), 4.04-3.84 (m, 6H), 3.72-3.48 (m, 8H), 2.39-1.98 (m, 10H), 1.88-1.78 (m, IH), 1.01-

0.89 (m, 6H) ppm. 

Example HZ 

[1-{2-{5-[4'-(2-{1-{2-Methoxycarbony1amino-4-(2,2,2-trifluoro-ethoxy)
butyryl]-pyrrolidin-2-y1}-3H-imidazol-4-y1)-biphenyl-4-yl}-1 H-imidazol-2-yl}

pyrrolidlne-1-carbony1)-3-{2,2,2-trifluoro-ethoxy)-propyl)-carbamic acid methyl ester 

[1-(2-{S-[4'-(2-{1-[2-Methoxycarbonylamino-4-(2,2,2-trifluoro-ethoxy)-butyryl)-pyrrolidin-

2-yi}-3H-imidazol-4-yl)-biphenyl-4-yi]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-3-(2,2,2-

trifluoro-ethoxy)-propyl]-carbamic acid methyl ester: This compound was made in 27% 

yield by the same procedure as {4,4,4-Trifluoro-1-{2-[5-(4'-{2-[1-(5,5,5-trifluoro-2-

methoxycarbonylarnino-pentanoyl)-pyrrolidin-2-yl]-3 H -imidazol-4-yl} -biphenyl-4-yl)-1 H

imidazol-2-yl]-pyrrolidine-1-carbonyl}-butyl)-carbamic acid methyl ester, using [1-(2-{5-[4'-(2-
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Pyrrolidin-2-yl-3H-imidazol-4-yl)-bipheilyl-4-yl]-1 H-imidazol-2-yl} -pyrrolidine-1-carbonyl)-3-

(2,2,2-trifluoroethoxy)-propyl]-carbamic acid methyl ester as the starting material. LCMS-ESI+: 

calculated for c42~8F6Ns0s: 906.87; observed [M+ It: 907.45. 1H-NMR: 400 MHz, (CDJOD) 

B: 7.73-7.65 (m, 4H), 7.62-7.59 (m, 4H), 7.38-7.35 (m, 2H), 5.14-5.10 (m, 2H), 4.55-4.51 (m, 

2H), 3.86-3.77 (m, 8H), 3.63-3.43 (m, IOH), 2.34-2.24 (m, 2H), 2.22-1.87 (m, 8H), 1.86-1.68 

(m,2H)ppm. 

Example lA 

n-Buli, THF. -78 "C; 

n-BUJSnCI. -78 °C 

Benzo(1,2-b:4,5-b1<fithiophene 
2,6-bis(tri·n-butylstannyl)

benzo(1,2-b:4,5-b'jdithiophene 

toluene, 110 °C 

Hn 
N~S~NlfN 
~J~0~ H ·4HCI 

VH 
2-{5-(6-(2-(pyrrolidin-2·yi)-3H-imidazol-4-yl)

benzo(1,2-b:4, 5-b')dithiophen&-2-yl)·1 H-imidazol-2-yij
pyrrolidine tetrahydrochloride 

HATU, DIPEA, DMF, RT 

(1-(2-{5-(6-(2-{1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yij-
3H-imidazo14-yl)-benzo(1,2-b:4,5-b1dithiophene-2-yl)-1 H-imidazol-2-yl}

pyrrolidine-1-carbonyl)-2-methyl-propyl}-carbamic acid methyl ester 

cone. HCI 

EtOH, 60°C 

2-{4-Bromo-1-(2-trimethylsilanyl
ethoxymethyl)-1 H-imidazol-2-yl]

pyrrolidin&-1-carboxylic 
acid lett-butyl ester 

2,6-Bis(tri-n-butylstannyl)-benzo[l,2-b:4,5-b')dithiophene: To a stirred solution of 

benzo[1,2-b:4,5-b']dithiophene (820 mg, 4.3 mmol) in THF (100 mL) under argon at -78° C was 

added a solution of n-butyllithium (2.5 M, 3.44 mL, 8.6 mmol). The solution was stirred at -78° 

C for 30 minutes and then warmed to -20° C for 30 minutes. Tri-n-butyltin chloride (2.34 mL, 

8.6 mmol) was added and the reaction mixture was stirred at -20° C for 30 minutes and then 

allowed to warm to room temperature. After 16 hours, hexane was added and the reaction was 
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successively washed with water and brine, dried (MgS04), concentrated and purified by flash 

chromatography ( 100% hexanes). 2,6-bis(tri-n-butylstannyl)-benzo[ 1 ,2-b:4,5-b']dithiophene 

(1.4 g, 42%) was isolated along with product contaminated with the monostannylated 

benzodithiophene. 1H-NMR: 400 MHz, (CDC~)) o: 8.27 (s, 2H), 7.38 (s, 2H), 1.65-1.57 (m, 

12H), 1.41-1.32 (m, 12H), 1.26-1.11 (m, 12H), 0.91 (t, J = 7.3 Hz, 18H) ppm. 

Fully protected 2-[5-(6-{2-[pyrrolidin-2-yi]-3H-imidazol-4-yl}-benzo[1,2-b:4,5-

b']ditbiopbene-2-yi)-1H-imidazol-2-yl]-pyrrolidine: Pd(PPh3)4 (61 mg, 0.053 mmol) was 

added to a degassed solution of2,6-bis(tri-n-butylstannyl)-benzo[1,2-b:4,5-b']dithiophene (202 

mg, 0.26 mmol) and 2-[4-Bromo-1-(2-trimethylsilany1-ethoxymethyl)-1 H-imidazol-2-yl]

pyrrolidine-1-carboxylic acid tert-butyl ester (260 mg, 0.58 mmol) in toluene (4 mL). The 

reaction was refluxed for 24 hours, then cooled to room temperature and filtered through 

CELITE and a palladium scavenging column (Stratospheres TM PL-Guanidine MP SPE+, Part#: 

PL3514-CM89). The solids were rinsed twice with toluene. The filtrate was concentrated and 

the crude product purified by flash chromatography to yield the desired, fully protected product 

(100 mg, 41%). LCMS-ESt: calculated for C4~6sN606S2Sh: 920.42; observed [M+1t: 

921.45. 

(1-{2-[ 5-(6-{2-[1-(2-Metboxycarbonylamino-3-metbyl-butyryl)-pyrrolidin-2-yi]-

3H-imidazol-4-yl}-benzo[1,2-b:4,5-b']ditbiopbene-2-yi)-1H-imidazol-2-yl]

pyrrolidine-1-carbonyl}-2-metbyl-propyl)-carbamic acid methyl ester: A solution of fully 

protected 2-[ 5-( 6-{2-[pyrrolidin-2-yl]-3H-imidazol-4-yl} -benzo[ 1 ,2-b:4 ,5-b']dithiophene-2-yl)-

1 H-imidazol-2-yl]-pyrrolidine (1 00 mg, 0.11 mmol), ethanol (4 mL) and concentrated HCI (1 

mL) was heated to 60° C for 16 hours. The reaction was concentrated and the crude material 

dissolved in DCM (10 mL). This solution was concentrated to yield crude 2-[5-(6-{2-

[pyrrolidin-2-yl]-3H-imidazol-4-yl} -benzo[ 1 ,2-b:4,5-b']dithiophene-2-yl)-1 H-imidazol-2-yl]

pyrrolidine tetrahydrochloride. To this material was added a solution of 2-

methoxycarbonylamino-3-methylbutyric acid (38 mg, 0.22 mmol) and HA TU (83 mg, 0.22 

mmol) in DMF (1.5 mL). To the resulting solution was added diisopropylethylamine (190 J.LL, 

1.1 mmol). After stirring for 2 hours at room temperature, the reaction was concentrated and 

purified twice by preparative reverse phase HPLC (Gemini, 10 to 45% ACN/1-hO + 0.1% 

HC02H). The product fractions were passed through a freebasing colWIUl 

(STRATOSPHERESTM PL-HC03MP SPE, Part#: PL3540-C603) and lyophilized to give (l-{2-

[5-(6-{2-[1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}

benzo[ 1 ,2-b:4,5-b']dithiophene-2-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl-
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propyl)-carbamic acid methyl ester (29 mg, 34%). LCMS-ESI+: calculated for C38~s06S2: 

774.95~ observed [M+1t: 775.96. 1H-NMR: 400 MHz, (CD30D) o: 8.16-8.11 (m, 2H), 7.49-

7.47 {m, 2H), 7.38-7.29 (m, 2H), 5.18-5.15 {m, 2H), 4.24 (d, J = 7.4 Hz, 2H), 4.04-3.96 (m, 2H), 

3.91-3.86 (m, 2H), 3.66 (br s, 6H), 2.38-2.17 (m, 6H), 2.11-1.98 (m, 4H), 1.00-0.89 (m, 12H) 

ppm. 

Example IB 

3-(6-{7 -[5-( 5-Benzyloxycarbonyl-5-
aza-spiro(2.4]hept-6-yl)-1 H-pyrrol-
2-yl]-9,9-difluoro-9H-fluoren-2-yl}-

1 H-benzoimidazol-2-yl)-2-aza
bicyclo(2.2. 1]heptane-2-carboxylic 

acid tert-butyl ester 

6-(5-(9,9-Difluoro-7-{2-[2-(2-
methoxycarbonylamino-3-methyl-butyryl)-2-

aza-bicyclo(2.2.1 ]hept-3-yi]-3H
benzoimidazol-5-yi)-9H-fluoren-2 -yl)-1 H
pyrrol-2 -yl]-5-aza-spiro(2.4 )heptane-5-

carboxylic acid benzyl ester 

ECDI, HOBt 

DIEPA, DMF 

'o 
0)-._N,H 

-y··lyo ~ ~ 
N_/LN 
~H 

1. HCI, dioxane 

2. ECDI, HOBt, 
DIEPA, DMF 

H? L 
o.?-T o 

wN--( 
o, 

2-Methoxycarbonylamino-
3-methyl-butyric acid 

1. Pd/C, H2, wet iPA 

2. ECDI, HOBt, 
DIEPA, DMF 

Ht.J-
0/l 0 

H'N-f 
o, 

2-Methoxycarbonylamino-
3-methyl-butyric acid 

( 1-{3-(6-(9, 9-Difluoro-7 -{2 -(5-{2-methoxycarbonylamino-3-methyl
butyryl)-5-aza-spiro(2.4]hept-6-yi]-3H-imidazol-4-yi}-9H-fluoren-2-

yl)-1 H-benzoimidazol-2-yl]-2-aza-bicyclo(2.2.1 )heptane-2-carbonyl)-
2-methyl-propyl)-carbamic acid methyl ester 
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( 1-{ 3-[ 6-(9,9-Difluoro-7-{ 2-[ 5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-

spiro[2.4 ]hept-6-yl]-3 H-imidazol-4-yl} -9H-fluoren-2-yl)-1 H -benzoimidazol-2-yl]-2-aza

bicyclo[2.2.1 ]heptane-2-carbonyl }-2-methyl-propyl)-carbamic acid methyl ester was prepared in 

a similar manner as Example B to give title compound as a white powder (88.9 mg). 
1H-NMR: 300 MHz, (DMS0-<4) 45: 12.56 (d, J=13.5Hz, 0.5H ), 12.04 (d. J=17.1Hz, 0.5H ), 

11.84 (s, 1H), 8.1 -7.1 (m, 12H), 5.3-5.1 (m, 1H), 4.8-4.5 (m, 1H), 4.1-3.7 (m, 4H), 3.6-3.2 (m, 

20H), 2.8-1.1 (m, 12H), 0.9-0.4 (m, 16H). 

LCMS-ESt: calc'd for C49Hs4FzNs06: 890.0 (M+H+); Found: 889.4 (M+W). 

Example IC 

1,1,3,3-tetramethytguanicflllll UOH 

THF, ·78 "C to RT ~~ MeOH,RT 

Tetrahydro- N-Methoxycarbonyl-2-methyl-
0 

Methoxycarbonylamlno
(tetrahydro-pyran+ylldene)

acetic acid methyl ester 

pyran-4-one ( dimethylphosphono) glyclnate 

~~OH + 

0 

Methoxycarbonylamino
(tetrahydro-pyran-4-ylidene)

acetic acid 

-o 
Oj-NH 0 :) 

,.·'!.-f ~~~ ~ ~J-N 
\ N....,--N - ~ ~ ~ ~ II H 

\...) H - \\F/ N 

{2-Methy\-1-(2-(5-{6-(4-(2-pyrrolidin-2-y\-3H-imidazoi-4·Yil
phenyl}-naphthalen-2-yl)-1 H-lrnidazol-2-yl)-pyrrolidine-

1-<:arbonyl)-propyl}-carbamic acid methyl ester trihydrochloride 

-o 
Oj-NH 0 nw 
\·~j~· F=\ ~fN g V ~~ ~N 0 0 

HN-f' 
o

{1-(2-(5-{6-(4-(2-(1-{2-Methoxycarbonylamino-2-(tetrahydro-pyran-4-ylidene)
aoetyt)-pyrrolidin-2-yi)-3H-Imidazol-4-yl)-phenyl]-naphthalen-2-yl)-11+imidazol-

2-yt)-pyrrolidine-1-<:arbonyl)-2-methyl-propyl}-<;arbamic acid methyl ester 

HATU, DIPEA. 

DMF,RT 

Methoxycarbonylamino-(tetrahydropyran-4-ylidene)-acetic acid methyl ester: A solution 

ofN-methoxycarbonyl-2-methyl-(dimethylphosphono) glycinate (1.45 g, 5.68 mmol) in 

tetrahydrofuran (22 mL) was cooled to -78° C. 1,1 ,3,3-Tetramethylguanidine (0.680 mL, 5.42 

mmol) was added and the resulting solution was stirred at -78° C for 30 minutes. 

Tetrahydropyran-4-one (0.500 mL, 5.42 mmol) was added and the reaction was stirred at -78° C 

for I hour. The ice bath was removed and the reaction was allowed to warm to room 

temperature overnight. In the morning, the reaction was diluted with ethyl acetate. The organics 
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were washed with 1 N aqueous HCI and brine, dried (MgS04) and concentrated. The crude 

residue was purified by flash chromatography to yield methoxycarbonylamino-(tetrahydropyran-

4-ylidene)-acetic acid methyl ester. 1H-NMR: 400 MHz, (CDCh) o: 5.94 (br s, lH), 3.80-3.74 

(m, 7H), 3.71 (s, 3H), 2.95-2.91 (m, 2H), 2.45-2.41 (m, 2H) ppm. 

{1-[2-(5-{6-[4-(2-{1-[2-Metboxycarbonylamino-2-(tetrabydropyran-4-ylidene )-acetyl]

pyrrolidin-2-yi}-3H-imidazol-4-yl)-pbenyl)-oapbtbalen-2-yi}-1H-imidazol-2-yl)

pyrrolidine-1-carbooyl]-2-methyl-propyl}-carbamic acid methyl ester: To a solution of 

methoxycarbonylamino-(tetrahydropyran-4-ylidene)-acetic acid methyl ester (141 mg, 0.62 

mmo1) in methanol (1.8 mL) was added an aqueous LiOH solution (1M, 1.8 mL, 1.8 mmol). 

The resulting solution was stirred at room temperature for 16 hours and then washed with ethyl 

acetate. The ethyl acetate washing was discarded and the aqueous layer was acidified with 

concentrated HCI. The acidified aqueous layer was extracted twice with ethyl acetate. The 

combined organics were washed with brine, dried (MgS04), and concentrated to give 

methoxycarbonylamino-(tetrahydropyran-4-ylidene)-acetic acid. To a solution of 

methoxycarbonylamino-(tetrahydropyran-4-ylidene)-acetic acid (23 mg, 0.11 mmo1) in 

dimethylformamide (0.6 mL) was added HATU (41 mg, 0.11 mmol). After stirring for 5 

minutes, a solution of {2-methy1-1-[2-(5-{ 6-[ 4-(2-pyrrolidin-2-yi-3H-imidazol-4-yl)-phenyl]

naphthalen-2-yl }-1 H-imidazol-2-yl)-pyrrolidine-1-carbonyl]-propyl }-carbamic acid methyl ester 

trihydrochloride (50 mg, 0.068 mmol) in dimethylformamide (0.6 mL) was added to the 

reaction, followed immediately by diisopropylethylamine (85 J.LL, 0.49 mmol). The reaction was 

stirred for 1 hour at room temperature then diluted with ethyl acetate. The organic layer was 

washed successively with saturated aqueous NaHC03 solution, water and brine, dried (MgS04), 

concentrated and purified by preparative reverse phase HPLC (Gemini, 15 to 50% ACNIH20 + 

0.1% HC02H) to yield { 1-[2-(5-{ 6-[4-(2-{ 1-[2-methoxycarbonylamino-2-(tetrahydropyran-4-

ylidene )-acetyl]-pyrrolidin-2-yl} -3H-imidazol-4-yl)-phenyl]-naphthalen-2-yl} -1 H -imidazol-2-

yl)-pyrrolidine-1-carbonyl]-2-methyl-propyl}-carbamic acid methyl ester (28 mg, 50%). 

LCMS-ESt: calculated for C4t>Hs2Ns01: 828.95; observed [M+1t: 830.32. 1H-NMR: 400 MHz, 

(CD30D) o: 8.24-8.07 {m, 3H), 7.96-7.76 (m, 7H), 7.45-7.34 {m, 2H), 5.28-5.18 (m, 2H), 4.27-

4.23 (m, 1H), 4.05-3.98 (m, 1H), 3.94-3.86 (m, 1H), 3.84-3.41 (m, 12H), 2.48-1.98 (m, 13H), 

1.02-0.90 (m, 6H) ppm. 
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<>== , NaHCO.,, 

EtOAc, RT 

PCT /US201 0/034600 

THF,RT 

crN0 
~ o--..... 

(Z)-Ethyl 2-chloro-2-
(hydroxyimino)acetate 

5-0xa-6-aza-spiro[3.4]ocl-6-
ene-7 -Qrboxylic acid ethyl ester 

5-0xa-6-aza-spiro[3.4]octane-
7 -carboxylic acid ethyl ester 

' ' 0 
OJ._NH OJ._NH ,...on~0oH _}-O-ar 

0 /--..... '('Y0 
o liOH 'r·yO 0 Br 

HATU, DIPEA, DMF, 60 °C (!7' EtCH, 45°C ;;r DIPEA, ACN, RT o--...._ OH 

6-{2-Methoxycarbonylamino-3-
methyl-butyryl)-5-oxa-6-aza

spiro[3.4)octane-7-carboxy1ic acid ethyl ester 

6-(2-Methoxycarbonylamino-3-
methyl-bulylyl)-5-oxa-6-aza

spiro[3.4)oclane-7 -Qrboxylic add 

'o 
OJ._.NH 

'o 
OJ._.NH +q ,o+ B-B 

d 'o ~··yo 
,. ,NJ ~ r'7r-Br d-i o- g0 toluene, 110 °C 

""",,··yON 

IQ'Ny--i(~ Pd(dppf)02, KOAc, 

dioxane, 85 °C 

6-(2-Methoxycarbonylamino-3-methyl-butyryl)-
5-oxa-6-aza-spiro[3.4)octane-7-carboxylic add 2-

(4-bromo-phenyl)-2-oxo-ethyl ester 

'o 
0)-_NH 

,,,··yON 

,N..._l!._ ~ d-! ~· v-.:( 
(2-Methyl-1-{7 -{5-{4-(4 ,4,5,5-tetramethyl-

[ 1 ,3,2)dioxaborolan-2-yl)-phenyl)-1 H-imidazol-2-yl}-
5-ox~-aza-spiro[3.4)octane-6-<:arbonyl)

propyl)-carbamic add methyl ester 

+ 

d-"' ~- ~Br 

(1-{7-[5-(4-Bromo-phenyl)-1 H-imidazol-2-yl)-
5-oxa-6-aza-spiro[3.4]odane-6-<:arbonyl}-2-
methyl-propyl)-carbamic add methyl ester 

Pd(PPIIJ)4, KzCO:! 

(1-{7-[5-{4-Bromo-phenyi)-1H-Imidazol-2-yij-
5-oxa-6-aza-spiro[3.4]octane-6-carbonyl)-2-
rnethyl-propyl)-carbamic acid methyl ester 

DME,85°C 

(1-{7-[5-{4'-{2-[6-(2-Methoxycarbonylamino-3-methyl-butyryl)-5-oxa-6-aza-spiro[3.4]od-
7 -yi)-3H-Imidazol-4-yl}-biphenyl-4-yl)-1 H-imidazol-2-yl)-5-oxa-6-

aza-spiro(3.4]octane-6-carbonyl}-2-rnethyl-propyl)-carbamic add methyl ester 
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5-0xa-6-aza-spiro[3.4]oct-6-ene-7-carboxylic acid ethyl ester: To a solution of 

methylenecyclobutane (2 mL, 21.6 mmol) in ethyl acetate (125 mL) was added (Z)-ethyl 2-

chloro-2-(hydroxyimino)acetate (6.55 g, 43.2 mrnol) and solid sodium bicarbonate (16.3 g, 194 

mmol). The reaction mixture was sealed and stirred at room temperature for 6 hours. More (Z)

ethy12-chloro-2-(hydroxyimino)acetate (4 g, 26.4 mmol) and sodium bicarbonate (8 g, 95.2 

mmol) were added and the reaction was stirred at room temperature for an additional 12 hours. 

The reaction was diluted with ethyl acetate and washed successively with water and brine, dried 

(MgS04) and concentrated to yield crude 5-oxa-6-aza-spiro[3.4]oct-6-ene-7-carboxylic acid 

ethyl ester, contaminated with (Z)-Ethyl2-chloro-2-(hydroxyimino)acetate and related 

compounds. 

5-0xa-6-aza-spiro[3.4]octane-7-carboxylic acid ethyl ester: To a solution of crude 5-oxa-6-

aza-spiro[3.4]oct-6-ene-7-carboxylic acid ethyl ester (7.5 g, <40.9 mmol) in tetrahydrofuran 

(270 mL) at 0° C was slowly added a solution ofborane-dimethyl sulfide complex (10M in 

THF, 16.4 mL, 164 mmol). The reaction was allowed to warm to room temperature overnight 

then recooled to 0° C, and quenched by the careful addition of water. The mixture was diluted 

with ethyl acetate, washed with water and brine, dried (MgS04), and concentrated to yield a 

large amount of white solids. These solids were thoroughly triturated three times with 

dichloromethane (150 mL). The combined dichloromethane washings were concentrated and 

the resulting oil was purified by flash chromatography to yield 5-oxa-6-aza-spiro[3.4]octane-7-

carboxylic acid ethyl ester (1.08 g, 29% over 2 steps). 1H-NMR: 400 MHz, (CDC13) o: 8.01-7.95 

(br, 1H), 4.39-4.28 (m, 2H), 4.18-4.10 (m, lH), 2.80-2.75 (m, 1H), 2.62-2.49 (m, 2H), 2.37-2.29 

(m, 1H),2.25-2.17(m,1H),2.13-1.95(m, 1H), 1.88-1.79(m, 1H), 1.68-1.56(m, 1H), 1.34(t,J 

== 7.1 Hz, 3H) ppm. 

6-(2-Methoxycarbonylamino-3-methyl-butyryl)-5-oxa-6-aza-spiro[3.4]octane-7-carboxylic 

acid ethyl ester: To a solution of2-methoxycarbonylamino-3-methyl-butyric acid (1.11 g, 6.33 

mmol) and HATU (2.41 g, 6.34 mmol) in dimethylformamide (13 mL) was added a solution of 

5-oxa-6-aza-spiro[3.4]octane-7-carboxylic acid ethyl ester (980 mg, 5.3 mmol) in 

dimethylformamide (13mL). To the resulting reaction mixture was added 

diisopropylethylamine (1.85 mL, 10.6 mmol) and the reaction was heated to 60° C for 16 hours. 

The reaction was diluted with ethyl acetate, washed with water and brine, dried (MgS04) and 

concentrated. The resulting residue was purified by flash chromatography to give 6-(2-

methoxycarbonylamino-3-methyl-butyryl)-5-oxa-6-aza-spiro[3 .4 ]octane-7 -carboxy lie acid ethyl 

ester (1.31 g, 72%). LCMS-ESt: calculated for C16H26N20 6: 342.18; observed [M+1t: 342.90. 
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6-(2-Metboxycarbonylamino-3-metbyl-butyryi)-S-oxa-6-aza-spiro[3.4]octane-7-carboxylic 

acid: To a solution of 6-(2-methoxycarbonylamino-3-methyl-butyryl)-5-oxa-6-aza

spiro[3.4]octane-7-carboxylic acid ethyl ester (1.31 g, 3.83 mmol) in ethanol (10 mL) was added 

a solution of lithium hydroxide (1M in water, 7.6 mL, 7.6 mmol). The reaction was stirred at 

room temperature for 30 minutes. The reaction was partially concentrated and the resulting 

aqueous solution was washed with ethyl acetate. The ethyl acetate layer was discarded and the 

aqueous layer was acidified using concentrated HCI. The acidic aqueous layer was extracted 

twice with ethyl acetate. The combined organic layers were washed with brine, dried (MgS04) 

and concentrated to yield crude 6-(2-methoxycarbonylamino-3-methyl-butyryl)-5-oxa-6-aza

spiro[3.4]octane-7-carboxylic acid, which was used without further purification. 

6-(2-Methoxycarbonylamino-3-methyl-butyryi)-S-oxa-6-aza-spiro(3.4]octane-7-carboxylic 

acid 2-(4-bromopbenyl)-2-oxo-etbyl ester: To a solution of 6-(2-methoxycarbonylamino-3-

methyl-butyryl)-5-oxa-6-aza-spiro[3.4]octane-7-carboxylic acid (-3.83 mmol) and 2,4'

dibromoacetophenone (1.1 g, 3.96 mmol) in acetonitrile (19 mL) was added 

diisopropylethylamine (1.32 mL, 7.59 mmol). The reaction was stirred at room temperature for 

16 hours and was then diluted with ethyl acetate. The organics were washed with water and 

brine, dried (MgS04) and concentrated. The resulting crude residue was purified by flash 

chromatography, cleanly separating the two diastereomers of 6-(2-methoxycarbonylamino-3-

methyl-butyryl)-5-oxa-6-aza-spiro[3 .4 ]octane-7 -carboxylic acid 2-( 4-bromophenyl)-2-oxo-ethyl 

ester (330 mg of the (R) diastereomer, 360 mg of the (S) diastereomer, 35% total yield over 2 

steps). 1H-NMR for the desired (S) diastereomer: 400 MHz, (CDCh) o: 7.74-7.71 (m, 2H), 

7.62-7.60 (m, 2H), 5.47 (d, J = 16.4 Hz, 1H), 5.40-5.35 (m, 1H), 5.20 (d, J = 16.4 Hz, 1H), 4.92 

(dd, J1 = 7.1 Hz, p = 9.0 Hz, 1H), 4.74-4.70 (m, 1H), 3.65 (s, 3H), 2.84 (dd, J 1 = 9.0 Hz, P = 

12.6 Hz, lH), 2.60 (dd, J1 = 7.0 Hz, J2 = 12.6 Hz, 1H), 2.52-2.12 (m, 5H), 2.07-1.86 (m, 2H), 

1.75-1.65 (m, I H), 1.01 (d, J = 6.6 Hz, 3H), 0.89 (d, J = 7.1 Hz, 3H) ppm. 

(l-{7 -[5-( 4-Bromo-phenyl)-l H-imidazol-2-yi]-S-oxa-6-aza-spiro(3.4 ]octane-6-carbonyl}-2-

metbyl-propyl)-carbamic acid methyl ester: To a solution of 6-(2-methoxycarbonylamino-3-

methyl-butyryl)-5-oxa-6-aza-spiro[3.4]octane-7-carboxylic acid 2-( 4-bromophenyl)-2-oxo-ethyl 

ester (150 mg, 0.29 mmol) in toluene (3 mL) was added ammonium acetate (230 mg, 3.0 mmol). 

The reaction mixture was vigorously refluxed for 3 hours, cooled to room temperature and 

diluted with ethyl acetate. The organics were washed with water and brine, dried (MgS04), and 

concentrated. The crude residue was purified by flash chromatography to yield (1-{7-[5-(4-
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bromophenyl)-1 H -imidazol-2-yl]-5-oxa-6-aza-spiro[3 .4 ]octane-6-carbonyl} -2-methyl-propyl)

carbamic acid methyl ester (95 mg, 66%). LCMS-ESt: calculated for C22H27BrN40 4: 

490.12/492.12; observed [M+lt: 490.99/492.99. 1H-NMR: 400 MHz, (CDCh) o: 7.60-7.55 (m, 

2H), 7.50-7.46 (m, 2H), 7.26 (s, IH), 5.38-5.29 (m ,2H), 4.76-4.70 (br, IH), 3.70 (s, 3H), 3.36-

3.29 (m, I H), 2.84 (dd, J1 = 8.2 Hz, J2 = 12.5 Hz, IH), 2.51-2.32 (m, 3H), 2.13-2.03 (m, 2H), 

2.00-1.89 (m, IH), 1.83-1.71 (m, IH), 0.97 (d, J = 6.7 Hz, 3H), 0.84 (d, J = 6.8 Hz, 3H), ppm. 

[2-Methyl-1-(7-{5-[ 4-( 4,4,5,5-tetramethyl[1,3,2] dioxaborolan-2-yl)-phenyl]-1 H-imidazol-2-

yl}-5-oxa-6-azaspiro[3.4 ]octane-6-carbonyl)-propyl]-carbamic acid methyl ester: A 

degassed mixture of (1-{7-[ 5-( 4-bromophenyl)-1 H-imidazol-2-yl]-5-oxa-6-aza-spiro[3.4]octane-

6-carbonyl} -2-methyl-propyl)-carbamic acid methyl ester (85 mg, 0.17 mmol), 

bis(pinacolato)diboron (66 mg, 0.26 mrnol), potassium acetate (51 mg, 0.52 mrnol) and 

dichloro[l,l'-bis(diphenylphosphino)ferrocene]palladium(II) (13 mg, 0.018 mrnol) in 1,4-

dioxane (1.7 mL) was heated to 85° C for 75 minutes. After cooling to room temperature, the 

reaction was filtered through a palladium scavenging column (STRATOSPHERES™ PL

Guanidine MP SPE+, Part#: PL3514-CM89) and the solids were rinsed with ethyl acetate. The 

filtrate was washed with water and brine, dried (MgS04), and concentrated. The crude residue 

was purified by flash chromatography to yield [2-methyl-1-(7-{5-[4-(4,4,5,5-

tetramethyl[l ,3,2]dioxaborolan-2-yl)-phenyl]-l H-imidazol-2-yl} -5-oxa-6-azaspiro[3.4]octane-6-

carbonyl)-propyl]-carbarnic acid methyl ester (81 mg, 87%). LCMS-ES(: calculated for 

C2sH39BN406: 538.30; observed [M+It: 539.12. 

(1-{7-[5-(4'-{2-[6-(2-Methoxycarbonylamino-3-methyl-butyryl)-5-oxa-6-aza-spiro[3.4)oct-

7-yi]-3H-imidazol-4-yl}-biphenyl-4-yi)-1H-imidazol-2-yl]-5-oxa-6-aza-spiro[3.4]octane-6-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester: To a solution of [2-methyl-1-(7-{5-

[ 4-( 4,4,5,5-tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)-phenyl]-l H-imidazol-2-yl} -5-oxa-6-

azaspiro[3.4]octane-6-carbonyl)-propyl]-carbamic acid methyl ester (81 mg, 0.15 mrnol), (1-{7-

[ 5-( 4-bromophenyl)-1 H-imidazol-2-yl]-5-oxa-6-aza-spiro[3 .4 ]octane-6-carbonyl} -2-methyl

propyl)-carbamic acid methyl ester (60 mg, 0.12 mrnol) and 

tetrakis(triphenylphosphine)palladium(O) (14 mg, 0.012 mrnol) in 1,2-dimethoxyethane (2.0 

rnL) was added a solution of potassium carbonate (2M in water, 0.250 mL, 0.50 mrnol). The 

resulting mixture was degassed for15 minutes with a stream of argon and then heated to 85° C 

for 3 hours. After cooling to room temperature, the reaction was filtered through a palladium 

scavenging column (STRATOSPHERES™ PL-Guanidine MP SPE+, Part#: PL3514-CM89) 

and the solids were rinsed with methanol. The filtrate was concentrated and purified by 
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preparative reverse phase HPLC (Gemini, 15 to 51% ACNIH20 + 0.1% HC02H) to yield (1-{7-

[ 5-( 4 '-{2-[ 6-(2-Methoxycarbonylamino-3-methyl-butyryl)-5-oxa-6-aza-spiro[3 .4 ]oct-7 -yl]-3H

imidazol-4-yl} -biphenyl-4-yl)-1 H-imidazol-2-yl]-5-oxa-6-aza-spiro[3 .4 ]octane-6-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester (26 mg, 26%). LCMS-ESI+: calculated for 

C44H54Ns0s: 822.41; observed [M+1t: 823.43. 1H-NMR: 400 MHz, (CD30D) o: 7.78-7.75 (m, 

4H), 7.68-7.65 (m, 4H), 7.38 (s, 2H), 6.94-6.89 (br, 2H), 5.47-5.42 (m, 2H), 4.74-4.68 (br, 2H), 

3.66 (s, 6H), 3.00-2.94 (m, 2H), 2.78-2.71 (m, 2H), 2.61-2.53 (m, 2H), 2.49-2.40 (m, 2H), 2.38-

2.30 (m, 2H), 2.22-2.09 (m, 4H), 2.00-1.90 (m, 2H), 1.84-1.75 (m, 2H), 0.98 (d, J = 6.8 Hz, 6H), 

0.88 (d, J = 6.7 Hz, 6H) ppm. 

Example IE 

'o 
oANH 

'f·yO N + 
,N..._l!_.~ 

d-' If v~ 
[2-Methyt-1-{7 -{5-(4-(4 ,4 ,5,5-tetramethyl- (1-{2-{5-(4-Bromo-phenyf)-1 H-lmldazol-2-yl)-

[1 , 3 ,2)dloxaborolan-2-yl)-phenyl)-1 H-imldazol-2-yl}- pyrrolldlne-1-carbonyf)-2-methyl-pmpyl)-
5-oxa-6-aza-spiro[3.4)octane-Ek:arbony1)- carbamic acid methyl ester 

pmpyl)-<:arbamie aCid methyl ester 

DME, 85"C 

(1-{7-{5-(4'-{2-{1-(2-Methoxycarbonylamino-J.methyt-butyryl)-pyrrolidin-2-yi)-3H-Imldaml-4-yf)-biphenyt-4-yi)-1H-imidazol-2-
y1)-5-oxa-6-aza-spiro[3.4)octane-Ek:arbonyf)-2-methy1-pmpyt)-carbamie acid methyl ester 

(1-{7-[5-(4'-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidio-2-yi]-3H

imidazol-4-yl}-biphenyl-4-yi)-1H-imidazol-2-yl]-5-oxa-6-aza-spiro[3.4]octane-6-carbonyl}-

2-methyl-propyl)-carbamic acid methyl ester: To a solution of [2-methyl-1-(7-{ 5-[ 4-( 4,4,5,5-

tetramethyl[ 1 ,3,2]dioxaborolan-2-yl)-phenyl]-l H-imidazol-2-yl} -5-oxa-6-azaspiro[3 .4 ]octane-6-

carbonyl)-propyl]-carbamic acid methyl ester (81 mg, 0.15 mmol), (1-{2-[5-(4-bromophenyl)-

1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl-propyl)-carbamic acid methyl ester (81 

mg, 0.18 mmol) and tetrakis(triphenylphosphine)palladium(O) (18 mg, 0.015 mmol) in 1,2-

dimethoxyethane (3.0 mL) was added a solution ofpotassiwn carbonate (2M in water, 0.300 

mL, 0.60 mmol). The resulting mixture was degassed for15 minutes with a stream of argon and 
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then heated to 85° C for 3 hours. After cooling to room temperature, the reaction was filtered 

through a palladium scavenging column (STRATOSPHERES™ PL-Guanidine MP SPE+, Part 

#: PL3514-CM89) and the solids were rinsed with methanol. The filtrate was concentrated and 

purified by flash chromatography (0%-5% methanolldichloromethane). The resulting residue 

was repurified by preparative reverse phase HPLC (Gemini, 15 to 50% ACNIH20 + 0.1% 

HC02H) to yield (1-{7-[5-( 4'-{2-[1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-

yl]-3H-imidazol-4-yl}-biphenyl-4-yl)-1H-imidazol-2-yl]-5-oxa-6-aza-spiro[3.4]octane-6-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (35 mg, 30%). LCMS-ESt: calculated 

forC42Hs2Ns01: 780.40; observed [M+1t: 781.29. 1H-NMR: 400 MHz, (CD30D) o: 7.82-7.72 

(m, 4H), 7.69-7.65 (m, 4H), 7.38 (s, 1H), 7.32 (s, 1H), 6.99-6.90 (m, 2H), 5.47-5.42 (m, 1H), 

5.20-5.16 (m, lH), 4.75-4.68 (m, 1H), 4.226-4.21 (m, lH), 4.03-3.96 (m, 1H), 3.91-3.85 (m, 

I H), 3.71-3.48 (m, 7H), 3.00-2.94 (m, lH), 2.78-2.71 (m, lH), 2.61-1.90 (m, lOH), 1.83-1.73 

(m, 1 H), 1.00-0.86 (m, 12H) ppm. 

Example IF 

(S)-2-(methoxycarbonylamino )-2-(tetrahydro-2H-pyran-4-yl) acetic acid (3) 

H 0 0 _....OI(CI H 0 
>(oi(N0oH 4M HCI Dioxane H2N0oH _....OI(N0oH 0 00 DCM 

0 Na2C03 /H20 00 
1 2 3 

To (S)-2-(tert-butoxycarbonylamino)-2-(tetrahydro-2H-pyran-4-yl) acetic acid 1 (1.5 g, 5.8 

mmol) in dichloromethane (5 mL) was added 4M HCl in dioxane (5 mL) and the reaction 

mixture was cooled to ooc and then stirred for 2 hours. After concentrated in vacuo to afford 2 

To (S)-2-amino-2-(tetrahydro-2H-pyran-4-yl) acetic acid 2 (780 mg; 5 mmol) in water (25 ml) 

was added sodium carbonate (1.06g; 10 mmol), and the resultant mixture was cooled to O.deg. 

C. and then methyl chloroformate (0.53 ml; 5.5 mmol) was added dropwise over 5 minutes. The 

reaction was allowed to stir for 18 hours while allowing the bath to thaw to ambient temperature. 

The reaction mixture was then partitioned between IN HCl and ethyl acetate. The organic layer 

was removed and the aqueous layer was further extracted with 2 additional portions of ethyl 

acetate. The combined organic layers were washed with brine, dried over magnesium sulfate, 

filtered and concentrated in vacuo to afford 3 a colorless residue. MS (ESI) m/z: 218 [M + Ht. 
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Compounds 4-10 were prepared according to the method employed to prepare ((S)-2-

(methoxycarbonylamino)-2-(tetrahydro-2H-pyran-4-yl) acetic acid (3) 

(S)-2-( (S)-2-(5-( 4-(6-(2-( (S)-1-((S)-2-(metboxycarbonylamino )-

3-metbylbutanoyl)pyrrolidin-2-yl)-1 H-imidazol-5-yl)naphthalen-2-yl)pbenyl)-1 H-imidazol-

2-yl)pyrrolidin-l-yl)-2-oxo-l-(tetrahydro-2H-pyran-4-yl)ethylcarbamic acid methyl ester: 

compound 11 (50 mg, 0.068mmol) in dichloromethane (0.8 mL) was added 4M HCl in dioxane 

(0.8 mL) and the reaction mixture was cooled to 0°C and then stirred for 2 hours. After 

concentrated in vacuo to afford HCl salts. 

To these HCl salts in DMF (0.8 mL) was added compound 3(20 mg, 0.09 mmol), N-(3-

dimethylaminopropyl)-N' -ethylcarbodiimide hydrochloride ( 18 mg, 0.09 mmol) and 

hydroxybenzotriazole hydrate (HOBt), (13 mg, 0.09 mmol). The mixture was cooled down in an 

ice bath to ooc and N-methylmorpholine (NMM)(20J.1L, 0.18 nunol) was added from a syringe 

to the mixture. The reaction content was stirred for 4 hours at room temperature. The resulting 
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mixture was then directly purified on reverse phase prep. HPLC to afford title compound as 

white solid (36 mg, 65%). 
1H-NMR: 400 MHz, (CD30D) o 8.03 (s, lH), 7.99 (s, lH), 7.79-7.66 (m, lOH), 7.33 (s, IH), 

7.24 (s, IH), 7.05-6.91 (m, IH), 5.22 -5.09(m, IH), 4.23-4.15 (m, IH), 3.98-3.78 (m, 4H), 3.57 

(s, 6H), 3.38 - 3.31 (m, 8H), 2.65 (m, I H), 2.30- 2.09 (m, SH), 2.02- 1.95 (m, 2H), 1.56-

1.29 (m, SH), 0.92- 0.82 (m, 6H). MS (ESI) mlz 832 [M + Ht. 

Example IG 

(S)-1-(2,3-dihydro-1H-inden-2-yl)-2-((S)-2-(5-( 4-(6-(2-( (S)-1-( (S)-2-

( methoxycarbonylamino )-3-methylbutanoyl)pyrrolidin-2-yl)-1 H-imidazol-5-yl)naphthalen-

2-yl)phenyl)-1 H-imidazol-2-yl)pyrrolidin-1-yl)-2-oxoethylcarbamic acid methyl ester 

:~~~0 H~fj ~ '1 H..() 1 _14NHCI-dioxan~~~~o N~fj ~ '1 H..()()) \ lf.' f'! - ~ fj ~ :fHBoc 2.)~ \ 0{' N - ~ fj ~ :f'L .··' 
H H - - N NMM, DMF, o ·c H ii - - N rf/ I -Do 

HN \ 11 
0

_ 

(S)-1-(2,3-dhydr<>-1 H-inden-2-yf}-2-((S)-2-(~4-(6-(2-((S)-1-
((S)-2-(methoxycarbonylamino)-3-melhylbulanoy)pyrrolidin-2· 

yl)-1 H-imidazoi.Q.yl)nallhthalen-2-yl)phenyt)-1 H-imidazo~2-
yl)pyrrolidin-1-yl)-2-<»<oe1hylca<bamic acid melhyl ester 

To compound 11 (50 mg, 0.068mmol) in dichloromethane (0.8 mL) was added 4M HCl in 

dioxane (0.8 mL) and the reaction mixture was cooled to 0°C and then stirred for 2 hours. After 

concentrated in vacuo to afford HCI salts. 

To these HCl salts (32 mg) in DMF (0.7 mL) was added compound 10 (16 mg, 0.063 mmol), N

(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (12 mg, 0.063 mmol) and 

hydroxybenzotriazole hydrate (HOBt), (9 mg, 0.063 mmol). The mixture was cooled down in an 

ice bath to ooc and N-methylmorpholine (NMM)(20J.1L, 0.12 mmol) was added from a syringe 

to the mixture. The reaction content was stirred for 4 hours at room temperature. The resulting 

mixture was then directly purified on reverse phase prep. HPLC to afford title compound as 

white solid (23 mg, 62 % ). 

MS (ESI) mlz 864 [M + H]+. 
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Example IH 

(R)-2-( (S)-2-(5-( 4-( 6-(2-( (S)-1-( (S)-2-( methoxycarbonylamino )-3-

methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)naphthalen-2-yl)phenyl)-1H-imidazol-2-

yl)pyrrolidin-l-yl)-2-oxo-1-(tetrahydro-2H-pyran-4-yl)ethylcarbamic acid methyl ester 

-o -o 
O~NH O H ;A }-NH O H -{Qi-P, ,,.\-f(J;~~'I ~ N H N 1.)4NHCklioxane

0 ,-·\-f(J;~~'I ~ N H N 
\ N ~ - ~ 'I ~ t:,. I Boc 2.). EDCI, HOOT \ N ~ - ~ 'I ~ ~ I 

H H - - N NMM DMF o•c H H - - N 0 0 . . ~~ 
,, o-

IR>-2-((S).2-(s.{4-(6-(2-{(S).1-{(S).2-(methoxycar1>onytamlno>
J.melhytbulanoyl)pynolidin-2-yi)-1H-Imldazo~5-yt)naphthalen-

2-yl)phenyt)-1H-illidaz~2-yt)pyrrolidin-1-yt)-2-oxo-1-
(~2il'i'Y"Bn-4-yt)ethytc:erbamk: add methyl ester 

To compound 11 (50 mg, 0.068mmol) in dichloromethane (0.8 mL) was added 4M HCl in 

dioxane (0.8 mL) and the reaction mixture was cooled to 0°C and then stirred for 2 hours. After 

concentrated in vacuo to afford HCl salts. 

To these HCl salts (33 mg) in DMF (0.8 mL) was added compound 4 (15 mg, 0.068 mmol), N

(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (13 mg, 0.068 mmol) and 

hydroxybenzotriazole hydrate (HOBt), (11 mg, 0.068 mmol). The mixture was cooled down in 

an ice bath to ooc and N-methylmorpholine (NMM)(14J.!L, 0.13mmol) was added from a 

syringe to the mixture. The reaction content was stirred for 4 hours at room temperature. The 

resulting mixture was then directly purified on reverse phase prep. HPLC to afford title 

compound as white solid (25 mg, 67%). 

MS (ESI) mlz 832 [M + H]+. 

Example II 

(2S)-l-( (2S)-2-(5-(6-( 4-(2-((28)-1-(2-(1 ,1-dioxo-hexahydro-thiopyran-4-yl)-2-

( methoxycarbonylamino )acetyl)pyrrolidin-2-yl)-1 H-imidazol-5-yl)phenyl)naphthalen-2-

Y 1)-1H-imidazol-2-yl)pyrrolidin-1-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester 

-o 

)-NH -(Q 0 1.__0° N~lj ~ tj H 1.)4NH0-<IIoxane ."\0<- N N --\ N N - ~ lj ~ ~ I Boc 2.).EDCI,HOBT 
H H - - N NMM,DMF,O'C 

t1 
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To compound 11 (50 mg, 0.068mmol) in dichloromethane (0.8 mL) was added 4M HCl in 

dioxane (0.8 mL) and the reaction mixture was cooled to ooc and then stirred for 2 hours. After 

concentrated in vacuo to afford HCl salts. 

To these HCl salts (33 mg) in DMF (0.8 mL) was added compoundS (18 mg, 0.068 mmol), N

(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (13 mg, 0.068 mmol) and 

hydroxybenzotriazole hydrate (HOBt), (11 mg, 0.068 mmol). The mixture was cooled down in 

an ice bath to 0°C and N-methylmorpholine (NMM)(14f.lL, 0.13mmol) was added from a 

syringe to the mixture. The reaction content was stirred for 4 hours at room temperature. The 

resulting mixture was then directly purified on reverse phase prep. HPLC to afford title 

compound as white solid (16 mg, 40% ). 

MS (ESI) m/z 880 [M + Ht. 

Example IJ 

(S)-1-( (S)-2-(5-(6-( 4-(2-( (S)-1-(2-(methoxycarbonylamioo )-2-( thiophen-3-

yl)acetyl)pyrrolidio-2-yi)-1H-imidazol-5-yl)phenyl)oaphthalen-2-yi)-IH-imidazol-2-yl)-2-

methy1pyrrolidin-1-yl)-3-methyl-1-oxobutao-2-ylcarbamic acid methyl ester 

-o -o 

o)-N:.!_no ~yq o)-'t_no ~yqi-P: 
\ N f1 - ~ '/ ~ ~ I Boc 2.). EOO. HOBT \ N f1 - ~ '/ ~ ~ I 

,·' 'O(N1 ~ 'I ~ N II! 1.) 4NHCkfooxane ,•' Itt~ ~ 'I ~ N N _ 

H H - - N NMM,DMF,O"C H - - N 0 HN-{0 

11 0-

(S}-1-{(S}-2-(5-(6-(4-(2-((S}-1-(2-(rne111oXycal1>o)-2-
(thiapheo-~yl}acelyl)pymllidin-2-yt}-1 H-imidaziJI.!>

yl)phenyl)naphlhalen-2-yt}-1H-Imldazol.2-yl)-2-methylpyrTolldlll-1· 
yl)-3-me1hyl-1-oxobu1all-2-ylcarbamic acid me1hyl ester 

To compound 11 (50 mg, 0.068mmol) in dichloromethane (0.8 mL) was added 4M HCI in 

dioxane (0.8 mL) and the reaction mixture was cooled to 0°C and then stirred for 2 hours. After 

concentrated in vacuo to afford HCl salts. 

To these HCl salts (33 mg) in DMF (0.8 mL) was added compound 6 (15 mg, 0.068 mmol), N

(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (13 mg, 0.068 mmol) and 

hydroxybenzotriazole hydrate (HOBt), (11 mg, 0.068 mmol). The mixture was cooled down in 

an ice bath to 0°C and N-methylmorpholine (NMM)(14f.lL, 0.13mmol) was added from a 

syringe to the mixture. The reaction content was stirred for 4 hours at room temperature. The 

resulting mixture was then directly purified on reverse phase prep. HPLC to afford title 

compound as white solid (22 mg, 60%). 

MS (ESI) mlz 830 [M + Ht. 
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ExampleiK 

(S)-1-( (S)-2-(5-(6-( 4-(2-( (S)-1-((R)-2-( methoxycarbonylamino )-3-(1-methyi-1H-indol-3-

yl)propanoyl)pyrrolidin-2-yl)-1 H-imidazol-5-yl)phenyl)naphthalen-2-yl)-1 H-imidazol-2-

yl)pyrrolidin-1-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester 

To compound 11 (50 mg, 0.068mmol) in dichloromethane (0.8 mL) was added 4M HCl in 

dioxane (0.8 mL) and the reaction mixture was cooled to ooc and then stirred for 2 hours. After 

concentrated in vacuo to afford HCl salts. 

To these HCl salts (20 mg) in DMF (0.5 mL) was added compound 9 (11 mg, 0.039 mmol), N

(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (8 mg, 0.039 mmol) and 

hydroxybenzotriazole hydrate (HOBt), (6 mg, 0.039 mmol). The mixture was cooled down in an 

ice bath to 0°C and N-methylmorpholine (NMM)(8.3J.1L, 0.075mmol) was added from a syringe 

. to the mixture. The reaction content was stirred for 4 hours at room temperature. The resulting 

mixture was then directly purified on reverse phase prep. HPLC to afford title compound as 

white solid (10 mg, 42%). 

MS (ESI) mlz 891 [M + Ht. 

Example IL 

(S)-2-((S)-2-(5-(6-( 4-(2-((S)-1-((S)-2-(methoxycarbonylamino )-3-

methylbutanoyl)pyrrolidin-2-yl)-lH-imidazol-5-yl)phenyl)naphthalen-2-yi)-1H-imidazol-2-

yl)pyrrolidin-1-yl)-2-oxo-1-(tetrahydro-2H-pyran-4-yl)ethylcarbamic acid methyl ester 

To compound 12 (50 mg, 0.068mmol) in dichloromethane (0.8 mL) was added 4M HCI in 

dioxane (0.8 mL) and the reaction mixture was cooled to 0°C and then stirred for 2 hours. After 

concentrated in vacuo to afford HCI salts. 
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To these HCl salts (43 mg) in DMF (0.8 mL) was added compound 3 (20 mg, 0.09 mmol), N-(3-

dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (18 mg, 0.09 mmol) and 

hydroxybenzotriazole hydrate (HOBt), (13 mg, 0.09 mmol). The mixture was cooled down in an 

ice bath to ooc and N-methylmorpholine (NMM)(20J.1L, 0.18mmol) was added from a syringe to 

the mixture. The reaction content was stirred for 4 hours at room temperature. The resulting 

mixture was then directly purified on reverse phase prep. HPLC to afford title compound as 

white solid (32 mg, 465%). 

MS (ESI) mlz 832 [M + Ht. 

Example 1M 

(S)-2-( (S)-2-(5-(6-( 4-(2-( (S)-1-((S)-2-(metboxycarbonylamino )-2-(tetrahydro-2H-pyran-4-

yl)acetyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenyl)napbthalen-2-yi)-1H-imidazol-2-

yl)pyrrolidin-1-yl)-2-oxo-1-( tetrabydro-2H -pyran-4-yl)ethylcarbamic acid methyl ester 

Boc, ~~r ~ \\ r ~ HN HJ) 1.)4NHCklioxane 
N.....,.-r-N - ' ~ fHBoc 

( ' H - - N 2.). EDCI. HOBT 
'\_..; 

13 
NMM, DMF, 0 'C 

-o 
#--NH yq 

0 '!-.fON~ r~ ~H 0 

O .. (f;,~ n :-, NL_.O 
0 H't ~N rf/\ 0 HN-f 

o
(S}-2-{(S}-2-{5-(11-(4-{2-{( S)-1-{( S)-2-{methoxycarbonylamlno}-2-
(telrahydrc>-2H-flyran-4-YI)acetyl)pyrrolidin-2-yl}-1 H~midazol-$

yt)phenyt)naphthalen-2-yl}-1 H-imldaz"'-2-yl)pyrrolidin-1-yl}-2-oXD-1-
(tetral!ydrc>-2H-pyran-4-yt)ethylcar11anic acid methyt OSier 

To compound 13 (50 mg, 0.074mmol) in dichloromethane (0.9 mL) was added 4M HCl in 

dioxane (0.9 mL) and the reaction mixture was cooled to ooc and then stirred for 2 hours. After 

concentrated in vacuo to afford HCI salts. 

To these HCI salts in DMF (0.8 mL) was added compound 3(41 mg, 0.19 mmol), N-(3-

dimethylaminopropyl)-N' -ethylcarbodiimide hydrochloride (36 mg, 0.19 mmol) and 

hydroxybenzotriazole hydrate (HOBt), (26 mg, 0.19 mmol). The mixture was cooled down in an 

ice bath to 0°C and N-methylmorpholine (NMM)(25J,1L, 0.22 mmol) was added from a syringe 

to the mixture. The reaction content was stirred for 4 hours at room temperature. The resulting 

mixture was then directly purified on reverse phase prep. HPLC to afford title compound as 

white solid (32 mg, 50%). 

MS (ESD mlz 874 [M + Ht. 
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Example IN 

(S)-2-((S)-6-(5-(6-( 4-(2-( (1R,3S,4S)-2-( (S)-2-(methoxycarbonylamino )-3-methylbutanoyl)-2-

azabicyclo [2.2.1] heptan-3-y 1)-1 H -imidazol-5-yl)phenyl)naphthalen-2-yl)-1 H -imidazol-2-yl)-

5-azaspiro(2.4]heptan-5-yl)-2-oxo-1-(tetrahydro-2H-pyran-4-yl)ethylcarbamic acid methyl 

ester 

To compound 14 (50 mg, 0.064mmol) in dichloromethane (0.8 mL) was added 4M HCl in 

dioxane (0.8 mL) and the reaction mixture was cooled to 0°C and then stirred for 2 hours. After 

concentrated in vacuo to afford HCl salts. 

To these HCl salts in DMF (0.8 mL) was added compound 3(20 mg, 0.09 mmol), N-(3-

dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (18 mg, 0.09 mmol) and 

hydroxybenzotriazole hydrate (HOBt), (13 mg, 0.09 mmol). The mixture was cooled down in an 

ice bath to 0°C and N-methylmorpholine (NMM)(l8J.1L, 0.16 mmol) was added from a syringe 

to the mixture. The reaction content was stirred for 4 hours at room temperature. The resulting 

mixture was then directly purified on reverse phase prep. HPLC to afford title compound as 

white solid (30 mg, 54%). 

MS (ESI) mlz 884 [M + Ht. 

Example 10 

(2S,3R)-3-methoxy-1-( (S)-6-(5-( 6-( 4-(2-( (1 R,3S,4S)-2-((S)-2-( methoxycarbonylamino )-3-

methylbutanoyl)-2-azabicyclo[2.2.1]heptan-3-yi)-1H-imidazol-5-yl)phenyl)naphthalen-2-

yl)-1 H-imidazol-2-yl)-5-azaspiro[2.4 ]heptan-5-yl)-1-oxobutan-2-ylcarbamic acid methyl 

ester 
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To compound 14 (50 mg, 0.064mmol) in dichl?romethane (0.8 mL) was added 4M HCl in 

dioxane (0.8 mL) and the reaction mixture was cooled to ooc and then stirred for 2 hours. After 

concentrated in vacuo to afford HCl salts. 

To these HCI salts in DMF (0.8 mL) was added compound 8(17 mg, 0.09 mmol), N-(3-

dimethylaminopropyi)-N'-ethylcarbodiimide hydrochloride (18 mg, 0.09 mmol) and 

hydroxybenzotriazole hydrate (HOBt), (13 mg, 0.09 mrnol). The mixture was cooled down in an 

ice bath to ooc and N-methylmorpholine (NMM)(18J.LL, 0.16 mmol) was added from a syringe 

to the mixture. The reaction content was stirred for 4 hours at room temperature. The resulting 

mixture was then directly purified on reverse phase prep. HPLC to afford title compound as 

white solid (30 mg, 54%). 

MS (ESI) mlz 858 [M + Ht. 

Example IP 

(S)-l-((S)-6-(S-(6-(4-(2-((1R,3S,4S)-2-((S)-2-(methoxycarbonylamino)-2-(tetrahydro-2H

pyran-4-yl)acetyl)-2-azabicyclo[2.2.1]heptan-3-yi)-1H-imidazoi-S-yl)phenyl)naphthalen-2-

yl)-1 H-imidazol-2-yi)-S-azaspiro[2.4] heptan-5-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid 

methyl ester 

-o..._ ,H f:l -o H 

rf/N\._//0 N~~ lj H M' 0 H f-lo ----.;.·' 1J: _ ~ ¥ ~ N 1 L,1.)4NHCklloxane
0 )-!( ~~'!-~ " ¥ ~ N H N • 

\ ~- • _ _ ~ N \ N-./"'N ' ~ I -?-..... ,. 
' H 2.).EDCI,HOBT ~' H - - N 0 \ 0 

15 NMM,DMF,O"C ,N"'f 
H o

<sr 1-((S)-6-(5-(6-(4-(2-((1 R.3S,4S>-2-I!S>-2-(melhoxycart)onylamino)-2· 
(tetrahydro-2H-pyran-4-yt)acei)'I)-2-<Wibicydo(2.2.1)hep1a,...~1H-<mdazol. 
5-yf)pheny1)naph1haien-2·yl)-1 H-lmldazol.2·&5-azaspiro(2.4]heptar>-5-yl)-3-

melhyi-1-<JXIlbular>-2·ylcarbamic add methyl ester 

To compound IS (50 mg, 0.064mrnol) in dichloromethane (0.8 mL) was added 4M HCI in 

dioxane (0.8 mL) and the reaction mixture was cooled to ooc and then stirred for 2 hours. After 

concentrated in vacuo to afford HCl salts. 

To these HCI salts in DMF (0.8 mL) was added compound 3(20 mg, 0.09 mmol), N-(3-

dimethylaminopropyl)-N' -ethylcarbodiimide hydrochloride (18 mg, 0.09 mmol) and 

hydroxybenzotriazole hydrate (HOBt), (13 mg, 0.09 mmol). The mixture was cooled down in an 

ice bath to ooc and N-methylmorpholine (NMM)(20J.LL, 0.16 mmol) was added from a syringe 

to the mixture. The reaction content was stirred for 4 hours at room temperature. The resulting 

mixture was then directly purified on reverse phase prep. HPLC to afford title compound as 

white solid (25 mg, 45%). 
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MS (ESI) m/z 884 [M + Ht. 

Example IQ 

(S)-2-((S)-6-(5-(6-{4-(2-((1R,3S,4S)-2-((S)-2-(metboxycarbonylamino)-2-(tetrabydro-2H

pyran-4-yl)acetyl)-2-azabicyclo[2.2.1 )beptan-3-yl)-1 H-imidazol-5-yl)pbenyl)naphthalen-2-

yl)-1 H -imidazol-2-yl)-5-azaspiro [2.4) beptan-5-y 1)-2-oxo-1-( tetrabydro-2 H -pyran-4-

yl)etbylcarbamic acid methyl ester 

Hit -0 H I! Boc ~~r ~ ;., N 1.)4NHCI-dioxane }-N· o ~H o 
N-./'""N - ~ r ~ ~ , iloc: o -~ ~ ~ r ~ ;., N 

~; H - - N 2.).EOCI.HOB~ o· NJ-N - ~ r ~ ~I ~··· 
16 NMM,OMF,O C ~' H' - - N 0 O 

0 - ,N-{ 
H O...-

(S)-2-((S)-6-(>(6-(4-(2-((1R,3S,4S)-2-((S)-2-(melhox)'cartJonytamino)-2· 
(tetrahydro-2H-pyr~ac:e!yl)-2-azablcydo(2.2.1)heptan-3-yi)-1H-imldazol-> 
yl)phenyt)naphlllalen-2-yt)-1H-Imldazol-2·yl)->azasplra{2.4)heptan->yl)-2-oxo-

1-(~2H-~ylcart>amic acid methyl ester 

To compound 16 (50 mg, 0.069mmol) in dichloromethane (0.8 mL) was added 4M HCI in 

dioxane (0.8 mL) and the reaction mixture was cooled to ooc and then stirred for 2 how-s. After 

concentrated in vacuo to afford HCI salts. 

To these HCI salts in DMF (0.8 mL) was added compound 3( 41 mg, 0.19 mmol), N-(3-

dimethylaminopropyl)-N' -ethylcarbodiimide hydrochloride (36 mg, 0.19 mmol) and 

hydroxybenzotriazole hydrate (HOBt), (26 mg, 0.19 mmol). The mixture was cooled down in an 

ice bath to 0°C and N-methylmorpholine (NMM)(25J.1L, 0.22 mmol) was added from a syringe 

to the mixture. The reaction content was stirred for 4 hours at room temperature. The resulting 

mixture was then directly purified on reverse phase prep. HPLC to afford title compound as 

white solid (28 mg, 44%). 

MS (ESI) m/z 926 [M + Ht. 

ExampleiR 

(2S,3R)-3-metboxy-1-((S)-6-(5-(6-(4-(2-((1R,3S,4S)-2-((2S,3R)-3-metboxy-2-

(metboxycarbonylamino)butanoyl)-2-azabicyclo[2.2.1]beptan-3-yi)-1H-imidazol-5-

y l)pheny l)naph thalen -2-yl)-1 H -imidazol-2-y 1)-5-azaspiro [2.4) heptan -5-yl)-1-oxob utan-2-

ylcarbamic acid methyl ester 
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-o H 

1.)4NHCH!ioxane O);-N\__/p N~'f ~ 11 H fV / I 11 'I ~ N?-i \_ I 
2.). EDCI, HOBT P\ N.....,-N - ~ ~ I A. .. ·· 0 
NMM,OMF,O'C '~ H - - N ° \-t 

4 H o-
(2S,3R).3-me1hOlly-t.((S}-6.(!>-<fH4-<2-<<t R,3S,4S)-2-((2S.3R).3-

mathaxy-2-(rne1haxycarbony)butanoyl}-2-azabicycla(2.2.1]heplllf>. 
3-yl}-1 H-<midazol-5-yl)phenyl)naphthalen-2-yl}-1 H-imldazol.2-yl}-!>
azasplro(2.4Jheptar>-!5-y~>-1-oxobular>-2-ylcarbarnlc acid methyl ester 

To compound 16 (50 mg, 0.069mmol) in dichloromethane (0.8 mL) was added 4M HCl in 

dioxane (0.8 mL) and the reaction mixture was cooled to 0°C and then stirred for 2 hours. After 

concentrated in vacuo to afford HCl salts. 

To these HCI salts in DMF (0.8 mL) was added compound 8(38 mg, 0.2 mmol), N-(3-

dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (38 mg, 0.2 mmol) and 

hydroxybenzotriazole hydrate (HOBt), (27 mg, 0.2 mmol). The mixture was cooled down in an 

ice bath to 0°C and N-methylmorpholine (NMM) (55J.1L, 0.5 mmol) was added from a syringe to 

the mixture. The reaction content was stirred for 4 hours at room temperature. The resulting 

mixture was then directly purified on reverse phase prep. HPLC to afford title compound as 

white solid (29 mg, 40%). 

MS (ESI) m/z 874 [M + Ht. 

Example IS 

(S)-1-( (S)-6-(5-(9,9-difluoro-7 -(2-( (S)-1-((S)-2-(methoxycarbonylamino )-3-

methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-4-yl)-9H-fluoren-2-yl)-1H-imidazol-2-yl)-5-

azaspiro[2.4]beptan-5-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester 

0 0- 0~0-

) ... :l~H +0, ,0+ )• ... (NH N.J.-~ 
B-B ,)::o er----« "t • 

V'(N ~ ~; F c:f 0 V'(~ ~ ~; F 'LNH19 Boc 

, .. ·\~ ~ B Pd~(dp¢>2 \~b ~ Bo-V Pd(0Ac)2 , PPh3 N~ r KOIV:J1,4-Dioxane N~ 0...1( 1MNAHCO:,IOME 

17 18 

20 

1.) 4NHCI-dloxane 

2.). EOCI, HOBT 
NMM, OMF, 0 'C 

~0 

Ho-i'~)lo,..... 
0 

21 

866 

(S}-1-((S}-6-(!).i9,1klifluoro-7-(2-((S)-1-((S}-2-
(melhoxycartlonylamino)-3-methytbutanoyt)pyrrolidin-
2-yt)-1 H-imldazol-4-yt)-9H-IIuoren-2-yt)-1 H~midazol-2-
yt)-5-azaspiro(2.4}heptan-5-yt)-3-melhyt.1-oxobutan-2· 

ylcartlamlc acid methyl Mter 
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Compound 17 (1.2 g, 2 mmol), bis(pinacolato)diboron (1g, 4 mmol), potassium acetate (510 mg, 

5.2 mmol), and Pd(dppf)Ch (82 mg, 0.1 mmol) were all weighed out in a glass pressure vessel 

and anhydrous 1,4-Dioxane (10 mL) was added. The mixture was bubbled with nitrogen gas for 

about 5 min. The vessel was then capped and sealed and heated in an oil bath at 90°C overnight 

with continuous stirring. The reaction vessel was cooled down to room temperature and all 

volatiles were removed under reduced pressure and the resulting oil was subjected to silica gel 

chromatography with an eluent of ethyl acetate and hexane at a gradient of 0 - 50 % with an 

ISCO column (12 g silica gel). The fractions containing product were combined and the solvent 

was removed under reduced pressure to provide (18) (968 mg, 75 %). 

To compound 18 (950 mg, 1.47 mmol), compound 19 (488 mg, 1.54 mmol, .), Pd(OAc)2 

(23mg, 0.1 mmol) and PPh3 (42mg, 0.16 mmol). DME (16 mL) was added and followed by 6 

mL 1M NaHC03 aqueous solution. The reaction was purged with Argon and heated to 90° C for 

3 hours under Ar. The reaction was cooled to room temperature and concentrated down. EtOAc 

was added and washed with sat. NaHC03 aqueous (2X) and sat. NaCl aqueous (IX). The 

organic layer was concentrated down after drying over sodium sulfate and subject to silica gel 

chromatography with an eluent of ethyl acetate and hexane at a gradient of 40 - 100 % with an 

ISCO column (12 g silica gel). The fractions containing product were combined and the solvent 

was removed under reduced pressure to provide product 20 (1g, 90 %). MS (ESI) mlz 757 [M + 

Ht. 
To compound 20 (50 mg, 0.066mmol) in dichloromethane (0.8 mL) was added 4M HCl in 

dioxane (0.8 mL) and the reaction mixture was cooled to ooc and then stirred for 2 hours. After 

concentrated in vacuo to afford HCl salts. 

To these HCl salts in DMF (0.8 mL) was added compound 21(16 mg, 0.09 mmol), N-(3-

dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (18 mg, 0.09 mmol) and 

hydroxybenzotriazole hydrate (HOBt), (13 mg, 0.09 mmol). The mixture was cooled down in an 

ice bath to ooc and N-methylmorpholine (NMM)(20J.1L, 0.18 mmol) was added from a syringe 

to the mixture. The reaction content was stirred for 4 hours at room temperature. The resulting 

mixture was then directly purified on reverse phase prep. HPLC to afford title compound as 

white solid (33 mg, 62 %). MS (ESI) mlz 814 [M + Ht. 
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Example IT 

(S)-1-((S)-6-(5-(9,9-difluoro-7-(2-( (S)-1-((S)-2-( methoxycarbonylamino )-2-( tetrabydro-2H

pyran-4-yl)acetyl)pyrrolidin-2-yi)-1H-imidazol-4-yi)-9H-fluoren-2-yi)-1H-imidazol-2-yi)-S

azaspiro[2.4]beptan-S-yl)-3-metbyl-1-oxobutan-2-ylcarbamic acid methyl ester 

To compound 20 (50 mg, 0.066mmol) in dichloromethane (0.8 mL) was added 4M HCI in 

dioxane (0.8 mL) and the reaction mixture was cooled to 0°C and then stirred for 2 hours. After 

concentrated in vacuo to afford HCI salts. 

To these HCI salts in DMF (0.8 mL) was added compound 3(20 mg, 0.09 mmol), N-(3-

dimethylaminopropyi)-N'-ethylcarbodiimide hydrochloride (18 mg, 0.09 mmol) and 

hydroxybenzotriazole hydrate (HOBt), (13 mg, 0.09 mmol). The mixture was cooled down in an 

ice bath to 0°C and N-methylmorpholine (NMM)(20J.1L, 0.18 mmol) was added from a syringe 

to the mixture. The reaction content was stirred for 4 hours at room temperature. The resulting 

mixture was then directly purified on reverse phase prep. HPLC to afford title compound as 

white solid (30 mg, 54%). MS (ESI) m/z 856 [M + Ht. 
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Example IU 

(S)-1-( (S)-6-(5-(9,9-difluoro-7-(2-((S)-1-( (S)-2-( metboxycarbonylamino )-4-

(methyltbio )butanoyl)pyrrolidin-2-yl)-1 H-imidazol-4-yi)-9H-fluoren-2-yi)-1H-imidazol-2-

yl)-5-azaspiro[2.4 )beptan-5-yl)-3-metbyl-1-oxobutan-2-ylcarbamic acid methyl ester 

1.) 4NHCklioxane 

2.). EDCI, HOST 
NMM, DMF, 0 •c 

0""(0-

) 
NH 

··~ 
\/(t_~o F. F () 

\fN '! ~ '! ~ NyN . 
N ~ - - ~ NHo~···· ............ S, 

HN'fO 

o, 
( sr 1-(( S)-8-(5-(9,!klilluoro-7 -{2-{( sr 1-{( S}-2-{melhoxycartx>nylamino}-
4-(methyfthio)butanoyl)pyrrolidin-2-yl}-1 H-imidazol-4-y1}-9H.fluorell-2-
yi}-1H-imiclaz~2-yl}-5-azaspiro(2.4)hepla!l-~y1}-3-rnethyl-1-oxobu1all-

2-ylcarbamic acid methyl estef 

To compound 20 (50 mg, 0.066mmol) in dicWoromethane (0.8 mL) was added 4M HCI in 

dioxane (0.8 mL) and the reaction mixture was cooled to 0°C and then stirred for 2 hours. After 

concentrated in vacuo to afford HCI salts. 

To these HCI salts in DMF (0.8 mL) was added compound 7(19 mg, 0.09 mmol), N-(3-

dimethylaminopropyi)-N'-ethylcarbodiimide hydrocWoride (18 mg, 0.09 mmol) and 

hydroxybenzotriazole hydrate (HOBt), (13 mg, 0.09 mmol). The mixture was cooled down in an 

ice bath to 0°C and N-methylmorpholine (NMM)(201JL, 0.18 mmol) was added from a syringe 

to the mixture. The reaction content was stirred for 4 hours at room temperature. The resulting 

mixture was then directly purified on reverse phase prep. HPLC to afford title compound as 

white solid (30 mg, 55 %). MS (ESI) mlz 846 [M + Ht. 
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Example IV 

(S)-1-((S)-6-(5-(9,9-difluoro-7 -( 4-(2-((S)-1-( (S)-2-( methoxycarbooylamioo )-3-

methylbutaooyl)pyrrolidio-2-yi)-1H-imidazol-5-yl)pheoyi)-9H-fluoren-2-yl)-l H-imidazol-

2-yl)-5-azaspiro[2.4] heptao-5-yl)-3-methyl-1-oxobutao-2-ylcarbamic acid methyl ester 

o"""'o-
o- 1 

0~ ';t 0 ). ... (NH 

)··~H =f0:s-Q-{r~ --/N~o F. F 

£f~o F.F o 23 V\, .. ·l.. tl ~ = t1 0 
• ._-'liN ~ ~-~ ~-~ Br Pd(0Ac)2, PPII, l)---0---U--0---rk 

1MNAHC~ 24 

22 

1.) 4M HCI in 
dioxanefDCM 

2.) EDCI, HOST 
NMM, DMF, 

H 0 

_...OI(N0oH 
0 ./'--... 

21 

DME 

(S)-1-((S)~(5-(9,9-difluoro-7-(4-(2-((S)-1-((S)-2-
(methoxycarbonylamino)-:knethylbutanoyl)pyrrolidin-2-yi)-1H

imidazol-5-yl)phenyi)-9H-fluore~2-yl)-1 H-imidazol-2-yl)-5-
azaspiro(2.4)hepta~5-yl)-:knethyl-1-oxobutan-2-ylc:arbamic 

acid methyl ester 

To compound 22 (320 mg, 0.53 mmol), compound 23 (282mg, 0.64 mmol, .), Pd(OAc)2 

(8.4mg, 0.04 mmol) and PPh3 (I6mg, 0.06 mmol). DME (5.5 mL) was added and followed by 

2.2 mL I M NaHC03 aqueous solution. The reaction was purged with Argon and heated to 90° 

C for 3 hours under Ar. The reaction was cooled to room temperature and concentrated down. 

EtOAc was added and washed with sat. NaHC03 aqueous (2X) and sat. NaCl aqueous (IX). 

The organic layer was concentrated down after drying over sodium sulfate and subject to silica 

gel chromatography with an eluent of ethyl acetate and hexane at a gradient of 40- I 00 % with 

an ISCO column (I2 g silica gel). The fractions containing product were combined and the 

solvent was removed under reduced pressure to provide product 24 (266 mg, 60 %). MS (ESI) 

m/z 833 [M + Ht. 

To compound 24 (120 mg, O.I5mmol) in dichloromethane (1.5 mL) was added 4M HCl in 

dioxane (I.5 mL) and the reaction mixture was cooled to 0°C and then stirred for 2 hours. After 

concentrated in vacuo to afford HCl salts. 

To these HCl salts in DMF (I.5 mL) was added compound 21(35 mg, 0.2 mmol), N-(3-

dimethylaminopropyl)-N' -ethylcarbodiimide hydrochloride (38 mg, 0.2 mmol) and 

hydroxybenzotriazole hydrate (HOBt), (27 mg, 0.2 mmol). The mixture was cooled down in an 

ice bath to 0°C and N-methylmorpholine (NMM)(50J.lL, 0.45 mmol) was added from a syringe 

to the mixture. The reaction content was stirred for 4 hours at room temperature. The resulting 
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mixture was then directly purified on reverse phase prep. HPLC to afford title compound as 

white solid (65 mg, 56%). MS (ESJ) mlz 890 [M + Ht. 

Example IW 

q ,ot 
B-B 

d 'o 

PdC~(dppf) 

KOAc 

1,4-<1ioxane 

B5°C 

( 1-{6-{5-( 4-Bromo-phenyl}-1 H-imidazol-2-yl]-5-aza
spiro{2.4)heptane-5-carbonyl)-2-methyl-propyl}<;arbamic 

acid methyl ester 

+ 

[2-Methyl-1-{6-{5-{4-(4,4,5.~tetramethyl- (1-{6-{5-(6-Bromo-naphthalen-2-yl}-1 H-imidazol-2-yl]-~ 
aza-spiro[2.4]heptane-5-carbonyl]-2-methyl-propyl}

carbamic acid methyl ester 
[1, 3,2]dioxaborolan-2-yl}-phenyl)-1 H-imidazol-2-yl}-5-aza

spiro{2.4)heptane-~carbonyl)-propyij-carbamic acid methyl ester 

PdCI2(dppf) 

Pd(PPh3)4 
KOAc 

K3P04 

1,4-<1ioxane 
B5°C 

(1-{6-{5-{6-{ 4-{2-[~(2-Methoxycarbonylamino-3-methyl-butyryl}-5-
aza-spiro[2. 4)hept.Q-yi)-3H-imidazol-4-yl}-phenyl }-naphthalen-2-yq-

1 H-imidazol-2-yl]-~aza-spiro{2.4)heptane-5-carbonyl)-2-
methyl-propyl]-carbamic acid methyl ester 

[ 1-( 6-{S-[6-( 4-{2-[ S-(2-Methoxycarbonylamino-3-methyl-butyryi)-S-aza-spiro[2.4] hept-6-

yi]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yi)-1H-imidazol-2-yi}-S-aza-spiro[2.4)heptane

S-carbonyl)-2-methyl-propyl)-carbamic acid methyl ester: 

( 1-{ 6-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-5-a.za-spiro[2.4]heptane-5-carbonyl} -2-methy1-

propyl)-carbamic acid methyl ester (0.1 Og, 0.24mmol}, bis(pinacolato )diboron (0.073g, 

0.29mmo1), Palladium dichloride( dppf) (0.0 18g, 0.024mmol), and potassium acetate (0.071 g, 

0.72mmol) were suspended in 1,4-dioxane (1.2mL) and degassed with argon for 30 minutes. 

The suspension was heated at 85° C for 2 hours. The mixture was cooled, (1-{6-[5-(6-Bromo

naphthalen-2-yl)-1 H -imidazol-2-yl]-5-a.za-spiro[2.4 ]heptane-5-carbony1} -2-methyl-propyl)

carbamic acid methyl ester (0.182g, 0.346mmol) and aqueous potassium phosphate (2M, 

0.84mL, 0.84mmol) was added. The mixture was returned to heat for 16 hours at which time, 
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Palladium(tetrakis)triphenylphosphine (0.014g, 0.012mmol) was added. The reaction was 

heated for an additional 4 hours. Upon completion, the crude reaction mixture was concentrated 

in vacuo and filtered through a Pd scavenging cartridge (Polymer Labs, PL-Guanidine MP SPE). 

The resulting slurry was diluted in DMF and purified by reverse phase HPLC (15-40% 

acetonitrile: water; 0.1% formic acid modifier), and lyophilized giving [1-(6-{5-[6-(4-{2-[5-(2-

Methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4]hept-6-yl]-3H-imidazol-4-yl}

phenyl)-naphthalen-2-yl]-1 H-imidazol-2-yl} -5-aza-spiro[2.4 ]heptane-5-carbonyl)-2-methyl

propyl]-carbamic acid methyl ester (0.048g, 24%) as a white solid. 
1H NMR (400 MHz, CDCh) o 8.33 -7.34 (m, 12H), 5.65-5.20 (m, 3H), 4.30 (s, 2H), 4.03-

3.87 (m, 1 H), 3. 74 (d, 9H), 3.53 (s, 1H), 2.97 (s, 1 H), 2.34- 1.88 (m, 5H), 1.26 (s, 1 H), 1.10 (m, 

3H), 0.91 (m, 12H), 0.71 (s, 6H). 

LCMS-ESI+: calc'd for C4sHs~s06: 840.43 (M}; Found: 841.9 (M+W). 

Example IX 

'o 
OANH 
~······~ON0=b-'/ ~ t I NJN - ~ eo 

Ci H - 'o 

(2-Methyl-1-(2-{5-(6-{4,4,5,5-tetramethyl
(1,3,2)dioxaborolan-2-yl)-naphthalen-2-yl]-1 H
im idazol-2-yl)-pyrrolidine-1-carbonyl)-propyl]

carbamic acid methyl ester 

+ 

(1-{2-(5-(4-Bromo-phenyi)-1H
imidazol-2-yl]-4-methylene-pyrrolidine-1-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

(1-(2-{5-(6-(4-{2-{ 1-(2-Methoxycarbonylamino-3-methyl-butyryl)-
4-methylene-pyrrolidin-2-yi]-3H-imidazol-4-yl}-phenyl)

naphthalen-2-yl)-1 H-imidazol-2-yl)-pyrrolidine-1-carbonyl)-2-methyl-propyl]
carbamic acid methyl ester 

(1-{2-[5-(4-Bromo-phenyl)-lH-imidazol-2-yl)-4-methylene-pyrrolidine-1-carbonyl}-2-

metbyl-propyl)-carbamic acid methyl ester: This compound was prepared using the 

procedure used to prepare (1-{2-[5-(4-Bromo-phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-

carbonyl} -2-methyl-propyl)-carbamic acid methyl ester using 4-Methylene-pyrrolidine-1 ,2-

dicarboxylic acid 1-tert-butyl ester. 

LCMS-ES:t: calc'd for C21H2sBrN403: 460.11 (~);Found: 463.61 (M+H}. 
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[ 1-(2-{5-[ 6-( 4-{2-[1-(2-Metboxycarbonylamino-3-metbyl-butyryl)-4-metbylene pyrrolidio-

2-y I] -3H -imidazol-4-yl}-pbeoyl)-napbtbalen-2-yl]-l H -imidazol-2-yl} -pyrrolidine-l

carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: This compound was prepared using 

the procedure used to prepare [1-(6-{5-[6-(4-{2-[2-(2-Methoxycarbonylamino-3-methyl

butyryl)-2-aza-bicyclo[2.2.1 ]hept-3-yl]-3H -irnidazol-4-yl} -phenyl)-naphthalen-2-yl]-1 H

imidazol-2-yl} -5-aza-spiro[2.4 ]heptane-5-carbonyl )-2-methyl-propyl]-carbamic acid methyl 

ester using [2-Methyl-1-(2-{ 5-[6-( 4,4,5,5-tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-naphthalen-2-

yl]-1 H-imidazol-2-yl }-pyrrolidine-1-carbonyl)-propyl]-carbamic acid methyl ester (0.177g, 

0.324mmol) and (1-{2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-methylene-pyrrolidine-1-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (0.1 OOg, 0.216mmol). Potassii.un 

phosphate (aqueous, 0.32mL, 0.648mmol) was substituted for potassium carbonate and the 

reaction was performed under an argon atmosphere. The crude reaction was purified by reverse 

phase HPLC (1 0-45% acetonitrile: water; 0.1% formic acid modifier), and lyophilized giving [1-

(2-{5-[6-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-4-methylene pyrrolidin-2-yl]-

3 H-imidazol-4-yl} -phenyl)-naphthalen-2-yl]-1 H-imidazol-2-yl} -pyrrolidine-1-carbonyl)-2-

methyl-propyl]-carbamic acid methyl ester (0.009g, 5%) as a white solid. 
1H NMR (400 MHz, CDCh) o 8.12-7.96 (m, 1H), 7.93-7.79 (m, 5H), 7.77-7.67 (m, 5H), 

6.32 (s, IH), 5.73-5.54 (m, IH), 5.50-5.22 (m, 6H), 4.49-4.28 {m, 3H), 3.96-3.82 (m, 2H), 

3. 72 (s, 9H), 3.06- 2.86 (m, 2H), 2.50- 2.34 (m, 1 H), 2.31 - 2.21 (m, 1 H), 2.18- 2.09 {m, 2H), 

2.05 - 1.95 (m, 3H), 1.90 (s, 4H), 1.26 {s, 3H), 1.13 - 1.04 (m, 3H). 

LCMS-ESf": calc'd for C4sHs2Ns06: 800.4 (~);Found: 801.90 (M+H). 
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Example IY 

[2-Methyl-1-(3-{5-[6-(4,4,5,5-tetramethyl-
[1 ,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-1 H
imidazol-2-yl}-2-aza-bicyclo[2.2.1]heptane-2-
carbonyl)-propyl)-carbamic acid methyl ester 

DME 
95°C 

+ 

PCT /US201 0/034600 

6-[5-(4-Bromo-phenyl}-1 H-imidazol-
2-yl)-5-aza-spiro[2.4)heptane-5-
carboxylic acid tart-butyl ester 

6-{5-[4-(6-{2-[2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-
aza-bicyclo[2. 2.1 )hept-3-yi}-3H-imidazol-4-yl}-naphthalen-
2-yl)-phenyi)-1H-imidazol-2-yl}-5-aza-spiro[2.4)heptane-

5-carboxylic acid tart-butyl ester 

6-{5-[ 4-(6-{2-[2-(2-Metboxycarbonylamino-3-metbyl-butyryl)-2-aza-bicyclo[2.2.1 )bept-3-

yi]-3H-imidazol-4-yl}-napbtbalen-2-yl)-pbenyi)-1H-imidazol-2-yl}-5-aza-spiro[2.4)beptane-

5-carboxylic acid tert-butyl ester: This compound was prepared using the procedure used to 

prepare [1-(6-{5-[6-(4-{2-[2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza-

bicyclo[2.2.1 ]hept-3-yl]-3H-imidazol-4-yl} -phenyl )-naphthalen-2-yl]-1 H-imidazol-2-yl}-5-aza

spiro[2.4]heptane-5-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (example EZ) using 

[2-Methyl-1-(3-{ 5-[ 6-( 4,4,5,5-tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-1 H

imidazol-2-yl} -2-aza-bicyclo[2.2.1 ]heptane-2-carbonyl)-propyl]-carbamic acid methyl ester 

(2.25mmol), 6-[ 5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-5-aza-spiro[2.4 ]heptane-5-carboxylic 

acid tert-butyl ester (2.39mmol), and potassium carbonate (2M, 4.3mL, 8.55mrnol). The 

reaction was performed under an argon atmosphere. The crude reaction was diluted in ethyl 

acetate, washed with water and purified by normal phase silica chromatography (50-100% 

Hexanes:EthylAcetate+ 1 O%Methanol). 6- { 5-[ 4-(6-{2-[2-(2-Methoxycarbonylamino-3-methyl

butyryl)-2-aza-bicyclo[2.2.1 ]hept-3-yl]-3H -imidazol-4-y I} -naphthalen-2-yl)-phenyl]-1 H

imidazol-2-yl}-5-aza-spiro[2.4]heptane-5-carboxylic acid tert-butyl ester (1.05g, 60%) was 

obtained as a tan solid. 

LCMS-ESt: calc'd for C46Hs3N10s: 783.41 (M}; Found: 784.35 (M+H+). 
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Example IZ 

--v 0 H _j/ 
0-f ~~ ~ ~ r> 
.<N~NH ~Y'h·\_ 
~~H 0 HN-fO 

0-._ 

3-{5-(6-(4-{2-{5-(2-Methoxycarbonylamino-3-methyl-butyryt)-5-aza-spiro{2.4]hept-6-
yl]-3H-imidazol-4-yl}-phenyl}-naphthalen-2-yl}-1 H-imidazol-2-yl]-2-aza

bicydo(2.2.1)heptane-2-carboxylic acid tert-butyl ester 

PCT /US201 0/034600 

1) HCI, dioxane 
MeOH 

2) HATU, NMM, CH2CI2 

0 

/0n~00H 
0/--.._ 

2-Methoxycarbonylamino-
......._ 3-methyl-butyric acid 

~q;~o~~ n y? }___ 
H'NH ~~o~··' 

,N-fo 
H o-

!1-(3-{5-(6-(4-{2-{5-(2-Methoxycart>onylamino-3-methyl-butyryl}-5-aza-spiro(2.4Jhept-6-yq-3H-imidazol-4-yl}-phenyl)
naphthalen-2-yl]-1 H-imidazol-2-yl]-2-aza-bicydo(2.2.1)heptane-2-carbonyl)-2-methyl-propyl]-carbamic add methyl ester 

(l-(3-{S-[6-(4-{2-[S-(2-Metboxycarbonylamino-3-metbyl-butyryi)-S-aza-spiro[2.4]bept-6-

yi]-3H-imidazol-4-yl}-phenyl)-napbtbalen-2-yi]-1H-imidazol-2-yl}-2-aza-

bicyclo[2.2.1 ]heptane-2-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: This 

compound was prepared using the procedure used to prepare [1-(6-{5-[4-(6-{2-[2-(2-

Cyclopropyl-2-methoxycarbonylamino-acetyl)-2-aza-bicyclo[2.2.1 ]hept-3-yl]-3H-imidazol-4-

yl} -naphthalen-2-yl)-pheny1]-1 H -imidazol-2-yl} -5-aza-spiro[2.4 ]heptane-5-carbonyl)-2-methyl

propyl]-carbamic acid methyl ester using 2-Methoxycarbonylamino-3-methyl-butyric acid to 

provide [ 1-(3-{ 5-[ 6-( 4-{ 2-[5-(2-Methoxycarbonylamino-3-methyl-butyryl)-5-aza-

spiro[2.4 ]hept-6-yl ]-3H-imidazol-4-yl} -phenyl)-naphthalen-2-yl]-1 H-imidazol-2-yl} -2-aza

bicyclo[2.2.1]heptane-2-carbony1)-2-methyl-propyl]-carbamic acid methyl ester (0.070g, 65%) 

as a white powder. 
1H-NMR: 400 MHz, (DMSO-<%) o: 11.75 (s, 1H), 11.72 (s, 1H), 8.24 (s, 1H), 8.15 (d, 1H), 

7.93-7.74 {m, 8H), 7.63 (s, 1H), 7.54 (s, lH), 7.30 {d, lH), 7.16 {d, lH), 5.22 {t, 1H), 4.52-4.50 

(m, 2H), 4.16 (t, 1H), 4.00 (t, 1H), 3.81 (d, 1H), 3.75 (d, 1H), 3.72 (s, 3H), 3.31 (s, 3H), 2.55 (m, 

1H), 2.32-1.41 {m, 10H), 1.01-0.57 {m, 16H). 

LCMS-ESt: calc'd for C48Hs6N80 6: 840.43 (M}; Found: 841.99 (M+H}. 
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2-tert-Butoxycarbonylamino-
3-hydroxy-3-methyl-butyric acid 

1) HCI, dioxane 

2) 0 

Cl)lO/ 

NaOH (aq) 

THF 

0 °C toRT 

PCT /US201 0/034600 

Mel, NaH 
THF, 0 °C to RT 

H 0 

)(OnN00H 
o -1'o 

I 
2-tert-Butoxycarbonylamino-

3-methoxy-3-methyl-butyric acid 

3-Methoxy-2-methoxycarbonylamino-
3-methyl-butyric acid 

2-tert-Butoxycarbonylamioo-3-metboxy-3-metbyl-butyric acid: 

2-tert-Butoxycarbonylamino-3-hydroxy-3-methyl-butyric acid ( l.Og, 4.29mmol) was dissolved 

in THF (14mL) and cooled to 0° C in an external ice/brine bath. Mel (2.13mL, 34.3mrnol) was 

added at 0° C. Solid NaH (60% dispersion in mineral oil, 0.514g, 12.87mmol) was added 

slowly at 0° C. Upon completion of the addition, the solution was removed from the ice bath 

and allowed to warm to room temperature, and stirred. After 18 hours, the crude reaction 

mixture was diluted in ethyl acetate and water was added slowly with stirring. The quenched 

mixture was concentrated in vacuo and partitioned between diethyl ether and water. The ether 

layer was extracted with sodium bicarbonate twice. The combined bicarbonate layers were 

acidified with aqueous citric acid to pH 3 and extracted three times with ethyl acetate. The 

combined ethyl acetate layers were washed with water, sodium thiosulfate, water, dried with 

sodium sulfate and concentrated to yield 2-tert-Butoxycarbonylamino-3-methoxy-3-methyl

butyric acid (0.99g, 94%) as an oil. 
1H NMR (400 MHz, CDC~)) o 3.76-3.66 (m, 3H), 3.29 (s, IH), 1.50 (s, 3H), 1.45 (s, 9H), 1.33 

(s, 3H). 

3-Metboxy-2-metboxycarbooylamioo-3-metbyl-butyric acid: 

2-tert-Butoxycarbonylamino-3-methoxy-3-methyl-butyric acid was dissolved in dioxane (40mL) 

and HCl (4N in dioxane, 5.4mL, 21.6mmol) was added at room temperature. The resulting 

solution was stirred at room temperature for 18 hours and the concentrated to dryness. The solid 

was dissolved in THF (14mL) and cooled to 0° C in an external ice/brine bath. Aqueous sodium 

hydroxide (6.25M, 1.9mL, 11.76mmol) and methyl chloroformate (0.5mL, 5.88mmol) were 
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added at 0° C. Upon completion of the addition, the solution was removed from the ice bath and 

allowed to warm to room temperature, and stirred. After 18 hours, the crude reaction mixture 

was adjusted to pH 1 with IN HCI and extracted twice with diethyl ether. The combined 

organic layers were washed with brine, dried with magnesium sulfate and concentrated to give 

3-Methoxy-2-methoxycarbonylarnino-3-methyl-butyric acid (0.653g, 65%) as an off-white 

solid. 
1 H NMR (400 MHz, acetone) o 3.76 (s, 3H), 3.60 (s, 3H), 3.22 (s, 3H), 3.18 (s, 3H), 1.37-1.31 

(m, IH). 

ExampleJB 
1) HCI, dioxane 

MeOH 

3-{5-[6-(4-{2-[5-(2-Methoxycarbonylamino-3-methyl-butyryl)-5-aza
spiro[2.4)hept-6-yi)-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yi)-1.H-imidazol-2-

yl}-2-aza-bicyclo[2.2.1)heptane-2-carboxylic acid tert-butyl ester 
3-Methoxy-2-rnethoxycarbonylamino-

3-methyl-butyric acid 

'o 
O~N-H _1/ 

,-O.>t"····~O~~ fiV.. ~- L) 
- I -<'N~N~ \JU-{Y'f-{\_ 

<:;;7 ~H 0 ,N-fO 

H 0-.. 

[2-Methoxy-1-(3-{5-[6-( 4-{2-( 5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza
spiro[2.4]hept-6-yi)-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl}-1 H-im idazol-

2-yl}-2-aza-bicydo[2.2.1 )heptane-2-carbonyl)-2-methyl-propyl)-carbamic acid methyl ester 

[2-Methoxy-1-(3-{5-[6-( 4-{2-[S-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza

spiro[2.4]hept-6-yl]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-imidazol-2-yl}-2-aza

bicyclo[2.2.1]heptane-2-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: This 

compound was prepared using the procedure used to prepare [1-(6-{5-[4-(6-{2-[2-(2-

Cyclopropyl-2-methoxycarbonylarnino-acetyl)-2-aza-bicyclo[2.2.1 ]hept-3-yi]-3H-imidazol-4-

yl} -naphthalen-2-yl )-phenyl]-1 H-imidazol-2-yl}-5-aza-spiro[2 .4 ]heptane-5-carbonyl)-2-methyl

propyl]-carbarnic acid methyl ester (example from JJC) using 3-Methoxy-2-

methoxycarbonylamino-3-methyl-butyric acid (0.020g, 0.096mmol) to provide [2-Methoxy-1-

(3-{ 5-[ 6-( 4-{ 2-[ 5-(2-methoxycarbonylamino-3-methyl-butyryl )-5-aza-spiro[2.4 ]hept-6-yl]-3H-
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imidazol-4-yl} -phenyl)-naphthalen-2-yl]-1 H-imidazol-2-yl }-2-aza-bicyclo[2.2.1 ]heptane-2-

carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (0.019g, 35%) as a white solid. 
1H NMR (400 MHz, CDCh) o 8.37-7.88 (m, 4H), 7.84-7.35 (m, 8H), 5.81-5.33 (m, 2H), 

4.88-4.57 (m, 2H), 4.34 (s, 1H), 3.91-3.54 (m, 9H), 3.46-3.16 (m, 4H), 3.09-2.82 (m, 1H), 

2.24 (dd, 2H), 1.93 (m, 6H), 1.61 (s, 1H), 1.47-1.17 (m, 7H), 1.11 (d, 1H), 1.02-0.83 (m, 7H), 

0.72 (s, 3H). 

LCMS-ESf": calc'd for C49HssNs01: 870.44 (M); Found: 871.90 (M+H+). 

ExampleJC 

0 

H2N0oH 
H 0 

_.....OI(N0oH 

J, 0 = 

~I THF, 0 °C toRT 

N N 

2-Amino-4-cyano-butyric acid 4-Cyano-2-methoxycarbonylamino
butyric acid 

4-Cyano-2-methoxycarbonylamino-butyric acid: 

This compound was prepared using the procedure used to prepare 3-Methoxy-2-

methoxycarbonylamino-3-methyl-butyric acid using 2-Amino-4-cyano-butyric acid. 

LCMS-ESI+: calc'd for C1H10N204: 186.06 (~);Found: 187.09 (M+H). 

ExampleJD 

+ H. f\J 1) :!b~ioxane 
Oj(ON~ ~ ~~1 --------------
\N/'NH \J--0--{_~ h·\._ 2) HATU, NMM, CH2CI2 

q- O HN-f
0 

0 

0- ,.-On~00H 
6-{5-(6-(4-{2-[2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza- o = 

bicyclo(2.2. 1 ]hept-3-yi)-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl)-1 H- 'J 
imidazol-2-yl}-5-aza-spiro(2.4]heptane-5-carboxylic acid tert-butyl ester Ill 

' N ? 4-Cyano-2-methoxycarbonylamino-
O~NH butyric acid 

..... ··yo~~ ~JV. \~H-f\J 
N~ \N/'NH \J{)-{i(~.\._ 

q- 0 HN-f'O 

o
(3-Cyano-1-(6-{5-{6-(4-{2-(2-(2-methoxycarbonyramino-3-methyl-butyryll-2-aza

bicyclo(2.2.1 ]hept-3-yi)-3H-imidazo~-yl}-phenyl)-naphthalen-2-yi)-1H
imidazol-2-yl}-5-aza-spiro[2.4]heptane-5-carbony1)-propyl}-carbamic acid methyl ester 
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[3-Cyano-1-(6-{S-[6-(4-{2-[2-(2-methoxycarbonylamino-3-methyl-butyryl)-2-aza

bicyclo[2.2.1]hept-3-yi]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yi]-1H-imidazol-2-yl}-S

aza-spiro[2.4]heptane-S-carbonyl)-propyl]-carbamic acid methyl ester: This compound was 

prepared using the procedure used to prepare [1-(6-{5-[4-(6-{2-[2-(2-Cyclopropyl-2-

methoxycarbony lamino-acety 1 )-2-aza-bicyclo [2 .2 .1 ]hept-3-yl]-3 H-imidazol-4-y I} -naphthalen-2-

yl)-phenyl]-1H-imidazol-2-yl}-5-aza-spiro[2.4]heptane-5-carbonyl)-2-methyl-propyl]-carbamic 

acid methyl ester (example from JJC) using 4-Cyano-2-methoxycarbonylamino-butyric acid to 

provide [3-Cyano-1-(6-{ 5-[6-( 4-{2-[2-(2-methoxycarbonylamino-3-methyl-butyryl)-2-aza

bicyclo[2.2.1 ]hept-3-yl]-3H-imidazol-4-yl} -phenyl)-naphthalen-2-yl]-1 H-imidazol-2-yl} -5-aza

spiro[2.4]heptane-5-carbonyl)-propyl]-carbamic acid methyl ester (0.015g, 28%) as a white 

solid. 
1H NMR (400 MHz, CDC~)) o 8.34-8.10 {m, 1H), 8.05-7.84 (m, 1H), 7.80-7.62 (m, 8H), 

7.53 {d, 2H), 5.47-5.22 {m, 1H), 4.92-4.61 (m, 1H), 4.49 {d, 2H), 4.25 (s, 2H), 4.10 (d, 2H), 

3.79 (s, 2H), 3.70-3.42 (m, 6H), 3.32-3.23 (m, 2H), 3.00-2.85 (m, 1H), 2.59-2.06 (m, 4H), 

2.02- 1. 79 (m, 3H), 1. 75 - 1.60 (m, 2H), 1.50- 1.38 (m, 1 H), 1.18 (s, 3H), 1.06- 0. 77 (m, 6H), 

0. 72 - 0.50 (m, 3H). 

LCMS-ESt: calc'd for C4sHs3N906: 851.41 (M}; Found: 852.90 (M+H+). 

ExampleJE 

' 
OJNH 

'r···~O~~r; ~ HN H.ry 
\N?~ _ ~ fj ~ ~ -?'N: 
q~ H - - N 0.-r-,\-

3-{5-[4-{6-{2-[5-{2-Methoxycarbonylamino-3-methyl-butyryl)-5-aza
spiro(2. 4 )hept-6-yi]-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl)-

2-aza-bicydo[2.2.1]heptane-2-carboxylic acid tert-butyl ester 

1) HCI, dioxane 
MeOH 

3-Methoxy-2-methoxycarbonylamino-
3-methyl-butyric acid 

[2-Methoxy-1-{3-{5-{4-(6-{2-(5-{2-methoxycarbonylamino-3-methyl-butyryl)-5-aza
spiro[2 .4]hept-6-yi]-3H-im idazol-4-yl}-naphthalen-2-yl)-phenyl}-1 H-imidazol-2-

yl}-2-aza-bicydo[2.2.1]heplane-2-carbonyl)-2-methyl-propyl}-carbamic acid methyl ester 
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[2-Metboxy-1-(3-{5-[ 4-( 6-{2-[S-(2-metboxycarbonylamino-3-metbyl-butyryi)-S-aza-

spiro [2.4] bept-6-yl]-30-imidazol-4-yl }-napb tbalen-2-yl)-pbeny I] -1 H-im idazol-2-yl}-2-aza

bicyclo[2.2.1]beptane-2-carbonyl)-2-metbyl-propyl]-carbamic acid methyl ester: This 

compound was prepared using the procedure used to prepare [l-(6-{5-[4-(6-{2-[2-(2-

Cyclopropyl-2-methoxycarbonylamino-acetyl)-2-aza-bicyclo[2.2.1]hept-3-yl]-3H-imidazol-4-

yl} -naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl} -5-aza-spiro[2.4 ]heptane-5-carbonyl)-2-methyl

propyl]-carbamic acid methyl ester (example from JJC) using 3-Methoxy-2-

methoxycarbonylamino-3-methyl-butyric acid (0.020g, 0.096mmol) to provide [2-Methoxy-1-

(3-{ 5-[ 4-( 6-{ 2-[ 5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4 ]hept-6-yl]-3H

imidazol-4-yl} -naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl} -2-aza-bicyclo[2.2.1 ]heptane-2-

carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (0.016g, 29%) as a white solid. 
1H NMR (400 MHz, CDCh) o 8.37-7.88 (m, 4H), 7.84-7.35 (m, 8H), 5.81-5.33 (m, 2H), 

4.88 - 4.57 (m, 2H), 4.34 (s, 1 H), 3.91 - 3.54 (m, 9H), 3.46- 3.16 (m, 4H), 3.09- 2.82 (m, 1 H), 

2.24 (dd, 2H), 1.93 (m, 6H), 1.61 (s, 1H), 1.47-1.17 (m, 7H), 1.11 (d, 1H), 1.02-0.83 (m, 7H), 

0. 72 (s, 3H). 

LCMS-ESt: calc'd for C49HssNs01: 870.44 (M}; Found: 871.47 (M+H+). 

ExampleJF 
........ 

OJNH 

"r····~o~~r; ~ ~ ~__;../ 
CNY~ - ~ II ~ II \ 

o H - N O~A-

2-{~4-(6-{2-(1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H
im idazol-4-yl}-naphthalen-2 -yl)-pheny~-1 H-im idazol-2-yl}-pyrrolidine-1-carboxylic 

acid tert-butyl ester 

1) HCI, dioxane 
MeOH 

2) HATU, NMM, CH2Cl2 
0 

,.on~YloH 00 
S-Cyclohexyl-methoxycarbonylamino

ac:etic acid 

( 1-(2-{5-{6-{ 4-(2-{ 1-(2-Cyclohexyl-2 -methoxycarbonylamino-ac:etyl)-pyrrolidin-2-yi]-3H
imidazol-4-yl)-phenyl)-naphthalen-2-yi]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-

2-methyl-propyl}-carbamic acid methyl ester 
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( 1-(2-{ 5-( 6-( 4-{2-[ 1-(2-Cyclohexyl-2-methoxycarbony lamino-acetyl)-pyrrolidin-2-yl) -3 H

imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1 H -imidazol-2-yl} -pyrrolidine-1-carbony 1)-2-

methyl-propyl]-carbamic acid methyl ester: This compound was prepared using the 

procedure used to prepare [1-(6-{5-[4-(6-{2-[2-(2-Cyclopropyl-2-methoxycarbonylamino

acetyl)-2-aza-bicyclo[2.2.1 ]hept-3-yl]-3H-imidazol-4-yl} -naphthalen-2-yl)-phenyl]-1 H

imidazol-2-yl} -5-aza-spiro[2.4]heptane-5-carbonyl)-2-methyl-propyl]-carbamic acid methyl 

ester (example from JJC) using S-Cyclohexyl-methoxycarbonylamino-acetic acid (0.022g, 

0.1 02mmol) to provide [1-(2-{ 5-[6-(4-{2-[1-(2-Cyclohexyl-2-rnethoxycarbonylamino-acetyl)

pyrrolidin-2-yl]-3H -imidazol-4-yl} -phenyl)-naphthalen-2-yl]-1 H-imidazol-2-yl }-pyrrolidine-1-

carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (0.036g, 28%) as a white solid. 
1H NMR (400 MHz, CDCb) o 7.90-7.62 (m, IOH), 7.30 (s, IH), 7.25 (s, IH), 5.60 (d, IH), 

5.53 (d, 1H), 5.41 (d, 1H), 5.31 (dd, IH), 4.38 (t, 1H), 4.25 (t, 1H), 4.03-3.74 (m, 5H), 3.72-

3.65 (m, 6H), 2.97- 2.65 (m, 2H), 2.39 (m, I H), 2.13 (m, 6H), 1.96- 1.63 (m, 6H), 1.36- 0.99 

(rn, 6H), 0.93 (dd, 6H). 

LCMS-ESI+: calc'd for C41Hsc,Ns06: 828.43 (M}; Found: 829.70 (M+H}. 

ExampleJG 
....... 

OJNH 

1) HCI, dioxane 
MeOH 

~·······~ON~Ij ~ 11 (') 
' eN-?~ - ~ ~-~~ ~-r~ 

• H - Iii oqo-,A-. 
2-{5-(4-(6-{2-[1-{2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi}-3H-imidazol-
4-yl}-naphthalen-2-yl)-phenyl)-1 H-imiclazol-2-yl}-pyrrolidine-1-carboxylic acid tert-butyl 

ester 

....... 

OJNH 

R-Cyclohexyl-methoxycarbonylamino
acelic acid 

, .... ··lyoN~ """" HN- Q n 
LY'N~ \Y()--{l(~ 

. 0 HN-(0 

0-
(1-(2-{5-[6-(4-{2-(1-(2-Cyclohexyl-2-methoxycarbonylamino-acetyl)-pyrrolidin-2-yi}-3H

imidazol-4-yl}-phenyl)-naphthalen-2-yij-1 H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-
2-methyl-propyl}-carbamic acid methyl ester 

[ 1-(2-{5-( 6-( 4-{2-[ 1-(2-Cyclohexyl-2-methoxycarbonylamino-acetyl)-pyrrolidin-2-yl]-3H

imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-imidazol-2-yl}-pyrrolidine-l-carbonyl)-2-

methyl-propyl]-carbamic acid methyl ester: This compound was prepared using the 

procedure used to prepare [1-(6-{ 5-[ 4-(6-{2-[2-(2-Cyclopropyl-2-methoxycarbonylamino-
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acetyl)-2-aza-bicyclo[2.2.1 ]hept-3-yl]-3 H-imidazol-4-yl} -naphthalen-2-yl)-phenyl]-1 H

imidazol-2-yl}-5-aza-spiro[2.4]heptane-5-carbonyl)-2-methyl-propyl]-carbamic acid methyl 

ester (example from JJC) using R-Cyclohexyl-methoxycarbonylamino-acetic acid (0.04lg, 

0.191mmol) to provide [1-(2-{ 5-[6-(4-{2-[1-(2-Cyclohexyl-2-methoxycarbonylamino-acetyl)

pyrrolidin-2-yl]-3H -imidazol-4-yl} -phenyl )-naphthalen-2-yl]-1 H-imidazol-2-yl} -pyrrolidine-1-

carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (0.047g, 59%) as a white solid. 
1H NMR (400 MHz, CDCh) o 7.90-7.62 (m, 10H), 7.30 (s, 1H), 7.25 {s, 1H), 5.60 {d, 1H), 

5.53 {d, IH), 5.41 (d, 1H), 5.31 (dd, 1H), 4.38 (t, 1H), 4.25 (t, IH), 4.03-3.74 (m, 5H), 3.72-

3.65 (m, 6H), 2.97-2.65 (m, 2H), 2.39 {m, 1H), 2.13 (m, 6H), 1.96- 1.63 (m, 6H), 1.36-0.99 

(m, 6H), 0.93 (dd, 6H). 

LCMS-ESI+: calc'd for C41Hs~s06: 828.43 (M}; Found: 829.70 (M+H). 

ExampleJH 

y 
F 

S-Amino-(4-fluoro-phenyl)
acetic acid 

THF, 0 °C to RT 

H 0 

,.-OI(N0oH oy 
F 

S-(4-Fiuoro-phenyl)
methoxycarbonylamino-acetic acid 

S-(4-Fiuoro-phenyl)-methoxycarbonylamino-acetic acid: This compound was prepared using 

the procedure used to prepare 3-Methoxy-2-methoxycarbonylamino-3-methyl-butyric acid using 

S-Amino-(4-fluoro-phenyl)-acetic acid to give S-(4-Fluoro-phenyl)-methoxycarbonylamino

acetic acid (0.560g, 82%). 

LCMS-ESI+: calc'd for C10H10FN04: 227.06 (M}; Found: 227.84 (M+H). 
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'o 
c!-NH 
"',, ... ··~O~~Ij ~ HN Q 
'eN~~-~~~~ ~If\ 

: H - N Oq-A--
2-{5-[4-(6-{2-{1-(2-Methoxycarbonylamino-:Hnethyl-butyryl)-pyrrolidin-2-yij-3H-imidazol-
4-yl}-naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl}-pyrrolid ine-1-carboxylic acid tert-butyl 

ester 

PCT /US201 0/034600 

1) HCI, dioxane 
MeOH 

5-(4-Fiuoro-phenyl)
methoxycarbonylamino-acetic acid 

{1-[2-(5-{6-{4-(2-{1-{2-(4-Fiuoro-phenyl)-2-methoxycarbonylamino-acetyl]-pyrrolidin-2-yi}-3H
imidazol-4-yl)-phenyl}-naphthalen-2-yl]-1 H-imidazol-2-yl)-pyrrolidine-1-carbonyij-

2-methyl-propyl}-carbamic acid methyl ester 

{ 1-[2-( 5-{ 6-[ 4-(2-{ 1-[2-( 4-Flu oro-phenyl)-2-methoxycarbonylamino-acetyl] -pyrrolidin-2-

yi}-3H -imidazol-4-y 1)-pheny 1]-naphthalen-2-y 1}-1 H -imidazol-2-y 1)-py rrolidine-1-carbony I]-

2-methyl-propyl}-carbamic acid methyl ester: This compound was prepared using the 

procedure used to prepare [1-(6-{5-[4-(6-{2-[2-(2-Cyclopropyl-2-methoxycarbonylamino

acetyl)-2-aza-bicyclo[2.2.1 ]hept-3-yl]-3H-imidazol-4-yl }-naphthalen-2-yl)-phenyl]-1 H

imidazol-2-yl}-5-aza-spiro[2. 4 ]heptane-5-carbonyl )-2-methyl-propy I] -carbamic acid methyl 

ester (example from JJC) using S-(4-Fluoro-phenyl)-methoxycarbonylamino-acetic acid 

(0.023g, 0.1 OOmmol) to provide { l-[2-(5-{ 6-[ 4-(2-{ 1-[2-( 4-Fluoro-phenyl)-2-

methoxycarbonylamino-acety I] -pyrrol idin-2-yl}-3 H-imidazo l-4-y l )-phenyl] -naphthalen-2-yl}-

1 H-imidazol-2-yl)-pyrrolidine-1-carbonyl]-2-methyl-propyl} -carbamic acid methyl ester 

(0.015g, 27%) as a white solid. 
1H NMR (400 MHz, CDCh) o 8.01 -7.71 (m, 8H), 7.55-6.93 (m, 8H), 6.06 (d, 1H), 5.43 (dd, 

IH), 5.30 (m, 3H), 4.34 (t, 1H), 3.85-3.77 (m, 2H), 3.74-3.47 (d, 6H), 3.25-2.92 (m, 4H), 

2.36 (s, I H), 2.23- 1.98 (m, 7H), 1.05 (t, IH), 0.88 (t, 6H). 

LCMS-ESt: calc'd for C47~9FNs06: 840.38 (~);Found: 841.42 (M+H). 
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ExampleJJ 

0 

OH OH 

THF, 0 °C to RT 

F 

R-Amino-(4-fluoro-phenyl)
acetic acid 

F 

R-(4-Fiuoro-phenyl)
methoxycarbonylamino-acetic acid 

R-(4-Fiuoro-phenyl)-methoxycarbonylamino-acetic acid: This compound was prepared 

using the procedure used to prepare 3-Methoxy-2-methoxycarbonylamino-3-methyl-butyric acid 

using R-Amino-(4-fluoro-phenyl)-acetic acid to give R-(4-Fiuoro-phenyl)

methoxycarbonylamino-acetic acid (0.575g, 84%) 

LCMS-ESt: calc'd for C10H10FN04: 227.06 (Ml; Found: 227.84 (M+W). 

ExampleJK 

'o 
O.J-_NH 
~······l...rON~ /=\ HN~ (') 

I cN?N:..H ~-- ~ ~-!J ~Y'~o 
- 0 + 

2-{5-{4-{6-{2-{1-{2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-y~-3H-imidazol-
4-yl}-naphthalen-2 -yl)-phenyl)-1 H-imidazol-2-yl}-pyrrolidine-1-carboxylic acid terl-butyl 

ester 

1) HCI. dioxane 
MeOH 

2) HATU, NMM, CH2CI2 

_.....On¢NO OH 
0 :7 

;::,....1 

F 
R-(4-Fiuoro-phenyl)

methoxycarbonylamino-acetic acid 

{1-{2-{5-{6-[4-{2-{1-{2-(4-Fiuoro-phenyl)-2-methoxycarbonylamino-acety1J-pyrrolidin-2-y1J-3H
imidazol+yl)-phenyl)-naphthalen-2-y1J-1 H-imidazol-2-yl)-pyrrolidine-1-carbonyiJ-

2-methyJ..propyiJ-carbamic acid methyl ester 

{ 1-[2-(5-{ 6-[ 4-(2-{ 1-[2-( 4-Fluoro-pbenyl)-2-methoxycarbonylamino-acetyl)-pyrrolidin-2-

yl}-3H-imidazol-4-yl)-phenyl)-naphtbalen-2-yi}-1H-imidazol-2-yl)-pyrrolidine-1-carbonyl)-

2-methyl-propyl}-carbamic acid methyl ester: This compound was prepared using the 

procedure used to prepare [ 1-( 6- { 5-[ 4-( 6-{ 2-[2-(2-Cyclopropyl-2-methoxycarbonylamino

acetyl)-2-aza-bicyclo[2.2.1 ]hept-3-yl]-3H-imidazol-4-yl }-naphthalen-2-yl)-phenyl]-1 H-
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imidazol-2-yl}-5-aza-spiro[2.4]heptane-5-carbonyl)-2-methyl-propyl]-carbamic acid methyl 

ester (example from JJC) using R-(4-Fluoro-phenyl)-methoxycarbonylamino-acetic acid 

(0.023g, 0.1 OOmmol) to provide { 1-[2-(5-{6-[4-(2-{ 1-[2-(4-Fluoro-phenyl)-2-

methoxycarbonylamino-acetyl ]-pyrrolidin-2-y I}-3 H-imidazo 1-4-yl )-phenyl]-naphthalen-2-y I}-

1 H-imidazol-2-yl)-pyrrolidine-1-carbonyl]-2-methyl-propyl} -carbamic acid methyl ester 

(0.008g, 14%) as a white solid. 
1H NMR (400 MHz, CDCh) o 8.01 -7.71 (m, 8H), 7.55-6.93 (m; 8H), 6.06 (d, IH), 5.43 (dd, 

IH), 5.30 (m, 3H), 4.34 (t, IH), 3.85-3.77 (m, 2H), 3.74-3.47 (d, 6H), 3.25-2.92 (m, 4H), 

2.36 (s, IH), 2.23- 1.98 (m, 7H), 1.05 (t, 1H), 0.88 (t, 6H). 

LCMS-ESI+: calc'd for C47""9FNs06: 840.38 (~);Found: 841.27 {M+W). 

ExampleJL 

ECDI, HOBt 

DIEPA, DMF 

1. Pd/C, H2, wet iPA 

2. ECDI, HOBt, 
DIEPA, DMF 

H? L 
o.?-T o 

H'N-f 
o, 

2-Methoxycarbonylamino-
3-methyl-butyric acid 

( 1-{3-{6-(9, 9-Difluoro-7 -{2-{5-(2-methoxycarbonylamino-3-methyl
butyryl)-5-aza-spiro[2.4]hept-6-yi)-3H-imidazol-4-yi}-9H-fluoren-2-

yl)-1 H-benzoimidazol-2-yl]-2-aza-bicydo[2.2.1 ]heptane-2-carbonyl}-
2-methyl-propyl)-carbamic acid methyl ester 

(1-{3-[6-(9,9-Difluoro-7-{2-[5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-

spiro[2.4 ]hept-6-yl]-3 H -imidazol-4-yl} -9H-fluoren-2-yl)-1 H -benzoimidazol-2-yl ]-2-aza

bicyclo[2.2.1 ]heptane-2-carbonyl }-2-methyl-propyl)-carbamic acid methyl ester was prepared in 

a similar manner as Example C to give title compound as a white powder (68 mg). 
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1H-NMR: 300 MHz, (DMS0-<4) o: 12.56 (d, J=13.5Hz, 0.5H ), 12.05 (dd, 1H), 11.84 (s, 0.5H), 

8.1 -7.1 (m, 12H), 5.71 (d, 0.5H), 5.27 (s, 0.5H), 5.19 (d, 0.5H), 4.70 (s, 0.5H), 4.64 (s, 0.5H), 

4.49 (s, 0.5H), 4.2-3.9(m, 2H), 3.6-3.2 (m, 20H), 2.8-1.1 (m, 12H), 0.9-0.4 (m, 16H). 

LCMS-ESI+: calc'd for C49Hs4F2Ns06: 890.0 (M+W); Found: 889.4 (M+H+). 

ExampleJM 

,CN .•• CN 

Meooe-Z) LiOH Hooc-Z) 
I 

+ 
Br~0 

~NH2 
HATU. OlEA 

DMF 
I 
Boc 

4-Cyano-pyrrolidine-1,2-
dicarboxylic acid 1-tert
butyl ester 2-methyl ester 

FN 

0 ~~~? 
0 Boc 

Br 

Boc 
4-Cyano-pyrrolidine-
1,2-dicarboxylic acid 
1-tert-butyl ester 

NH.tOAc 

2-Amino-1-(4-
bromo-phenyl}
ethan one 

2-{2-(4-Bromo-phenyl)-2-oxo- 2-{5-(4-Bromo-phenyi}-1H-
ethylcarbamoy~-4-cyano-pyrrolidine- imidazol-2-y~-4-cyano-pyrrolidine-

+ 

1-carboxylic acid tert-butyl ester 1-carboxylic acid tert-butyl ester 

0 Hn 
HN_.(-f1 N~:lfNsoc 
~

N Boc Pci{PPh3)4 , K2C03 Boq II ~ ~ ~ ~ !J N 
O,B !J DMEIH20, 90 °C N..._....r-~ -
d ~ !J \_j 

Ncf 
2-{5-[6-{4,4,5,5-Tetramethyl-{1,3,2]dioxaborolan- 2-{5-{4-{6-{2-{1-terl-Butoxycarbonyli>yrrolidin-2-yi)-3H-
2-yl)-na_Phthalen-2-yl~ 1 H-i!flidazol-2-yl}- imidazol-4-yl)-naphthalen-2-yl}-phenyl)-1 H-im idazol-2-yl}-
pyrrohdme-1-carboxyltc acid terl-butyl ester 4-cyanOi>yrrolidine-1-carboxylic acid terl-butyl ester 

Hn 
NlfN 

Boc N ~ Soc 
NJN 

LAH 
HCHO 

NaB{OAc)JH 

\_JH 
H N----· 4-Aminomethyl-2-{5-(4-{6-[2-(1-terl-butoxycarbonyl-pyrrolidin-2-yl)-

2 3H-imidazol-4-yl]-naphthalen-2-yl}-phenyl}-1 H-imidazol-2 -yl}
pyrrolidine-1-carboxylic acid terl-butyl ester 

~n 
Boc N~ n ~}-{!("'toe 
NJN~ 'V 

\_JH 
'N / 2-{5-( 4-{6-[2-( 1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-
/ - 3H-imidazol-4-yl)-naphthalen-2-yl}-phenyl}-1 H

imidazol-2-yl}-4-dimethylaminomethyl-pyrrolidine-1-
carboxylic acid terl-butyl ester 

886 

1. TFA 

2. HATU, OlEA 
"'-"' 

~ o-
HO · ~ 
If'~ 0 
0 

2-Methoxycarbonylamino-3-
methyl-butyric acid 

[1-(4-Dimethylaminomethyl-2-{5-{4-{6-{2-
( 1-(2-methoxycarbonylamino-butyryl)
pyrrolidin-2-yi}-3H-imidazol-4-yl}
naphthalen-2-yl)i>henyl}-1 H-imidazol-2-
yl}-pyrrolidine-1-carbonyl}-2 -methyl
propyl]-carbamic acid methyl ester 
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Li0H.H20 (167 mg, 3.98 mmol) was added to 4-cyano-pyrrolidine-1,2-dicarboxylic acid 1-tert

butyi ester 2-methyl ester (674 mg, 2.65 mmol) in methanol (5 mL) solution. The reaction was 

stirred at room temperature overnight. The reaction mixture was concentrated down. The crude 

is used in next step reaction. 

2-Amino-1-(4-bromo-phenyl)-ethanone HCI salt (664 mg, 2.65 mmol) was dissolved in DMF 

( 10 mL) and to this solution was added 4-Cyano-pyrrolidine-1 ,2-dicarboxylic acid 1-tert-butyl 

ester crude from the previous step, diisopropyl ethylamine (0.93 mL, 5.3 mmol), followed by 

HA TU (1 g, 2.65 mmol). Reaction mixture was stirred at 0 °C for 30 minutes. The reaction 

mixture was dissolved in ethyl acetate and washed with dilute sodium bicarbonate solution. The 

organic layer was dried (MgS04), concentrated and purified by flash column chromatography 

(silica gel, 20 to 80% ethyl acetate/hexane) to give 2-[2-(4-Bromo-phenyl)-2-oxo

ethylcarbamoyl]-4-cyano-pyrrolidine-1-carboxylic acid lert-butyl ester ( 1.05 g, yield 91% ). 

LCMS-ESr: calc'd for C19H22BrN304: 435.08; Found: 458.0 (M+Na}. 

A mixture of 2-[2-( 4-Bromo-phenyl)-2-oxo-ethylcarbamoyl]-4-cyano-pyrrolidine-1-carboxylic 

acid tert-butyl ester (1.05 g, 2.4 mmol) and ammonia acetate (3.7 g, 20 eq.) in Xylene (2 mL) 

was heated in microwave at 110 °C for 2 hours. The mixture was concentrated and purified by 

flash column chromatography (silica gel, 20 to 80% ethyl acetate/hexane) to give 2-[5-(4-

Bromo-phenyl)-1 H-imidazol-2-yl]-4-cyano-pyrrolidine-l-carboxylic acid /err-butyl ester (356 

mg, containing 15% starting material, yield 35%). LCMS-ESr: calc'd for C19H21BrN40 2: 

417.30; Found: 418.9 (M+H+). 

The mixture of 2-[5-( 4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-cyano-pyrrolidine-1-carboxylic 

acid tert-butyl ester (356 mg, 0.85 mmol), 2-{5-[6-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-

yl)-naphthalen-2-yl]-1 H-imidazol-2-yl} -pyrrolidine-1-carboxylic acid tert-butyl ester (50 1 mg, 

1.02 mmol), tetra.kis(triphenylphosphine)palladium(99 mg, 0.08 mmol) and potassium acetate 

(425 mg, 3.07 mmol) in 7 mL 1,2-dimethoxyethane and 2 mL water was heated to 90 °C for 2 

hour. The reaction mixture was cooled and dissolved in ethyl acetate and washed with saturated 

sodium bicarbonate solution. The organic layer dried (MgS04), concentrated and purified by 

flash column chromatography (silica gel, 20 to 80% ethyl acetate/hexane) to give 2-[5-(4-{6-[2-

( 1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-naphthalen-2-yl} -phenyl )-1 H-
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imidazol-2-yl]-4-cyano-pyrrolidine-1-carboxylic acid tert-butyl ester (200 mg, yield 33%) and 

the amide product. LCMS-ESr: calc'd for C411-i4sN704: 699.84; Found: 700.2 (M+H+). 

LAH (45 mg, 6 eq.) was added to the solution of mixture of2-[5-(4-{6-[2-(1-tert

Butoxycarbonyl-pyrrolidin-2-yl )-3 H -imidazol-4-y I ]-naphthalen-2-yl} -phenyl )-1 H-imidazo 1-2-

yl]-4-cyano-pyrrolidine-1-carboxylic acid tert-butyl ester (146 mg, 0.066 mmol) in 3 ml THF at 

0 °C. The reaction was quenched after 30 minutes using water, 1 O%Na0H aqueous solution and 

water in 3 steps. The reaction mixture was filtered. The filtrate was concentrated down and 

purified by preparative reverse phase HPLC (Gemini, 5 to 100% ACN/HzO + 0.1% TFA). 

Product lyophilized to give 4-Aminomethyl-2-[5-( 4-{ 6-[2-(1-tert-butoxycarbonyl-pyrrolidin-2-

yl)-3H-imidazol-4-yl]-naphthalen-2-yl} -phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic 

acid tert-butyl ester TFA salt (150 mg, yield 95%). LCMS-ESr: calc'd for C41 1-i49N70 4: 703.87; 

Found: 704.2 (M+H+). 

Sodium triacetyl boron hydride (54mg, 3 eq.) was added to the mixture of 4-Aminomethyl-2-[5-

( 4-{ 6-[2-(1-tert-butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-naphthalen-2-yl} -phenyl)-

1 H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (60 mg, 0.085 mmol) and 0.1 

mL formaldehyde (37% in water) in 3 ml THF, followed by 1 drop of acetic acid. The reaction 

was stirred at room temperature for 30 minutes. The reaction was complete by monitoring using 

LC-MS. The reaction mixture was filtered. The filtrate was concentrated down and purified by 

preparative reverse phase HPLC (Gemini, 5 to 100% ACNIH20 + 0.1% TF A). Product 

lyophilized to give 2-[5-( 4-{ 6-[2-(l-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]

naphthalen-2-yl} -phenyl)-1 H-imidazol-2-yl]-4-dimethylaminomethyl-pyrrolidine-1-carboxylic 

acid tert-butyl ester TFA salt (41.7 mg, yield 67%). LCMS-ESr: calc'd for C43H53N104: 

731.93; Found: 732.3 (M+H+). 

Trifluoroacetic acid (0.5 mL)was added to 2-[5-(4-{6-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-

yl)-3 H -imidazol-4-yl]-naphthalen-2-yl} -phenyl )-1 H -irnidazol-2-yl]-4-dimethylaminomethyl

pyrrolidine-1-carboxylic acid tert-butyl ester ( 41.7 mg, 0.057 mmol) in 1 ml DCM and the 

reaction mixture was stirred at room temperature for 2 hours. The reaction mixture was 

concentrated and dried overnight under vacuum. The residue was dissolved in DMF (1.5 mL) 

and to this solution was added 2-Methoxycarbonylamino-3-methyl-butyric acid (20 mg, 0.124 

mmol), diisopropyl ethylamine (60 J.d), followed by HATU (43 mg). Reaction mixture was 

stirred at 0 °C for 60 minutes. The reaction mixture was dissolved in ethyl acetate and washed 

with dilute sodium bicarbonate solution. The organic layer was dried (MgS04), concentrated 
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and purified by preparative reverse phase HPLC (Gemini, 5 to 100% ACNIH20 + 0.1% TF A). 

Product lyophilized to give [1-(4-Dimethylaminomethyl-2-{5-[4-(6-{2-[1-(2-

methoxycarbony lamino-butyry I)-pyrro lidin-2-y I]-3 H-imidazol-4-y I} -naphthalen-2-y I )-phenyl]

I H-imidazol-2-yl }-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester the bis

TFA salt (Example A) (13.1 mg). 
1H-NMR: 300 MHz, (CD30D-<4) o: 8.28 (d, 2H), 8.02 (m, 2H), 7.83-7.92 (m, 8H), 5.38 (m, 

2H), 4.58(m, lH), 4.22(m, 2H), 4.18(m, 2H), 3.92 (m, 2H), 3.62 (s, 6H),3.42(m,2H), 3.02(s, 

6H), 3.00(m,1H), 2.8l(m,lH), 2.62 (m, lH), 2.40-2.00 (m, 5H), 0.95-1.05 (m, 12 H). 

LCMS-ESt: calc'd for C41Hs9N906: 846.03; Found: 848.4 (M+H). 

ExampleJN 

Hn 
N.............--N 
~ ~ Boc 

4-Aminomethyl-2-[5-(4-{6-[2-( 1-tert
butoxycarbonyl-pyrrolidin-2-yi)-3H-imidazol-4-y~
naphthalen-2-yl}-phenyl)-1 H-imidazol-2-y~
pyrrolidine-1-carboxylic acid tert-butyl ester 

0 H 

-l-N' 

Hn 
N.............--N 

~ ~ Boc 

2-[5-(4-{6-[2-(1-tert-Butoxycarbonyl
pyrrolidin-2-yi)-3H-imidazol-4-y~-naphthalen-
2-yl}-phenyl)-1 H-imidazol-2-y~-4-
(methanesulfonylamino-methyl)-pyrrolidine-
1-carboxylic acid tert-butyl ester 

MsCI, DIEA 

1. TFA 

2. HATU, OlEA 
~ : o-

Ho · 1 
I('N~o 
0 H 

2-Methoxycarbonylamino-3-
methyl-butyric acid 

\.__ //0 N 
,.~_)l: 

( ~ H 

Hn 
:j(NL)._ 

N r:f/\ 0-
,N\( 

H 0 
o,,,o y 
/ S, ~ 

N-
H (1-( 4-(Methanesulfonylamino-methyl)-2-{5-[4-(6-{2-[1-(2-

methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H-imidazol-
4-yl}-naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl}-pyrrolidine-1-
carbonyl)-2-methyl-propy~-carbamic acid methyl ester 

MsCl (7.6 mg, 1 eq.) was added to the mixture of 4-Aminomethyl-2-[5-(4-{6-[2-(1-tert

butoxycarbonyl-pyrrolidin-2-yl )-3 H-imidazol-4-y I] -naphthalen-2-y I} -pheny 1 )-1 H-imidazol-2-
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yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (69 mg, 0.098 mmol) and OlEA( 51 J.ll, 3eq) in 

1 ml MeCN. The reaction was stirred at room temperature for 30 minutes. The reaction mixture 

was concentrated down and purified by preparative reverse phase HPLC (Gemini, 5 to 100% 

ACN/lhO + 0.1% TFA). Product lyophilized to give 2-[5-(4-{6-[2-(1-tert-Butoxycarbonyl

pyrrolidin-2-yl)-3H -imidazol-4-yl ]-naphthalen-2-yl} -phenyl)-1 H-imidazol-2-yl]-4-

(methanesulfonylamino-methyl)-pyrrolidine-1-carboxylic acid tert-butyl ester TF A salt (29 mg, 

yield 38%). LCMS-ESr: calc'd for C42HstN106S: 781.96; Found: 782.2 (M+H+). 

Trifluoroacetic acid (0.5 mL)was added to 2-[5-(4-{6-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-

yl)-3 H-imidazol-4-yl]-naphthalen-2-yl} -phenyl)-1 H-imidazol-2-yl]-4-(methanesulfonylamino

methyl)-pyrrolidine-1-carboxylic acid tert-butyl ester (29 mg, 0.037 mmol) in 1 ml DCM and 

the reaction mixture was stirred at room temperature for 2 hours. The reaction mixture was 

concentrated and dried overnight under vacuwn. The residue was dissolved in DMF (0.5 mL) 

and to this solution was added 2-Methoxycarbonylamino-3-methyl-butyric acid (13 mg, 2 eq.), 

diisopropyl ethylamine (39 J.ll, 6 eq.), followed by HA TU (28 mg, 2 eq.). Reaction mixture was 

stirred at 0 °C for 60 minutes. The reaction mixture was dissolved in ethyl acetate and washed 

with dilute sodium bicarbonate solution. The organic layer was dried (MgS04), concentrated 

and purified by preparative reverse phase HPLC (Gemini, 5 to 100% ACNIH20 + 0.1% TFA). 

Product lyophilized to give [1-(4-(Methanesulfonylamino-methyl)-2-{5-[4-(6-{2-[1-(2-

methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl }-naphthalen-2-yl)

phenyl]-1 H-imidazol-2-yl }-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl 

ester the bis-TFA salt (Example B) (12.9 mg). 
1H-NMR: 300 MHz, (CD30D-~) o: 8.28 {d, 2H), 8.08 (m, 2H), 7.95 (m, 4H), 7.82{m, 4H), 

5.28 (m, 2H), 4.38(m, lH), 4.22(m, 2H), 4.12(m, 2H), 3.92 (m, 2H), 3.62 (s, 6H),3.6l(m,2H), 

3.02(s, 3H), 2.72(m,2H), 2.60 (m, IH), 2.40-1.98 (m, 5H), 0.95-1.05 {m, 12 H). 

LCMS-ESI+: calc'd for C46Hs7N90sS: 896.07; Found: 896.3 (M+W). 
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ExampleJO 

Hn 
N_......--N 

~ ~ ~ ~ ~ Soc 
AcCI, DIEA 

N_......--N 
\.._jH 

H N-.:.. 4-Aminomethyl-2-[5-(4-{6-[2-(1-tert-
2 butoxycarbonyl-pyrrolidin-2-yi)-3H-imidazol-4-y~-

naphthalen-2-yl}-phenyl)-1 H-imidazol-2-y~
pyrrolidine-1-carboxylic acid terl-butyl ester 

Hn 
N_......--N 

~ ~ Soc 
BocN~ ~ 

0 v ~ 
~N-,... 4-(Acetylamin~methyl)-2-[5-(4-{6-[2-(1-terl-

butoxycarbonyl-pyrrolidin-2-yi)-3H-imidazol-4-yl]
naphthalen-2-yl}-phenyl)-1 H-imidazol-2-y~
pyrrolidine-1-carboxylic acid terl-butyl ester 

1. TFA 

2. HATU, DIEA 
~ : o-

Ho · I 
I('N~o 
0 H 

2-Methoxycarbonylamin~3-
methyl-butyric acid 

Hn 
:lfNL)-

N 0/\ o
,N\( 

H 0 

[1-(4-(Acetylamin~methyl)-2-{5-[4-(6-{2-[1-(2-
methoxycarbonylamin~3-methyl-butyryl)-pyrrolidin-
2-y~-3H-imidazol-4-yl}-naphthalen-2-yl)-pheny~-1 H
imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl
propy~-carbamic acid methyl ester 

AcCl (5 J.d, I eq.) was added to the mixture of 4-Aminomethyl-2-[5-(4-{6-[2-(1-ter/

butoxycarbony 1-pyrro lid in-2-yl )-3 H-imidazol-4-yl] -naphthalen-2-y I} -pheny I )-1 H -imidazol-2-

yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (50 mg, 0.071 mmol) and DIEA( 37 J.d, 3eq) in 

1 mi DCM and I mL MeCN mixture. The reaction was stirred at room temperature for 1 hour. 

LC-MS shows desired and Sis-acetyl product. The reaction mixture was concentrated down and 

purified by preparative reverse phase HPLC (Gemini, 5 to 100% ACN/H20 + 0.1% TFA). 

Product lyophilized to give 4-(Acetylamino-methyl)-2-[ 5-( 4-{ 6-[2-( l-tert-butoxycarbonyl

pyrrolidin-2-yl)-3H-imidazol-4-yl]-naphthalen-2-yl }-phenyl)-! H-imidazol-2-yl]-pyrrolidine-1-

carboxylic acid tert-butyl ester TFA salt (13 mg, yield 25%). LCMS-ESr: calc'd for 

C43Hs1N70s: 745.91; Found: 746.2 (M+W). 

891 



IPR2018-00211 Page 894 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

Trifluoroacetic acid (0.5 mL)was added to 4-(Acetylamino-methyl)-2-[5-(4-{6-[2-(1-tert

butoxycarbonyl-pyrrol idin-2-yl)-3 H-imidazo 1-4-yl ]-naphthalen-2-yl} -phenyl )-1 H-imidazol-2-

yl]-pyrrolidine-1-carboxylic acid tert-butyl ester ( 13 mg, 0.017 mmol) in 1 ml DCM and the 

reaction mixture was stirred at room temperature for 2 hours. The reaction mixture was 

concentrated and dried overnight under vacuum. The residue was dissolved in DMF (0.5 mL) 

and to this solution was added 2-Methoxycarbonylamino-3-methyl-butyric acid (6 mg, 2 eq.), 

diisopropyl ethylamine (18 J.Ll, 6 eq.), followed by HATU (13 mg, 2 eq.). Reaction mixture was 

stirred at 0 °C for 60 minutes. The reaction mixture was dissolved in ethyl acetate and washed 

with dilute sodium bicarbonate solution. The organic layer was dried (MgS04), concentrated 

and purified by preparative reverse phase HPLC (Gemini, 5 to 100% ACNIH20 + 0.1% TFA). 

Product lyophilized to give [1-(4-(Acetylamino-methyl)-2-{5-[4-(6-{2-[1-(2-

methoxycarbonylamino-3 -methy 1-butyry I )-pyrrolidin-2-y I]-3 H-imidazo 1-4-yl} -naphthalen-2-yl )

phenyl]-1 H-imidazol-2-yl }-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl 

ester the bis-TFA salt (Example C) (6.6 mg). 
1H-NMR: 300 MHz, (CD30D-dt) o: 8.28 (d, 2H), 8.08 (m, 2H), 7.95 (m, 4H), 7.82(m, 4H), 

5.28 (m, 2H), 4.38(m, 1H), 4.22(m, 2H), 4.17(m, 2H), 3.92 (m, 2H), 3.62 (s, 6H), 3.59(m,1H), 

3.42(m, 2H), 2.64(m,2H), 2.24 (m, 3H), 2.10 (m, 2H), 1.99 (s, 3H), 0.95-1.05 (m, 12 H). 

LCMS-ESt: calc'd for C41Hs7N907: 859.44; Found: 860.4 (M+H+). 

ExampleJP 

2·6~1-(7-bromo
dibenzoturan-3-yl)-elhanone 

E~N Cbz ?~Br NH40Ac 
DMFICH3CN N-./\\l O '=(~ xylene/140 C 

~) s.:a-spiro(2.4]heptana-5,6--
S.Aza-spiro(2.4]heptane-5,6-- dicarboxylic acid 5-benzyl ester 

dicarboxylic acid 5-benzyl ester 6-{2-{7-bromo-dibenzofuran-3-yl)-2-oxo-ethyl] ester 

H H.r:v 
N)-QO-~ - H;>(Y N~1 ~ - ~ ~ Nr!!l/ 

Cbz 11 "' ~ A Br ~ N Pd(PPh34 Cbz II _ ~ A N Boc: 
N.../'N - + q -0-" I N PdC~(dppf) ~N-..,/"'""~ 0 -

( j H 0 ,B ' N Boc: o 
~- 0 -

6-{5-(7 -Bromo-dibenzofuran-3-yl)-1 H- . J.{s-{4,4,5,5-Tetrameth~~1.3,2] 3-{5-(7 -{2-{S.Benzyloxycarbonyt.S.aza..spiro(2.4]hept-6--yi)-3H-
. 'daz-' 2 yl"-~ ___ lro(2 •Jh plan diOxaborolan-2·yi)-1H-benzouniciiW»-2·yiJ imidazol+yl}-dibenzoturan-3-yi)-1H-benzoimidazol..2-yl)-2-aza-
1m1 ..,.. • r~sp .~ 8 &- ·2-aza...bicydo[2.2.1]heptane- bicydo(2.2.1]heptane-2-carboxyfoc acid tef1..bu1yl ester 

5-carboxyloc acid benzyl estar 2-carboxylic acid tef1..bu1yl ester 

0 Hi{ 
-o)lNH N N 

a. HBriHOAc; \_ ho N}-QQ--0-~ - - I ,J.._ .•• L 
b. RCOOHIHATU/iPrzNEt/OMF --r ';.__)!..: - ~ A ~ A N o- ,. 

2( H O HN1fo' 

(1-{6-{5-(7-{2-{2-(2-Methoxycarbonylamlno-J..melhyl..tJutyryl) 
-2-aza..bicydo[2.2. 1 ]hept·J..yi}-3H-benzoirnidazoi-S.yl}

dibenzolurar>-3-yl)-1 H-<midazol-2-yl}-5-aza..&piro 
(2.4)heptana-S-carbonyl}-2·melhMiropyl)-carbamic add melhyl estar 
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5-Aza-spiro(2.4]heptane-5,6-dicarboxylic acid 5-benzyl ester 6-[2-(7-bromo-dibenzofuran-

3-yl)-2-oxo-ethyl] ester: To the solution of(s) 5-aza-spiro[2.4]heptane-5,6-dicarboxylic acid 5-

benzyl ester (138 mg, 0.5 mmol) and triethylamine (65 JJ.l, 0.47 mmol) in acetonitrile (3 ml) was 

added slowly a solution of 2-bromo-1-(7-bromo-dibenzofuran-3-yl)-ethanone (143 mg, 0.39 

mmol) in DMF ( 4 ml). The mixture was stirred for 12 hours, and the solvent was evaporated. 

The mixture was diluted with EtOAc, and washed with 1.0 N NaOH solution, water and brine, 

and was dried with sodium sulfate. Concentration gave 5-Aza-spiro[2.4]heptane-5,6-

dicarboxylic acid 5-benzyl ester 6-[2-(7-bromo-dibenzofuran-3-yl)-2-oxo-ethyl] ester (21 0 mg) 

6-[5-(7 -Bromo-dibenzofuran-3-yl)-lH-imidazol-2-yl]-5-aza-spiro [2.4]heptane-5-carboxylic 

acid benzyl ester: The mixture of 5-aza-spiro[2.4]heptane-5,6-dicarboxylic acid 5-benzyl ester 

6-[2-(7-bromo-dibenzofuran-3-yl)-2-oxo-ethyl] ester (21 0 mg, 0.39 mrnol) and ammonium 

acetate (330 mg, 4.3 mmol) in xylene (3 ml) was heated at 140 C for 80 minutes under 

microwave. The mixture was quenched with water, and extracted with EtOAc. The organic 

phase was washed with water and brine, and was dried with sodium sulfate. Concentration and 

purification by flash column chromatography (EtOAc) gave 6-[5-(7-bromo-dibenzofuran-3-yl)-

1 H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-carboxylic acid benzyl ester ( 150 mg). rn/z: 542.1 

(M+1), 540.1 (M-1). 

3-(6-{7-[2-(5-Benzyloxycarbonyl-5-aza-spiro[2.4)hept-6-yi)-3H-imidazol-4-yl]

dibenzofuran-3-yi}-1H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid 

tert-butyl ester: To the solution of 6-[5-(7-bromo-dibenzofuran-3-yl)-1 H-imidazol-2-yl]-5-aza

spiro[2.4]heptane-5-carboxylic acid benzyl ester (150 mg, 0.28 mmol) and 3-[6-(4,4,5,5-

Tetramethyl-[ 1,3 ,2]dioxaborolan-2-yl)-1 H -benzoimidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-2-

carboxylic acid tert-butyl ester (160 mg, 0.36 mmol) in DME (2.25 ml) and water (0.75 ml) was 

added potassium carbonate (78 mg, 0.56 mmol), followed by Pd(PPh3)4 (15 mg) and 

PdCh(dppf)CH2Ch (15 mg). The mixture was heated at 90 C for 16 hours. The mixture was 

diluted with EtOAc, and was washed with water and brine, and was dried with sodium sulfate. 

Concentration and purification by flash column chromatography (hexanes!EtOAc) gave 3-(6-{7-

[2-( 5-benzyloxycarbonyl-5-aza-spiro[2.4 ]hept-6-y 1)-3 H-imidazol-4-yl]-dibenzofuran-3-yl} -1 H

benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyi ester (190 mg). 

rn/z: 775.2 (M+l), 773.3 (M-1), 338.2 (M+2)/2. 
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(1-{6-[5-(7 -{2-[2-(2-Methoxycarbonylamino-3-methyl-butyryl) 

-2-aza-bicyclo[2.2.l]hept-3-yi]-3H-benzoimidazol-5-yl}-dibenzofuran-3-yi)-1H-imidazol-2-

yl]-5-aza-spiro[2.4]heptane-5-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester: To 

the solution of 3-( 6-{ 7 -[2-( 5-benzyloxycarbonyl-5-aza-spiro[2.4 ]hept-6-yl}-3H -imidazol-4-yl]

dibenzofuran-3-yl }-1 H-benzoirnidazol-2-yl)-2-aza-bicyclo[2.2.l ]heptane-2-carboxylic acid tert

butyl ester (185 mg, 0.24 mmol) in DCM (3.6 ml) was added slowly 33% HBr/HOAc (1 ml). 

The mixture was stirred for two hours, and the solvent and reagent were removed under reduced 

pressure to give a brown solid. The solid was suspended in DCM/Et20 (2.5 ml/25 ml) and was 

stirred. The solid was collected through filtration. To the solution of above solid (0.24 mmol) 

and MeOCO-Val-OH (84 mg, 0.48 mmol) in DMF (7.0 ml) was added HATU (192 mg, 0.50 

mmol), followed by diisopropylethylamine (0.42 ml, 2.4 mmol). The mixture was stirred for ten 

hours and was evaporated and then diluted with EtOAc. The organic phase was washed with 1 

N NaOH solution, water, and brine, and was dried with sodium sulfate. Concentration and 

purification by HPLC (0.1%TFNCHJCN/O.l%TFAIH20) gave (1-{6-[5-(7-{2-[2-(2-

methoxycarbonylamino-3-methyl-butyryl)-2-aza-bicyclo[2.2.1 ]hept-3-yl]-3 H -benzoimidazol-5-

yl} -dibenzofuran-3-yl)-1 H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-carbonyl }-2-methyl

propyl)-carbamic acid methyl ester (151 mg). rnlz: 855.3 (M+l), 853.2 (M-1), 428.4 (M+2)/2. 
1H NMR (CD30D, 300 MHz) o 8.25-7.70 (10 H, m), 5.4 (I H, m), 4.95-4.7 (I H, m), 4.38 (1 H, 

m), 4.16 (1 H, m), 3.95 (I H, m), 3.83 (1 H, m), 3.69 (3 H, s), 3.67 (3 H, s), 3.5-3.2 (1 H, m), 

2.98 (I H, m), 2.5-1.7 (10 H, m), 1.2-0.8 (16 H, m). 
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ExampleJQ 

,
0
m-o-sr 
2-(4-Bromo-phenyiH)

methoxy-benzo(b)thiophene 

~Br 
TfO--v-S~ 

Tf20 
pyridine Trifluoro-methanesulfonic acid 2-

(4-bromo-phenyl)
benzo(bJthiophen-6-yl ester 

OEt 

.)-_Sn(Bu)J 

1. Pd(PPh3)4 
PdCI2(PPh3l7 
LiCI 
DMF 

NH40Ac 
xylene 
M.W. 

DIPEA 
DMF 

0 

0=) ... ,\ 
Boc;-Nv 

0 

Pyrrolidine-1,2-dicarboxylic add 1-tert-butyl ester 2-[2-
(2-{4-(2-( 1-Bocrpyrrolidine-2-carbonyloxy )-acetyl]
phenyl}-benzo[bJthiophen-6-yl)-2-oxo-ethyij ester 

H0 
ljiOC N~·N--r-NBoc 
N~ ~ ......., S h ~ N C: N ~ h ~ 

- ~ b 

2-[5-(2-{4-(2-( 1-Boo-pyrrolidin-2-yi)-3H-imidazol-4-yl)
phenyl)-benzo[b Jthiophen-6-yl)-1 H-imidazol-2-yl)
pyrrolidine-1-carboxylic acid tert-butyl ester 

HCI 
MeOH 

HATU 
DIPEA 
DMF 

( 1-(2-{5-[2-( 4-(2-[ 1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-
2-yi]-3H-imidazol-4-yl}-phenyl)-benzo[b)thiophen-6-yl)-1 H-im idazol-2-yl}

pyrrolidine-1-carbonyl)-2-methyl-propyl)-carbamic acid methyl ester 

2-(4-Bromo-pbenyl)-6-metboxy-benzo[b)tbiophene was reported in the literature (Journal of 

Medicinal Chemistry, 2007, 50, 2682-2692). 

2-(4-Bromo-pbenyl)-benzo[b]thiophen-6-ol. To a stirred solution of2-(4-bromo-phenyl)-6-

methoxy-benzo[b]thiophene (80 mg, 0.25 mmol) was added BBr3 (0.5 mL of 1M in DCM, 0.5 

mmol) at 0° C. The mixture was stirred for 3 hours at ambient temperature. DCM was removed 

under vacuum, and the residue was dissolved in ethyl acetate (30 mL). The organic layer was 

washed with NaHC03 solution, water and brine, dried over Na2S04, filtered and concentrated in 

vacuo. The obtained residue was treated with hexane to give the product (67 mg, 88%). m/z 

303.0, 305.0 (M-Hr. 
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Trifluoro-metbanesulfonic acid 2-(4-bromo-pbenyl)-benzo[b]tbiopben-6-yl ester. Tf20 was 

added slowly to a mixture of2-(4-bromo-phenyl)-benzo[b]thiophen-6-ol (200 mg, 0.66 mol) in 

pyridine (3 mL) at 0° C with stirring. The mixture was stirred at ambient temperature for 16 

hours before quenched with NaHC03 solution. The mixture was extracted with ethyl acetate (50 

mL). The organic layer was washed with water and brine, dried over Na2S04, filtered and 

concentrated in vacuo. The obtained residue was used for next step reaction without further 

purification. 

Pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-[2-(2-{4-[2-(1-Boc-pyrrolidine-2-

carbooyloxy)-acetyl]-pbenyl}-benzo[b]thiophen-6-yl)-2-oxo-ethyl] ester. Pd(Ph3)4 (43 mg, 

0.037 mmol), PdCh(Ph3)2 (26 mg, 0.037 mmol) and LiCI (78 mg, 1.8 mmol) were added to a 

mixture trifluoro-methanesulfonic acid 2-( 4-bromo-phenyl)-benzo[b ]thiophen-6-yl ester (200 

mg, 0.46 mmol) and tributyl(1-ethoxyvinyl)tin (0.37 mL, 1.1 mmol) in 8 mL DMF. The reaction 

mixture was flushed with nitrogen, heated at 80° C for 16 hours, then cooled to ambient 

temperature. Water (3 mL) and NBS (180 mg, 1.0 mmol) were added and the mixture was 

stirred at room temperature for 40 min, then diluted with ethyl acetate (300 mL). The ethyl 

acetate layer was washed with water and brine, dried over Na2S04, filtered and concentrated in 

vacuo. The obtained residue was suspended in acetonitrile (30 mL). To it was added a solution 

ofpyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester (792 mg, 3.7 mmol) and DIPEA (0.56 mL, 

3.2 mmol) in 5 mL acetonitrile. The mixture was stirred at room temperature for 16 hours, 

diluted with ethyl acetate (100 mL). The organic layer was washed with NaHC03 solution and 

water, dried over Na2S04, filtered and concentrated in vacuo. The obtained residue was purified 

by flash chromatography to provide the desired product (90 mg, 27% over two steps). rnlz 743.2 

(M+Na)+. 

2-[ 5-(2-{ 4-[2-(1-Boc-pyrrolidin-2-y I)-3H -imidazol-4-yl)-phenyl }-benzo [ b] thiophen-6-y 1)-

1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid ten-butyl ester. A mixture ofpyrrolidine-

1 ,2-dicarboxylic acid 1-tert-butyl ester 2-[2-(2-{4-[2-(1-Boc-pyrrolidine-2-carbonyloxy)

acetyl)-phenyl} -benzo[b ]thiophen-6-yl)-2-oxo-ethyl] ester (90 mg, 0.12 mmol) and ammonium 

acetate (192 mg, 2.5 mmol) in xylene (10 mL) was heated in a sealed tube at 140° C for 1.5 

hours under microwave condition. The volatile component was removed in vacuo, and the 

residue was dissolved in ethyl acetate (100 mL), washed with NaHC03 solution, water and 

brine, dried over Na2S04, filtered and concentrated in vacuo. The obtained residue was purified 

by flash chromatography to provide the desired product (60 mg, 70%). rnlz 681.2 (M+Ht. 
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[ l-(2-{ 5-[2-( 4-{2-[ l-(2-Metboxyca rbonylamino-3-metbyl-butyry 1)-pyrrolidin-2-yl)-3 H

imidazol-4-yl} -pbenyl)-benzo [b )tbiopben-6-yl) -I H -imidazol-2-yl}-pyrrolidine-1-carbonyl)-

2-metbyl-propyl]-carbamic acid methyl ester. To a solution of2-[5-(2-{4-[2-(1-Boc

pyrrolidin-2-yl)-3H -imidazol-4-yl]-phenyl} -benzo[b ]thiophen-6-yl)-1 H -imidazol-2-yl]

pyrrolidine-1-carboxylic acid tert-butyl ester (60 mg, 0.09 mmol) in methanol (3 mL) was added 

4N HCl in 1 ,4-dioxane (0.4 mL, excess). The mixture was stirred for 2 hours at 50° C and 

concentated under reduced pressure. The residue was dissolved in wather and freezing-dired 

overnight. The obtained white solid was dissoved in DMF (3 mL), to the solution was added 2-

methoxycarbonylamino-3-methyl-butyric acid (34 mg, 0.19 mrnol), HA TU (84 mg, 0.22 mrnol) 

and N,N-diisopropylethylamine (0.12 mL, 0.70 mrnol). The mixture was stirred at ambient for 2 

hours, and then the volatile component was removed in vacuo. The residue was dissolved in 

ethyl acetate (100 mL), washed with 1 N NaOH solution, water and brine, dried over Na2S04, 

filtered and concentrated in vacuo. The obtained residue was purified by HPLC to provide the 

desired product as a TFA salt (45 mg, 64%). 1H-NMR (300 MHz, CD30D) o 8.26 (s, 1H}, 8.00-

7.70 (m, 9H), 5.30-5.20 (m, 2H), 4.23 (d, 2H}, 4.18-4.10 (m, 2H}, 3.95-3.80 (m, 2H}, 3.75-3.60 

(m, 6H), 2.65-2.50 (m, 2H), 2.35-2.00 (m, 8H}, 1.00-0.80 (m, 12H); m/z 795.3 (M+Ht. 

ExampleJR 

Br~~ 
Et2Zn 
TFA 
CHzlz 
DCM 

Br-c?o-Br 
2, 7 -Dibromcr9-

melhylene-9H-IIuorene 

() 

2', 7 -dibromospirocyclopropane-
1,9'-fluorene 

OEI 

ASn(Bu)J 

1. Pd(PPh3)4 
PdCI:z(PPh3)z 

HOOC...--"1 Ftz n ~ 
___ c_bz_ r>--{00 )--{)--{)-er 

\J" NH40Ac 

~N-Cbz 

~:;-e?o-Br 

HBr 
DCM 

Pd(PPh3)4 
PdCI2(PPh3)z 
2M KzC03 
DME 

OIPEA, DMF xylene 
5-Cbz-S-aza-spiro[2.4)heptane-!H:arboxylic 

acid 2-(7-bromospirocyclopropane-1,9'
fluoren-2-yl}-2-oxo-ethyl ester 

~('c.,: ~ _). H_A 
tY-o--o-o-r( 

6-[ S-(7-Bromospirocyclopropane-1 , 9'
fluoren-2-yi}-IH-imidazol-2-yi]-S-Cbzl-5-

aza-spiro[2.4)heptane 

2-(2-Boc-2-aza-bicyclo[2.2.1)hept-3-yi}-6-{7-[2-(S-Cbz-S
aza.spiro[2.4)hepl-6-yi}-3H·imidazol-4-yl)

spirocyclopropane-1,9'-tluoren-2-yl }-1 H-benzoimidazole 

o~o-

) 
NH ···t 

\/(N -~.. ~ _). H_A 
HOB!, EDCI 
OIPEA 
acetonl1rile 

... );-Y-o--o-o-(~ ... ·~ 
HN'fO 

_..0 

(1-{3-{6-{7-{2·(5-(2-Melhoxycarbonylamln<>-3-methyl-bulyTyi)-S-aza-spito(2.4)hept-&-yi}-
3H-lmldazol-4-yl}-splrOCyclopropane-1,!1 ~2-yl} 1 H-benzomldaz01-2·yl}2-az.a

bicyclo(2.2.1 )heptane-2-carbonyl}-2-meth)4-propyl)-carbamic acid methyl ester 
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2,7-Dibromo-9-methylene-9H-fluorene was reported in the literature (Tetrahedron, 2006, 62, 

3355-3361 ). 

2', 7'-Dibromospirocyclopropane-1,9'-fluorene. To a stirred solution of diethylzinc (9.0 mL of 

1.0 Min hexane, 9.0 mmol) in DCM (10 mL) was added trifluoroacetic acid (0.69 mL, 9.0 

mmol) in DCM (10 mL) slowly at 0° C. The mixture was stirred for 20 min at 0° C before the 

addition of diiodomethane (0. 72 mL, 9.0 mmol). The mixture was stirred for another 20 min at 

oo C, then a solution of2,7-dibromo-9-methylene-9H-fluorene (750 mg, 2.21nmol) in DCM (5 

mL) was added. The mixture was stirred at ambient temperature for 5 days, then quenched 

slowly with NH.Cl solution. The mixture was extracted with ethyl acetate, washed with water 

and brine, dried over Na2S04, filtered and concentrated in vacuo. The obtained residue was 

dissolved in a mixed solvent ofTHF/water/acetone (18 mL with ration 12/4/4), NMO (264 mg, 

2.2 mmol} and Os04 was added. The mixture was stirred for 16 hs at ambient temperature, 

quenched with 1 M Na2S20 3, then extracted with ethyl acetate. The organic layer was washed 

with water and brine, dried over Na2S04, filtered and concentrated in vacuo. The obtained 

residue was purified by flash chromatography to provide the desired product (480 mg, 61 %). 

5-Cbz-5-aza-spiro[2.4 ]heptane-6-carboxylic acid 2-(7 -bromospirocyclopropane-1 ,9'

fluoren-2-yl)-2-oxo-ethyl ester. Pd(Ph3)4 (67 mg, 0.058 mmol) and PdCh(Ph3)2 (41 mg, 0.058 

mmol) were added to a mixture 2', 7'-dibromospirocyclopropane-1 ,9'-fluorene (670 mg, 1.93 

mmol) and tributyl(1-ethoxyvinyl)tin (0.66 mL, 1.93 mmol) in 20 mL dioxane. The reaction 

mixture was flushed with nitrogen~ heated at 80° C for 16 hours, then cooled to ambient 

temperature. Water (7 mL) and NBS (344 mg, 1.93 mmol) were added and the mixture was 

stirred at room temperature for 40 min, then diluted with ethyl acetate (300 mL). The ethyl 

acetate layer was washed with water and brine, dried over Na2S04, filtered and concentrated in 

vacuo. The obtained residue was suspended in acetonitrile (30 mL). To it was added a solution 

of pyrrolidine-1 ,2-dicarboxylic acid 1-benzyl ester (780 mg, 2.8 mmol) and DIPEA (0.44 mL, 

2.5 mmol) in 5 mL acetonitrile. The mixture was stirred at roorri temperature for 16 hours, 

diluted with ethyl acetate (100 mL). The organic layer was washed with NaHC03 solution and 

water, dried over Na2S04, filtered and concentrated in vacuo. The obtained residue was purified 

by flash chromatography to provide the desired product (825 mg, 73% over two steps). m/z 

585.9, 587.9 (M+Ht. 
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6-(5-(7-Bromospirocyclopropane-1,9'-fluoren-2-yl)-lH-imidazol-2-yl]-S-Cbzl-S-aza

spiro[2.4]heptane. A mixture of 5-Cbz-5-aza-spiro[2.4]heptane-6-carboxylic acid 2-(7-

bromospirocyclopropane-1 ,9'-fluoren-2-yl)-2-oxo-ethyl ester (825 mg, 1.4 mrnol) and 

ammonium acetate (1.5 g, 19.5 mmol) in xylene (15 mL) was heated in a sealed tube at 140° C 

for 1.5 hours under microwave condition. The volatile component was removed in vacuo, and 

the residue was dissolved in ethyl acetate (100 mL), washed with NaHC03 solution, water and 

brine, dried over Na2S04, filtered and concentrated in vacuo. The obtained residue was purified 

by flash chromatography to provide the desired product ( 140 mg, 18% ). rnlz 566.1, 568.1 

(M+Ht. 

2-(2-Boc-2-aza-bicyclo ( 2.2.1) hept-3-yl)-6-{7-(2-(5-Cbz-5-aza-spiro (2.4] hept-6-yi)-3H

imidazol-4-yl]-spirocyclopropane-1,9' -fluoren-2-yl}-1 H-benzoimidazole. Pd(Ph3)4 (14 mg, 

0.012 mmol) and PdCh(Ph3)2 (9 mg, 0.012 mmol) were added to a mixture 6-[5-(7-

bromospirocyclopropane-1 ,9'-fluoren-2-yl)-1 H-imidazol-2-yl]-5-Cbzl-5-aza-spiro[2.4]heptane 

( 140 mg, 0.25 mmol), 3-[ 6-( 4,4,5,5-tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)-1 H-benzoimidazol-2-

yl]-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester ( 120 mg, 0.27 mmol), 2M 

K2C03 (0.5 mL, 1.0 mmol) in I ,2-dimethoxyethane (5 mL). The reaction mixture was flushed 

with nitrogen, heated at 80° C for 16 hours, and then the volatile component was removed in 

vacuo. The residue was dissolved in ethyl acetate (100 mL), washed with NaHC03 solution, 

water and brine, dried over Na2S04, filtered and concentrated in vacuo. The obtained residue 

was purified by flash chromatography to provide the desired product (80 mg, 40%). rnlz 799.3 

(M+Ht. 

(1-{3-(6-(7-{2-(5-(2-Methoxycarbonylamino-3-methyl-butyryl)-S-aza-spiro[2.4)hept-6-yi)-

3H-imidazol-4-yl}-spirocyclopropane-1,9'-fluoren-2-yi)-1H-benzoimidazol-2-yl]-2-aza

bicyclo[2.2.1)heptane-2-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester. To a 

solution of 2-(2-Boc-2-aza-bicyclo[2.2.1 ]hept-3-yl)-6-{ 7 -[2-( 5-Cbz-5-aza-spiro[2.4 ]hept-6-yl)-

3H-imidazol-4-yl]-spirocyclopropane-1 ,9'-fluoren-2-yl}-1 H-benzoimidazole (80 mg, 0.1 mmol) 

in DCM (3 mL) was added HBr (0.8 mL 5.7M in AcOH, excess). The mixture was stirred for 2 

hours at ambient temperature and concentated under reduced pressure. The residue was treated 

with with ether/DCM to give an off-white solid. The obtained product was dissoved in DMF (3 

mL), to the solution was added 2-methoxycarbonylamino-3-methyl-butyric acid (39 mg, 0.22 

mmol), HA TU (95 mg, 0.25 mmol) and N.N-diisopropylethylamine (0.14 mL, 0.80 mmol). The 

mixture was stirred at ambient for 2 hours, and then the volatile component was removed in 

vacuo. The residue was dissolved in ethyl acetate (100 mL), washed with 1 N NaOH solution, 
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water and brine, dried over Na2S04, filtered and concentrated in vacuo. The obtained residue 

was purified by HPLC to provide the desired product as a TFA salt (55 mg, 62%). rnlz 879.4 

(M+H)+. 

ExampleJS 

10. ,0+ B-B 
d 'o 

PdC~ppf, KOAc 

DMSO, 80 "C, 18 h, 60% 

:f~e-Q--0-s ,o+ 
N lj ~ B 

H - 'o 

1. 4 N HCVdioxane, r.t., 2 h 

2. (S)-Moc-Vai-OH, HATU, NMM 
DMF, r.t., 18 h, 2% 

H() 
N...../-N 

Br--\_~ Boc 

Pd(PPhJ)4, 1 M NaHC03 

DME, 90 "C, 18 h, 26% 

2, 7-Bis( 4,4,5,5-tetramethyl-1,3,2-dioxaborolao-2-yl)-10H-phenothiazine: 2, 7 -Dibromo-1 OH

phenothiazine (590 mg, 1.65 mrnol, WuXi AppTec) in DMSO (16 mL) was treated with 

bis(pinacolato)diboron (1.68 g, 6.60 mrnol), KOAc (1.30 g, 13.2 mrnol), and PdChdppf(135 

mg, 0.165 mrnol). The reaction mixture was stirred at 80 oc for 18 h and the mixture was cooled 

and filtered through a CELITE pad. The mixture was diluted with EtOAc (100 mL) and washed 

with H20 (2 50 mL) and saturated NaCl solution (1 50 mL). The solution was dried over 

MgS04 and treated to a 80 g Si02 COMBIFLASH column (0-25% EtOAc-hexanes gradient) to 

afford 2,7-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-10H-phenothiazine (450 mg, 60%): 

HPLC (RP: 6-98% MeCN-H20 gradient [non-polar], 0.05% TFA modifier) IR = 6.821 min 

( -80% purity @ 254 nM). 

(2S,2 'S)-tert-Butyl 2,2 '-( 5,5' -(1 0 H -phenothiazioe-2, 7 -diyl) bis(1 H -imidazole-5,2-

diyl))dipyrrolidioe-1-carboxylate: 2, 7-Bis( 4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)-1 OH

phenothiazine ( 450 mg, 1.00 mrnol) in DME (1 0 mL) was treated with (S)-tert-butyl 2-(5-

bromo-1H-imidazol-2-yl)pyrrolidine-1-carboxylate (662 mg, 2.09 mrnol), 1 M NaHC03 (5 mL, 

5.00 mrnol), and Pd(PPh3) 4 (69 mg, 0.06 mmol). The reaction mixture was stirred at 90 oc for 
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18 h and the mixture was cooled and filtered through a CELITE pad. The mixture was diluted 

with EtOAc (100 mL) and washed with H20 (2 50 mL} and saturated NaCl solution (1 50 

mL). The solution was dried over MgS04 and treated to a 40 g Si02 COMBIFLASH column (0-

100% EtOAc-hexanes gradient, followed by a 0-100% 20o/~rMeOH!EtOAc-hexanes gradient) 

to afford (2S',2'S)-tert-buty1 2,2'-(5,5'-( 1 OH-phenothiazine-2, 7 -diyl)bis( 1 H-imidazole-5,2-

diyl))dipyrrolidine-1-carboxylate (175 mg, 26%): MS (ESI) mlz 670 [M + Ht. 

Dimethyl (2S,2'S)-1,1 '-((2S,2'S)-2,2'-(5,5'-(lOH-phenothiazine-2,7-diyl)bis(lH-imidazole-

5,2-d iyl) )b is(pyrrolid ine-2,1-diyl) )b is(3-methyl-1-oxobutane-2,1-diyl)dicarbama te: (2S ,2' S)

tert-butyl 2,2'-(5,5'-( 1 OH-phenothiazine-2, 7-diyl)bis(l H-imidazole-5,2-diyl))dipyrrolidine-1-

carboxylate (175 mg, 0.26 rrunol) was treated with 4 N HCl (5 mL) and stirred for 2 h. The 

reaction mixture was concentrated and the mixture was suspended in DMF (5.5 mL) and treated 

with (S)-Moc-V al-OH (96 mg, 0.55 rrunol), HA TU (219 mg, 0.57 rrunol), and 4-

methylmorpholine (143 JlL, 1.31 rruno1; or until basic). The stirred for 18 h then diluted with 

EtOAc (100 mL) and washed with saturated NaHC03 solution (2 50 mL), H 20 (2 50 mL), 

and saturated NaCl solution (1 50 mL). The solution was dried over MgSO 4 and treated to a 40 

g Si02 COMBIFLASH column (0-1 00% EtOAc-hexanes gradient, followed by a 0-100% 

20o/~rMeOH!EtOAc-hexanes gradient) and RP HPLC (6-98% MeCN-H20 gradient, 0.1% TFA 

modifier). Finally, the material was subjected to a 20 20 preparative TLC (10% MeOH

EtOAc) to afford dimethyl (2S,2'S)-1,1'-((2S,2'S)-2,2'-(5,5'-(1 OH-phenothiazine-2,7-diyl)bis(IH

imidazole-5,2-diyl))bis(pyrrolidine-2,1-diyl))bis(3-methyl-1-oxobutane-2, 1-diyl)dicarbamate 

(3.6 mg, 2%): MS (ESI) mlz 784 [M + Ht. 
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ExampleJT 

if.~~l-+N ~N.~ of-
H H 

+ 

3-{6-[4-(4,4,5,5-Tlllramelhyl-{1 ,3,2)dioxaborolan-2-yl}
phenyl)-1 H-imidazol-2-yl}-2-aza..blcydc(2.2 .1 ]heptan&-2· 

cartmylie acid lett-butyl ester 

(1-{6-[5-(6-Bromo-naphlhalen-2-yl}-1 H-lmidazol-2-yi}-S. 
aza.spiro(2.4)heplane-5-carbonyl}-2-melhyl-propyl}

carbamic acid methyl ester 

-o H ;f{ 
0);-N\_ 1fJ N~H H 

.'\ Ll~ ~ 11 - N N, \ YNH -~ ~ II ~ ~ Boc 

3-{5-f4-(6-[2-i5-(2-Methoxycarbonytamlno-3-melhyl-bu1yry1)-5-aaplto[2.4)11epl-6-yi}-3H
imldazol-4-yl}-naphlhalef>.2-yl}-phenyiJ-1H-inidazoi-2-yiJ-2-&ZHICyclol2.2.1)heplan&-2· 

carboxyliC acid 18tHutyl ester 

-o H ;{.! 
0}-\_ 1fJ N~tj H 

,.'\ II~ ~ 11 - N N ,• 
\ N-("N, _ ~ ~ II ~ ~ L ... 

(_ j H r:f ',-1(0 .::r H o-
1 1·(6-[S.(6-(4-i2-i2-(2-Melhoxycarbonytamlno-propionyl)-2-aza..blcydo(2.2.1 ]hep1-3-yi)-
3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl}-1 H-inidazo~2-yi}-S.aza..spt-o[2 .4)heplan&-

5-catbonyl}-2-melhyl-propyl}-cartamlc acid methyl ester 

1) HCI, Dioxanes 
2) HATU, NMM, DMF 

'iijl 
_.,.OI(N: OH 

0 = 

2-Me1hoxycarbonylamino
propionie acid 

Pd(PPh3)4 
NaHC03 
DME,~O 
80'C 

[1-(6-{5-[6-(4-{2-[2-(2-Metboxycarbonylamino-propionyl)-2-aza-bicyclo[2.2.1)bept-3-yi]-

3H-imidazol-4-yl}-pbenyl)-napbtbalen-2-yi]-1H-imidazol-2-yl}-5-aza-spiro(2.4]beptane-5-

carbonyl)-2-metbyl-propyl]-carbamic acid methyl ester: A solution of(1-{6-[5-(6-bromo

naphthalen-2-yl)-1 H -imidazol-2-yl]-5-aza-spiro[2 .4 ]heptane-5-carbonyl} -2-methyl-propyl)

carbamic acid methyl ester (1.00 g, 1.9 mmol), 3-{5-[4-(4,4,5,5-tetramethyl-

[ 1 ,3,2]dioxaborolan-2-yl)-phenyl]-I H-imidazol-2-yl} -2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic 

acid tert-butyl ester (1.31 g, 2.8 mmol) and aq NaHC03 (7.6 mL of a 1M solution, 7.6 mmol) in 

DME (20 mL) was degassed with N2 gas for 20 minutes. To the degassed solution was added 

Pd(PPh3)4 (110 mg, 0.095 mmol) and then the reaction was heated to 80° C overnight. After 

cooling to room temperature, the solvent was removed under reduced pressure and the resulting 

residue was dissolved in ethyl acetate. The organic phase was washed with H20 and then brine 

then dried over sodiwn sulfate. After filtration the solvent was removed from the filtrate under 

reduced pressure. The crude material was purified by silica gel chromatography (70-1 00% 

EtOAc/Hexanes) to afford 3-{5-[4-(6-{2-[5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza

spiro[2.4 ]hept-6-yl]-JH-imidazol-4-yl }-naphthalen-2-yl)-phenyl]-1 H -imidazol-2-yl} -2-aza

bicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester (835 mg, 1.07 mmol, 56% yield). 

LCMS-ESI+: calc'd for C46Hs4N70s: 784.4 (M+H}; Found: 784.8 (M+H+). 
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( 1-(6-{5-[ 6-( 4-{2-[2-(2-Methoxycarbooylamino-propiooyl)-2-aza-bicyclo [2.2.1] hept-3-yi)-

3H -imidazol-4-y 1}-phenyl)-naph th alen-2-y I] -1 H-imid azol-2-y I }-5-aza-spiro [2.4) heptane-5-

carbonyl)-2-methyl-propyl)-carbamic acid methyl ester: To 3-{5-[4-(6-{2-[5-(2-

methoxycarbonylamino-3 -methy 1-butyry I)-5 -aza-spiro [2. 4 ]hept -6-yl]-3 H-imidazo 1-4-y I} -

naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl} -2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert

butyl ester (46 mg, 0.059 mmol) in dioxanes (2 mL) and MeOH (0.5 mL) was added 4N HCI in 

dioxanes (160 fJL). The suspension was stirred for 2 h then concentrated to afford the HCI salt 

of the crude amine. To the crude amine in DMF (1 mL) was added N-methylmorpholine (19.5 

fJL, 0.18 mmol), 2-methoxycarbonylamino-propionic acid (13 mg, 0.089 mmol) and HA TU (25 

mg, 0.065 mmol). After stirring for overnight the reaction was quenched with formic acid then 

purified by reverse phase preparative HPLC (5-45% MeCN-H20; 0.1% formic acid modifier) to 

afford the title product (26 mg, 0.032 mmol, 54% yield). LCMS-ESI+: calc'd for C46H53N80 6: 

813.4 (M+Ir); Found: 813.4 (M+H+). 

ExampleJU 

-q H ft_ ~N, 0 H H 0 \__ Ji NiCO--o-{' .{\ 11 ~ n ~ - N ~ 
"--\ N~~ ~ n ~ IN Boc \ K H -

3-{5-{4-(6-{2·[~(2-Methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4]hept-6-yl)-3H
imidazol-4-yl}-naphthalen-2-yl)-phenyl)-1 H-imidazol-2-yl}-2-aza-bicydo[2.2 .1 )heptane-2-

carboxylic acid tert-butyl ester 

-o H :R jrN~ J> NiCO--o-{t'! H 0-, .. ·~JN ~ n ~ - N I N .... -1 "K· . _ ~n ~N H o ~ H 0 ,N-{ 

H o
[1-{6-{5-{6-(4-(2-[2-(4-Methoxy-2-methoxycaroonylamino-butyryl)-2-aza

bicydo[2.2.1 ]hept-3-yl}-3H-imidazol-4-yl}-phenyl)-naphthalen-2-y~-1 H-imidazol-2-yl}-~ 
aza-spiro[2.4)heptane-5-carbonyl)-2-methyl-propyl}-carbamic acid methyl ester 

1) HCI, Dioxanes 
2) HATU, NMM, DMF 

4-Methoxy-2-
methoxycarbonylamino

butyric acid 

[ 1-(6-{5-[ 6-( 4-{2-[2-( 4-Methoxy-2-methoxycarbonylamino-butyryl)-2-aza

bicyclo(2.2.1]hept-3-yi]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yi)-1H-imidazol-2-yl}-5-

aza-spiro[2.4]heptane-5-carbooyl)-2-methyl-propyl]-carbamic acid methyl ester: To 3-{5-

[ 4-( 6-{ 2-[ 5-(2-methoxycarbonylamino-3-methy )-butyryl)-5-aza-spiro [2. 4 ]hept-6-y I]-3 H

imidazol-4-yl }-naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl }-2-aza-bicyclo(2.2.1 ]heptane-2-

carboxylic acid tert-butyi ester (46 mg, 0.059 mmol) in dioxanes (2 mL) and MeOH (0.5 mL) 

was added 4N HCI in dioxanes (160 f.!L). The suspension was stirred for 2 h then concentrated 

to afford the HCI salt of the crude amine. To the crude amine in DMF (1 mL) was added N-
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methylmorpholine (19.5 JJL, 0.18 mmol), 4-methoxy-2-methoxycarbonylamino-butyric acid (17 

mg, 0.089 mmol) and HA TU (25 mg, 0.065 mmol). After stirring for overnight the reaction was 

quenched with formic acid then purified by reverse phase preparative HPLC (5-45% MeCN

H20; 0.1% formic acid modifier) to afford the title product (40 mg, 0.047 mmol, 79% yield). 

LCMS-ESI+: calc'd for C48H57N80 7: 857.4 (M+H+); Found: 857.4 (M+H). 

ExampleJV 

BocN_JC)---{h ~ "N.;f.( )--
_'N:._.~Nho 
= H 0 ~~ 

H o-
6-{5-{6-(4-{2-(2-(2-Methoxycarbonylamino-3-methyl4>utyryl)-2-aza

bicyclo[2.2. 1 )hept-3-yi]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1 H-imidazol-2-
yl}-5-aza-spiro[2.4)heptane-5--carboxylic acid tert-butyl ester 

-o H · .;f.( 
J-ti\__ JP N~li H 

,---~_JLN ~ # ~ - N I N )-

1) HCI, Dioxanes 
2) HATU, NMM, DMF 

~ 0 
_,..OI(N00H 

0 " 
2-Methoxycarbonylamino-

butyric acid 

\~- \ - ~A ~N H 0 
= H 0 ~~ 

H o-
11-(3-{5-{4-{6-{2-(5-(2-Methoxycarbonylamino-butyryl)-5-aza-spiro[2.4Jhept-O-yiJ-3H

imidazol-4-yl}-naphthalen-2-yl)-phenyl)-1 H-imidazol-2-yl}-2-aza-bicyclo[2.2.1 )heptane-2-
carbonyl)-2-methyl-propyl}-carbamic acid methyl ester 

[1-(3-{5-[4-(6-{2-[5-(2-Methoxycarbonylamino-butyryl)-5-aza-spiro[2.4]bept-6-yl]-3H

imidazol-4-yl}-napbtbalen-2-y 1)-pbeny l] -1 H-imidazol-2-yl}-2-aza-bicyclo (2.2.1] beptane-2-

carbonyl)-2-metbyl-propyl]-carbamic acid methyl ester: To 6-{5-[6-(4-{2-[2-(2-

methoxycarbonylamino-3-methyl-butyryl}-2-aza-bicyclo[2.2.1 ]hept-3-y I ]-3 H-imidazol-4-yl}

phenyl)-naphthalen-2-yl]-1 H-imidazol-2-yl }-5-aza-spiro[2.4]heptane-5-carboxylic acid tert

butyl ester (50 mg, 0.064 mmol) in dioxanes (2 mL) and MeOH (0.5 mL) was added 4N HCI in 

dioxanes (160 J.1L). The suspension was stirred for 2 h then concentrated to afford the HCI salt 

of the crude amine. To the crude amine in DMF (1 mL) was added N-methylmorpholine (21 J.1L, 

0.19 mmol), 2-methoxycarbonylamino-butyric acid (16 mg, 0.096 mmol) and HATU (27 mg, 

0.070 mmol). After stirring for overnight the reaction was quenched with formic acid then 

purified by reverse phase preparative HPLC (5-45% MeCN-H20; 0.1% formic acid modifier) to 

afford the title product (30 mg, 0.036 mmol, 57% yield). LCMS-ESt: calc'd for C41HssNs06: 

827.4 (M+W); Found: 827.4 (M+H). 
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ExampleJW 

3-{5-[4-(6-{2-[5-(2-Methoxycarbonylamino-3-methyl-butyry1)-5-aza-spiro[2.4]hept-6-yi]-3H
imldazol4yl}-naphthalen-2-yl)-phenyl]-1 H-imldazo 1-2 -yl}-2-aza-bicyclo[2. 2.1]heptane-2-

carboxylic acid tert-butyl ester 

-o H f:( 
jr-r-i\._;P N~· H 
-{~__)L: ~ n ~ - N I N\.__ .• ---

\ . • _ ~ fl ~ N ((\ 0 
: H 0 ~~ 

H o-
1 1-(6-{5-[6-( 4-(2 -[2-(2-Methoxycarbonylamino-butyryl)-2 -aza-bicyclo£2. 2 .1]hept-

3-yi}-3H-imid azol-4-yl]-phenyl)-naphthalen-2-yl]-1 fHmldazol-2-yl]-5-aza
spiro[2.4)heptane-5-carbonyQ-2-methyl-propyl]-carbamic acid methyl ester 

PCT /US201 0/034600 

1) HCI, Dioxanes 
2) HATU, NMM, DMF 

~ 0 

_.....OI(N~OH 
0 -..... 

2-Methoxycarbonylamino
butyric acid 

(1-( 6-{5-[6-( 4-{2-[2-(2-Metboxycarbonylamino-butyryl)-2-aza-bicyclo(2.2.1 )hept-3-yl]-3H

imidazol-4-yl}-phenyl)-naphthalen-2-yl)-1 H-imidazol-2-yl}-5-aza-spiro[2.4) heptane-5-

carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: To 3-{5-[4-(6-{2-[5-(2-

methoxycarbony lamino-3 -methy 1-butyry 1 )-5-aza-spiro [2. 4 ]hept -6-y 1]-3 H-imidazo1-4-y 1}

naphtha1en-2-y1)-pheny1]-1 H-imidazo1-2-y1} -2-aza-bicyclo[2.2.1 ]heptane-2-carboxy1ic acid tert

butyl ester (60 mg, 0.077 mmol) in dioxanes (2 mL) and MeOH (0.5 mL) was added 4N HCl in 

dioxanes (160 ~L). The suspension was stirred for 2 h then concentrated to afford the HCI salt 

of the crude amine. To the crude amine in DMF (1 mL) was added N-methylmorpholine (34 ~L. 

0.31 mmol), 2-methoxycarbonylamino-butyric acid (19 mg, 0.11 mmol) and HATU (35 mg, 

0.09 mmol). After stirring for overnight the reaction was quenched with formic acid then 

purified by reverse phase preparative HPLC (5-45% MeCN-H20; 0.1% formic acid modifier) to 

afford the title product (51 mg, 0.062 mmol, 80% yield). LCMS-ESI+: calc'd for C47H55N80 6: 

827.4 {M+H); Found: 827.4 (M+H). 
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ExampleJX 

-o H ft.. }--ti 0 - H H 
0 \__/} N~· ,.-·\ II ~ !J ~ - N "! \ y·.. - " b ' ~ Boo 

3-{5-(4-(6-{2-(5-(2-Methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4)hept-6-yi)-3H
imidazol-4-yl}-naphthalen-2-yl)-phenyl)-1 H-imidazol-2-yl)-2-aza-bicyclo(2.2.1 )heplane-2-

carboxylic acid lett-butyl ester 

-o H :/1 
o}--N\__ ;}J N~l-! H 

/~_/LN ~ !J ~ - N I N .>L-\¥.' -~A~Nho 
: H 0 ,N-f 

H o
[1-{3-{5-!4-{6-{2-(5-(2-Methoxycarbonylamino-3-melhyl-butyryl)-5-aza-spiro[2.4Jhept-6-

yi)-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl)-1 H-imidazol-2-yl)-2-aza
bicyclo[2.2.1)heptane-2-carbonyl)-2,2-<limethyl-propyl)-carbamlc acid methyl ester 

PCT /US201 0/034600 

1) HCI, Dioxanes 
2) HATU, NMM, DMF 

~ 0 _....OnNYloH 
0-1---

2-Methoxycarbonylamino-3,3-
dimethyl-butyric acid 

[1-(3-{5-[4-(6-{2-[5-(2-Metbo:xycarbonylamino-3-metbyl-butyryl)-5-aza-spiro[2.4)bept-6-

yl]-3H-imidazol-4-yl}-napbtbalen-2-yl)-pbenyl)-1H-imidazol-2-yl}-2-aza

bicyclo[2.2.1]beptane-2-carbonyl)-2,2-dimetbyl-propyl)-carbamic acid methyl ester: To 3-

{ 5-[ 4-( 6-{ 2-[ 5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4 ]hept-6-yl ]-3 H

imidazol-4-yl} -naphthalen-2-yl)-phenyl]-1 H-imidazol-2-yl }-2-aza-bicyclo[2.2.1 ]heptane-2-

carboxylic acid tert-butyl ester (60 mg, 0.077 mmol) in dioxanes (2 mL) and MeOH (0.5 mL) 

was added 4N HCl in dioxanes (160 ~L). The suspension was stirred overnight then 

concentrated to afford the HCI salt of the crude amine. To the crude amine in DMF (1 mL) was 

added N-methylmorpholine (25 ~L, 0.23 mmol}, 2-methoxycarbonylamino-3,3-dimethyl-butyric 

acid (22 mg, 0.12 mmol) and HA TU (35 mg, 0.092 mmol). After stirring for overnight the 

reaction was quenched with formic acid then purified by reverse phase preparative HPLC (5-

45% MeCN-H20; 0.1% formic acid modifier) to afford the title product ( 42 mg, 0.049 mmol, 

57% yield). LCMS-ESI+: calc'd for C49Hs9Ns06: 855.5 (M+Hl; Found: 855.5 (M+H\ 
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ExampleJY 

-o H p_ }-No _ HH 
0 \__/} N~• .{\ 11 ~ b ~ - N f'! \ ¥NH - ~ A ~ ~ Boc 

3-{5-{4-(6-{2-(5-(2-Methoxycarbonylamino-3-melhyl-butyryt)-5-aza-spiro(2.4)hept-6-yi)-3H
imidazol-4-yl)-naphthalen-2-yl)-phenyl)-1 H-imidazol-2-yl)-2-aza-bicyclo{2. 2. 1 )heptane-2-

carboxylic acid left-butyl ester 

-o H :f.! 
0}-N\___p N~~ H ~~ 

,·.-~_)LN ~ b ~ - N I N -
\~. • _ ~b ~N 0 

: H 0 ~~ 
H o

(1-(6-{S-(6-(4-(2-[2-(2-Melhoxycarbonylamino-2-phenyl-acetyl)-2-aza
bicydo[2.2. 1 )hept-3-yl)-3H-imidazol-4-yl)-phenyl)-naphthalen-2-yl)-1 H-imidazol-2-yl)-5-

aza-spiro[2.4)heptane-5-carbonyl)-2-methyl-propyq-carbamic acid methyl ester 

PCT /US201 0/034600 

1) HCI. Dioxanes 
2) HATU. NMM. DMF 

ljl 0 ,..o[(60H 
0 ~ 
~ I Methoxycarbonylamino

phenyl-acatic acid 

[l-(6-{5-[6-(4-{2-[2-(2-Metboxycarbonylamino-2-pbenyl-acetyl)-2-aza-bicyclo[2.2.1)bept-3-

yl)-3H-imidazol-4-yl}-pbenyl)-napbtbalen-2-yl)-lH-imidazol-2-yl}-5-aza-spiro(2.4)beptane-

5-carbonyl)-2-metbyl-propyl]-carbamic add methyl ester: To 3-{5-[4-(6-{2-[5-(2-

methoxycarbony I amino-3-methy }-butyryl)-5-aza-spiro[2. 4 ]hept -6-yl]-3 H-imidazol-4-yl}

naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-2-aza-bicyclo[2.2.1 ]heptane-2-carboxylic acid tert

butyl ester (60 mg, 0.077 mmol) in dioxanes (2 mL) and MeOH (0.5 mL) was added 4N HCI in 

dioxanes (160 J.!L). The suspension was stirred for 6 h then concentrated to afford the HCl salt 

of the crude amine. To the crude amine in DMF (1 mL) was added N-methylmorpholine (25 J.!L, 

0.23 mmol), methoxycarbonylamino-phenyl-acetic acid (22 mg, 0.12 mmol) and HATU (35 mg, 

0.092 mmol). After stirring for overnight the reaction was quenched with formic acid then 

purified by reverse phase preparative HPLC (5-45% MeCN-H20; 0.1% formic acid modifier) to 

afford the different diastereomers of the title product (Diastereomer 1: 24 mg, 0.027 mmol, 36% 

yield; Diastereomer 2: 17 mg, 0.019 mmol, 22% yield). LCMS-ESI+: calc'd for C51 H55N80 6: 

875.4 (M+H); Found: 875.5 (M+H). 
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ExampleJZ 

H H_py 
NJ{-{_ )--
~ N n o 

0 ,N-f 
H 0-

6-{5-[6-{4-{2-[2-{2-Methoxycarbonylamino-~methyl-butyryl)-2-aza
bicydo[2.2.1]hept-~yi)-3H-imidazol-4-yl)-phenyl)-naphthalen-2-yq-1 H-imidazol-2-

yl)-5-aza-spiro[2.4]heptane-5-<:arboxylic acid tert-butyl ester 

H H_py 
NJ{-{_}-

PCT /US201 0/034600 

1) HCI, Dioxanes 
2) HATU, NMM, DMF 

~ 0 ,......oy6oH 
0 ~ 

~I 
Methoxycarbonylamino

phenyl-acetic acid 

~ N (r\ 0 
0 ,N-f 

H 0-
(1-(3-{5-[4-{6-{2-[5-{2-Methoxycarbonylamino-2-phenyl-acetyl)-5-aza-spiro[2.4)hept-6-

yi)-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl)-1 H-imidazol-2-yl}-2-aza
bicydo(2.2.1)heptane-2-carbonyl)-2-methyl-propyl)-carbamic acid methyl ester 

[l-(3-{5-[4-(6-{2-[5-(2-Metboxycarbonylamino-2-pbenyl-acetyl)-5-aza-spiro(2.4]bept-6-yl]-

3H-imidazol-4-yl}-napbtbalen-2-yl)-pbenyl]-lH-imidazol-2-yl}-2-aza

bicyclo[2.2.l]beptane-2-carbonyl)-2-metbyl-propyl]-carbamic acid methyl ester: To 6-{5-

[ 6-( 4-{ 2-[2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza-bicyclo[2.2.1 ]hept-3-y I]-3H

imidazol-4-yl} -phenyl)-naphthalen-2-yl]-1 H-imidazol-2-yl} -5-aza-spiro[2.4 ]heptane-5-

carboxylic acid tert-butyl ester (60 mg, 0.077 mrnol) in dioxanes (2 mL) and MeOH (0.5 mL) 

was added 4N HCI in dioxanes (160 J..LL). The suspension was stirred for 6 h then concentrated 

to afford the HCI salt of the crude amine. To the crude amine in DMF (1 mL) was added N

methylmorpholine (25 J..LL, 0.23 mrnol), methoxycarbonylamino-phenyl-acetic acid (22 mg, 0.12 

mrnol) and HATU (35 mg, 0.092 mrnol). After stirring for overnight the reaction was quenched 

with formic acid then purified by reverse phase preparative HPLC (5-45% MeCN-H20; 0.1% 

formic acid modifier) to afford the title product as a diastereometric mixture (30 mg, 0.035 

mrnol, 39% yield). LCMS-ESt: calc'd for CstHssNs06: 875.4 (M+H); Found: 875.6 (M+W). 
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ExampleKA 

-o H 

)-ti\__ ;P N _,., J- ~ 

\ (J NH 

Hf) 
N-/-N 
~ ~ Soc 

2-{5-[4-(6-{2-{1-(2-Methoxycarbonylamino-3-methyl-butyryl)
pyrrolidin-2-yi]-3H-imidazol-4-y1}-naphthalen-2-yl)-phenyQ-1H-

imidazol-2-yl}-pyrrolidine-1-carboxylic acid tert-butyl ester 

t1 ()~~ N.._J'"-N -

~ ~ 
0 0 

H' 

[1-(2-{5-[6-(4-{2-[1-(2-Hydroxy-2-phenyl-acetyl)-pyrrolidin-2-yi]-3H
imidazol-4-yl}-pheny~-naphthalen-2-yl]-1 H-imidazol-2-yl}-pyrrolidine-1-

carbonyl)-2-methyl-propyQ-carbamic acid methyl ester 

PCT /US201 0/034600 

1) HCI, Dioxanes 
2) HATU, NMM, DMF 

60H 
Hydroxy-phenyl-acetic acid 

[ 1-(2-{5-[ 6-( 4-{2-[1-(2-Hydroxy-2-phenyl-acetyl)-pyrrolidin-2-yl]-3H -i.midazol-4-yl}

phenyl)-naphthalen-2-yl)-1 H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]

carbamic acid methyl ester: To 2-{5-[4-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-

butyryl )-pyrrolidin-2-yl]-3H -imidazol-4-yl} -naphthalen-2-yl)-phenyl ]-1 H -imidazol-2-yl}

pyrrolidine-1-carboxylic acid tert-butyl ester (40 mg, 0.055 mmol) in MeOH (1 mL) was added 

4N HCI in dioxanes (160 J..LL). The reaction was stirred overnight then concentrated to afford the 

HCl salt ofthe crude amine. To the crude amine in DMF (1 mL) was added N

methylmorpholine (100 J..LL), hydroxy-phenyl-acetic acid (21 mg, 0.083 mmol) and HATU (35 

mg, 0.092 mmol). After stirring overnight the reaction was quenched with formic acid then 

purified by reverse phase preparative HPLC (1 0-40% MeCN-H20; 0.1% formic acid modifier) 

to afford the title compound (32 mg, 0.042 mmol, 76% yield). LCMS-ESt: calc'd for 

C4sH4sN10s: 766.4 (M+W); Found: 766.4 (M+H). 
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ExampleKB 

-o H 

o}-N\_ ;}J N __ .. , _)l ~ 
\0 NH 

Hf) 
N-./-N 
~ ~ Boc 

2-{5-(4-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)
pyrrolidin-2-yij-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyi]-1H-

imidazol-2-yl}-pyrrolidine-1-carboxylic acid tert-butyl ester 

ti 0?-P~ N-._/'-N -

~ ~ 
0 0 

I 

[1-(2-{5-[6-(4-{2-(1-(2-Methoxy-2-phenyl-acetyl)-pyrrolidin-2-y~-3H
imidazol-4-yl}-phenyl)-naphthalen-2-yl)-1 H-imidazol-2-yl}-pyrrolidine-

1-carbonyl)-2-methyl-propyl)-carbamic acid methyl ester 

PCT /US201 0/034600 

1) HCI, Dioxanes 
2) EEDO, DMF 

~OH 
Methoxy-phenyl-acetic acid 

[l-(2-{S-[6-(4-{2-[l-(2-Metboxy-2-pbenyl-acetyl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}

pbenyl)-napbthalen-2-yl]-l H-imidazol-2-yl}-pyrrolidine-l-carbonyl)-2-metbyl-propyl]

carbamic acid methyl ester: To 2-{5-[4-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl

butyryl)-pyrrolidin-2-yl]-3 H-imidazol-4-yl} -naphthalen-2-yl )-phenyl]-1 H -imidazol-2-yl}

pyrrolidine-1-carboxylic acid tert-butyi ester (40 mg, 0.055 mmol) in MeOH (1 mL) was added 

4N HCl in dioxanes (160 JJL). The reaction was stirred overnight then concentrated to afford the 

HCl salt of the crude amine. To the crude amine in CH2Ch and DMF (1 ml of 4:1 solution) was 

added (R)-methoxy-phenyl-acetic acid (13.7 mg, 0.083 mmol) and 2-ethoxy-1-ethoxycarbonyl-

1 ,2-dihydroquinoline (17 mg, 0.069 mmol). After stirring ov:emight the reaction was 

concentrated then purified by reverse phase preparative HPLC (1 0-40% MeCN-H20; 0.1% 

formic acid modifier) to afford the title compound (13.1 mg, 0.017 mmol, 31% yield). LCMS

ES:r+: calc'd for C4~soN10s: 780.4 (M+W); Found: 780.4 (M+W). 
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Example KC 

6H-Oibenzo[c,h]chromene-2,8-diol Trifluoro-methanesulfonic acid 8-trifluoromethanesulfonyloxy
SH-dibenzo[c,h]chromen-2-yl ester 

H() 
N-../-N 

Br~~ 'soc 
2-(5-Bromo-1 H-imidazol-2-yl)-pyrrolidine-1-

carboxylic acid tett-butyl ester 

l Bis(pinacolato)diboron 
PdCizdppf, Et3N, 
1 ,4-0ioxanes 

Pd(0Ac)2 , j 
PPh3, 
NaHC03 , 
DME, H20 

2,8-Bis-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-
2-yi)-6H-dibenzo(c,h)chromene 

ao·c 

(1-{2-{5-(2-{2-[1-(carboxylic acid lett-butyl ester)-pyrrolidin-2-
yi}-3H-imidazol-4-yi}-6H-dibenzo( c,h)chromen-8-yl)-1 H

imidazol-2-yl)-pyrrolidine-1-carboxylic acid lett-butyl ester 

-o H 

1) HCI, Oloxanes 
2) HATU, NMM, DMF 

~ 0 

,....onN0oH 
0 /--..... 
2-Methoxycarbonytamino-3-

methyl-butyric acid 

0);--N~ /? N~~ () 
/\ II ~ ~ !J - N~N \_ 

---.; N~~ ~ ~ /. ~ II \___ .-' \ V H - " rr N d~--{0 
H 0-

( 1-{2-{5-(2-{2-{ 1-(2-Methoxycarbonytamino-3-methyl-butyryt)-pyrrolidin-2-
yi)-3H-imidazol-4-yi)-6H-dibenzo(c,h]chromen-8-yl)-1 H-imidazol-2-yl]
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 

Trifluoro-metbanesulfonic acid 8-trifluorometbanesulfonyloxy-6H-dibenzo[c,b)cbromen-2-

yl ester: To a suspension of6H-Dibenzo[c,h]chromene-2,8-diol (3.46 g, 13.1 mmol) in CH2Ch 

at o·c was added pyridine (2.65 mL, 32.8 mmol) followed by triflic anhydride (4.85 mL, 28.8 

mmol). The reaction was allowed to warm to room temperature then poured into H20, The 

organic phase was collected then washed with 1 N HCI and Brine. After concentration, the crude 

material was recrystallized from CH2Ch/Hexanes to afford the title compound (4.07 g, 7.70 

mmol, 59% yield). 1H NMR (CDCh, 400 MHz): ~ 8.35 (d, 1H), 7.88 (d, 1H), 7.79 (d, lH), 

7.71 (d, 1H), 7.57 (d, 1H), 7.40 (dd, lH), 7.34 (dd, 1H), 7.18 (s, 1H), 5.34 (s, 2H). 

2,8-Bis-(4,4,5,5-tetramethyl-[1,3,2)dioxaborolan-2-yi)-6H-dibenzo[c,b]chromene: A 

solution ofTrifluoro-methanesulfonic acid 8-trifluoromethanesulfonyloxy-6H

dibenzo[c,h]chromen-2-yl ester (1.00 g, 1.9 mmo1), bis(pinacolato)diboron (1.44 g, 5.7 mmol) 
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and triethylamine (1.32 mL, 9.5 mmol) in 1,4-Dioxanes (20 mL) was degassed with Argron gas 

for 20 minutes. To the degassed solution was added PdC)zdppf (139 mg, 0.19 mmol) and then 

the reaction was heated to 90° C overnight. Reaction stalled at approximately 60% conversion 

so additional PdC)zdppf(139 mg, 0.19 mmol) and bis(pinacolato)diboron (0.500 g, 1.97 mmol) 

was added and reaction stirred for 3 h. After cooling to room temperature, the crude material 

was preabsorbed onto silica then purified by silica gel chromatography (25-50% 

CH2C)z/Hexanes) to afford the title compound [1.106 g, >100% yield due to some 

bis(pinacolato)diboron impurity]. LCMS-ESt: calc'd for C29H3sB20s: 485.3 (M+H}; Found: 

485.3 (M+W). 1H NMR (CDCh, 400 MHz): o 8.28 (s, 1H), 8.21 (d, 1H), 7.84-7.81 (m, 3H), 

7.72 (d, 1H), 7.64 (s, IH), 7.55 (d, IH), 5.31 (s, 2H), 1.38 (s, 12H), 1.35 (s, 12H). 

(1-{2-[ 5-(2-{2-[ 1-( carboxylic acid tert-butyl ester)-pyrrolidin-2-yl)-3H -imidazol-4-yl}-6H

dibenzo [ c,h )cbromen-8-yl)-1H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl 

ester: A solution of2,8-bis-( 4,4,5,5-tetramethyl-[ 1 ,3,2]dioxaborolan-2-yl)-6H

dibenzo[c,h]chromene (500 mg, 1.03 mmol), 2-(5-bromo-1H-imidazol-2-yl)-pyrrolidine-1-

carboxylic acid tert-butyl ester (979 mg, 3.09 mmol) and NaHC03 (3.8 ml of IN solution, 3.8 

mmol) in DME (10 mL) and DMF (3 mL) was degassed with Argron gas for 20 minutes. To the 

degassed solution was added Pd(0Ac)2(22 mg, 0.098 mmol) and PPh3 (52 mg, 0.19 mmol) and 

then the reaction was heated to 90° C overnight. After cooling to room temperature, the reaction 

was poured into H20 then extracted with EtOAc. The organic phase was then washed with 

Brine. Purification of the crude material by silica gel chromatography (50-I 00% 

EtOAc/Hexanes) afforded the title compound [250 mg, 0.35 mmol, 35% yield). LCMS-ESt: 

calc'd for C41-H.t7N60s: 703.4 (M+H}; Found: 703.2 (M+H+). 

(1-{2-[5-(2-{2-[1-(2-Methoxycarbonylamino-3-metbyl-butyryl)-pyrrolidin-2-yl)-3H

imidazol-4-yl}-6H -dibenzo [ c,b] cbromen-8-yl)-1 H -imidazol-2-yl]-pyrrolidine-1-carbony I }-2-

methyl-propyl)-carbamic acid methyl ester: To (1-{2-[5-(2-{2-[1-(carboxylic acid tert-butyl 

ester)-pyrrolidin-2-yl]-3 H-imidazol-4-yl} -6H -dibenzo[ c,h ]chromen-8-yl)-1 H-imidazol-2-yl]

pyrrolidine--1-carboxylic acid tert-butyl ester (70 mg, 0.10 mmol) in MeOH (0.5 rnL) was 

added 4N HCl in dioxanes (1 mL). The reaction was stirred overnight then concentrated to 

afford the HCl salt of the crude amine. To the crude amine in DMF (1 mL) was added N

methylmorpholine (44J.1L, 0.40 mmol), HATU (46 mg, 0.12 mmol) and 2-

methoxycarbonylamino-3-methyl-butyric acid (26 mg, 0.15 mmol). After stirring for 3h the 

reaction was quenched with formic acid then purified by reverse phase preparative HPLC (1 0-
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40% MeCN-H20; 0.1% formic acid modifier) to afford the title compound (27 mg, 0.033 mmol, 

33% yield). LCMS-ESI+: calc'd for C45H53Ns01: 817.4 (M+H+); Found: 817.4 (M+H). 

ExampleKD 

Boq ~ ~ 
N.._....;-N 
(JH 

H() 
N-/-N 
~ ~ Boc 

1) HCI, Dioxanes 
2) HATU, NMM, DMF 

~ 0 

(1-{2-(5-(2-{2-(1-(carboxylic acid tert-butyl ester)-pyrrolidin-2-
yi)-3H-imidazol-4-yi}-6H-dibenzo( c,h)chromen-8-yl)-1 H

imidazol-2-yl]-pyrrolidine--1-carboxylic acid tert-butyl ester 

......-
0y6oH 

0 ~ 
~I 

Methoxycarbonylamino
phenyl-acetic acid 

-o H 

CJ1
}-N' 0 N 

11 ~ 
- N.._....;-N 

~ ;; V H 

t-t n~~ NjfN -

~ N 0 
0 ,N--f 

H o
(2-{2-[5-(2-{2-11-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-yiJ-

3H-imidazol-4-yi}-6H-dibenzo[c,h)chromen-8-yi)-1H-imidazol-2-yl]
pyrrolidin-1-yl}-2-oxo-1-phenyl-ethyl)-carbamic acid methyl ester 

(2-{2-(5-(2-{2-(1-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-yi]-3H-imidazol-

4-yi}-6H-dibenzo ( c,b ]cbromen-8-yl)-lH-imidazol-2-yl]-pyrrolidin-1-yl}-2-oxo-1-pbenyl

ethyl)-carbamic acid methyl ester: To (1-{2-[5-(2-{2-[1-(carboxylic acid tert-butyl ester)

pyrrolidin-2-yl]-3 H -imidazol-4-yl} -6H -dibenzo[ c,h ]chromen-8-yl)-1 H -imidazol-2-yl]

pyrrolidine--1-carboxylic acid tert-butyl ester (60 mg, 0.85 mmol) in MeOH (0.5 mL) was 

added 4N HCl in dioxanes (0.5 mL). The reaction was stirred for 4h then concentrated to afford 

the HCl saJt of the crude amine. To the crude amine in CH2Ch (I mL) was added K3P04 (90 

mg, 0.42 mmol), HA TU (80 mg, 0.21 mmol) and methoxycarbonylamino-phenyl-acetic acid ( 45 

mg, 0.21 mmol). After stirring for 3h the reaction was filtered then concentrated. Purification 

by reverse phase preparative HPLC (10-40% MeCN-H20; 0.1% formic acid modifier) afforded 

the title compound (34 mg, 0.038 mmol, 45% yield). LCMS-ESr: calc'd for C51~9N807 : 885.4 

(M+W); Found: 885.9 (M+W). 
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B~ ~ ~ 
N-../"""N 
\_jH 

H() 
N-/-N 
~ ~ Boc 

(1-{2-[5-(2-{2-[1-(carboxylic acid tart-butyl ester)-pyrrolidin-2-
yi]-3H-imidazol-4-yi}-6H-dibenzo(c,h]chromen-8-yl}-1 H

imidazol-2-yl]-pyrrolidine--1-carboxylic acid tart-butyl ester 

-o H 
}-N' 0 

0 )-f ~ ~ 

0 N-../"""N 

o V H 

1) HCI, Dioxanes 
2) HATU, NMM, DMF 

~ 0 

/OI(N00H 

00 

PCT /US201 0/034600 

Methoxycarbonylamino-(tetrahydro
pyran-4-yl)-acetic acid 

[2-(2-{5-[2-(2-{1-[2-Methoxycarbonylamino-2-(tetrahydro-pyran-4-yl)-acetyij-pyrrolidin-
2-yi}-3H-imidazol-4-yi)-6H-dibenzo[ c,h]chromen-8-yl]-1 H-imidazol-2-yl}-pyrrolidin-1-yl)-

2-oxo-1-(tetrahydro-pyran-4-yl)-ethyl]-carbamic acid methyl ester 

[2-(2-{S-(2-(2-{1-[2-Methoxycarbonylamino-2-(tetrahydro-pyran-4-yl)-acetyl]-pyrrolidin-

2-yi}-3H-imidazol-4-yi)-6H-dibenzo[ c,b ]chromen-8-yl]-1 H-imidazol-2-yl}-pyrrolidin-1-yl)-

2-oxo-l-(tetrahydro-pyran-4-yl)-etbyl]-carbamic acid methyl ester: To (1-{2-[5-(2-{2-[1-

( carboxylic acid tert-butyl ester)-pyrrolidin-2-yl]-3H-imidazol-4-yl }-6H-dibenzo[ c,h]chromen-

8-yl)-1H-imidazol-2-yl]-pyrrolidine--1-carboxylic acid tert-butyl ester (20 mg, 0.028 mmol) in 

MeOH (0.5 mL) was added 4N HCI in dioxanes (0.5 mL). The reaction was stirred for 4h then 

concentrated to afford the HCI salt of the crude amine. To the crude amine in DMF (1 mL) was 

added N-methylmorpholine (15 J.LL, 0.14 mmol), HATU (33 mg, 0.085 mmol) and 

methoxycarbonylamino-(tetrahydro-pyran-4-yl)-acetic acid (19 mg, 0.085 mmol). After stirring 

overnight the reaction was quenched with formic acid then purified by reverse phase preparative 

HPLC (1 0-40% MeCN-H20; 0.1% formic acid modifier) to afford the title compound (15 mg, 

0.017 mmol, 59% yield). LCMS-ESt: calc'd for C49Hs1Ns09: 901.4 (M+H); Found: 901.4 

(M+H). 
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Example KF 

o~_("'"l 
HO NJ 

&-qj ~ Br~Br--;-:-·- &~t:J N~OAc 

6-Bromo-3,4-dihydro-
2/+naphthalen-1-one 

2,6-Dibromo-3,4-dihydro-
2/+naphthalen-1-one 

Pyrrolidine-1,2~icarboxylic acid 2-
(6-bromo-1-<~Xo-1,2 ,3,4-tetrahydro

naphthalen-2-yf) ester 1-tert-butyf ester 

H ~:-; 
-t.='ir-l._A.N 

Br ~~ Boc -oo 
2-(7-&omo-4,5-0ihydro-1H-naphtho 
(1,2-d]imidazol-2-yl)-pyrrolidine-1-

carboxylic acid terl-butyt ester 

HO\
M o 

0 HN~ o-
- ~ ~=-> 

&--0--{-r:~-·L_ 
~ HN-fO 

;to .oJ( B-B 
0 b 

HATU KOAc, Pd(dppf)CI2 

o ..... 
{1-[2-(7-Bromo-4,5-dihydro-1H-naphtho[1.2-d] 

lmldazol-2-yl)-pyrrolidine-1-earbonyl}2-
methyl-propyl}-carbamlc add methyl ester 

( 1-{2-{5-(6-{2-(1-(2-Methoxycarbonylamino-3-methyl-butyryl)
pyrrofidin-2-yl)-4,5-dihydro-1 H-naphtho(1,2-d)imidazol-7 -yl} 
naphthalen-2-yl)-1 H-imidazol-2-yl}pyrrolidine-1-carbonyl}-

2-methyl-propyf)-earbamic acid methyl ester 

2-6-Dibromo-3,4-dibydro-2H-napbtbalen-1-one : 6-Bromo-3,4-dihydro-2H-naphthalen-1-

one (2.0 g) was dissolved in ether (80 mL), and Br2 (455 f.ll) was added at 0°C over 30 min. 

After diluting with ether (80 mL), the reaction mixture was washed with 10% Na2S03, sat. 

NaHC03 and brine. After the solvent was removed, the crude material was used for the next step 

without further purification. 

Pyrrolidine-1,2-dicarboxylic acid 2-(6-bromo-1-oxo-1,2,3,4-tetrabydro-napbtbalen-2-yl) 

ester 1-tert-butyl ester: The crude 2-6-dibromo-3,4-dihydro-2H-naphthalen-1-one and 

pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester (3.15 g)were dissolved in MeCN (80 mL), 

and DIEA (2.55 mL) was added. The mixture was stirred at 65°C for overnight and diluted with 

ethyl acetate. The mixture was washed with 1 N HCI. NaHC03 and brine. After the solvent was 

removed, the resulting material was subjected to silica gel chromatography using effluent of 10 -

40 % ethyl acetate and hexanes. The fractions containing product were combined and the solvent 

was removed under reduced pressure to provide pyrrolidine-1,2-dicarboxylic acid 2-(6-bromo-1-

oxo-1 ,2,3,4-tetrahydro-naphthalen-2-yl) ester l-tert-butyl ester ( 1.54 g, 40 % over 2 steps). 

915 



IPR2018-00211 Page 918 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

2-(7 -Bromo-4,5-dihydro-1H-naphtho[1,2-d]imidazol-2-yl)-pyrrolidine-1-carboxylic acid 

tert-butyl ester : Pyrrolidine-1 ,2-dicarboxylic acid 2-(6-bromo-1-oxo-1 ,2,3,4-tetrahydro

naphtha1en-2-yl) ester l-tert-butyl ester (1.54 g) and ammonium acetate (2. 71 g) were suspended 

in toluene (35 mL). The reaction mixture was stirred at 110°C for overnight and evaporated 

under reduced pressure and resulting residue was taken up in ethyl acetate (1 00 mL). The 

organic phase was washed with saturated sodium bicarbonate (I x 150 mL) and dried over 

sodium sulfate. After the solvent was removed, the resulting oil was subjected to silica gel 

chromatography using effluent of 60 -90 % ethyl acetate and hexanes. The fractions containing 

product were combined and the solvent was removed under reduced pressure to provide 2-(7-

bromo-4,5-dihydro-1 H-naphtho[ 1 ,2-d]imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl 

ester (1.05 g, 7I %) as a pale brown solid. MS (ESI) mlz 4I8.1 [M + Ht. 

(1-{2-[5-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-4,5-

dihydro-lH-naphtho[l,2-d]imidazol-7-yl}-naphthalen-2-yl)-lH-imidazol-2-yl]-pyrrolidine-

1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester: Title compound was prepared 

according to the method employed to [1-(6-{5-[6-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl

butyryl)-4-(2 -methoxy-ethoxy )-pyrrolidin-2-y I]-3 H-imidazol-4-y I}-phenyl )-naphthalen-2-y I]-

I H-imidazol-2-yl}-5-aza-spiro[2.4 ]heptane-5-carbonyl)-2-methyl-propyl ]-carbamic acid methyl 

ester: MS (ESI) mlz 815.5 [M + Ht. 

BIOLOGICAL ASSAYS 

Effect of serum proteins on replicon potency 

Rep !icon assays are conducted in normal cell culture medium (DMEM + I 0%FBS) 

supplemented with physiologic concentrations of human serum albumin (40 mg!mL) or a-acid 

glycoprotein (1 mg!mL). EC50s in the presence of human serum proteins are compared to the 

EC50 in normal medium to determine the fold shift in potency. 

Enyzmatic Selectivity: The inhibition of mammalian proteases including Porcine Pancreatic 

Elastase, Human Leukocyte Elastase, Protease 3, and Cathepsin D are measured at Km for the 

respective substrates for each enzyme. ICso for each enzyme is compared to the IC50 obtained 

with NS3 lb protease to calculate selectivity. Representative compounds of the invention have 

shown activity. 

MT-4 Cell Cytotoxicity: MT4 cells are treated with serial dilutions of compounds for a five day 

period. Cell viability is measured at the end of the treatment period using the Promega 

CellTiter-Gio assay and non-linear regression is performed to calculate CCso. 
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Compound Concentration Associated with Cells at ECs0: Huh-luc cultures are incubated with 

compound at concentrations equal to EC50. At multiple time points (0 -72 hours), cells are 

washed 2X with cold medium and extracted with 85% acetonitrile; a sample of the media at each 

time-point will also be extracted. Cell and media extracts are analyzed by LC/MS/MS to 

determine the Molar concentration of compounds in each fraction. Representative compounds 

of the invention have shown activity. 

Solubility and Stability: Solubility is determined by taking an aliquot of 10 mM DMSO stock 

solution and preparing the compound at a final concentration of 1 00 1JM in the test media 

solutions (PBS, pH 7.4 and 0.1 N HCl, pH 1.5) with a total DMSO concentration of 1%. The 

test media solutions are incubated at room temperature with shaking for 1 hr. The solutions will 

then be centrifuged and the recovered supernatants are assayed on the HPLC/UV. Solubility 

will be calculated by comparing the amount of compound detected in the defined test solution 

compared to the amount detected in DMSO at the same concentration. Stability of compounds 

after an 1 hour incubation with PBS at 3 i C will also be determined. 

Stability in Cryopreserved Human, Dog. and Rat Hepatocytes: Each compound is incubated for 

up to 1 hour in hepatocyte suspensions (100 1Jl, 80,000°Cells per well) at 37°C. Cryopreserved 

hepatocytes are reconstituted in the serum-free incubation medium. The suspension is 

transferred into 96-well plates (50 llUwell). The compounds are diluted to 2 JJ.M in incubation 

medium and then are added to hepatocyte suspensions to start the incubation. Samples are taken 

at 0, 1 0, 30 and 60 minutes after the start of incubation and reaction will be quenched with a 

mixture consisting of0.3% formic acid in 90% acetonitrile/10% water. The concentration ofthe 

compound in each sample is analyzed using LC/MS/MS. The disappearance half-life of the 

compound in hepatocyte suspension is determined by fitting the concentration-time data with a 

monophasic exponential equation. The data will also be scaled up to represent intrinsic hepatic 

clearance and/or total hepatic clearance. 

Stability in Hepatic S9 Fraction from Human. Dog. and Rat: Each compound is incubated for 

up to 1 hour in S9 suspension (500 1Jl, 3 mg protein/mL) at 37°C (n = 3). The compounds are 

added to the S9 suspension to start the incubation. Samples are taken at 0, 1 0, 30, and 60 

minutes after the start of incubation. The concentration of the compound in each sample is 

analyzed using LC/MS/MS. The disappearance half-life of the compound in S9 suspension is 

determined by fitting the concentration-time data with a monophasic exponential equation. 

Caco-2 Permeability: Compounds are assayed via a contract service (Absorption Systems, 

Exton, PA). Compounds are provided to the contractor in a blinded manner. Both forward (A

to-B) and reverse (B-to-A) permeability will be measured. Caco-2 monolayers are grown to 
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confluence on collagen-coated, microporous, polycarbonate membranes in 12-well Costar 

TRANS WELL® plates. The compounds are dosed on the apical side for forward permeability 

(A-to-B), and are dosed on the basolateral side for reverse permeability (B-to-A). The cells are 

incubated at 37°C with 5% C02 in a humidified incubator. At the beginning of incubation and 

at 1 hr and 2 hr after incubation, a 200-jiL aliquot is taken from the receiver chamber and 

replaced with fresh assay buffer. The concentration of the compound in each sample is 

determined with LC/MS/MS. The apparent permeability, Papp, is calculated. 

Plasma Protein Binding: 

Plasma protein binding is measured by equilibrium dialysis. Each compound is spiked into 

blank plasma at a final concentration of 2 jiM. The spiked plasma and phosphate buffer is 

placed into opposite sides of the assembled dialysis cells, which will then be rotated slowly in a 

3 7°C water bath. At the end of the incubation, the concentration of the compound in plasma and 

phosphate buffer is determined. The percent unbound is calculated using the following 

equation: 

% Unbound = I 00 • ( C 1 
) cb +C1 

Where Cr and Cb are free and bound concentrations determined as the post-dialysis buffer and 

plasma concentrations, respectively. 

CYP450 Profiling: 

Each compound is incubated with each of 5 recombinant human CYP450 enzymes, including 

CYPIA2, CYP2C9, CYP3A4, CYP2D6 and CYP2Cl9 in the presence and absence ofNADPH. 

Serial samples will be taken from the incubation mixture at the beginning of the incubation and 

at 5, 15, 30, 45 and 60 minutes after the start of the incubation. The concentration of the 

compound in the incubation mixture is determined by LC/MS/MS. The percentage ofthe 

compound remaining after incubation at each time point is calculated by comparing with the 

sampling at the start of incubation. 

Stability in Rat, Dog. Monkey and Human Plasma: 

Compounds will be incubated for up to 2 hours in plasma (rat, dog, monkey, or human) at 37"C. 

Compounds are added to the plasma at final concentrations of 1 and 10 jig/mL. Aliquots are 

taken at 0, 5, 15, 30, 60, and 120 minutes after adding the compound. Concentration of 

compounds and major metabolites at each timepoint are measured by LC/MS/MS. 

Evaluation of cell-based anti-HCV activity: 

Antiviral potency (ECso) was determined using a Renilla luciferase (RLuc)-based HCV 

replicon reporter assay. To perform the assay, HCV I b RLuc cells (harboring a dicistronic 
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genotype lb Coni replicon that encodes a RLuc reporter), or HCV Ia RLuc cells (harboring a 

dicistronic genotype Ia H77 replicon that encodes a RLuc reporter), were dispensed into 384-

well plates. Compounds were re-suspended in DMSO at a concentration of I 0 mM and serially 

diluted in DMSO using an automated pipeting instrument. Serially diluted compounds were 

mixed with cell culture media and added to the seeded cells. DMSO was used as a negative 

(solvent) control, and the protease inhibitor ITMN-191 was included at a concentration> I 00 x 

ECso as a positive control. 72 hours later, cells were lysed and Reni/la luciferase activity 

quantified as recommended by the manufacturer (Promega-Madison, WI). Non-linear 

regression was performed to calculate EC5o values. 

Typically the compounds ofthe invention can inhibit multiple genotypes ofHCV. For 

example, compounds of the present invention are active against multiple HCV genotypes 

selected from I a, I b, 2a, 2b, 3a, 4a, and 5a. 

Biological data (antiviral potency [ECso] was determined using a Renilla luciferase 

(RLuc)-based HCV replicon reporter assay- HCV I b RLuc) for representative compounds of 

the invention is provided in the following table. These compounds can be prepared using 

procedures similar to those described above. 

Representative Compound of the Invention 

Activity 

(oM) 

/ 
0 
)- /H 

0 N 0 

--().!: 
tj 'H ~ 

-o\_ ,H 
TN 0 

0 )--{ ~' 
\IN~~ 

'\.-3" H 

H:f{_ ~ N '}___ 
I L_.~ 

~N Q~-{0 
0 N 

I 

0.0100 

H 
1
o 

~n 
N_./'""-N ~ 

II L_,::-
~ N (I \ 0 0.0240 
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H o-

37.7670 
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H 
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920 



IPR2018-00211 Page 923 of 1092 I-MAK 1011

wo 2010/132601 

o={-f 
0 (N) H 

}-NH NYN 
-o H No 

)\ 0 

PCT /US201 0/034600 

0.0050 

o-

Hn 
0 0 N:}--0--0-t" \\ N~N L }-N II " "_" ~ jj II L .~ 1.4010 

0 H N-/"'N 0 0/\ _JJO 
\ ( ~ H HN~ 

'\_...;= o-

0.0073 

0.0383 

o-

0.1181 

0.0372 

921 



IPR2018-00211 Page 924 of 1092 I-MAK 1011

wo 2010/132601 

0 f"''(f H 
}-N j~N 

-o '---{ ~ b 
0 

922 

PCT /US201 0/034600 

0.1238 

0.0664 

0.0535 

0.4556 

>21.259 

2 



IPR2018-00211 Page 925 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

N /N ~ Rr- 0\_ 
0 NH HN~ h 0 

,_NH 0 N~~~ ~~ N 0 HN~- 0.0385 
-o ~ # s ~ l . 

~ " N 

0 

'o)ltfH 
'(to~~ 

c!-NH 

'oJt~,H 
'(to~~ 

Cl-\ 

0 

- >-NH 
0 ~0 
,,. NJ: 

VH 

-o 
TNH 0 

0 )-f ~~ 
\ <:_?-NH 

0\_ 
HN-rNH _//0 

~ N 0 HN~ 0.0989 
o-

H(} 
.Nfu 26.7302 

~ N 
0 .:. 

H'Nf(O'-
0 

~n 
Nfu 0.0032 

~ N 
0 .:. 

H'NJ(O' 
0 

H 0 \__ 
N~N $f-

• o 0k -f.o 
0.7293 

HN 
o-

H0 N ~ \_-
~rg.Jl 11.1196 

0 N 0/ H 

923 



IPR2018-00211 Page 926 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

0 H0 )- ,H I ~ 

-o N o - N'('~,~ ,-~_)_ ~ 0.0111 
~ b 0 0 0 N, H'N\( -= H 

0 

'oJLN,H 
Hn 

,,,,.yo~ ' ~-i),}-
(N?~ N 0 0 0.0074 

,N-f N-- H H o-

0 
0 

......._ )l ,H 
Hn 0 N 

,,,,.yo~ ' ~fh}-
<Nr~ N 0 0 0.0136 

,N-f N-- H H o-o="o 
0 

'o)lN,H 
Hn 

,,,,.yo~ ' ~fh}-
(N?~ N 0 0 0.0074 

,N-f N_:- . H H o-
\-;F 
F F 

0 
......._ )l ,H 

0 N 
~ \) ,,,,.yo~~ N/("N l 0.0081 

GY-N, ~ N o.J-,··'' 
.::: H H,NI(O-

0 

924 



IPR2018-00211 Page 927 of 1092 I-MAK 1011

wo 2010/132601 

0 

_>-NH O ~ n \__ 0 ~ 0 -~'~ _}-NH ~ !J ~ .N~N\_.~ -
\ (N.: ~NH II \ _j

0 

~ 0 HN ~ 

-a\_ ,H 
rN a 

0 

~ n, 

PCT /US201 0/034600 

0.0539 

N-/"N ~ 
~ ~ L_.~ 0.0126 

cfl \ -.//0 0~~ ~' 
\ (N~~ 

'\.-3" H 

-a 
\__ ,H 
TN 0 

o~~J: 
'V H 

,N \ 
H o-

H ::::-\ 
N :-'" ) \_ 

~ r)._.z a 
0 N.Jl / 

H 0 

925 

0.1985 

0.0327 

0.1389 

0.0915 

0.0553 



IPR2018-00211 Page 928 of 1092 I-MAK 1011

wo 2010/132601 

X 
H-r0 
~~ ~' \ N.._.....-.N ,, .. ( ~ \ 

V' H 

H-0. \ €_ l 
~lfNL)-

N 0/ \-( 
,N 

H o-

0 H -:-~ >- ,H N~) 
-o ~1_00 N ~-r(_~ 'L ).._ 

~~- \ ,,~-~ J o/\ o-
~ ' H ~ \ CJNy--N ,N-./ 
- H 0 

-o J-- ,H 
0 N 0 

~~'~ ~' , v~ 
~ 

t(f) 

926 

o~N .. H 

,o 

PCT /US201 0/034600 

0.3249 

4.8013 

0.0580 

35.4673 

0.1468 



IPR2018-00211 Page 929 of 1092 I-MAK 1011

wo 2010/132601 

-q ,H 

OJ-N 0 

--f'~ ~ ~ 
'tNYf'i 

'\_-3 H 

t;-l"''\ 
~ N H-f 

0 N , 
H 0 

I 

Hn 
;~k~\(o-

N 0 )--0 

927 

PCT /US201 0/034600 

0.1559 

1.3319 

0.0099 

0.0067 

0.5135 

0.0111 



IPR2018-00211 Page 930 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

0.0168 

2.1380 

15.8915 

0.0511 

Hf) 
~fNL.}-

N rf/ \ 0 ,N-f 
H o-

0.0788 

0 >- ,H 
-o N o 
~ .. )--( ~ ~ 

\ /Ny-fi 
\.-3' H 

0.0054 

928 



IPR2018-00211 Page 931 of 1092 I-MAK 1011

wo 2010/132601 

-o 
\ ,H 

orN o 

--f~ ~' 
\ (N-r-t-f 

\_-3 H 

PCT /US201 0/034600 

0.0030 

0.0474 

0.0345 

7.5453 

0.2395 

0.0142 

929 



IPR2018-00211 Page 932 of 1092 I-MAK 1011

wo 2010/132601 

930 

PCT /US201 0/034600 

3.4144 

0.0115 

>44.400 

0 

>44.400 

0 

0.0184 

>44.400 

0 



IPR2018-00211 Page 933 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

~0'--
H 

f ' 
~-Ji Nr\--ZN~-o~~yf( N 0.0103 

. J 0 I 0 
-o ,:: N N H 
~v~ 

0 H Hf) - ,_N, 0 

0 ~~;' :f)-)-- 0.0865 
\ HN fi N 0 0 

H ,N-f 
H o-

0 

'o_j(N~H 
,,,,.yo~ ~ ,H 

N 
L?~ >r-t) 0.0875 

- H 0 N 

0>·•11( 
H-N 

o}-o, 

)--NH O H0 

,-~J' t(),}- 0.0099 

v~ O HN~ 
o-

-o #- ,H 
N 0 

o ~YJ' t0L \ N N 0.0070 

V' ~ -('}-( = H 
0 ,N-{0 

H o-

'oJlN,H H-e) \ -N . 
,,,,.yo N - ~~~ 0.1386 N -~ 

~ b 0 . 

L0N H,N\(o-
- I H 0 

931 



IPR2018-00211 Page 934 of 1092 I-MAK 1011

wo 2010/132601 

_)-i-f ~' 
H N..._,..,...-N VH 

0 >- ,H 
-o N o 

--tt.J-: VH 

PCT /US201 0/034600 

0.0137 

H-0 
~-(-~}-

0 -#0 
,N \ 

H o-
0.0300 

0.0184 

H~ 
\ ~ ) 

~~("~~\(o-
N 0 J- 0 0.0264 

H ~ 0 ' f J o~,, 
N ..._,..,....- N ~-
~ ~ !-t 

0 -#0 
,N \ 

H o-
H~ 
\ ~ I \__ 
N~N 

II L_.$' 

' N c{/\ _//0 
IN \ 

H 
1
o 

932 

0.1613 

0.0213 



IPR2018-00211 Page 935 of 1092 I-MAK 1011

wo 2010/132601 

'l ,H oaN 0~~ 
_)LN . \ 

:. H 

H 
0~1 0 

I N~ J/ N 
-o ~~J 
~o=- ~ - H 

PCT /US201 0/034600 

0.0158 

0.0106 

0.0261 

0.6607 

<0.0041 

Hi{ ~ N \-_ 
I L.~ 

~ N rf~ -//0 
,..N \ 

H 0 
' / 

0.0221 

933 



IPR2018-00211 Page 936 of 1092 I-MAK 1011

wo 2010/132601 

934 

PCT /US201 0/034600 

Hn 
~--(-1._)--

N 0/\ 0 
H,N-( 

o-

Hn 
~f'NL)-

N c)/\ 0 ,N-f 
H o-

Hn 
~f'NL)-

N c)/\_/p 
,N\ 

H o-

0.0239 

1.5060 

0.0304 

0.0047 

0.3490 



IPR2018-00211 Page 937 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

0.0058 

0.1270 

4.7270 

0.3180 

935 



IPR2018-00211 Page 938 of 1092 I-MAK 1011

wo 2010/132601 

-o 
)- ,H 

0 N 

--(~J: 
t ~ \ 
\_.3 H 

-)- ,H 

0 N 0 

--(tJ-' 
t ~ ~ 
\_.3 H 

-o 
)- ,H 

0 N 0 --(tJ-: 
VH 

936 

PCT /US201 0/034600 

~n 
~Nif~ ~ 
"' N ~- 0.3841 

0 -f( ,N 
H 

0-

Hx N_rN \__ 
~ ~ L_.S' 

cfl \ J 0 
,N \ 

H o-

0.0091 

0.2012 

0.0403 

0.0187 

0.0224 



IPR2018-00211 Page 939 of 1092 I-MAK 1011

wo 2010/132601 

-o 
).._ ,H 

0 N 0 

~~'~ ~' 
\ (Ny'"'~ 

\-3 H 

/ 
0 
)- ,H 

0 ~ ,Q 

---f·--r ~ ' 
\ (N-r-N\ 

'\_....;- H 

PCT /US201 0/034600 

0.0067 

0.0102 

0.0088 

0.0060 

0.0198 

937 



IPR2018-00211 Page 940 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

0.0074 

-o 
~ ,H 

o~N o 

--(tJ-~ 
{ : I 

V' H 

0.2564 

0.2448 

938 



IPR2018-00211 Page 941 of 1092 I-MAK 1011

wo 2010/132601 

-o 
\ ,H 
~N . 

o LuO 
~-r'j_, 

0- t'{ 
= H 

0 >- ,H 
-o ~ .o 

-t'-f ~ ' \ (Ny-~ 
\._3' H 

PCT /US201 0/034600 

0.0530 

o-

1.0487 

10.2665 

939 



IPR2018-00211 Page 942 of 1092 I-MAK 1011

wo 2010/132601 

>- ,H 
-o N o 

~.)--f ~' 
\ (N~t-{ 

\_.3- H 

-o 
)- ,H 

0 N\...._ //0 

~~-· \ ~ ' 
\ (N~N, 

\_.3- H 

/ 

)- /H 
0 N 0 --ttJ- ~ e N = \ - H 

...... o) 'i -

PCT /US201 0/034600 

N-./'N l ~ II A 0.0214 
No- \'''' 

H'NYO' 

0 

\ft.}- 0.0082 
~ N cf\ -.//0 

/N \ 
H 0 

/ 

H g~ :,r,__ )-- 0.0171 
N c{7 \ 0 ,N-f 

H o-

940 



IPR2018-00211 Page 943 of 1092 I-MAK 1011

wo 2010/132601 

/ 
0 

)-NH 
o ~bo N ~ 
~~· \ II ~ , v~ 

H() 
~fNL)-

N 0/\ 0 ,N-f 
H o-

Hn 
~fNL_)-

N 0/\ 0 ,N-f 
H o-

941 

PCT /US201 0/034600 

0.0424 

0.0131 

0.2239 

0.0075 

0.0775 

0.0048 



IPR2018-00211 Page 944 of 1092 I-MAK 1011

wo 2010/132601 

0 
)- ,H 

-o ~ ~o 
~~,·'-f ~ ' \ (N--r-~ 

\,_.3 H 

0 
)- ,H 

-o N o 
~·)'-( 7, ' \ (N--r-~ 

\,_.3 H 

PCT /US201 0/034600 

t;/;J 
~-0 ~ 0~-'J..__ 0.0037 

H,NI(O' 

0 

y;f{ ___ ,i> 2.6102 
N 0/\ 0 

,N-( 
H o-

0.0195 

0.0067 

0.0898 

0.0029 

942 



IPR2018-00211 Page 945 of 1092 I-MAK 1011

wo 2010/132601 

-o 
~ ,H 

erN o 

--f~ ~' 
\ tN-r-fi 

'\..,3 H 

943 

PCT /US201 0/034600 

Hn 
t()-(~-

0 HN-fO 

0.016 

o-

o-

0.0054 

0.0368 

0.0126 

H H&rv 
:Y"N~)-

N 0/\ 0 
,N-f 

H o-

0.28 



IPR2018-00211 Page 946 of 1092 I-MAK 1011

wo 2010/132601 

-o 
"" ,H 

orN o 
--f}-1 ~ ' 

\ (N'(~ 
V" H 

-o 
\ ,H 

orN o 
.)-1 ~' 

(N-y~ 
V" H 

944 

PCT /US201 0/034600 

\ Hi{ 
N N ~ 
~ I L }' 1.1? 

N 0/\ 0 ,N-f 
H o-

0.0185 

HN H,..ry L 
~ YN~-~ 1.15 

N 0/\ 0 . ,N-f o 
H o-

Hf) 
~lf'1_)-

N 0~ \ 0 HN-f 
o-

Hf) 
N.._......-.N 
~II L.-~ 

N r \ o 
O HN-( 

o-

0.013 

0.011 

0.034 



IPR2018-00211 Page 947 of 1092 I-MAK 1011

wo 2010/132601 

-o \__ ,H 
rN o 

0 )--f ~' 
~ N~N \ (. ~ \ 

\,_.3 H 

-q ,H 

r-N 0 

0 .)-1 ~' \ (N-r~ 
\,_.3 H 

)\_ ,H 
-o N o 

~-)--{ ~ ' 
\ (N-y"'~ 

\._..;" H 

945 

PCT /US201 0/034600 

HI{_ N N \__ 

~ ~ L~ 0.073 6' \ -//0 
,N \ 

H o-

Hf{_ N N \__ 

~ ~ r--f 
0 -//0 

,N \ 
H o-

0.006 



IPR2018-00211 Page 948 of 1092 I-MAK 1011

wo 2010/132601 

~ ,H 
0 N 

--r~o ~ "' 
(Nft\ 
~H 

PCT /US201 0/034600 

0.014 

0.0149 

0.0058 

0.0069 

0.0059 

946 



IPR2018-00211 Page 949 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

0 
'o)lN,H t>?> ,,,,.yo~' f ' N ~,,,, 0.0036 

~~~ 
- 0 . 

- H H'NYO' 
0 

0 
'o)lN,H ~* ,,,,.yo~' N N l 

f-' ~ o~·''' 0.0045 

~~~ - H H'NYO' 
0 

-}- ,H 
N 0 H:f{_ 

0--\v-~ N \_ 
0.0067 ~ ~ }-{ 

0 -{0 ,N 
H o-

'oJlN,H H* ,,,,.yo~' N I N 0~ 
f ' N ~ ''''-.../~~ 0.0218 

~~~ 
- 0 . 0 

- H H'NYO' 
0 

'- Jl ,H H~ 0 N I :" 

,,,,.yo~' N/('N L 
f ' N ~,,, 

..(~N, - 0 . 0.0064 

H .:. - H H'NYO' 

Ill 0 
N 

0 
'o)lN,H H* I 

,,,,.yoN' 
N N N 

f-' ~ o~·'''~ 0.006 

~~~ - H H'NI(O' 
0 

947 



IPR2018-00211 Page 950 of 1092 I-MAK 1011

wo 2010/132601 

0 
)- ,H 

-o N 

--\'~J' . N - \ 

I 
0 

H .;: 
IU 
N 

= H 

rNH O 

0 ~'~ ~~ 
\ (_JNH 

PCT /US201 0/034600 

0.007 

0.006 

948 



IPR2018-00211 Page 951 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

/ 
0 

HH6 o~NH N 11'''' 
--r~J ~ ' I N If N~ 0.004 

$JN - 0 ,,,,~ 
.: H HN ~ 'Fo N 

-o 
/ 

0 
HH6 o~NH Nil'''' 

--r~J ~ I~ I If ' N 0.:::-S.:::-0 0.005 $JN - 0 ,,,,! 
,: H 

HN'FO 

-o 

0 H f_ 
-o).-N.:(' 

If ~H·~ L_ 
C>CN 0 

"' )r 0.005 N-H 
I# fj 

N '' N - ·' - 0 

H'NI(O' 
0 

:t ,H ~;£? 0 0 N N O~tt 

~0 1 N s-
\'' ~ ~ ~ 8 N o~'"__/ 

GY-N, .::: H H'NJ(O' 
0 

949 



IPR2018-00211 Page 952 of 1092 I-MAK 1011

wo 2010/132601 

Additional Representative Compounds of the Invention 

0\_ 
_/N , 

HN\\ h 0-
~ N 0 HN-{ 

0 

950 

PCT /US201 0/034600 

Activity 
(nM) 

0.0073 

0.0041 

1.7224 

0.525 

0.0093 



IPR2018-00211 Page 953 of 1092 I-MAK 1011

wo 2010/132601 

0 
~Ny-l .... l 
'' NHo' 1 

0 HN-f 
_......0 

H0 
'N~,l .. ,.l 
\\ N 0' I 0 

HN-( 

_......0 

951 

PCT /US201 0/034600 

0.0125 

0.0614 

0.0204 

0.0208 



IPR2018-00211 Page 954 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

0.0169 

0.0155 

0.1249 

0.1196 

0.1383 

952 



IPR2018-00211 Page 955 of 1092 I-MAK 1011

wo 2010/132601 

-o H 
);-N' 0 

0 .)--{ ~ ~ 
~ N~N 

\ \ j I 4:: H 

953 

PCT /US201 0/034600 

0.0165 

0.0156 

'i~ N N , 
I L_ .. ·' 

~ N (I \ 0 
0 ,N-{ 

H o-
0.0119 

0.0176 

0.0127 



IPR2018-00211 Page 956 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

0.0136 

-o }- ,H 
N 0 

0 \--1 N ~;!l d N_)l: : ~0~\-
o ~ H -fo ,N 

H o-

0.0402 

I 
0 H 

t1 ~) \ 
}-N 0 H, 

0 H N ~ 

NfN 0 

~ ~N 
~ ~ h·''_/ 

o -fo ,N 
H o-

0 ~ 0.0092 

'oAN~H 
,, .. -lyoN H:f 

N__)L~ Nf'N 

~F . Ho ~ H ~ ~o~··''L 
0 
I 

H~NYO' 
0 

0.0192 

I 
0 H 

t1 ~) 
}-N 0 H, 

0 H N ~ 
:l(), .. L 

~ N~ ~N 
0 H,N-fO 

0-

0.0181 

-o 
}-N'H 0 

0 \-f N ~;11 _,.· _)l ~ y N~ ~N~ h)_ 
o -fo ,N 

H o-

954 



IPR2018-00211 Page 957 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

0.1324 

I ~ ~) 0 0 H 
}-N 0 H, 

o H~~ ~'('~--( 
~ ~ ~N 

o -fo ,N 
H 

/0 

0 ,__ ,H 0/"j 
0.0063 

-o N 

--t~~ -1.r H 

; N ;-.. /--
H H 0 ,N-(..0-

H 0 

0.0086 

-o 
}- ,H 

N 0 
0 >--1 N ~;!{ ,, __)l ~ 

\ N N 
N N \ 

~H 
~ ~ (!-{ 

0 ,N-'(0 

H o-

0.0077 

-o 
);-N,H 0 

0 >--1 N ~f{ 
0 ,, __)l ~ 
I\ N N ~ ~ 0~}_ 

~i-t ,N-'(0 
H o-

0.0115 

-o 
}- ,H 

N 0 
0 >--1 N ~!Ja ,, __)l ~ 

\ N N ~ ~ 0~-' 
~i-t -'(0 ,N 

H o-

0.0255 

-o 
}-N,H 0 

0 y N ~fro 
0~~ ~ ~ ~-( 

o N-fo 
H' 

o-

955 



IPR2018-00211 Page 958 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

0.009 

-o \..__ ,H 
,r-N 0 

0 Vi N 
./\ II~ 

\ N~N 

~H 

H H.Pv 
~~r~)L_ 

0 _ _/p 
,N \ 

H o-
0.0048 

0.0159 
-o 

\ .H 
cf/N 0 

)}1J~ fi (_ j H 
N~ <(j 

0.0076 

0.0155 

956 



IPR2018-00211 Page 959 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

0~ !&) 

0.0146 

-o H 
}-N/ 0 

.=- o, 

Hn 
0 )-fJ~ \ : Nfh}_ \ N N 

~\ ~ N 0 
- H 0 IN-'( 

H o-
N (&) 0.014 

~--(J -o H 
}-N/ 0 H() 

0 )-fJ~ ~-~-h)_ \ N N 

~\ ~ N 0 
- H 0 IN-'( 

H 0-

0.0534 

0 H 

H~ - )LN· 
0 ~0 N ~ 

"1,,• if.~ Nf)-,.\-
~ N . 

H H 0 0-
,N\( 

H 0 

0.2865 

)-_ ,H 
- N H~ 0 ~0 N ~ I : t:> 
--{if.~ NI(N 

~ I f-(' 
H H N 0 0-

,N\( 
H 0 

0 0.008 

'o)lwH 

[····yoN ~ .;!{ t-/ J){~ N N F 

~ ~ r-·(' H 
0 N 0-

·-( 
H 0 

957 



IPR2018-00211 Page 960 of 1092 I-MAK 1011

wo 2010/132601 

-o H 
}-N' 0 

0 )-1 ~~ 
~ N~N 

\ \ j I 4= H 

-o H 
}-N' 0 

0 .)--!( ~ ~ 
~ N~N 

\ \ j I 4= H 

o-
1 

(&) 

~ H.rvr-A~ 
NYN~ -
~ ~ 0 

0 ,N-f 
H 0-

958 

PCT /US201 0/034600 

0.0201 

0.0071 

0.0261 

0.0114 

0.0073 



IPR2018-00211 Page 961 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

0.0147 
0 ~ 

'oAr~rH ~,;~ ~)~ No . 
~- ~ -

H'NI(O' .: H 
0 

0.0097 

0 H 
-l-N' 0 

~w ~ N ~ 
--.{ N__)LN NI('N =--

VH ~ ~ 
0 -{.0-,N 

H 0 

0.0145 

-o H 
}-N' 0 H;f{ 01 N~ ~~I k}-_ - N__)LN 
~/) .2( H N O 0 

,N-{ 
H o-

0.0394 

-o H (&) 

}-N' 0 H;f{ 01 N~ ;I k}-_ - N__)LN 
~/) .2( H N O -10 ,N 

H o-

0.0145 
-o ~ 

}-- ,H 
0 N 0 H f'{ I ~ N ~ N N 0 -._{ N__)LN ~ ~ f_\'y::_ .2(H o ,N-fo 

H o-

0.0074 

-o H 
}-N' 0 

~-11 0 )-1_;_~ N N / 
\ N N ,_ 1 ~\-o .2(H N 0 . 

,N-f.o 
H o-

959 



IPR2018-00211 Page 962 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

0.04 

0.0635 

0.0083 

0.0555 

0.1282 

0.5458 

960 



IPR2018-00211 Page 963 of 1092 I-MAK 1011

wo 2010/132601 

-o 

0
)--NH 

L //0 N 
r-/\ II~ 

F-/0 N~N 
F~ ~ H 

961 

PCT /US201 0/034600 

0.0147 

0.0273 

0.0244 

0.1049 

0.1103 

0.01 



IPR2018-00211 Page 964 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

X 
~ 0.0054 

-o 
0}-NH 0 H : 0 

:-(~.\-~ N ~ 
---{ ,N-)l~ 0 HN-f'O 

6 0-

0 0.0052 

'o)t_wH 

'r·YoN \(C{ t/ JX~ N N F 

~ ~ f"-{' H 
0 ,N--(0-. 

H 0 

0 ~ 0.015 

'o)l_N,H 

\f) 'r··Yo~ ~ ~ ~o~···'L L~~ .· .: H H'NI(O'-0-'-
F-( 0 

F 

0 ~ 0.0129 

'o)l_N,H 
H~ .,(.yo~~ NfN 
~ ~o~···'L ~~"l .: H 

H'NI(O'-0 
F-< 0 

F 
0.0092 

0 H 
-l-N' 0 

~w ~ N ~ 
---{ N_)lN NI('N ~ 

~ ~ \_JH 0 ,N--(.0-
H 0 

962 



IPR2018-00211 Page 965 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

0.0193 

-o H 
}-N' 0 

~-fi L 0 )-1J~ N N 0 N N ~I ~-' 
o V H 

NO . 

,N--{0 
H o-

0 Wil 0.0116 

'O)l_N,H 

o····Yo~ ~ HN,/) 0 
0 L~~ ~ ~o~··'' '= H 

H'NI(O' 

0 

0.0131 

-o H 
}-N' 0 H•-1?0 0 ,->-1 J ~ 
\ N N ~NO~ O \_JH 

,N-f 
H o-

'o ($) 0.0092 

O.)__N,H Hno 
'r···Yo~ ~ tl(),··' 
L~~ o ,N-fo 

'= H H 0 
/ 

0.0166 

0 H 
~n -o).l_N, 

~0 N ~ Ny-N L 
,-· __)L ~ ~ 0~·-' 

\ N N 

0' H,N-(0 =. H 
0-

963 



IPR2018-00211 Page 966 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

0.0081 

0 H ~ 

-/-N' 0 

~~ \--{ N ~ 
-{ N_)LN 

Nj('N I ,..__ 

\_JH ~ N 0 0-
.N--( 

H 0 

0.0272 

0 H ~ 

J-' 
~no -o N o 

-{~J: Nj('N 
~ ~ t-(',__ \_JH 0 .N----(0-

H 0 

0.0228 

0 H 

-/-N' 0 

~~ 01 N~ N~~ Nj('N :--

VH 
~ N 0 

0 ,N--( -
H 0 

0.0077 

-o ~ 

0_}-NH 0 Hn 

\--{ N ~ :{"h-~ 
-{ NJ-N VH 0 HN-fO 

o-
0.0483 

-o ~ 

0_}-NH 0 w \--{ N ~ ;y-N Q --{ NJ-N 
CH 

0 HN-f'O 

0-

0.0104 

-o H 

HN~& }-N' 0 

0 )-f_;~ 
\ N N ~~0~-' 0 c· = H 

. ,N-{ 
H o-

964 



IPR2018-00211 Page 967 of 1092 I-MAK 1011

wo 2010/132601 

-o H 
}-N' 0 

0 )·-1( ~ ~ 

0 N...../"'N 

o V t-t 

-o H 
}-N' 0 

0 ,.)-.!{ ~ ~ 
~ N...../"'N 

\ ( : \ 

\._...-3 H 

o-

........ o 

~n 
N._/--N L 
~ ~ 1--(' 

0 N 0 
·-f 

H 0-

Hf) 
~N~NL)-

N cf "_/P 
,N \ 

H 0-

965 

PCT /US201 0/034600 

0.0686 

0.0161 

0.0044 

39.7293 

44.4 

0.1709 



IPR2018-00211 Page 968 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

001062 

00419 

0 
)\_ ,H o"" 

-o N ~n 

ct-t5~ 
N ° ~ 
~ ro~·'' V 'H ,o H,N--(0 

0-

000214 

0 
)._ ,H -6;0 N ~ ~ 1-P ,~ ty--N ~ o 

~NH s N 0 
N--fo 

H' 
o-

000262 

0 
)._ ,H 

0/ -6;0 N ~ 1-P ,~ ty--N ~ o 

~\ N 0 

,o H,N--(0 

o-

0°1354 
-o 

0
_}-NH 

0 

--t&,-; HN~~~o 
H H 

~ N 0 

0 HN-f'O 

0-

'o 
~ 0°0112 

O~N,H 
,,, .. 0~0~ ~ Hf} 

L~~ 
\ : 0 N N ~ 

.:: H ~'(~ 
966 



IPR2018-00211 Page 969 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

'o 0.0972 

O.)._N,H 

'j·····Yo~ ~ :;-~ L~~ 
~ H N 0 

O~N-H 

/0 

0 ~ 0.0129 

H,N)l_O,.... 

\-,!) l , ...• yo~~ 
L~~ ~ ~ ~-·' 0 . 

~ H 
H'NI(O' 

0 

4.3733 

0 H 'o ~1-P.~ )-· ChoH. N~N ,.__ N ~ 
.._ N~N ~ N,HO 0-

~ ,1 \_§ o, 
,N\( 

H 0 

~!? 
0.0724 

0 H 
-o)_N, 

)._-fo N ~ ,. __)L Nlfh.\-\ N N V •H 
~ N . 

o ,N-fo 
H 0-

~0? 
0.014 

0 H 
-o)_N, 

)._-fo N ~ 
-\ N__)LN Nlfh.\-

\__)H ~ N . 
o ,N-fo 

H 0-

967 



IPR2018-00211 Page 970 of 1092 I-MAK 1011

wo 2010/132601 

-o H 
}-N' 0 

0 )--f ~~ 
--.....;: N~N \ V H 

-o H 
}-N/ 0 

0 )-1 ~ ~ 
--.....;: N~N 

\ ( ~ \ 
\.._....: H 

-o H 
}-N/ 0 

0 )-1( ~ ~ 
--.....;: N~N 

\ ( ~ \ 
\.._....: H 

PCT /US201 0/034600 

0.7879 

0.0197 

~yqiPs N N _ 
I 

~ N 0 O 
,N--{ 

H o-
0.0181 

0.858 

0.0189 

968 



IPR2018-00211 Page 971 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

0.0229 

0.0171 

0.0113 

6.1793 

0.0142 

969 



IPR2018-00211 Page 972 of 1092 I-MAK 1011

wo 2010/132601 

-o H 
}-N' 0 

0 )-f ~ ~ 
~ N~N 

'\..) H 

-o H 
}-N' 0 

0 )-f ~ ~ 
~ N~N 

\ ( = \ 
'\._.-.3 H 

-o H 
}-N' 0 

0 )-f ~ ~ 

0 N~N 
: \ 

0 V H 

N~N -~ n}_p~ 
~ 1/ 

N 0 
,0 

H 

~no 
N~N 
~ II L_ .. -' 

N rf )-fo 
H o-

970 

PCT /US201 0/034600 

0.0097 

0.0163 

0.0417 

0.0906 

0.0157 

0.0503 



IPR2018-00211 Page 973 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

0.026 

0.0282 

0.07 

0.0195 

0.0103 

971 



IPR2018-00211 Page 974 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

'a 
0.043 

O.)__N_.H 

'r··lyoN, ~ lj n OF 
L~~ ~f~-(~ 

.: H N 0 0 
,N-f 

H 0 
/ 

24.0657 

0 H 
-o)_N, 

\A ~0 N ~ ,.· _)L 
Nl ~;-0 \ N N ~ N ~~I ~ \)' :: H 0 0 ~ 

0.0414 

0 H A -o)_N, 

·~0 N ~ ~ 1--<:).._ ,. _)L ~ N . 
\ N N 0 HN-f'O \)' :: H 

0-

0.0262 

-o 
_}-N,H 0 

lj~~ 0 ,··tr ~ N N _ 

\ N ~ ~ ~ 
H o ,N-fo 

H 0-

0.0275 

-o H 
}-N' 0 

~~ 01 N~ - N_)LN NYN -

~ ;; V H ~ ~ 0 
0 ,N-{ 

H 0-

972 



IPR2018-00211 Page 975 of 1092 I-MAK 1011

wo 2010/132601 

-o H 
,}-N/ 0 

0 )·-f ~~ 
~ N~N 

\ ( : \ 
'\._....:- H 

-o H 
,}-N/ 0 

0 )-f ~ ~ 
~ N~N 

\ ( : \ 
'\._....:- H 

'o 
~ ,H 

0 N 

\ ··Lyo ,, N 

cJ.;i 
'o 
~ ,H 

0 N 

\ ··Lyo ,, N 

cJ.;i 

~ 

~ no~ 
N~N -

II L_ .. -·· 
~ N {I \ 0 o o-f 

H syC 
N \~N'\,-0 0 
~lr1"~ 
'' N 0 

Diastereomer 1 

H syC 
N \~N'\,-0 0 
~ lr1 II ~ 
" N 0 

Diastereomer 2 

973 

N
/ 

PCT /US201 0/034600 

0.0083 

0.0794 

0.0059 

0.0765 

0.0209 

0.0305 



IPR2018-00211 Page 976 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

0.0083 

0 H 

-l-N' 0 Hn 

Cf1J~ NY~_{\-N 
\_)H ~ N . 0 

0 ,N\{ -
H 0 

0 H 
0.0117 

-l-N' 0 

~~ \...--( N ~ 
--{ N_)LN NfN o--. 

~I 
\..JH N 0 

N-H 
0:::::( 

0-

)L ,H 

0.0073 

- N ~)_A 0 ~0 N ~ 
-{ NJN 

NfN o--. 

\_)H ~ N 0 
0 -N-H 
0:::::( 

o-

0 ~ 0.0097 

'o)lN,H 

c(~tN HN~) 
Hs:_!-~ ~ ~ ~ ,,l 0 ·' 

Ill H'Nf(O'-
N 0 

All publications, patents, and patent documents are incorporated by reference herein, as 

though individually incorporated by reference. The invention has been described with reference 

5 to various specific and preferred embodiments and techniques. However, it should be 

understood that many variations and modifications may be made while remaining within the 

spirit and scope of the invention. 
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1. A compound of formula: 

wherein: 

Vis alkyl; 

L is benzimidazolyl; 

M is a 5-membered heteroaryl ring; 

AJ 5 is: 

PCT /US201 0/034600 

Claims 

each HJ4 is independently a fused unsaturated, partially unsaturated or saturated 

tricyclic carbocycle which is optionally substituted with one or more groups independently 

selected from RAJ and RA3; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, CR=CR, 

NRC(=O)NR, allenyl, alkynyl, or absent; each R is independently selected from H or alkyl; 

each RAJ is independently selected from cyano, nitro, SOR4
, S02R4

, -alkylS02R4
, 

haloalkoxy, cyanoalkyl, NR4S02R\ cycloalkyl, (halo )cycloalkyl, heterocycle, ( cycloalkyl)alkyl, 

(heterocycle)alkyl, wherein each alkyl, heterocycle and cycloalkyl is optionally substituted with 

one or more halo; 

each RA3 is independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, 

arylalkoxycarbonyl, carboxy, formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NRaRb, 

(NRaRb)alkyl, and (NRaRb)carbonyl; Ra and R bare each independently selected from the group 

consisting ofhydrogen, alkenyl, alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, 

cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl; 

each R4 is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; and 
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each Pis independently selected from: 

or a pharmaceutically acceptable salt, or prodrug thereof. 

2. The compound of claim 1 that is: 

PCT /US201 0/034600 

I 
0 
)=o 

H v-N 
0 I ~ ' 

H }-p-M-A15 ON~P~ H N-V ..........._ If \\ ,, 0 

=< 
~ ~ N 

0 -

10 

or a pharmaceutically acceptable salt, or prodrug thereof. 
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3. The compound of claim 1 that is: 

or a pharmaceutically acceptable salt, or prodrug thereof. 

4. The compound of any one of claims 1-3 wherein P is selected from: 

5. The compound of any one of claims 1-3 wherein Pis 
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6. The compound of any one of claims 1-3 wherein Pis 

optionally substituted with one or more groups independently selected from RP6 and RPll; 

each RP6 is independently selected from alkoxy, alkyl, aryl, halo, haloalkyl, 

hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused three-to six-membered 

ring with an adjacent carbon atom, wherein the three- to six-membered ring is optionally 

substituted with one or two alkyl groups; RPa and RPb are each independently H, alkyl, aryl, or 

arylalkyl; or RPa and RPb taken together with the atom to which they are attached form a 

heterocycle; 

each RPll is independently selected from cyano, alkylsulfonyl, arylsulfonyl, 

NRhRhsulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy, 

haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, heteroaryloxyakyloxy, 

heterocyclooxyalkyloxy, NRhRhalkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy, 

oxo, heterocyclyl, -NRhhRh, (NRhhRh)alkyl, (NRhhRh)carbonyl, wherein each Rh is independently 

-H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, 

alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, 

dialkylaminoalkyl, sulfonylalkyl; and when two Rh groups are present then they may come 

together with the atoms to which they are bound to form a 4-15 membered heterocyclic ring; 

wherein each Rhh is independently aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyloxy, 

alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, 

dialkylaminoalkyl, sulfonylalkyl, NRhRhsulfonyl, heteroarylsulfonyl, 

and -S(=0)2Rh, -C(=O)Rh, -C(=O)NRhRh. 
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7. The compound of claim 1 that is: 

or a pharmaceutically acceptable salt, or prodrug thereof. 

8. The compound of claim 1 that is: 

or a pharmaceutically acceptable salt, or prodrug thereof. 

9. The compound of claim 1 that is: 

or a pharmaceutically acceptable salt, or prodrug thereof. 

10. The compound of claim 1 that is: 
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I 

0 ft ~0 
)-_ ,H H H v-N, 

-o N , ~ H 
Vfo N N o 

, ~~A15 n··~ 
N~N -v--- \ ._ H 

or a pharmaceutically acceptable salt, or prodrug thereof. 

11. The compound of claim 1 that is: 

or a pharmaceutically acceptable salt, or prodrug thereof. 

12. The compound of claim 1 that is: 

or a pharmaceutically acceptable salt, or prodrug thereof. 

13. The compound of claim 1 that is: 

980 



IPR2018-00211 Page 983 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

or a pharmaceutically acceptable salt, or prodrug thereof. 

14. The compound of claim 1 that is: 

or a pharmaceutically acceptable salt, or prodrug thereof. 

15. The compound of any one of claims 1-14 wherein each XA is absent. 

16. The compound of any one of claims 1-14 wherein A 15 is selected from: 

~or J-60-\ 
17. The compound of any one of claims 1-14 wherein A 15 is selected from: 

I 
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18. The compound of any one of claims 1-16 wherein each Vis: 

19. The compound of claim 1 which is: 

or 

or a pharmaceutically acceptable salt, or prodrug thereof. 

20. A compound of formula (I): 

wherein: 

~is -L-L- -M-W-M- or ~Y. , , 

J is T -P-, -P-T or -Jm; 

W is a bond or -Wr-; 

Lis -M-A-, -A-M-, or -L0
; 

T is R9-Z- -Z-R9 or-TP· , , , 

R9 is E-V- or-V-E or-R9q· , , , 

each A is selected from -A5
; 

each M is selected from -Mt; 

each P is selected from -Pu; 

J-~-J (I) 

982 
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24; 

each Z is selected from _zv; 

each Vis selected from -Vw; 

each E is selected from -e; 
each m is 1 

each n is 0, 1, 2, 3, 4, 5, 6, 7, 9, or 10; 

each pis 1, 2, 3, 4, 5, 6, 7, or 8; 

each q is 0, 1, 2, or 3; 

each r is 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20; 

each sis 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, or 21; 

each tis 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or 11; 

each u is 0, 1, 2, 3, 4, 5, 6, 7, 8, 10, 11, 12, 13, 14, 15, 16, 17, 18, or 19; 

each vis 0, 1, 2, 3, 4, 5, or 6; 

each w is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 

each xis 0, 1, 2, 3, 4, 5, 6, or 7; 

each y is 0, 1, or 2; 

wherein the sum ofm, n, p, q, r, s, t, u, v, w, x, andy is not 0; Pis connected toM, L, or 

YY; A is connected to A or L; M is connected toP or J; Z is connected toP; Vis connected to Z; 

and when W is a bond M is connected to M; 

each Y1 is independently: 

a fused nine-ring system with up to thirty-five atoms that may be fully aromatic or partially 

saturated and contains atoms selected from C, N, 0, and S and which ring system is optionally 

substituted with one or more groups independently selected from H, oxo, RA1 and RA3; 

each Y2 is independently: 

a fused five to eight ring system with up to thirty-two atoms that may be fully aromatic or 

partially saturated and contains atoms selected from C, N, 0, and Sand which ring system is 

optionally substituted with one or more groups independently selected from H, oxo, RA1 and 

RA3· 
' 

each J1 is independently a fused bicyclic saturated, partially unsaturated, or aromatic 

heterocyclic ring system that is substituted with one or more -N(RL7)C(=O)OR L7' and that is 

optionally substituted with one or more groups independently selected from oxo, halo, -RL7, -OR 

L?, -SR L7' -CF3, -CCh, -OCF3,-CN, -N02, -N(R L7)C(=O)R L?, -C(=O)R L7' -OC(=O)R 
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L7, -C(O)ORL7, -C(=O)NR L7, -S(=O)R L?, -S(=0)20R L?, -S(=0)2R L7, -OS(=O)zOR 

L?, -S(=O)zNR L7, alkoxyalkyl, arylalkoxycarbonyl, halo, haloalkyl, hydroxyalkyl, -NRaRb, 

(NRaRb)alkyl, and (NRaRb)carbonyl; 

each R L? is independently -H, alkyl, aryl, arylalkyl, or heterocycle; 

R a and R b are independently selected from the group consisting of hydrogen, alkenyl, 

alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

and heterocyclylalkyl; 

each L 0 is independently: 

wherein: 

each RL2 is independently selected from hydrogen, alkenyl, alkoxy, alkyl, halo, 

and haloalkyl; and 

each aa is independently 1, 2, 3, or 4; 

each L 1 is independently: 

f 

wherein: 

each RL2 is independently selected from hydrogen, alkenyl, alkoxy, alkyl, halo, 

and haloalkyl; 

each RL3 is independently selected from cyano, nitro, SOR4
, S02R4

, -alkylS02R\ 

haloalkoxy, cyanoalkyl, NR4S02R4
, cycloalkyl, (halo )cycloalkyl, heterocycle, 
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( cycloalkyl)alkyl, (heterocycle )alkyl, wherein each alkyl, heterocycle and cycloalkyl is 

optionally substituted with one or more halo; and 

each R4 is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; 

each bb is 0, 1, 2, 3, or 4; each aa is 1, 2, 3, or 4; and the sum ofbb and aa is 1, 2, 

3, or4; 

each L 2 is independently: 

wherein: 

the phenyl ring shown in L 2 is optionally substituted with one or more groups 

independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, arylalkoxycarbonyl, 

carboxy, formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NRaRb, (NRaRb)alkyl, 

(NRaRb)carbonyl, cyano, nitro, SOR4
, S02R

4
, -alkylS02R

4
, haloalkoxy, cyanoalkyl, NR4S02R

4
, 

cycloalkyl, (halo )cycloalkyl, heterocycle, ( cycloalkyl)alkyl, (heterocycle )alkyl, wherein each 

alkyl, heterocycle and cycloalkyl is optionally substituted with one or more halo; 

each RL4 is independently -H, alkyl, aryl, arylalkyl, or heterocycle; 

each R4 is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; 

Ra and R bare independently selected from the group consisting of hydrogen, alkenyl, 

alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

and heterocyclylalkyl; and 

each H1 is a 5 membered saturated, partially unsaturated, or aromatic ring 

comprising one or more heteroatoms. 

each L3 is independently a fused-bicyclic saturated, partially unsaturated, or aromatic 

heterocyclic ring system that is optionally substituted with one or more groups independently 

selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, 

formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NRaRb, (NRaRb)alkyl, (NRaRb)carbonyl, 

cyano, nitro, SOR4
, S02R

4
, -alkylS02R4

, haloalkoxy, cyanoalkyl, NR4S02R
4

, cycloalkyl, 
985 



IPR2018-00211 Page 988 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

(halo)cycloalkyl, heterocycle, (cycloalkyl)alkyl, (heterocycle)alkyl, wherein each alkyl, 

heterocycle and cycloalkyl is optionally substituted with one or more halo; 

each R4 is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; and 

Ra and R bare independently selected from the group consisting of hydrogen, alkenyl, 

alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

and heterocyclylalkyl; 

each L 4 is independently a fused-tricyclic saturated, partially unsaturated, or aromatic 

heterocyclic ring system that is optionally substituted with one or more groups independently 

selected from oxo, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, 

formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NRaRb, (NRaRb)alkyl, (NRaRb)carbonyl, 

cyano, nitro, SOR4
, S02R

4
, -alkylS02R\ haloalkoxy, cyanoalkyl, NR4S02R

4
, cycloalkyl, 

(halo)cycloalkyl, heterocycle, (cycloalkyl)alkyl, (heterocycle)alkyl, wherein each alkyl, 

heterocycle and cycloalkyl is optionally substituted with one or more halo; 

each R4 is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; and 

Ra and R bare independently selected from the group consisting ofhydrogen, alkenyl, 

alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

and heterocyclylalkyl; 

each L5 is independently a -CR=CR-fusedbicyclic saturated, partially unsaturated, or aromatic 

heterocyclic ring system that is optionally substituted with one or more groups independently 

selected from oxo, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, 

formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NRaRb, (NRaRb)alkyl, (NRaRb)carbonyl, 

cyano, nitro, SOR4
, S02R4

, -alkylS02R
4

, haloalkoxy, cyanoalkyl, NR4S02R
4

, cycloalkyl, 

(halo)cycloalkyl, heterocycle, (cycloalkyl)alkyl, (heterocycle)alkyl, wherein each alkyl, 

heterocycle and cycloalkyl is optionally substituted with one or more halo; 

each R is independently selected from H or alkyl; 

each R4 is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; and 

Ra and R bare independently selected from the group consisting ofhydrogen, alkenyl, 

alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

and heterocyclylalkyl; 

each L 6 is independently a -CR=CR-fused-tricyclic saturated, partially unsaturated, or aromatic 

heterocyclic ring system that is optionally substituted with one or more groups independently 

selected from oxo, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, 
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formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NRaRb, (NRaRb)alkyl, (NRaRb)carbonyl, 

cyano, nitro, SOR4
, S02R

4
, -alkylS02R\ haloalkoxy, cyanoalkyl, NR4S02R\ cycloalkyl, 

(halo)cycloalkyl, heterocycle, (cycloalkyl)alkyl, (heterocycle)alkyl, wherein each alkyl, 

heterocycle and cycloalkyl is optionally substituted with one or more halo; 

each R is independently selected from H or alkyl; 

each R4 is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; and 

Ra and R bare independently selected from the group consisting ofhydrogen, alkenyl, 

alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

and heterocyclylalkyl; 

each L 7 is independently: 

(R2)aa 

~H''--i 
wherein: 

each H1
·
1 is independently a fused-bicyclic saturated, partially unsaturated, or 

aromatic heterocyclic ring system that is optionally substituted with one or more R2; 

each R2 is independently selected from halo, -RL7
, -OR L7, -SR L7, -N(R 

L7)2, -CF3, -CCh, -OCF3,-CN, -N02, -N(R L7)C(=O)R L?, -C(=O)R L?, -OC(=O)R 

L7, -C(O)OR L7, -C(=O)NR L7, -S(=O)R L?, -S(=0)20R L7, -S(=0)2R L?, -OS(=0)20R L7, 

and -S(=0)2NR L?; 

each R L? is independently -H, alkyl, aryl, arylalkyl, or heterocycle; and 

each aa is independently 1, 2, 3, or 4; 

each L9 is independently a fused-tetracyclic saturated, partially unsaturated, or aromatic 

heterocyclic ring system that is optionally substituted with one or more groups independently 

selected from oxo, halo, -RL7, -OR L7, -SR L7
, -CF3, -CCh, -OCF3,-CN, -N02, -N(R L7)C(=O)R L7, 

-C(=O)R L?, -OC(=O)R L7, -C(O)OR L7, -C(=O)NR L7, -S(=O)R L7, -S(=0)20R L7, -S(=0)2R L7,

OS(=0)20R L7, -S(=0)2NR L7
, alkoxyalkyl, arylalkoxycarbonyl, halo, haloalkyl, hydroxyalkyl, 

-NRaRb, (NRaRb)alkyl, and (NRaRb)carbonyl; 

each R L? is independently -H, alkyl, aryl, arylalkyl, or heterocycle; 
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Ra and R bare each independently selected from the group consisting of hydrogen, 

alkenyl, alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, 

heterocyclyl, and heterocyclylalkyl; 

each L 10 is independently a fused-pentacyclic saturated, partially unsaturated, or aromatic 

heterocyclic ring system that is optionally substituted with one or more groups independently 

selected from oxo, halo, -RL7, -OR L7
, -SR L7' -CF3, -CCh, -OCF3,-CN, -N02, -N(R L7)C(=O)R L7' 

-C(=O)R L7' -OC(=O)RL7, -C(O)OR L7' -C(=O)NR L7
, -S(=O)R L7' -S(=0)20R L7

, -S(=0)2R L7
,

OS(=0)20R L7' -S(=0)2NR L7
, alkoxyalkyl, arylalkoxycarbonyl, halo, haloalkyl, hydroxyalkyl, 

-NRaRb, (NRaRb)alkyl, and (NRaRb)carbonyl; 

each R L7 is independently -H, alkyl, aryl, arylalkyl, or heterocycle; 

R a and R b are each independently selected from the group consisting of hydrogen, 

alkenyl, alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, 

heterocyclyl, and heterocyclylalkyl; 

each L 11 is independently a six -ring fused saturated, partially unsaturated, or aromatic 

heterocyclic ring system that is optionally substituted with one or more groups independently 

selected from oxo, halo, -RL7, -OR L7' -SR L7' -CF3, -CC13, -OCF3,-CN, -N02, -N(R L7)C(=O)R L7
, 

-C(=O)R L7' -OC(=O)R L7' -C(O)OR L7' -C(=O)NR L7
, -S(=O)R L7' -S(=0)20R L7' -S(=0)2R L7,

OS(=0)20R L7
, -S(=0)2NR L7' alkoxyalkyl, arylalkoxycarbonyl, halo, haloalkyl, hydroxyalkyl, 

-NRaRb, (NRaRb)alkyl, and (NRaRb)carbonyl; 

each R L7 is independently -H, alkyl, aryl, arylalkyl, or heterocycle; 

Ra and R bare each independently selected from the group consisting of hydrogen, 

alkenyl, alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, 

heterocyclyl, and heterocyclylalkyl; 

each R9° is independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, 

alkoxycarbonylalkyl, alkyl, alkylcarbonylalkyl, aryl, arylalkenyl, arylalkoxy, arylalkyl, 

aryloxyalkyl, cycloalkyl, ( cycloalkyl)alkenyl, ( cycloalkyl)alkyl, cycloalkyloxyalkyl, haloalkyl, 

heterocyclyl, heterocyclylalkenyl, heterocyclylalkoxy, heterocyclylalkyl, heterocyclyloxyalkyl, 

hydroxyalkyl, -NRcRd, (NRcRd)alkenyl, (NRcRd)alkyl, and (NRcRd)carbonyl; 

Rc and Rd are independently selected from hydrogen, alkenyloxycarbonyl, 

alkoxyalkylcarbonyl, alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfonyl, aryl, 
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arylalkoxycm;bonyl, arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxycarbonyl, arylsulfonyl, 

cycloalkyl, cycloalkylsulfonyl, formyl, haloalkoxycarbonyl, heterocyclyl, 

heterocyclylalkoxycarbonyl, heterocyclylalkyl, heterocyclylalkylcarbonyl, heterocyclylcarbonyl, 

heterocyclyloxycarbonyl, hydroxyalkylcarbonyl, (NR eRf)alkyl, (NR eRf)alkylcarbonyl, 

(NReRf)carbonyl, (NReRf)sulfonyl, -C(NCN)OR', and- C(NCN)NRxR Y, wherein R' is selected 

from alkyl and unsubstituted phenyl, and wherein the alkyl part of the arylalkyl, the 

arylalkylcarbonyl, the heterocyclylalkyl, and the heterocyclylalkylcarbonyl are further optionally 

substituted with one -NReRf group; and wherein the aryl, the aryl part of the arylalkoxycarbonyl, 

the arylalkyl, the arylalkylcarbonyl, the arylcarbonyl, the aryloxycarbonyl, and the arylsulfonyl, 

the heterocyclyl, and the heterocyclyl part of the heterocyclylalkoxycarbonyl, the 

heterocyclylalkyl, the heterocyclylalkylcarbonyl, the heterocyclylcarbonyl, and the 

heterocyclyloxycarbonyl are further optionally substituted with one, two, or three substituents 

independently selected from alkoxy, alkyl, cyano, halo, haloalkoxy, haloalkyl, and nitro; 

Rx and R Yare independently selected from hydrogen, alkoxycarbonyl, alkyl, 

alkylcarbonyl, unsubstituted aryl, unsubstituted arylalkoxycarbonyl, unsubstituted arylalkyl, 

unsubstituted cycloalkyl, unsubstituted heterocyclyl, and (NRX'R Y)carbonyl, wherein RX' and R Y' 

are independently selected from hydrogen and alkyl; 

each R91 is independently -N(R9a)-NHC(=O)O-R9
b, wherein each R9a is independently 

arylalkyl, alkyl, alkenyl, alkynyl, aryl, arylalkyl, arylalkenyl, arylalkoxy, halocycloalkyl, 

( cycloalkyl)alkenyl, ( cycloalkyl)alkoxy, alkylS02alkyl, cycloalkylalkylS02alkyl, cyanoalkyl, 

haloalkyl, cycloalkylalkyl, cycloalkyl, alkoxyalkyl, alkoxyalkylcarbonylalkyl, 

alkoxycarbonylalkyl, alkylsulfanylalkyl, aryalkoxyalkylcarbonylalkyl, carboxyalkyl, 

heterocyclylalkyl, heterocyclyl, heterocyclylcarbonylalkyl, hydroxyalkyl, NRRCOalkyl, 

wherein each R is independently selected from hydrogen and alkyl; 

and wherein arylalkyl the alkyl can be substituted with up to three aryl groups, and the alkyl 

part of the arylalkyl is further optionally substituted with one or two additional groups 

independently selected from alkoxy, alkylcarbonyloxy, halo, haloalkoxy, haloalkyl, 

heterocyclyl, hydroxy; 

and the aryl part can be substituted with 1, 2, 3, 4, or 5 substituents independently 

selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkylcarbonyl, a second aryl group, 

arylalkoxy, arylalkyl, arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl, heterocyclyl, 

heterocyclylalkyl, heterocyclylcarbonyl, hydroxy, hydroxyalkyl, nitro, -NRxR Y,-

(NRxR Y)alkyl, oxo, and -P(O)OR2, wherein each R is independently selected from hydrogen 

and alkyl; and wherein the alkyl part of the arylalkyl and the heterocyclylalkyl are unsubstituted 
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and wherein the second aryl group, the aryl part of the arylalkyl, the aryl part of the 

arylcarbonyl, the heterocyclyl, and the heterocyclyl part ofthe heterocyclylalkyl and the 

heterocyclylcarbonyl are further optionally substituted with one, two, or three substituents 

independently selected from alkoxy, alkyl, cyano, halo, haloalkoxy, haloalkyl, and nitro; 

and the heterocyclyl can be substituted with 1, 2, 3, 4, or 5 substituents independently 

selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkylcarbonyl, aryl, arylalkyl, 

arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl, a second heterocyclyl group, heterocyclylalkyl, 

heterocyclylcarbonyl, hydroxy, hydroxyalkyl, nitro, -NRxR Y' (NRxR Y)alkyl, and oxo, wherein 

the alkyl part of the arylalkyl and the heterocyclylalkyl are unsubstituted and wherein the aryl, 

the aryl part of the arylalkyl; the aryl part of the arylcarbonyl, the second heterocyclyl group, 

and the heterocyclyl 

part of the heterocyclylalkyl and the heterocyclylcarbonyl are further optionally substituted with 

one, two, or three substituents independently selected from alkoxy, alkyl, cyano, halo, 

haloalkoxy, haloalkyl, and nitro; R9
b is independently H, alkyl, aryl, haloalkyl, or arylalkyl; 

each R92 is independently -N(R9a)-NHC(=O)NR9
b 2; wherein each R9ais independently 

arylalkyl, alkyl, alkenyl, alkynyl, aryl, arylalkyl, arylalkenyl, arylalkoxy, halocycloalkyl, 

( cycloalkyl)alkenyl, ( cycloalkyl)alkoxy, alkylS02alkyl, cycloalkylalkylS02alkyl, cyanoalkyl, 

haloalkyl cycloalkylalkyl, cycloalkyl, alkoxyalkyl, alkoxyalkylcarbonylalkyl, 

alkoxycarbonylalkyl, alkylsulfanylalkyl, aryalkoxyalkylcarbonylalkyl, carboxyalkyl, 

heterocyclylalkyl, heterocyclylcarbonylalkyl, hydroxyalkyl, NRRCOalkyl, wherein each R is 

independently selected from hydrogen and alkyl; 

and where in arylalkyl the alkyl can be substituted with up to three aryl groups, and the alkyl 

part of the arylalkyl is further optionally substituted with one or two additional groups 

independently selected from alkoxy, alkylcarbonyloxy, halo, haloalkoxy, haloalkyl, 

heterocyclyl, hydroxy; 

and the aryl part can be substituted with 1, 2, 3, 4, or 5 substituents independently 

selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkylcarbonyl, a second aryl group, 

arylalkoxy, arylalkyl, arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl, heterocyclyl, 

heterocyclylalkyl, heterocyclylcarbonyl, hydroxy, hydroxyalkyl, nitro, -NRxR Y'

(NRxRY)alkyl, oxo, and -P(O)OR2, wherein each R is independently selected from hydrogen 

and alkyl; and wherein the alkyl part of the arylalkyl and the heterocyclylalkyl are unsubstituted 

and wherein the second aryl group, the aryl part of the arylalkyl, the aryl part of the 

arylcarbonyl, the heterocyclyl, and the heterocyclyl part of the heterocyclylalkyl and the 
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heterocyclylcarbonyl are further optionally substituted with one, two, or three substituents 

independently selected from alkoxy, alkyl, cyano, halo, haloalkoxy, haloalkyl, and nitro; 

and the heterocyclyl can be substituted with 1, 2, 3, 4, or 5 substituents independently 

selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkylcarbonyl, aryl, arylalkyl, 

arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl, a second heterocyclyl group, heterocyclylalkyl, 

heterocyclylcarbonyl, hydroxy, hydroxyalkyl, nitro, -NRxR Y' (NRxR Y)alkyl, and oxo, wherein 

the alkyl part of the arylalkyl and the heterocyclylalkyl are unsubstituted and wherein the aryl, 

the aryl part ofthe arylalkyl; the aryl part ofthe arylcarbonyl, the second heterocyclyl group, 

and the heterocyclyl 

part of the heterocyclylalkyl and the heterocyclylcarbonyl are further optionally substituted with 

one, two, or three substituents independently selected from alkoxy, alkyl, cyano, halo, 

haloalkoxy, haloalkyl, and nitro; R9
b is independently H, alkyl, aryl, haloalkyl, or arylalkyl; 

each R93 is independently -N(R9a)-NHC(=O)R9
b, wherein each R9ais independently arylalkyl, 

alkyl, alkenyl, alkynyl, aryl, arylalkyl, arylalkenyl, arylalkoxy, halocycloalkyl, 

( cycloalkyl)alkenyl, ( cycloalkyl)alkoxy, alkylS02alkyl, cycloalkylalkylS02alkyl, cyanoalkyl, 

haloalkyl, cycloalkylalkyl, cycloalkyl, alkoxyalkyl, alkoxyalkylcarbonylalkyl, 

alkoxycarbonylalkyl, alkylsulfanylalkyl, aryalkoxyalkylcarbonylalkyl, carboxyalkyl, 

heterocyclylalkyl, heterocyclyl, heterocyclylcarbonylalkyl, hydroxyalkyl, NRRCOalkyl, 

wherein each R is independently selected from hydrogen and alkyl; and where in arylalkyl 

the alkyl can be substituted with up to three aryl groups, and the alkyl part of the arylalkyl is 

further optionally substituted with one or two additional groups independently selected from 

alkoxy, alkylcarbonyloxy, halo, haloalkoxy, haloalkyl, heterocyclyl, hydroxy; 

and the aryl part can be substituted with 1, 2, 3, 4, or 5 substituents independently 

selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkylcarbonyl, a second aryl group, 

arylalkoxy, arylalkyl, arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl, heterocyclyl, 

heterocyclylalkyl, heterocyclylcarbonyl, hydroxy, hydroxyalkyl, nitro, -NRxR Y'-

(NRxR Y)alkyl, oxo, and -P(O)OR2, wherein each R is independently selected from hydrogen 

and alkyl; and wherein the alkyl part of the arylalkyl and the heterocyclylalkyl are unsubstituted 

and wherein the second aryl group, the aryl part of the arylalkyl, the aryl part of the 

arylcarbonyl, the heterocyclyl, and the heterocyclyl part of the heterocyclylalkyl and the 

heterocyclylcarbonyl are further optionally substituted with one, two, or three substituents 

independently selected from alkoxy, alkyl, cyano, halo, haloalkoxy, haloalkyl, and nitro; 

and the heterocyclyl can be substituted with 1, 2, 3, 4, or 5 substituents independently 

selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkylcarbonyl, aryl, arylalkyl, 
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arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl, a second heterocyclyl group, heterocyclylalkyl, 

heterocyclylcarbonyl, hydroxy, hydroxyalkyl, nitro, -NRXRY, -(NRXRY)alkyl, and oxo, wherein 

the alkyl part of the arylalkyl and the heterocyclylalkyl are unsubstituted and wherein the aryl, 

the aryl part of the arylalkyl; the aryl part of the arylcarbonyl, the second heterocyclyl group, 

and the heterocyclyl part ofthe heterocyclylalkyl and the heterocyclylcarbonyl are further 

optionally substituted with one, two, or three substituents independently selected from alkoxy, 

alkyl, cyano, halo, haloalkoxy, haloalkyl, and nitro; R9b is independently H, alkyl, aryl, 

haloalkyl, or arylalkyl; 

each A0 is independently: 

wherein: 

each RA3 is independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, 

alkyl, arylalkoxycarbonyl, carboxy, formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NRaRb, 

(NRaRb)alkyl, and (NRaRb)carbonyl; Ra and R bare each independently selected from the group 

consisting ofhydrogen, alkenyl, alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, 

cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl; and each 

bb is independently 0, 1, 2, 3, or 4; or 

each A 0 is independently a six-membered heteroaromatic ring containing one, two, 

or three nitrogen atoms, which ring is optionally substituted with 1, 2, 3, or 4 RA3 groups; 

each A 1 is independent! y: 

wherein: 
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each RAJ is independently selected from cyano, nitro, SOR4
, S02R4

, -alkylS02R4
, 

haloalkoxy, cyanoalkyl, NR4S02R4
, cycloalkyl, (halo )cycloalkyl, heterocycle, ( cycloalkyl)alkyl, 

(heterocycle)alkyl, wherein each alkyl, heterocycle and cycloalkyl is optionally substituted with 

one or more halo; and 

each R4 is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; 

each cc is independently 1, 2, 3, or 4 

each A2 is independently: 

wherein: 

each RAJ is independently selected from cyano, nitro, SOR4
, S02R4

, -alkylS02R4
, 

haloalkoxy, cyanoalkyl, NR4S02R4
, cycloalkyl, (halo )cycloalkyl, heterocycle, ( cycloalkyl)alkyl, 

(heterocycle )alkyl, wherein each alkyl, heterocycle and cycloalkyl is optionally substituted with 

one or more halo; 

each RA3 is independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, 

arylalkoxycarbonyl, carboxy, formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NRaRb, 

(NRaRb)alkyl, and (NRaRb)carbonyl; Ra and R bare each independently selected from the group 

consisting of hydrogen, alkenyl, alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, 

cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl; 

each R4 is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; 

Ra and R bare independently selected from the group consisting ofhydrogen, alkenyl, 

alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

and heterocyclylalkyl; 

each bb is 0, 1, 2, 3, or 4; each cc is 1, 2, 3, or 4; and the sum ofbb and cc is 1, 2, 3, or 4; 

each A3 is independently a six-membered heteroaromatic ring containing one, two, or three 

nitrogen atoms, which ring is substituted with one or more RAJ groups, and which ring is 

optionally substituted with one or more RA3 groups; 

each A 4 is independently: 
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wherein: 

each H5 is independently a phenyl ring or a six-membered heteroaromatic 

ring, which H5 is optionally substituted with one or more groups independently selected from 

RA1 and RA3; and each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each A5 is independently: 

wherein: 

each H6 is independently a phenyl ring or a six-membered heteroaromatic 

ring, which H6 is optionally substituted with one or more groups independently selected from 

RAl and RA3; and each XA is independently 0, NR, SO, so2, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent; provided that at least one XA is present and 

each R is independently selected from H or alkyl; 

each A6 is independently: 

wherein: 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, allenyl, alkynyl, or absent; provided that at least one XA is present and each R is 

independently selected from H or alkyl; 

each A 7 is independently: 
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wherein: 

each H7 is independently a five-membered heteroaromatic ring, which H7 is 

optionally substituted with one or more groups independently selected from RA1 and RA3; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent; and each R is independently selected from H 

or alkyl; 

each A8 is independently: 

wherein: 

each H7 is independently a five-membered heteroaromatic ring, which H7 is 

optionally substituted with one or more groups independently selected from RA1 and RA3; 

each H8 is independently a phenyl ring, which is optionally substituted with 

one or more groups independently selected from RA1 and RA3; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each A9 is independently: 

wherein: 

each H7 is independently a five-membered heteroaromatic ring, which H7 is 

optionally substituted with one or more groups independently selected from RA1 and RA3; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each A 10 is independently: 

995 



IPR2018-00211 Page 998 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

wherein: 

each H8 is independently a phenyl ring, which is optionally substituted with 

one or more groups independently selected from RA1 and R A3; 

each H9 is independently a six-membered heteroaromatic ring, which is 

optionally substituted with one or more groups independently selected from RA1 and RA3; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each A 11 is independently: 

wherein: 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each H 10 is independently a 5-15 carbon unsaturated, partially unsaturated or 

saturated bicyclic ring system that is optionally fused to an aryl, which H 10 is optionally 

substituted with one or more groups independently selected from oxo, alkoxy, alkoxyalkyl, 

alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, formyl, halo, haloalkyl, hydroxy, 

hydroxyalkyl, -NRaRb, (NRaRb)alkyl, and (NRaRb)carbonyl, cyano, nitro, SOR4
, 

S02R
4

, -alkylS02R4
, haloalkoxy, cyanoalkyl, NR4S02R

4
, cycloalkyl, (halo)cycloalkyl, 

heterocycle, ( cycloalkyl)alkyl, and (heterocycle )alkyl, wherein each alkyl, heterocycle and 

cycloalkyl is optionally substituted with one or more halo; and 

each R4 is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl 

each A 12 is independently: 
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each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each H 11 is independently a 5-15 carbon unsaturated, partially unsaturated or 

saturated bicyclic ring system that contains one or more heteroatoms that is optionally fused 

to an aryl, which H11 is optionally substituted with one or more groups independently 

selected from oxo, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, 

formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NRaRb, (NRaRb)alkyl, and (NRaRb)carbonyl, 

cyano, nitro, SOR4, S02R
4, -alkylS02R

4, haloalkoxy, cyanoalkyl, NR4S02R
4, cycloalkyl, 

(halo)cycloalkyl, heterocycle, (cycloalkyl)alkyl, and (heterocycle)alkyl, wherein each alkyl, 

heterocycle and cycloalkyl is optionally substituted with one or more halo; and 

each R4 is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; and 

each A 13 is independently: 

wherein: 

each H12 is independently a fused aromatic bicyclic carbocycle, which is 

optionally substituted with one or more groups independently selected from RA1 and RA3; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each A14 is independently: 

wherein: 

each H13 is independently a fused aromatic bicyclic heterocycle that comprises 

at least one heteroatom in the ring system, which ring system is optionally substituted with 

one or more groups independently selected from RA1 and RA3; and 
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each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each A 15 is independently: 

wherein: 

each H14 is independently a fused unsaturated, partially unsaturated or 

saturated tricyclic carbocycle which is optionally substituted with one or more groups 

independently selected from oxo, RA1 and RAJ; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each A 16 is independently: 

wherein: 

each H 15 is independently a fused unsaturated, partially unsaturated or 

saturated tricyclic heterocycle that comprises at least one heteroatom in the ring system, 

which ring system is optionally substituted with one or more groups independently selected 

from RA1 and RAJ; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each A 17 is independently: 
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wherein: 

each H16 is independently a fused bicyclic carbocyclic ring system wherein 

one ring is aromatic and another ring is partially or fully saturated, which ring system is 

optionally substituted with one or more groups independently selected from oxo, RA1 and RA3; 

and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each A18 is independently: 

wherein: 

each H 17 is independently a fused bicyclic ring system comprising at least one 

heteroatom, wherein one ring is aromatic and another ring is partially or fully saturated, 

which ring system is optionally substituted with one or more groups independently selected 

from oxo, RA1 and RA3; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each A 21 is independently: 

wherein: 

each H40 is independently an anti-aromatic monocyclic or fused carbocyclic 

ring system, which carbocyclic ring system is optionally substituted with one or more groups 

independently selected from RA1 and RA3; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 
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each W1 is independently -XA-: 

wherein: 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each W2 is independently: 

wherein: 

each H20 is independently a fused aromatic bicyclic carbocycle, which is 

optionally substituted with one or more groups independently selected from RA1 and RA3; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each W3 is independently: 

wherein: 

each H21 is independently a fused bicyclic carbocyclic ring system wherein 

one ring is aromatic and another ring is partially or fully saturated, which ring system is 

optionally substituted with one or more groups independently selected from oxo, RA1 and RA3; 

and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each W4 is independently: 
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wherein: 

each H22 is independently a fused aromatic bicyclic heterocycle that comprises 

at least one heteroatom in the ring system, which ring system is optionally substituted with 

one or more groups independently selected from RAJ and RAJ; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each W5 is independently: 

wherein: 

each H23 is independently a fused bicyclic ring system comprising at least one 

heteroatom, wherein one ring is aromatic and another ring is partially or fully saturated, 

which ring system is optionally substituted with one or more groups independently selected 

from oxo, RAJ and RAJ; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each W6 is independently: 

wherein: 

each H24 is independently a fused unsaturated, partially unsaturated or 

saturated tricyclic carbocycle, which is optionally substituted with one or more groups 

independently selected from oxo, RAJ and RAJ; and 
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each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each W7 is independently: 

wherein: 

each H26 is independently a 5-15 carbon unsaturated, partially unsaturated or 

saturated bicyclic ring system which ring system is optionally substituted with one or more 

groups independently selected from oxo, RAJ and RAJ; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each W8 is independently: 

wherein: 

each H27 is independently a fused unsaturated, partially unsaturated or 

saturated tricyclic heterocycle that comprises at least one heteroatom in the ring system, 

which ring system is optionally substituted with one or more groups independently selected 

from RAJ and RAJ; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each W9 is independently: 

wherein: 
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each H29 is independently a 5-15 carbon unsaturated, partially unsaturated or 

saturated bicyclic ring system that contains one or more heteroatoms; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each W10 is independently -H30=C=H31
-

wherein each of -H30 and H31 is independently a saturated 6-membered heterocyclic 

ring comprising one or more heteroatoms, which ring is optionally substituted with oxo; 

each W11 is independently -H32=C=H33
-

wherein each of -H32 and H33 is independently a saturated 5-membered heterocyclic 

ring comprising one or more heteroatoms, which ring is optionally substituted with oxo; 

each W12 is independently an anti-aromatic monocyclic or fused carbocyclic ring system, 

which carbocyclic ring system is optionally substituted with one or more groups 

independently selected from RA1 and RA3; 

each W13 is independently a phenyl ring that is optionally substituted with one or more groups 

independently selected from RA1 and RA3; 

each W14 is independently a 5 or 6 membered heteroaryl ring that is optionally substituted 

with one or more groups independently selected from RA1 and RA3; 

each W15 is independently a fused unsaturated, partially unsaturated or saturated tetracyclic 

carbocyclic ring, which ring system is optionally substituted with one or more groups 

independently selected from oxo, R AI and R A3; 

each W16 is independently a fused unsaturated, partially unsaturated or saturated tetracyclic 

heterocycle that comprises at least one heteroatom in the ring system, which ring system is 

optionally substituted with one or more groups independently selected from oxo, RA1 and RA3; 

each W17 is independently a fused unsaturated, partially unsaturated or saturated pentacyclic 

carbocyclic ring system, which ring system is optionally substituted with one or more groups 

independently selected from oxo, RA1 and RA3; 
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each WJ 8 is independently a fused unsaturated, partially unsaturated or saturated pentacyclic 

heterocycle that comprises at least one heteroatom in the ring system, which ring system is 

optionally substituted with one or more groups independently selected from oxo, RAJ and RA3; 

each WJ9 is independently a fused unsaturated, partially unsaturated or saturated hexacyclic 

carbocyclic ring system, which ring system is optionally substituted with one or more groups 

independently selected from oxo, RAJ and RA3; 

each W20 is independently a fused unsaturated, partially unsaturated or saturated hexacyclic 

heterocycle that comprises at least one heteroatom in the ring system, which ring system is 

optionally substituted with one or more groups independently selected from oxo, RAJ and RA3; 

each M0 is independently a five membered heteroaryl group optionally substituted with one or 

more alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, haloalkyl, (NRaRb)carbonyl and 

trialkylsilylalkoxyalkyl; 

each MJ is independently selected from -C(=O)NH-,-

C(=O)NH-C(RM)2-, -NHC(=O) -, -C(RM)2NHC(=O)-, -NHC(=O)N RM -, -NHC(=O)O -; 

wherein each RM is independently selected from H and alkyl; 

each M2 is independently a six-membered heteroaromatic ring, which is optionally substituted 

with one or more groups independently selected from RAJ and RA3; 
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each M3 is independently: 

H 

UN~ 
rv~. 

' 

each M4 is independently: 

Kr0 
OH 

each M5 is independently: 

H 

KD 
wherein the bond designated with--- is fused to a ring defined for P; 

each M6 is independently a bicyclic bridged ring system comprising 5-15 atoms wherein at least 

one of the atoms is a heteroatom; 

each M7 is independently a pyrid-di-yl; 

each M8 is independently partially saturated or a saturated five-membered ring that comprises 

one or more heteroatoms and that is optionally substituted with one or two oxo; 

each M9 is independently a fused-bicyclic saturated, partially unsaturated, or aromatic 

heterocyclic ring system that is optionally substituted with one or more RPll; 

each M 10 is independently a five membered heteroaryl group substituted with at least one 

alkoxy, cycloalkyl, cyano, alkylsulfonyl, arylsulfonyl, NRhRh, (NRhRh)sulfonyl, 

heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkoxy, haloalkoxyalkyloxy, 
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cycloalkoxyalkoxy, aryloxyalkoxy, heteroaryloxyalkoxy, heterocyclyloxyalkyloxy, 

(NRhRh)alkoxy, cyanoalkoxy, cycloalkoxy, heterocyclyl, alkoxyalkyl, cycloalkoxyalkyl, 

(NRhRh)alkyl, wherein each Rh is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, 

heterocycle, heterocyclyloxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, 

haloalkoxyalkyl, and sulfonylalkyl; and wherein the five membered ring is also optionally 

substituted with one or more alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, haloalkyl, and 

(NRaRb)carbonyl; 

each M11 is independently a fused-tricyclic saturated, partially unsaturated, or aromatic 

heterocyclic ring system that is optionally substituted with one or more oxo, halo, -RM7
, -OR 

M7
, -SR M7

, -N(R M7)2, -CF3, -CCI), -OCF3,-CN, -N02, -N(R M7)C(=O)R M7
, -C(=O)R M7

,

OC(=O)R M?' -C(O)OR M7
, -C(=O)NRM7

, -S(=O)R M7
, -S(=0)20R M7

, -S(=0)2R M7
, -OS(=0)20R 

M7
, or -S(=0)2NR M7

; each R M7 is independently -H, alkyl, aryl, arylalkyl, or heterocycle; 

each M 12 is independently a fused-pentacyclic, hexacyclic, or heptacyclic partially unsaturated, 

or aromatic heterocyclic ring system that is optionally substituted with one or more oxo 

halo, -RM7
, -OR M7

, -SR M7
, -N(R M7)2, -CF3, -CCI), -OCF3,-CN, -N02, -N(R M7)C(=O)R M7

,

C(=O)R M?' -OC(=O)R M7
, -C(O)OR M7

, -C(=O)NR M7
, -S(=O)R M7

, -S(=0)20R M7
, -S(=0)2R M7

,

OS(=0)20R M7
, or -S(=0)2NRM7

; 

each R M7 is independently -H, alkyl, aryl, arylalkyl, or heterocycle; 

each P0 is independently: 

or 

wherein: 
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X is selected from 0, S, S(O), S02 , CHz, CHRP 10
, and C(RP 10)z; 

provided that when pn or pm is 0, X is selected from CH2, CHRP10
, and C(RP 10)z; 

each RPIO is independently selected from alkoxy, alkyl, aryl, halo, 

haloalkyl, hydroxy, and -NRPaRPb, wherein the alkyl can optionally form a fused three-to 

six-membered ring with an adjacent carbon atom, wherein the three- to six-membered ring is 

optionally substituted with one or two alkyl groups; 

each RP5 and RP6 is independently selected from alkoxy, alkyl, aryl, 

halo, haloalkyl, hydroxy, and -NRPaRPb, wherein the alkyl can optionally form a fused 

three-to six-membered ring with an adjacent carbon atom, wherein the three- to six-membered 

ring is optionally substituted with one or two alkyl groups; RPa and RPb are each independently 

H, alkyl, aryl, or arylalkyl; or RPa and RPb taken together with the atom to which they are 

attached form a heterocycle; 

pq and ps are independently 0, 1, 2, 3, or 4; 

pm and pn are independently 0, 1, or 2; 

po and pp are independently 1, 2, or 3; 

RP7 and RP8 are each independently selected from hydrogen, alkenyl, alkoxyalkyl, 

alkyl, haloalkyl, and (NRPaRPb)alkyl; or RP7 and RP8
, together with the carbon atom to which they 

are attached, form a five or six membered saturated ring optionally containing one or two 

heteroatoms selected from NRPz, 0, and S; wherein RPz is selected from hydrogen and alkyl; 

RP9 is selected from hydrogen and alkyl; 

each P1 is independently: 

wherein: 

X is selected from 0, S, S(O), S02 , CH2 , CHRP 10
, and C(RP 10)z; 

provided that when pn is 0, X is selected from CH2, CHRP10
, and C(RP 10)z; 

each RPIO is independently selected from alkoxy, alkyl, aryl, halo, 

haloalkyl, hydroxy, and -NRPaRPb, wherein the alkyl can optionally form a fused three-to 

six-membered ring with an adjacent carbon atom, wherein the three- to six-membered ring is 

optionally substituted with one or two alkyl groups; 
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at least one RPII is independently selected from cyano, alkylsulfonyl, 

arylsulfonyl, (NRh~)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, 

alkoxyalkyloxy, haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, 

heteroaryloxyakyloxy, heterocyclooxyalkyloxy, (NRhRha)lkyloxy, cyanoalkoxy, 

cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl, -NRhhRh, (NRhhRh)alkyl, 

(NRhhRh)carbonyl, wherein each Rh is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, 

heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, 

haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; and when two 

R h groups are present then they may come together with the atoms to which they are bound to 

form a 4-15 membered heterocyclic ring; wherein each Rhh is independently aryl, arylalkyl, 

heterocycle, heterocyclyoxy, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, 

haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl, 

(NRhRh)sulfonyl, heteroarylsulfonyl, -S(=0)2Rh, -C(=O)Rh, -C(=O)NRhRh; and the remaining 

PI! · P5 R are Independently selected from R , cyano, alkylsulfonyl, arylsulfonyl, 

(NRhRh)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy, 

haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, heteroaryloxyakyloxy, 

heterocyclooxyalkyloxy, (NRhRh)alkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy, 

oxo, heterocyclyl; wherein each Rh is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, 

heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, 

haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; and when two 

Rh groups are present then they may come together with the atoms to which they are bound to 

form a 4-15 membered heterocyclic ring; 

psis 1, 2, 3, or 4; 

pn is 0, 1, or 2; 

each P2 is independently: 

wherein: 

1008 



IPR2018-00211 Page 1011 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

each RP 12 is independently selected from RP5
, RP11 ,-C(=O)ORh, cyano, 

alkylsulfonyl, arylsulfonyl, (NRhRh)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, 

haloalkoxy, alkoxyalkyloxy, haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, 

heteroaryloxyakyloxy, heterocyclooxyalkyloxy, (NR hR h)alkyloxy, cyanoalkoxy, 

cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl; wherein each Rh is independently -H, 

alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, 

alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, 

dialkylaminoalkyl, sulfonylalkyl; and when two Rh groups are present then they may come 

together with the atoms to which they are bound to form a 4-15 membered heterocyclic ring; 

ps is 1, 2, 3, or 4; 

pn is 0, 1, or 2; 

each P3 is independently a ring of the formula: 

wherein: 

the ring is substituted with one or more oxo group; 

each RP 13 is independently selected from RP5
, cyano, alkylsulfonyl, 

arylsulfonyl, (NRhRh)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, 

alkoxyalkyloxy, haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, 

heteroaryloxyakyloxy, heterocyclooxyalkyloxy, (NRhRh)alkyloxy, cyanoalkoxy, 

cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl; wherein each Rh is independently -H, 

alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, 

alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, 

dialkylaminoalkyl, sulfonylalkyl; and when two Rh groups are present then they may come 

together with the atoms to which they are bound to form a 4-15 membered heterocyclic ring; 

ps is 0, 1, 2, 3, or 4; 

pn is 0, 1, or 2; 
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each P4 is independently a ring of the formula: 

wherein: 

the ring is optionally substituted with one or more groups RP 14 that are 

independently selected from alkoxy, alkyl, aryl, halo, haloalkyl, hydroxy, and

NRPaRPb' wherein the alkyl can optionally form a fused three-to six-membered ring with an 

adjacent carbon atom, wherein the three- to six-membered ring is optionally substituted with one 

or two alkyl groups; and where two groups RP 14 that are attached to the same carbon 

when taken together with the carbon to which they are attached can form a 3-6 

membered carbocyclic or heterocyclic ring; 

pn is 0, 1, or 2; 

each Rf is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, 

heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, 

haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, 

sulfonylalkyl, -S(=0)2NRhRh, -S(=0)2Rh, C(=O)Rh, C(=O)ORh, -C(=O)NRhRh; each Rh is 

independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, 

alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, 

alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; or when two R h groups are present then they 

may come together with the atoms to which they are bound to form a 4-15 membered 

heterocyclic ring; 

each P5 is independently a ring of the formula: 
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wherein: 

the ring is optionally substituted with one or more groups RP 15 that are 

independently selected from alkoxy, alkyl, aryl, halo, haloalkyl, hydroxy, and

NRPaRPb' wherein the alkyl can optionally form a fused three-to six-membered ring with an 

adjacent carbon atom, wherein the three- to six-membered ring is optionally substituted with one 

or two alkyl groups; and where two groups RP 15 that are attached to the same carbon 

when taken together with the carbon to which they are attached can form a 3-6 

membered carbocyclic or heterocyclic ring; 

pnis0,1,or2; 

Z is 0, S, S(=O), S(=Oh, or NRf; 

each Rf is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, 

heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, 

haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, 

sulfonylalkyl, -S(=0)2NRhRh, -S(=0)2R\ C(=O)Rh, C(=O)ORh, -C(=O)NRhRh; each Rh is 

independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, 

alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, 

alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; or when two Rh groups are present then they 

may come together with the atoms to which they are bound to form a 4-15 membered 

heterocyclic ring; 

each P6 is independently a ring of the formula: 

wherein: 

the ring is substituted with one or more oxo and is optionally substituted with one 

or more groups RP 16 that are independently selected from alkoxy, alkyl, aryl, halo, 

haloalkyl, hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused three-to 

six-membered ring with an adjacent carbon atom, wherein the three- to six-membered ring is 

optionally substituted with one or two alkyl groups; 

Z is 0, S, S(=O), S(=0)2, or NRf; 

pn is 0, 1, or 2; 
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each Rf is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, 

heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, 

haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, 

sulfonylalkyl, -S(=0)2NRhRh, -S(=0)2Rh, C(=O)Rh, C(=O)ORh, -C(=O)NRhRh; each Rh is 

independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, 

alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, 

alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; or when two Rh groups are present then they 

may come together with the atoms to which they are bound to form a 4-15 membered 

heterocyclic ring; 

each P7 is a bridged 5-15 membered bicyclic heterocyclic ring that is attached to the remainder 

ofthe compound of formula I through one N-link and through one C-link; wherein the ring is 

optionally substituted with one or more groups independently selected from RP6and RPII; 

each P8 is independently a ring of the formula: 

wherein: 

ps is 2, 3, 4, 5, or 6; 

pn is 0, 1 or 2; 

each RPIJ is independently selected from alkoxy, alkyl, aryl, halo, 

haloalkyl, hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused 

three-to six-membered ring with an adjacent carbon atom, wherein the three- to 

six-membered ring is optionally substituted with one or two alkyl groups; where in at least 

one case two groups RP 13 that are attached to the same carbon are taken 

together with the carbon to which they are attached and form a 4-6 

membered heterocyclic ring; 
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each P10 is independently: 

wherein: 

X is selected from 0, S, S(O), S02, CH2, CHRP 10
, and C(RP 10h; 

provided that when pn or pm is 0, X is selected from CH2, CHRP10
, and C(RP 10)2; 

each RPIO is independently selected from alkoxy, alkyl, aryl, halo, 

haloalkyl, hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused three-to 

six-membered ring with an adjacent carbon atom, wherein the three- to six-membered ring is 

optionally substituted with one or two alkyl groups; 

each RP 5 and RP6 is independently selected from alkoxy, alkyl, aryl, 

halo, haloalkyl, hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused 

three-to six-membered ring with an adjacent carbon atom, wherein the three- to six-membered 

ring is optionally substituted with one or two alkyl groups; 

pq and ps are independently 0, 1, 2, 3, or 4; 

pm and pn are independently 0, 1, or 2; 

po and pp are independently 1, 2, or 3; 

each P 11 is independently: 

wherein: 

X is selected from 0, S, S(O), S02, CH2, CHRP 10
, and C(RP 10h; 

provided that when pn or pm is 0, X is selected from CH2, CHRP10
, and C(RP 10)2; 
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each RPIO is independently selected from alkoxy, alkyl, aryl, halo, 

haloalkyl, hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused three-to 

six-membered ring with an adjacent carbon atom, wherein the three- to six-membered ring is 

optionally substituted with one or two alkyl groups; 

each RP 5 and RP6 is independently selected from alkoxy, alkyl, aryl, 

halo, haloalkyl, hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused 

three-to six-membered ring with an adjacent carbon atom, wherein the three- to six-membered 

ring is optionally substituted with one or two alkyl groups; 

pq and ps are independently 0, 1, 2, 3, or 4; 

pm and pn are independently 0, 1, or 2; 

po and pp are independently 1, 2, or 3; 

each P12 is independently: 

wherein: 

each RP6 is independently selected from alkoxy, alkyl, aryl, halo, 

haloalkyl, hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused three-to 

six-membered ring with an adjacent carbon atom, wherein the three- to six-membered ring is 

optionally substituted with one or two alkyl groups; 

pq is independently 0, 1, 2, 3, or 4; 

pm is independently 0, 1, or 2; 

pp is independently 1, 2, or 3; 

psis 1, 2, 3, or4; 

RPII is independently selected from cyano, alkylsulfonyl, arylsulfonyl, 

(NRhRh)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy, 

haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, heteroaryloxyakyloxy, 

heterocyclooxyalkyloxy, (NR hR h)alkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy, 

oxo, heterocyclyl, -NRhhRh, (NRhhRh)alkyl, (NRhhRh)carbonyl, wherein each Rh is independently 
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-H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, 

alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, 

dialkylaminoalkyl, sulfonylalkyl; and when two Rh groups are present then they may come 

together with the atoms to which they are bound to form a 4-15 membered heterocyclic ring; 

wherein each Rhh is independently aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyloxy, 

alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, 

dialkylaminoalkyl, sulfonylalkyl, (NRhRh)sulfonyl, heteroarylsulfonyl, -S(=0)2Rh,-

C(=O)Rh, -C(=O)NRhRh; and the remaining RP 11 are independently selected from RP5
, 

cyano, alkylsulfonyl, arylsulfonyl, (NRhRh)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, 

haloalkoxy, alkoxyalkyloxy, haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, 

heteroaryloxyakyloxy, heterocyclooxyalkyloxy, (NR hR h)alkyloxy, cyanoalkoxy, 

cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl; wherein each Rh is independently -H, 

alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, 

alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, 

dialkylaminoalkyl, sulfonylalkyl; and when two Rh groups are present then they may come 

together with the atoms to which they are bound to form a 4-15 membered heterocyclic ring; 

each P13 is independently: 

wherein: 

X is selected from 0, S, S(O), S02, or NRh; 

each RP6 is independently selected from alkoxy, alkyl, aryl, halo, 

haloalkyl, hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused three-to 

six-membered ring with an adjacent carbon atom, wherein the three- to six-membered ring is 

optionally substituted with one or two alkyl groups; 

pq is independently 0, 1, 2, 3, or 4; 
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pm and pn are independently 0, 1, or 2 but the sum of pn and pm is greater than 

zero; 

pp are independently 1, 2, or 3; 

psis 1, 2, 3, or 4; 

each RPII is independently selected from cyano, alkylsulfonyl, arylsulfonyl, 

(NRhRh)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy, 

haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, heteroaryloxyakyloxy, 

heterocyclooxyalkyloxy, (NRhRh)alkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy, 

oxo, heterocyclyl, -NRhhRh, (NRhhRh)alkyl, (NRhhRh)carbonyl, wherein each Rh is independently 

-H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, 

alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, 

dialkylaminoalkyl, sulfonylalkyl; and when two Rh groups are present then they may come 

together with the atoms to which they are bound to form a 4-15 membered heterocyclic ring; 

wherein each Rhh is independently aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyloxy, 

alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, 

dialkylaminoalkyl, sulfonylalkyl, (NRhRh)sulfonyl, heteroarylsulfonyl, -S(=0)2Rh,-

C(=O)Rh, -C(=O)NRhRh, RP5
, cyano, alkylsulfonyl, arylsulfonyl, (NRhRh)sulfonyl, 

heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy, haloalkoxyalkyloxy, 

cycloalkyoxyalkyloxy, aryloxyalkyloxy, heteroaryloxyakyloxy, heterocyclooxyalkyloxy, 

(NRhRh)alkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl; wherein 

each Rh is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, 

alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, 

alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; and when two Rh groups are present then 

they may come together with the atoms to which they are bound to form a 4-15 membered 

heterocyclic ring; 

each P14 is independently: 
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the ring is substituted with one or more oxo group; 

X is NRf; 

PCT /US201 0/034600 

each Rf is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, 

heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, 

haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, 

sulfonylalkyl, -S(=0)2NRhRh, -S(=0)2Rh, C(=O)Rh, C(=O)ORh, -C(=O)NRhRh; each Rh is 

independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, 

alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, 

alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; or when two Rh groups are present then they 

may come together with the atoms to which they are bound to form a 4-15 membered 

heterocyclic ring; 

each RP6 is independently selected from alkoxy, alkyl, aryl, halo, 

haloalkyl, hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused three-to 

six-membered ring with an adjacent carbon atom, wherein the three- to six-membered ring is 

optionally substituted with one or two alkyl groups; 

pq is independently 0, 1, 2, 3, or 4; 

pm is independently 0, 1, or 2; 

psis 1, 2, 3, or 4; 

RPII is independently selected from cyano, alkylsulfonyl, arylsulfonyl, 

(NRhRh)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy, 

haloalkoxyalkyloxy, cycloalkyoxyalkyloxy aryloxyalkyloxy, heteroaryloxyakyloxy, 

heterocyclooxyalkyloxy, (NRhRh)alkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy, 

oxo, heterocyclyl; wherein each Rh is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, 

heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, 

haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, or sulfonylalkyl; and when 

two Rh groups are present then they may come together with the atoms to which they are bound 

to form a 4-15 membered heterocyclic ring; 

each P15 is: 
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which is substituted with one or two groups independently selected from alkoxyalkyl, 

haloalkoxyalkyl, alkylsulfanyl, alkylsulfanylalkyl, cyanoalkyl, and cycloalkylalkyl. 

each P 16 is: 

which is substituted with methylene; 

each P17 is: 

which is substituted with one or two groups independently selected from alkenyl, alkynyl, 

cycloalkyl, cycloalkylalkenyl, and cycloalkylalkynyl. 

each P18 is: 

which is optionally substituted with one or two groups independently selected from halo, alkyl, 

alkoxyalkyl, haloalkyl, cycloalkyl, and cycloalkylalkyl; 
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or 

PCT /US201 0/034600 

wherein each RPJ 9
a is independently selected from Hand halo; and each RpJgb is independently 

selected from halo; 

each -Z0
- is -C(=O)- or -C(=S)-; 

each _zJ_ is independently a bond, or -C(RZih-; wherein each R2
J is independently H, alkyl, 

haloalkyl, or halo; 

each -Z2
- is independently saturated or partially unsaturated (C3-C8)cycloalkyl that is optionally 

substituted with one or more groups independently selected from RAJ and RAJ; 

each -Z3
- is independently saturated, partially unsaturated, or aromatic 4-8 membered 

heterocyclic or heteroaryl ring that is optionally substituted with one or more groups 

independently selected from RAJ and RAJ; 

each -Z4
- is independently: 

wherein each R24 is independently H, alkyl, cyano, aryl, or heteroaryl; 
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each -Z5
- is independently: 

wherein each Rzs is independently H, alkyl, cyano, aryl, or heteroaryl; or two Rz5s together 

with the nitrogen to which they are attached form a 4-8 membered heterocyclic ring that is 

optionally substituted with one or more oxo and with one or more groups independently 

selected from RA1 and RA3· 
' 

each -Z6
- is independently -C(Rz1

)- and is doublebonded to a carbocyclic P; wherein Rz1 is 

independently H, alkyl, haloalkyl, or halo; 

each E0 is independently -NREcREd wherein 

REc and REd are each independently selected from hydrogen, alkenyloxycarbonyl, 

alkoxyalkylcarbonyl, alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfonyl, aryl, 

arylalkoxycarbonyl, arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxycarbonyl, arylsulfonyl, 

cycloalkyl, cycloalkylsulfonyl, formyl, haloalkoxycarbonyl, heterocyclyl, 

heterocyclylalkoxycarbonyl, heterocyclylalkyl, heterocyclylalkylcarbonyl, heterocyclylcarbonyl, 

heterocyclyloxycarbonyl, hydroxyalkylcarbonyl, (NReRf)alkyl, 

(NReRf)alkylcarbonyl, (NReRf)carbonyl, (NReRf)sulfonyl, -C(NCN)OR', and- C(NCN)NRxR Y, 

wherein R' is selected from alkyl and unsubstituted phenyl, and wherein the alkyl part of the 

arylalkyl, the arylalkylcarbonyl, the heterocyclylalkyl, and the heterocyclylalkylcarbonyl are 

further optionally substituted with one -NReRf group; and wherein the aryl, the aryl part of the 

arylalkoxycarbonyl, the arylalkyl, the arylalkylcarbonyl, the arylcarbonyl, the aryloxycarbonyl, 

and the arylsulfonyl, the heterocyclyl, and the heterocyclyl part of the 

heterocyclylalkoxycarbonyl, the heterocyclylalkyl, the heterocyclylalkylcarbonyl, the 

heterocyclylcarbonyl, and the heterocyclyloxycarbonyl are further optionally substituted with 

one, two, or three substituents independently selected from alkoxy, alkyl, cyano, halo, 

haloalkoxy, haloalkyl, and nitro; 

each E 1 is independently -OC(=O)NREeREf wherein each REe and REf are each 

independently selected from hydrogen, alkenyloxycarbonyl, alkoxyalkylcarbonyl, 
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alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfonyl, aryl, arylalkoxycarbonyl, arylalkyl, 

arylalkylcarbonyl, arylcarbonyl, aryloxycarbonyl, arylsulfonyl, cycloalkyl, cycloalkylsulfonyl, 

formyl, haloalkoxycarbonyl, heterocyclyl, heterocyclylalkoxycarbonyl, heterocyclylalkyl, 

heterocyclylalkylcarbonyl, heterocyclylcarbonyl, heterocyclyloxycarbonyl, 

hydroxyalkylcarbonyl, (NR eRr)alkyl, (NR eRr)alkylcarbonyl, (NR eRr)carbonyl, (NR eRf)sulfonyl, 

-C(NCN)OR', and- C(NCN)NRxRv, wherein R' is selected from alkyl and unsubstituted phenyl, 

and wherein the alkyl part ofthe arylalkyl, the arylalkylcarbonyl, the heterocyclylalkyl, and the 

heterocyclylalkylcarbonyl are further optionally substituted with one -NReRf group; and wherein 

the aryl, the aryl part of the arylalkoxycarbonyl, the arylalkyl, the arylalkylcarbonyl, the 

arylcarbonyl, the aryloxycarbonyl, and the arylsulfonyl, the heterocyclyl, and the heterocyclyl 

part of the heterocyclylalkoxycarbonyl, the heterocyclylalkyl, the heterocyclylalkylcarbonyl, the 

heterocyclylcarbonyl, and the heterocyclyloxycarbonyl are further optionally substituted with 

one, two, or three substituents independently selected from alkoxy, alkyl, cyano, halo, 

haloalkoxy, haloalkyl, and nitro; or wherein REe and REf' together with the nitrogen atom to which 

they are attached, form a heterocycle; 

each E2 is independently -NRaRb, wherein Ra is haloalkyl and Rb isH, alkyl, alkoxycarbonyl. or 

haloalkyl; 

each E3 is independently -NREcRE3a, wherein REJa is (C3-C6)cycloalkyloxycarbonyl; 

each E4 is independently -OC(=O)ORE4a, wherein RE4a is cycloalkyl, aryl, or alkyl; 

each E5 is independently -NREcS(=0)20RE5a, wherein REsa is is cycloalkyl, aryl or alkyl; 

each E6 is independently -NREcS(=O)zRE6a, wherein RE6a is cycloalkyl, aryl, or alkyl; 

each E7 is independently -NREcoRE7a, wherein RE7a is cycloalkyl, aryl, alkyl, haloalkyl, 

cycloalkylalkyl or heteroaryl; 

each V0 is independently H, alkyl, arylalkyl, alkenyl, CO, cycloalkylalkyl, cycloalkyl, 

alkoxyalkyl, alkoxyalkylcarbonylalkyl, alkoxycarbonylalkyl, alkylsulfanylalkyl, 

aryalkoxyalkylcarbonylalkyl, carboxyalkyl, heterocyclylalkyl, heterocyclylcarbonylalkyl, 

hydroxyalkyl, NRRCOalkyl, wherein each R is independently selected from hydrogen and 

alkyl; 
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and where in arylalkyl the alkyl can be substituted with up to three aryl groups, and the alkyl 

part of the arylalkyl is further optionally substituted with one or two additional groups 

independently selected from alkoxy, alkyocarbonyloxy, halo, haloalkoxy, haloalkyl, 

heterocyclyl, hydroxy; 

and the aryl part can be substituted with 1, 2, 3, 4, or 5 substituents independently selected 

from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkylcarbonyl, a second aryl group, 

arylalkoxy, arylalkyl, arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl, heterocyclyl, 

heterocyclylalkyl, heterocyclylcarbonyl, hydroxy, hydroxyalkyl, nitro, 

-NRxR v, -(NRxR Y)alkyl, oxo, and -P(O)OR2, wherein each R is independently selected from 

hydrogen and alkyl; and wherein the alkyl part of the arylalkyl and the heterocyclylalkyl are 

unsubstituted and wherein the second aryl group, the aryl part of the arylalkyl, the aryl part of 

the arylcarbonyl, the heterocyclyl, and the heterocyclyl part of the heterocyclylalkyl and the 

heterocyclylcarbonyl are further optionally substituted with one, two, or three substituents 

independently selected from alkoxy, alkyl, cyano, halo, haloalkoxy, haloalkyl, and nitro; 

and the heterocyclyl can be substituted with 1, 2, 3, 4, or 5 substituents independently 

selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkylcarbonyl, aryl, arylalkyl, 

arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl, a second heterocyclyl group, 

heterocyclylalkyl, heterocyclylcarbonyl, hydroxy, hydroxyalkyl, nitro, -NRxR v, 

(NRxR Y)alkyl, and oxo, wherein the alkyl part of the arylalkyl and the heterocyclylalkyl are 

unsubstituted and wherein the aryl, the aryl part of the arylalkyl; the aryl part of the 

arylcarbonyl, the second heterocyclyl group, and the heterocyclyl part ofthe 

heterocyclylalkyl and the heterocyclylcarbonyl are further optionally substituted with one, 

two, or three substituents independently selected from alkoxy, alkyl, cyano, halo, haloalkoxy, 

haloalkyl, and nitro; 

each V 1 is independently cyanoalkyl, which is optionally substituted with one or more groups 

independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle, 

heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently selected from 

hydrogen, alkenyl, and alkyl; 

each V 2 is independently haloalkyl, which is optionally substituted with one or more groups 

independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle, 

heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently selected from 

hydrogen, alkenyl, and alkyl; 
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each V3 is independently alkyl, which is substituted with one or more oxo, and which is 

optionally substituted with one or more groups independently selected from cycloalkyl, halo, 

aryl, alkenyl, and cyano; 

each V4 is independently haloalkoxyalkyl, which is optionally substituted with one or more 

groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle, 

heteroaryl, hydroxy, and NR VaR VbC(=O)O-; wherein R Va and R Vb are each independently 

selected from hydrogen, alkenyl, and alkyl; 

each V5 is independently alkylsulfonylalkyl, which is optionally substituted with one or more 

groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle, 

heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently selected from 

hydrogen, alkenyl, and alkyl; 

each V6 is independently arylsulfonylalkyl, which is optionally substituted with one or more 

groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle, 

heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently selected from 

hydrogen, alkenyl, and alkyl; 

each V7 is independently heterocyclosulfonylalkyl, which is optionally substituted with one or 

more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, 

heterocycle, heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently 

selected from hydrogen, alkenyl, and alkyl; 

each V8 is independently spirocycloalkyl, which is optionally substituted with one or more 

groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle, 

heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently selected from 

hydrogen, alkenyl, and alkyl; 

each V9 is independently spirocycloalkylalkyl, which is optionally substituted with one or 

more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, 

heterocycle, heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently 

selected from hydrogen, alkenyl, and alkyl; 
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each V10 is independently fusedbicycliccycloalkyl, which is optionally substituted with one or 

more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, 

heterocycle, heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently 

selected from hydrogen, alkenyl, and alkyl; 

each V11 is independently fusedbicycliccycloalkylalkyl, which is optionally substituted with 

one or more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, 

heterocycle, heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently 

selected from hydrogen, alkenyl, and alkyl; 

each V 12 is independently bridged-bicycliccycloalkyl, which is optionally substituted with one 

or more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, 

heterocycle, heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently 

selected from hydrogen, alkenyl, and alkyl; 

each V13 is independently bridged-bicyclic-cycloalkylalkyl, which is optionally substituted 

with one or more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, 

cycloalkenyl, heterocycle, heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each 

independently selected from hydrogen, alkenyl, and alkyl; 

each V 14 is independently aryloxyalkyl, which is optionally substituted with one or more 

groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle, 

heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently selected from 

hydrogen, alkenyl, and alkyl; 

each V 15 is independently arylalkoxyalkyl, which is optionally substituted with one or more 

groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle, 

heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently selected from 

hydrogen, alkenyl, and alkyl; 

each V16 is independently cycloalkyloxyalkyl, which is optionally substituted with one or more 

groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle, 

heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently selected from 

hydrogen, alkenyl, and alkyl; 
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each V 17 is independently cycloalkylalkyloxyalkyl, which is optionally substituted with one or 

more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, 

heterocycle, heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently 

selected from hydrogen, alkenyl, and alkyl; 

each V 18 is independently heterocyclooxyalkyl, which is optionally substituted with one or 

more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, 

heterocycle, heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently 

selected from hydrogen, alkenyl, and alkyl; 

each V 19 is independently heterocycloalkyloxyalkyl, which is optionally substituted with one 

or more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, 

heterocycle, heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently 

selected from hydrogen, alkenyl, and alkyl; 

each V 20 is independently heteroaryloxyalkyl, which is optionally substituted with one or more 

groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle, 

heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently selected from 

hydrogen, alkenyl, and alkyl; 

each V 21 is independently heteroarylalkyloxyalkyl, which is optionally substituted with one or 

more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, 

heterocycle, heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently 

selected from hydrogen, alkenyl, and alkyl; 

each V 22 is independently cycloalkenylalkyl; 

each V23 is independently arylalkyl, wherein the aryl is substituted with one or more groups 

independently selected from cycloalkyl, alkenyl, cycloalkylalkyl, cyanoalkyl, cycloalkoxy, 

hydroxyalkoxy, -C(=O)NRxR Y, S(=0)2NRxR Y, alkylsulfanyl, alkylsulfonyl, haloalkylsulfanyl, 

haloalkylsulfonyl, alkylsulfonylalkyl, alkylsulfonylalkyl, arylsulfanyl, arylsulfonyl, 

alkoxyalkoxy, alkynyl, aryloxy, heteroaryloxy, alkylsulfonylamino; 

Rx and R Yare independently selected from hydrogen, alkoxycarbonyl, alkyl, 

alkylcarbonyl, unsubstituted aryl, unsubstituted arylalkoxycarbonyl, unsubstituted arylalkyl, 
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X' Y' X' Y' unsubstituted cycloalkyl, unsubstituted heterocyclyl, and (NR R )carbonyl, wherein R and R 

are independently selected from hydrogen and alkyl; 

each V24 is independently heterocycloalkyl, wherein the heterocycle is substituted with one 

or more groups independently selected from cycloalkyl, alkenyl, cycloalkylalkyl, cyanoalkyl, 

cycloalkoxy, hydroxyalkoxy, -C(=O)NRXRY, S(=0)2NRxR \ alkylsulfanyl, alkylsulfonyl, 

haloalkylsulfanyl, haloalkylsulfonyl, alkylsulfonylalkyl, alkylsulfonylalkyl, arylsulfanyl, 

arylsulfonyl, alkoxyalkyoxy, alkynyl, aryloxy, heteroaryloxy, alkylfulfonylamino; 

Rx and R Yare independently selected from hydrogen, alkoxycarbonyl, alkyl, 

alkylcarbonyl, unsubstituted aryl, unsubstituted arylalkoxycarbonyl, unsubstituted arylalkyl, 

unsubstituted cycloalkyl, unsubstituted heterocyclyl, and (NRX'R Y)carbonyl, wherein RX' and R Y' 

are independently selected from hydrogen and alkyl; 

each T1 is independently a spiro, branched or fused bicycloalkyl; 

each T2 is independently aryl; 

each T3 is independently heteroaryl; 

each T4 is independently arylalkyl; 

each T5 is independently haloalkyl; 

each T6 is independently heteroarylalkyl; 

each T7 is independently heterocycle; and 

each T8 is independently heterocycloalkyl; 

or a pharmaceutically acceptable salt, or prodrug thereof. 

21. A compound of formula (I): 

wherein: 

Y is -L-L-, -M-W-M- or YY; 

J is T-P-, -P-T or -Jm; 

W is a bond or -Wr-; 

Lis -M-A- -A-M- or-Ln. 
' ' ' 

Tis R9-Z-, -Z-R9, or-TP; 

R9 is E-V-, or-V-E, or-R9q; 

each A is selected from -A8
; 

each M is selected from -Mt; 

J-Y-J (I) 
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each P is selected from -Pu; 

each Z is selected from _zv; 

each V is selected from - yw; 

each E is selected from -Ex; 

each m is 1 

each n is 0, 1, 2, 3, 4, 5, 6, 7, 9, or 10; 

each pis 1, 2, 3, 4, 5, 6, 7, or 8; 

each q is 0, 1, 2, or 3; 

PCT /US201 0/034600 

each r is 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20; 

each sis 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, or 21; 

each tis 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or 11; 

each u is 0, 1, 2, 3, 4, 5, 6, 7, 8, 10, 11, 12, 13, or 14; 

each vis 0, 1, 2, 3, 4, 5, or 6; 

each w is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or 21; 

each x is 0 or 1; 

each y is 0, 1, or 2; 

wherein the sum of m, n, p, q, r, s, t, u, v, w, x, and y is not 0; P is connected to M, L, or 

YY; A is connected to A or L; M is connected toP or J; Z is connected toP; Vis connected to Z; 

and when W is a bond M is connected to M; 

each Y1 is independently: 

a fused nine-ring system with up to thirty-five atoms that may be fully aromatic or 

partially saturated and contains atoms selected from C, N, 0, and S, and which ring system is 

optionally substituted with one or more groups independently selected from H, oxo, RA1 and 

RA3; each RA1 is independently selected from cyano, nitro, SOR4
, S02R4

, -alkylS02R\ 

haloalkoxy, cyanoalkyl, NR4S02R4
, cycloalkyl, (halo )cycloalkyl, heterocycle, ( cycloalkyl)alkyl, 

(heterocycle )alkyl, wherein each alkyl, heterocycle and cycloalkyl is optionally substituted with 

one or more halo; each RA3 is independently selected from alkoxy, alkoxyalkyl, 

alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, formyl, halo, haloalkyl, hydroxy, 

hydroxyalkyl, -NRaRb, (NRaRb)alkyl, and (NRaRb)carbonyl; Ra and R bare each independently 

selected from the group consisting of hydrogen, alkenyl, alkyl, alkylcarbonyl, aryl, arylalkyl, 

arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl; 

each Y2 is independently: 
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a fused five to eight ring system with up to thirty-two atoms that may be fully aromatic or 

partially saturated and contains atoms selected from C, N, 0, and S, and which ring system is 

optionally substituted with one or more groups independently selected from H, oxo, RA1 and 

RA3· 
' 

each J1 is independently a fused bicyclic saturated, partially unsaturated, or aromatic 

heterocyclic ring system that is substituted with one or more -N(RL7)C(=O)OR L7
, and that is 

optionally substituted with one or more groups independently selected from oxo, halo, -RL7, -OR 

L7' -SR L7' -CF3, -CCh, -OCF3,-CN, -N02, -N(R L7)C(=O)R L7' -C(=O)R L7
, -OC(=O)R 

L7' -C(O)OR L7' -C(=O)NR L7' -S(=O)R L7' -S(=0)20R L7' -S(=0)2R L7
, -OS(=0)20R 

L7
, -S(=0)2NR L7' alkoxyalkyl, arylalkoxycarbonyl, halo, haloalkyl, hydroxyalkyl, -NR3Rb, 

(NR3Rb)alkyl, and (NR3Rb)carbonyl; 

each R L7 is independently -H, alkyl, aryl, arylalkyl, or heterocycle; 

R3 and R bare independently selected from the group consisting of hydrogen, alkenyl, 

alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

and heterocyclylalkyl; 

each L 0 is independently: 

wherein: 

each RL2 is independently selected from hydrogen, alkenyl, alkoxy, alkyl, halo, 

and haloalkyl; and 

each aa is independently 1, 2, 3, or 4; 

each L 1 is independently: 
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wherein: 

each RL2 is independently selected from hydrogen, alkenyl, alkoxy, alkyl, halo, 

and haloalkyl; 

each Ru is independently selected from cyano, nitro, SOR4
, S02R

4
, -alkylS02R

4
, 

haloalkoxy, cyanoalkyl, NR4S02R
4

, cycloalkyl, (halo)cycloalkyl, heterocycle, 

(cycloalkyl)alkyl, (heterocycle)alkyl, wherein each alkyl, heterocycle and cycloalkyl is 

optionally substituted with one or more halo; and 

3, or 4; 

each R4 is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; 

each bb is 0, 1, 2, 3, or 4; each aa is 1, 2, 3, or 4; and the sum ofbb and aa is 1, 2, 

each L2 is independently: 

wherein: 

the phenyl ring shown in L 2 is optionally substituted with one or more groups 

independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, arylalkoxycarbonyl, 

carboxy, formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NRaRb, (NRaRb)alkyl, 

(NRaRb)carbonyl, cyano, nitro, SOR\ S02R\ -alkylS02R4
, haloalkoxy, cyanoalkyl, NR4S02R

4
, 

cycloalkyl, (halo )cycloalkyl, heterocycle, ( cycloalkyl)alkyl, (heterocycle )alkyl, wherein each 

alkyl, heterocycle and cycloalkyl is optionally substituted with one or more halo; 

each RL4 is independently -H, alkyl, aryl, arylalkyl, or heterocycle; 
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each R4 is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; 

Ra and R bare independently selected from the group consisting ofhydrogen, alkenyl, 

alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

and heterocyclylalkyl; and 

each H1 is a 5 membered saturated, partially unsaturated, or aromatic ring 

comprising one or more heteroatoms. 

each L3 is independently a fused-bicyclic saturated, partially unsaturated, or aromatic 

heterocyclic ring system that is optionally substituted with one or more groups independently 

selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, 

formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NRaRb, (NRaRb)alkyl, (NRaRb)carbonyl, 

cyano, nitro, SOR4
, S02R

4
, -alkylS02R

4
, haloalkoxy, cyanoalkyl, NR4S02R

4
, cycloalkyl, 

(halo )cycloalkyl, heterocycle, ( cycloalkyl)alkyl, (heterocycle )alkyl, wherein each alkyl, 

heterocycle and cycloalkyl is optionally substituted with one or more halo; 

each R4 is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; and 

Ra and R bare independently selected from the group consisting of hydrogen, alkenyl, 

alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

and heterocyclylalkyl; 

each L 4 is independently a fused-tricyclic saturated, partially unsaturated, or aromatic 

heterocyclic ring system that is optionally substituted with one or more groups independently 

selected from oxo, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, 

formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NRaRb, (NRaRb)alkyl, (NRaRb)carbonyl, 

cyano, nitro, SOR4
, S02R\ -alkylS02R4

, haloalkoxy, cyanoalkyl, NR4S02R
4

, cycloalkyl, 

(halo)cycloalkyl, heterocycle, (cycloalkyl)alkyl, (heterocycle)alkyl, wherein each alkyl, 

heterocycle and cycloalkyl is optionally substituted with one or more halo; 

each R4 is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; and 

Ra and R bare independently selected from the group consisting ofhydrogen, alkenyl, 

alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

and heterocyclylalkyl; 

each L5 is independently a --CR=CR-fusedbicyclic saturated, partially unsaturated, or aromatic 

heterocyclic ring system that is optionally substituted with one or more groups independently 

selected from oxo, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, 

formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NRaRb, (NRaRb)alkyl, (NRaRb)carbonyl, 
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cyano, nitro, SOR4
, S02R4

, -alkylS02R
4

, haloalkoxy, cyanoalkyl, NR4S02R4
, cycloalkyl, 

(halo )cycloalkyl, heterocycle, ( cycloalkyl)alkyl, (heterocycle )alkyl, wherein each alkyl, 

heterocycle and cycloalkyl is optionally substituted with one or more halo; 

each R is independently selected from H or alkyl; 

each R4 is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; and 

Ra and R bare independently selected from the group consisting of hydrogen, alkenyl, 

alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

and heterocyclylalkyl; 

each L 6 is independently a -CR=CR-fused-tricyclic saturated, partially unsaturated, or aromatic 

heterocyclic ring system that is optionally substituted with one or more groups independently 

selected from oxo, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, 

formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NRaRb, (NRaRb)alkyl, (NRaRb)carbonyl, 

cyano, nitro, SOR4
, S02R

4
, -alkylS02R4

, haloalkoxy, cyanoalkyl, NR4S02R
4

, cycloalkyl, 

(halo )cycloalkyl, heterocycle, ( cycloalkyl)alkyl, (heterocycle )alkyl, wherein each alkyl, 

heterocycle and cycloalkyl is optionally substituted with one or more halo; 

each R is independently selected from H or alkyl; 

each R4 is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; and 

Ra and R bare independently selected from the group consisting ofhydrogen, alkenyl, 

alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

and heterocyclylalkyl; 

each L 7 is independently: 

(R2)aa 

vb-H"----1 
wherein: 

each Hu is independently a fused-bicyclic saturated, partially unsaturated, or 

aromatic heterocyclic ring system that is optionally substituted with one or more R2; 
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each R2 is independently selected from halo, -RL7, -OR L7' -SR L7
, -N(R 

L
7)2, -CF3, -CCh, -OCF3,-CN, -N02, -N(R L7)C(=O)R L7' -C(=O)R L7

, -OC(=O)R 

L
7
, -C(O)OR L7' -C(=O)NR L7' -S(=O)R L7

, -S(=0)20R L7' -S(=0)2RL7, -OS(=0)20R L7' 

and -S(=0)2NR L7
; 

each R L7 is independently -H, alkyl, aryl, arylalkyl, or heterocycle; and 

each aa is independently 1, 2, 3, or 4; 

each L9 is independently a fused-tetracyclic saturated, partially unsaturated, or aromatic 

heterocyclic ring system that is optionally substituted with one or more groups independently 

selected from oxo, halo, -RL7, -OR L7' -SR L7' -CF3, -CCh, -OCF3,-CN, -N02, -N(R L7)C(=O)R L7' 

-C(=O)R L7
, -OC(=O)R L7

, -C(O)OR L7' -C(=O)NRL7, -S(=O)R L7' -S(=0)20R L7' -S(=0)2R L7'

OS(=0)20R L7
, -S(=0)2NR L7' alkoxyalkyl, arylalkoxycarbonyl, halo, haloalkyl, hydroxyalkyl, 

-NRaRb, (NRaRb)alkyl, and (NRaRb)carbonyl; 

each R L7 is independently -H, alkyl, aryl, arylalkyl, or heterocycle; 

Ra and R bare each independently selected from the group consisting of hydrogen, 

alkenyl, alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, 

heterocyclyl, and heterocyclylalkyl; 

each L 10 is independently a fused-pentacyclic saturated, partially unsaturated, or aromatic 

heterocyclic ring system that is optionally substituted with one or more groups independently 

selected from oxo, halo, -RL7, -OR L7' -SR L7
, -CF3, -CCh, -OCF3,-CN, -N02, -N(R L7)C(=O)R L7' 

-C(=O)R L7' -OC(=O)R L7' -C(O)OR L7
, -C(=O)NR L7' -S(=O)R L7' -S(=0)20R L7' -S(=0)2R L7'

OS(=0)20R L7
, -S(=0)2NR L7' alkoxyalkyl, arylalkoxycarbonyl, halo, haloalkyl, hydroxyalkyl, 

-NRaRb, (NRaRb)alkyl, and (NRaRb)carbonyl; 

each R L7 is independently -H, alkyl, aryl, arylalkyl, or heterocycle; 

Ra and R bare each independently selected from the group consisting of hydrogen, 

alkenyl, alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, 

heterocyclyl, and heterocyclylalkyl; 

each L11 is independently a six-ring fused saturated, partially unsaturated, or aromatic 

heterocyclic ring system that is optionally substituted with one or more groups independently 

selected from oxo, halo, -RL7, -OR L7' -SR L7' -CF3, -CCh, -OCF3,-CN, -N02, -N(R L7)C(=O)R L7' 

-C(=O)R L7' -OC(=O)R L7
, -C(O)OR L7' -C(=O)NR L7

, -S(=O)R L7' -S(=0)20R L7
, -S(=0)2R L7'-
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OS(=0)20R L7' -S(=0)2NR L7
, alkoxyalkyl, arylalkoxycarbonyl, halo, haloalkyl, hydroxyalkyl, 

-NRaRb, (NRaRb)alkyl, and (NRaRb)carbonyl; 

each R L7 is independently -H, alkyl, aryl, arylalkyl, or heterocycle; 

Ra and R bare each independently selected from the group consisting of hydrogen, 

alkenyl, alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, 

heterocyclyl, and heterocyclylalkyl; 

each R9° is independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, 

alkoxycarbonylalkyl, alkyl, alkylcarbonylalkyl, aryl, arylalkenyl, arylalkoxy, arylalkyl, 

aryloxyalkyl, cycloalkyl, ( cycloalkyl)alkenyl, ( cycloalkyl)alkyl, cycloalkyloxyalkyl, haloalkyl, 

heterocyclyl, heterocyclylalkenyl, heterocyclylalkoxy, heterocyclylalkyl, heterocyclyloxyalkyl, 

hydroxyalkyl, -NRcRd, (NRcRd)alkenyl, (NRcRd)alkyl, and (NRcRd)carbonyl; 

Rc and Rd are independently selected from hydrogen, alkenyloxycarbonyl, 

alkoxyalkylcarbonyl, alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfonyl, aryl, 

arylalkoxycarbonyl, arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxycarbonyl, arylsulfonyl, 

cycloalkyl, cycloalkylsulfonyl, formyl, haloalkoxycarbonyl, heterocyclyl, 

heterocyclylalkoxycarbonyl, heterocyclylalkyl, heterocycl ylalkylcarbonyl, heterocycl ylcarbonyl, 

heterocyclyloxycarbonyl, hydroxyalkylcarbonyl, (NReRf)alkyl, (NReRf)alkylcarbonyl, 

(NReRf)carbonyl, (NReRf)sulfonyl, -C(NCN)OR', and- C(NCN)NRXRY, wherein R' is selected 

from alkyl and unsubstituted phenyl, and wherein the alkyl part of the arylalkyl, the 

arylalkylcarbonyl, the heterocyclylalkyl, and the heterocyclylalkylcarbonyl are further optionally 

substituted with one -NReRf group; and wherein the aryl, the aryl part of the arylalkoxycarbonyl, 

the arylalkyl, the arylalkylcarbonyl, the arylcarbonyl, the aryloxycarbonyl, and the arylsulfonyl, 

the heterocyclyl, and the heterocyclyl part of the heterocyclylalkoxycarbonyl, the 

heterocyclylalkyl, the heterocyclylalkylcarbonyl, the heterocyclylcarbonyl, and the 

heterocyclyloxycarbonyl are further optionally substituted with one, two, or three substituents 

independently selected from alkoxy, alkyl, cyano, halo, haloalkoxy, haloalkyl, and nitro; 

Rx and R Yare independently selected from hydrogen, alkoxycarbonyl, alkyl, 

alkylcarbonyl, unsubstituted aryl, unsubstituted arylalkoxycarbonyl, unsubstituted arylalkyl, 

unsubstituted cycloalkyl, unsubstituted heterocyclyl, and (NRX'R Y)carbonyl, wherein RX' and R Y' 

are independently selected from hydrogen and alkyl; 

each R91 is independently -N(R9a)-NHC(=O)O-R9b, wherein each R9ais independently 

arylalkyl, alkyl, alkenyl, alkynyl, aryl, arylalkyl, arylalkenyl, arylalkoxy, halocycloalkyl, 
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( cycloalkyl)alkenyl, ( cycloalkyl)alkoxy, alkylS02alkyl, cycloalkylalkylS02alkyl, cyanoalkyl, 

haloalkyl, cycloalkylalkyl, cycloalkyl, alkoxyalkyl, alkoxyalkylcarbonylalkyl, 

alkoxycarbonylalkyl, alkylsulfanylalkyl, aryalkoxyalkylcarbonylalkyl, carboxyalkyl, 

heterocyclylalkyl, heterocyclylcarbonylalkyl, hydroxyalkyl, NRRCOalkyl, wherein each R is 

independently selected from hydrogen and alkyl; 

and where in arylalkyl the alkyl can be substituted with up to three aryl groups, and the alkyl 

part of the arylalkyl is further optionally substituted with one or two additional groups 

independently selected from alkoxy, alkyocarbonyloxy, halo, haloalkoxy, haloalkyl, 

heterocyclyl, hydroxy; 

and the aryl part can be substituted with 1, 2, 3, 4, or 5 substituents independently 

selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkylcarbonyl, a second aryl group, 

arylalkoxy, arylalkyl, arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl, heterocyclyl, 

heterocyclylalkyl, heterocyclylcarbonyl, hydroxy, hydroxyalkyl, nitro, -NRxR v, -

(NRxR Y)alkyl, oxo, and -P(O)OR2, wherein each R is independently selected from hydrogen 

and alkyl; and wherein the alkyl part of the arylalkyl and the heterocyclylalkyl are unsubstituted 

and wherein the second aryl group, the aryl part of the arylalkyl, the aryl part of the 

arylcarbonyl, the heterocyclyl, and the heterocyclyl part of the heterocyclylalkyl and the 

heterocyclylcarbonyl are further optionally substituted with one, two, or three substituents 

independently selected from alkoxy, alkyl, cyano, halo, haloalkoxy, haloalkyl, and nitro; 

and the heterocyclyl can be substituted with 1, 2, 3, 4, or 5 substituents independently 

selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkylcarbonyl, aryl, arylalkyl, 

arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl, a second heterocyclyl group, heterocyclylalkyl, 

heterocyclylcarbonyl, hydroxy, hydroxyalkyl, nitro, -NRxR v, -(NRxR Y)alkyl, and oxo, wherein 

the alkyl part of the arylalkyl and the heterocyclylalkyl are unsubstituted and wherein the aryl, 

the aryl part ofthe arylalkyl; the aryl part of the arylcarbonyl, the second heterocyclyl group, 

and the heterocyclyl 

part of the heterocyclylalkyl and the heterocyclylcarbonyl are further optionally substituted with 

one, two, or three substituents independently selected from alkoxy, alkyl, cyano, halo, 

haloalkoxy, haloalkyl, and nitro; R9
b is independently H, alkyl, aryl, haloalkyl, or arylalkyl; 

each R92 is independently -N(R9a)-NHC(=O)NR9
b 2; wherein each R9a is independently 

arylalkyl, alkyl, alkenyl, alkynyl, aryl, arylalkyl, arylalkenyl, arylalkoxy, halocycloalkyl, 

( cycloalkyl)alkenyl, ( cycloalkyl)alkoxy, alkylS02alkyl, cycloalkylalkylS02alkyl, cyanoalkyl, 

haloalkyl, cycloalkylalkyl, cycloalkyl, alkoxyalkyl, alkoxyalkylcarbonylalkyl, 

alkoxycarbonylalkyl, alkylsulfanylalkyl, aryalkoxyalkylcarbonylalkyl, carboxyalkyl, 
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heterocyclylalkyl, heterocyclylcarbonylalkyl, hydroxyalkyl, NRRCOalkyl, wherein each R is 

independently selected from hydrogen and alkyl; 

and where in arylalkyl the alkyl can be substituted with up to three aryl groups, and the alkyl 

part of the arylalkyl is further optionally substituted with one or two additional groups 

independently selected from alkoxy, alkyocarbonyloxy, halo, haloalkoxy, haloalkyl, 

heterocyclyl, hydroxy; 

and the aryl part can be substituted with 1, 2, 3, 4, or 5 substituents independently 

selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkylcarbonyl, a second aryl group, 

arylalkoxy, arylalkyl, arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl, heterocyclyl, 

heterocyclylalkyl, heterocyclylcarbonyl, hydroxy, hydroxyalkyl, nitro, -NRxR v, -

(NRxR Y)alkyl, oxo, and -P(O)OR2, wherein each R is independently selected from hydrogen 

and alkyl; and wherein the alkyl part of the arylalkyl and the heterocyclylalkyl are unsubstituted 

and wherein the second aryl group, the aryl part of the arylalkyl, the aryl part of the 

arylcarbonyl, the heterocyclyl, and the heterocyclyl part of the heterocyclylalkyl and the 

heterocyclylcarbonyl are further optionally substituted with one, two, or three substituents 

independently selected from alkoxy, alkyl, cyano, halo, haloalkoxy, haloalkyl, and nitro; 

and the heterocyclyl can be substituted with 1, 2, 3, 4, or 5 substituents independently 

selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkylcarbonyl, aryl, arylalkyl, 

arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl, a second heterocyclyl group, heterocyclylalkyl, 

heterocyclylcarbonyl, hydroxy, hydroxyalkyl, nitro, -NRxR v, -(NRxR Y)alkyl, and oxo, wherein 

the alkyl part of the arylalkyl and the heterocyclylalkyl are unsubstituted and wherein the aryl, 

the aryl part of the arylalkyl; the aryl part of the arylcarbonyl, the second heterocyclyl group, 

and the heterocyclyl 

part of the heterocyclylalkyl and the heterocyclylcarbonyl are further optionally substituted with 

one, two, or three substituents independently selected from alkoxy, alkyl, cyano, halo, 

haloalkoxy, haloalkyl, and nitro; R9
b is independently H, alkyl, aryl, haloalkyl, or arylalkyl; 

each R93 is independently -N(R93)-NHC(=O)R9
b, wherein each R93 is independently arylalkyl, 

alkyl, alkenyl, alkynyl, aryl, arylalkyl, arylalkenyl, arylalkoxy, halocycloalkyl, 

( cycloalkyl)alkenyl, ( cycloalkyl)alkoxy, alkylS02alkyl, cycloalkylalkylS02alkyl, cyanoalkyl, 

haloalkyl cycloalkylalkyl, cycloalkyl, alkoxyalkyl, alkoxyalkylcarbonylalkyl, 

alkoxycarbonylalkyl, alkylsulfanylalkyl, aryalkoxyalkylcarbonylalkyl, carboxyalkyl, 

heterocyclylalkyl, heterocyclylcarbonylalkyl, hydroxyalkyl, NRRCOalkyl, wherein each R is 

independently selected from H or alkyl; 
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and where in arylalkyl the alkyl can be substituted with up to three aryl groups, and the alkyl 

part of the arylalkyl is further optionally substituted with one or two additional groups 

independently selected from alkoxy, alkyocarbonyloxy, halo, haloalkoxy, haloalkyl, 

heterocyclyl, hydroxy; 

and the aryl part can be substituted with 1, 2, 3, 4, or 5 substituents independently 

selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkylcarbonyl, a second aryl group, 

arylalkoxy, arylalkyl, arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl, heterocyclyl, 

heterocyclylalkyl, heterocyclylcarbonyl, hydroxy, hydroxyalkyl, nitro, -NRxR Y'-

(NRxR Y)alkyl, oxo, and -P(O)OR2, wherein each R is independently selected from hydrogen 

and alkyl; and wherein the alkyl part of the arylalkyl and the heterocyclylalkyl are unsubstituted 

and wherein the second aryl group, the aryl part of the arylalkyl, the aryl part of the 

arylcarbonyl, the heterocyclyl, and the heterocyclyl part of the heterocyclylalkyl and the 

heterocyclylcarbonyl are further optionally substituted with one, two, or three substituents 

independently selected from alkoxy, alkyl, cyano, halo, haloalkoxy, haloalkyl, and nitro; 

and the heterocyclyl can be substituted with 1, 2, 3, 4, or 5 substituents independently 

selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkylcarbonyl, aryl, arylalkyl, 

arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl, a second heterocyclyl group, heterocyclylalkyl, 

heterocyclylcarbonyl, hydroxy, hydroxyalkyl, nitro, -NRxR \ -(NRxR Y)alkyl, and oxo, wherein 

the alkyl part of the arylalkyl and the heterocyclylalkyl are unsubstituted and wherein the aryl, 

the aryl part of the arylalkyl; the aryl part of the arylcarbonyl, the second heterocyclyl group, 

and the heterocyclyl part of the heterocyclylalkyl and the heterocyclylcarbonyl are further 

optionally substituted with one, two, or three substituents independently selected from alkoxy, 

alkyl, cyano, halo, haloalkoxy, haloalkyl, and nitro; R9
b is independently H, alkyl, aryl, 

haloalkyl, or arylalkyl; 

each A0 is independently: 

wherein: 
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each RA3 is independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, 

alkyl, arylalkoxycarbonyl, carboxy, formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NRaRb, 

(NRaRb)alkyl, and (NRaRb)carbonyl; Ra and R bare each independently selected from the group 

consisting of hydrogen, alkenyl, alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, 

cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl; and each 

bb is independently 0, 1, 2, 3, or 4; or 

each A0 is independently a six-membered heteroaromatic ring containing one, two, 

or three nitrogen atoms, which ring is optionally substituted with 1, 2, 3, or 4 RA3 groups; 
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each A1 is independently: 

wherein: 

each RA1 is independently selected from cyano, nitro, SOR4
, S02R4

, -alkylS02R4
, 

haloalkoxy, cyanoalkyl, NR4S02R
4

, cycloalkyl, (halo)cycloalkyl, heterocycle, (cycloalkyl)alkyl, 

(heterocycle)alkyl, wherein each alkyl, heterocycle and cycloalkyl is optionally substituted with 

one or more halo; and 

each R4 is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; 

each cc is independently 1, 2, 3, or 4 

each A2 is independently: 

wherein: 

each RA1 is independently selected from cyano, nitro, SOR4
, S02R

4
, -alkylS02R\ 

haloalkoxy, cyanoalkyl, NR4S02R4
, cycloalkyl, (halo)cycloalkyl, heterocycle, (cycloalkyl)alkyl, 

(heterocycle )alkyl, wherein each alkyl, heterocycle and cycloalkyl is optionally substituted with 

one or more halo; 

each RA3 is independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, 

arylalkoxycarbonyl, carboxy, formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NRaRb, 

(NRaRb)alkyl, and (NRaRb)carbonyl; Ra and R bare each independently selected from the group 

consisting of hydrogen, alkenyl, alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, 

cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl; 

each R4 is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; 
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R a and R b are independently selected from the group consisting of hydrogen, alkenyl, 

alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

and heterocyclylalkyl; 

each bb is 0, 1, 2, 3, or 4; each cc is 1, 2, 3, or 4; and the sum ofbb and cc is 1, 2, 3, or 4; 

each A3 is independently a six-membered heteroaromatic ring containing one, two, or three 

nitrogen atoms, which ring is substituted with one or more RAJ groups, and which ring is 

optionally substituted with one or more RA3 groups; 

each A 4 is independently: 

wherein: 

each H5 is independently a phenyl ring or a six-membered heteroaromatic 

ring, which H5 is optionally substituted with one or more groups independently selected from 

RAJ and RA3; and each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each A5 is independently: 

wherein: 

each H6 is independently a phenyl ring or a six-membered heteroaromatic 

ring, which H6 is optionally substituted with one or more groups independently selected from 

RAJ and RA3; and each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent; provided that at least one XA is present and 

each R is independently selected from H or alkyl; 
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each A6 is independently: 

wherein: 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, allenyl, alkynyl, or absent; provided that at least one XA is present and each R is 

independently selected from H or alkyl; 

each A7 is independently: 

wherein: 

each H7 is independently a five-membered heteroaromatic ring, which H7 is 

optionally substituted with one or more groups independently selected from RAJ and RA3; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each A 8 is independently: 

wherein: 

each H7 is independently a five-membered heteroaromatic ring, which H7 is 

optionally substituted with one or more groups independently selected from RAJ and RA3; 

each H8 is independently a phenyl ring, which is optionally substituted with 

one or more groups independently selected from RAJ and RA3; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 
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each A9 is independently: 

wherein: 

each H7 is independently a five-membered heteroaromatic ring, which H7 is 

optionally substituted with one or more groups independently selected from RAJ and RAJ; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each A10 is independently: 

wherein: 

each H8 is independently a phenyl ring, which is optionally substituted with 

one or more groups independently selected from RA1 and RAJ; 

each H9 is independently a six-membered heteroaromatic ring, which is 

optionally substituted with one or more groups independently selected from RA1 and RAJ; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each A 11 is independently: 

wherein: 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each H10 is independently a 5-15 carbon unsaturated, partially unsaturated or 

saturated bicyclic ring system that is optionally fused to an aryl, which H10 is optionally 

substituted with one or more groups independently selected from oxo, alkoxy, alkoxyalkyl, 
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alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, formyl, halo, haloalkyl, hydroxy, 

hydroxyalkyl, -NRaRb, (NRaRb)alkyl, and (NRaRb)carbonyl, cyano, nitro, SOR4
, 

S02R4
, -alkylS02R4

, haloalkoxy, cyanoalkyl, NR4S02R4
, cycloalkyl, (halo)cycloalkyl, 

heterocycle, ( cycloalkyl)alkyl, and (heterocycle )alkyl, wherein each alkyl, heterocycle and 

cycloalkyl is optionally substituted with one or more halo; and 

each R4 is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl 

each A 12 is independently: 

wherein: 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each H 11 is independently a 5-15 carbon unsaturated, partially unsaturated or 

saturated bicyclic ring system that contains one or more heteroatoms that is optionally fused 

to an aryl, which H 11 is optionally substituted with one or more groups independently 

selected from oxo, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, 

formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NRaRb, (NRaRb)alkyl, and (NRaRb)carbonyl, 

cyano, nitro, SOR4
, S02R4

, -alkylS02R4
, haloalkoxy, cyanoalkyl, NR4S02R4

, cycloalkyl, 

(halo )cycloalkyl, heterocycle, ( cycloalkyl )alkyl, and (heterocycle )alkyl, wherein each alkyl, 

heterocycle and cycloalkyl is optionally substituted with one or more halo; and 

each R4 is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; and 

each A 13 is independently: 

wherein: 

each H 12 is independently a fused aromatic bicyclic carbocycle, which is 

optionally substituted with one or more groups independently selected from RA1 and RA3; and 
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each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each AJ4 is independently: 

wherein: 

each H 13 is independently a fused aromatic bicyclic heterocycle that comprises 

at least one heteroatom in the ring system, which ring system is optionally substituted with 

one or more groups independently selected from RAJ and RA3; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each A JS is independently: 

wherein: 

each HJ4 is independently a fused unsaturated, partially unsaturated or 

saturated tricyclic carbocycle which is optionally substituted with one or more groups 

independently selected from RAJ and R A3; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each A J6 is independently: 

1043 



IPR2018-00211 Page 1046 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

wherein: 

each H15 is independently a fused unsaturated, partially unsaturated or 

saturated tricyclic heterocycle that comprises at least one heteroatom in the ring system, 

which ring system is optionally substituted with one or more groups independently selected 

from RA1 and RA3; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each A 17 is independently: 

wherein: 

each H16 is independently a fused bicyclic carbocyclic ring system wherein 

one ring is aromatic and another ring is partially or fully saturated, which ring system is 

optionally substituted with one or more groups independently selected from oxo, RA1 and RAJ; 

and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each A 18 is independently: 

wherein: 

each H 17 is independently a fused bicyclic ring system comprising at least one 

heteroatom, wherein one ring is aromatic and another ring is partially or fully saturated, 

which ring system is optionally substituted with one or more groups independently selected 

from oxo, RA1 and RA3; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 
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each A21 is independently: 

wherein: 

each H40 is independently an anti-aromatic monocyclic or fused carbocyclic 

ring system, which carbocyclic ring system is optionally substituted with one or more groups 

independently selected from RAJ and RA3; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each W1 is independently -XA-: 

wherein: 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each W2 is independently: 

wherein: 

each H20 is independently is independently a fused aromatic bicyclic 

carbocycle, which is optionally substituted with one or more groups independently selected 
from RA1 and R A3 · and , 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 
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each W3 is independently: 

wherein: 

each H2
J is independently a fused bicyclic carbocyclic ring system wherein 

one ring is aromatic and another ring is partially or fully saturated, which ring system is 

optionally substituted with one or more groups independently selected from oxo, RAJ and RA3; 

and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each W4 is independently: 

wherein: 

each H22 is independently a fused aromatic bicyclic heterocycle that comprises 

at least one heteroatom in the ring system, which ring system is optionally substituted with 

one or more groups independently selected from RAJ and RA3; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each W5 is independently: 

wherein: 

each H23 is independently a fused bicyclic ring system comprising at least one 

heteroatom, wherein one ring is aromatic and another ring is partially or fully saturated, 

1046 



IPR2018-00211 Page 1049 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

which ring system is optionally substituted with one or more groups independently selected 

from oxo, RA1 and RA3; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each W6 is independently: 

wherein: 

each H24 is independently a fused unsaturated, partially unsaturated or 

saturated tricyclic carbocycle, which is optionally substituted with one or more groups 

independently selected from R AI and R A3; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each W7 is independently: 

wherein: 

each H26 is independently a 5-15 carbon unsaturated, partially unsaturated or 

saturated bicyclic ring system which ring system is optionally substituted with one or more 

groups independently selected from oxo, RA1 and RA3; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 
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each W8 is independently: 

wherein: 

each H27 is independently a fused unsaturated, partially unsaturated or 

saturated tricyclic heterocycle that comprises at least one heteroatom in the ring system, 

which ring system is optionally substituted with one or more groups independently selected 
from RAJ and RA3· and 

' 
each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each W9 is independently: 

wherein: 

each H29 is independently a 5-15 carbon unsaturated, partially unsaturated or 

saturated bicyclic ring system that contains one or more heteroatoms; and 

each XA is independently 0, NR, SO, S02, C(=O), NRC(=O), C(=O)NR, 

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H 

or alkyl; 

each WJ0 is independently -H30=C=H3 J-

wherein each of -H30 and H3
J is independently a saturated 6-membered heterocyclic 

ring comprising one or more heteroatoms, which ring is optionally substituted with oxo; 

each W11 is independently -H32=C=H33
-

wherein each of -H32 and H33 is independently a saturated 5-membered heterocyclic 

ring comprising one or more heteroatoms, which ring is optionally substituted with oxo; 

each WJ2 is independently an anti-aromatic monocyclic or fused carbocyclic ring system, 

which carbocyclic ring system is optionally substituted with one or more groups 

independently selected from RAJ and RA3; 
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each W13 is independently a phenyl ring that is optionally substituted with one or more groups 

independently selected from RAJ and RA3; 

each WJ4 is independently a 5 or 6 membered heteroaryl ring that is optionally substituted 

with one or more groups independently selected from RAJ and RA3
; 

each WJ 5 is independently a fused unsaturated, partially unsaturated or saturated tetracyclic 

carbocyclic ring, which ring system is optionally substituted with one or more groups 

independently selected from oxo, RAJ and RA3; 

each WJ 6 is independently a fused unsaturated, partially unsaturated or saturated tetracyclic 

heterocycle that comprises at least one heteroatom in the ring system, which ring system is 

optionally substituted with one or more groups independently selected from oxo, RAJ and RA3; 

each WJ 7 is independently a fused unsaturated, partially unsaturated or saturated pentacyclic 

carbocyclic ring system, which ring system is optionally substituted with one or more groups 

independently selected from oxo, RAJ and RA3; 

each W18 is independently a fused unsaturated, partially unsaturated or saturated pentacyclic 

heterocycle that comprises at least one heteroatom in the ring system, which ring system is 

optionally substituted with one or more groups independently selected from oxo, RA1 and RA3; 

each WJ9 is independently a fused unsaturated, partially unsaturated or saturated hexacyclic 

carbocyclic ring system, which ring system is optionally substituted with one or more groups 

independently selected from oxo, RAJ and RA3; 

each W20 is independently a fused unsaturated, partially unsaturated or saturated hexacyclic 

heterocycle that comprises at least one heteroatom in the ring system, which ring system is 

optionally substituted with one or more groups independently selected from oxo, RAJ and RA3; 

each M0 is independently a five membered heteroaryl group optionally substituted with one or 

more alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, haloalkyl, (NR3Rb)carbonyl and 

trialkylsilylalkoxyalkyl; 
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each M 1 is independently selected from -C(=O)NH-,-

C(=O)NH-C(RMh-, -NHC(=O) -, -C(RM)2NHC(=O)-, -NHC(=O)N RM -, -NHC(=O)O -; 

wherein each RM is independently selected from Hand alkyl; 

each M2 is independently a six-membered heteroaromatic ring, which is optionally substituted 

with one or more groups independently selected from RA1 and RA3
; 

each M 3 is independently: 

each M4 is independently: 

Kr0 
OH 

each M 5 is independently: 

H KD 
wherein the bond designated with --- is fused to a ring defined for P; 

each M 6 is independently a bicyclic bridged ring system comprising 5-15 atoms wherein at least 

one of the atoms is a heteroatom; 

each M 7 is independently a pyrid-di-yl; 

each M 8 is independently partially saturated or a saturated five-membered ring that comprises 

one or more heteroatoms and that is optionally substituted with one or two oxo; 
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each M9 is independently a fused-bicyclic saturated, partially unsaturated, or aromatic 

heterocyclic ring system that is optionally substituted with one or more RPII; 

each M10 is independently a five membered heteroaryl group; 

each M 11 is independently a fused-tricyclic saturated, partially unsaturated, or aromatic 

heterocyclic ring system that is optionally substituted with one or more oxo, halo, -RM7
, -OR 

M?' -SR M?' -N(R M?)2, -CF3, -CCh, -OCF3,-CN, -N02, -N(R M7)C(=O)R M?' -C(=O)R M?'

OC(=O)R M?' -C(O)OR M?, -C(=O)NR M?' -S(=O)R M?' -S(=0)20R M?, -S(=0)2R M?' -OS(=0)20R 

M?' or -S(=0)2NR M?; 

each R M? is independently -H, alkyl, aryl, arylalkyl, or heterocycle; 

each P0 is independently: 

or 

wherein: 

X is selected from 0, S, S(O), S02, CH2, CHRP 10
, and C(RP 10)2; 

provided that when pn or pm is 0, X is selected from CH2, CHRP10
, and C(RP 10)2; 

each RPIO is independently selected from alkoxy, alkyl, aryl, halo, 

haloalkyl, hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused three-to 

six-membered ring with an adjacent carbon atom, wherein the three- to six-membered ring is 

optionally substituted with one or two alkyl groups; 

each RP5 and RP6 is independently selected from alkoxy, alkyl, aryl, 

halo, haloalkyl, hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused 

three-to six-membered ring with an adjacent carbon atom, wherein the three- to six-membered 

ring is optionally substituted with one or two alkyl groups; RPa and RPb are each independently 
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H, alkyl, aryl, or arylalkyl; or RPa and RPb taken together with the atom to which they are 

attached form a heterocycle; 

pq and ps are independently 0, 1, 2, 3, or 4; 

pm and pn are independently 0, 1, or 2; 

po and pp are independently 1, 2, or 3; 

RP7 and RP8 are each independently selected from hydrogen, alkenyl, alkoxyalkyl, 

alkyl, haloalkyl, and (NRPaRPb)alkyl; or RP7 and RP8
, together with the carbon atom to which they 

are attached, form a five or six membered saturated ring optionally containing one or two 

heteroatoms selected from NRPz, 0, and S; wherein RPz is selected from hydrogen and alkyl; 

RP9 is selected from hydrogen and alkyl; 

each P1 is independently: 

wherein: 

X is selected from 0, S, S(O), S02, CH2, CHRP 10
, and C(RP 10)2; 

provided that when pn is 0, X is selected from CH2, CHRP10
, and C(RP 10)2; 

each RPIO is independently selected from alkoxy, alkyl, aryl, halo, 

haloalkyl, hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused three-to 

six-membered ring with an adjacent carbon atom, wherein the three- to six-membered ring is 

optionally substituted with one or two alkyl groups; 

at least one RPII is independently selected from cyano, alkylsulfonyl, 

arylsulfonyl, (NRhRh)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, 

alkoxyalkyloxy, haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, 

heteroaryloxyakyloxy, heterocyclooxyalkyloxy, (NR hRh)alkyloxy, cyanoalkoxy, 

cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl, -NRhhR\ (NRhhRh)alkyl, 

(NRhhRh)carbonyl, wherein each Rh is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, 

heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, 

haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; and when two 

Rh groups are present then they may come together with the atoms to which they are bound to 

form a 4-15 membered heterocyclic ring; wherein each Rhh is independently aryl, arylalkyl, 

heterocycle, heterocyclyoxy, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, 
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haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl, 

(NRhRh)sulfonyl, heteroarylsulfonyl, -S(=0)2Rh, -C(=O)Rh, -C(=O)NRhRh; and the remaining 

RPII are independently selected from RP5
, cyano, alkylsulfonyl, arylsulfonyl, 

(NRhRh)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy, 

haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, heteroaryloxyakyloxy, 

heterocyclooxyalkyloxy, (NRhRh)alkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy, 

oxo, heterocyclyl; wherein each Rh is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, 

heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, 

haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; and when two 

Rh groups are present then they may come together with the atoms to which they are bound to 

form a 4-15 membered heterocyclic ring; 

psis 1, 2, 3, or4; 

pn is 0, 1, or 2; 

each P2 is independently: 

wherein: 

each RP 12 is independently selected from RP5
, RP11 ,-C(=O)ORh, cyano, 

alkylsulfonyl, arylsulfonyl, (NRhRh)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, 

haloalkoxy, alkoxyalkyloxy, haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, 

heteroaryloxyakyloxy, heterocyclooxyalkyloxy, (NRhRh)alkyloxy, cyanoalkoxy, 

cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl; wherein each Rh is independently -H, 

alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, 

alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, 

dialkylaminoalkyl, sulfonylalkyl; and when two Rh groups are present then they may come 

together with the atoms to which they are bound to form a 4-15 membered heterocyclic ring; 

ps is 1, 2, 3, or 4; 

pn is 0, 1, or 2; 
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each P3 is independently a ring of the formula: 

wherein: 

the ring is substituted with one or more oxo group; 

each RPIJ is independently selected from RP5
, cyano, alkylsulfonyl, 

arylsulfonyl, (NRhRh)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, 

alkoxyalkyloxy, haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, 

heteroaryloxyakyloxy, heterocyclooxyalkyloxy, (NR hRh)alkyloxy, cyanoalkoxy, 

cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl; wherein each Rh is independently -H, 

alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, 

alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, 

dialkylaminoalkyl, sulfonylalkyl; and when two R h groups are present then they may come 

together with the atoms to which they are bound to form a 4-15 membered heterocyclic ring; 

psisO, 1,2,3,or4; 

pn is 0, 1, or 2; 

each P4 is independently a ring of the formula: 

wherein: 

the ring is optionally substituted with one or more groups RP 14 that are 

independently selected from alkoxy, alkyl, aryl, halo, haloalkyl, hydroxy, and

NRPaRPb' wherein the alkyl can optionally form a fused three-to six-membered ring with an 
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adjacent carbon atom, wherein the three- to six-membered ring is optionally substituted with one 

or two alkyl groups; and where two groups RP 14 that are attached to the same carbon 

when taken together with the carbon to which they are attached can form a 3-6 

membered carbocyclic or heterocyclic ring; 

pn is 0, 1, or 2; 

each Rf is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, 

heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, 

haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, 

sulfonylalkyl, -S(=0)2NRhRh, -S(=0)2Rh, C(=O)Rh, C(=O)ORh, -C(=O)NRhRh; each Rh is 

independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, 

alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, 

alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; or when two Rh groups are present then they 

may come together with the atoms to which they are bound to form a 4-15 membered 

heterocyclic ring; 

each P5 is independently a ring of the formula: 

wherein: 

the ring is optionally substituted with one or more groups RP 15 that are 

independently selected from alkoxy, alkyl, aryl, halo, haloalkyl, hydroxy, and

NRPaRPb' wherein the alkyl can optionally form a fused three-to six-membered ring with an 

adjacent carbon atom, wherein the three- to six-membered ring is optionally substituted with one 

or two alkyl groups; and where two groups RP 15 that are attached to the same carbon 

when taken together with the carbon to which they are attached can form a 3-6 

membered carbocyclic or heterocyclic ring; 

pn is 0, 1, or 2; 

Z is 0, S, S(=O), S(=0)2, or NRc; 

each Rf is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, 

heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, 

haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, 

sulfonylalkyl, -S(=0)2NRhRh, -S(=O)zRh, C(=O)Rh, C(=O)ORh, -C(=O)NRhRh; each Rh is 
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independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, 

alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, 

alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; or when two Rh groups are present then they 

may come together with the atoms to which they are bound to form a 4-15 membered 

heterocyclic ring; 

each P6 is independently a ring of the formula: 

wherein: 

the ring is substituted with one or more oxo and is optionally substituted with one 

or more groups RP 16 that are independently selected from alkoxy, alkyl, aryl, halo, 

haloalkyl, hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused three-to 

six-membered ring with an adjacent carbon atom, wherein the three- to six-membered ring is 

optionally substituted with one or two alkyl groups; 

Z is 0, S, S(=O), S(=0)2, or NRr; 

pn is 0, 1, or 2; 

each Rf is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, 

heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, 

haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, 

sulfonylalkyl, -S(=0)2NRhRh, -S(=0)2Rh, C(=O)Rh, C(=O)ORh, -C(=O)NRhRh; each Rh is 

independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, 

alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, 

alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; or when two Rh groups are present then they 

may come together with the atoms to which they are bound to form a 4-15 membered 

heterocyclic ring; 

each P 7 is a bridged 5-15 membered bicyclic heterocyclic ring that is attached to the remainder 

of the compound of formula I through one N-link and through one C-link; wherein the ring is 

optionally substituted with one or more groups independently selected from R P6 and R P 11
; 
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each RP 13 is independently selected from alkoxy, alkyl, aryl, halo, 

haloalkyl, hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused 

three-to six-membered ring with an adjacent carbon atom, wherein the three- to 

six-membered ring is optionally substituted with one or two alkyl groups; where in at least 

one case two groups RP 13 that are attached to the same carbon are taken 

together with the carbon to which they are attached and form a 4-6 

membered heterocyclic ring; 

each P10 is independently: 

wherein: 

X is selected from 0, S, S(O), S02 , CH2 , CHRPIO, and C(RP 10)z; 

provided that when pn or pm is 0, X is selected from CH2, CHRP10
, and C(RP 10)z; 

each RPIO is independently selected from alkoxy, alkyl, aryl, halo, 

haloalkyl, hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused three-to 

six-membered ring with an adjacent carbon atom, wherein the three- to six-membered ring is 

optionally substituted with one or two alkyl groups; 
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each RP5 and RP6 is independently selected from alkoxy, alkyl, aryl, 

halo, haloalkyl, hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused 

three-to six-membered ring with an adjacent carbon atom, wherein the three- to six-membered 

ring is optionally substituted with one or two alkyl groups; 

pq and ps are independently 0, 1, 2, 3, or 4; 

pm and pn are independently 0, 1, or 2; 

po and pp are independently 1, 2, or 3; 

each P 11 is independently: 

wherein: 

X is selected from 0, S, S(O), S02 , CH2 , CHRP 10
, and C(RP 10)2; 

provided that when pn or pm is 0, X is selected from CH2, CHRP10
, and C(RP 10)2; 

each RPIO is independently selected from alkoxy, alkyl, aryl, halo, 

haloalkyl, hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused three-to 

six-membered ring with an adjacent carbon atom, wherein the three- to six-membered ring is 

optionally substituted with one or two alkyl groups; 

each RP5 and RP6 is independently selected from alkoxy, alkyl, aryl, 

halo, haloalkyl, hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused 

three-to six-membered ring with an adjacent carbon atom, wherein the three- to six-membered 

ring is optionally substituted with one or two alkyl groups; 

pq and ps are independently 0, 1, 2, 3, or 4; 

pm and pn are independently 0, 1, or 2; 

po and pp are independently 1, 2, or 3; 
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each P12 is independently: 

wherein: 

each RP6 is independently selected from alkoxy, alkyl, aryl, halo, 

haloalkyl, hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused three-to 

six-membered ring with an adjacent carbon atom, wherein the three- to six-membered ring is 

optionally substituted with one or two alkyl groups; 

pq is independently 0, 1, 2, 3, or 4; 

pm is independently 0, 1, or 2; 

pp is independently 1, 2, or 3; 

psis 1, 2, 3, or4; 

RPII is independently selected from cyano, alkylsulfonyl, arylsulfonyl, 

(NRhRh)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy, 

haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, heteroaryloxyakyloxy, 

heterocyclooxyalkyloxy, (NRhRh)alkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy, 

oxo, heterocyclyl, -NRhhRh, (NRhhRh)alkyl, (NRhhRh)carbonyl, wherein each Rh is independently 

-H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, 

alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, 

dialkylaminoalkyl, sulfonylalkyl; and when two Rh groups are present then they may come 

together with the atoms to which they are bound to form a 4-15 membered heterocyclic ring; 

wherein each Rhh is independently aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyloxy, 

alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, 

dialkylaminoalkyl, sulfonylalkyl, NRhRhsulfonyl, heteroarylsulfonyl, -S(=0)2R\-

C(=O)Rh, -C(=O)NRhRh; and the remaining RPII are independently selected from RP5
, 

cyano, alkylsulfonyl, arylsulfonyl, (NRhRh)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, 

haloalkoxy, alkoxyalkyloxy, haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, 

heteroaryloxyakyloxy, heterocyclooxyalkyloxy, (NRhR h)alkyloxy, cyanoalkoxy, 

cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl; wherein each Rh is independently -H, 
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alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, 

alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, 

dialkylaminoalkyl, sulfonylalkyl; and when two Rh groups are present then they may come 

together with the atoms to which they are bound to form a 4-15 membered heterocyclic ring; 

each P13 is independently: 

wherein: 

X is selected from 0, S, S(O), S02 , or NRh; 

each RP6 is independently selected from alkoxy, alkyl, aryl, halo, 

haloalkyl, hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused three-to 

six-membered ring with an adjacent carbon atom, wherein the three- to six-membered ring is 

optionally substituted with one or two alkyl groups; 

zero; 

pq is independently 0, 1, 2, 3, or 4; 

pm and pn are independently 0, 1, or 2 but the sum of pn and pm is greater than 

pp are independently 1, 2, or 3; 

psis 1, 2, 3, or 4; 

each RPll is independently selected from cyano, alkylsulfonyl, arylsulfonyl, 

(NRhRh)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy, 

haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, heteroaryloxyakyloxy, 

heterocyclooxyalkyloxy, (NRhRh)alkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy, 

oxo, heterocyclyl, -NRhhRh, (NRhhRh)alkyl, (NRhhRh)carbonyl, wherein each Rh is independently 

-H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, 

alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, 

dialkylaminoalkyl, sulfonylalkyl; and when two Rh groups are present then they may come 

together with the atoms to which they are bound to form a 4-15 membered heterocyclic ring; 
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wherein each Rhh is independently aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyloxy, 

alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, 

dialkylaminoalkyl, sulfonylalkyl, (NRhRh)sulfonyl, heteroarylsulfonyl, -S(=0)2R\-

C(=O)Rh, -C(=O)NRhR\ RP5
, cyano, alkylsulfonyl, arylsulfonyl, (NRhRh)sulfonyl, 

heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy, haloalkoxyalkyloxy, 

cycloalkyoxyalkyloxy, aryloxyalkyloxy, heteroaryloxyakyloxy, heterocyclooxyalkyloxy, 

(NRhRh)alkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl; wherein 

each Rh is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, 

alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, 

alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; and when two Rh groups are present then 

they may come together with the atoms to which they are bound to form a 4-15 membered 

heterocyclic ring; 

each P14 is independently: 

wherein: 

the ring is substituted with one or more oxo group; 

X is NRf; 

each Rf is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, 

heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, 

haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, 

sulfonylalkyl, -S(=0)2NRhR\ -S(=0)2R\ C(=O)R\ C(=O)OR\ -C(=O)NRhRh; each Rh is 

independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, 

alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, 

alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; or when two Rh groups are present then they 

may come together with the atoms to which they are bound to form a 4-15 membered 

heterocyclic ring; 

each RP6 is independently selected from alkoxy, alkyl, aryl, halo, 

haloalkyl, hydroxy, and -NRPaRPb' wherein the alkyl can optionally form a fused three-to 
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six-membered ring with an adjacent carbon atom, wherein the three- to six-membered ring is 

optionally substituted with one or two alkyl groups; 

pq is independently 0, 1, 2, 3, or 4; 

pm is independently 0, 1, or 2; 

ps is 1, 2, 3, or 4; 

RPll is independently selected from cyano, alkylsulfonyl, arylsulfonyl, 

(NRhRh)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy, 

haloalkoxyalkyloxy, cycloalkyoxyalkyloxy 

aryloxyalkyloxy, heteroaryloxyakyloxy, heterocyclooxyalky loxy, 

(NRhRh)alkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl; wherein 

each Rh is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, 

alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, 

alkylaminoalkyl, dialkylaminoalkyl, or sulfonylalkyl; and when two Rh groups are present then 

they may come together with the atoms to which they are bound to form a 4-15 membered 

heterocyclic ring; 

each -Z0
- is -C(=O)- or -C(=S)-; 

each -Z1
- is independently a bond, or -C(Rz1)2-; wherein each Rz1 is independently H, alkyl, 

haloalkyl, or halo; 

each -Z2
- is independently saturated or partially unsaturated (C3-C8)cycloalkyl that is optionally 

substituted with one or more groups independently selected from RA1 and RAJ; 

each -Z3
- is independently saturated, partially unsaturated, or aromatic 4-8 membered 

heterocyclic or heteroaryl ring that is optionally substituted with one or more groups 

independently selected from R AI and RAJ; 

each -Z4
- is independently: 
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wherein each Rz4 is independently H, alkyl, cyano, aryl, or heteroaryl; 

each -Z5
- is independently: 

wherein each Rzs is independently H, alkyl, cyano, aryl, or heteroaryl; or two Rz5s together 

with the nitrogen to which they are attached form a 4-8 membered heterocyclic ring that is 

optionally substituted with one or more oxo and with one or more groups independently 

selected from RA1 and RA3; 

each -Z6
- is independently -C(Rz1

)- and is doublebonded to a carbocyclic P; wherein Rz1 is 

independently H, alkyl, haloalkyl, or halo; 

each E0 is independently -NREcREd wherein 

REc and REd are each independently selected from hydrogen, alkenyloxycarbonyl, 

alkoxyalkylcarbonyl, alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfonyl, aryl, 

arylalkoxycarbonyl, arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxycarbonyl, arylsulfonyl, 

cycloalkyl, cycloalkylsulfonyl, formyl, haloalkoxycarbonyl, heterocyclyl, 

heterocyclylalkoxycarbonyl, heterocyclylalkyl, heterocyclylalkylcarbonyl, heterocyclylcarbonyl, 

heterocyclyloxycarbonyl, hydroxyalkylcarbonyl, (NReRf)alkyl, 

(NReRr)alkylcarbonyl, (NReRr)carbonyl, (NReRr)sulfonyl, -C(NCN)OR', and- C(NCN)NRxR y, 

wherein R' is selected from alkyl and unsubstituted phenyl, and wherein the alkyl part of the 

arylalkyl, the arylalkylcarbonyl, the heterocyclylalkyl, and the heterocyclylalkylcarbonyl are 

further optionally substituted with one -NReRf group; and wherein the aryl, the aryl part of the 

arylalkoxycarbonyl, the arylalkyl, the arylalkylcarbonyl, the arylcarbonyl, the aryloxycarbonyl, 

and the arylsulfonyl, the heterocyclyl, and the heterocyclyl part of the 

heterocyclylalkoxycarbonyl, the heterocyclylalkyl, the heterocyclylalkylcarbonyl, the 

heterocyclylcarbonyl, and the heterocyclyloxycarbonyl are further optionally substituted with 

one, two, or three substituents independently selected from alkoxy, alkyl, cyano, halo, 

haloalkoxy, haloalkyl, and nitro; 
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each E1 is independently -OC(=O)NREeREf wherein each REe and REf are each 

independently selected from hydrogen, alkenyloxycarbonyl, alkoxyalkylcarbonyl, 

alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfonyl, aryl, arylalkoxycarbonyl, arylalkyl, 

arylalkylcarbonyl, arylcarbonyl, aryloxycarbonyl, arylsulfonyl, cycloalkyl, cycloalkylsulfonyl, 

formyl, haloalkoxycarbonyl, heterocyclyl, heterocyclylalkoxycarbonyl, heterocyclylalkyl, 

heterocyclylalkylcarbonyl, heterocyclylcarbonyl, heterocyclyloxycarbonyl, 

hydroxyalkylcarbonyl, (NR eRf)alkyl, (NR eRf)alkylcarbonyl, (NR eRf)carbonyl, (NR eRr)sulfonyl, 

-C(NCN)OR', and- C(NCN)NRxR Y, wherein R' is selected from alkyl and unsubstituted phenyl, 

and wherein the alkyl part of the arylalkyl, the arylalkylcarbonyl, the heterocyclylalkyl, and the 

heterocyclylalkylcarbonyl are further optionally substituted with one -NReRf group; and wherein 

the aryl, the aryl part of the arylalkoxycarbonyl, the arylalkyl, the arylalkylcarbonyl, the 

arylcarbonyl, the aryloxycarbonyl, and the arylsulfonyl, the heterocyclyl, and the heterocyclyl 

part of the heterocyclylalkoxycarbonyl, the heterocyclylalkyl, the heterocyclylalkylcarbonyl, the 

heterocyclylcarbonyl, and the heterocyclyloxycarbonyl are further optionally substituted with 

one, two, or three substituents independently selected from alkoxy, alkyl, cyano, halo, 

haloalkoxy, haloalkyl, and nitro; or wherein REe and REf' together with the nitrogen atom to which 

they are attached, form a heterocycle; 

each V0 is independently H, alkyl, arylalkyl, alkenyl, CO, cycloalkylalkyl, cycloalkyl, 

alkoxyalkyl, alkoxyalkylcarbonylalkyl, alkoxycarbonylalkyl, alkylsulfanylalkyl, 

aryalkoxyalkylcarbonylalkyl, carboxyalkyl, heterocyclylalkyl, heterocyclylcarbonylalkyl, 

hydroxyalkyl, NRRCOalkyl, wherein each R is independently selected from hydrogen and 

alkyl; 

and where in arylalkyl the alkyl can be substituted with up to three aryl groups, and the alkyl 

part of the arylalkyl is further optionally substituted with one or two additional groups 

independently selected from alkoxy, alkyocarbonyloxy, halo, haloalkoxy, haloalkyl, 

heterocyclyl, hydroxy; 

and the aryl part can be substituted with 1, 2, 3, 4, or 5 substituents independently selected 

from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkylcarbonyl, a second aryl group, 

arylalkoxy, arylalkyl, arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl, heterocyclyl, 

heterocyclylalkyl, heterocyclylcarbonyl, hydroxy, hydroxyalkyl, nitro, -NRxR Y'-

(NRxR Y)alkyl, oxo, and -P(O)OR2, wherein each R is independently selected from hydrogen 

and alkyl; and wherein the alkyl part of the arylalkyl and the heterocyclylalkyl are unsubstituted 

and wherein the second aryl group, the aryl part of the arylalkyl, the aryl part of the 

arylcarbonyl, the heterocyclyl, and the heterocyclyl part of the heterocyclylalkyl and the 
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heterocyclylcarbonyl are further optionally substituted with one, two, or three substituents 

independently selected from alkoxy, alkyl, cyano, halo, haloalkoxy, haloalkyl, and nitro; 

and the heterocyclyl can be substituted with 1, 2, 3, 4, or 5 substituents 

independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkylcarbonyl, aryl, 

arylalkyl, arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl, a second heterocyclyl group, 

heterocyclylalkyl, heterocyclylcarbonyl, hydroxy, hydroxyalkyl, nitro, -NRxR Y, 

(NRxR Y)alkyl, and oxo, wherein the alkyl part of the arylalkyl and the heterocyclylalkyl are 

unsubstituted and wherein the aryl, the aryl part of the arylalkyl; the aryl part of the 

arylcarbonyl, the second heterocyclyl group, and the heterocyclyl part of the 

heterocyclylalkyl and the heterocyclylcarbonyl are further optionally substituted with one, 

two, or three substituents independently selected from alkoxy, alkyl, cyano, halo, haloalkoxy, 

haloalkyl, and nitro; 

each V1 is independently cyanoalkyl, which is optionally substituted with one or more groups 

independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle, 

heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently selected from 

hydrogen, alkenyl, and alkyl; 

each V2 is independently haloalkyl, which is optionally substituted with one or more groups 

independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle, 

heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently selected from 

hydrogen, alkenyl, and alkyl; 

each V3 is independently alkyl, which is substituted with one or more oxo, and which is 

optionally substituted with one or more groups independently selected from cycloalkyl, halo, 

aryl, alkenyl, and cyano; 

each V4 is independently haloalkoxyalkyl, which is optionally substituted with one or more 

groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle, 

heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently selected from 

hydrogen, alkenyl, and alkyl; 

each V5 is independently alkylsulfonylalkyl, which is optionally substituted with one or more 

groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle, 
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heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently selected from 

hydrogen, alkenyl, and alkyl; 

each V6 is independently arylsulfonylalkyl, which is optionally substituted with one or more 

groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle, 

heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently selected from 

hydrogen, alkenyl, and alkyl; 

each V7 is independently heterocyclosulfonylalkyl, which is optionally substituted with one or 

more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, 

heterocycle, heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently 

selected from hydrogen, alkenyl, and alkyl; 

each V8 is independently spirocycloalkyl, which is optionally substituted with one or more 

groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle, 

heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently selected from 

hydrogen, alkenyl, and alkyl; 

each V9 is independently spirocycloalkylalkyl, which is optionally substituted with one or 

more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, 

heterocycle, heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently 

selected from hydrogen, alkenyl, and alkyl; 

each V10 is independently fusedbicycliccycloalkyl, which is optionally substituted with one or 

more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, 

heterocycle, heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently 

selected from hydrogen, alkenyl, and alkyl; 

each V 11 is independently fusedbicycliccycloalkylalkyl, which is optionally substituted with 

one or more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, 

heterocycle, heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently 

selected from hydrogen, alkenyl, and alkyl; 

each V12 is independently bridged-bicycliccycloalkyl, which is optionally substituted with one 

or more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, 
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heterocycle, heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently 

selected from hydrogen, alkenyl, and alkyl; 

each V13 is independently bridged-bicyclic-cycloalkylalkyl, which is optionally substituted 

with one or more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, 

cycloalkenyl, heterocycle, heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each 

independently selected from hydrogen, alkenyl, and alkyl; 

each V14 is independently aryloxyalkyl, which is optionally substituted with one or more 

groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle, 

heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently selected from 

hydrogen, alkenyl, and alkyl; 

each V 15 is independently arylalkoxyalkyl, which is optionally substituted with one or more 

groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle, 

heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently selected from 

hydrogen, alkenyl, and alkyl; 

each V16 is independently cycloalkyloxyalkyl, which is optionally substituted with one or more 

groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle, 

heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently selected from 

hydrogen, alkenyl, and alkyl; 

each V17 is independently cycloalkylalkyloxyalkyl, which is optionally substituted with one or 

more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, 

heterocycle, heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently 

selected from hydrogen, alkenyl, and alkyl; 

each V 18 is independently heterocyclooxyalkyl, which is optionally substituted with one or 

more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, 

heterocycle, heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently 

selected from hydrogen, alkenyl, and alkyl; 
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each V 19 is independently heterocycloalkyloxyalkyl, which is optionally substituted with one 

or more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, 

heterocycle, heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently 

selected from hydrogen, alkenyl, and alkyl; 

each V 20 is independently heteroaryloxyalkyl, which is optionally substituted with one or more 

groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle, 

heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently selected from 

hydrogen, alkenyl, and alkyl; 

each V 21 is independently heteroarylalkylalkoxyalkyl, which is optionally substituted with one 

or more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, 

heterocycle, heteroaryl, hydroxy, and NR vaR VbC(=O)O-; R va and R Vb are each independently 

selected from hydrogen, alkenyl, and alkyl; 

each T1 is independently a spiro, branched or fused bicycloalkyl; 

each T2 is independently aryl; 

each T3 is independently heteroaryl; 

each T4 is independently arylalkyl; 

each T5 is independently haloalkyl; 

each T6 is independently heteroarylalkyl; 

each T7 is independently heterocycle; and 

each T8 is independently heterocyclealkyl. 

22. The compound of claim 21 which comprises M0-W-M0
, M0-W-M9

, M9-W-M0
, or 

M9-W-M9 M10-W-M0 M0-W-M10 M10-W-M9 M9-W-M10 or M10-W-M10 

' ' ' ' ' . 

23. The compound of claim 22 wherein W is W2
• 

24. The compound of claim 22 wherein W is W8
. 

25. The compound of claim 22 wherein W is W15
. 

26. The compound of claim 22 wherein W is W16
. 
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27. The compound of claim 22 wherein W is W18
. 

28. The compound of claim 21 which comprises M0-A-A-M0
, M0-A-A-M9

, M9
- A-A-M0

, or 

M9-A-A-M9
. M10

- A-A-M0
, M0-A-A-M10

, M10
- A-A-M9

, M9
- A-A-M10

, or M10
- A-A-M10 

29. The compound of claim 28 wherein -A-A- is -A 0 -A5 
-. 

30. The compound of claim 28 wherein -A-A- is -A0-A13
-. 

31. The compound of claim 28 wherein -A-A- is -A 13 -A13 
-. 

32. The compound of claim 28 wherein -A-A- is -A0-A11
-. 

33. The compound of claim 28 wherein -A-A- is -A13-A6
-. 

34. Thecompoundofclaim21 wherein Wis W6
. 

35. The compound of claim 34 wherein each XA is absent. 

36. The compound of claim 34 or 35 wherein W6 is selected from: 

and 

37. The compound of claim 34 or 35 wherein W6 is selected from: 

k}b-i ~and 

38. The compound of claim 21 wherein W is W8
. 

39. The compound of claim 38 wherein each XA is absent. 
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40. The compound of claim 38 or 39 wherein W8 is selected from: 

! ;=("-y-1 and 
~s 

41. The compound of claim 38 or 39 wherein W8 is selected from: 
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and 

42. The compound of claim 38 or 39 wherein W8 is selected from: 

Fi F 

~ 
N=N 

and t-0----b---i 

43. The compound of claim 38 or 39 wherein W8 is selected from: 

~ l~ ~ ~ /i(YN~ ~ 
~s~ ~~~s~ and 

44. The compound of claim 38 or 39 wherein W8 is selected from: 

j J-X)yNH/ ~ 
ti__~~N _. 

N ~ N 
and 

PCT /US201 0/034600 

45. The compound of claim 21 wherein W is W8 that is unsubstituted. 
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46. The compound of claim 21 wherein W 12 is: 

47. The compound of claim 21 wherein W is W 15 or W16
• 

48. The compound of claim 21 wherein W is a ring system of formula: 

X U=U 
u~"'f=< ;)---\ 

J-<\ 1>--<\ ;ru or 
u-u u-u 

wherein: 

U is CH or N; and 

X is -CH2-, -C(=O)-, -CH2CH2-, -CH2CH2CH2-, or -CH=CH-; 

wherein the ring system is optionally substituted with one or more R 1 or R3
. 

49. The compound of claim 21 wherein W is W 15
• 

50. The compound of claim 21 wherein W is selected from: 

I I 

and 

51. The compound of claim 21 wherein W is W16
• 

52. The compound of claim 21 wherein W is selected from: 
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53. The compound of claim 21 wherein W is W18
. 

54. The compound of claim 21 wherein W is selected from: 

and 

55. The compound of claim 21 wherein one A is A0 and one A is As, wherein one XA in the 

As is absent and the other XA in the As is alkynyl. 

56. The compound of claim 21 or 29 wherein -A0-As- has the following structure: 

~ 
57. The compound of claim 21 wherein one A is A0 and one A is A 13

, wherein both XA in the 

A 13 are absent. 

58. The compound of claim 21 or 30 wherein -A0-A13
- has the following structure: 

59. The compound of claim 21 that comprises A 13
- A 13

, wherein all XA in both A 13 are 

absent. 

1073 



IPR2018-00211 Page 1076 of 1092 I-MAK 1011

wo 2010/132601 PCT /US201 0/034600 

60. The compound of claim 21 or 31 wherein-A13-A13
- has the following structure: 

61. The compound of claim 21 that comprises A 0- A 11 wherein all XA in both the A 0 and the 

A 11
, are absent or alkynyl. 

62. The compound of claim 21 or 32 wherein -A 0 -A 11
- has the following structure: 

63. The compound of claim 21 that comprises one A13 and one A6 wherein all xA in the A13 

are bonds. 

64. The compound of claim 21 or 33 wherein -A13-A6
- has the following structure: 

65. The compound of claim 21 wherein w is W2 and within the W2 one xA is absent and one 

XAis RC=CR. 

66. The compound of claim 21 wherein W2 has the following structure: 

~ 
67 0 The compound of claim 21 wherein w is W2 and within the W2 one xA is absent and one 

XA is selected from absent, alkynyl, or RC=CR; and M is selected from M0 or M9
. 

68. The compound of claim 67 wherein M0 is imidazolyl and M9 is benzimidazolyl. 

69. The compound of claim 21 that comprises a group M9
- W2

- M9
. 
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70. The compound of claim 69 wherein the group M9
- W2 -M9 has the following structure: 

71. The compound of claim 21 wherein A is A 0 and L is L 2. 

72. The compound of claim 71 wherein A 0- L 2 has the following structure: 

~0 

73. The compound of claim 21 that comprises two A 0 and one M is M9
. 

74. The compound of claim 21 that comprises two A0 and one M is M0 and another M is M9
• 

75. The compound of claim 74 wherein A0-A0-M9 has the following structure: 

77. The compound of claim 76 wherein M0-A0-A0-M9 has the following structure: 

78. The compound of claim 21 that comprises A0-A7-M9
• 

79. The compound of claim 78 wherein A0-A7-M9 has the following structure: 
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80. The compound of claim 21 that comprises one or two M and each M is M0
• 

81. The compound of claim 21 that comprises one or two M and each M is imidazolyl. 

82. The compound of claim 21 that comprises one or two M and each M is M9
. 

83. The compound of claim 21 that comprises one or two M and each M is benzimidazolyl. 

84. The compound of claim 21 that comprises two M wherein one M is M0 and one M is M9
. 

85. The compound of claim 21 that comprises two M wherein one M is imidazolyl and one 

M is benzimidazolyl. 

86. The compound of claim 21 that comprises one or two L wherein each L is L3
. 

87. The compound of claim 21 that comprises one or two L wherein each L is 

benzimidazolyl. 

88. The compound of claim 21 wherein W is a ring system of formula: 

u-u \ 
_/x-<( __ r\ 

~~~/r-C,u 
u-u u-u 

wherein: 

U is CH or N; and 

X is -CH2-, -C(=O)-, -CH2CH2-, -CH2CH2CH2-, or -CH=CH-; 

wherein the ring system is optionally substituted with one or more R 1 or R3
. 
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89. The compound of claim 21 wherein W is selected from: 

\ 
j 

\ 

90. The compound of claim 21 wherein A-A is selected from: 

and 

91. The compound of claim 21 wherein M-W-M is: 

92. The compound of claim 21 wherein-A-L-is selected from: 
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93. The compound of claim 21 wherein the compound of formula I has the formula E-V -Z-

P-M-A-L-P-Z-V-E. 

94. The compound of claim 21 wherein W is selected from: 

F F 

l I· ! I \ 
I 

~ \ I \ 
j 

0 

0 

\ J I l t· 

I 

1 I I 
J \ 

J 

\ ! 
0 

and 

95. The compound of claim 21 wherein W is W17
. 
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96. The compound of claim 21 wherein W is selected from: 

i 
and 

97. The compound of claim 21 wherein the compound of formula I has the formula J-M-W-

M-J. 

98. The compound of claim 21 wherein the compound of formula I has the formulaE-V -Z-

P-M-W-M- P-Z-V-E. 

99. The compound of claim 21 wherein the compound of formula I has the formulaE-V -Z-

P-M-W-M-P-Z-V -E. 

100. The compound of claim 21 wherein the compound of formula I has the formulaE-V -Z

P-M-A-A-M-P-Z-V -E. 

1 0 1. The compound of claim 21 having the structure E-V-Z-P-M-A-L-P-Z-V-E 

1 02. The compound of claim 21 having the structure E-V-Z-P-M-W-M-P-Z-V-E 

103. The compound of claim 102 wherein-M-W-M- is selected from M0-W-M0
, M0-W-M9

, 

M9-W-M0
, and M9-W-M9

. 

104. The compound of claim 102 wherein-M-W-M- is selected from M10-W-M0
, M0-W-M10

, 

M10-W-M9
, M9-W-M10

, and M10-W-M10
. 

105. The compound of claim 100 wherein -M-A-A-M- is selected from M0-A-A-M0
, 

M0-A-A-M9
, M9-A-A-M0

, and M9-A-A-M9
. 
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106. The compound of claim 100 wherein -M-A-A-M- is selected from M10-A-A-M0
, 

M0-A-A-M10
, M10-A-A-M9

, M9-A-A-M10
, and M10-A-A-M10

. 

107. The compound of any one of claims 21-106 wherein each E is E0
. 

108. The compound of any one of claims 21-106 wherein each E is -NHC(=O)Oalkyl. 

109. The compound of any one of claims 21-106 wherein each E is 

methoxycarbonylamino. 

110. The compound of any one of claims 21-109 wherein each Vis V0
. 

111. The compound of any one of claims 21-109 wherein each V is alkyl. 

112. The compound of any one of claims 21-109 wherein each V is isopropyl. 

113. The compound of any one of claims 21-109 wherein each Vis V2
. 

114. The compound of any one of claims 21-109 wherein each V is haloalkyl. 

115. The compound of any one of claims 21-114 wherein each Z is Z0
• 

116. The compound of any one of claims 21-114 wherein each Z is -C(=O)-. 

117. The compound of any one of claims 21-116 wherein each M is independently a 5-

membered heteroaryl ring. 

118. The compound of any one of claims 21-116 wherein each M is 2,5-imidazoldiyl. 

119. The compound of any one of claims 21 and 107-116 wherein -M-A-L- is selected from: 
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N~~H '\: == lj I ~, 
N S :::,.... N 
H 

and 

120. The compound of any one of claims 21 and 107-116 wherein M is M6
. 

121. The compound of any one of claims 21 and 107-116 wherein M is selected from: 

k~~ 0~~ 
~ V ~ and ? t=:j c, 

122. The compound of any one of claims 21 and 107-116 wherein M is M 7. 

123. The compound of any one of claims 21 and 107-116 wherein M is: 

124. The compound of any one of claims 21 and 107-116 wherein M is M8
. 

125. The compound of any one of claims 21 and 1 07-116 wherein M is: 

126. The compound of any one of claims 21-125 wherein Pis P0
. 
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127. The compound of any one of claims 21-125 wherein P is 

128. The compound of any one of claims 21-125 wherein Pis 

N 

~ 

129. The compound of any one of claims 21-125 wherein Pis 

130. The compound of any one of claims 21-125 wherein P is P1
. 

131. The compound of any one of claims 21-125 wherein P is P2
• 

132. The compound of any one of claims 21-125 wherein Pis P2
; and pn is 1. 

133. The compound of any one of claims 21-125 wherein Pis P2
; pn is 1; and RP 12 is 

independently selected from alkylsulfonyl, arylsulfonyl, heterocyclylsulfonyl, 

heteroarylsulfonyl, -C(=O)Rh, -C(=O)NRhRh; -C(=O)ORh, and haloalkyl. 

134. The compound of any one of claims 21-125 wherein Pis P3
; pn is 1 and psis zero. 
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135. The compound of any one of claims 21-125 wherein Pis P5
. 

136. The compound of any one of claims 21-125 wherein Pis P5
; pn is 1; and Z is 0, S, 

S(=O), S(=0)2, or NRr. 

13 7. The compound of any one of claims 21-125 wherein P is P6
• 

138. The compound of any one of claims 21-125 wherein Pis P6
; pn is 1; and Z is 0, S, 

S(=O), S(=0)2, or NRr. 

139. The compound of any one of claims 21-125 wherein Pis P7 wherein P7 

is a [2.2.1] or a [2.2.2] ring system. 

140. The compound of any one of claims 21-125 wherein Pis 

optionally substituted with one or more groups independently selected from RP
6 and RPll. 

141. The compound of any one of claims 21-125 wherein Pis 

optionally substituted with one or more groups independently selected from RP
6 and RPll. 

142. The compound of any one of claims 21-125 wherein P is 
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optionally substituted with one or more groups independently selected from RP6 and RP11
• 

143. The compound of any one of claims 21-125 wherein Pis P8
. 

144. The compound of any one of claims 21-125 wherein P is P8
; and pn is 1. 

145. The compound of any one of claims 21-125 wherein P is P8
; pn is 1; and ps is 2. 

146. The compound of any one of claims 21-125 wherein Pis P10
• 

147. The compound of any one of claims 21-125 wherein Pis P10
; pn is 1; and X is 0, S, 

S(=O), S(=0)2, CHRP10
, or C(RP10

)2. 

148. The compound of any one of claims 21-125 wherein P is P10
; pn is 1; po is 1; and X is 0, 

S, S(=O), S(=0)2, CHRP10
, or C(RP10)2. 

149. The compound of any one of claims 21-125 wherein Pis P10
; pn is 1; po is 1; psis 0; and 

X is 0, S, S(=O), S(=Oh, CHRP10
, or C(RP10)2. 

150. The compound of any one of claims 21-125 wherein P is Pll. 

151. The compound of any one of claims 21-125 wherein P is pll; pn is 1; po is 1; ps is 0; and 

X is 0, S, S(=O), S(=Oh, CHRP10
, or C(RP10)2. 

152. The compound of any one of claims 21-125 wherein P is P 12
. 

153. The compound of any one of claims 21-125 wherein Pis P12
; pm is 1; and pp is 1. 

154. The compound of any one of claims 21-125 wherein Pis P 13
• 

155. The compound of any one of claims 21-125 wherein Pis P13
; pm is 1; po is 0; psis 0; pp 

is 1; pq is 0; and X is 0, S, or S(=0)2. 

156. The compound of any one of claims 21-125 wherein Pis P14
. 
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157. The compound of any one of claims 21-125 wherein Pis P14
; pm is 0; and pq is 0. 

158. The compound of any one of claims 21-125 wherein Pis selected from: 

159. The compound of formula I as described in claim 21 which is a compound having a 

formula selected from: T-P-Y-P-T; T-P-Y-J; J-Y-J; T-P-Y-P-Z-R9; R9-Z-P-Y-P-Z-R9; J-Y-P

Z-R9; T-P-Y-P-Z-V-E; E-V-Z-P-Y-P-Z-V-E; J-Y-P-Z-V-E; R9-Z-P-Y-P-Z-V-E; T-P-L-L-P-T; 

T-P-L-L-J; J-L-L-J; T-P-L-L- P-Z-R9; R9-Z-P-L-L-P-Z-R9; J-L-L-P-Z-R9; T-P-L-L-P-Z-V-E; 

E-V -Z-P-L-L-P-Z-V -E; J-L-L-P-Z-V-E; R9-Z-P-L-L-P-Z-V-E; T -P-M -A-L-P-T; T-P-M -A-L-J; 

J-M-A-L-J; T-P-M-A-L-P-Z-R9; R9-Z-P-M-A-L-P-Z-R9; J-M-A-L-P-Z-R9; T-P-M-A-L-P-Z

V-E; E-V-Z-P-M-A-L-P-Z-V-E; J-M-A-L-P-Z-V-E; J-M-A-L-P-T; R9-Z-P-M-A-L-J; R9-Z-P

M-A-L-P-T; R9-Z-P-M-A-L-P-Z-V-E; E-V-Z-P-M-A-L-J; E-V-Z-P-M-A-L-P-T; E-V-Z-P-M

A-L-P-Z-R9; T-P-M-A-A-M-P-T; T-P-M-A-A-M-J; J-M-A-A-M-J; T-P-M-A-A-M-P-Z-R9; 

R9-Z-P-M-A-A-M-P-Z-R9; J-M-A-A-M-P-Z-R9; T-P-M-A-A-M-P-Z-V-E; E-V-Z-P-M-A-A

M-P-Z-V-E; J-M-A-A-M-P-Z-V-E; R9-Z-P-M-A-A-M-P-Z-V-E; T-P-M-W-M-P-T; T-P-M-W

M-J; J-M-W-M-J; T-P-M-W-M-P-Z-R9; R9-Z-P-M-W-M-P-Z-R9; J-M-W-M-P-Z-R9; T-P-M

W-M-P-Z-V-E; E-V-Z-P-M-W-M-P-Z-V-E; J-M-W-M-P-Z-V-E; R9-Z-P-M-W-M-P-Z-V-E; T-

1085 



IPR2018-00211 Page 1088 of 1092 I-MAK 1011

WO 2010/132601 PCT/US2010/034600 

P-M-M-P-T; T-P-M-M-J; J-M-M-J; T-P-M-M-P-Z-R9; R9-Z-P-M-M-P-Z-R9; J-M-M-P-Z-R9; 

T-P-M-M-P-Z-V-E; E-V-Z-P-M-M-P-Z-V-E; J-M-M-P-Z-V-E; R9-Z-P-M-M-P-Z-V-E; or a 

pharmaceutically acceptable salt thereof. 

160. The compound of any one of claims 1-159 wherein the compound of formula (I) is a 

compound of formula (Ia), (lb), (Ic), (ld), or (le). 

161. The compound of any one of claims 1-160 which is a prodrug or a pharmaceutically 

acceptable salt thereof. 

162. A pharmaceutical composition comprising the compound as described in any of claims 

1-160 or a pharmaceutically acceptable salt, or prodrug thereof; and at least one 

pharmaceutically acceptable carrier. 

163. The pharmaceutical composition according to claim 162 for use in treating disorders 

associated with HCV. 

164. The pharmaceutical composition of claim 162, further comprising at least one additional 

therapeutic agent. 

165. The pharmaceutical composition of claim 164, wherein said additional therapeutic agent 

is selected from the group consisting of interferons, ribavirin analogs, NS3 protease inhibitors, 

NS5b polymerase inhibitors, alpha-glucosidase 1 inhibitors, hepatoprotectants, non-nucleoside 

inhibitors ofHCV, and other drugs for treating HCV. 

166. The pharmaceutical composition according to claim 162, further comprising a nucleoside 

analogue. 

167. The pharmaceutical composition according to claim 166, further comprising an 

interferon or pegylated interferon. 

168. The pharmaceutical composition according to claim 167, wherein said nucleoside 

analogue is selected from ribavirin, viramidine, levovirin, a L-nucleoside, and isatoribine and 

said interferon is a-interferon or pegylated interferon. 
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169. A method of treating disorders associated with hepatitis C, said method comprising 

administering to an individual a pharmaceutical composition which comprises a therapeutically 

effective amount of the compound as described in any of claims 1-160 or a pharmaceutically 

acceptable salt, or prodrug thereof. 

170. A compound as described in any of claims 1-160 or a pharmaceutically acceptable salt, 

or prodrug thereof for use in medical therapy. 

171. Use of a compound as described in any one of claims 1-160 or a pharmaceutically 

acceptable salt, or prodrug thereof for preparing a medicament for treating hepatitis C or a 

hepatitis C associated disorder in an animal. 

172. A compound as described in any of claims 1-160 or a pharmaceutically acceptable salt, 

or prodrug thereof for use in the prophylactic or therapeutic treatment of hepatitis C or a 

hepatitis C associated disorder. 

173. A novel compound or synthetic method as described herein .. 
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