WO 2010/132601 PCT/US2010/034600

Example CN
PA(PPh3)s.
Cbz N\ HO
v ) K,CO. bz
N\/lLN> < > By ,B@—NHM —. C Nm—NHBoc
g i H HO DMEMH,0
85°C
2-[5-(4-Bromo-phenyl)-1+- (4-tert- 2 5-(4"tert-Butoxycarbonyl
imidazol-2-yf}-pyrrolidine-1-  Butoxycarbonylamino t;liprSenyl-4~yll;-1xl-’-lmidg:g:;;l‘]-o-
carboxylic acid benzyl ester  phenyl)-boronic acid pyrrolidine-1-carboxytic acid benzy! ester
1. HCI, MeOH
2. Boc-Pro-OH,

EtOCOCI, EtsN,
| JS—.—.—HN*Q N\/'*ou _HATU, DIPEA _

3. Hp, Pd/C, EtOH DMF
4. HCI, MeOH
Pyrrohdlne-z-carboxyllc acid [4'-(2-pyrrolidin-

R i ; fl.ami 2-Methoxycarbonylamino-3-
2-yl-3H-imidazoi-4-yl)-biphenyl-4-yl}-amide methyl-butyric acid

o
\/U\H H O—

kf »H*J*

(1 -(2-{5—(4 {[1 -(2-Melhoxywrbonylammo-s-methyl-butyryl)-
pyrrolidine-2-carbonyl}-amino}-biphenyl-4-yl)-1H-imidazol-2-yl}-
pyrrolidine-1-carbonyi}-2-methyl-propyl)-carbamic acid methyt ester

2-[5-(4'-tert-Butoxycarbonylamino-biphenyl-4-yl)-1H-imidazol-2-yl]-pyrrolidine-1-
carboxylic acid benzyl ester: 2-[5-(4-Bromo-phenyl)—1H-imida{zol-2-yl]—pyrrolidine-1-
carboxylic acid benzyl ester (2.31 g, 5.42 mmol), (4-fert-Butoxycarbonylaminophenyl)-boronic
acid (1.28 g, 5.42 mmol), Pd(PPh;)4 (313 mg, 0.271 mmol) and K,CO; (6 mL of 2 M aqueous
solution, 11.92 mmol) were combined with 1,2-dimethoxyethane (20 mL). The suspension was
stirred while N; 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% EtOAc/hexanes)
to provide 2-[5-(4'-rert-Butoxycarbonylamino-biphenyl-4-yl)-1H-imidazol-2-yl]-pyrrolidine-1-
carboxylic acid benzyl ester (1.20 g, 41%).

Pyrrolidine-2-carboxylic acid [4'-(2-pyrrelidin-2-yl-3H-imidazol-4-yl)-biphenyl-4-yi]-
amide: 2-[5-(4'-tert-Butoxycarbonylamino-biphenyl-4-yl)-1H-imidazol-2-yl]-pyrrolidine-1-
carboxylic acid benzyl ester (1.75 g, 3.25 mmol) was dissolved in methanol (40 mL) and
concentrated HC] (2 mL) was added. The solution was stirred at 50°C for 19 hours before being
concentrated to a volume of 10 mL, poured into saturated NaHCO; (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, ethylchloroformate (0.231 mL, 2.24 mmol)
was added dropwise to a stirred 0°C solution of Boc-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 to RT. 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 chromatography (25% to 50%
EtOAc/hexanes) 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
methano] (20 mL) and concentrated HCI (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)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-
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 0°C before DIPEA (0.470 mL, 2.70 mmol) was added. After 60 min, the mixture
was warmed to RT then 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)-1H-imidazol-2-yl]-pyrrolidine- 1 -carbonyl } -2-methyl-propyl)-carbamic acid
methyl ester (136 mg, 56%). 'H NMR (DMS0-d6, 400 MHz) 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, 1H), 4.08 (m,
1H), 4.02 (m, 1H), 3.85-3.77 (m, 3H), 3.61 (m, 1H), 3.54 (s, 3H), 3.53 (s, 3H), 2.37 (m, 1H),
2.16-1.84 (m, 10H), 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) m/z 716 [M + H]".
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Example CO
Pd(PPh;)‘
El;N N\ <::
\} PhMe
ot 100°C
N ol Triftuor 2-(5-14« 4,5,5-Tetramethyl-
aphhaleneJ S-d o-meet'hr:r\esutg‘msc acid 11.3.21c P pl]-1Hoimi 2.
naphthalen-1-yl ester T ylHpyrrolidine-1-carboxylic acid fert-butyl ester
OT  bis(pinacolato)diboron, j: Pd(PPh:)A
N \ _PodpefaCl. KOAC \ ’3—81 _ KOs _
dloxane N N DME/H;0
H 85°C
2{544'{5(4455-1' H1,3 2]dioxab 2- 2458 1H-imi 2-yf) i
2 5-Trifluo thanesulft
mp.t{umi-yl)-mﬂJ H?n:‘id:'zwog-yyty yi}-naphthalen-1- W""""“"’"m' -2- Y'* 1-carboxylic acid fert-bulyl ester

pyrrolidine-1-carboxylic acid tert-butyl ester pymolidine-1-carboxytc acid tert-butyl ester

Boc
O an A Hoo 1, HCI, MeOH
2HATU, DIPEA
Boc N o N\_.)\on OME
1NN H + ﬁ/ E —r
ol S
iH

2-5-{4-{54 1H-imidazo}-2-yl}-pyrrolidine- 1-carboxylic acid 2-Methoxycarbonylamino-3-
tert-butyt ester}-naphthalen-1-yi}-phenyt}-1H-imidazol-2- methyl-butyric acid
yi}pyrrolidine-1-carboxylic acid fert-butyl ester

HNA

0

2
z\

Iy -(2-(5-[4-(5-(2-(1 ~(2-Me1hoxywbonylamno—3—me1hyl—buyryl)-
pyrrolidin-2-yl}-3H-imi +4-yl}-naphthalen-1-yl}-phenyi}- 1 H-imidazol-2-
yi}-pyrrolidine-1 -aarbmyl) -2-methyl-propyl}-carbamic acid methy! 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]-1H-imidazol-2-yl}-
pyrrolidine-1-carboxylic acid ferr-butyl ester: 2-{5-[4-(4,4,5,5-Tetramethyl-
[1,3,2]dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-yl}-pyrrolidine-1-carboxylic acid tert-butyl
ester (1.30 g, 2.96 mmol), Trifluoro-methanesulfonic acid S-trifluoromethanesulfonyloxy-
naphthalen-1-yl ester (982 mg, 2.31 mmol), Pd(PPh;); (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 100°C for 18 hours. The reaction mixture was then
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cooled to RT, 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]-1H-imidazol-2-yl}-pyrrolidine-1-
carboxylic acid tert-butyl ester (1.09g, 80%).

2-(5-{4-|5-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-naphthalen-1-yl]-phenyl}-1H-
imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester: 2-{5-[4-(5-
Trifluoromethanesulfonyloxy-naphthalen-1-yl)-phenyl]-1H-imidazol-2-yl}-pyrrolidine-1-
carboxylic acid fert-butyl ester (468 mg, 0.796 mmol), bis(pinacolato)diboron (202 mg, 0.796
mmol), Pd(dppf).Cl> (29 mg, 0.0398 mmol) and potassium acetate (234 mg, 2.39 mmol) were
suspended in dioxane (4 mL) and heated to 100°C for 90 min. After cooling to RT, 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-[1,3,2]dioxaborolan-2-yl)-naphthalen-1-yl]-phenyl}-1H-imidazol-2-yl)-pyrrolidine-
1-carboxylic acid ferr-butyl ester (450 mg, 100%).

2-(5-{4-[5-(1H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid fert-butyl ester)-naphthalen-1-
yl]-phenyl}-1H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid fert-butyl ester: 2-(5-{4-[5-
(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-naphthalen-1-yl]-phenyl}-1H-imidazol-2-yl)-
pyrrolidine-1-carboxylic acid fert-butyl ester (159 mg, 0.281 mmol), 2-(5-Bromo-1H-imidazol-
2-yl)-pyrrolidine-1-carboxylic acid rers-butyl ester (178 mg (0.562 mmol), Pd(PPh;), (65 mg,
0.0562 mmol) and K,CO; (0.281 mL of a 2 M aqueous solution, 0.562 mmol) were combined in
1,2-dimethoxyethane (3 mL) and degassed with bubbling N, for 12 min. The mixture was then
heated to 85°C for 22 hours then cooled to RT, 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 column 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}-1H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-
butyl ester (42 mg, 22%).

[1-(2-{5-]4-(5-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-
imidazol-4-yl}-naphthalen-1-yl)-phenyl]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-
methyl-propyl]-carbamic acid methyl ester: 2-(5-{4-[5-(1H-imidazol-2-yl)-pyrrolidine-1-
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carboxylic acid fert-butyl ester)-naphthalen-1-yl]-phenyl}-1H-imidazol-2-yl)-pyrrolidine-1-
carboxylic acid tert-butyl ester (41 mg, 0.0607 mg) was dissolved in methanol (5 mL) and
concentrated HCI (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), HATU (51 mg, 0.133 mmol) and DMF (2 mL). The mixture was cooled
to 0°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]-3H-imidazol-4-yl}-
naphthalen-1-yl)-phenyl]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-
carbamic acid methyl ester (17.6 mg, 38%). '"H NMR (MeOH-d4, 400 MHz) 8.03 (d, J= 8.6
Hz, 1H), 7.98 (d, J = 8.6 Hz, 1H), 7.89 (m, 2H), 7.72-7.57 (m, 6H), 7.16 (m, 1H), 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, 12H); MS (ESI) m/z 789 [M + H]".

Example CP
. .
H ? 0O+ oyt
0 A
2_(5_(4_[5_(4 4,5,5-T H1,3.2) 2- 2-|5-(4~Bromo-pheny|)-1l-4- 2-Methoxycarboqytamino-3-
thalen-1-yil-phenyf}-1 H-imidazok-2- imidazol-2-yl}-pyrrobidine-1- methyl-butyric acid
y‘p);‘:upl'l'dmed-mrboxyhcgcl,-d tert-buty) m"f* carboxylic acid fert-butyl ester
o/
1. PRI oy o

DMEIH:O ~ JL H

85°C
2. HCI, MeOH ’Xj
3. HATU DIPEA
N\%N

{1 [2-(5-(4—(5—(4—(2—{1{Z—Memoxycarbonyhnmo-s-mhyl-butylyl)-pymum-
2-yi}-3H-imidazol-4-yi}-phenyl)-naphthalen-1-yi}-phenyl}- 1 H-imidazol-2-yt)-
pymolidine-1-carbonyl}- 2-methyl-propyl}-carbamic acid methyl ester

{1-]2-(5-{4-[5-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-
imidazol-4-yl}-phenyl)-naphthalen-1-yl]-phenyl}-1H-imidazol-2-yl)-pyrrolidine-1-
carbonyl]-2-methyl-propyl}-carbamic acid methyl ester: 2-(5-{4-[5-(4,4,5,5-Tetramethyl-
[1,3,2]dioxaborolan-2-yl)-naphthalen-1-yl]-phenyl}-1H-imidazol-2-yl)-pyrrolidine-1-carboxylic
acid rert-butyl ester (98 mg, 0.173 mmol), 2-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-
pyrrolidine-1-carboxylic acid 7ert-butyl ester (102 mg, 0.260 mmol), Pd(PPh;)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 to RT, 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 100% EtOAc/hexanes) to provide {1-[2-(5-
{4-[5-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-
yl}-phenyl)-naphthalen-1-yl]-phenyl}-1H-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 HCI (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 0°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-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-
3H-imidazol-4-yl}-phenyl)-naphthalen-1-yl]-phenyl}-1H-imidazol-2-yl)-pyrrolidine-1-
carbonyl]-2-methyl-propyl}-carbamic acid methyl ester (12 mg, 38%). 'H NMR (MeOH-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, /= 6.6
Hz, 6H), 0.92 (d, J = 6.6 Hz, 6H); MS (ESI) m/z 865 [M + H]".
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Example CQ
Boc NaH, SEMCI Boc -BuLi, DMF Boc
,"\)‘1:\3—3: —_— L\)‘:\»—Br . | Nl’\3—0H0
/N DMF N THF N\_/LN‘
(_-: H L SEM ; E SEM
- - 2-[5-Bromo-1-(2-trimethylsilanyl- 2-[5-Formyl-1-(2-trimethylsilanyl-
& ?’°’"°“H."'“'gzz°"2"")"|’y"°""'"& ethoxymethyl)- 1 H-imidazol-2-yl]-pyrrolidine-  ethoxymethyf)-1H-imidazol-2-yl}-pyrrolidine-
~carboxylic acid tert-butyl ester 1-carboxylic acid fert-buty! ester 1-carboxylic acid fert-butyl ester

dimethyl-1-diazo-2- H O 1. HCI, dioxane
oxopropylphosphonate, | 2. HATU, DIPEA
NN
KzCO3 ?°° N O <" “OH DMF
) = + H
MeOH/THF N\.)\N‘ O AN 3. TFA. DCM
( E SEM ’

2-{5-Ethynyl-1-(2-trimethylsilanyl- 2-Methoxycarbonylamino-3-
ethoxymethyl)-1H-imidazol-2-yl}-pyrrolidine-  Mmethyk-butyric acid
1-carboxylic acid fert-butyl ester

(o] ] o
\OJLN’H \OJI-\N’H
w.wkro W‘kao PA(PPhy)s.
Ny — NWB Cul, EiN
g e

{1-[2-(5-Ethynyl-1H-imidazol-2-yl)- (4 15 15 (4_Bromo-phenyl)-1H-imidazol-2-

pyrrolidine-1-carbonyl]-2-methyl- I}-pyrrolidine-1-carbonyl}-2-methyl-
rbamic acid methyl ester ALY -carbony ¥

propyl}-ca propyl)-carbamic acid methy! ester

o
\O/U\N’H

TN oy o
e ) "oﬁ-“ko
H” Y ~

(1-{2-{5-(4-{2-{1-(2-Methoxycarbonylamino-3-methyl-butyryi)-
pyrrolidin-2-yl}-3H-imidazol-4-yl}-phenylethynyf)- 1H-imidazol-2-y(}-
pyrrolidine-1-carbonyl})-2-methyi-propyl)-carbamic acid methyl ester

2-[5-Bromo-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazol-2-yl]-pyrrolidine-1-
carboxylic acid fert-butyl ester: 2-(5-Bromo-1H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid
tert-butyl ester (4 g, 12.65 mmol) was dissolved in DMF and cooled to 0°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 SEMCI1 (2.7 mL, 15.18 mmol) and warming 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 (10% to 30% EtOAc/hexanes) to afford
2-[5-Bromo-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazol-2-yl]-pyrrolidine- 1 -carboxylic
acid tert-butyl ester (4.67 g, 83%).

2-[5-Formyl-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazol-2-yl]-pyrrolidine-1-
carboxylic acid fert-butyl ester: 2-[5-Bromo-1-(2-trimethylsilanyl-ethoxymethyl)-1H-
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imidazol-2-yl]-pyrrolidine-1-carboxylic acid rert-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% EtOAc/hexanes) to provide 2-[5-Formyl-1-(2-
trimethylsilanyl-ethoxymethyl)-1H-imidazol-2-yl}-pyrrolidine- 1-carboxylic acid tert-butyl ester
(1.50 g, 45%).

2-[5-Ethynyl-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazol-2-yl]-pyrrolidine-1-
carboxylic acid fert-butyl ester: 2-[5-Formyl-1-(2-trimethylsilanyl-ethoxymethyl)-1H-
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 MeOH/THF (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)-1H-
imidazol-2-yl]-pyrrolidine-1-carboxylic acid ferr-butyl ester (1.234 g, 77%).

{1-[2-(5-Ethynyl-1H-imidazol-2-yl)-pyrrolidine-1-carbonyl]-2-methyl-propyl}-carbamic
acid methyl ester: 2-[5-Ethynyl-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazol-2-yl]-
pyrrolidine-1-carboxylic acid fers-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 0°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% EtOAc/hexanes) 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 to RT, 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 10%
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%).

(1-{2-[5-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-
imidazol-4-yl}-phenylethynyl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-
propyl)-carbamic acid methyl ester: {1-[2-(5-Ethynyl-1H-imidazol-2-yl)-pyrrolidine-1-
carbonyl]-2-methyl-propyl}-carbamic acid methyl ester (46 mg, 0.144 mmol), (1-{2-[5-(4-
Bromo-phenyl)-1H-imidazol-2-yl]-pyrrolidine- 1 -carbonyl}-2-methyl-propyl)-carbamic acid
methyl ester (78 mg, 0.173 mmol), Pd(PPh;)s (17 mg, 0.0144 mmol), Cul (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 80°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)-
1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (24
mg, 24%). 'H NMR (MeOH-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, 1H), 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 +
H]'.

Example CR

PhKOAc),, PdCH,

ﬁ«--'{ro \_ .. _PPhsCulEGN W kr
e il et a L

THF

{1-12-(5-Ethyny+-1H-imidazol-2-yl)- (142-{5-(4{2-[1<(2-Methoxycarbonylamino-3-methy! l—butyryi)-
pyrrolidine-1-carbonyl}-2-methyt- pyrrolidin-2-yl}- 3H-imidazok4-yl)-buta-1,3-diynyl)- 1 H-imidazot-2-y
propyi}-carbamic acid methyl ester pymrolidine-1-carbonyl}-2-methytpropyl)-carbamic acid methyl ester

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

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

carbamic acid methyl ester (61 mg, 0.192 mmol), PhI{OAc), (247 mg, 0.766 mmol), PdCl,
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(7mg, 0.0389 mmol), PPh; (30 mg, 0.115 mmol) and Cul (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-[1-(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%). "H 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 + H]".

Example CS

(o]
\OJ\N'H ~, )L H

Ty k(o et
{1-{2+{5-Ethyny+ 1 H-imidazol-2-y1)- (1-(2—[6-(4—Bmmo-phenyl)-1}+

pymolidine-1-carbonyl}-2-methyt- benzoimidazol-2-yi}-pymolidine-1-carbonyl}-
propy'}-carbamic acid methyl ester 2-methyl-propyl)-carbamic acid methyl ester

)
\O/lL H H. ;j

W “hL L
o

H’NTO\

(1'(2‘{5'(4‘(2 [1-(2- i “"‘""‘Y"MY'Y')'PY"W‘“"

yll-3f+muazol—4—ylethynyl)»phenyl)-1H—benmmdazot-z yi}
pyrrotidine-1-carbonyfl}-2-methyl-propyl)-carbamic acid methy! ester

(1-{2-[6-(4-{2-]|1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl}-3H-
imidazol-4-ylethynyl}-phenyl)-1H-benzoimidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-
propyl)-carbamic acid methyl ester: {1-[2-(5-Ethynyl-1H-imidazol-2-yl)-pyrrolidine-1-
carbonyl]-2-methyl-propyl}-carbamic acid methyl ester (62 mg, 0.195 mmol), (1-{2-[6-(4-
Bromo-phenyl)-1H-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), Cul (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-[1-(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%). 'H NMR (MeOH-d4, 400 MHz) 7.66-7.64 (m, 2H), 7.59-7.50 (m, 4H), 7.24 (s,
1H), 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, 10H), 0.99-0.87 (m, 12H); MS (ESI) m/z 737 [M + H]".
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Example CT
2
\O N‘H Br
ﬁ..«kfo PA(PPh)s,
NN — 4 Cul, EtN
N = _Cul. EtsN_
(N_\)‘u DMF
d Br

{1{2-(5-Ethynyl-1H-imidazol-2-yl)}- 1,4-Dibromo-benzene
pymolidine-1-carbonyl}-2-methyl-
propyl}-carbamic acid methy! ester

H \JL’H

W .o ﬁ Kr . \ Pd(PPhy)s,
N’\’\ — <:> Cul, EN
| = Br + LI <Ly

N\)‘u DMF

(1-{2-[5-(4-Bromo-phenylethynyl)-1H- {1 {2-(§-§mynw—1 H-imidazol-2-yl)-
imidazol-2-yl}-pyrrolidine-1-carbonyl}-2- pymolidine-1-carbonyi}-2-methyl-
methyl-propyl)}-carbamic acid methyl ester propyl}-carbamic acid methyl ester

(1-{2-[5-(4{2-[1 —(2-Methoxycarbonylamino-3—methyl—butyryl)-pyrrolidin—
2-yl]-3H-imidazol-4-ylethynyi}-phenylethynyt)-1H-imidazol-2-yl}-
pyrrolidine-1-carbonyl}-2-methyl-propyf)-carbamic acid methyl ester

(1-{2-[5-(4-Bromo-phenylethynyl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-
propyl)-carbamic acid methyl ester: {1-[2-(5-Ethynyl-1H-imidazol-2-yl)-pyrrolidine-1-
carbonyl]-2-methyl-propyl}-carbamic acid methyl ester (57 mg, 0.179 mmol), 1,4-
dibromobenzene (211 mg, 0.895 mmol), Pd(PPh;3)s (10 mg, 0.00895 mmotl), Cul (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 10 min with nitrogen. The reaction mixture was stirred at 80°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% MeOH/DCM) to
afford (1-{2-[5-(4-Bromo-phenylethynyl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl } -2-methyl-
propyl)-carbamic acid methyl ester (43 mg, 51%).

(1-{2-[5-(4-{2-[1-(2Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl}-3H-
imidazol-4-ylethynyl}-phenylethynyl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-
propyl)-carbamic acid methyl ester: {1-[2-(5-Ethynyl-1H-imidazol-2-yl)-pyrrolidine-1-
carbonyl]-2-methyl-propyl}-carbamic acid methyl ester (49 mg, 0.154 mmol), (1-{2-[5-(4-
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bromo-phenylethynyl)-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl } -2-methyl-propyl)-carbamic
acid methyl ester (43 mg, 0.0908 mmol), Pd(PPhs)s (10 mg, 0.00908 mmol), Cul (2 mg, 0.00908
mmol) 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 80°C for 4
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-(4-{2-[1-(2-
Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-ylethynyl}-
phenylethynyl)-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid
methyl ester (11 mg, 17%). 'H 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 + H]".

Example CU
(o}
N
ﬁv--‘\ro & PA(PPh)s,
N’\\/ e Cul, EtyN
N\)I\ N _ + OO DMF
‘ : H
i oTt
{1-[2-(5-Ethynyi-1H-imidazol-2-yl)- Trifluoro-methanesulfonic acid
pyrrofidine-1-carbonyl)-2-methy!- 5-trifluoromethanesulfonyloxy-
propyi}-carbamic acid methyl ester naphthalen-1-y! ester

o

ﬁ""kfoN N
NAYT O HN :
S

(1-{2{5-(5-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2- N__O
yl}3H-imidazol-4-ylethynyl}-naphthalen-1-ylethynyl)- 1H-imidazol-2-yl}- H™ \n’ ~
pyrrolidine-1-carbonyf}-2-methyl-propyl)-carbamic acid methyl ester o

(1-{2-[5-(5-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-
imidazol-4-ylethynyl}-naphthalen-1-ylethynyl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-
2-methyl-propyl)-carbamic acid methyl ester: {1-[2-(5-Ethynyl-1H-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 cster (29 mg,
0.0683 mmol), Pd(PPh;), (12 mg, 0.0104 mmol), Cul (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 80°C for 90 min 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-(5-{2-[1-(2-Methoxycarbonylamino-3-methyl-
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butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-ylethynyl } -naphthalen-1-ylethynyl)-1H-imidazol-2-yl]-
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (30 mg, 58%). 'H NMR:
(MeOH-d4, 400 MHz) 8.38 (d, J = 8.2 Hz, 2H), 7.71 (d, J= 7.2 Hz, 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) m/z 761 [M + H]".

Example CV
A X
o y-H \O/U\N,H
N kf N Kro PA(PPho)s.
K= T OO S0
N
H H
{1-[2-(5-Ethyny!-1H-imidazol-2-yl)- (1-{2-[5-(4"-Bromo-biphenyl-4-yl)-1H-
pyrrolidine-1-carbonyl}-2-methyl- imidazol-2-yl)-pyrrolidine-1-carbonyl}-2-
propyf}-carbamic acid methyl ester methyt-propyl)-carbamic acid methyl ester
o)
o W

WKI‘ \Q\l

(1{2-[5-(4"{2-[1-(2- Methoxycarbonylammo-3-methyl-butyryl) pyrrolidin- H” j(
2-yl]-3H-imidazol-4-ylethyny(}-biphenyi-4-yi)- 1 H-imidazol-2-yl]-
pyrrolidine-1-carbonyf}-2-methy|-propyl)-carbamic acid methyl ester

(1-{2-[S-(4'-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-
imidazol-4-ylethynyl}-biphenyl-4-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-
propyl)-carbamic acid methyl ester: {1-[2-(5-Ethynyl-1H-imidazol-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)-1H-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), Cul (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 80°C for 15
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-(4'-{2-[1-(2-
Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl}-3H-imidazol-4-ylethynyl } -biphenyl-
4-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester
(12 mg, 12%). 'H NMR (MeOH-d4, 400 MHz) 7.73 (d, J = 8.4 Hz, 2H), 7.66-7.64 (m, 4 H),
7.52 (d, J = 8.2 Hz, 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) m/z 763 [M + H]".
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Example CW

o] (o]

\OJLN’H ~, JL H
N0 ﬁ kr PA(PPhya,
w KNr\/NIL’\\—E + Cul, EtsN
s O St
{1{2-(5-Ethynyl-1H-imidazol-2-yl)- (142- [5-(6-Bromo-napmhalen-2 Yy 1H-
pyrrolidine-1-carbonyl}- 2-methyl- imidazol-2-y}-pyrrolidine-1-carbonyf}-2-
propyl}-carbamic acid methy! ester methyl-propyl)}-carbamic acid methyl ester
o
~ JL H
N OQ {4 ‘(\N
N

(14{2-{516{2-[1{2-Methoxycarbonylamino-3-methyl- butyryl)-pynobdm .N__O.
2-yl}-3H-imidazol-4-ylethynyl}-naphthalen-2-yl}-1H-imidazot-2-yf}  H ~
pyrrolidine-1-carbonyl}-2-methyl-propyl}-carbamic acid methyl ester [o)

(1-{2-[5-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-
imidazol-4-ylethynyl}-naphthalen-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester: {1-[2-(5-Ethynyl-1H-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)- 1H-imidazol-2-yl]-pyrrolidine-1-carbonyl } -2-methyl-propyl)-carbamic
acid methyl ester (100 mg, 0.200 mmol), Pd(PPhs)4 (19 mg, 0.0166 mmol), Cul (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 80°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-[1-(2-
Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-ylethynyl } -
naphthalen-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid
methyl ester (24 mg, 20%). (DMSO0-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, 1H), 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) m/z 737 [M
+HJ".
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Example CX

o]

NHze HCI HO
N2 HATU.DIPEA
o~ )< + DMF

4'-Chioro-biphenyl-3-ylamine Pyrrolidine-1,2-dicarboxylic
hydrochloride acld 1-tert-butyl ester

o—
o] _<
QO HN

& ok JL e docne s

2-(4" -Chbm-bphany‘-&- {1{2-(4-Ch p 1)
2-Methoxy ylamino-3- pynulidne—1-(zrbonyl)—2-methyl—propyl)-
carboxylic acid len -butyl ester methyl-butyric acid carbamic acid methyl ester
(o]

bis(pinacolato)diboron,

o !
P o HN Lo
sz(dba): P(c-hex)s, ﬁ Nw—& Pd(PPha)s, K2CO3
—_—
dbxane I H + N\_)'»N‘ DME/H;0

2-Methyl-1{2{4'-(4,4.5,5 hyH{1,3,2) olan- (1-(2-[5-(4-8r0mo-9henyl)-1H-iniduol-
A ARG i oo™ 2.yl pyrmolidine--carbonyl}-2-methyh
pmpyl)-mrbamnc ackl methy| ester propyl)-carbamic ackd methy! ester
\ J\ H

Y * ~wa¥

(1-[2-(4-(2-[1 -(2- Methoxymmonylamino-s-ml-butyry()-pyrmﬁdh-z
yi}3H-imidazok4-yl}-[1,1,4', 1" terphenyt-3"-ylcarbamoyl)-pyrrolidine-1-
carbonyl}- 2-methyl-propyl}-carbamic acid methyl ester

2-(4'-Chloro-biphenyl-3-ylcarbamoyl)-pyrrolidine-1-carboxylic acid ferz-butyl ester: 4'-
Chloro-biphenyl-3-ylamine hydrochloride (1g, 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
column chromatography (25% to 45% EtOAc/hexanes) to provide 2-(4'-Chloro-biphenyl-3-
ylcarbamoyl)-pyrrolidine-1-carboxylic acid fers-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 fert-butyl ester (1.66 g, 4.14 mmol) was dissolved in methanol (20 mL) and concentrated
HCI (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 HATU (2.05 g, 5.38 mmol) and brought up in DMF (20 mL). The
mixture was cooled to 0°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 (50% to 80% EtOAc/hexanes) to afford {1-[2-(4'-Chloro-
biphenyl-3-ylcarbamoyl)-pyrrolidine-1-carbonyl]-2-methyl-propyl} -carbamic acid methy! ester
(1.83 g, 96% over 2 steps).

(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: {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), Pd,(dba); (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 (5 mL) and degassed with nitrogen for 4 min. The stirred suspension
was heated to 80°C for 14 hours before being cooled to RT, 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%).

{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: (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)-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl }-2-
methyl-propyl)-carbamic acid methyl ester (110 mg, 0.246 mmol), PA(PPh;), (14 mg, 0.0123
mmol) and a 2 M aqueous solution of potassium carbonate (0.246 mL, 0.492 mmol) were
degassed in 1,2-dimethoxyethane (2.5 mL) for 13 min. The stirred suspension was heated to
85°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-y1}-[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, 1H), 4.24 (m,
1H), 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) m/z 792 [M + HJ".
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Example CY
Pd(PPh K,CO
(HO),B—Q—NHBoc —@— PdPPhsle KOs BrNHBoc
DMEIH;O
4-tert- 1,4-Dibromo-benze (4'-Bromo-biphenyl-4-yl)-
Butoxycarbonylamino- ne carbamic acid tert-buty! ester
phenyiboronic acid
1. HCI, MeOH
2. Boc-Pro-OH, B°q
HATU, iPrEtN, 1. MeOH, HC!
DMF "NH OH 2. HATU. DIPEA
—_— =
/\ DMF
2-(4'-Bromo-biphenyt-4-
yicarbamoyl)-pyrrolidne-1- 2-Methoxycarbonylamino-3-
carboxylic acid tert-butyl ester methyl-butyric acid
/
[o]
=0

HN

:8{ bis(pinacolato)diboron,
o Pd(dppf),Ch, KOAG
3\_0 dioxane

{1-[2-(4’-Bromo-biphenyi-4-ylcarbamoyl)-
pyrrolidine-1-carbonyi)-2-methyl-propyl}-
carbamic acid methyl ester

):o
So N

w20
. W kf N WB Pd(PPhs)y, K2C04

izjsnté‘_(/\l (_N_\/]‘ NH " T omMEmo

(2-Methyl-1{2{4'-(4,4,5,5-tetramethyl-{1,3,2}dioxaborolan- . (1-{24{5«(4-Bromo-phenyl)-1 H-
2-yl)-biphenyl-4-ylcarbamoyi]-pyrrolidine-1-carbonyl)} imidazol-2-yl]-pyrrolidine-1-carbonyl)-
propyl)-carbamic acid methyl ester 2-methyl-propyl)-catfe bamic acid methyl
ester
/
o]
»=0

(1 -f2-(4 -(2-(1-(2-Me1hoxycarbonybmmo-3-methyl—butytyl)~
pyrrolidin-2-yl}- 3H-imidazol-4-yl)}-[1,14', 1')terphenyl4-
ylcarbamoyl)-pyrrolidine-1-carbony(}-2-methypropyl}-carbamic
acdid methyl ester

(4'-Bromo-biphenyl-4-yl)-carbamic acid fert-butyl ester: 4-tert-Butoxycarbonylamino-
phenylboronic acid (500 mg, 2.11 mmol), 1,4-dibromo-benzene (2.00 g, 8.44 mmol) Pd(PPh;)s
(122 mg, 0.106 mmol) and a 2 M aqueous solution of potassium carbonate (4.2 mL, 8.44 mmol)
were degassed in 1,2-dimethoxyethane (20 mL) for 10 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 fert-butyl ester (430 mg, 59%).
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2-(4'-Bromo-biphenyl-4-ylcarbamoyl)-pyrrolidine-1-carboxylic acid fert-butyl ester: (4'-
Bromo-biphenyl-4-yl)-carbamic acid fert-butyl ester (407 mg, 1.17 mmol) was dissolved in
methanol (10 mL) and concentrated HCI (2 mL) was added. The solution was stirred at 60°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-1-carboxylic acid tert-butyl ester (496 mg, 95% over 2 steps).

{1-[2-(4'-Bromo-biphenyl-4-ylcarbamoyl)-pyrrolidine-1-carbonyl]-2-methyl-propyl}-
carbamic acid methyl ester: 2-(4'-Bromo-biphenyl-4-ylcarbamoyl)-pyrrolidine-1-carboxylic
acid fert-butyl ester (496 mg, 1.11 mmol) was dissolved in methanol and concentrated HCI (2
mL) was added. The solution was stirred at 60°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 0°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(dppf),Cl, (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 100°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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tetramethyl-[1,3,2]dioxaborolan-2-yl)-biphenyl-4-ylcarbamoyl]-pyrrolidine-1-carbonyl } -
propyl)-carbamic acid methy! ester (127 mg, 75%).

{1-[2-(4""-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-
4-yl}-[1,1';4',1""|terphenyl-4-ylcarbamoyl)-pyrrolidine-1-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-4-ylcarbamoyl]-pyrrolidine-1-carbonyl}-propyl)-carbamic acid methyl ester (102
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(PPh;)4 (13 mg, 0.0114
mmol) and a 2 M aqueous solution of potassium carbonate (0.227 mL, 0.454 mmol) 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"}terphenyl-4-ylcarbamoyl)-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 + H]".

Example CZ
Br
Boc N,\‘\ O CN  PO(PPhg), KiCOy  B0C N C )< )e
i
DME/H,0 N\'/kN
& (_ H NC
2-{5 [4-(4 4.5 5-Tetramethyl- o 2-{5-(4’-Chloro-2'-cyano-biphenyl-4-
[1.3,2)dioxaborolan-2-yi)-phenyl}-1 H-imidazol-2-  2-Bromo-5-chlora-benzonitrile yl)-1 H-imidazok-2-yl}-pyrrolidine-1-
yiF-pyrrolidine-1-carboxylic acid fert-butyl ester carboxylic acid terf-butyl ester

bis{pinacolato)diboron, H o
Pd,(dba)s, X-phos, KOAC BOCN \ , f»_ o N\_/'LOH
SRS I ¢

rd

2.(5. [2" -Cyano-4 -(4 4.5, 5—tetramethyt- 2-(5-Bromo-1H-cm|dazol-2 2-Methoxycarbonylamino-3-
[1.3.2]dioxaborolan-2-yl)-biphenyl-4-yl)- 1H-imidazol-  yl)-pyrrotidine-1-carboxytic methyl-butyric acid
2-yl}-pymolidine-1-carboxylic acid fert-butyl ester acid fert-butyl ester
X
1. PA(PPha),, ~, .H
Pd(dppfiCh, 0" N
KzCO; ' (o]
DME/H0 w N‘ A Q O N\IK\N
2. HCI, MeOH/H,0 N Ay NN k
3. HATU, DIPEA (G NC o
DMF

(14{2{5~(2'-Cyano-4'-{2{1-(2-methoxycarbonylamino-3-methy-butyryl)- H‘N oL
pyrrolidin-2-yl]-3H-imidazol-4-yl}-bipheny-d-yi)-1 H-imidazol-2-y}- T
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester
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2-[5-(4'-Chloro-2'-cyano-biphenyl-4-yl)-1H-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}-1H-imidazol-
2-yl}-pyrrolidine-1-carboxylic acid fers-butyl ester (2 g, 4.55 mmol), 2-Bromo-5-chloro-
benzonitrile (985 mg, 4.55 mmol), Pd(PPh;), (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 of NaHCOj; (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)-1H-imidazol-2-yl1]-
pyrrolidine-1-carboxylic acid ferr-butyl ester (1.65 g, 81%).

2-{5-[2'-Cyano-4'-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-biphenyl-4-yl]-1H-
imidazol-2-yl}-pyrrolidine-1-carboxylic acid. tert-butyl ester: 2-[5-(4'-Chloro-2'-cyano-
biphenyl-4-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid rert-butyl ester (1.68 g, 3.74
mmol), bis(pinacolato)diboron (1.43 g, 5.61 mmol), Pdx(dba); (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-yl1} -
pyrrolidine-1-carboxylic acid fert-butyl ester (1.57 g, 78%).

(1-{2-[5-(2'-Cyano-4'-{2-[1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-
3H-imidazol-4-yl}-biphenyl-4-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-
propyl)-carbamic acid methyl ester: 2-{5-[2'-Cyano-4'-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-biphenyl-4-yl]-1H-imidazol-2-yl}-pyrrolidine-1-carboxylic acid tert-
butyl ester (1.60 g, 2.96 mmol), 2-(5-Bromo-1H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid
tert-butyl ester (935 mg, 2.96 mmol), Pd(PPhs)s (171 mg, 0.148 mmol), Pd(dppf)Cl, (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 85°C for 100 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% MeOH/DCM) 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 (103 mg, 0.590 mmol), HATU (255 mg, 0.670
mmol) and DMF (5 mL) and cooled to 0°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-yl1} -
biphenyl-4-yl)-1H-imidazol-2-yl]-pyrrolidine- 1-carbonyl}-2-methyl-propyl)-carbamic acid
methyl ester (75 mg, 37%). (MeOH-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 + H]".
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NH; HATU, DMF

H )
BrO»NHz * Hooc” ~N  4-methylmorpholine
Boc

2-Aza-
oromohenzene:  bicyclof2.2.1jheptane-
) 2,3-dicarboxylic acid
2-tert-butyl ester

PCT/US2010/034600

NH;
H H EtOH
Br NN Tragoe

3-(2-Amino-4-bromo-
phenylcarbamoy!)-2-aza-
bicyclo[2.2. 1]heptane-2-
carboxylic acid tert-butyl ester

Br—©/ BOC  pg(PPhs)s KzCOs DME/H,0

3-(6-Bromo-1H-benzoimidazol-2-
yl}-2-aza-bicyclof2.2. 1]heptane-
2-carboxylic acid tert-butyl ester

3-{6-{4(4.4.5,5-Tetramethyl-
[1.3,2]dioxaborolan-2-yl)-phenyl}-1H-

benzoimidazo!-2-yl}-2-aza-
bicyclof2.2. 1}heptane-2-carboxylic acid tert-

butyl ester
H ;‘)@

B”\)\ DaUnPa

3-(6-{4'-[2-(1 tert-Butoxycarbonyl-pyrrolidin-2-yl}-3H-
imidazol-4-yl}-biphenyl4-yl}-1H-benzoimidazol-2-yl)-2-aza-
bicyclof2.2.1]heptane-2-carboxylic acid tert- butyl ester

”©

BOC‘N ” 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-yi}-2-
aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester

2-[5-(4-Bromo-phenyl)-1H-
imidazot-2-yl}-pyrrolidine-1-
carboxylic acid tert-butyl ester

N
Bog |WBr
N\)\u

Pd(PPhg)4, K2CO3, DME/H,0

(1-{24{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}-

1. 4N HCldioxane, DCM pyrrolvdlne—1-mrbonyl}—z-methyl-propyl)-urbam|c acid methyl ester

2. HATU, DIEA
\/ O
e ¢ wvm 1ol Q O H
N o\
2Methoxycarbonylammo—3- HY
methyl-butyric acid

(1-{3-[6-(4'{2-{2(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza-bicyclo[2.2. 1]hept-
3-yl}-3H-benzoimidazol-5-yi}-biphenyl-4-yl)-1H-benzoimidazol-2-yl}-2-aza-
bicyclo[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 fert-
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 NaHCO3 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 of regioisomer 3-
(2-Amino-4-bromo-phenylcarbamoyl)-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid rert-butyl

ester.

3-(6-Bromo-1H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid terz-
butyl ester: The above mixture of regioisomer 3-(2-Amino-4-bromo-phenylcarbamoyl)-2-aza-
bicyclo[2.2.1]heptane-2-carboxylic acid fert-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 €q.) 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-
1H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid rert-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]-1H-benzoimidazol-2-yl}-2-
aza-bicyclo|2.2.1]heptane-2-carboxylic acid ferf-butyl ester: A mixture of 3-(6-Bromo-1H-
benzoimidazol-2-yl)-2;aza-bicyclo[2.2. 1]heptane-2-carboxylic acid fert-butyl ester (264 mg,
0.673 mmol), Benzene-1,4-diboronic acid dipinocal ester (5 eq., 3.36 g, 6.95 mmol),
tetrakis(triphenylphosphine)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 (MgSO4), 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]-1H-benzoimidazol-2-yl}-2-aza-
bicyclo[2.2.1]heptane-2-carboxylic acid fert-butyl ester (295 mg, yield 85%). LCMS-ESI":
calc’d for C3oH3sBN3O4: 515.45; Found: 516.1 (M+HM).

3-(6-{4'-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-biphenyl-4-yl}-1H-
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-y1}-1H-
benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester: A
mixture of 2-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid ferz-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]-1H-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 ethy! acetate and washed with
saturated sodium bicarbonate solution. The organic layer dried (MgSO4), concentrated and
purified by flash column chromatography (silica gel, S0 to 100% ethyl acetate/hexane) to give 3-
(6-{4'-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-biphenyl-4-yl}-1H-
benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1}heptane-2-carboxylic acid fert-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-yl)-
3H-benzoimidazol-5-yl]-biphenyl-4-yl}-1H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-
carboxylic acid tert-butyl ester. LCMS-ESI of 3-(6-{4'-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-
yl)-3H-imidazol-4-yl]-biphenyl-4-yl}-1H-benzoimidazol-2-yl)-2-aza-bicyclo{2.2.1]heptane-2-
carboxylic acid fert-butyl ester: calc’d for C42HasNeOs: 700.87; Found: 701.1 (M+I~r).

(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)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester (Example DA) and (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)-1H-benzoimidazol-2-yl}-2-aza-bicyclo[2.2.1]heptane-2-
carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example DB): 4N HCl in dioxane
(3 mL)was added to 3-(6-{4'-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-
biphenyl-4-yl}-1H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid terr-
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}-1H-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 0°C for 50 minutes.
The reaction mixture was dissolved in ethy! acetate and washed with dilute sodium bicarbonate
solution. The organic layer was dried (MgSO4), concentrated and purified by preparative
reverse phase HPLC (GEMINI, 5 to 100% MeCN/H,0 + 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)-1H-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)-1H-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: '"H-NMR: 300 MHz, (DMSO-ds) &: 8.13 (s, 1H), 7.95-7.80 (m, 12H), 7.40-7.20
(m, 2H), 5.18-5.10 (m, 1H), 4.76(m, 1H), 4.55(m,1H), 4.20-4.10 (m, 3H), 3.92-3.78 (m, 3H),
3.55(d, 6H), 2.76 (m, 1H), 2.40-1.55 (m, 10H), 0.95-0.78 (m, 12 H).

LCMS-ESI": calc’d for C4sHssNgOg: 814.97; Found: 815.4 (M+H").

Example DB (byproduct): 'H-NMR: 300 MHz, (DMSO-ds) 8: 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-ESI": calc’d for Cs;HsgNgQOs: 891.07; Found: 891.4 (M+H™).
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Example DC
OO e O 4
B o SO, _
BiphenyH4,4'-dicarboxylic 2,2- Dnodo-blphenyM 4'-
acid dimethyl ester dicarboxylic acid dimethy! ester

O O _Na;S,Cul _ % _1.0xalyl chloride.
ud on K2CO3, DMF  HO 2 Tmscwzn2

Dibenzothiophene-3,7-

2,2- Duodo—blphenyM 4'- dicarboxylic acid

dicarboxylic acid

Pymolidine-1,2-dicarboxylic
acid 1-tert-buty! ester

N \/COOH

s H /\
)—‘—w O NH,OA NN NN
Br DIEA. MeCN xy?ene:» Bo:N/: '\IN(\ Boc

2 -Bromo-1-{7-(2-bromo-acetyi)-

dibenzothiophen-3-yl}l-ethanone _
2-(5{7{2-(1-Boc-pyrrolidin-2-yl)-3H-imidazol-4-
yl}-dibenzothiophen-3-yl}-1H-imidazol-2-yl)-
pyrrolidine-1-carboxylic acid terf-butyl ester

(o}
H E
. XN s H /3
1. 4N HCUdioxane, DCM o .~~\\(o N\ NN -
\ ! NN )\\
2. HATU, DIEA N N (o] -~
Y NE R WY
HO ,& °
Y\N (142-{5-(7{2{1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-
2-yl}-3H-imidazol4-yl}-dibenzothiophen-3-yl)-1H-imidazol-2-yl}-
2—Methoxycarbony|amlno-3- pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

methyl-butyric acid

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 (11g, 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
dimethy] 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 HCI to
give pale white solid. The solid was filtered and dried on vacumm ovemight to give the product

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

Dibenzothiophene-3,7-dicarboxylic acid: A mixture of 2,2'-Diiodo-biphenyl-4,4'-dicarboxylic
acid (450 mg, 0.912 mmol, 1 eq.) and potassium carbonate (189 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(I)
iodide (17 mg, 0.1 eq.) were added and reaction mixture was heated to 150°C under a slow
stream of Ar. Cul (100 mg) was added and followed by sodium sulfide (100 mg). The reaction
was kept at 150°C overnight. The reaction mixture was diluted with 25 mL water and active
carbon ( 10 g) was added. The mixture was refluxed for 10 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 (179 mg, 72%).

2-Bromo-1-|7-(2-bromo-acetyl)-dibenzothiophen-3-yl]-ethanone: A mixture of
dibenzothiophene-3,7-dicarboxylic acid (179 mg, 0.644 mmol), oxalyl chloride (0.56 mL, 6.44
mmol) and 1 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 1 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 1 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-1-[7-(2-bromo-acetyl)-

dibenzothiophen-3-yl]-ethanone.
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2-(5-{7-[2-(1-Boc-pyrrolidin-2-yl)-3H-imidazol-4-yl]-dibenzothiophen-3-yl}-1H-imidazol-2-
yl)-pyrrolidine-1-carboxylic acid fert-butyl ester:

The mixture of above impure 2-Bromo-1-[7-(2-bromo-acetyl)-dibenzothiophen-3-yl]-ethanone,
Pyrrolidine-1,2-dicarboxylic acid 1-fert-butyl ester (2.1 eq.), and DIEA (2.07 eq.) in S mL
MeCN was stirred at room temperature overnight. The reaction mixture was concentrated down
and diluted with ethyl acetate, washed with brine, dried over MgSO4, 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 110°C for 2 days. The mixture was diluted with EtOAc and washed
with sat. NaHCO3 aqueous solution. The organic layer was concentrated down and purified by
preparative reverse phase HPLC (GEMINI, 5 to 100% MeCN/H;0 + 0.1% TFA). Product was
lyophilized to give 2-(5-{7-[2-(1-Boc-pyrrolidin-2-yl)-3H-imidazol-4-yl]-dibenzothiophen-3-
yl}-1H-imidazol-2-yl)-pyrrolidine- 1-carboxylic acid tert-butyl ester (12.4 mg). LCMS-ESI":
calc’d for C3¢Ha2NgO4S: 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-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-
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 } -1H-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 pL), 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 100% MeCN/H,0
+0.1% TFA). Product was lyophilized to give (1-{2-[5-(7-{2-[1-(2-Methoxycarbonylamino-3-
methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl }-dibenzothiophen-3-yl)- 1H-imidazol-2-yl}-
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example DC) (8.1 mg,
58%).

'H-NMR: 300 MHz, (CD3;0D-ds) §: 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 C4HqgNgOS: 768.92; Found: 769.3 (M+H").
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Example DD
o]
- )LN'H S H /5
° “.\\(o NI N \\ mCPBA, DCM
\‘ \/“\ NN )\\ O—
NN o N~(
Q/' H Ho Y

(14{2-[5-(7{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-
2-yl}-3H-imidazol-4-yl}-dibenzothiophen-3-yl)-1H-imidazol-2-yl}-
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

1
I

(142-[5-(7{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl}-
3H-imidazol-4-yl}-5-ox0-5H-5)%-dibenzothiophen-3-yl)-1H-imidazol-2-yl}-
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

(1-{2-[5-(7-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl}-3H-
imidazol-4-yI}-S-oxo-SH-Sk‘-dibenzothiophen-3-yl)-l H-imidazol-2-yl}-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example DD): (1-{2-[5-(7-{2-[1-
(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl1}-
dibenzothiophen-3-yl)-1H-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 (MgSO4), concentrated and purified by preparative reverse phase
HPLC (GEMIN]I, 5 to 100% ACN/H,0 + 0.1% TFA). Product was lyophilized to give a yellow
powder (1-{2-[5-(7-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-
imidazol-4-yl} -5-oxo-SH-SX"-dibenzothiophen-B-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-
carbonyl}-2-methyl-propyl)—carl?amic acid methyl ester (Example DD) (0.6 mg).

'H-NMR: 300 MHz, (CD;0D-d,) 8: 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, 10H), 0.97-0.84 (m, 12 H). LCMS-
ESI": calc’d for C4oH4sNsOeS: 768.92; Found: 769.3 (M+H".
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Example DE
Q
S s $
mCPBA HNO, Hap, PdIC
0 T O Tear o)A
Dibenzothiophene Dibenzothiophene 3,7-Dinitro-dibenzothiophene
5-oxide 5-oxide
OEt
Sn(Bu),

1. Pd(PPh3)4

S S
NaNO,, HCI O O PdCly(PPh;);
NaNO,, HCI_ __PdCI(PPh3);
HoN . . NH2  ger. cubr Br Br

' o 2. NBS/H0
Dibenzothiophene-3,7-diamine 3,7-Dibromo-dibenzothiophene 3. Boc-L-Proline
DIEA, DMF
S

0 S NH,OAc Boc \/’ﬂ\\ O O Br
(J o)A T
N :
Boc O
Pyrrolidine-j ,2-diwrpoxylic acid 2{2- 2-[5{7-Bromo-dibenzothiophen-3-yl}-
(7-bromo-dibenzothiophen-3-yl)-2-oxo- 1H-imidazol-2-yl}-pyrrolidine-1-
ethyl] ester 1-tert-butyl ester carboxylic acid fert-butyl ester

}il H Pd(PPh3)4 li" H
N PdClx(dppf)2

N s N N
o l 1

. 'BO'N Boc ;g(zgs, DMEH0  BocN'™ O Q O N Boc
o) N\_/\—NH

3{6-(4,4,5,5-Tetramethyl-

[1,3,2]dioxaborolan-2-yl)-1H- 3+6-{7-[2+1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-
benzoimidazol-2-yl}-2-aza- 3H-imidazol-4-yl}-dibenzothiophen-3-yl}-1H-
bicycio[2.2.1]heptane-2- benzoimidazol-2-yl}-2-aza-bicyclo[2.2.1]heptane-
carboxylic acid tert-butyl ester . 2-carboxylic acid tert-butyl ester

(0] H oy
1.4N HCVdioxane, DCM Y\ s N

= —

H
N\ N\
2. HATU, DIEA O\('\\io\&)".\N o}:’\'N‘\(o\
Ho\n/\u ,&0 i o

o (1-{2-{5-(7-{2-[2-(2-Methoxycarbonylamino-3-methy!-
2-Methoxycarbonylamino-3- butyryl)-2-aza-bicyclo[2.2.1]hept-3-y(}-3H-benzoimidazol-5-
methyl-butyric acid yl}-dibenzothiophen-3-yl)-1H-imidazol-2-yl}-pyrrolidine-1-

carbonyl}-2-methyl-propyl)-carbamic acid methy! ester

Dibenzothiophene S-oxide: A solution of mCPBA (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,
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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-ESI": calc’d for C;HgOS: 200.26; Found: 200.9 (M+H").

3,7-Dinitro-dibenzothiophene S-oxide: A solution of Dibenzothiophene 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 10°C. The reaction was stirred at 10°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-ESI:
calc’d for Cj;H oN,S: 214.29; Found: 215.0 (M+H").

3,7-Dibromo-dibenzothiophene: A suspension of Dibenzothiophene-3,7-diamine (2.46 g, 8.57
"~ mmol) in water (16 mL) and concentrated HCI (4.3 mL) was cooled to 5°C (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 of CuBr (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(1-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 (leq., 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 DIEA (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 (MgSO4),
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-ESI": calc’d
for C24H24BINOsS: 518.42; Found: 541.9(M+Na").

2-[5-(7-Bromo-dibenzothiophen-3-yl)-1H-imidazol-2-yl}-pyrrolidine-1-carboxylic acid fert-
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. NaHCQO3 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)-1H-imidazol-
2-yl]-pyrrolidine-1-carboxylic acid rert-butyl ester (391 mg, yield 79%). LCMS-ESI": calc’d
for C24H24BrN30,S: 498.44; Found: 499.9(M+Na").

3-(6-{7-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-dibenzothiophen-3-
yl}-1H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid fert-butyl ester:
A mixture of 2-[5-(7-Bromo-dibenzothiophen-3-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carboxylic
acid terr-butyl ester (300 mg, 0.48 mmol, 1 eq.), 3-[6-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-
2-yl)-1H-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)-3H-imidazol-4-yl]-dibenzothiophen-3-yl } - 1H-
benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester (245 mg,
yield 70%). LCMS-ESI": calc’d for C4yHagNgO4S: 730.92; Found: 731.2(M+HY).

(1-{2-[S+(7-{2-[2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza-bicyclo[2.2.1]hept-3-
yl]-3H-benzoimidazol-5-yl}-dibenzothiophen-3-yl)-1H-imidazol-2-yl]-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example DE): 4N HCl in dioxane
(3 mL) was added to 3-(6-{7-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-
dibenzothiophen-3-yl}-1H-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 1 hour. The reaction mixture was concentrated and dried overnight under
vacuum. 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 HATU (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 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% ACN/H,0 + 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]-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%).
'H-NMR: 300 MHz, (DMSO-dg) &: 8.60-8.40 (m, 4H), 8.16(m, 1H), 8.01 (m, 1H), 7.90(m,
2H), 7.76(m, 1H), 7.33 (m, 2H), 5.15(m, 1H), 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). '*F-NMR: 300
MHz, (CD30D-d,) &: -112.88. LCMS-ESI": calc’d for C46HsNgOgS: 845.02; Found: 845.4
(M+H").
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Example DF
OEt
2\ Sn{Bu)a
o s 1. Pd(PPhs)s o S H,
PdCIy(PPh;3), N
L)oo o —CEHNL (Y o o ber
N . N o]
Boc © 2. NBS/H,0 Boc O
Pyrrolidine-1,2-dicarboxylic acid 2{2-  3- DIEA, DMF 2-Aza-bicyclo[2.2.1]heptane-2,3-dicarboxylic acid
(7-bromo-dibenzothiophen-3-yi)-2- 3-(2-{7-[2-(1-tert-butox.ycarbonyl-pyrrolndme-z-
oxo-ethyl] ester 1-tert-butyl ester H carbonyloxy)-acetyl}-dibenzothiophen-3-y[}-2-oxo-
N ethyl) ester 2-tert-butyl ester

HOOC

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

H 1. 4N HCVdioxane, DCM
NH,0Ac
| > ‘ . < 2. HATU, 4-methylmorpholine
xylenes \)\ Boc yimorp
HO_ _* N’z
o H ©

2-Methoxycarbonylamino-
propionic acid

3-(5-{7 [2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-
3H-imidazol-4-yl}-dibenzothiophen-3-yi}-1H-
imidazol-2-yl)-2-aza-bicyclo{2.2.1]heptane-2-
carboxylic acid tert-butyl ester

k‘Qk CF ¢ oo

\\(

(o)

(2-{2{5-(7{2{2-(2-Methoxycarbonylamino-propionyl)-2-aza-
bicycio[2.2.1]hept-3-yl}-3H-imidazoH4-yl}-dibenzothiophen-3-yl)-1H-imidazol-
2-yl}-pyrrolidin-1-y(}-1-methyl-2-oxo-ethyl)-carbamic acid methyl ester

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-ferz-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(1-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 (MgSO4), 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-ESI": calc’d for C33H4uN>O1S: 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 fert-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. NaHCO3 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)-3H-imidazol-4-yl}-dibenzothiophen-3-yl}- 1H-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 C3gHyaNgO4S: 680.86; Found: 681.2 (M+H+).

(2-{2-[5-(7-{2-|2-(2-Methoxycarbonylamino-propionyl)-2-aza-bicyclo[2.2.1]hept-3-yl]-3H-
imidazol-4-yl}-dibenzothiophen-3-yl)-1H-imidazol-2-yl}-pyrrolidin-1-yl}-1-methyl-2-oxo0-
ethyl)-carbamic acid methyl ester (Example DF): 4N HCI 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 fert-butyl ester (62 mg, 0.091
mmol) 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 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 (MgSO4), concentrated and purified by flash column chromatography (silica gel, 0 to 20%
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MeOH/ethy! acetate), followed by preparative reverse phase HPLC (GEMINI, 5 to 100%
ACN/H;0 + 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-yl}-

dibenzothiophen-3-yl)-1H-imidazol-2-yl]-pyrrolidin-1-yl}-1-methyl-2-oxo-ethyl)-carbamic acid

methyl ester (Example DF) (52.7 mg, 60%).

'H-NMR: 300 MHz, (DMSO-d¢) 6: 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, 1 H),
2.42-1.50 (m, 6H), 1.30 -1.10 (m, 12 H). LCMS-ESI": calc’d for C42HsaN3O6S: 738.86;

Found: 739.3 (M+H").

Example DG

HoH
S No N
e NI ™
oY

3-(6{7-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-
3H-imidazol-4-yl)-dibenzothiophen-3-yi}-1H-
benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-
2-carboxylic acid tert-butyl ester

1. 4N HCl/dioxane, DCM

2. HATU, DIEA

= o

HO
TN
o H (0]
2-Methoxycarbonylamino-

_propionic acid

Z—

N S \,)fN
—~0 0 ]
B N 3
* \\(\)I\ ? Q O O N O)\\ 0~
N N N—(
E : H
CE H 0
(2-{2-[5-(7{2-[2-(2-Methoxycarbonylamino-propionyl)-2-aza-
bicycio[2.2.1]hept-3-yl]-3H-benzoimidazol-5-yl}-dibenzothiophen-3-yl)-1H-

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-yl]-3H-
benzoimidazol-5-yl}-dibenzothiophen-3-yl)-1H-imidazol-2-yl]-pyrrolidin-1-yl}-1-methy!-2-
oxo-ethyl)-carbamic acid methyl ester (Example DG): 4N HCI in dioxane (2 mL) was added
to 3-(6-{7-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-dibenzothiophen-3-
yl}-1H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester (103
mg, 0.141 mmol) in 3 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
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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 HATU
(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 (MgSO4), concentrated and purified by flash cdlumn chromatography
(silica gel, 0 to 20% MeOH/ethyl acetate), followed by preparative reverse phase HPLC
(GEMINI, 5 to 100% ACN/H20 + 0.1% TFA). Product was lyophilized to give (2-{2-[5-(7-{2-
[2-(2-Methoxycarbonylamino-propionyl)-2-aza-bicyclo[2.2.1]Jhept-3-yl]-3H-benzoimidazol-5-
yl}-dibenzothiophen-3-yl)-1H-imidazol-2-yl}-pyrrolidin-1-yl}-1-methyl-2-oxo-ethyl)-carbamic
acid methy! ester (Example DG) (91.3 mg, 80%).

'H-NMR: 300 MHz, (DMSO-dg) 5: 8.60-8.52 (m, 2H), 8.44(m, 2H), 8.15 (m, 1H), 8.05(m,
1H), 7.92 (m, 2H), 7.80 (m, 2H), 7.56-7.42(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, 12H), 1.30 -1.10 (m, 6 H). LCMS-ESI": calc’d
for C4;H44NgO6S: 788.91; Found: 789.4 (M+H").
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Example DH

0 > HATU, DIEA_ e
Br—@-( * Hooc” N DMF Br_@{c,
NH,

Boc
2-Amino-1-(4-bromo- 5-Aza-spiro[2.4}heptane- " 6[2-(4-Bromo-phenyl)-2-oxo-
phenyl}-ethanone 5.6-dicarboxylic acid 5- ethylcarbamoyl]-5-aza-spiro[2.4]heptane-
tert-butyl ester 5-carboxylic acid tert-butyl ester
H H
~ e WD
NN 0, T N
NHgOAC Boc'y Br 8” Boc
——— N NH o
xylenes K
é’" 3-{6-{4-(4,4,5,5- Tetramethyl-[1,3.2]dioxaborofan-2-yl)-
phenyl}-1H-benzoimidazol-2-yl}-2-aza-
6-]5-(4-Bromo-phenyl)-1H-imidazol bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester

2-yl}-5-aza-spiro[2.4}heptane-5-
carboxylic acid fert-butyl ester

HoH
N N
Pd(PPha), Boc .
K,CO3, DME/H,0 2. HA@IEA
90°C oo
AR
3-(6{4'-[2-(5-tert-Butoxycarbonyl-5-aza- o H o)
spiro[2.4)hept-6-y!)-3H-imidazol-4-y[}-biphenyl-4-yl}- )
1H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2. 1Jheptane- 2'“5".‘_%*”9"’0"!'8"""&&
2-carboxylic acid fert-buty! ester methyl-butyric acid
Q H
JH i’ H
* 006 o
X $

(14{6-{5-(4'{2-[2(2-Methoxycarbonylamino-3-methyl-
butyryl)-2-aza-bicyclof2.2. 1]hept-3-yl]-3H-benzoimidazol-5-
yl}-biphenyl-4-yl)-1H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-
S-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

6-[2-(4-Bromo-phenyl)-2-oxe-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 bis HCl 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 0°C 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 ferz-butyl ester (424 mg, 67%). LCMS-ESI": calc’d for
CaoHasBrN2O4: 437.33; Found: 460.1 (M+Na").
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6-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-carboxylic acid tert-
butyl ester: 15 mL Xylenes was added to 6-[2-(4-Bromo-phenyl)-2-oxo-ethylcarbamoyl]-5-
aza-spiro[2.4]heptane-5-carboxylic acid ferz-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. NaHCO3 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)-1H-imidazol-2-yl]-5-aza-
spiro[2.4]heptane-5-carboxylic acid fers-butyl ester (249 mg, yield 61%). LCMS-ESI": calc’d
for C20H24BrN3O,: 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 fert-butyl ester:
A mixture of 6-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-carboxylic
acid rert-butyl ester (101 mg, 0.243 mmol, 1 eq.), 3-{6-[4-(4,4,5,5-Tetramethyl-
[1,3,2]dioxaborolan-2-yl)-phenyl]-1H-benzoimidazol-2-yl}-2-aza-bicyclo[2.2.1]heptane-2-
carboxylic acid ters-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 mI. 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 (MgSO4), concentrated and purified by flash column
chromatography (silica gel, 50 to 100% ethyl acetate/hexane) >to give 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 Jheptane-2-carboxylic acid tert-butyl ester (53 mg, yield
26%). LCMS-ESI: calc’d for C44Hs5oNgO4: 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-yI)-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}-1H-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-

Methoxycarbonylamino-3-methyl-butyric acid (2.1 eq., 26.6 mg), 4-methylmorpholine (6 eq.,
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0.048 mL), followed by HATU (2 eq., 56 mg). Reaction mixture was stirred at 0°C for 50
minutes. The reaction mixture was dissolved in ethyl acetate and washed with dilute sodium
bicarbonate solution. The organic layer was dried (MgSO4), concentrated and purified by
preparative reverse phase HPLC (GEMINI, 5 to 100% ACN/H;0 + 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)-1H-imidazol-2-yl]-5-aza-
spiro[2.4]heptane-5-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example DH)
(41.6 mg, 53%).

'H-NMR: 300 MHz, (DMSO-ds) &: 8.13 (s, 1H), 7.95-7.80 (m, 9H), 7.69 (m, 2H), 7.40-7.24
(m, 2H), 5.25 (m, 1H), 4.76(m, 1H), 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 C4HssNgOs: 841.01; Found: 841.5 (M+H").

Example DI

()= p
SO=Y, o NH(OAC ) HYO
— N

hj xylenes Br O O VN Boc

o N microwave 140 °C
Boc 90 min. 2{5-(7-Bromo-9,10-dihydro-phenanthren-
Pyrrolidine-1,2-dicarboxylic acid 2-[2-(7- 2-yl}»1H-imidazol-2-yl}-pyrrolidine-1-
bromo-9,10-dihydro-phenanthren-2-yl)-2- carboxylic acid ferf-butyl ester

oxo-ethyl] ester 1-fert-butyl ester

oy hememuen 3 (03T L
+ B —_— N A Boc
y C o

2-[6-(4,4,5,5-Tetramethyl-

[1,3,2]dioxaborotan-2-yi)-1H- 2-(5-{7_—[2-( 1 -Boc-pyrrolidin-2-yl)-3H.-bgnzoimidazol-5-y|}-
benzoimidazol-2-yl}-pyrrolidine-1- 9,10-dihydro-phenanthren-2-yl}-1H-imidazol-2-yl)-
carboxylic acid tert-butyl ester pyrrolidine-1-carboxylic acid tert-butyi ester

1. 4N HCl/dioxane, DCM Q H “p \\

»\ . N
-~ N | N
2. HATU, DIEA © o . N )\\
' K N ~—
Y oo “\\(\)\\ OO @ S~
O A L h N—~""N HY
TN % ow
(142-[5-(7-{2-{1-(2-Methoxycarbonylamino-3-methyl-butyryl}-pyrrolidin-2-

ﬁ;gﬁue‘tf'\_%ﬁmagb:g)élamino-& yl}-3H-benzoimidazol-5-yi}-8,10-dihydro-phenanthren-2-yl)-1H-imidazol-2-
4 Y yl}-pyrrolidine-1-carbonyl}-2-methyi-propyl)-carbamic acid methyl ester

2-[5«(7-bromo-9,10-dihydro-phenanthren-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carboxylic
acid fert-butyl ester: 10 mL Xylenes and 10 ml DME were added to the mixture of pyrrolidine-
1,2-dicarboxylic acid 2-[2-(7-bromo-9,10-dihydro-phenanthren-2-yl)-2-oxo-ethyl] ester 1-rert-
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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 140°C for 90 minutes. The mixture was diluted with EtOAc and washed with
sat. NaHCO3 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-9,10-
dihydro-phenanthren-2-yl)-1H-imidazol-2-yl]-pyrrolidine- 1-carboxylic acid tert-butyl ester (246
mg, yield 53%). LCMS-ESI": calc’d for CosH2sBrN3O,: 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-
yl}-1H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid ferz-butyl ester: A mixture of 2-[5-(7-
bromo-9,10-dihydro-phenanthren-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid fert-
butyl ester (246 mg, 0.497 mmol), 2-[6-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-
benzoimidazol-2-yl]-pyrrolidine-1-carboxylic acid fert-butyl ester (1 eq., 206 mg), [1,1'-
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 1 mL water was heated to 80°C for 100 minutes. The reaction mixture was
cooled and diluted with ethyl acetate and washed with saturated sodium bicarbonate solution.
The organic layer dried (MgSO4), concentrated and purified by flash column chromatography
(silica gel, 20 to 100% ethyl acetate/hexane) to give 2-(5-{7-[2-(1-Boc-pyrrolidin-2-yl)-3H-
benzoimidazol-5-yl]-9,10-dihydro-phenanthren-2-yl}-1H-imidazol-2-yl)-pyrrolidine-1-
carboxylic acid rert-butyl ester (220 mg, yield 63%). LCMS-ESI": calc’d for C4;HgNgOq:
700.87; Found: 701.1(M+H").

(1-{2-[5-(7-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-
benzoimidazol-5-y1}-9,10-dihydro-phenanthren-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example A): 4N HCI in dioxane (2
mL)was added to 2-(5-{7-[2-(1-Boc-pyrrolidin-2-yl)-3H-benzoimidazol-5-y1]-9,10-dihydro-
phenanthren-2-yl}-1H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid fert-butyl ester (220 mg,
0.314 mmol) in 1 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 pL), followed by
HATU (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 (MgS0O4), concentrated and purified by preparative reverse phase HPLC
(GEMINI, 5 to 100% ACN/H,0 + 0.1% TFA). Product was lyophilized to give (1-{2-[5-(7-{2-
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[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-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%).

'H-NMR: 300 MHz, (CD30D-dy) 8: 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 CaHssN3gOg: 814.97; Found: 815.4 (M+H").

Example DJ
OEt
Sn Bu);
Deoxofluor, FF
1. Pd(PPhs),
'O drops of EtOH ' PACI(PPhs), o '
""90°C, 24 Br O Br ()\‘( O O B
2,7-Dibromo- 2. NBS/H,0 Boc
,7-Di
fluoren-9-one 2,7+ Dibromo-9,9-

difluoro-9H-fluorene 3 EB)‘I’EoAL grh:gne Pyrrohdme-1 ,2-dicarboxylic acid 2{2-
' (7-bromo-9,9-difluoro-9H-fluoren-2-yl)-
2-oxo-ethyl] ester 1-tert-buty! ester

R R
N
NH,0Ac Boc N\Br . Qo <:5 WN/\N‘BOC
CJ:’)\NH dB

Xylenes, microwave

140 oC, S0min. 2{6-(4.4,5,5-Tetramethyl-[1,3.2]dioxaborolan-

2-yl)-1H-benzoimidazol-2-yl}-pyrrolidine-1-
carboxylic acid tert-butyl ester

2-{5-(7-Bromo-9,9-difluoro-9H-fluoren-2-
yl)-1H-imidazol-2-y(}-pyrrolidine-1-
carboxylic acid tert-butyl ester

/»
Pd(PPhs)s
PdCly(dppf); p ;H Q'Q O Boc

K,CO3;, DME/H,0

90 °C
2-(5-{9,9-Difluoro-7-[2-(1-Boc-pyrrolidin-2-yi)-3H-
benzoimidazol-5-yl]-9H-fluoren-2-yf}-1H-imidazol-2-
yl)-pyrrolidine-1-carboxylic acid tert-buty! ester

e V°~\ SO Q

HO.__~

Tl/\ "& o
(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)-1H-imidazol-2-yl}-pyrrolidine-1-
carbonyfl}-2-methyl-propyl)-carbamic acid methyl ester

2- Methoxycarbonylammo—:&-
methyl-butyric acid
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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%).

'H-NMR: 300 MHz, (CDCl;3) &: 7.76 (s, 2H), 7.62 (d, 2H), 7.42 (d, 2H). F-NMR: 300 MHz,
(CDCl3) 6: -111.57.

Pyrrolidine-1,2-dicarboxylic acid 2-[2-(7-bromo-9,9-difluoro-9H-fluoren-2-yl)-2-oxo-ethyl]
ester 1-tert-butyl ester: [1,1'-Bis(diphenylphosphino)ferrocene]dichloropalladium(1I)(5%, 82
mg) and tetrakis(triphenylphosphine)palladium (5%, 115 mg) were added to the mixture of 2,7-
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 (leq., 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 DIEA (3.5 eq., 1.22 mL) in S 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 (MgSO4), 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-butyl ester (363 mg, yield 34%). LCMS-
ESI: calc’d for CpsHp4BrF;NOs: 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)-1H-imidazol-2-yl}-pyrrolidine-1-carboxylic
acid fert-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-fert-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. NaHCO3
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)-1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid terr-butyl ester (324 mg, yield
81%). LCMS-ESI": calc’d for Co5sH4BrFaN3Oz: 516.38; Found: 517.9 (M+H").

2-(5-{9,9-Difluoro-7-[2-(1-Boc-pyrrolidin-2-yl)-3H-benzoimidazol-5-yl}-9H-fluoren-2-yl}-
1H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid fert-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-yl)-1H-
benzoimidazol-2-yl]-pyrrolidine-1-carboxylic acid fert-butyl ester (1 eq., 110 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 (MgSO4), 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 } - 1H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-
butyl ester (83 mg, yield 43%). LCMS-ESI: calc’d for C4 HasF2NgO4: 722.82; Found:
723.1(M+H").

(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)-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 } - 1H-
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-Methoxycarbonylamino-3-methyl-butyric acid (2 eq., 40 mg),
diisopropy! ethylamine (6 eq., 120 pL), followed by HATU (2 eq., 88 mg). Reaction mixture

was stirred at 0°C 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 (MgSO4),
concentrated and purified by preparative reverse phase HPLC (GEMINI, 5 to 100% ACN/H,0 +
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)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid
methyl ester (Example DJ) (37 mg, 39%).

'H-NMR: 300 MHz, (CD;0D-d,) &: 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). "’F-NMR: 300 MHz, (CD;0D-d,) 6: -112.88. LCMS-ESI": calc’d for
CasHsoF2NgOg: 836.93; Found: 837.3 (M+H").

Example DK

H Pd(PPhg),
N PdClz(dppf)2
Boc N N Br 4 Boc K,CO3, DME/H,0
NH 80 °C

3-[6-(4,4,5,5-Tetramethyl-
2-[5-(7-Bromo-9,9-difluoro-9H-fluoren-2- -
yl)[-1 l(-l-imidazoI-Z-Yl}-Pyrrolidine-1 - ot enzomidazok

i 5 -yf]-2-aza-bicyclo[2.2.1]heptane-2-
carboxylic acid tert-butyl ester carboxylic acid fert-butyl ester

Z—I

T

H:i ; 1. HCI
zocN N O'Q O Boc 2. HA{L-J,/ DIEQ/
HO 4
& s
2-(5-{9,9-Difluoro-7-[2-(2-Boc-2-aza-bicyclo[2.2.1]hept-3- o

yI)-3H-benzoimidazo-5-yl}-9H-fluoren-2-yl}-1H-imidazol-2- 2'Me‘h°"’:yfj,“’t°".y'ag‘i;"°'3'
y))-pyrrolidine-1-carboxylic acid ferf-butyl ester methyl-butyrc a

%

(1-{2-[5-(9,9-Difluoro-7-{2-[2-(2-methoxycarbonylamino-3-
methyl-butyryl)-2-aza-bicyclof2.2. 1]hept-3-yl]-3H-benzoimidazol-
5-yf}-8H-fluoren-2-yl)-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl}-2-
methyl-propyt)-carbamic acid methyl ester

Z

2-(5-{9,9-Difluoro-7-[2-(2-Boc-2-aza-bicyclo[2.2.1]hept-3-yl)-3H-benzoimidazol-5-y1}-9H-
fluoren-2-yl}-1H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid zerf-butyl ester: A mixture of
2-[5-(7-Bromo-9,9-difluoro-9H-fluoren-2-yl)-1H-imidazol-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-bicycio[2.2.1]heptane-2-carboxylic acid rert-butyl ester (1.1 eq., 304
mg), [1,1' bis(diphenylphosphino){errocene]dichloropalladium(I1)(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 (MgSO4), concentrated and purified by flash column
chromatography (silica gel, 20 to 100% ethy] 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} - 1H-imidazol-2-
yD)-pyrrolidine-1-carboxylic acid terr-butyl ester (361 mg, yield 77%). LCMS-ESI": calc’d for
Ca3HisF2NgO4: 748.86; Found: 749.2(M+HM).

(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)-1H-imidazol-2-yl}-
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example DK): 4N
HCl in dioxane (2 mL) was added to 2-(5-{9,9-Difluoro-7-[2-(2-Boc-2-aza-bicyclo[2.2.1]hept-
3-yl)-3H-benzoimidazol-5-y1]-9H-fluoren-2-yl} -1H-imidazol-2-yl)-pyrrolidine-1-carboxylic
acid fert-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), diisopropyl ethylamine (6 eq.,
0.5 mL), followed by HATU (2 eq., 367 mg). Reaction mixture was stirred at 0°C 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% MeOH/ethyl acetate), followed by preparative
reverse phase HPLC (GEMINI, 5 to 100% ACN/H,0 + 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%).
'H-NMR: 300 MHz, (CD;0D-d,s) &: 8.05-7.82 (m, 9H), 5.40-5.22(m, 2H), 4.72(m,1H), 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). "’F-NMR: 300 MHz, (CD;OD-
dg) 8: -112.88. LCMS-ESI": calc’d for C47Hs2F,NgOg 862.96; Found: 863.5 (M+H").
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Example DL

%ﬁ

0
(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)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyi}-2-
methyl-propyl)-carbamic acid methyl ester

%ﬁk

NO
WY

o
(142-15+(7{2-[2-(2-Methoxycarbonylamino-3-methyi-butyryl)-2-aza-
bicyclo[2.2.1]hept-3-yl}-3H-benzoimidazol-5-yl}-9-oxo-9H-fluoren-2-yl)-1H-
imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester
(1-{2-[5-(7-{2-[2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza-bicyclo[2.2.1]hept-3-

yl]-3H-benzoimidazol-5-yl}-9-o0xo-9H-fluoren-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example DL):
(1-{2-[5-(9,9-Difluoro-7-{2-[2-(2-methoxycarbonylamino-3-methyl-butyryl)-2-aza-
bicyclof2.2.1]hept-3-yl]-3H-benzoimidazol-5-yl}-9H-fluoren-2-yl)-1H-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 of TFA 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/H,0 + 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}-3H-benzoimidazol-5-yl}-9-oxo0-9H-fluoren-2-yl)-1H-imidazol-2-
yl]}-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example DL) (3.7
mg).

'H-NMR: 300 MHz, (CD;0D-dy) 8: 8.05-7.82 (m, 9H), 5.27(m, 2H), 4.72 (m, 1H), 4.37(d,1H),
4.23(d, 1H), 4.19(m, 1H), 3.91(m, 2H), 3.62 (d, 6H), 2.98(m,1H), 2.58 (m, 2H), 2.37-2.18 (m,
4H), 2.18-1.92(m, 4H), 1.80(m, 2H), 1.09-0.85 (m, 12 H). LCMS-ESI": calc’d for
Ca7Hs2F,NgOg 840.97; Found: 841.6 (M+H").
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Example DM
N 0, Pd(PPhy)
Bos \)’:}"@'B' + i o’B 0 Pd(tilz(d%f;ﬂz
Q/_ H Q B\o K2CO4, DME/H,0

2-[5-(4-Bromo-phenyl)-1H- 110°C

imidazol-2-yl}-pyrrolidine-1-
carboxylic acid fert-butyl ester

Naphthalene-2,6-diboronic
acid dipinocal ester

*l‘

H, 3-(6-Bromo-1H-
N N benzoimidazol-2-yl)-2-aza-
| Boc bicyclo[2.2.1]Jheptane-2-
r carboxylic acid tert-butyl

Y W S Vi
Boc i 0
e avate
G 0 Pd(PPhy)s  K2CO3 DMEM,0

aster
PdCh(dppf)2 110°C

o

2-(5-{4{6-(4.4,5,5-Tetramethyl-{1,3,2]dioxaborolan-
2-yl)-naphthalen-2-yl}-phenyi}-1H-imidazol-2-yl)-
pyrrolidine-1-carboxytic acid fert-butyl ester

N ? 1. TFA

3-[6-(6-{4-{2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yi)}-3H-imidazol-4-yl}-phenyl}- \ﬂ/\N’&
naphthalen-2-yl)-1H-benzoimidazol-2-yl}-2-aza-bicyciof2.2.1]heptane-2-carboxylic

acid tert-butyl ester 2 Methoxycarbonylammo-S—
methyl-butyric acid

03\{{0 e
R N N N
IO o)j;:o\

[1-(3{6-{6-(4-{2-{1-(2-Methoxycarbonytamino-3-methyl-butyryl)-pyrolidin-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 methy! ester

2-(5-{4-]6-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-phenyl}-1H-
imidazol-2-yl)-pyrrolidine-1-carboxylic acid zert-butyl ester: A mixture of 2-[5-(4-Bromo-
phenyl)-1H-imidazol-2-yl}-pyrrolidine-1-carboxylic acid fert-butyl 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(I1)(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 110°C 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 (MgSO4), 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} - 1H-imidazol-2-yl)-pyrrolidine-
1-carboxylic acid fert-butyl ester (730 mg, yield 47%). LCMS-ESI": calc’d for C34H4oBN3Oy:
565.51; Found: 566.1 (M+H").
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3-[6-(6-{4-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-phenyl}-
naphthalen-2-yl)-1H-benzoimidazol-2-yl]-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid
tert-butyl ester: A mixture of 2-(5-{4-[6-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-
naphthalen-2-yl}-phenyl}- 1H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester (216
mg, 0.382 mmol), 3-(6-Bromo-1H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-
carboxylic acid rert-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-ESI":
calc’d for C46HsoNgO4: 750.93; Found: 751.2 (M+H").

[1-(3-{6-[6-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl}-3H-
imidazol-4-yl}-phenyl)-naphthalen-2-yl}-1H-benzoimidazol-2-yl}-2-aza-
bicyclo[2.2.1]heptane-2-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (Example
DM): TFA (2 mL) was added to 3-[6-(6-{4-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-y1)-3H-
imidazol-4-yl]-phenyl}-naphthalen-2-yl)-1H-benzoimidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-
2-carboxylic acid fert-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 ethy! acetate and washed with saturated sodium
bicarbonate solution. The organic layer was dried (MgSO4), concentrated and purified by
preparative reverse phase HPLC (GEMINI, 5 to 100% ACN/H,0 + 0.1% TFA). Product was
lyophilized to give [1-(3-{6-[6-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-
pyrrolidin-2-yl]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-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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'H-NMR: 300 MHz, (CD;OD-ds) 5: 8.13-7.82 (m, 14H), 5.40-5.22(m, 2H), 4.98(m, 1H),
4.72(m, 1H), 4.38(d, 1H), 4.22(m, 1H), 4.10(m, 2H), 3.92 (m, 2H), 3.66(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). LCMS-
ESI': calc’d for CsoHs¢NgOg: 865.03; Found: 866.3 (M+H).

Example DN
N
Boc 3 O o o Pd(PPhs3)s
3 \/.\Br . i : B‘@"": PdCly(dppN);
o o o K2COg, DME/H,0
50 °C
2-5-(6-Bromo-naphthalen-2-yl)-1H- Benzene-1,4-diboronic

imidazol-2-yl}-pyrrolidine-1-

carboxylic acid tert-butyl ester acid dipinocal ester

W oH 3-(6-Bromo- 1H-benzoimidazol-2-
N N  yh-2-aza-bicyclo[2.2. 1]heptane-2-

Boc NN O o Br-@»‘l Boc Carboxytic acid tert-butyl ester
{‘jLBbﬁ

Pd(PPhs)s  K2CO3, DME/H,0O
2-(5-{6{4-(4.4.5,5-Tetramethyl-{1,3,2}dioxaborolan- PdCl,{dppf)2 90°C
2-yl)-phenyl}-naphthalen-2-yl}-1H-imidazot-2-yl)-
pyrrolidine-1-carboxylic acid terf-butyl ester

H H .
O No X j 1. HCI
Bozq/i/’ﬂ\{; Q O O \“,‘)\gog; 2. HAQJ,/DIEA

H o
HO___A
3-{6-{4-{6-[2-(1-tert-Butoxycarbonykpyrrolidin-2-yl)-3H- \[,/\N"&
imidazol4-yl}-naphthalen-2-yl}-phenyl)-1H-benzoimidazol-2-yl}- o H o
2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester 2-Methoxycarbonylamino-3-
methyt-butyric acid

\&N‘H H ﬂ
N Ny
TN O-O-CF A

[1-(3-{6{4-(6-{2-{1-(2-Methoxycarbonylamino-3-methyl-butyryi)-pyrrolidin-2-y}-
3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl}-1H-benzoimidazol-2-yl}-2-aza-
bicyclo[2.2.1]heptane-2-carbonyi)-2-methyl-propyl]-carbamic acid methyl ester

2-(5-{6-]|4-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-naphthalen-2-yl}-1H-
imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester: A mixture of 2-[5-(6-Bromo-
naphthalen-2-yl)- 1H-imidazol-2-yl]-pyrrolidine- 1-carboxylic acid fert-butyl 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(I1)(5%, 57 mg),
tetrakis(triphenylphosphine)palladium (5%, 80 mg) and potassium carbonate (3 €q., 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 (MgSO4), 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}-1H-imidazol-2-y])-pyrrolidine-1-carboxylic
acid tert-butyl ester (488 mg, yield 62%). LCMS-ESI": calc’d for C34H4BN3;04: 565.51;
Found: 566.2 (M+H").

3-[6-(4-{6-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-naphthalen-2-yl}-
phenyl)-1H-benzoimidazol-2-yl]-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid fert-butyl
ester: A mixture of 2-(5-{6-[4-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-
naphthalen-2-yl}-1H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid ferz-butyl ester (248 mg,
0.438 mmol, 1.1 eq.), 3-(6-Bromo-1H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-
carboxylic acid tert-butyl ester (1 eq., 156 mg, 0.399 mmol), [1,1'-
bis(diphenyiphosphino)ferrocene]dichloropalladium(II)(3%, 10 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 (MgSO4), 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-pyrrolidin-2-yl)-3H-imidazol-4-yl]-naphthalen-2-yl } -phenyl)-1H-
benzoimidazol-2-yl]-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid fert-butyl ester (178 mg,
yield 59%). LCMS-ESI™: calc’d for C4gHsoNgO4: 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 HCl in dioxane (1 mL) was added to 3-[6-(6-{4-[2-(1-rert-Butoxycarbonyl-pyrrolidin-
2-yl)-3H-imidazol-4-yl]-phenyl}-naphthalen-2-yl)-1H-benzoimidazol-2-yl]-2-aza-
bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester (100 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-methyl-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 0°C 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 (MgSO4),
concentrated and purified by preparative reverse phase HPLC (GEMINI, 5 to 100% ACN/H,0 +
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-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) (102 mg, 50%).

'H-NMR: 300 MHz, (CD30OD-ds) 5: 8.13-7.82 (m, 14H), 5.40-5.22(m, 2H), 4.98(m,1H),
4.72(m, 1H), 4.38(d, 1H), 4.22(m, 1H), 4.10(m, 2H), 3.92 (m, 2H), 3.66(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). LCMS-
ESI": calc’d for CsoHsgNgOg: 865.03; Found: 866.4 (M+H").
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Example DO
0,0
N H Pd(PPh3)4
N k Cu(i)l
b NTTX I + \ N 0)\|
N\/go N \"/
0 /\ Br o
. (1-{2-[5-(4-Ethynyl-phenyl)-1H-

3-[4-(4-Bromo—phenyl)—1H-m_ndazol-z- imidazol-2-yl}-pyrrolidine-1-
yl-4-(2-methoxycarbonylamino-3- carbonyl}-2-methyl-propyl)-
methyl-butyryl)-piperazine-1- carbamic acid methy! ester

carboxylic acid tert-butyl ester

o<
()\(\ ] . . \~N(; )j |\ SEM-CI, NaH

DMF

/\ 4-(2-Methoxycarbonylamino-3-methyl- butyryl)-3- 0
{4-[4-(4-{2-[1-(2-methoxycarbonylamino-3-
methyl-butyryl)-pyrrolidin-2-yl)-3H-imidazol-4-yl}-
phenylethynyl)-phenyi}-1H-imidazol-2-yl}-
piperazine-1-carboxylic acid tert-butyl ester

00—%

SEM A
[ )\( HCl in Dioxane / DCM
W Q O J\| k

/\ s

o

[ j\< SEM 1. Ac;0, NMM, DCM
T ‘(\ ‘\ 2. TFA DCM
N NO)\l

/\ " s
U“\mk
o/\ T

[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-y[}-
pyrrolidine-1-carbonyl)-2-methy!-propyl]}-carbamic acid methyl ester
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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]-1H-imidazol-2-yl}-piperazine-1-carboxylic acid zert-butyl ester: 3-
[4-(4-Bromo-phenyl)-1H-imidazol-2-yl]-4-(2-methoxycarbonylamino-3-methyl-butyryl)-
piperazine-1-carboxylic acid tert-butyl ester (600 mg, 1.06 mmol) was combined with (1-{2-[5-
(4-Ethynyl-phenyl)-1H-imidazol-2-yl]-pyrrolidine- 1-carbony! }-2-methyl-propyl)-carbamic acid
methyl ester (503 mg, 1.27 mmol) and Pd(PPhj)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(l) 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% / 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]-1H-imidazol-2-yl} -
piperazine-1-carboxylic acid ters-butyl ester (542 mg). LCMS-ESI": calc’d for C47HsoNgOs:
878.0 (M"); Found: 878.5 (M+H").

SEM protected imidazole intermediate: 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]-1H-imidazol-2-yl}-piperazine-1-carboxylic acid rerr-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-CI (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-ESI': calc’d for CsoHgNgO,0Siz: 1138.6 (M*); Found: 1138.7 (M+H").

de-Boc 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 of the
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-l—(2-methoxycarbonylamino-3-methyl;butyryl)-piperazin-2-yl]-
1H-imidazol-4-yl}-phenylethynyl)-phenyl]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-
methyl-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 of DCM (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 / MeCN w/ 0.1% TFA). 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]-1H-imidazol-4-yl } -phenylethynyl)-
phenyl]-1H-imidazol-2-yl}-pyrrolidine- 1-carbonyl)-2-methyl-propyl]-carbamic acid methyl
ester (example DO) as a TFA salt (15.7 mg).

LCMS-ESI": calc’d for C44Hs3NgO7: 819.9 (M*); Found: 820.4 (M+H").

'H-NMR: 300 MHz, (dmso-dg) : 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, 1H), 4.11 (m, 1H), 3.85 (m,1H), 3.68 (s, 3H),
3.66 (s, 3H), 3.49-3.45 (m, 2H), 3.15-3.02 (m, 3H), 2.77 (m, 1H), 2.58 (m, 1H), 2.29-2.01 (m,
5H), 1.07-0.83 (m, 12H) ppm.

Example DP
X
EL< 5
\ ‘
o /\ \[(
o O
C
v j*\f"
o /\ \n’

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]-1H-imidazol-2-yl}-piperazine-1-carboxylic acid methyl ester
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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]-1H-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]-1H-imidazol-4-yl } -phenylethynyl)-
phenyl]-1H-imidazol-2-yl}-pyrrolidine- 1-carbonyl)-2-methyl-propyl]-carbamic acid methyl
ester (example DO) replacing the acetic anhydride with methylchloro formate.

LCMS-ESI": calc’d for C44Hs3NoOg: 835.4 (M"); Found: 835.9 (M+H™).

'H-NMR: 300 MHz, (dmso-ds) 3: 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, 1H), 4.26 (m, 1H), 4.03 (m, 2H), 3.95 — 3.75 (m, 4H), 3.50 (m, SH),
2.29 (m, 1H), 2.13-1.95 (m, 4H), 0.87-0.68 (m, 12H) ppm.

Example DQ
SEM —N=C=0

[ j\( 1. NMM, DCM
< O O |\ 2. TFA DCM

0/5\ HT

H
O N_

[ )\«No)ﬁ k
H O

(1-(2{51{4-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-4-methylcarbamoyl-
piperazin-2-yl]-1H-imidazoi-4-yl}-phenylethynyl)-phenyl]-1H-imidazoil-2-yl}-
pyrrolidine-1-carbonyl)-2-methyi-propyl]-carbamic acid methyl ester

[1-(2-{5-[4-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-4-methylcarbamoyl-

0

piperazin-2-yl]-1H-imidazol-4-yl}-phenylethynyl)-phenyl]-1H-imidazol-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]-1H-imidazol-4-yl}-phenylethynyl)-phenyl}-1H-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 CaaHsaNjoO5: 834.9 (M"); Found: 835.4 (M™).

'H-NMR: 300 MHz, (dmso-de) 5: 8.08 (m, 1 H), 7.77-7.36 (m, 10H), 7.36 — 7.24 (m, 2H),
5.51 (m, 1H), 5.07 (m, 1H), 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, 1H), 2.13-1.96 (m, 4H), 0.90-0.78 (m, 12H) ppm.

Example DR
SEM CISO,NMe,
EL Ly - O L 1 N, oo
lr ;\ H wr
O\” I
E
)*\m% L
° /\

[1-(2{5-[4-(4{2-[4-Dimethylsulfamoyl-1 -(2-methoxycarbonylamino-3-methyl-
butyryl)-piperazin-2-yl}-1H-imidazol-4-yl}-phenylethynyl)-phenyl]-1H-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-yl]-1H-imidazol-4-yl}-phenylethynyl)-phenyl]-1H-imidazol-2-yl}-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}-1H-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 C44HssN19OsS: 885.0 (M"); Found: 885.4 (M").
'H-NMR: 300 MHz, (dmso-ds) 8: 8.05 (m, 1 H), 7.91-7.52 (m, 10H), 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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Example DS
OYO\
N H K
[ N WD)
Ll S O=0O-0 N
Y Yo H,N\n/o\

O =
o

3+{4-[4-(4{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-

pyrrolidin-2-yl}-3H-imidazol-4-yl}-phenylethynyl)-phenyl}-1H-

imidazol-2-yl}-4-(2-methoxycarbonylamino-propionyl)-

piperazine-1-carboxylic acid methyl ester
3-{4-[4-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-
imidazol-4-yl}-phenylethynyl)-phenyl]-1H-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]-1H-imidazol-2-yl}-piperazine-1-carboxylic acid methyl ester (example DP), replacing
the valine derived carbamate with the corresponding alanine derived carbamate.
LCMS-ESI": calc’d for C4oHaoNoOg: 783.8 (M*); Found: 784.3 (M+H").
'H-NMR: 300 MHz, (dmso-ds) 3: 8.08 (m, 1 H), 7.95-7.80 (m, 10H), 7.47 (m, 1H), 7.30 (m,
1H), 5.72 (s, 1H), 5.55 (s, 1H), 5.09 (m, 1H), 4.58 (m, 1H), 4.09 (m, 1H), 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.

Example DT
H
N—
O=<le\<NlH H :.—';>
N
éjrnylo \“‘N o//l\,‘qko
° A e

(1{2-[5-(4{4-{3'-(2-Methoxycarbonylamino-3-methyl-butyryl)-1'-methylcarbamoyl-

2',3',4' 5'-tetrahydro-1H, 1'H-[2,4']biimidazoly|-4-yl}-phenylethynyi}-phenyl)-1H-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',3'-tetrahydro-1H,1'H-|2,4'| biimidazolyl-4-yl]-phenylethynyl}-phenyl)-1 H-imidazol-
2-yl]-pyrrolidine-1-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]-1H-imidazol-4-y1} -phenylethynyl)-phenyl]-1H-
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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-ESI': calc’d for C43HsNoO7: 820.9 (M™); Found: 821.4 (M™).

'H-NMR: 300 MHz, (dmso-dg) &: 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, 1H), 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.

Example DU

Ne < j
s o SRS _PdPPhy,
| 4 | + \B NH KoCOs
Vi , Boc
S (0]

2,6-Diiodo-1,5-dithia-s-indacene 2-[544.4,5.5-Tetramethyl-

(1,3,2]dioxaborolan-2-yl)-1H-
benzoimidazol-2-yl]-pyrrolidine-1-
carboxylic acid fert-butyl ester

NY\j 1. 4N HCl/dioxane, DCM

/ S NH
BoCh N O / O Boc 2. HATU, DIEA
LN\/k S '

X -4 o—

S HO_ -~
2-(5-{6-{2-(1-boc-pyrrolidin-2-yl)-1H-benzoimidazol-5- o H ©
yl]-1,5-dithia-s-indacen-2-yl}-1H-benzoimidazol-2-yl)- )
pyrrolidine-1-carboxylic acid tert-buty! ester 2-Methoxycarbonylamino-3-

methy!-butyric acid

~

0 N j
S
*{; -Gl iy
SN o)

(14{2-[5-(6-{2-{1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-

yl]-1H-benzoimidazol-5-yi}-1,5-dithia-s-indacen-2-yl)-1H-benzoimidazol-2-

yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester
2-(5-{6-[2-(1-boc-pyrrolidin-2-yI)-1H-benzoimidazol-5-yl]-1,5-dithia-s-indacen-2-yl}-1H-
benzoimidazol-2-yl)-pyrrolidine-1-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)-1H-
benzoimidazol-2-yl]-pyrrolidine- 1-carboxylic acid tert-buty! ester (109 mg, 0.263 mmol)

Pd(PPhs)s (9.1 mg), K>CO; (69 mg, 0.52 mmol), were dissolved in toluene (5 mL) / water (1
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mL) under an argon atmosphere. The mixture was heated for 30 minutes at 130 °C (microwave)
and 30 minutes at 140 °C. Removed all volatiles in vacuo and purified via silica gel
chromatography (eluent: EtOAc / hexanes) to yield the product 2-(5-{6-[2-(1-Boc-pyrrolidin-2-
yl)-1H-benzoimidazol-5-yl]-1,5-dithia-s-indacen-2-yl}-1H-benzoimidazol-2-yl)-pyrrolidine-1-
carboxylic acid tert-butyl ester (36.3 mg).

LCMS-ESI": calc’d for C42HasSoNgO4: 760.3 (M*); Found: 761.3 (M+H").

(1-{2-[5-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-1H-
benzoimidazol-5-yl}-1,5-dithia-s-indacen-2-yl)-1H-benzoimidazol-2-yl]-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example DU): 2-(5-{6-[2-(1-Boc-
pyrrolidin-2-yl)- 1H-benzoimidazol-5-yl]-1,5-dithia-s-indacen-2-yl} - 1H-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 of 2- (L) Methoxycarbonylamino-3-methyl-butyric acid (17 mg, 0.094 mmol), HATU
(36 mg, 0.094 mmol) 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 / MeCN w/ 0.1% TFA) to yield the product (1-{2-[5-
(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-y1]-1H-benzoimidazol-5-
yl}-1,5-dithia-s-indacen-2-yl)- 1H-benzoimidazol-2-yl}-pyrrolidine-1-carbonyl}-2-methyi-
propyl)-carbamic acid methyl ester (3.8 mg).

LCMS-ESI": calc’d for C46HsoNgOsSz: 875.1 (MY); Found: 875.4 (M+H").

'H-NMR: 300 MHz, (dmso-ds) 5: 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, 10H), 0.94-0.77
(m, 12H) ppm.
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Example DV

l
Nc..@ " r }
yNH O‘Q 7)@ OC,)

(14{3{6-(7+{2-[4-Cyano-1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-

imidazol-4-yl}-9,9-difluoro-9H-fluoren-2-yl)-1H-benzoimidazol-2-yl]-2-aza-bicyclo[2.2.1]heptane-
2-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

(1-{3-[6-(7-{2-[4-Cyano-1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-
3H-imidazol-4-y1}-9,9-difluoro-9H-fluoren-2-yl)-1H-benzoimidazol-2-yl]-2-aza-
bicyclo[2.2.1]heptane-2-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example
DYV) was prepared in a similar fashion to (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)-1H-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-ESI": calc’d for C4gHs F2NgOg: 887.9 (M'); Found: 888.3 (M+H™).
'H-NMR: 300 MHz, (dmso-ds) 8: 8.10-7.95 (m, 8H), 7.70 (s, 2H), 7.34 (m, 1H), 7.26 (m, 1H),
5.12(dd, J = 8.4 Hz, 1H), 4.72 (s, 1H) 4.52 (s, 1H), 4.42 (m, 1H), 4.16 (m, 1H), 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, 1H), 2.39 (m, 1H),
2.25 (m, 1H), 2.03 — 1.72 (m, 6H), 1.54 (m, 2H), 0.94 - 0.77 (m, 15H) ppm.
F.NMR: 282 MHz, (dmso-dg) &: -108.6 ppm [-74.3 ppm TFA].

Example DW

\JL

H
O

) \7 . . \\/No)ﬁ k

5’ Y
o]
(1H{6-[5-(4'{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}-biphenyi-4-yl)-1H-
imidazol-2-yl}-56-aza-spiro[2.4]heptane-5-carbony!}-2-methyl-propyl)-carbamic acid methyl ester

(1-{6-[5-(4'-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-
imidazol-4-yl}-biphenyl-4-yl)-1H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-S-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)-1H-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 HCI in dioxane for the Boc
deprotection.

LCMS-ESI": calc’d for C4;Hs;NgOg: 764.9 (MY); Found: 765.3 (M+H").

'H-NMR: 300 MHz, (dmso-dg) &: 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, 1H), 2.05-1.95 (m, 4H), 0.94-0.80 (m, 12H), 0.63 (m, 4H) ppm.

Example DX

\J\H

° %a A
H O
o)
(1{2-[5-(4'-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl}-3H-imidazol-4-yf}-bipheny|-4-
yl)-1Himidazol-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-
imidazol-4-yl}-biphenyl-4-yl)-1H-imidazol-2-yl]-thiazolidine-3-carbonyl}-2-methyl-
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}-3H-imidazol-4-yl } -
biphenyl-4-yl)-1H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-carbonyl}-2-methyl-propyl)-
carbamic acid methyl ester (Example DW), replacing the cyclopropy! proline carboxylic acid
with the corresponding thiazolidine derivative.
LCMS-ESI": calc’d for C3gHagNgOgS: 756.9 (M™); Found: 757.0 (M™).
'H-NMR: 300 MHz, (dmso-dg) 8: 8.06 (m, 2 H), 7.86-7.70 (m, 10H), 7.45 (m, 1H), 7.22 (m,
1H), 6.33 (s, H), 5.09 (m, 1H), 4.18 — 4.08 (m, 4H), 3.80 (m, 2H), 3.56 (s, 6H), 3.30 (m, 2H),
2.40 (m, 1H), 2.05-1.95 (m, 5H), 0.94-0.75 (m, 12H) ppm.
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Example DY

(0]
3L

1 |
[>CN o FF H oM
rietatetp

3-[6-(9,9-Difluoro-7-{2-{5-2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-
spiro[2.4]hept-6-ylJ-3H-imidazol-4-yl}-9H-fluoren-2-yl)}- 1H-benzoimidazol-2-yl}-2-aza-
bicyclof{2.2. 1}heptane-2-carboxylic acid tert-butyl ester

1. HCI Dioxane / DCM o)
2. HATU, DIEA, DMF 2R L

o O l\ .
NI NN D(\N o) RF H M
24 v 7a0ava *QY'

(14{6-[5-(9.9-Difluoro-7-{2-{2-(2-methoxycarbonylamino-propionyl)-2-aza-bicyclo[2.2.1}hept-3-y!}-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

(1-{6-[5-(9,9-Difluoro-7-{2-|2-(2-methoxycarbonylamino-propionyl)-2-aza-
bicyclo|2.2.1]hept-3-yl]-3H-benzoimidazol-5-yl}-9H-fluoren-2-yl)-1H-imidazol-2-yl]-5-aza-
spiro[2.4]Jheptane-S-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 Jhept-6-
yl]-3H-imidazol-4-yl}-9H-fluoren-2-yl)-1H-benzoimidazol-2-yl]-2-aza-bicyclo[2.2.1 Jheptane-2-
carboxylic acid fert-butyl ester (57.6 mg, 0.068 mmol) was dissolved in DCM (1 mL) and HCI
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 of 2- (L) methoxycarbonylamino-propionic acid
(9.95 mg, 0.068 mmol), HATU (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 matenial, which was purified by RP-HPLC (eluent: water / MeCN w/
0.1% TFA) to yield the product (1-{6-[5-(9,9-Difluoro-7-{2-[2-(2-methoxycarbonylamino-
propionyl)-2-aza-bicyclo[2.2.1]hept-3-yl]-3H-benzoimidazol-5-yl }-9H-fluoren-2-yl)- 1H-
imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-carbonyl }-2-methyl-propyl)-carbamic acid methyl
ester (25.4 mg) as a TFA salt. )

LCMS-ESI": calc’d for C4;HsoF2NgOs: 860.9 (m; Found: 861.8 (M+H+).
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'H-NMR: 300 MHz, (dmso-d¢) 5: 8.20-7.99 (m, 8H), 7.73 (s, 2H), 7.37 — 7.27 (m, 2H), 5.24
(dd, J = 7.2 Hz, 1H), 4.76 (s, 1H) 4.50 (s, 1H), 4.41 (m,1H), 4.02 (m, 1H), 3.85 (m,1H), 3.74
(m, 1H), 3.55 (s, 3H), 3.53 (s, 3H), 2.77 (m, 1H), 2.25 (m, 2H), 2.09 — 2.04 (m, 2H), 1.88 — 1.79
(m, 2H), 1.54 (m, 1H), 1.25 (d, J= 7.8 Hz, 3H), 0.94 - 0.77 (m, 9H) 0.63 (m, 4H) ppm.
F-NMR: 282 MHz, (dmso-ds) 3: -109.1 ppm [-74.8 ppm TFA].

Example DZ

(o]
> H __‘\Z_

o l
[><\ N0 R F H oM
5

3{6-(9,9-Difiuoro-7-{2{5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4]hept-6-
yi}-3H-imidazol-4-yl}-9H-fluoren-2-yl}-1H-benzoimidazol-2-yl}-2-aza-bicycio[2.2. 1]heptane-2-
carboxylic acid fert-butyl ester

1. HCI Dioxane / DCM
2. HATU, DIEA, DMF

O H
“0 \O>"‘N .“\L

¥y },rgw

o
O=?=O
(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)-1H-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-methoxycarbonylamino-4-methylsulfonyl-butyryl)-2-aza-
bicyclo[2.2.1]hept-3-yl]-3H-benzoimidazol-5-yl}-9H-fluoren-2-yl)-1H-imidazol-2-yl]-5-aza-
spiro{2.4]heptane-S-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)-1H-benzoimidazol-2-yl]-2-aza-bicyclo[2.2.1 ]heptane-2-
carboxylic acid tert-butyl ester (55.6 mg, 0.067 mmol) was dissolved in DCM (1 mL) and HCI
in dioxane (4M, 1 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 (1.0 mL) and DIEA
(25.8 mg, 0.201 mmol) was added. A solution of 2- (L) methoxycarbonylamino-4-methyl-
sulfonyl-butyric acid (15.9 mg, 0.067 mmol), HATU (25.4 mg, 0.067 mmol) and DIEA (8.6 mg,
0.067 mmol) in DMF (1 mL) was added. The reaction was stirred at room temperature. Afier
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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 / 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-yl1}-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 TFA salt.

LCMS-ESI': calc’d for CagHssFoNgOsS: 953.1 (M*); Found: 954.0 (M+H™).

'H-NMR: 300 MHz, (dmso-dg) §: 8.20-7.99 (m, 8H), 7.77 (s, 2H), 7.65 (m, 1H), 7.35 (m, 1H),
5.25(dd, J = 7.2 Hz, 1H), 4.79 (s, 1H) 4.56 (s, 1H), 4.53 (m, 1H), 4.02 (m, 1H), 3.88 (m,1H),
3.72 (m, 1H), 3.56 (s, 3H), 3.53 (s, 3H), 3.27 (m, 2H), 3.01 (s, 3H), 2.78 (m, 1H), 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.
'SF-NMR: 282 MHz, (dmso-ds) 8: -109.1 ppm [-74.8 ppm TFA].

Example EA
ML

Sl
[>CN0 RF HoH
S aayasy )

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)- 1H-benzoimidazol-2-yl}-2-aza-bicyclo[2.2. 1 ]heptane-2-
carboxylic acid tert-buty! ester

1. HCI Dioxane / DCM
2. HATU, DIEA, DMF

9
o CN Oynl‘L
Al ol
- ° . o Q Q Q N oﬁ/n\n,o
o

. CN
(3-Cyano-1-{3{6-(8.9-diflucro-7-{2-[5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro| 2.4]hept-6-yl}-

3H-imidazol-4-yl)~9H-ﬂuoren-2-yI)—1f#be;ﬂﬁ?xz:gﬂ;ﬁ;z;gicydo[z.2.1]heptane—2-carbonyl}-propyl)-
(3-Cyano-1-{3-{6-(9,9-difluoro-7-{2-|S-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-
spiro[2.4]hept-6-yl]-3H-imidazol-4-yl}-9H-fluoren-2-yl)-1H-benzoimidazol-2-yl]-2-aza-
bicyclo[2.2.1]heptane-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)-1H-benzoimidazol-2-yl]-2-aza-bicyclo[2.2.1]heptane-2-
carboxylic acid fert-butyl 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 DIEA
(28.5 mg, 0.186 mmol) was added. A solution of 2- (L) Methoxycarbonylamino-3-cyano-
butyric acid (13.8 mg, 0.074 mmol), HATU (28.3 mg, 0.074 mmol) and DIEA (9.5 mg, 0.074
mmol) 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 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 / 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-yl]-3H-imidazol-4-yl } -9H-
fluoren-2-yl)-1H-benzoimidazol-2-yl]-2-aza-bicyclo[2.2.1}heptane-2-carbonyl }-propyl)-
carbamic acid methyl ester (33.1 mg) as a TFA salt.

LCMS-ESI": calc’d for CsoHs FoNgQOs: 899.9 (M"); Found: 900.4 (M+H™).

'H-NMR: 300 MHz, (dmso-dg) 5: 8.20-7.99 (m, 8H), 7.76 (s, 2H), 7.59 (m, 1H), 7.36 (m, 1H),
5.25(dd, J = 7.2 Hz, 1H), 4.79 (s, 1H) 4.55 (s, 1H), 4.41 (m, 1H), 3.99 (m, 1H), 3.86 (m,1H),
3.74 (m, 1H), 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.

F.NMR: 282 MHz, (dmso-dg) §: -109.1 ppm [-74.7 ppm TFA].

Example EB

1. HATU, DIEA, DMF

1 | s
. o N OH 08¢ ! 0
¢ I H g Y W NH4OAc, m-Xyl
N OH HN o
N 2. HATU, DIEA, DMF -0 Br

o =

jop -
B NH;

| 8 K
O °<:t(h' N, O
N B HON S
;f\:/go,,'_/; C ’ 0
A

(1-{4-{5-(4-Bromo-phenyl)}-1H- é <s H H\N : N>
imidazok-2-yl}-5,5-dimethy}- OY N — ‘\(\ k
thiazolidine-3-carbonyl}-2-methyl- W = N oé\"‘\
HN o N
2N

propyl)-carbamic acid methyl ester N. O
HY ™
(o}

[14-{5-{4-(4-{2-{1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi}- 3H-
imidazol-4-y(-phenylethynyl)-phenyl} 1H-imidazol-2-yl}-5,5-dimethyl-thiazolidine-3-
carbonyl)-2-methyl-propyl}-carbamic acid methyl ester
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(1-{4-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-S,5-dimethyl-thiazolidine-3-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester:

5,5-Dimethyl-thiazolidine-4-carboxylic acid (1.1 g, 6.91 mmol) and DIEA (891 mg, 6.91
mmol) were added as a DMF (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 DIEA (891
mg, 6.91 mmol) at room temperature. After 20 minutes, additional HATU (2.26g, 6.91 mmol)
and DIEA (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 DIEA (891 mg, 6.91 mmol) in DMF (3 mL) was added. Stirring at room
temperature was continued. After 10 minutes, all volatiles were removed in vacuo and the crude
material was taken into EtOAc. The organic layer was washed with aqueous hydrochloric acid
(0.1M), 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 / hexanes) yielded the
product (3.46 g, 6.73 mmol).

LCMS-ESI": calc’d for C2HagBrN3OsS: 514.3 (MY); Found: 515.4/513.4 (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 / hexanes) to yield the product (1-{4-[5S-(4-Bromo-phenyl)-1H-imidazol-2-yl]-
5,5-dimethyl-thiazolidine-3-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (190 mg).
LCMS-ESI": calc’d for C2 HpsBrN4O3S: 495.4 (M"); Found: 496.4 / 494.4 (M+H").

[1-(4-{5-[4-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi]-3H-
imidazol-4-yl}-phenylethynyl)-phenylj-1H-imidazol-2-y1}-5,5-dimethyl-thiazolidine-3-
carbonyl)-2-methyl-propyl]-carbamic acid methyl ester:
(1-{4-[5-(4-Bromo-phenyl)-1H-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)-1H-imidazol-2-yl]-pyrrolidine- 1-carbonyl}-2-methyl-propyl)-carbamic acid
methyl ester (66.0 mg, 0.167 mmol) and PdCly(PPh;); (11.7 mg, 0.017 mmol) under an argon
atmosphere. DMF (2.0 mL degassed with Argon) was added followed by triethylamine (168
mg, 1.67 mmol) and copper(l) 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% / 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]-1H-imidazol-2-yl}-5,5-dimethyl-thiazolidine-3-carbonyl)-2-methyl-propyl}-carbamic
acid methyl ester (32.1 mg) as a TFA salt.

LCMS-EST": calc’d for C43Hs;NgOgS: 808.9 (M"); Found: 809.9 (M+H").

'H-NMR: 300 MHz, (dmso-dg) 5: 8.09 (m, 2H), 7.83 — 7.69 (m, 12H), 7.56 (m, 1H), 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, DIEA, DMF "3

o O O N No*ﬁN °
P4 e Hor

” OH o

o 2. NH40Ac, m-Xyl
) . 1.TFA/DCM
2,2-Dimethyl-oxazolidine-4- 2. HATU, DIEA, DMF

carboxylic acid

° Hoo© ) § )L I
)itj\ﬁﬁg\‘k COOH
L H'N\n/o\

454 {2{1-(2-

Methoxycarbonylamino-3-methyl-

butyryl)-pyrrolidin-2-yl}-3H-imidazol-

4-yl1-biphenyl-4-yl)-1H-imidazol-2-yl} l HO

2,2-dimethyl-oxazolidine-3- o HN]\( N

carboxylic acid tert-butyl ester O O
& M
/\ T

(1{24{5-(4'{2-{2-Hydroxy-1 -(2-methoxycarbonylammo-s-methyl
butyrylamino)-ethy(}-3H-imidazol-4-y[}-biphenyl-4-yl)-1H-imidazol-2-
yl}l-pyrrolidine-1-carbonyl}-2-methylpropyl)}-carbamic acid methy!
ester

4-[5-(4'-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-
4-yl}-t;iphenyl-4-yl)-lH-imidazol-2-yl]-2,2-dimethyl-oxazolidine-3-carboxylic acid rert-
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 DIEA (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]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-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 / 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 / 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)-
1H-imidazol-2-yl]-2,2-dimethyl-oxazolidine-3-carboxylic acid tert-butyl ester (123 mg, 0.172
mmol).

LCMS-ESI": calc’d for C3pHaN70g: 711.8 (MY); Found: 712.7 (M+H™).

(1-{2-[5-(4'-{2-|2-Hydroxy-1-(2-methoxycarbonylamino-3-methyl-butyrylamino)-ethyl}-
3H-imidazol-4-yl}-biphenyl-4-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-
propyl)-carbamic acid methyl ester:
4-[5-(4'-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-
yl}-biphenyl-4-yl)-1H-imidazol-2-yl}-2,2-dimethyl-oxazolidine-3-carboxylic acid fert-butyl
ester (61 mg, 0.086 mmol) was dissolved in DCM (1 mL) and TFA (4M, 0.2 mL) was added and
stirring at 0 °C 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 of 2- (L)
Methoxycarbonylamino-3-methyl-butyric acid (15.2 mg, 0.086 mmol), HATU (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 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 / MeCN w/ 0.1% TFA) to yield the product (1-{2-[5-(4'-
{2-[2-Hydroxy-1-(2-methoxycarbonylamino-3-methyl-butyrylamino)-ethyl]-3H-imidazol-4-yl} -
biphenyl-4-yl)-1H-imidazol-2-yl]-pyrrolidine- I-carbonyl }-2-methyl-propyl)-carbamic acid
methyl ester (11.2 mg) as a TFA salt.

LCMS-ESI": calc’d for C3gH4gNgO7: 728.8 (M™); Found: 729.7 (M+H").

'H-NMR: 300 MHz, (dmso-dg) 8: 8.62 (m, 1H), 8.11 (m, 2H), 7.95 — 7.86 (m, 8H), 7.34 (m,
1H), 7.22 (m, 1H), 5.10 (m, 2H), 4.78 (s, 1H) 4.13 (m, 1H), 3.94 (m, 1H), 3.83 (m, 4H), 3.54
(s, 3H), 3.53 (s, 3H), 2.37 (m, 1H), 2.09 — 2.04 (m, SH), 0.88 - 0.75 (m, 12H) ppm.
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Example ED

Preparation of Intermediate 5-Aza-spiro[2.4]heptane-5,6-dicarboxylic acid 5-benzyl ester
6-methy]l ester

N,BOC Cbz
=<> 1. HCI, MeOH N, wCOMe EtyZn, TFA,
“COH 2. Cbz-Cl, NMM ;} 2 CH,l,
—_— —_——

DCM
4-Methylene-pyrrolidine-1,2-
dicarboxylic acid 1-benzyl ester 2-
methyl! ester

4-Methylene-pyrrolidine-1,2-
dicarboxylic acid 1-tert-butyl ester

lez

0

bz pbz

pbz
N
NMO, OsO N nCOzMe
1 a "
coge 4 R 49 {COMe  + 2
):)--\COzMe THF/H,O/acetone PH

5-Aza-spiro[2.4}heptane-5,6-
dicarboxylic acid 5-benzyl
ester 6-methyl ester

-4

LiOH,
THF, MeOH, H,0

Cbz

I

I N>.\\COZH

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 1-ters-butyl ester (10.0 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 chloroformate (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 HCI (1M). The solution was
dried over sodium sulfate. Filtration and evaporation of solvents gave crude product, which was
purified by silica gel chromatography (eluent: EtOAc / hexanes) to yield the product (10.2 g).
LCMS-ESI": calc’d for CysH;sNO4: 275.3 (M"); Found: 276.4 (M+H").
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S-aza-spiro|2.4]heptanes-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 M in 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, diitodomethane (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 (8.10 g, 29.4 mmol) 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 RT
and stirred for 110 hours (about 5 days) after which the reagents were quenched with saturated
aqueous ammonium chloride (~150 mL). The contents of the 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 ﬁrovide the crude material. The crude material was
dissolved in 3:1:1 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 of the 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. '"H NMR (CDCl3) & 7.36-7.29 (m, 5H), 5.21-5.04 (m, 2H), 4.56-4.47 (m, 1H), 3.75 (s,
1.5H), 3.60 (m, 1.5H), 03.51-3.37 (m, 2H), 2.32-2.25 (m, 1H), 1.87-1.80 (m, 1H), 0.64-0.51 (m,
4H).

S-Aza-spiro[2.4]heptane-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 HC] (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 CysH;7NO4: 275.3 (M™"); Found: 276.3 (M+H").
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Example ED’
1. Pd(PPhg)s (2.5%). SnBu;

o \ PdCIy(PPhs); (2.5%) TOB
3/2 \<-
. deoxoftuor . Dioxane 80°C 3 h
2. NBS (1x) H;0

2,7-Dibromo-fluoren-9-one 2,7-Dibromo-9,9-difluoro- 3. N-Cbz-4-cyclopropyl (L) Proline, DIEA,
9H-fluorene DMF, MeCN, rt
.Cbz FF

N

v<:'\goo O.O o NH4OAc, m-Xyl, V<\\E“/ Q'Q &

5-Aza-spiro[2.4]heptane-5,6-dicarboxylic acid 5- ) §-[5-(7-Bromo—9.9-dif!uoro—9H-ﬂuoren-2—yl)-1H-'
benzy! ester 6{2-(7-bromo-9,9-diflucro-9H- mtdazol-Z-yl]-S-azq—spwo[Z.4]heptane-S-carboxyhc
fluoren-2-yl)-2-oxo-ethyl] ester acid benzyl ester

1. HBr / HOAC §(°_
2. HATU, DIEA, DMF NH

n-CoZ FF N J\\/g/on N o
oy e Tasas

(1-{6-{5-(7-Bromo-9,9-difiuoro-9H-fluoren-2-yl)-1H-
imidazol-2-yl}-5-aza-spiro[2.4)heptane-5-carbonyl}-2-

0 o— methyl-propyl)-carbamic acid methyl ester
NH
o7k V(w ahe o
Pd(PPhg)q (10%), 3-{6-(9.9-Difluoro-742-{5-(2-methoxycarbonylamino-3-methyl-butyry)-5-aza-
K2C0; (3x) spiro[2.4)hept-6-yl}-3H-imidazol-4-yl}-9H-fluoren-2-yl)-1H-benzoimidazol-2-yl}-
DME / H,0 2-aza-bicyclo[2.2. 1]heptane-2-carboxylic acid tert-butyl ester
0%0-_
NH

1. HCI Dioxane / DCM
2. HATU, DIEA, DMF

\ojj\uj:cy)(OH H/NH Q.Q Q

H

/O

(14{3-[6-(9,9-Difluoro-7-{2-[5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-
spiro[2.4]hept-6-yl}-3H-imidazol-4-y[}-9H-fluoren-2-yl)- 1H-benzoimidazol-2-yl}- 2-aza-
bicyclof2.2.1}heptane-2-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

2,7-Dibromo-9,9-difluoro-9H-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 exotherms 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 HCI (1M) and brine. The solution was dried over sodium sulfate. Filtration and
evaporation of solvents gave crude product, which was purified by silica gel chromatography
(eluent: EtOAc / hexanes) to yield the product 2,7-Dibromo-9,9-difluoro-9H-fluorene (3.2 g).
'F.NMR: 282 MHz, (dmso-ds) 8: -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 S-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(PPhs3)s (30.0 mg, 0.026 mmol),
PdCI>(PPh;),; (18.2 mg, 0.026 mmol), As(PPhs); (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 / MeCN (2 mL,
1:1) at room temperature. A solution of N-Cbz-4-cyclopropyl (L) Proline (0.84 mmol) and
DIEA (268 mg, 2.08 mmol) in MeCN (2 mL) was added and stirring at room temperature was
continued. After 14 hours, most of the MeCN was removed in vacuo and the crude reaction
mixture was diluted with EtOAc. The mixture was washed with aqueous HCI (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 /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-
ESI": calc’d for C3H4BrF,NOs: 596.4 M 1); Found: 595.2 / 597.2 (M+H").

6-[5-(7-Bromo-9,9-difluoro-9H-fluoren-2-yl)-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 / hexanes) to yield the product 6-[5-(7-Bromo-9,9-difluoro-9H-fluoren-2-yl)-
1H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-carboxylic acid benzyl ester (80.3 mg). LCMS-
ESI": calc’d for C3oH4BrFaN30,: 576.4 (M ™); Found: 575.2/577.2 (M+H").

(1-{6-[5-(7-Bromo-9,9-difluoro-9H-fluoren-2-yl)-1H-imidazol-2-yl]-5-aza-
spiro[2.4]heptane-5-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester:
6-[5-(7-Bromo-9,9-difluoro-9H-fluoren-2-yl)-1H-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 of 2-(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 / hexanes) to yield the slightly impure product (1-{6-[5-(7-Bromo-9,9-difluoro-9H-
fluoren-2-yl)-1H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-carbonyl } -2-methyl-propyl)-
carbamic acid methyl ester (878 mg). LCMS-ESI": calc’d for CgH39BrFaN4O3: 599.5 M +);
Found: 598.5/600.5 (M+H™.

3-16-(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)-1H-benzoimidazol-2-yl]-2-aza-
bicyclo[2.2.1]heptane-2-carboxylic acid zert-butyl ester:
(1-{6-[5-(7-Bromo-9,9-difluoro-9H-fluoren-2-yl)-1H-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)-1H-benzoimidazol-2-yl}-2-aza-bicyclo[2.2.1 Jheptane-2-
carboxylic acid tert-butyl ester (615 mg, 1.4 mmol) , Pd(PPh3)4 (161 mg, 0.14 mmol), K,CO;
(579 mg, 4.2 mmol), were dissolved in DME (15 mL) / 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 / 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]-3H-imidazol-4-yl } -9H-fluoren-2-yl)- 1H-benzoimidazol-2-yl}-2-aza-
bicyclo[2.2.]]héptane—Z-carboxylic acid tert-butyl ester (878 mg). LCMS-ESI": calc’d for
C47Hs5 F2N70s: 831.9 (M ™); Found: 832.7 (M+HY).

(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-y1}-9H-fluoren-2-yl)-1H-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-bicyclo[2.2.1]heptane-2-
carboxylic acid fert-butyl ester (115 mg, 0.138 mmol) was dissolved in DCM (2 mL) and HCl 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 DIEA
(53.4 mg, 0.414 mmol) was added. A solution of 2- (L) Methoxycarbonylamino-3-methyl-
butyric acid (24.2 mg, 0.138 mmol), HATU (52.4 mg, 0.138 mmol) and DIEA (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 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 / MeCN w/ 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)-1H-benzoimidazol-2-yl]-2-aza-bicyclo[2.2.1]heptane-2-carbonyl }-2-methyl-
propyl)-carbamic acid methyl ester (76 mg). LCMS-ESI": calc’d for C4gHssF2NgOg: 888.9 (M
*); Found: 890.0 (M+H").

'H-NMR: 300 MHz, (dmso-dg) 8: 8.20-7.99 (m, 8H), 7.73 (s, 2H), 7.37 — 7.27 (m, 2H), 5.25
(dd, J = 7.2 Hz, 1H), 4.78 (s, 1H) 4.54 (s, 1H), 4.16 (m, 1H), 4.02 (m, 1H), 3.87 (m,1H), 3.74
(m, 1H), 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, 1H), 0.94 - 0.77 (m, 15H) 0.63 (m, 4H) ppm. '’F-NMR: 282 MHz, (dmso-
dg) 8: -109.1 ppm [-74.8 ppm TFA]
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2 |5(7-anu>9 10-dihydro- &[&(4 4.5,5-Tetramethyl- D:,E ° 3-(B{7-{2- (1 -tort- Buloxycatbunyt—pytmhdnz -yi)-3H
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TFA HATU
CH,Ch DIPEA (14{3-[6-(7-{2-[1-(2- MemoxyGIbmylmmo-S-n\elhyLbutyM)-
DMF pymolidin-2-yl}- 3H-i 4-yi)-9,10-dihydro.
yi-1H i 2-yl}-2-aza-bicyciof2 21 2.
rbonyl}-2-methyl-propyf) ic acid methy! ester

3-(6-{7-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-y1]-9,10-dihydro-
phenanthren-2-yl}-1H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid
tert-butyl ester. Pd(Ph;3)s (20 mg, 0.017 mmol) was added to a mixture 2-[5-(7-bromo-9,10-
dihydro-phenanthren-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid fert-butyl ester (173
mg, 0.35 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 fert-butyl ester (154 mg, 0.35 mmol), NaHCO;
(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 NaHCOs
solution, water and brine, dried over Na;SQy, 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]-9,10-dihydro-phenanthren-2-yl}-1H-
benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester as a white
solid (150 mg, 59%). m/z 727.4 (M+H)".

(1-{3-[6-(7-{2-]1-(2-Methoxycarbonylamine-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-
imidazol-4-yl}-9,10-dihydro-phenanthren-2-yl)-1H-benzoimidazol-2-yl]-2-aza-
bicyclo[2.2.1]heptane-2-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester: To a
solution of 3-(6-{7-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-9,10-dihydro-
phenanthren-2-yl}-1H-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 (100 mL), washed with 1 N NaOH soiution, water and brine, dried
over Na,SOy, filtered and concentrated in vacuo. The obtained residue was purified by HPLC to
provide the desired product (1-{3-[6-(7-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-
pyrrolidin-2-yl]-3H-imidazol-4-yl}-9,10-dihydro-phenanthren-2-yl)-1H-benzoimidazol-2-yl]-2-
aza-bicyclo[2.2.1]heptane-2-carbonyl }-2-methyl-propyl)-carbamic acid methyl ester as a TFA
salt (57 mg, 36%). 'H-NMR (300 MHz, CD;0D) & 8.05-7.60 (m, 10H), 5.25 (t, 1H), 4.40-4.05
(m, 3H), 3.95-3.60 (m, 8H), 3.10-2.90 (m 6H), 2.65-2.50 (m, 1H), 2.40-1.70 (m, 11H), 1.05-0.90
(m, 12H); m/z 839.2 (M+H)".
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Example EF
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1. Pd(PPh3)4 z H
PdCl,(PPhj); Q/

r

2-{5-{7-(2-Bromo-acetyl)-9,10-dihydro-
phenanthren-2-yl}-1H-imidazol-2-yl}-
pyrrolidine-1-carboxylic acid tert-butyl ester

-0
: NH Booc’@

2-Aza-bicyclo[2.2.1]heptane-2,3-dicarboxylic
acid 3-(2-{7-[2-(1-tert-butoxycarbonyl-pymolidin-2-
yl)-3H-imidazol-4-yl]-9,10-dihydro-phenanthren-2-

2. NBS/H,0

buty! ester yi}-2-oxo-ethyl) ester 2-tert-butyi ester
DIEA, MeCN
Ty Jo XD
N
. e IO}
N N N Boc
NH40Ac Q/ H
xylene d
3-(5-{7-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-
4-yi]-9, 10-dihydro-phenanthren-2-yl}- 1H-imidazol-2-yl)-2-
aza-bicyclo[2.2.1]heptane-2-carboxylic acid ferf-buty! ester
/
~ g, )
H? (NH )‘N A \ @
_— —_— \\(
TFA HATU
CH.CI, DIPEA
DMF )’O

(2-{3-[5—(7-{2-[1-(2-Methoxycarbonylamino-proplonyl)
pyrrolidin-2-yl]-3H-imidazol-4-yl}-9, 10-dihydro-phenanthren-
2-yl)-1H-imidazol-2-yl]-2-aza-bicyclof2.2.1]hept-2-yl}-1-
methyl-2-oxo-ethyl)-carbamic acid methyl ester

-2-{5-]|7-(2-Bromo-acetyl)-9,10-dihydro-phenanthren-2-yl]-1H-imidazol-2-yl}-pyrrolidine-1-
carboxylic acid fert-butyl ester. Pd(Phs)4 (15 mg, 0.015 mmol) and PdCl2(Ph;); (10 mg, 0.015
mmol) were added to a mixture 2-[5-(7-bromo-9,10-dihydro-phenanthren-2-yl)-1H-imidazol-2-
yl]-pyrrolidine-1-carboxylic acid ters-butyl ester (180 mg, 0.37 mmol) and tributyl(1-
ethoxyvinyltin (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
Na;SO,, filtered and concentrated in vacuo. The obtained residue was carried on to next step

reaction without purification.

2-Aza-bicyclo[2.2.1}heptane-2,3-dicarboxylic acid 3-(2-{7-[2-(1-fert-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-fert-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)-9,10-dihydro-phenanthren-2-yl]-1H-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 NaHCO; solution and water, dried over Na,SO4, 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)-3H-imidazol-4-y1]-9,10-dihydro-phenanthren-2-yl}-2-oxo-
ethyl) ester 2-tert-butyl ester as a brown solid (132 mg, 51% over two steps). m/z 697.2
(M+H)".

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-pyrrolidin-2-yl)-3H-imidazol-4-yl]-9,10-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 (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 NaHCOj solution, water and brine, dried over Na;SOq,
filtered and concentrated in vacuo. The obtained residue was purified by flash chromatography
to provide the desired product 3-(5-{7-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-
4-y1]-9,10-dihydro-phenanthren-2-yl }-1H-imidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-
carboxylic acid tert-butyl ester as a white solid (36 mg, 28%). m/z 677.4 (M+H)".

(2-{3-[5-(7-{2-[1-(2-Methoxycarbonylamino-propionyl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}-
9,10-dihydro-phenanthren-2-yl)-1H-imidazol-2-yl]-2-aza-bicyclo[2.2.1) hept-2-yl}-1-methyl-
2-ox0-ethyl)-carbamic acid methyl ester. To a solution of 3-(5-{7-[2-(1-tert-Butoxycarbonyl-
pyrrolidin-2-yl)-3H-imidazol-4-y1}-9,10-dihydro-phenanthren-2-yl } -1 H-imidazol-2-yl)-2-aza-
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bicyclo[2.2.1]heptane-2-carboxylic acid fert-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-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 (100 mL), washed with 1 N NaOH solution,
water and brine, dried over Na,SO,, 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}-9,10-dihydro-
phenanthren-2-yl)-1H-imidazol-2-yl]-2-aza-bicyclo[2.2. I Jhept-2-yl}-1-methyl-2-oxo-ethyl)-
carbamic acid methyl ester as a TFA salt (5.5 mg, 14%). 'H-NMR (300 MHz, CD;0D) & 8.05-
7.60 (m, 8H), 5.35-5.25 (m, 1H), 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, 1H), 2.30-1.70 (m, 9H), 1.45-1.20 (m, 6H); m/z 735.3 (M+H)".
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2. NBSH,0 Boc butyl ester 342-(7-{2{1-(2-methoxycarbonylamino-3-
methyl-butyryl)-pyrrolidin-2-y[}-3H-imidazol-4-y(}-9,10-
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xylene
3H5(7-{2{1 -(2 Methoxycarbonylamino-3-methyl-butyryl)-pymrolidin-2-
yl]-3H-imidazol-4-y1}-9, 10-dihydro-phenanthren-2-yl)-1H-imidazol-2-
yl]-2-aza-bicyclo{2.2. 1]heptane-2-carboxylic acid tert-butyl ester
o=()7 o’
NH H H(
Pa O” |
& \\(J\ A
TFA HATU \\
CH,C DIPEA -N
2 DMF ” =0
—0

(142-[5-(72-[2-(2-Methoxycarbonylamino-propionyl)-2-aza-
bicyclo[2.2.1]hept-3-yl}-3H-imidazol-4-y[}-9,10-dihydro-
phenanthren-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyi}-2-
methyl-propyl)-carbamic acid methy! ester

(1-{2-[5-(7-Bromo-9,10-dihydro-phenanthren-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester. To a solution of 2-[5-(7-bromo-

9,10-dihydro-phenanthren-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid fert-butyl ester
(187 mg, 0.38 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 HCl. The obtained white solid was

dissoved in DMF (5 mL), 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 Na;SQ,, filtered and concentrated in vacuo. The
obtained residue was purified by flash chromatography to provide the desired product (1-{2-[5-
(7-bromo-9,10-dihydro-phenanthren-2-yl)-1H-imidazol-2-yl]-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-fert-butyl ester 3-[2-(7-{2-[1-(2-
methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-y1}-9,10-
dihydro-phenanthren-2-yl)-2-oxo-ethyl] ester: Pd(Phs)4 (15 mg, 0.015 mmol) and
PdCl,(Ph3), (10 mg, 0.015 mmol) were added to a mixture of (1-{2-[5-(7-bromo-9,10-dihydro-
phenanthren-2-yl)-1H-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 Na;SQy, filtered and concentrated in vacuo. The
obtained residue was disolved in acetonitrile (3 mL). To it was added a solution 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) 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 NaHCO;
solution and water, dried over Na,SQy, 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}-3H-imidazol-4-yl}-9,10-dihydro-
phenanthren-2-yl)-2-oxo-ethyl] ester as a brown oil (130 mg, 47% over two steps). m/z 754.3
(M+H)".

3-[5-(7-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-
y1}-9,10-dihydro-phenanthren-2-yl)-1H-imidazol-2-yl]-2-aza-bicyclo[2.2.1]heptane-2-
carboxylic acid fert-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-
yl]-3H-imidazol-4-yl}-9,10-dihydro-phenanthren-2-yl)-2-oxo-ethyl] 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 (100 mL), washed with NaHCOj solution,

water and brine, dried over Na;SQy, 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]-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 as a white solid (38 mg, 28%). m/z 734.4 (M+H)".

(l-{2-[5-(7-{2-[2-(2-Methoxycarbonylamino-propionyl)-z-aza-bicyclo[2.2.l]hept—3-yl]-3H-
imidazol-4-yl}-9,10-dihydro-phenanthren-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-
2-methyl-propyl)-carbamic acid methyl ester. To a solution of 3-[5-(7-{2'-[1-(2-
Methoxycarbonylamino-3-methyl-butyryl)-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 fert-butyl
ester (38 mg, 0.052 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 (9 mg, 0.06 mmol), HATU (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 (100 mL), washed with 1 N NaOH solution, water and brine, dried over Na,;SQO;, filtered
and concentrated in vacuo. The obtained residue was purified by HPLC to provide the desired
product (1-{2-[5-(7-{2-[2-(2-Methoxycarbonylamino-propionyl)-2-aza-bicyclo[2.2.1]hept-3-yl]-
3H-imidazol-4-yl}-9,10-dihydro-phenanthren-2-yl)-1H-imidazol-2-yl]-pyrrolidine- 1 -carbonyl } -
2-methyl-propyl)-carbamic acid methyl ester as a TFA salt (15 mg, 39%). '"H-NMR (300 MHz,
CD;0D) 6 8.10-7.60 (m, 8H), 5.35-5.25 (m, 1H), 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+H)".
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Example EH
OEt
® Oy 2o I
OO 2O e e rar
B 1. Pd(PPhy), N S
2,7-Dibromo-8, 10- PACAPPRS:  wooc N Pyrrolidine-1,2-dicarbaxylic acid 2-[2-(7
; , : ofidine-1,2-dica acid 2-[2-(7-
8.10-Oihydro-phenanthrene iy grg-phenanthrene 2. NBS/H,0 BOC  bromo-9,10-dihydro-phenanthren-2-yl)-2-
DIEA, OMF oxo-ethyl] ester 1-fert-butyl ester
Py
Sn(Bu); Boc '
N O O 00 H
LY
1. Pd(PPhs),4 " o] O_N
PACI,(PPhs), H .
Hooc” N 2-Aza-bicyciof2.2.1]heptane-2,3-dicarboxylic acid 3-(2-{7-{2-(1-tert-
2. NBS/H,0 Boc butoxycarbonyl-pyrrolidine-2-carbonyloxy)-acety()-9, 10-dihydro-
DIEA,MeCN phenanthren-2-yl}-2-oxo-ethyl) ester 2-tert-butyl ester
H H
NS S W e
—_— Y \)L N\ N
NH40Ac NN Boc
xylene s H
3-(5-{7-{2-(1-tert-Butoxycarbonyl-pyrrolidin-2-y!)-3H-midazol-4-
yi}-9,10-dihydro-phenanthren-2-yi} 1 H-imidazol-2-yi)-2-aza-
bicyclo[2.2.1]heptane-2-carboxylic acid fert-butyl ester
/
;j::}\ p H “@
H : N TN
7 \(\\( P8 Da@aV
NN 0 <
HCI HATUY </ H .
MeOH DIPEA H-N
DMF );0
~0

(143-[5-(7{2-[ 1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-y()-3H-
imidazol-4-yl}-9,10-dihydro-phenanthren-2-yt)-1H-imidazol-2-yf}-2-aza-
bicyclo]2.2. 1]heptane-2-carbonyl)-2-methyl-propyl)-carbamic acid methyl ester

2,7-Dibromo-9,10-dihydro-phenanthrene. Bromine (6.13 mL, 119.3 mmol) was added slowly
to a solution of 9,10-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-9,10-dihydro-phenanthren-2-yl)-2-oxo-
ethyl] ester 1-tert-butyl ester. Pd(Ph;)4 (347 mg, 0.3 mmol) and PdCLy(Ph;); (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-ethoxyvinyltin (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 Na;SQy, filtered and concentrated in vacuo. The obtained residue was
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suspended in acetonitrile (70 mL). To it was added a solution of pyrrolidine-1,2-dicarboxylic
acid 1-rert-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 NaHCO; solution and water, dried over
Na;SO,, 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-fert-butyl ester as a white solid (1.76 g,
46% over two steps). m/z 514.2, 516.2 (M+H)".

2-Aza-bicyclo[2.2.1]heptane-2,3-dicarboxylic acid 3-(2-{7-{2-(1-fert-butoxycarbonyl-
pyrrolidine-2-carbonyloxy)-acetyl]-9,10-dihydro-phenanthren-2-yl}-2-oxo-ethyl) ester 2-
tert-butyl ester. Pd(Phs)4 (37 mg, 0.03 mmol) and PdCl,(Ph3); (22 mg, 0.03 mmol) were added
to a mixture of pyrrolidine-1,2-dicarboxylic acid 2-[2-(7-bromo-9,10-dihydro-phenanthren-2-
yl)-2-oxo0-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 Na,;SO,, 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 (100
mg, 0.41 mmol) and DIPEA (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 NaHCO; solution and water, dried over Na;SQ,, 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]-9,10-dihydro-phenanthren-2-yl }-2-oxo-
ethyl) ester 2-tert-butyl ester as a white solid (171 mg, 60% over two steps). m/z 717.2 (M+H)".

3-(5-{7-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-y1]-9,10-dihydro-
phenanthren-2-yl}-1H-imidazol-2-yl)-2-aza-bicyclo|2.2.1]heptane-2-carboxylic acid fert-
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]-9,10-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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(100 mL), washed with NaHCOj solution, water and brine, dried over Na,SQO,, 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-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 rert-butyl ester as a white solid (100 mg, 62%). m/z 677.9 (M+H)".

(1-{3-[5-(7-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-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-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester. To a
solution of 3-(5-{7-[2-(1-tert-butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-y1}-9,10-dihydro-
phenanthren-2-yl}-1H-imidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl
ester (100 mg, 0.15 mmol) in methanol (5 mL) was added 4.0 M solution of HC! 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 Na;SQy, 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]-3H-imidazol-4-yl}-9,10-dihydro-
phenanthren-2-yl)-1H-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%). 'H-NMR (300 MHz, CD;0D) &
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+H)".
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Example EI
# / :@
\
Br 0.0 Br BrBr # F
rg‘H Pd(PPhs)q
KOAc
2.7-Dibromo-9H-flucrene  OMSO 2,7-Dibromo-9.9- 1.4-dioxane 4,4,55-T th {4.4.5.5
dimethyl-9H-fluorene [13 2]d|oxaborolan-2 yl)-9 Mlmemyt-SH-ﬂuoren 2-

ylH1,3,2]dioxaborotane

B"Q\N:fqm Boc N
SO0

PA(PPhy)e
A 2-(5-{7-{2-(1-Boc-pyrrolidin-2-yl)-3H-imidazol4-yl}
aler 9,9-dimethy-9H-fluoren-2-yl}-1H-imidazol-2-yl)-

pymolidine-1-carboxylic acid tert-butyl ester

A B o R

HCI HATU
MeOH DIPEA
DMF (1-{245~7{2{12- Memoxycarbonylamlno-s-memyl-

butyryl)-pyrrolidin-2-yl}-3H-imidazol-4-yl}-9,9-dimethyl-94-
fluoren-2-yl)-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-
methyl-propyl)-carbamic acid methy! ester

2,7-Dibromo-9,9-dimethyl-9H-fluorene. To a stirred solution of 2,7-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 Na;SOy, 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-Tetramethyl-2-{7-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-9,9-dimethyl-9H-
fluoren-2-ylj-[1,3,2]dioxaborolane. Pd(PPh;)s (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 Na,SQy, 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-[1,3,2]dioxaborolan-2-yl)-9,9-dimethyl-9H-
fluoren-2-yl]-[1,3,2]dioxaborolane as a white solid (0.8 g, 62%).
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2-(5-{7-[2-(1-Boc-pyrrolidin-2-yl)-3H-imidazol-4-yl]-9,9-dimethyl-9H-fluoren-2-yl}-1H-
imidazol-2-yl)-pyrrolidine-1-carboxylic acid fert-butyl ester. Pd(Ph;)s (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-dimethyl-9H-fluoren-2-yl]-[1,3,2]dioxaborolane (205 mg, 0.48 mmol), 2-(4-bromo-1H-
imidazol-2-yl)-pyrrolidine-1-carboxylic acid fert-butyl ester (309 mg, 0.98 mmol), NaHCO;
(282 mg, 3.4 mmol) in 1,2-dimethoxyethane (8§ 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 NaHCO;
solution, water and brine, dried over Na,SQO;, 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} -1H-imidazol-2-yl)-pyrrolidine-1-
carboxylic acid tert-butyl ester as a TFA salt (45 mg, 14%). m/z 665.4 (M+H)".

(1-{2-[5-(7-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-
imidazol-4-y1}-9,9-dimethyl-9H-fluoren-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester. To a solution of 2-(5-{7-[2-(1-Boc-pyrrolidin-2-
y1)-3H-imidazol-4-y1]-9,9-dimethyl-9H-fluoren-2-yl}-1H-imidazol-2-yl)-pyrrolidine-1-
carboxylic acid fert-butyl ester (45 mg, 0.07 mmol) in methanol (5 mL) was added 4.0 M
solution of HCl 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 HCL.
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 (100 mL), washed with 1 N NaOH solution, water and brine, dried over Na,;SOys,
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-methyl-butyryl)-pyrrolidin-2- |
yl]-3H-imidazol-4-y1}-9,9-dimethyl-9H-fluoren-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-
carbony!}-2-methyl-propyl)-carbamic acid methyl ester as TFA salt (15 mg, 28%). 'H-NMR
(300 MHz, CD;0D) 6 8.05-7.70 (m, 8H), 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); m/z 779.4 (M+H)".

687

IPR2018-00211 Page 689 of 1092 I-MAK 1011



WO 2010/132601 PCT/US2010/034600

Example EJ
o]
~0 . o
TFAA r [_|BH4 H3PO, Br Br
Hy05-urea
CHyCly i
D 3,8-Dibromo- 3,8-Dibromo-6H-
2,7-Dibromo-fluoren-9-one olcichromen-6 benzoic} ane
OEt
/\ Boc o
Sn(Bu)s EN 0 Q ' . 0o j
1. Pd(PPhy), D) T 0 d W
PdACI»(PPh3), Hooc” N {
: Pynrolidine-1,2-dicarboxylic acid 1-fert-butyl ester 2-
2.NBS/H,0 DIPEA, DMF (2{8-{2-(1-Boc-pyrrolidine-2-carbonyloxy)-acetyl}-6H

benzo{cjchromen-3-y(}-2-oxo-ethyl) ester

o]
N
—- s IO
NH40AC v
xylene Q/- H

2-(5-{8-[2-(1-Boc-pyrrolidin-2-yl}-3H-imidazot-4-yl}-
6H-benzo|c]chremen-3-yl}-1H-imidazol-2-y!)-

\i;i? / pyrrolidine-1-carboxytic acid tert-butyl ester
)‘NH
— - Jk‘”h

M DIPEA
oC DMF

(1-(2—[5-(3-{2-[1-(2 Methoxycarbonylamino-3-methyl-butyry)-| pynnlidln
2-yi}-3H-imidazol-4-yl}-6H-benzo{cjchromen-8-yl)- 1 H-imidazol-2-yi}-
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

3,8-Dibromo-benzo[c]chromen-6-one. A solution of TFAA (2.1 mL, 3.15 mmol) in
dichloromethane (5 mL) was added dropwise to a suspension of 2,7-dibromo-fluoren-9-one (3.3
g, 10 mmol) and H,0O,-urea (1.4 g, 15 mL) in dichloromethane (50 mL). The mixture was
stirred at room temperature for 48 hours, a second portion of H,O,-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 Na;SO,. 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 HCI and extracted with ethyl acetate (200
nriL). 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 2 M solution of LiBH, 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 Na,SOy4,

688

IPR2018-00211 Page 690 of 1092 I-MAK 1011



WO 2010/132601 PCT/US2010/034600

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 Na,SQy, 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-fert-butyl ester 2-(2-{8-[2-(1-Boc-pyrrolidine-2-
carbonyloxy)-acetyl]-6H-benzo[c]chromen-3-yl}-2-oxo-ethyl) ester. Pd(PPh;)4 (74 mg, 0.064
mmol) and PdCl,(Ph;), (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 ethy!l acetate (300
mL). The solid was filtered and kept separately. The ethyl acetate layer was washed with water
and brine, dried over Na;SQ, 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 NaHCO; solution and water, dried over NaySQy, filtered and concentrated in
vacuo. The obtained residue was purified by flash chromatography to provide the desired
product Pyrrolidine-1,2-dicarboxylic acid 1-fert-butyl ester 2-(2-{8-[2-(1-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+Na)".

2-(5-{8-[2-(1-Boc-pyrrolidin-2-yl)-3H-imidazol-4-yl]-6H-benzo[c]chromen-3-yl}-1H-
imidazol-2-yl)-pyrrolidine-1-carboxylic acid ferz-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 NaHCO; solution, water and brine, dried over
Na,S0,, filtered and concentrated in vacuo. The obtained residuc 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}-1H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl
ester as a white solid (100 mg, 64%). m/z 653.4 (M+H)".

(1-§2-[5-(3-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-
imidazol-4-yl}-6H-benzo[c]chromen-8-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester. To a solution of 2-(5-{8-[2-(1-Boc-pyrrolidin-2-
yl)-3H-imidazol-4-yl]-6H-benzo[c]chromen-3-yl}-1H-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), HATU (437
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 Na,;SQq, 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}-3H-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%). 'H-
NMR (300 MHz, CD;0D) & 7.80-7.20 (m, 8H), 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

Q'Q at i

{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}-1H-imidazol-2-yl)-5-aza-spiro[2.4]heptane-
5-carbonyl}-2-methyl-propyl}-carbamic acid methyl ester

gl ; ’ H@
ct:ATu — \\ \/kN O.Q O %

N

DIPEA HN, N

DMF =0 N
0

(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)-1H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-
carbonyl}-2-methyl-propyl)-carbamic acid methyl| ester

(1-{6-[5-(7-{2-|2-(3-Cyano-2-methoxycarbonylamino-propionyl)-2-aza-bicyclo{2.2.1]hept-
3-yl]-3H-benzoimidazol-5-yI}-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. To a solution
of {1-[6-(5-{7-[2-(2-aza-bicyclo[2.2.1]hept-3-yl)-3H-benzoimidazol-5-y1]-9,9-difluoro-9H-
fluoren-2-yl}-1H-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), HATU (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 Na,SOyq,
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)- 1H-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%). 'H-NMR (300 MHz, DMSO-dg)  8.30-7.70 (m, 10H), 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+H)".
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Example EL
0/
o” NH o FF p B
\ '
A N Q'Q O I HN
e

{1-[65{7{2-(2-Aza-bicyclo[2.2.1]hept-3-yl)-3H-benzoimidazol-5-yl]-
9,9-difluoro-9H-fluoren-2-yl}-1H-imidazol-2-yl)-5-aza-spiro[2.4]heptane-
5-carbonyl]-2-methyl-propyl}-carbamic acid methyl ester

0_

N N
HATU TN
DIPEA 2 HN

DMF ) %O

—

(146-[5-(74{2-[2-(3-Methanesulfonyl-2-methoxycarbonylamino-
propionyl)-2-aza-bicyclo[2.2. 1}hept-3-yl}-3H-benzoimidazol-5-yl}-9,9-
difluoro-9H-fluoren-2-yl)-1H-imidazol-2-yl}-5-aza-spiro[2.4]heptane-5-
carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

(1-{6-[5-(7-{2-[2-(3-Methanesulfonyl-2-methoxycarbonylamino-propionyl)-2-aza-
bicyclo[2.2.1]hept-3-yl]-3H-benzoimidazol-5-yl}-9,9-difluoro-9H-fluoren-2-yl)-1H-
imidazol-2-yl]-5-aza-spiro|2.4]heptane-5-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-y1]-9,9-difluoro-9H-fluoren-2-yl}-1H-imidazol-2-yl)-S-aza-spiro[2.4Jheptane-
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),
HATU (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 Na;SO, 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]-3H-benzoimidazol-5-y1}-9,9-
diﬂuoro-éH-ﬂuoren—Z-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%). 'H-NMR (300 MHz, DMSO-
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ds) & 8.30-7.70 (m, 10H), 7.40-7.30 (m, 1H), 5.26 (1, 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+H)".

A. Example EM

s OO

OMe
1,4-Dibromo-2-nitro- 44" leromo-z -methoxy- 4,4"-Dibromo-2"-methoxy-
benzene 4,4'-Dibromo-2 Z—dlnmo-biphenyl 2'-nitro-bipheny! biphenyl-2-ylamine
1. CH,=C(OEY)SnBus B,w w
1. NaNO, 2=
2 NH,CONH, B B’ PACh(PPh2),/80 C;
_— (o} 2. NBS/H,0 280 .
ibromo-dil omo- romo- 2-Bromo-1-{7-(2-bromo-ace
3.7-Dibromo-dibenzofuran dibenzofuran-3-yl)-ethanone dlbenzofugi&yﬂ-elhanonz‘)

BocPrOH/Et;N &T\m Bo\c/{\w Y\Boc

Pyrrolidine-1,2-dicarboxylic ackd Diketoester
2-[2-(7-bromo-dibenzofuran-3-yl)-2-oxo-ethyl]
ester 1-tert-butyl ester

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 Na;S0O4. 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/MeOH gave 4,4'-
dibromo-2-methoxy-2'-nitro-biphenyl as a white solid (3.76 g).

4,4'-Dibromo-2'-methoxy-biphenyl-2-ylamine: To a suspension of 4,4'-dibromo-2-methoxy-
2'-nitro-biphenyl (3.76 g, 9.8 mmol) and 5%Rw/C (400 mg) in ethanol (37 ml) at 65-70°C was
added dropwise a solution of hydrazine (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 ).

3,7-Dibromo-dibenzofuran: To a suspension of 4,4'-Dibromo-2'-methoxy-biphenyl-2-ylamine
(3.5 g, 9.8 mmol) in H2SO4 (2.4 g) and water (8.5 ml) at 0°C was added slowly a solution of
NaNO2 (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-dibenzofuran-3-yl)-ethanone and 2-Bromo-1-[7-(2-bromo-acetyl)-
dibenzofuran-3-ylj-ethanone: To the solution of 3,7-dibromo-dibenzofuran (972 mg, 3 mmol)
and tributyl(ethoxyvinyl)stannane (1.22 ml, 3.6 mmol) in dioxane (20 ml) was added
PdCl,(PPh;), (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 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 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)yDMF (15 ml) 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
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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-tert-butyl ester (630 mg) and Diketoester (620

mg).
Example EN
o 7° N NN N\lr\goc
Boc O O & P NHoAcndoC: Boc I > . . Ol
N NH,0Ac140C, . N N
LA G
Diketoester 3,7- bis-[2-1-tert-butoxycarbonyl-pyrrolidin-2-yl)-
3H-imidazolk4-yl}-dibenzofuran
(o}
a TFADCM; "N o H\(:}
b. RCOOHMATU/IPr,NE B Q O Q] L
Q; HNYO\
o]

(1-{2-[5-(7{2-{1-(2-Methoxycarbonylamino-3-methyl-butyryl)-
pyrrolidin-2-yl}-3H-imidazol-4-yf}-dibenzofuran-3-yi)-
1H-imidazol-2-yl}-pyrrotidine-1-carbonyf}-2-methyl-propyl)-carbamic acid methyl ester

3,7- bis-[2-(1-fert-butoxycarbonyl-pyrrolidin-2-yl)}-3H-imidazol-4-yl]-dibenzofuran: The
mixture of diketoester (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/EtOACc) gave 3,7- bis-[2-(1-tert-butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-
dibenzofuran (330 mg). m/z: 639.1 (M+1), 637.3 (M-1), 320.0 (M+2)/2.

(1-{2-[5-(7-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-
pyrrolidin-2-yl]-3H-imidazol-4-yl}-dibenzofuran-3-yl)-
1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester:
To the solution of 3,7- bis-[2-(1-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 HATU (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%TFA/CH;CN/0.1%TFA/H,0) gave (1-{2-[5-(7-{2-[1-(2-Methoxycarbonylamino-3-
methyl-butyryl)-pyrrolidin-2-yl}-3H-imidazol-4-yl }-dibenzofuran-3-yl)-1H-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. '"H NMR (CD;0D, 300 MHz) § 8.23 (2 H, d, J = 7.9 Hz),
8.0(2H,s),798(2H,s),7.78(2H,d,J=7.9 Hz),5.27 (2H, m),4.24 2 H, d, ) =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

a. CHp=C(OEt)SnBu,y Q O

Mm PACH(PPh;)2/80 C; N gr RCOOHELN |
Y o] b. NBS/H.0

FAY O B

Pyrrolidine-1,2-dicarboxylic acikd 2{24{7-

(2-bromo-acetyl)-dibenzofuran-3-yi}-2-oxo-ethyl}
ester 1-tart-butyl ester

o of ﬁ 7. . My S?
Eofs/llo Boc  NH,0AQ140C go:)‘l\k Boc

Pyrrotidine-1,2-dicarboxylic acid 2-4{2-7-bromo-
dibenzofuran-3-yi)-2-oxo-ethyl] ester 1-fert-butyl ester

-Aza-bicycio]2.2.1heptane-2,3-dicarboxylic acid

3424742 1-tert-butoxycarbonyl-pyrrolidine-2-carbonyloxy)- HW-{Z-(HM—Bmaxycarbmyi—wrmhdwz yl)
acetyll-dibenzofuran-3-yi}-2-oxo-ethyl) ester 2-fert-buty! estegH-imidazol4-yildibenzofuran-3-yl}- 1H-i yclo{2.2. 1jheptane-2-carboxylic
acadten-butyl asler
[o]
a. TFA/DCM; b. RCOOHMATU/PrNE! = )LNH n $ N
X b, 2
SOOI AL
j N N o N o™y
Q/ HNYO\
]
(t-(s-(s-u-(z-n-(z-Memoxywbonymho-mmyn-bmmr)-
Py 2-y1]-3H- 4-yf} furan-3-yi)-
2-yl}-2 yclo{2.2.1]heptane-
2-carbonyl)-2-methy ,,.v,,) ic acid methyl ester

Pyrrolidine-1,2-dicarboxylic acid 2-{2-|7-(2-bromo-acetyl)-dibenzofuran-3-yl]-2-oxo-
ethyl}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-ters-butyl ester (250 mg, 0.5 mmol) and
tributyl(ethoxyvinyl)stannane (188 pl, 0.55 mmol) in dioxane (3.3 ml) was added PdCl,(PPh;),
(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 S minutes period. The
mixture was stirred at 0°C 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).
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2-Aza-bicyclo|2.2.1]heptane-2,3-dicarboxylic acid 3-(2-{7-[2-(1-fert-butoxycarbonyl-
pyrrolidine-2-carbonyloxy)-acetyl]-dibenzofuran-3-yl}-2-oxo-ethyl) ester 2-fert-butyl ester:
To the solution of 2-Aza-bicyclo[2.2.1]heptane-2,3-dicarboxylic acid 2-ters-butyl ester (155 mg,
0.64 mmol) and triethylamine (77 ul, 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). m/z:
703.3 (M-1), 727.2 (M+Na)

3-(5-{7-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]dibenzofuran-3-yl}-
1H-imidazol-2-yl)-2-aza-bicycle[2.2.1]heptane-2-carboxylic acid fert-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 column chromatography (DCM/EtOAc) gave 3-
(5-{7-[2-(1-tert-Butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]dibenzofuran-3-yl } -1H-
imidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid fert-butyl ester (170 mg). m/z:
665.0 (M+1), 663.4 (M-1), 333.0 (M+2)/2.

(1-{3-[5-(7-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl}-3H-
imidazol-4-yl}-dibenzeofuran-3-yl)-1H-imidazol-2-yl]-2-aza-bicyclo[2.2.1]heptane-
2-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester: To the solution of 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 fers-butyl ester (170 mg) in DCM (6 ml) was
added TFA (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%TFA/CH3CN/0.1%TFA/H,0) gave (1-{3-[5-(7-{2-[1-(2-Methoxycarbonylamino-3-
methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl }-dibenzofuran-3-yl)-1H-imidazol-2-yl]-2-
aza-bicyclo[2.2.1]heptane-2-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (127 mg).
m/z: 779.3 (M+1), 777.3 (M-1), 390.2 (M+2)/2. 'H NMR (CD;0D, 300 MHz) 5 8.23 (2 H, d, J
=8.2 Hz),8.03 (2 H, s), 7.98 (2H, m), 7.88 (2 H, d, J = 8.2 Hz), 5.25 (1 H, m), 4.85 (1 H, m),
433(1H,d,J=6.1 Hz),4.24 (1 H,d, ] = 7.0 Hz), 4.15 (1 H, m), 3.88 (1 H, m), 3.69 (3 H, s),
3.67(3H,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).

C. Example EP

Boc § Br goc 1L Br Q n/ ?
FIV O e OO 5 o

Pyrrolidine-1,2-dicarboxyiic acld 2-[2<7-bromo- 2{5-(7-Bromo-dibenzofuran-3-yl)-
dibenzofuran-3-yl)-2-oxo-ethyl] ester 1-fert-butyl AH-midazor 2-y1} pyrrolidine. 2 W‘;gs’mm‘ 32
ester 1-carboxylic acid fert-buty! ester 1#-benzoimidazol-2-yi-pyrrolidine-
1-carboxylic acid tert-butyl ester

H ;’)

NY.\N
PA(PPhs) A 0 '
e MN Boc 2 TFA/DCM; b. RCOOM/HATU/PrNEL
RS

24{5{7-{2<{1--butoxycarbonyt-pyrrolidin-2-yi)-
3H-benzoiwrnidazol-5-yl}-dibenzofuran-3-yl}-
1H-Imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-bity! ester

=
)L NH
JL

(1-{2-[5(7-{2-{1(2- Methoxycarbonylamno—&mhyi—bmyryl)-pynohdwz Y} 3H-
benzoimidazol-S-yl}-dibenzofuran-3-yf)-1M- 1-carbonyl}-
2-methyt-propyl)-carbamic acid melhyl ester

2-[5-(7-Bromo-dibenzofuran-3-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid ferz-
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 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 2-[S-(7-Bromo-dibenzofuran-3-yl)-1H-imidazol-2-yl]-pyrrolidine-1-
carboxylic acid fert-butyl ester (124 mg). m/z: 481.9 (M+1), 480.2 (M-1).
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2-(5-{7-]2-(1-t-butoxycarbonyl-pyrrolidin-2-yl)-3H-benzoimidazol-5-yl]-dibenzofuran-3-
yl}-1H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid zert-butyl ester: To the solution of 2-[5-
(7-Bromo-dibenzofuran-3-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid fert-butyl ester
(124 mg, 0.26 mmol) and 2-[6-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-
benzoimidazol-2-yl]-pyrrolidine-

I-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(PPhs)4 (15 mg) and
PdCly(dppf)CH,Cl; (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}-1H-imidazol-2-
yl)-pyrrolidine- 1-carboxylic acid ters-butyl ester (83 mg). m/z: 689.1 (M+1), 687.3 (M-1),
345.0 M+2)/2.

(1-{2-[5<(7-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl)-3H-
benzoimidazol-S-yl}-dibenzofuran-3-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester: To the solution of 2-(5-{7-[2-(1-t-
butoxycarbonyl-pyrrolidin-2-yl)-3H-benzoimidazol-5-yl]-dibenzofuran-3-yl}-1 H-imidazol-2-
yD)-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 (0.12 mmol) and MeOCO-Val-OH (42
mg, 0.24 mmol) in DMF (3.5 ml) was added HATU (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 1 N NaOH solution, water, and brine,
and was dried with sodium sulfate. Concentration and purification by HPLC
(0.1%TFA/CH;3CN/0.1%TFA/H,0) gave (1-{2-[5-(7-{2-[1-(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 methy! ester (79 mg). m/z: 803.4
(M+1), 801.1 (M-1), 402.2 (M+2)/2. 'H NMR (CD;0D, 300 MHz) 6 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).

699

IPR2018-00211 Page 701 of 1092 I-MAK 1011



WO 2010/132601 PCT/US2010/034600

D. Example EQ

!
Pd(PPha)s 0 0O HO,
MeO,C Br bis(pinacolato)diboron szC—Q'B" ji wesaay  MeOC e
N —
Br N02

4-Bromo-3-methyl- 3-MethyH4-(4,4,5,5-tetramethyl
benzoic acid methy) 41.3,2)dioxaborolan-2-yt)-benzoic 3-Bromomethyl-4-(4,4,5,5-tetramethy- )
o . 1,3,2)dioxaborol 2-lodo-5-nitro-
ester acid methyl ester [1,3,2)dioxaborolan-2-yl)- ey
benzoic acid methyl ester P

0
MeOC 8
K,CO4 Q bﬁ PA(PPha)e
OMF o ] _PdtdppnCly _ Meozcﬂ"oz ZWVHOAC ooy, cﬂnn,

3-Nitro-§H-benzofclchromene- 3-Amino-6H-benzo[clchromene-8-
NO, 8-carboxylic acid methyl ester carboxylic acid methyl ester

3-(2-lodo-5-nitro-phenoxymethyl)-4(4,4,5 5-tetramethyt
[1,3,2)dioxaborolan-2-yl)-benzoic acid methyl estermethane,

1. CICOCOCI

+-BUONO 1 NaOH 2. TMSCHN; Q,
CuBr Meo,cﬂ HOzCﬂBr 3HBUHOAC O O Br
o

3-Bromo-6H-benzofcjchromene- 3-Bromo-6M-benzojclchromene- 2-Bromo-1<{3-bromo-6H-
8-carboxylic acid methy! ester 8-carboxylic acid benzo{c)chromen-8-yl}-ethanone

il Buiw e Jﬁﬂ Sevg e

Pymolidine- 1,2-dicarboxylic acid . r
2-{2-(3-bromo-6H-benzo{cichromen-8-yl) 2‘5(?&?;%8?*?,?%3&:“ M 2844455 TetramethyH1,32)
-2-0x0-ethyl] ester 1-tert-butyl ester 1-carboxylic acid fert-butyl ester doxaborolan-2-yl)-
1H-benzoimidazol-2-y]-pymrolidine-
1-carboxyic acid tert-buty! ester

Pd(PPh 7/\ .
Pd&z(dz’)l;f) ff)\ a. TFA/DCM; b. RCOOH/HATU/iPr;NEt

25{3-[2-{1-t-butoxycarbonyl-pyrrolidin-2-yf)-
3H-benzoimidazok-5-yI}-6H-benzof cjchromen-8-y()}-
1H-imidazol 2- yl)-pyrrolidine-1-carboxylic acid tert-butyl ester

i /3
R Siagvavs %Yo\

o}
(1-{2-[53-{2-[1{2-Methaxycarbonylamino-3-m ethylbutyryl)-pyrrolidin- 2-yi}-3H-benzoimid az ol-5-y [} 6 H-
benzo[cjchromen-8-yl)-1H-imidazok2-yI}-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methy|
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)s (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 CCl4 (20 ml) was
heated at 80°C for 14 hours. The mixture was cooled to 25°C, and was filtered and washed with
CCls. The solution was concentrated under reduced pressure, and was diluted with EtOAc. The
solution was washed with water and brine and was dried with Na2SO4. Concentration gave 3-
Bromomethyl-4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-benzoic acid methyl ester (4.9
g).

3-(2-1odo-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 HCI until pH=4.
More water (total volume of water 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-lodo-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-lodo-
5-nitro-phenoxymethyl)-4-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-benzoic acid methyl
estermethane (2.7 g, S mmol) in 1,2-dimethoxyether (75 ml) and water (25 ml) was added
sodium bicarbonate (1.26 g, 15 mmol), followed by Pd(PPhs)4 (250 mg) and Pd(dppf)Cl, (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 THF/DMF (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 Na2SO4. 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]chromene-8-carboxylic acid methyl ester: To a solution of copper (II)
bromide (315 mg, 1.42 mmol) and t-butyl nitrite (233 pl, 1.77 mmol) 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 mmol) 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]chromene-8-carboxylic acid: The solution of 3-Bromo-6H-
benzo[c]chromene-8-carboxylic acid methyl ester (160 mg, 0.5 mmol) and sodium hydroxide
(1.0N, 1 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 HCI1 (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]chromen-8-yl)-ethanone: To 3-Bromo-6H-
benzo[c]chromene-8-carboxylic acid (0.5 mmol) was added a solution of oxalyl chloride in
DCM (2.0 N, 5 ml, 10 mmol). 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 mmol) 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 HBI/HOAc (0.28 ml, 1.5 mmol) was added dropwise. The mixture was stirred at 25°C
for 1 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
Na,;SO4. Concentration gave 2-Bromo-1-(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-6H-benzo[c]chromen-8-yl) -2-oxo-ethyl]
ester 1-tert-butyl ester: To the solution of (s)Boc-PrOH (1.07 g, 5 mmol) and triethylamine
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(0.63 ml, 4.5 mmol) in acetonitrile (20 ml) was added a solution of 2-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]chromen-8-yl)-1H-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-oxo0-ethyl] ester 1-fert-butyl ester (0.5 mmol) 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%TFA/CH3CN/0.1%TFA/H;0) gave 2-[5-(3-Bromo-6H-benzo[c]chromen-8-yl)-1H-
imidazol-2-yl]-pyrrolidine-1-carboxylic acid fert-butyl ester (8§ mg). m/z: 496.0 (M+1), 494.1
(M-1).

2-(5-{3-|2-(1-t-butoxycarbonyl-pyrrolidin-2-yl)-3H-benzoimidazol-5-yl]-6H-
benzo[c]chromen-8-yl}-1H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid ferz-butyl ester: To
the solution of 2-[5-(3-Bromo-6H-benzo[c]chromen-8-yl)-1H-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)-1H-benzoimidazol-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 mmol), followed by Pd(PPhs)s (2 mg) and PdCl,(dppf)CH,Cl, (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-yl)-3H-
benzoimidazol-5-yl]-6H-benzo[c]chromen-8-yl}-1H-imidazol-2-yl)-pyrrolidine- 1 -carboxylic
acid fert-butyl ester (4.2 mg). m/z: 729.2 (M+1), 727.3 (M-1), 365.2 (M+2)/2.

(1-{2-[5-(3-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl}-3H-
benzoimidazol-5-yl}-6H-benzo[c]chromen-8-yl)-1H-imidazol-2-yl]-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-carbamic acid methyl ester: To the solution of 2-(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 fert-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 pl, 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/CH3;CN/0.1%TFA/H,0) gave (1-{2-[5-(3-{2-[1-(2-Methoxycarbonylamino-3-
methyl-butyryl)-pyrrolidin-2-yl]-3H-benzoimidazol-5-yl }-6H-benzo[c]chromen-8-yl)-1H-
imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (2.5 mg).
m/z: (M+1), (M-1), (M+2)/2. '"H NMR (CD;OD, 300 MHz) § 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), 422 (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-/° NQBr TFA N/Q—Br wo§
X <N/\./MN n \/& + /OTN\i)LOH
3 H

DCM, RT

Y N H
Con oA
2-{6-Bromo-1H-benzoimidazol-2-yf)- 6-Bromo-2-pyrrolidin-2-yl- 2-Methoxycarbonylamino-3-
pyrrolidine-1-carboxylic acid fert-butyl ester 1H-benzoimidazole methyl-butyric acid

o7 NH >f ;
HATU, NMM RN N’Q'B'
DMF, RT \\\\ﬁ\/mu :<: ﬁ HN\(
H

(1-[2-@-8romo—1H—benzoimidazol-Z-yl)- [2-Methyt-1-(3{5-{6-(4,4,5,5-tetramethyl-
pyrrolidine-1-carbonyl]-2-methyl-propyl}- [1 3,2]dioxaborolan-2-yl)}-naphthalen-2-yl}-
carbamic acid methyl ester 1H-imidazol-2-yl}-2-aza-bicycio[2.2. 1]heptane-

2-carbonyi)-methyl]-carbamic acid methyl ester

~o0 HH
PA(PPhs), N N
NaHCO4 o)\NH Q A
OWERS P ) Y T
DME-H,0 \\ N HN~¢
85°C N N 5
: H -

{1{2-{6-(6{2-{2-(2-Methoxycarbonylamino-propionyl)-2-aza-bicyclo{2.2. 1Jhept-3-yi}-
3H-imidazol-4-yl}-naphthalen-2-yl)- 1H-benzoimidazol-2-yl}-pyrrolidine- 1-carbonyi}-2-
methyl-propyl)}-carbamic acid methy! ester

6-Bromo-2-pyrrolidin-2-yl-1H-benzoimidazole: Prepared by the same method as (1-{2-[5-(4-
Bromo-phenyl)-1H-imidazol-2-yl]-pyrrolidine-1-
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carbonyl}-2-methyl-propyl)-carbamic acid methyl ester, except that 2-(6-Bromo-1H-
benzoimidazol-2-yl)-pyrrolidine-1-carboxylic acid fert-butyl ester was used as the substrate.
120 mg light yellow solid (66% yield).

{1-[2-(6-Bromo-1H-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- 1H-benzoimidazole as the substrate. 193 mg crude solid were used

for the next step.

[2-Methyl-1-(3-{5-[6-(4,4,5,5-tetramethyl-[1,3,2]dioxaberolan-2-yl)-naphthalen-2-yl}-1H-
imidazol-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]- 1H-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 of 2-

Methoxycarbonylamino-3-methyl-butyric acid 2-Methoxycarbonylamino-propionic acid.

(1-{2-[6-(6-{2-[2-(2-Methoxycarbonylamino-propionyl)-2-aza-bicycle|2.2.1]hept-3-yl}-3H-
imidazol-4-yl}-naphthalen-2-yl)-1H-benzoimidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-
propyl)-carbamic acid methyl ester: {1-[2-(6-Bromo-1H-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]- 1 H-imidazol-2-yl} -2-aza-
bicyclo[2.2.1]heptane-2-carbonyl)-methyl]-carbamic acid methyl ester (0.241 g), and NaHCO;
(0.123 g) were dissolved in a mixture of 1,2-dimethoxyethane (6 mL) and water (2 mL). The
solution was degassed with nitrogen, and Pd(PPh;)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
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-{2-[6-(6-{2-[2-(2-
Methoxycarbonylamino-propionyl)-2-aza-bicyclo[2.2.1]hept-3-yl]-3H-imidazol-4-yl }-
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naphthalen-2-yl)-1H-benzoimidazol-2-yl]-pyrrolidine- 1 -carbonyl } -2-methyl-propyl)-carbamic
acid methyl ester (0.039 g, 12%) as a white solid.

'H-NMR: 300 MHz, (DMSO-dg) &: 11.8 (s, 1H), 8.2 (d, J = 27 Hz, 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): m/z 763 [M + H]".

Example ES

Ha, P02 0
o 0 2. H /N
AcOH AcOH Br | H
HZN‘NJLO/ — \r’N‘NJLO/ \’/NNNJ.LO/ . < > <u,KEN)
H H

Acetone EtOH, RT H
Hydrazi rboxylic acid RT N d N-Isopropyt-hydrazine-
razineca! ic aci -Isopropylidene-hydrazine- - i
4 methyl ester carbo?(yu‘::y;dd mehéw ee;ter carboxylic acid methyl ester 5-(4-Bromo-phenyl)-2-pymolidin-

2-yl-1H-imidazole

Triphosgene 0, »/ [0} Pd(PPhy),
DIPEA s,_O_(/\ N yN‘u,( . o P KOAc _ _
DCM HJ\EN) o~ o o Dioxane

0°C-RT 80°C
N'{2-{5-(4-Bromo-phenyl)-1H-imidazol-2-yl)- 4,4,5,54' 45,5 -Octamethyl{2,2'-
pyrrolidine-1-carbonyl}-A -isopropyl-hydrazine- bi[[1,3,2)dioxaborolanyl]
carboxylic acid methyl ester
\3\
o NH
) NN,zZ’ . e A
AR hRsg.
N-isopropyl-N'-(2{5-[4-(4.4,5,5-tetramethyl-[1,3,2]dioxaborolan- (14{2-{5-(6-Bromonaphthalen-2-yl)- 1 H-imidazo!
2-yl)-phenyl]- 1 H-imidazo!-2-yf}-pyrrolidine-1-carbonyl)- -2-yl}-pyrrolidine-1-carbonyf}-2-methyl-propyl)-
hydrazinecarboxylic acid methyl ester carbamic acid methyl ester
Pd(PPha)¢ )‘NH
DME-H0 )‘N
85°C HN\(

N-1sopropyl-N'{2-[5-(4'{2-{1-(2-methoxycarbonylamino-3-methyl-butyryl)-
pyrrotidin-2-yl}-3H-imidazol-4-y(}-biphenyt-4-yl)-1H-imidazol-2-yl}-
pyrrolidine-1-carbonyi)-hydrazinecarboxylic acid methy! ester
N'-Isopropylidene-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'-

Isopropylidene-hydrazine-carboxylic acid methyl ester (6.45 g, 89%).

N'-Isopropyl-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).
PtO,(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-phenyl)-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'-Isopropyl-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 (10 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)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-
N'-isopropyl-hydrazine-carboxylic acid methyl ester (533 mg, 16%).

N'-Isopropyl-N'-(2-{5-[4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl}-1H-
imidazol-2-yl}-pyrrolidine-1-carbonyl)-hydrazinecarboxylic acid methyl ester: N'-{2-[5-(4-
Bromo-phenyl)- 1H-imidazol-2-yl]-pyrrolidine- 1-carbonyl } -N'-isopropyl-hydrazine-carboxylic
acid methyl ester (0.533 g), 4,4,5,5,4',4',5',5'-Octamethyl-[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 of 0-5%
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]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-hydrazinecarboxylic acid methyl ester
(0.564 g, 96%) as a yellow solid.
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N'-Isopropyl-N'-{2-[5-(4'-{2-[1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-
yl])-3H-imidazol-4-yl}-biphenyl-4-yl)-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl}-
hydrazinecarboxylic acid methyl ester: N'-Isopropyl-N'-(2-{5-[4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-yl }-pyrrolidine-1-carbonyl)-
hydrazinecarboxylic acid methyl ester (0.295 g), (1-{2-[5-(6-Bromophenyl-2-yl)-1H-imidazol-2-
yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (0.280 g), and
NaHCO; were dissolved in DME (9 mL) and water (3 mL). The solution was degassed with
nitrogen, and Pd(PPh;), (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)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-hydrazinecarboxylic acid methyl
ester (0.017 g, 4%) as a white solid.

'H-NMR: 300 MHz, (CH;0H-dg) 5: 7.9 (m, 12H), 5.3 (m, 2H), 4.4 (m, 1H), 4.2 (d, /=7 Hz,
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): m/z 740 [M + HJ".

Example ET

O—
(14{2-[5+(6-Bromonaphthalen-2-yl)- 1 H-imidazol [2-Methyl-1-(3{5-{6~(4.4,5,5-tetramethyl-
-2-yl}-pyrrolidine-1-carbony(}-2-methyl-propyl)- [1.3,2]dioxaborolan-2-yl)-naphthalen-2-yi}-
carbamic acid methyl ester 1H-imidazol-2-yl}-2-aza-bicyclof2.2. 1]heptane-

2-carbonyl)-methyl}-carbamic acid methyl ester

PA(PPhs)s )"NH \f f

e v, QO

DME-H,0O HN
80°C N\)\N \(

[1‘(3-(5-[6-(4-{2-[1 ~«(2-Methoxycarbonylamino-3-methyl-butyryl)-
pyrrolidin-2-yf}-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yi}-
1H-imidazol-2-yl}-2-aza-bicyclo{2.2. 1]heptane-2-carbonyl)-

2-methyl]-carbamic acid methyl ester

[1-(3-{5-[6-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl}-3H-
imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-imidazol-2-yl}-2-aza-bicyclo{2.2.1]heptane-2-

carbonyl)-2-methyl]-carbamic acid methyl ester: (1-{2-[5-(6-Bromonaphthalen-2-yl)-1H-
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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]-1H-
imidazol-2-yl}-2-aza-bicyclo[2.2.1]heptane-2-carbonyl)-methyl}-carbamic acid methyl ester
(0.297 g), and NaHCO; (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(PPh;), (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. Qil 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}-3H-imidazol-4-yl } -phenyl)-
naphthalen-2-yl]-1H-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.

'H-NMR: 300 MHz, (CH;0H-d4) &: 8.3 (d, J=9 Hz, 2H), 8.1 (m, 2H), 8.0 (m, 4H), 7.9 (m,
4H), 5.3 (t, J=7 Hz, 2H), 4.6 (s, 2H), 4.5 (m, 2H), 4.2 (d, /= 7 Hz, 2H), 4.1 (m, 2H), 3.9 (m,
2H), 3.6 (s, 6H), 3.3 (s, 2H), 2.9 (s, 1H), 2.8 (m, 1H), 2.0 (m, 8H), 1.8 (m, 1H), 1.4 (d, J= 7 Hz,
3H), 0.9 (m, 6H); MS (ESI): m/z 787 [M + HJ".

Example EU

\3\
d N\H\(o N

:/@ % N

G "(
(2-{2-[5-(4-Bromo-phenyi}-1H-imidazol-2-yl}- [2- Methyl—1-(3—{5-[6—(4,4,5.5—tetramethyl-

pyrrolidin-1-yl}-1-methyl-2-oxo-ethyl)- [1.3,2]dioxaborolan-2-yl}-naphthalen-2-yl}-

carbamic acid methyl ester 1H-imidazol-2-yl}-2-aza-bicyclo[2.2.1]heptane-

2-carbonyl)-methyl}-carbamic acid methyl ester

Pd(PPh;) )\ n\?‘ fN
3)4 NH S
NaHCOj, O NN
DME-H,0 k(\)\ 0)\H\N\(°
80°C Q/_ H O—
[2-(34{5-{6~(4{2-[1{2-Methoxycarbonylamino-propionyl)-
pyrolidin-2-yl}-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl}-
1H-imidazol-2-yl}-2-aza-bicyclo[2.2. 1]hept-2-yl)-
1-methyl-2-oxo-ethyl}-carbamic acid methyl ester
[2-(3-{5-[6-(4-{2-[1-(2-Methoxycarbonylamino-propionyl)-pyrrolidin-2-yl}-3H-imidazol-4-
yl}-phenyl)-naphthalen-2-yl]-1H-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)-1H-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-tetramethyl-[1,3,2]dioxaborolan-2-yl)-naphthalen-2-yl}-1H-imidazol-2-yl} -2-aza-
bicyclo[2.2.1]heptane-2-carbonyl)-methyl]-carbamic acid methyl ester (0.303 g), and NaHCOs
(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 (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 [2-(3-{5-[6-(4-{2-[1-(2-Methoxycarbonylamino-
propionyl)-pyrrolidin-2-yl]-3H-imidazol-4-yl } -phenyl)-naphthalen-2-yl}-1H-imidazol-2-yl } -2-
aza-bicyclo[2.2.1]hept-2-yl)-1-methyl-2-oxo0-ethyl]-carbamic acid methyl ester (0.159 g, 38%)
as a white solid.

'H-NMR: 300 MHz, (CH30H-d4) 8: 8.3 (d, J=9 Hz, 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, /= 7 Hz, 6H), 3.3
(m, 2H), 2.9 (s, 1H), 2.8 (s, 1H), 2.6 (m, 1H), 2.0 (m, 8H), 1.8 (m, 2H), 1.4 (m, 6H); MS (ESI):
m/z 759 [M + H]".

Example EV

;&NH . H>€ :
\\(0\/"',:}_@ i N

° HN\(

(14{2{5-(4-Bromo-phenyl)-1H-imidazol-2-yl} [2-Methyl-1-(3—{5-{6-(4,4,5,5—(etramethy|-
pyrrolidine-1-carbonyi}-2-methyl-propyl)- [1,3,2]dioxaborolan-2-yl}-naphthalen-2-yl}-
carbamic acid methyl ester 1H-imidazol-2-yl}-2-aza-bicyclo[2.2. 1}heptane-2-carbonyl)-

propyl}-carbamic acid methyl ester

Pd(PPh3) )~
DME-H,0 \)\” HN\(

80°C

1 -(3-{5-{6-(4-(2-[1 -(2-Methoxycarbonylamino-3-methyl-butyryl)-
pyrrolidin-2-yl]-3H-imidazol-4-yi}-phenyl)-naphthalen-2-yl}-
1H-imidazol-2-yi}-2-aza-bicyclo[2.2.1]heptane-2-carbonyl)-2-methyl-propyl}-
carbamic acid methyl ester

710

IPR2018-00211 Page 712 of 1092 I-MAK 1011



WO 2010/132601 PCT/US2010/034600

[2-Methyl-1-(2-{5-[6-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-1H-
imidazel-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]-1H-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-fert-butyl ester as

described in example CL.

[1-(3-{5-[6-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-
pyrrolidin-2-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: (1-{2-[5-(4-Bromo-phenyl)-1H-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}- | H-imidazol-2-yl } -2-aza-
bicyclo[2.2.11heptane-2-carbonyl)-propyl]-carbamic acid methyl ester (0.301 g), and NaHCO3;
(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(PPh;), (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 (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-3-
methyl-butyryl)-pyrrolidin-2-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
(0.187 g, 44%) as a white solid.

'H-NMR: 300 MHz, (CH;0H-d4) 8: 8.3 (d, /=9 Hz, 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, /= 7 Hz, 6H), 3.3
(m, 2H), 2.9 (s, 1H), 2.6 (m, 2H), 2.1 (m, 8H), 1.8 (m, 2H), 1.4 (m, 12H); MS (ESI): m/z 815
[M+H]".
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Example EW

H
)‘NH K,‘
HRO - e
' HN~(
(2-{2—[5-(4—Bromo-phenyl)-1H-lmldazol -2-yl}- (2-Methy|-1-(3—{5—[6-(4,4,S,S—tetramethyl-
pyrrolidin-1-y(}-1-methyl-2-oxo-ethyl)- [1.3,2]dioxaborolan-2-yl)-naphthalen-2-yl)-
carbamic acid methyl ester 1H-imidazol-2-yl}-2-aza-bicyclo{2.2. 1]heptane-2-carbonyl)-

propyl]-carbamic acid methyl ester

gl T < ?f
—_— 3
g{l)\ggHzo \)\N O O HN\(
[1 (34{5-6-(4{2-[1-(2-Methoxycarbonylamino-propionyl)-
pyrrolidin-2-yl}-3H-imidazol-4-yl}-phenyl}-naphthalen-2-yl)-
1H-imidazo!-2-yl}-2-aza-bicyclof2.2. 1]heptane-2-carbonyl)-2-methyl-propyl]-
carbamic acid methyl ester
[1-4(3-{5-[6-(4-{2-[1-(2-Methoxycarbonylamino-propionyl)-pyrrolidin-2-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: (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}-1H-imidazol-2-yl}-2-aza-
bicyclo[2.2.1]heptane-2-carbonyl)-propyl]-carbamic acid methyl ester (0.310 g), and NaHCO;
(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(PPhs;)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%
acetoniﬁile: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])-1H-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.
'H-NMR: 300 MHz, (CH;0H-d,) §: 8.3 (d,J=9 Hz, 2H), 8.1 (m, 2H), 8.0 (m, 4H), 7.9 (m,
4H), 5.3 (m, 2H), 4.7 (s, 2H), 4.5 (m, 1H), 4.3 (d, /=7 Hz, 1H), 4.0 (m, 2H), 3.7 (d, J = 7 Hz,
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6H), 3.3 (s, 6H), 2.9 (s, 1H), 2.3 (m, 2H), 2.1 (m, 8H), 2.0 (m, 2H), 1.8 (m, 2H), 1.3 (d, /=7 Hz,
3H)1.0 (m, 6H); MS (ESI): m/z 787 [M +H]".

Example EX

Pd(PPhg)4, Cul, E3N,
-0 H 3{5-(4-Bromo-phenyl)-1H-imidazol-2-yl}-2-aza-
).. : bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl

N o
[o) A N A — ester .
\i Q/UNHH >——-‘H OMF, 80 °C

(1{25-(4-Ethynylphenyl)-1H-imidazol-2-yl}-pyrrolidine- 1-carbonyl}-
2-methyt-propyl)-carbamic acid methyl ester

1) HCI, Dioxanes
2) HATU, NMM, DMF

~ 5 * 13
/OYN\E)LOH

o i
34{5-[4-(4{2{1-(2- Methoxyrbonylamlno-3-methyl-butyryl)-pyrrohdm -2-yl}-3H-imidazol4- N
* yl}-phenylethynyl)-phenyl}-1H-imidazol-2-yl}-2-aza-bicyclo[2.2.1]heptane-2-carboxylic 2-Methoxycarbonylamino-3-
acid tert-butyl ester methyl-butyric acid

‘O

*‘0 H H H
N
:\H DaV
\ N N —{
H O—
[ -(3-(5-[4-(4-(2-[1—(2-Methoxycarbonylammo—3—methyl—butyryl)—pyrrohdm-Z—yl}-SH -imidazol-4-yf}-
phenylethynyl)-phenyl}- 1 H-imidazol-2-yf}-2-aza-bicyclo{2.2. 1}heptane-2-carbonyl)-2-methyl-propyl}
carbamic acid methyl ester

3-{5-[4-(4-{2-[1-(2-Methexycarbonylamino-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 fert-butyl ester: A solution of (1-{2-[5-(4-Ethynyl-phenyl)-1H-imidazol-2-yl]-
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (500 mg, 1.27 mmol), 3-
[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid fert-
butyl ester (530 mg, 1.27 mmol), and triethylamine (531 OL, 3.81 mmol) in DMF (6.4 mL) was
degassed with N, gas for 20 minutes. To the degassed solution was added Pd(PPh;)s (150 mg,
0.13 mmol) and Cul (25 mg, 0.13 mmol). 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-H;0; 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-ESI": calc’d for C4HsoN;Os:  732.4 (M+H"); Found:
732.2 (M+HY).

[1-(3-{5-[4-(4-{2-[1-(2-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-
carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: To 3-{5-[4-(4-{2-[1-(2-
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 rerz-butyl ester (150
mg, 0.20 mmol) in dioxanes (2 mL) was added 4N HCl in dioxanes (250 [1L). 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 HATU (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-H;0; 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-yl}-phenylethynyl)-phenyl]-1H-imidazol-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). 'H-NMR: 400 MHz, (DMSO-dg) 8: 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, 1H), 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, SH), 1.54 (d, 2H), 1.00-0.887 (m, 12H). LCMS-ESI": calc’d for
CasHs3NgOg: 789.4 (M+H"); Found: 789.5 (M+H").
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Example EY
Pd(PPh3)g
ooy PACHdppl;
N\(\ N \\\ KaCOs
N 0. 1 DME
8oc, ] Br . \ N\ N .
i s o] 80°C
N N c o ,N—{ B —
H H H O—
3-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl}-2-aza-bicyclo{2.2. 1]heptane-2- [2-Methyl- 1-(2-{5{6(4,4.5,5-tetramethyl-
carboxylic acid fert-buty! ester [1.3,2]dioxaborolan-2-yl)-naphthalen-2-yl}- 1H-imidazol-2-yl}-

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

1) HCI, Dioxanes

/> 2) HATU, NMM, DMF
L

@* e T

" ° AN
2-Memoxycarboqylarr!ino-3-
3-{54-{6-{2-{1{2-Methoxycarbonylamino-3-methyl-butyry})-pyrolidin-2- methyt-butyric acid

yi}-3H-imidazol-4-yf}-naphthalen-2-yl)-phenyl]- 1H-imidazol-2-yl}-2-aza-
bicyclo{2.2.1)heptans-2-carboxylic acid tert-butyl ester

o—

12 AH

. -
7 @ S

[1<2-{5{6-(4{2-{2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza-
bicyclof2.2.1]hept-3-yl}- 3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl}- 1H-imidazol-2-
yl}-pyrrolidine-1-carbonyl)-2-methyi-propyl}-carbamic acid methyl ester

3-{5-]4-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-
imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-2-aza-bicyclo[2.2.1]heptane-2-
carboxylic acid fert-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]-1H-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 fert-butyl ester (383 mg, 0.92 mmol) and aq K,COs
(920 pl of a 2M solution, 1.84 mmol) in DME (9 mL) was degassed with N, gas for 20 minutes.
To the degassed solution was added Pd(PPh;)4 (106 mg, 0.092 mmol) and PdCl,dppf (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-H;0; 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]-1H-imidazol-2-yl } -2-aza-
bicyclo[2.2.1]heptane-2-carboxylic acid fert-butyl ester (112 mg, 0.15 mmol, 16% yield).
LCMS-ESI": calc’d for CasHs:N7Os: 758.4 (M+H™); Found: 758.0 (M+H™).
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[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]-1H-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]-1H-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 HCl 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-H,0; 0.1% formic acid
modifier) and concentrated. The formate salt was dissolved in MeOH then passed through an
ion-exchange column (StratoSpheres SPE PL-HCO3; 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-H,0; 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]-1H-imidazol-2-yl} -
pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (29 mg, 0.036 mmol, 77%
yield). '"H-NMR: 400 MHz, (DMSO-d) 5: 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, 1H),
2.30-2.1.82 (m, 9H), 1.55 (d, 2H), 1.02-0.87 (m, 12H). LCMS-ESI*: calc’d for CaeHssNgOs:
815.3 (M+H"); Found: 815.4 (M+H").
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Example EZ
- H /2, Pd(PPhs),
H I PdClydppf;
3"‘ 0 N\(\ N _L K2C0Os
i
THNO o S e
T\ N N d o NY¢ -
H H H 0—
(143-{5-(4-Bromo-phenyf)-1H-midazot-2-yl}- 2-aza- [2-Methyt1-(6-{5-[6-(4.4,5,5-tetramethyH{ 1,3 2)dioxaborolan-2-yf)-
bicyclof2.2. 1 Jheptane-2-carbonyl}-2-methyl-propyi)- naphthalen-2-yl}- 1H-imidazol-2-yl}-5-aza-spiro{2.4]heptane-5-
carbamic acid methyl ester carbonyf)-propyf}-carbamic acid methyl ester

O

. @5
\\ @ﬂk 3 v

[1-(6-{5{6(4-{2-[2-(2-Methoxy plamino-3-methykbutyryi)-2-aza-
bicyclof2.2.1]hept- 3-yI]»3H—|m|daon-yI)-phenyl)-naphmaten-z yl}-1H-imidazot-2-yf}-5-
aza-spiro{2.4)heptane-5-carbonyl)-2-methyl-propyl}-carbamic acid methy! ester

[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}-1H-imidazol-2-yl}-5-aza-
spiro[2.4]heptane-5-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: A solution of
(1-{3-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-2-aza-bicyclo[2.2.1 Jheptane-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]-1H-imidazol-2-yl } -5-aza-
spiro[2.4]heptane-5-carbonyl)-propyl]-carbamic acid methyl ester (200 mg, 0.35 mmol) and aq
K,COj; (438 ul of a 2M solution, 0.88 mmol) in DME (4 mL) was degassed with N, gas for 20
minutes. To the degassed solution was added Pd(PPh;)s (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-H,0; 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 Jhept-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). 'H-
NMR: 400 MHz, (DMSO-d¢) 6: 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, 1H), 7.16 (d, 1H), 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-ESI": calc’d for CssHs;NgOs: 841.4
(M+H"); Found: 842.1 (M+HM).
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Example FA and FB
0. 0
Br. 0\(0 NH4OAC Br- o
Xyienes o)l ,( Nz
Br HO ,< 2 o
o H 130°C. 75 min o H u
]
N
2-Bromo-1-(6-bromo- N- ano-L- 4-Cyano-pyrrolidine-1,2-dicarboxylic
naphthalen-2-yl)-ethanone profine methyl ester acid 2{2-(6-bromo-naphthalen-2-yl)-2-

Nyiancs 'S HQ

130°C, 75 min 'G/;

H

2-[5-(6-Bromo-naphthalen-2-yl)}-1H-
imidazol-2-yl4-cyano-pyrolidine-1-
carboxylic acid tert-butyl ester

9% #ih&j’ . 25’7

Pd(dppf)Cio/CH,Cly
KOACc, 1,4-Dioxane
90°C, 16h

[1(4-Cyano-2{5-{6-(4.4,5,5-tetramethyl-
[1,3.2]dioxaborolan-2-yl)-naphthalen-2-yl}- 1H-

oxo-ethyl] ester 1-tert-butyl ester

1. 4N HCVDioxane

RT, 4h
2. HATU, DIPEA ///
DMF, RT
o (1<{2-[5-(6-Bromo-naphthalen-2-yl)-1H-imidazol-
o H \)L 2-yil-4-cyano-pyrrolidine-1-carbonyf)-2-methyl-
e \n/N v OH propyl)-carbamic acid methyt ester
o

7]3“/“
N
/
/o\ﬂ' "H

(1-{6-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl}-5-aza-
spiro{2.4]heptane-5-carbonyi}-3-methanesulfonyl-

///

imidazol-2-yl}-pymrolidine-1-carbonyl)-2- propyl)-carbamic acid methy! ester
methyl-propy(}-carbamic acid methyi ester
\s/,o

Pd(PPh3)s d 7 HH 1

85°C, t18h

H
2M K,CO. N N WA
— IR e e
DMEM,0 /OTN\H NJ}/N T

[1-(4-Cyano-2-{5-{6-(4-{2{5-(4-methanesulfonyl-2-methoxycarbonylamino-
butyryl)-5-aza-spiro[2.4]hept-6-yi}-3H-imidazol-4-yl}-phenyl)-naphthalen-2-
yi-1H{midazol-2-yl}-pyrrolidine-1-carbonyf)-2-methyl-propyl]-carbamic
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-fert-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 1-fers-butyl ester in
Example CL, substituting pyrrolidine-1,2-dicarboxylic acid 1-zert-butyl ester with N-Boc-cis-4-
cyano-L-proline methyl ester (643 mg, 67%)

2-[5-(6-Bromo-naphthalen-2-yl)-1H-imidazol-2-yl}-4-cyano-pyrrolidine-1-carboxylic acid
fert-butyl ester:

Title compound was prepared according to the method employed to prepare 2-[5-(6-Bromo-
naphthalen-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-buty! ester: in Example
CL, changing the reaction temperature to 130°C and the reaction time to 75 minutes. (396 mg,
64%) MS (ESI) m/z 468.99 [M + H]".

( 1-{2—|5—(6-Bromo-naphthalen-Z-yl)-lH-imidazoI-2-yl]-4-cyano-pyrrolidine-l-carbdnyl}-l-

methyl-propyl)-carbamic acid methyl ester:

Title compound was prepared according to the method employed to prepare (1-{2-[5-(7-{2-[1-
(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}-thianthren-2-
yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl-propyl)-carbamic acid methyl ester and
(1-{2-[5-(8-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-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) m/z 525.94 [M + H]".

[1-(4-Cyano-2-{5-[6-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-naphthalen-2-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 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 in Example CL, replacing N-Boc Proline with N-Boc-4-cyano-proline. (407 mg,
87%) MS (ESI) m/z 572.46 [M + H]".
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(l-{6-[5—(4-Bromo-phenyl)-lH-imidazol-Z-yl]-5-aza-spiro[2.4]heptane-s-carbbnyl}-3-

methanesulfonyl-propyl)-carbamic acid methyl ester:

HBr \S’lo
NH K 7 NH/OAC g \) A i
Xylenes
" /’z e A T~ )
/ 130'c 75 min ,077/N (o]

3 H
6-[5-(4-Bromo-phenyl)-1H-imidazol- 4-Methanesulfonyl-2- (14{6-[5-(4-Bromo-pheny1)-1 H-imidazol-2-yf}-5-aza-
2-yl]-5-aza-spirof2 4Jheptane X2 methoxycarbonylami spiro{2.4]heplane-5-carbonyl}-3-methanesutfonyl-

hydrogen bromide satt no-butyric acid propyl)-carbamic acid methyl ester

Title compound was prepared according to the method employed to prepare (1-{2-[5-(4-
Bromonaphthalen-1-yl)-1H-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-{5-[6-(4-{2-[5-(4-methanesulfonyl-2-methoxycarbonylamino-
butyryl)-5-aza-spiro[2.4]hept-6-yl]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-
imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester

N ’r«o <O

N‘H
o

(1-(6-[5-(4—Bfwmrpheny1)-1H-vmdazol-2 yi}5-aza- \’S,,o o
spiro{2.4 heptane-5-carbony}-3- Y- Pd(PPhy), C "y WA
propyl)-carbamic acid methyl ester 2MK,COy A ,/z P .__~ C N
y N 7 N
+ DME/M,0 “Ou . © O : /
2 )r N N
85°C, 16h s H H _\2
o “n
Vi

Spirof2. 4Ihep'l-6-yi]—3H-umdazoi-4-y!}—phenyl)—naphﬁabn—2
yiH1 H-imidazol-2-yi}- pyrrolidine- 1-carbony!)-2-methyl-propyf}carbamic
acid methyl ester

:ﬁ ‘~4 °v o {
J>/ [1-(4-Cyano-2{5-{6-(4-{2-[5-(4-meth ol 2-math "
butyryl)-5-aza-
H
///

[1-(4-Cyano-2{5-{6-(4,4.5,5-tetramethyt
{1,3,2)dioxaborotan-2-y)}-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 (1-{2-[5-(6'-{2-[1-
(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-

3H-imidazol-4-yl}-[2,2']binaphthalenyl-6-yl)-1H-imidazol-2-yl]-pyrrolidine-
1-carbonyl }-2-methyl-propyl)-carbamic acid methyl ester in Example CL. (30%)
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:'H-NMR: 400 MHz, (CD;OD) & 8.14 (s, 2H), 8.09 (d, J= 5.6 Hz, 1H), 7.92 (d, /= 7.6 Hz, 2H),
7.85~7.78 (m, 5H), 7.46 (s, 1H), 7.41 (s, 1H), 5.33 (dd, /= 5.6 Hz, 7.6 Hz, 1H), 5.21 (t, /= 8.4
Hz, 1H), 4.63 — 4.58 (m, 2H), 4.17 — 4.13 (m, 1H), 4.05 (t, /= 10.4 Hz, 1H), 3.83 (s, 2H), 3.65
(d, /= 5.2 Hz, 6H), 3.48 — 3.42 (m, 3H), 3.21 (t, J= 7.6 Hz, 2H), 2.98 (s, 1H), 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) m/z 904.58 [M + HJ".

Example FB: [1-(4-Cyano-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]-1H-imidazol-2-
yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester:

.
- N /
RESIarat
" .'"N o HH
[ (¢f:ya::z'(5{&(uss'e§amzy;}m o \o):g\;ﬁuk °$\,\;§°\
o "o

propyl]-carbamic acid mettvyl ester .

DMEM,0
85°C, 18h

+

HH
N i N \\ [1+ (4—Cym2-(5(84ﬁ2{2—(2-nmhoxycmbonylanmo3nmhythmyw2~az&
8r N ucydo(z 2.1]hept-3-yi}- 3K
yl)-pynoﬁdne- -carbmyl)-z-memyl-propyu-mm acid met‘hﬁ ester

[o]

(1-{3-[5-(4-Bromo-phenyl)- 1 H-imidazol-2-yl}-
2-aza-bicyclo{2.2. 1]heptane-2-carbonyl}-2-
methyl-propyf}-carbamic 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-yl]-
3H-imidazol-4-yl}-[2,2']binaphthalenyl-6-yl)-1H-imidazol-2-yl]-pyrrolidine-
1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester in Example CL. (35%)

:'H-NMR: 400 MHz, (CD;0D) & 8.22 (s, 1H), 8.15'(s, 1H), 8.07 (s, 1H), 7.92 (dd, J= 2 Hz, 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, 1H), 4.16 (d, /= 7.6 Hz, 1H), 4.05 (t, /= 10.4 Hz, 1H), 3.65
(d, J=5.6 Hz, 4H), 3.51 (m, 2H), 2.90 (m, 1H), 2.76 (s, 1H), 2.64 (m, 1H), 2.29 (d, /= 9.6 Hz,
1H), 2.19 - 2.10 (m, 1H), 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 + H]".
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Example FC
NHsCI -/oj HATU,
e} Boc DMF
2-Amino-1-(4-bromo-phenyl)- Morpholine-3,4-dicarboxylic
ethanone hydrochloride acid 4-tert-butyl ester
-° 1. HC

H = 2. carboxceylic acid,
NH,OAc NN HATU, DIPEA
o~ O ke
xylenes N DME
3-[5-(4-Bromo-phenyl)-1H-
3-[2-(4- Bromo-phenyl) -2-0X0- imidazol-2-yl}-morpholine-4-

ethylcarbamoyl}-morpholine-4- carboxylic acid tert-butyl ester
carboxylic acid tert-butyl ester

/Oj / Cul,
™y e BN
e~ )1 o)\:)\ + \(\(i)NL \ _ o ™
: ( MO—=

OYNH N

-0 G

(1-{3-[5-(4-Bromo-phenyl)-1H-imidazo!- (1-{2-[5-(4-Ethynyl-phenyl)-1H-imidazol-2-

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

°>=o °j
wf
OYNH
[1-(2-{5-[4-(4-{2-[4-(2-Methoxycarbonylamino-3- methyl butyryl)-

morpholin-3-yl]-3H-imidazol-4-yl}-phenylethynyl)-phenyl)-1H-imidazol-2-
yl}-pyrrolidine-1-carbonyl)-2-methyi-propyl]-carbamic acid methyl ester

3-|2-(4-Bromo-phenyl)-2-oxo-ethylcarbamoyl]-morpholine-4-carboxylic acid fert-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 fert-butyl
ester (Example AE), substituting Morpholine-3,4-dicarboxylic acid 4-fert-butyl ester for 2-aza-
bicyclo[2.2.1]heptane-2,3-dicarboxylic acid 2-ferr-butyl ester.

3-|5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-morpholine-4-carboxylic acid fert-butyl ester:
Title compound was prepared according to the method employed to prepare 3-[5-(4-Bromo-

phenyl)-1H-imidazol-2-yl]-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid ters-butyl ester
(Example AS), substituting 3-[2-(4-Bromo-phenyl)-2-oxo-ethylcarbamoyl]-morpholine-4-
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carboxylic acid ferz-butyl ester for 3-[2-(4-bromo-phenyl)-2-oxo-ethylcarbamoyl]-2-aza-
bicyclo[2.2.1]heptane-2-carboxylic acid fert-butyl ester.

(1-{3-[S-(4-Bromo-phenyl)-1H-imidazol-2-y!}-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-phenyl)-1H-imidazol-2-
yl}-morpholine-4-carboxylic acid tert-butyl ester for 2-(4'-Bromo-biphenyl-4-ylcarbamoyl)-
pyrrolidine-1-carboxylic acid rert-butyl ester.

[1-(2-{5-[4-(4-{2-[4-(2-Methoxycarbonylamino-3-methyl-butyryl)-morpholin-3-yl}-3H-
imidazol-4-yl}-phenylethynyl)-phenyl]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-
methyl-propyl]-carbamic acid methy! ester: Title compound was prepared according to the
method employed to prepare Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl}-3H-
imidazol-4-ylethynyl}-phenylethynyl)-1H-imidazol-2-yl]-pyrrolidine- 1 -carbonyl}-2-methyl-
propyl)-carbamic acid methy! ester (Example CT), substituting (1-{ 3-[5-(4—Bromo—phenyl)-'1 H-
imidazol-2-yl]-morpholine-4-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester for (1-{2-
[5-(4-bromo-phenylethynyl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl-propyl)-
carbamic acid methyl ester. 'H-NMR: 400 MHz, (DMSO-ds) 6 12.05 (s, 1H), 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, /= 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, /= 6.4 Hz,
2H), 0.953 - 0.837 (m, 12H); MS (ESI) m/z 779 [M + H]".
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Example FD

Pd(PPha),.
OH Pd(dppf)Cl;-DCM, CH
S R H Kcon "
N N + B o @ —R Bog Y 3 .
o HJ DME/H,0 y ‘)\H
2-(5-Bromo-1H-imidazol-2- 4-Chloro-2-fonnxl- Q/'
yl)-pymrolidine-1-carboxylic ~ phenylboronic acid 2-{5-(4-Chloro-2-formyl-phenyl)-

acid tert-butyl ester 1H-imidazol-2-yl}-pyrrolidine-1-
carboxylic acid tert-butyl ester

1. HCl
1. H,NOH, EtOH j_b_ 2. carboxcylic acid, \r\(" ﬁ.b,
2. TBSCI, im., DMF,_ \)\ HATU DIPEA J\

2-[5-(4—Chloro-2-cyano-phenyl)- '(17{2-[5-(4-Chloro—2.-cyano—phenyl)-1H-
1H-imidazol-2-yl}-pyrrolidine-1- imidazol-2-yl}-pyrrolidine-1-carbonyi}-2-
carboxylic acid tert-butyl ester methyl-propyl)-carbamic acid methyl ester

/ =
<, 1 0
Bis(pinacolato)diboron, LN N oH BT—O—Q\:'(\M
Pd,(dba)3, x-phos, KOAC N + N g :
o S O -
/N OH

dioxane
/0
3-Cyano-4-{2-{1-(2-methoxycarbonylamino- (1-{2-[5-(4-Bromo-phenyl)-1H-imidazol-2-
3-methyl-butyryl)-pymrolidin-2-yl]-3H- yl}-pyrrolidine-1-carbonyl}-2-methyl-
imidazol-4-yl}-phenylboronic acid propyl)-carbamic acid methy! ester

e
DZMEI::'IZO \)i\(\)\/l\

(14{2-[5-(3-Cyano-4'-{2-[1 -(2-methoxycarbonylamino-3—methyl-butyryl)-
pyrrolidin-2-yl}-3H-imidazol-4-yl}-biphenyl-4-yl)-1H-imidazo!-2-yl}-
pyrrolidine-1-carbonyl}-2-methyl-propyl}-carbamic acid methyl ester

2-[S-(4-Chloro-2-formyl-phenyl)-1H-imidazol-2-yl}-pyrrolidine-1-carboxylic acid terz-butyl
ester: 2-(5-Bromo-1H-imidazol-2-yl)-pyrrolidine-1-carboxylic acid ters-butyl ester (2.00 g,
6.32 mmol), 4-Chloro-2-formyl-phenylboronic acid (1.17 g, 6.32 mmol), Pd(PPh;), (365 mg,
0.316 mmol), Pd(dppf)Cl,-DCM (258 mg, 0.316 mmol) K,COs5 (2 M, 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 N, then heated to 85 °C. After 4 h, the reaction mixture was poured
into saturated aqueous NaHCQ;3;. The aqueous phase was extracted 3x with EtOAc and the
combined organics were dried over MgSOs, 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)-1H-imidazol-2-yl]-pyrrolidine-1-
carboxylic acid ters-butyl ester (1.85 g, 78%).
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2-[5-(4-Chloro-2-cyano-phenyl)-1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid fert-butyl
ester: 2-[5-(4-Chloro-2-formyl-phenyl)-1H-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 H;0, 642 pL, 10.48 mmol) was added. After stirring at room temperature for 15 h, the
solution was concentrated. To the crude oxime was added TBSCI (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 TBSCI (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 NaHCO; and brine then dried over MgSQy, 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)-1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid fert-butyl ester for 2-(4'-Chloro-
biphenyl-3-ylcarbamoyl)-pyrrolidine-1-carboxylic acid fert-butyl ester.

3-Cyano-4-{2-[1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-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]-1H-imidazol-2-yl}-pyrrolidine- 1-carboxylic acid rert-butyl ester (Example CZ),
substituting (1-{2-[5-(4-Chloro-2-cyano-phenyl)-1H-imidazol-2-yl]-pyrrolidine- 1-carbonyl } -2-
methyl-propyl)-carbamic acid methyl ester for 2-[5-(4'-Chloro-2'-cyano-biphenyl-4-yl)-1H-
imidazol-2-yl}-pyrrolidine-1-carboxylic acid ferr-butyl ester.

(1-{2-[5-(3-Cyano-4'-{2-[1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-
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-yl1} -phenyl)-naphthalen-2-yl]-1H-imidazol-2-yl} -pyrrolidine-1-

725

IPR2018-00211 Page 727 of 1092 I-MAK 1011



WO 2010/132601 PCT/US2010/034600

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]-1H-imidazol-2-yl}-pyrrolidine- 1-carbonyl)-propyl}-carbamic acid methyl
ester. '"H-NMR: 400 MHz, (DMSO-ds) 5 12.13 (s, 1H), 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) m/z 764 [M
+H]".

Example FE

NC NC

oM 1
NH;C) HATL, NH /xH
s HOL AN DIPEA "
avad + e o O~

(o}

el
2-Amino-1-(4-bromo-phenyl)- 4-Cyano-pyrrolld|ne-1 2- 2-[2-(4-Bromo-phenyl)-2-oxo-
ethanone hydrochloride dicarboxylic acid 1-tert-butyl ester ethylcarbamoyl}-4-cyano-pyrrolidine-
1-carboxylic acid tert-butyl ester
NC
wH

1. HCI
2. carboxcylic acid,

H E
N~/ N
NH,OAc B'M boc HATU, DIPEA

1
xylenes 2-[5-(4-Bromo-phenyl)-1H- DMF

imidazol-2-yl}-4-cyano-pyrrolidine-
1-carboxylic acid tert-butyl ester

NC
- ~H o
R ~N °
O P + O
N o3 \r‘f A
o=l N‘:)\ N -, ®%
0 Q/'
_[5-(4-B h 1)-1H-imid 1-2- .[2-Methyl-1-(2-{5-[6—(4,4.5,5—tetramethyl7
(1;{“2 j_c‘yang’;;:gid?:;; Coarborg 2~ 11.3.2]dioxaborolan-2-yl)-naphthalen-2-yll-1 Fimidazol-2-
methyl-propyl)-carbamic acid methy! ester yl}-pyrrohdme-1-mrbonyl)-ptropyl]-carbam:c acid methyl
ester
/
o NC
IH

Pd(PPhs),,

L 'Y\Uf »\J\

[1-(2-{5-[6-(4-{2-[4—Cyano—1-(2-methoxy¢zrbonylamino-3-methyl-butyryl)—
pyrrolidin-2-yl]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl}- 1H-imidazol-2-
yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl}-carbamic acid methyl ester

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 teri-
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buty! 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)-1H-imidazol-2-yl]-4-cyano-pyrrolidine-1-carboxylic acid zerr-butyl
ester: Title compound was prepared according to the method employed to prepare 3-[5-(4-
Bromo-phenyl)-1H-imidazol-2-yl]-2-aza-bicyclo[2.2.1}heptane-2-carboxylic acid fert-butyl
ester (Example AS), 2-[2-(4-Bromo-phenyl)-2-oxo-ethylcarbamoyl]-4-cyano-pyrrolidine-1-
carboxylic acid fert-butyl ester for 3-[2-(4-bromo-phenyl)-2-oxo-ethylcarbamoyl]-2-aza-
bicyclo[2.2.1]heptane-2-carboxylic acid fert-butyl ester.

(1-{2-|5-(4-Bromo-phenyl)-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)-
1H-imidazol-2-yl]-4-cyano-pyrrolidine-1-carboxylic acid fert-butyl ester for 2-(4'-Chloro-
biphenyl-3-ylcarbamoyl)-pyrrolidine-1-carboxylic acid rert-butyl ester.

[1-(2-{5-[6-(4-{2-|4-Cyano-1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-
3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyI)-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)-1H-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]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-propyl}-carbamic acid methyl

ester. 'H-NMR: 400 MHz, (DMSO-dg) 5 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, 1H), 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) m/z 814 [M + H]".
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Example FF
/
o] 1. TMS-acetylene,
=0 Cul, Pd(PPhs)s,
HN EtsN, DMF

< N \ ,
|
Y\ﬁ\)\N Q0N 5 2 KeCOs MeOH

(1{2-[5-(6-Bromo-naphthalen-2-yl)-1H-
imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester

7/
H
HY n ! ;\/l\
B O N
N N v
Y\( I Br—@' e
N = + NH
g lint o<
0
(1-{2-[5-(6-Ethynyl-naphthalen-2-yl)-1H- {1-[3-(6-Bromo-1H-benzoimidazol-2-yl)-2-
imidazol-2-yl]-pyrrolidine-1-carbonyl}-2- aza-bicyclo[2.2.1]heptane-2-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester methyl-propyl}-carbamic acid methyl ester
/
Cul,
Pd(PPh3)s
EtN N \r\( )\/k

/

(1-{2-[5-(6-{2-[2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza-
bicyclof2.2.1]hept-3-yi]-3H-benzoimidazol-5-ylethynyl}-naphthalen-2-yl)-1H-
imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

(1-{2-[5-(6-Ethynyl-naphthalen-2-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-(4-Ethynyl-phenyl)-1H-imidazol-2-yl]-pyrrolidine- I -carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester from (1-{2-[5-(4-bromo-phenyl)-1H-imidazol-2-yl}-
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example AY),
substituting (1-{2-[5-(6-Bromo-naphthalen-2-yl)-1H-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-Methoxycarbonylamino-3-methyl-butyryl)-2-aza-bicycle[2.2.1]hept-3-
yl]-3H-benzoimidazol-5-ylethynyl}-naphthalen-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-
carbonyl}-2-methyl-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}-3H-imidazol-4-ylethynyl}-phenylethynyl)-1H-imidazol-2-yl]-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-carbamic acid methy! ester (Example CT), substituting {1-[3-(6-
Bromo-1H-benzoimidazol-2-yl)-2-aza-bicyclof2.2.1]heptane-2-carbonyl}-2-methyl-propyl} -
carbamic acid methyl ester for (1-{2-[5-(4-bromo-phenylethynyl)-1H-imidazol-2-yl]-
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester and (1-{2-[5-(6-Ethynyl-
naphthalen-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid
methyl ester for {1-[2-(5-Ethynyl-1H-imidazol-2-yl)-pyrrolidine-1-carbonyl]-2-methyl-propyl}-
carbamic acid methyl ester. NMR (MeOH-d4, 400 MHz) §: 8.19-8.11 (m, 1H), 8.01-7.99 (m,
1H), 7.86-7.71 (m, 3H), 7.57-7.39 (m, 3H), 7.02-6.99 (m, 1H); MS (ESI) m/z 813 [M + HJ".

Example FG

H

«CN "
NH;C /S DIPER NH :/S“CN
C {_ 3Cl HO._N DIPEA O ( :
L) -'-'.> N
> * 7(])/\ Boc OMF > 0 oy\ Boc

(o]
2-Amino-1-(4-bromo-phenyl)- 4-Cyano-pyrrolidine-1,2- 2-[2—(4-Bromo-phenyl)—z—oxp-.
ethanone hydrochloride dicarboxylic acid 1-tert-butyl ester ethylcarbamoyl]-4-cyano-pyrrolidine-
1-carboxylic acid tert-butyl ester
H
«{CN

1. HC!
2. carboxcylic acid,

H ::'
N N
NH,OACc B’M Boc HATU, DIPEA

{
xylenes 2-[5-(4-Bromo-phenyl)-1H- OMF

imidazol-2-yl]-4-cyano-pyrrolidine-
1-carboxylic acid tert-butyl ester

H
wC

N

=
/0

: 1)-1H-imi 9. [2-Methyl-1-(24{5-(6-(4.4,5,5-tetramethyl-
(1;,{']2 -Ec-:gna ;?pr;'gga?: g_)1 _grgf;;ozl_z [1.3.2]dioxaborolan-2-yl)-naphthalen-2-yl}-1H-imidazol-2-

methyl-propyl)-carbamic acid methy! ester y[}-pyrrolidine-1-carbonyl)-propyl}-carbamic acid methyl

N
“%N HN
o O~

ester
/
o H
HN)=0 WCN
Pd(PPhy), o ;
AR G 3 v WO B
i
DME/H,0 "j)\ﬂ Q {4 S
o<
/O

[1-(2-{5-6-(4{2-[4-Cyano-1-(2-methoxycarbonylamino-3-methyl-butyryl)-
pyrrolidin-2-yl}-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl]- 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 fert-
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-fert-butyl
ester for 2-aza-bicyclo[2.2.1]heptane-2,3-dicarboxylic acid 2-fert-butyl ester.

2-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-4-cyano-pyrrolidine-1-carboxylic acid fert-butyl
ester: Title compound was prepared according to the method employed to prepare 3-[5-(4-
Bromo-phenyl)-1H-imidazol-2-yl]-2-aza-bicyclo[2.2.1 Jheptane-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 fert-butyl ester.

(1-{2-[5<(4-Bromo-phenyl)-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)-
1H-imidazol-2-yl]-4-cyano-pyrrolidine-1-carboxylic acid tert-butyl ester for 2-(4'-Chloro-
biphenyl-3-ylcarbamoyl)-pyrrolidine-1-carboxylic acid fert-butyl ester.

[1-(2-{5-[6-(4-{2-[4-Cyano-1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl}-
3H-imidazol-4-yl}-phenyl)-naphthalen-2-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]-1H-imidazol-2-yl } -pyrrolidine- 1 -
carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (Example AZ), substituting (1-{2-[5-(4-
Bromo-phenyl)-1H-imidazol-2-yl]-4-cyano-pyrrolidine-1-carbonyl} -2-methyl-propy!)-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. NMR (MeOH-d4, 400 MHz) 6: 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, 1H), 4.28-3.88 (m, 6H), 3.66 (s, 6H), 2.86 (m, 1H), 2.60 (m, 1H), 2.40-
2.19 (m, 3H), 2.11-1.97 (m, 3H), 1.00-0.88 (m, 12H); MS (ESI) m/z 814 [M + HJ".
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Example FH
A, B ek
— HN__0.
NC OH THFIH;O ~
NH; lr
2-Amino-3-cyano-propionic acid 3-Cyano-2-methoxycarbonylamino-
propionic acid
N O 1. HCI o
Bog I N 2. carboxcylic acid,
N {jﬁ FNHE N
H DMF
3{5-{6-(4.4.5,5- Tetramethy}-[1,3,2]dioxaborolan-2-yl)- [2-Cyano-1-(3{5-{6-(4,4,5,5-tetramethyl-[1, 3, 2]dioxaborotan-2-yl)-
naphthalen-2-yl}-1H-imidazol-2-yl}-2-aza- naphthalen-2-yl}-1H-imidazol-2-y!}-2-aza-bicyclo]2. 2. 1 jheptane-2-
bicyclo[2.2. 1]heptane-2-carboxylic acid tert-butyl ester carbonyl)-ethyl}-carbamic acid methyl ester

<,
LN @M o4

[1(24{5-[4-(6-{2-{2-(3-Cyano-2-methoxycarbonylamino-propionyl)-2-aza-
bicyclof2.2. 1Jhept-3-yl}-3H-imidazol4-yl}-naphthalen-2-yl)-phenyl]- 1 H-imidazol-
2-yl}-pymolidine-1-carbonyl)-2-methyl-propyl}-carbamic acid methyl ester

3-Cyano-2-methoxycarbonylamino-propionic acid: Methyl chloroformate (0.81 mL, 10.51
mmol) was added dropwise to a stirred suspension of 2-Amino-3-cyano-propionic acid ( 1.00g,
8.76 mmol) and NaOH (5 N in H;0, 4.2 mL, 21.0 mmol) in THF (20 mL). After stirring at
room temperature for 7h, the reaction mixture was poured into 10% HCI and the aqueous phase
was extracted 3x with diethyl ether. The combined organics were dried over MgSQ, 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]-1H-
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'-Chloro-
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}-1H-imidazol-2-yl}-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid fert-butyl ester for 2-(4'-
Chloro-biphenyl-3-ylcarbamoyl)-pyrrolidine- 1-carboxylic acid ters-butyl 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]-3H-imidazol-4-yl}-naphthalen-2-yl)-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-{5-[6-(4-{2-[1-(2-
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Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}-phenyl)-
naphthalen-2-yl]-1H-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-tetramethy]-
[1,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-1H-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]-1H-imidazol-2-yl }-pyrrolidine-1-carbonyl)-propyl]-
carbamic acid methyl ester. '"H NMR (DMSO0-d6, 400 MHz) 6: 8.24-8.18 (m, 2H), 7.99-7.79
(m, 6H), 7.63-7.54 (m, 2H), 5.09 (m, 1H), 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, 1H), 2.79-2.75 (m, 1H), 2.72-2.67 (m,
1H), 2.16-1.42 (m, 9H), 0.91-0.87 (m, 12H); MS (ESI) m/z 812 [M + H]".

Example FI

<. <,

Pd(PPh3)4

\(\(i)‘v\?-@é + \(\\’/ JO—Q— B,

e &

F NC
(1-{2-[5-(4-Ethynyl-phenyl)-1H-imidazol-2- (1-{2-[5-(4-Bromo-phenyl)-1 H-imidazol-2-
yl}-4,4-difluoro-pyrrolidine-1-carbonyl}-2- yl}-4-cyano-pyrrolidine-1-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester methyl-propyl)-carbamic acid methyl ester

C o e
T -O=0<XY 3N
u NH

H o]
NC /7

[1-(4-Cyano-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-imidazo!-
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-methoxycarbonylamino-3-methyl-butyryl)-
pyrrolidin-2-yl}-3H-imidazol-4-yl}-phenylethynyl)-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-{5-[4-(4-{2-[4,4-Difluoro-1-(2-
methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}-phenylethyny!)-
phenyl]-1H-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)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl
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ester (400 mg, 0.89 mmol), and (1-{2-[5-(4-ethynyl-phenyl)- 1H-imidazol-2-yl]-4,4-difluoro-
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester for (1-{2-[5-(4-ethynyl-
phenyl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl
ester. 'H NMR (MeOH-d4, 400 MHz) §: 7.71-7.61 (m, 4H) 7.46-7.34 (m, 4H), 5.30 (m, 1H),
5.14 (m, 1H), 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, 1H), 1.96-1.91 (m, 2H), 0.96-0.83 (m, 12H); MS (ESI) m/z 824 [M + H]".

Example FJ

:—g 1. HC|, H g

/-‘\N MeOH/dioxane M eozc/'\N EtyZn, CH,tp, TFA
) 2. CbzCl, &bz DCM/hexane
4-Methylene-pyrroligine-1,2- D'F £/ DCM  4.Methylene-pyrrolidine-1,2-

dicarboxylic acid 1-fert-buty! ester dicarboxylic acid 1-benzyl
ester 2-methyl ester

HO,C

_E : Coz

s 1. LiOH, N HN

A H,0/MeOH > Br NH \

oo™y : - O o
~(4-bromo-phenyl)-

Coz 2. 2-Amino-1 xylene
5-Aza-spiro[2.4]heptane-5,6-  ethanone hydrochloride, 6-[2-(4-Bromo-phenyl)-2-oxo-
dicarboxylic acid 5-benzyl ester HATU, ethylcarbamoyl}-5-aza-spiro[2.4)heptane-
DIPEA, DMF S-carboxylic acid benzyl ester

/
<,
1. HBIACOH HN
cbz '1\>—< >—Br 2. carboxcylic acid, A\
J\ {‘, HATU, DIPEA Y ‘-)Lﬁ> -

e

6{5-{4-Bromo-phenyl)-1H-imidazol-2- (146-[5-(4-Bromo-phenyl)-1H-imidazok-2-yl}-
yll-5-aza-spiro[2.4]heptane-5- 5-aza-spiro[2.4]heptane-5-carbonyl}-2-
rboxylic acid benzy! ester 4 pirolZ.4]heptane-o ¥
carboxy methyl-propyl)-carbamic acid methy! ester
/
o o
1. TMS-acetylene, =0 =0
Cul, Pd{PPh;),. HN o HN o
EtsN, DMF Y\(W + Y\(ﬁ_@_m
2. K3CO5, MeOH NN <‘/ N
Ne
(1-{6-{5-(4-Ethynyl-phenyl)-1H-imidazol-2- (1-{2-[5-(4-Bromo-phenyl)-1H-imidazol-2-
yl]-5-aza-spirof2.4]heptane-5-carbonyl}-2- yi}-4-cyano-pymolidine-1-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester  methyl-propyl}-carbamic acid methyl ester
Cul, (§=o -’2
Pd(PPh;), HN H
DMF Y\i\}N N 7T
o oL
$ o}
NC /

[1-(4-Cyano-2-{5{4-{4-{2-{5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-
spiro[2.4]hept-6-yl]-3H-imidazol-4-yl}-phenylethynyl)-phenyl}-1H-imidazol-2-y(}-
pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methy! 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 HCl/dioxane (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
BnOCOCI (9.64 mL, 63.4 mmol). After stirring for 1 hours at room temperature, the reaction
mixture was poured into H;O. The aqueous layer was extracted 3x with DCM. The combined
organics were dried over MgSQOj, filtered and concentrated. The residue was purified by silica
column chromatography (10% to 25% EtOAc/hexane) 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 5S-benzyl ester: Diethyl zinc (1.0 M in 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, CH;I; 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 (10 mL). 10 minutes later, the reaction mixture was
warmed to room temperature and stirred for 110 hours. The reaction was quenched by addition
of 100 mL saturated aqueous NH4Cl. The entire contents of the flask were poured into saturated
aqueous NaHCO3 and the aqueous phase was extracted 3x with EtOAc. The combined organics
were dried over MgSOQ,, filtered and concentrated. The residue was dissolved in THF (100 mL),
acetone (33 mL) and H,O (33 mL) and N-methylmorpholine-N-oxide (3.45 g, 29.41 mmol) and
osmium tetroxide (4 wt% in H,O, 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
Na;S;0s. The entire contents of the flask was poured into H,O and the aqueous layer was
extracted 3x with DCM. The combined organics were dried over MgSOQy, filtered and
concentrated. The resulting residue was purified by silica column 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]-5S-aza-spiro[2.4] heptane-S-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 (10 mL) and LiOH (1 M in H,0, 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% HCI
and the aqueous phase was extracted 3x with DCM. The combined organics were dried over
MgSO0,, 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 NaHCOj; and brine, then dried over MgSOs, filtered and
concentrated. The crude residue was purified by silica column chromatography (30% to 50%
EtOAc/hexane) to afford 6-[2-(4-Bromo-phenyl)-2-oxo-ethylcarbamoyl]-5-aza-
spiro[2.4]heptane-5-carboxylic acid benzyl ester (589 mg, 100%).

6-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-5-aza-spiro|2.4] heptane-5S-carboxylic acid benzyl
ester: Title compound was prepared according to the method employed to prepare 3-[5-(4-
Bromo-phenyl)- 1H-imidazol-2-yl]-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid fert-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.

(1-{6-[S-(4-Bromo-phenyl)-1H-imidazol-2-yl]-5-aza-spiro[2.4] heptane-5-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester: 6-[5-(4-Bromo-phenyl)-1H-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 NaHCOj; and brine. The organic layer was dried over MgSQ,, filtered and
concentrated and the crude residue was purified by silica column chromatography (75% to 100%
EtOAc/hexane) to yield (1-{6-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-
5-carbonyl}-2-methyl-propyl)-carbamic acid methy! ester (297 mg, 60%).
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(1-{6-[5-(4-Ethynyl-phenyl)-1H-imidazol-2-yl]-5-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)-1H-imidazol-2-yl]-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-carbamic acid methyl ester from (1-{2-[5-(4-bromo-phenyl)-1H-
imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (Example
AY), substituting (1-{6-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-
carbonyl }-2-methyl-propy!)-carbamic acid methyl ester for (1-{2-[5-(4-bromo-phenyl)-1H-
imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester.

[1-(4-Cyano-2-{5-[4-(4-{2-[5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-
spiro[2.4]hept-6-yl]-3H-imidazol-4-yl}-phenylethynyl)-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-{5-[4-(4-{2-[4,4-Difluoro-1-(2-
methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl }-phenylethynyl)-
phenyl]-1H-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)-1H-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)-1H-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)-1H-imidazol-2-yl]-4,4-difluoro-pyrrolidine- 1-carbonyl } -2-methyl-propyl)-
carbamic acid methy] ester. 'H NMR (MeOH-d4, 400 MHz) 5: 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)
miz 814 [M + H]".
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Example FK

:“E 1. LiOH,
MeOzC/r\N H;0/MeOH ) N\_(\ NH‘OAC'
Cbz 2. 2-Bromo-1-(6-bromo- xylene

5-Aza-spiro[2.4jheptane-5,6-  naphthalen-2-yl)-ethanone, 6-[2-(6-Bromo-naphthalen-2-yl)-2-oxo-
dicarboxylic acid 5-benzyl ester EtsN, MeCN ethylcarbamoyi}-5-aza-spiro[2.4]heptane-
5-carboxylic acid benzyl ester

1. HB/AcOH \(‘

2. carboxcylic acid, - Bis(pinacolato)diboron,
HATU, DIPEA Br =H Pd(dppf)CL-DCM, KOAC
—_—

@O N\ N f DMF dioxane

6-{5-(6-Bromo-naphthalen-2-yi}-1H4- (1-{6—[5—(6-Brom_o-naphlhalen-2 yl)-1H -imidazol-
imidazol-2-yl}-5-aza-spiro{2.4}heptane- 2-yl}-5-aza-spirof2.4]heptane-5-carbonyf}-2-
S-carboxylic acid benzyl ester methyl-propyl)-carbamic acid methyl ester

H X H§=o
o o=t Y H

NG

[2-Methyl-1-(6-{5{6(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2- {14{2-{5-(4-Bromo-phenyl)-1H-imidazol-2-
yi)}-naphthalen-2-yl}-1H-imidazol-2-yl}-5-aza-spiro{2.4]heptane- yi[4-cyano-pyrrolidine-1-carbonyl}-2-
5-carbonyl)-propyi}-carbamic acid methyl ester methyl-propyl)-carbamic acid methy! ester

PA(PPhs)s,
ch(:osm)‘ ,r\ . '—( A \(\M
DME/HzO O

NC
[1-(4-Cyano-2-{5-{4-(6-{2-{5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-
spirof2.4)hept-6-yl}-3H-imidaz ol-4-yl}-naphthalen-2-yl)-phenyl}-1H-imidazol-2-
yi}-pyrrolidine-1-carbonyl)-2-methyl-propyl}-carbamic acid methyl ester

6-[2-(6-Bromo-naphthalen-2-yl)-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
(2.217 g, 7.66 mmol) was dissolved in MeOH (30 mL) and LiOH (1 M in H;0, 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 MgSQs,, filtered and concentrated. The residue was treated with MeCN
(40 mL), Et;N (1.2 mL, 8.4 mmol) 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 of DCM 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-[5-(6-Bromo-naphthalen-2-yl)-1H-imidazol-2-yl}-5-aza-spiro[2.4] heptane-5-carboxylic

acid benzyl ester: Title compound was prepared according to the method employed to prepare
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3-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid fers-
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-yl)-1H-imidazol-2-yl]-5S-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)-1H-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-tetramethyl-[1,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-1H-
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-1-
carbonyl}-propyl)-carbamic acid methyl ester (Example CY), substituting (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 for {1-[2-(4'-Bromo-biphenyl-4-ylcarbamoyl)-pyrrolidine-1-
carbonyl]-2-methyl-propyl}-carbamic acid methyl ester.

[1-(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-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]-1H-imidazol-2-yl}-pyrrolidine- 1 -carbonyl)-2-methyl-propyl}-carbamic acid
methyl ester (Example AZ), 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)-1H-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]-1H-imidazol-2-yl}-5-aza-spiro[2.4]heptane-5-carbonyl)-propyl]}-carbamic acid
methy] 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
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ester. '"H NMR (DMSO-d6, 400 MHz) &: 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) m/z 841 [M + HJ".

Example DL

(3 1. LiOH, oﬁ/i\/'g oﬁ/;-‘%

H,0/MeOH 3

E \
OY\ 2 4-Bromo- Br- NH bbl + NH Cbz
\ . om
Cbz ne-1.2- \CE /@
OMe benzene- 2 NH, .

5-Aza-spiro[2.4Jheptane-  diamine, HATU, , NH,
5.6—di£rb<§xyli]c zg,-td 5 DIPEA, DMF 6~(2-Amino-5-bromo- 6-(2-Amino-4-bromo-
benzyl ester 6-methyl ester phenylcarbamoyl)-5-aza-  phenylcarbamoyl)-5-aza-
spiro[2.4]heptane-5- spiro[2.4]heptane-5-
carboxylic acid benzyl ester  carboxylic acid benzyl ester
Bis{pinacolato)
1. HBr/AcOH diboron,

2. carboxcylic acid, N Pd(dppf)Cl,-
X HATU, DIPEA Br__@:(\)\)\ DCM, KOAc
_—_—> —_———

7/\ DMF NH dioxane
Cbz
O /°

6-(6-Bromo-1H-benzoimidazol- {1-{6-(6-Bromo-1H-benzoimidazol-2-yl)-5-
2-yl)-5-aza-spiro[2.4]heptane-5- aza-spiro{2.4]heptane-5-carbonyl}-2-
carboxylic acid benzyl ester methyl-propyl}-carbamic acid methyl ester

5
frofas o YLROD

o] 3

/s NC

(2-Methyl-1-{6-{6-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan- (14{2-{5-(7-Bromo-9,9-difluoro-9H-fluoren-2-yl)-
2-yl)-1H-benzoimidazol-2-yl]-6-aza-spiro[2.4]heptane-5- 1H-imidazol-2-yl}-4-cyano-pyrrolidine-1-carbony(}-

carbonyl}-propyl)-carbamic acid methyl ester 2-methyl-propyl)-carbamic acid methyl ester
Pd(PPh3)4 (€= ' H ;
Kz )\)\
DME/HZO Y\(
o
7/
NC

(14{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-yi}-9H-fluoren-2-yl)- 1H-imidazol-2-
yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methy! ester

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: 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 M in H;0, 5 mL, 5 mmol)
was added. After stirring for 2 hours at 50 °C, the reaction mixture was poured into 10% HCl

and the aqueous phase was extracted 3x with DCM. The combined organics were dried over
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MgSOy, 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 NaHCOj3 and brine then dried over MgSOq,
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 benzy! 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-1H-benzoimidazol-2-yl)-5-aza-spiro[2.4}heptane-S-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 mmol) 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
NaHCO;. The aqueous layer was extracted 2x with EtOAc and the combined organics were
dried over MgSO;, filtered and concentrated to provide 6-(6-Bromo-1H-benzoimidazol-2-yl)-5-
aza-spiro[2.4]heptane-5-carboxylic acid benzyl ester (1.385 g, 100%).

{1-[6-(6-Bromo-1H-benzoimidazol-2-yl)-5-aza-spiro[2.4]heptane-5-carbonyl]-2-methyl-
propyl}-carbamic acid methyl ester: 6-(6-Bromo-1H-benzoimidazol-2-yl)-5-aza-
spiro[2.4]heptane-5-carboxylic acid benzyl ester (301 mg, 0.706 mmol) 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 mmol, HATU (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 NaHCQ; and
brine, then dried over MgSQy, filtered and concentrated. The crude residue was purified by
silica column chromatography (50% to 80% EtOAc/hexane) 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)-1H-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-yl}-9H-fluoren-2-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]-1H-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)-1H-
imidazol-2-yl]-4-cyano-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester
for (1-{2-[5-(4-bromo-phenyl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propy!)-
carbamic acid methyl ester and (2-Methyl-1-{6-[6-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-
yl)-1H-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. 'H NMR
(DMSO-d6, 400 MHz) §: 8.07-7.55 (m, 9H), 7.34 (m, 2H), 5.31 (m, 1H), 5.11 (m, 1H), 4.45 (m,
1H), 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
+ H]".
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Example FM
0
(o] CICO,Me, HOJK:/\/SOZMe
HOJI\/\/SOzMe NaOH HN._OMe
: THF/H,0 b
NH,
2-Amino-4-methanesulfonyl- 4-Methanesulfonyl-2-
butyric acid methoxycarbonylamino-butyric acid
NN
BORN\)‘N .
U H 1. HCI, dioxane
N 6 2. 4-Methanesulfonyl-2-
methoxycarbonylamino-

2-[5-(4-Bromo-phenyl)-1H-
imidazol-2-yl]-4-cyano-pyrrolidine-
1-carboxylic acid fert-butyl ester

butyric acid, HATU, DIPEA

by !

(1-{2-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl}-4- [2-Methyt1(6{5-[6-(4.4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-
cyano-pyrrolidine-1-carbonyl}-3-methanesulfonyl- yl)-naphthalen-2-yl}-1H-imidazol-2-yl}-5-aza-spiro[2.4]heptane-
propyl)-carbamic acid methyl ester 5-carbonyl)-propyl}-carbamic acid methy! ester

Me0O,S

Pd(PPhy),,

¢ .3
KCO5 HY N \(\
DMEM,0 § \)Lk °)\?§{\
& "
NC

MeO,S

[1-(6-{5-[6-(4-{2-{4-Cyano-1-(4-methanesulfonyl-2-methoxycarbonylamino-butyryl)-
pyrrolidin-2-yl)-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

4-Methanesulfonyl-2-methoxycarbonylamino-butyric acid: Methyl chloroformate (2.6 mL,
33 mmol) was added dropwise to a stirred suspension of 2-Amino-4-methanesulfonyl-butyric
acid (5.03 g, 27.8 mmol) and NaOH (5 N in H;0, 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 H,0, 30 mL, 150 mmol) were added. After another 14 h, the reaction mixture
was poured into H,O. 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 MgSOQ;, filtered and concentrated to provide 4-Methanesulfonyl-2-

methoxycarbonylamino-butyric acid (970 mg, 15%).
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(1-{2-[5-(4-Bromo-phenyl)-1H-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)-1H-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-yl]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-imid azol-2-yl}-5-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-[6-(4-{2-[1-(2-
Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl } -phenyl)-
naphthalen-2-yl]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic  acid
methyl ester (Example AZ), substituting (1-{2-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-4-
cyano-pyrrolidine- 1-carbonyl}-3-methanesulfonyl-propyl)-carbamic acid methyl ester for (1-{2-
[5-(4-bromo-phenyl)-1H-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]-1H-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]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-propyl]-carbamic  acid  methyl
ester. 'H NMR (MeOH-d4, 400 MHz) &: 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, 1H), 5.21 (t,J = 8.0 Hz, 1H), 4.65 (m, 1H), 4.49 (m, 1H), 4.174.11 (m,
2H), 3.95 (d, J = 9.6 Hz, 1H), 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) m/z 904 [M +
H]".
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Example FN

CszCO3
2-Bromo-1-{4-bromo- °C
phenyt)-ethanone 4-Hydroxy-pyrrolidine-1,2-dicarboxylic 2-{544-B phenyl)-1H-imidazol-
acid 2-{2-(4-bromo-phenyl)-2- 2-yl}-4-hydroxy-pyrrolidine-1-
oxo-ethyl] estar 1-fert-butyt ester carboxytic acid fert-butyl ester

OH °"\,o

bl 2
O, O

NaH N§|/\N‘ Br\/\o \(\N
SEM.CI B'%N Boc T
“SEM sem H

2-{4-(4-Bromo-phenyl)-1<{2-trimethylsilanyl- 24-(4-Bromo-phenyl)-1-(2-trimethylsilanyl-
ethoxymethyl)-1H-imidazol-2-yl}-4-hydroxy- ethoxymethyl)-1HH 2-yi}-4-(2
pyrrolidine-1-carboxylic acid terf-butyl ester ethoxv)-Pvrrohdme-1-carboxyllc acid fert-butyl estef

o )‘NH

H -5, | g O

O— KOAc, Pd(dppf)Cla K3P04
{1-{2{5-(4-Bromo-phenyl)- 1 H-imidazot-2-yl}-4-
(2-methoxy-ethoxy)-pyrrolidine-1-carbonyl}-2-

methyi-propyl}-carbamic acid methy! ester

°’\,o

NMH
\\( /> [1-(6-{5{6(4{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-
\\ \)\ N \(\ 4-(2-methoxy-ethoxy)-pyrrolidin-2-yi}-3H-imidazol-4-y[}-phenyl)-
N Q O )\\ naphmalen-z-yl}‘l H-imidazol-2-yl}-5-aza-spiro[2.4 Jheptane-5-
& ~

e

carbony!)-2-methyl-propyl}-carbamic acid methyl ester

4-Hydroxy-pyrrolidine-1,2-dicarboxylic acid 2-[2-(4-bromo-phenyl)-2-oxo-ethyl] ester 1-
tert-butyl ester: 4-Hydroxy-pyrrolidine-1,2-dicarboxylic acid 1-ters-butyl ester (5.0 g) was
dissolved in methanol (87 mL), and Cs,COs (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-phenyl)-1H-imidazol-2-yl]-4-hydroxy-pyrrolidine-1-carboxylic acid tert-
butyl ester: The crude 4-Hydroxy-pyrrolidine-1,2-dicarboxylic acid 2-[2-(4-bromo-phenyl)-2-
oxo-ethyl] ester 1-tert-butyl ester (10.8 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)-1H-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-phenyl)-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazol-2-yl]-4-hydroxy-
pyrrolidine-1-carboxylic acid zert-butyl ester: 2-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-4-
hydroxy-pyrrolidine-1-carboxylic acid ters-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. NH4Cl 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)-
1H-imidazol-2-yl]-4-hydroxy-pyrrolidine-1-carboxylic acid rers-butyl ester (648 mg, 98 %) as

an off-white solid.

2-[4-(4-Bromo-phenyl)-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazol-2-yl]-4-(2-
methoxy-ethoxy)-pyrrolidine-1-carboxylic acid fert-butyl ester: 2-[4-(4-Bromo-phenyl)-1-
(2-trimethylsilanyl-ethoxymethyl)-1H-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. NH4Cl 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)-1H-imidazol-2-
yl]-4-(2-methoxy-ethoxy)-pyrrolidine- 1-carboxylic acid tert-buty! ester (209 mg, 85 %) as a

clear oil.

{1-[2[S-(4-Bromo-phenyl)-1H-imidazol-2-yl]-4-(2-methoxy-ethoxy)-pyrrolidine-1-
carbonyl]-2-methyl-propyl}-carbamic acid methy! 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 HCl 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 pL).
After all material dissolved, 2-methoxycarbonylamino-3-methyl-butyric acid (123 mg) and
HATU (267 mg) were added. After stirring for 30 min. the reaction was purified by a
preparative HPLC (10-60% MeCN-H,0; 0.1% formic acid modifier) to afford the title product
(169 mg, 92%).

[1-(6-{5-[6-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-4-(2-methoxy-ethoxy)-
pyrrolidin-2-yl}-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-imidazol-2-yl}-5-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(II)(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 (170 mg) in ImL of dioxane and 2M tripotassium phosphate (565 pl) were added and
stirred at 90 °C for overnight. The mixture was purified by a preparative HPLC (10-60% MeCN-
H,0; 0.1% formic acid modifier) to afford the title product (119 mg, 41%). 'H NMR (DMSO-
d6, 400 MHz) 6: 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), 3.80-3.38 (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) m/z 889.5
[M+H]".
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Example FO

=N
oH N 9’(,/>
e <
NN W Nﬁ/\/N> ,
Bf‘Q_Q\,N Boc NaH B'%N\sef°° HCI

“SEM
2-{4-(4-Bromo-phenyl)- t-(2-trimethyisilanyl- 2-[4-(4-Bromo-phgnyl)-1-(z-trimethylsilanyl-
ethoxymethyl)-1H-imidazok2-yi}-4-hydroxy- ethoxymethyl)-1H-imidazol-2-yl}-4-(pyrazin-2
pyrrolidine-1-carboxylic acid ferf-butyl ester yloxy)-pyrrolidine-1-carboxylic acid fert-butyl ester

/

=N Q
o~ 0—4:’/7 °)\N~H N

E \\( ]
T ol teer PO

HN\(
HATU O— KOAc, Pd(dppfiCly K3PO,
{1{2-{5-(4-Bromo-phenyl)- 1 H-imidazol-2-y1}-4-
(pyrazin-2-yloxy)-pyrclidine-1-carbonyl}-2-methyk
propyl}-carbamic acid methyl ester
=N
/ L)
g o
NH
(o]

(o] 3 1- 4-{24{1-(2-Methoxycarbonylamino-3-m

& e
2-[4-(4-Bromo-phenyl)-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazol-2-yl]-4-(pyrazin-
2-yloxy)-pyrrolidine-1-carboxylic acid zerf-butyl ester: Title compound was prepared
according to the method employed to prepare 2-[4-(4-Bromo-phenyl)-1-(2-trimethylsilanyl-
ethoxymethyl)-1H-imidazol-2-yl]-4-(2-methoxy-ethoxy)-pyrrolidine-1-carboxylic acid fers-butyl
ester (Example 1), substituting 2-chloro-pyrazine (50 pl) for 1-bromo-2-methoxy-ethane (94 mg,
40%).

{1-[2[S-(4-Bromo-phenyl)-1H-imidazol-2-yl]-4-(pyrazin-2-yloxy)-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-Bromo-phenyl)-1H-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-trimethylsilanyl-ethoxymethyl)-1 H-imidazol-2-yl]-4-
(pyrazin-2-yloxy)-pyrrolidine- 1 -carboxylic acid fert-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 ferr-butyl ester (88 mg, 99%).

[1-(6-{5-[6-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-4-(pyrazin-2-yloxy)-
pyrrolidin-2-yl}-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: Title
compound was prepared according to the method employed to prepare [1-(6-{5-[6-(4-{2-[1-(2-

747

IPR2018-00211 Page 749 of 1092 I-MAK 1011



WO 2010/132601 PCT/US2010/034600

Methoxycarbonylamino-3-methyl-butyryl)-4-(2-methoxy-ethoxy)-pyrrolidin-2-yl]-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 (Example 1), substituting {1-[2[5-(4-Bromo-phenyl)-
1H-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)-1H-imidazol-2-yl]-4-(2-methoxy-ethoxy)-
pyrrolidine-1-carbonyl]-2-methyl-propyl} -carbamic acid methyl ester (38 mg, 26 %). 'H NMR
(MeOH-d4, 400 MHz) 3: 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, 1H), 5.39 (m, 1H), 4.44 (m, 1H), 4.04-3.69 (m, 6H), 3.80-3.38 (m, 1H), 3.30
(m, 6H), 2.71 (m, 1H), 2.40-1.90 (m, SH), 0.90-0.79 (m, 12H), 0.70-0.54 (m, 4H); MS (ESI) m/z
910.5 [M + H]".

Example FP

/© mj\o/ HO, =/©

HOH )_\ o

d NH, NaOH, NaxC03 [o] HHO—
2-Amino-3-phenyl- . .
propionic acid 2-Methoxycarbonylamino-

3-phenyl-propionic acid

/

Sy

O H O wN H E/>
B N N
A QN;)\IN B o HATU

2-{5-[4-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-
pyrrolidin-2-y(}-3H-imidazoi-4-y(}-naphthalen-2-yl)-phenyi}- 1H-
imidazol-2-yl}-pyrrolidine-1-carboxylic acid tert-butyl ester

o)iNH =
o~ 0 0
R {‘/fﬁﬁ;{o

[1-(2-{5-(6-(4-{2-[1-(2-Methoxycarbonylamino-3-phenyl-propionyl)-
pyrrolidin- 2-yl]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-y(}-1 H-imidazol-
2-yl}-pyrrolidine- 1-carbonyl)-2-methyl-propyl]-carbamic acid methyf ester

2-Methoxycarbonylamino-3-phenyl-propionic acid: 2-Amino-3-phenyl-propionic acid (1.65
g) was dissolved in 1 N NaOH (10 mL), and Na;CO3 (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 HC], 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-phenyl-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-phenyl-propionyl)-pyrrolidin-2-yl}-3H-
imidazol-4-yl}-phenyl)-naphthalen-2-yl}-1H-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]-1H-imidazol-2-yl}-pyrrolidine-1-carboxylic acid rers-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 uL). 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-H,0;
0.1% formic acid modifier) to afford the title product (34 mg, 37%). 'H NMR (MeOH-d4, 400
MHz) §: 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, 1H),
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, 1H), 2.45-2.04 (m, 7H), 1.00-0.88 (m, 6H); MS (ESI) m/z 837.4 [M
+HJ".

Example FQ

HO)__(Q cn)L ~ HO
v “NaOH, NazCO; & HN—<

2-Amino-3-phenyt

propionic acid 2 Melhoxycarbonylammo—

3-phenyl-propionic acid

o/

J~NH

0\\(’1/:“:-_.HATU

25| [4-(6-(2 [1-(2-Methoxycarbonylamino-3-methyt-butyryl)-
pyrrolidin-2-y{}-3H-imidazol4-y(}-naphthalen-2-yl)-phenyl}- 1H-
imidazol-2-yl}-pyrrolidine-1-carboxylic acid terf-butyt ester

4
Q

o '.‘.H O WD)
- HN\(

[142-{5-[6-(4-{2-[1-(2-Methoxycarbonylamino-3-phenyl-propiony!)-
pyrrolidin-2-yl}-3H-imidazol-4-yl}-phenyl)-naphthaten-2-yl}- 1 H-imidazol-
2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl}-carbamic acid methy! ester

[1-(2-{5-[6-(4-{2-]1-(2-Methoxycarbonylamino-3-phenyl-propionyl)-pyrrolidin-2-yl]-3H-
imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-

methyl-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%). '"H NMR (MeOH-d4, 400 MHz) &: 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, 1H), 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, 1H), 2.45-1.97 (m, 5H), 1.80 (m,
1H), 1.63 (m, 1H), 1.00-0.88 (m, 6H); MS (ESI) m/z 837.4 [M + H]J".

Example FR
>Hr ,
_s 0 O, E
O3 O 150
wone” (Y o
Mcxy-pymiﬁnvl.z dicarboxytic Tee 245 (4-Bromo-| hlrr:)-ln-'nwuot
- -Diftuorometh ligine- 1,2 P!
ecid 2.{2.(a-bromo-phenyl)-2. e s ?pmmo A pymolci
axo-o1hyf] ester 1-tert-butyt ester -2-0x0-8thyf] ester 1-fert-butyl ester 1-carbaxybic aci fert-butyl ester
F
' )cl'\ oA,
HO_~ -
YN o )
- o C n\(\)\\ + N\)* Po,(uu-),
HATY Xanphos, KyPO,
o\ 2—(5—2(‘6—"(; X% :';T::?ﬂmn-n 32)!::;?;;:\1»
naj " 1H-imicazol-
(\-(;:s-(wmmmm)-mazma-z ¥4~ i sy i

2-methyl-propyl)-carbamic acid methyl ester
F

oA, 9’4
\ /5 ?JL/ ° N
Feg ARSavRE Ny FTET Do ofh

2-(5-[5-(4»(2«- 142 3 - (¢Dnuuommonxy-z-(s(4-($(z - 2-phenyt.
bwvw-wmldh? .y1}-3H imidazol-4-yf)-phanyl)-naphthalen- acotyl)-pyrrolidin-2-y}- 3-imidazob-4-yf)-naphthaten-2-yl)-phenyl)- 1H-midazo-
2 -yi}-1H-imidaz ol-2-yf}-pyrrolidine- 1-carboxytic acid fert-buty! ester 2-yf)-pymrolidine- 1-carbony)-2-methy'-propyl}-carbamic acid methyl ester

4-Difluoromethoxy-pyrrolidine-1,2-dicarboxylic acid 2-[2-(4-bromo-phenyl)-2-oxo-ethyl]
ester 1-fert-butyl ester : To 4-Hydroxy-pyrrolidine-1,2-dicarboxylic acid 2-[2-(4-bromo-
phenyl)-2-oxo-ethyl] ester 1-tert-butyl ester (500 mg) and Cu(I)I (45 mg) in MeCN (8 mL) at 45
9C was added 242 pl of difluoro-fluorosulfonyl-acetic acid in 2 mL of MeCN 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 (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 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 1-ters-butyl ester (339 mg, 61 %) as a clear oil.

2-[5-(4-Bromo-phenyl)-1H-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)-1H-imidazol-2-yl]-4-hydroxy-pyrrolidine- 1-carboxylic acid rert-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)-1H-imidazol-2-yl-4-difluoromethoxy-pyrrolidine-1-carbonyl}-2-
methoxy-propyl)-carbamic acid methyl ester: To 2-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl-4-
difluoromethoxy-pyrrolidine-1-carboxylic acid fers-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 HCIl salt of the crude amine. To the crude amine in DMF (2.7 mL) was added N-
methylmorpholine (234 uL). 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 (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 gél
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)-1H-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-yl}-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-imidazol-2-yl}-
pyrrolidine-1-carboxylic acid fert-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]-1H-
imidazol-2-yl}-pyrrolidine- 1-carboxylic acid tert-butyl ester (237 mg) in DME (1.6 mL) were
added Pdx(dba); (15 mg), Xanphos (19 mg), and 2M K3PO4 (483 ul). 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-yl}-naphthalen-2-yl)-phenyl}-1H-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-diflucromethoxy-pyrrolidine-1-carbonyl}-2-methoxy-propyl)-carbamic acid
methy! ester (Example 5), substituting methoxycarbonylamino-phenyl-acetic acid (30 mg) for 2-
methoxycarbonylamino-3-methyl-butyric acid (22 mg, 58 %). '"H NMR (MeOH-d4, 400 MHz)
d: 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, 1H), 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) m/z 889.3 [M + HJ".

Example FS

[o] H o)
s o

{14{6-(4-{6{4{2-tert-Butoxycarbonylamino-acetyl}-phenyll-naphthalen-
2+yi}-1H-imidazol-2-yf)-5-aza-spiro{2 4]heptane-5-carbonyl]-2-methyt-
propy(}-carbamic acid methyl ester

/

ety -0
o :HN \/g':‘ OO O n\(‘;\ J( NH,OAc, m- Xylenes, 135 °C
\ Z/_ 0 7o

2-{24{4{8{2{5-(2-Methoxycarbonylaminc-3-methyl-butyryl)-5-aza-
spiro[2. 4M6y’}1H—¢mdazoM-yl}-nawthalen-2»yl)-pthw esl}-2-ox:>-
ler

( 0 2 X on
H NY\ y__ 1.HCL 2. HATU,DIEA  MeO” "N T
‘Bq g o

2-{5{4-{6-{2-{5{2-Methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4}hept-6-

yl}lHﬁmmHMMammémm:;;ﬂzw}deﬂ (g—NH O O
¢ e LA '\’
”’é"f "

[142{544-(6-{2{5<(2-Methoxycarbonylamino-3-methyl-butyryi)-5-aza-
spirof2, 4)hep|-6—yl)-1H4mldaan«ylepmham2-yI)~pmnm-1H4ndm&
2-yIHhi yi} acid methy! ester

2-{2-[4-(6-{2-[S5-(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-

S

/O

carboxylic acid zert-butyl ester:
{1-[6-(4-{6-[4-(2-tert-Butoxycarbonylamino-acetyl)-phenyl]-naphthalen-2-yl}-1H-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 HCI 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 of N-Boc (S) thiazolidine -2-carboxylic acid (100.0 mg, 0.430 mmol), HATU (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-ESI": calc’d for C43Hs5oNgO7S: 794.9 (M ); Found: 795.8 (M+H").

2-{5-[4-(6-{2-]|S-(2-Methoxycarbonylamino-3-methyl-butyryl)-S-aza-spiro[2.4] hept-6-yl]-
1H-imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-thiazolidine-3-carboxylic
acid fert-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 / hexanes) to yield the product (151.3 mg, 0.195 mmol).

LCMS-EST": calc’d for C43HygN705S: 775.9 (M 1); Found: 776.8 (M+H™).

[1-(2-{5-[4-(6-{2-[5-(2-Methoxyca_rbonylamin0-3-methyl-butyryl)-5-aza-spiro[2.4]hept-6-
yl]-1H-imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-thiazolidine-3-
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]-1H-
imidazol-4-yl} -naphthalen-2-yl)-phenyl]-1H-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 of 2- (L) methoxycarbonylamino-3-methyl-butyric acid (11.2 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 18 hrs all volatiles were
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removed in vacuo. The crude material, which was purified by RP-HPLC (eluent: water / MeCN
w/ 0.1% TFA) to yield the product (8.5 mg) as a TFA salt.

LCMS-ESI": calc’d for C4sHs;NgOeS: 833.0 (M *); Found: 833.7 (M+H").

'H-NMR: 300 MHz, (dmso-dg) 3: 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, 1H) 4.16 (m, 1H), 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.

Example FT

{ H ’:4 5"> 1. HCL 2. HATU, DIEA MoOJOLN’gg:|°
Z}“ﬁw‘"’jﬁﬁ})‘ Y

—

|
2454642452 in0-3-methy Hbutyryl)-5-aze-spimi2. 4 Jrapt-6- Iy P
yl]-1H-muuoi-d—yf}-napmhalen—Z-yl)—phenyl}-1}+mtdazo‘-2-yr)—lhlazobdm3- c>_ N\(\ (
fic acid tert-butyl est
carbomyte i ester N4 N 8§ OO ) //‘\\
o]

4

[146-{4-{6<(4-{2{3-(4-Methaxy-2-methoxycarbonylamino-butyryi)-thiazolidin-
2-yl}-3H-imidazol-4-yi}-phenyl)-naphthaien-2-yi}- 1 H-imidazoi-2-y)-5-aza-
spiro{2 4jheptane-5-carbonyl)-2-methyl-propyf}-carbamic acid methyi ester

[1-(6-{4-[6-(4-{2-]3-(4-Methoxy-2-methoxycarbonylamino-butyryl)-thiazolidin-2-yl]-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]-1H-imidazol-2-yl}-thiazolidine-3-carboxylic acid tert-
buty! ester (49.9 mg, 0.064 mmol) was dissolved in DCM (0.33 mL) and HCI 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 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 / MeCN w/ 0.1%
TFA) to yield the product (21.3 mg) as a TFA salt.

LCMS-ESI": calc’d for C4sHsNgO-S: 849.0 (M *); Found: 849.7 (M+H™).

'H-NMR: 300 MHz, (dmso-ds) 8: 8.37 (m, 2H), 8.20 — 8.14 (m, 2H), 8.06 - 7.88 (m, 10H), 7.36
- 7.33 (m, 2H), 6.36 (m, 1H), 5.30 (dd, J = 7.2 Hz, 1H), 4.45 (m, 1H) 4.06 (m, 1H), 4.06 - 3.69
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(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,1H), 0.90 - 0.76 (m, 6H) 0.65 (m, 4H) ppm.
Example FU

O

JOL
OH
1.HCL 2. HATU, DIEA MeQ” N

/ Ho¥)
YN ot eGP oo
o%:}—"(g:)iu O)‘O

\
2{5-44+{6-{2-{5-{2 Methoxycarbonylamino-3-mefhyk-butyryl)-5-aza-spirof2 4Jhept-6- 53
yi}- tH-imidazoh4- yi)—mphtwr;mé-‘y’u,l)-pmnm-mnm:; 51. 2y
ester
" >' ” ~ 8§ QO O
_.\ o

/

{1{6-(44{644-{2-{3{2-Methaxycarbonylamino-2-(tetrahydro-pyran-4-yl)-

thiazotidin-2-yl)-3H-imidazok-4-yl)}-phenyl}-naphthalen-2-yi}- 1 H-

imidazol-2-yl)-S-aza-spiro{2.4]heptane-5-carbonyl}-2-methyl-propyf)-
carbamic acid methyl ester

{1-[6-(4-{6-[4-(2-{3-[2-Methoxycarbonylamino-2-(tetrahydro-pyran-4-yl)-acetyl]-
thiazolidin-2-yl}-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]-1H-
imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-thiazolidine-3-carboxylic acid ftert-
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 of 2- (L) methoxycarbonylamino-(tetrahydro-pyran-4-yl)-acetic
acid (13.8 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 18 hrs all
volatiles were removed in vacuo. The crude material, which was purified by RP-HPLC (eluent:
water / MeCN w/ 0.1% TFA) to yield the product (6.2 mg) as a TFA salt.

LCMS-ESI": calc’d for C47Hs;Ng05S: 875.0 (M *); Found: 875.7 (M+H").

'H-NMR: 300 MHz, (dmso-ds) 8: 'H-NMR: 300 MHz, (dmso-dg) 5: 8.31 - 7.89 (m, 14H), 7.36 —
7.33 (m, 2H), 6.34 (m, 1H), 5.27 (m, 1H), 4.30 (m, 1H) 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

Dcoon

/
Z}—{L«o\ln\;l/ 1HCL2 HATU DIER N
allen !

{142<(4-{6{4-(2-tert-Butaxycarbonylamino-acetyl}-phenyi}naphthalen-
2-yf}-1H-imidazol-2-yl)-pyrrolidine-1-carbonyl}-2-methyl-propyl}-
carbamic acid methyl ester

d u o Ph .

>N o H H :'S NH,OAc, m- Xylenes, 135 °C
N ;

O_\ {';/L N Y o :k X

2'(2'(4-(5-('2-{1-(" 3-methyl-butyryl)-pyrrolidin-2-yf}- 1H-
M—M)—napmhalm -2- y1)-phmyl] -2-oxo-ethylcarbamoyl}-4-phenyt-

pyrrolidine-1-carboxylic acid fer-butyl ester
Pn R
oH
/S 1.HCL 2 HATU,DIEA  MeO” "N
o

{ H
e O "
& N

2-(5-{4-(5—(2-{1-(2-Methoxywba1ytamvb44nemylwyryl)-pynoww24yf]-1H- /
imidazo-4-yi}-naphthalen-2-yl}-phenyl}- 1 H-imidazot-2-yi}-4-phenylpyrrolidine-1- o

H H i
H NN
carboxylic acid tert-butyl ester H \(\ )
ob_N\—(:\)"\\ln 0)\‘N‘(°
AReA W o
(124162412 Mt yiamino-3-methyHoutyryl)-pymoidin-2-

idazok4-yll-naphthalen-: 2-yt)-9henyl}-1 H-midazol-2
pymolidine-1-carbonyl)-2-methyl-propyl}-carbamic acid methy! ester

2-{2-[4-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl}-1H-
imidazol-4-yl}-naphthalen-2-yl)-phenyl]-2-oxo-ethylcarbamoy!l}-4-phenyl-pyrrolidine-1-
carboxylic acid tert-butyl ester:
{1-[2-(4-{6-[4-(2-tert-Butoxycarbonylamino-acetyl)-phenyl]-naphthalen-2-yl }-1H-imidazol-2-
yl)-pyrrolidine- 1-carbonyl]}-2-methyl-propyl}-carbamic acid methyl ester (61.0 mg, 0.095
mmol) 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 DIEA (23.7 mg, 0.183 mmol) was added. A solution of 4-
Phenyl-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester (17.8 mg, 0.061 mmol), HATU (23.3
mg, 0.061 mmol) and DIEA (7.9 mg, 0.061 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 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-ESI": calc’d for C4gHssNgO7: 826.9 (M +); Found: 827.7 (M+H™).
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2-{5-[4-(6-{2-]1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-1H-
imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-4-phenyl-pyrrolidine-1-
carboxylic acid fert-butyl ester:

2-{2-[4-(6-{2-[1 -(2-Methoxycérbonylamino-3-methyl—butyryl)—pyrrolidin—2-y1]- 1H-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
/ hexanes) to yield the product (51.0 mg, 0.195 mmol).

LCMS-ESI": calc’d for C43Hs3N70s5: 807.9 (M *); Found: 808.4 (M+H").

[1-(2-{5-[4-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-1H-
imidazol-4-yl}-naphthalen-2-yl)-phenyl])-1H-imidazol-2-yl}-4-phenyl-pyrrolidine-1-
carbonyl)-2-methyl-propyl]-carbamic acid methy] ester:
2-{5-[4-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-1H-imidazol-4-
yl}-naphthalen-2-yl)-phenyl]-1H-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 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 DMF (0.5 mL) and DIEA (24.3 mg, 0.190
mmol) was added. A solution of 2- (L) methoxycarbonylamino-3-methyl-butyric acid (11.1 mg,
' 0.063 mmol), HATU (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 / MeCN w/ 0.1% TFA) to yield the product (12.1 mg) as a TFA salit.
LCMS-ESI™: calc’d for CsoHseNgOs: 865.0 (M *); Found: 865.4 (M+H").
'H-NMR: 300 MHz, (dmso-ds) 5: 8.31 - 8.30 (d, J = 3 Hz, 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 = 6.0/ 2.7 Hz, 1H), 5.10 (dd, J = 6.0 / 5.7 Hz,
1H), 4.26 (m, 1H) 4.11 (m, 1H), 4.06 (m, 1H) 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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Example FW

{ X
) 1.HCL 2. HATU, DIEA  Me0” Ny ™"

/

Loty c-OTSF °

- (‘/; @
2'(5'["(5-{"2‘11 (fwwmmmw ’Y‘HH" Q/ " N

carboxylic acid tert-butyl ester )_N N ‘,/\ 0)\\

2k & pS

ll_(z_(s_{‘_(s_{z*‘_") e s 3 m‘ k.‘ ‘\ Lardir .
yi} 1 H-imidazol-4-yf}-naphthalen-2- yi)-phenyﬂ-lf#mdambz m-d-pherm-
pymlldmod-a:rbovm)-z thyl-propyl}-carbamic acid methy! ester

[1-(2-{5-[4-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-1H-
imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-4-phenyl-pyrrolidine-1-

carbonyl)-2-methyl-propyl]-carbamic acid methyl ester:
2-{5-[4-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-1H-imidazol-4-
yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-4-phenyl-pyrrolidine-1-carboxylic acid tert-
butyl ester (88.mg, 0.107 mmol) was dissolved in DCM (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 DMF (0.4 mL) and DIEA (40.8 mg, 0.321
mmol) was added. A solution of 2- (L) methoxycarbonylamino-3-methyl-butyric acid (18.7 mg,
0.107 mmol), HATU (40.6 mg, 0.107 mmol) and DIEA (13.6 mg, 0.107 mmol) in DMF (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 / MeCN w/ 0.1% TFA) to yield the product (38.7 mg) as a TFA salt.
LCMS-ESI": calc’d for CsoHseNgOs: 865.0 (M *); Found: 865.4 (M+H™).

'H-NMR: 300 MHz, (dmso-ds) &: 8.37 — 8.35 (m, 2H), 8.16 —7.91 (m, 12H), 7.47 — 7.28 (m,
7H), 5.24 (dd, J=7.8 /5.4 Hz, 1H), 5.16 (dd, J = 4.8 / 4..8 Hz, 1H), 4.44 (dd, ) = 6.3 / 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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Example FX

d w " /S v 1.HCI. 2. HATU, DIEA Mwi%o'{
o%i\—f::lﬁ%o

-

4—831\2yl—2-(5—{4-(6{2{l-(Zmeﬂnxycarbmylamno-}memylmryl)-wnohdnz
yi}-1H-imidazol-4-yf)-naphthalen-2-yl)-phenyl}- 1H-imidazol-2-yi}-pymrolidine-1-

carboxybic acid fert-butyl ester o N o M H'N\I(‘/r{?
Hem oty

H
/0

[1<4-Benzyl-2{5{4-(6-{24{1{2-methoxycarbonytamino-3-methyl-butyryt)-
pyrrolidin-2-yl}-1H-imidazob-4-yf}-naphthaten-2-yl)-phenyl}  H<midazol-2-yi}-
pyrrolidine-1-carbonyl)-2-methyi-propyl}-carbamic acki methy! ester

[1-(4-Benzyl-2-{5-[4-(6-{2-[1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-
yl}-1H-imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-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]-1H-
imidazol-4-yl}-naphthalen-2-yl)-phenyl}-1H-imidazol-2-yl}-pyrrolidine- 1-carboxylic acid rert-
butyl ester (58.0 mg, 0.071 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 (27.3 mg, 0.211
mmol) was added. A solution of 2- (L) methoxycarbonylamino-3-methyl-butyric acid (12.3 mg,
0.071 mmol), HATU (26.8 mg, 0.071 mmol) and DIEA (9.1 mg, 0.071 mmol) in DMF (0.5 mL)
was added. The reaction was stirred at room temperature. After 30 minutes, the crude reaction
was quenchéd with aqueous hydrochloric acid (0.1 mL, 2 M) and was purified by RP-HPLC
(eluent: water / MeCN w/ 0.1% TFA) to yield the product (25.1 mg) as a TFA salt.

LCMS-ESI": calc’d for Cs;Hs7N3Os: 878.0 (M *); Found: 879.6 (M+H").

'H-NMR: 300 MHz, (dmso-ds) 5: 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
o i. n-BuLi, TgF. -78°C
1. MeMgCl, THF. ii.
S, . S, _
y y 2. SnClh, HCI / y a A0
s S {
1,5-Dithia-s-indacene-4,8-dione 4,8-Dimethyl-1,5-dithia-s-indacene
COOH
ct 0 BOC
4 Y
o S (%] NH,OAc, m- Xylenes, 135 °C

2-Chioro-1-{8-(2-chloro-acetyl)-4, 8-dimethyt-1,5-dithia-

s-indacen-2-yi}-ethanone
o
Hoof )L\/gron
0 / rliw/:} )L 1.HCL2. HATU, DIEA MEO" N
o~ N3 Yy d o
7< N\:/LN S N ¢

H

1{2-[5-(68-{2-{1-carbamic acid tert buty ester-pyrrolidin-2-yl}- 3M4-imidazol-
4-yl}-4,8-dimethyl-1,5-dithia-s-indacen-2-yf)- 1 H-imidazol-2-yf}-pyrrolidine-
1-carbamic acid tert.butyt ester

L om ] /§
~0” N 0 S N :N ‘L
/\%ny\\" o
Q) H \\:\

(1-{2-[5-(6-{2-[1(2-Methoxycarbonylamino-3-methyl-butyryl)-pymolidin- 2-yl)-3H-
imidazol-4-yi}-4,8-dimethyl-1,5-dithia-s-indacen-2-y1)-1H-imidazol-2-yl}pymolidine-
1-carbonyl)-2-methyi-propy!)-carbamic acki methy! ester

4,8-Dimethyl-1,5-dithia-s-indacene:

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 of tin(II)chloride (10 g) in aqueous HC1 (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 / hexanes) to yield the product (355.0 mg, 1.63 mmol).

'H-NMR: 300 MHz, (CDCls) §: 7.49 (d, J = 4.2 Hz, 2H), 7.46 (d, ] = 4.2 Hz, 2H), 2.81 (s,
6H)ppm.
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2-Chloro-1-[6-(2-chloro-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 V-
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 fert. butyl ester-pyrrolidin-2-yl]-3H-imidazol-4-yl}-4,8-
dimethyl-1,5-dithia-s-indacen-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbamic acid ferr-
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-EST": calc’d for C36HasNgO4S;: 688.9 (M *); Found: 688.3 (M+H").

(1-{2-[5-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-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-[1-carbamic acid tert-butyl ester-pyrrolidin-2-yl]-3H-imidazol-4-yl}-4,8-

dimethyl-1,5-dithia-s-indacen-2-yl)-1H-imidazol-2-yl]-pyrrolidine- 1 -carbamic acid fert-butyl

ester (51.0 mg, 0.073 mmol) was dissolved in DCM (0.67 mL) and HCI 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 DIEA (37.6 mg, 0.292
mmol) was added. A solution of 2- (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, 2 M) and was purified by RP-HPLC
(eluent: water / MeCN w/ 0.1% TFA) to yield the product (5.1 mg) as a TFA salt.
LCMS-EST": calc’d for C4oHsoNgOgS,: 803.0 (M *); Found: 803.2 (M+H™).
'H-NMR: 300 MHz, (dmso-dg) &: 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

o)
A" RS
O N N
\ 7 N\_N
N\')\N\ S 0] N o)
Q/E H H, \g

(2+{2-5-(6-{2{1-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-yl}-3H-
imidazol-4-yi}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

(2-{2-[5-(6-{2-[1-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-yl]-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

1-{2-[5-(6-{2-[1 7carbamic acid fert-butyl ester-pyrrolidin-2-yl]-3H-imidazol-4-y1}-4,8-
dimethyl-1,5-dithia-s-indacen-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbamic acid fert-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
mmol) was added. A solution of 2- (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 / 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-ESI': calc’d for CaoHsoNgOgS>: 871.0 (M ™); Found: 871.7 (M+H™).
'H-NMR: 300 MHz, (dmso-d) &: 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

\o())\\ N'H S E _/> Q
A~ NN — \&/\N}\\
os (5 H W

(242-[5-(6{2-{1-(2-Methoxycarbonylamino-2-tetrahydropyranyl-acetyl)-pyrrolidin-2-
yl}-3H-imidazol-4-yi}-4,8-dimethyl-1,5-dithia-s-indacen-2-yl)-1H-imidazol-2-yl}-
pyrrolidin-1-yl}-2-oxo-1-tetrahydropyranyl-ethyl)-carbamic acid methyl ester

(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)-1H-imidazol-2-yl]-pyrrolidin-1-
yl}-2-oxo-1-tetrahydropyranyl-ethyl)-carbamic acid methyl ester:
1-{2-[5-(6-{2-[1-carbamic acid fert-butyl ester-pyrrolidin-2-yl]-3H-imidazol-4-yl}-4,8-
dimethyl-1,5-dithia-s-indacen-2-yl)-1H-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
mmol) was added. A solution of 2- (L) methoxycarbonylamino-2-(4-tetrahydropyranyl)-acetic
acid (31.6 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 20 minutes,
the reaction was quenched with aqueous hydrochloric acid (0.2 mL, 2 M) and was purified by
RP-HPLC (eluent: water / MeCN w/ 0.1% TFA) to yield the product (8.1 mg) as a TFA salt.
LCMS-ESI": calc’d for C4gHssNgOgS;: 887.0 (M *); Found: 887.9 (M+H").

'H-NMR: 300 MHz, (dmso-dg) &: 7.81 (s, 4H), 7.39 (m, 2H), 5.08 (m, 2H), 4.18 (m, 2H), 3.85
(m, 8H) 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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Example GB
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(14{2-[5-(4,8-Dimethoxy-6-{2-[1-(2-methoxycarbonylamino-3-methyl-butyryl)-

pyrrolidin-2-yl]-3H-imidazol4-yl}-1,5-dithia-s-indacen-2-yl)-1H-imidazol-2-yl}-
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

(1-{2-[5-(4,8-Dimethoxy-6-{2-[1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-
yl}-3H-imidazol-4-yl}-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-[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 terr-butyl
ester (49.3 mg, 0.070 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 (36.0 mg, 0.280
mmol) was added. A solution of 2- (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 / 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, 10:4421-
4424.]

LCMS-ESI": calc’d for C40HsoNgOsS,: 835.0 (M *); Found: 835.2 (M+H").

'H-NMR: 300 MHz, (dmso-ds) 8: 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.

764

IPR2018-00211 Page 766 of 1092 I-MAK 1011



WO 2010/132601 PCT/US2010/034600

Example GC
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(2-{2-(5-(4,8-Dimethoxy-6-{2-[1-(2-methoxycarbonylamino-2-phenyl-acetyl)-
pyrrolidin-2-yl}-3H-imidazol-4-yi}-1,5-dithia-s-indacen-2-yl)-1H-imidazol-2-yl}-
pyrrolidin-1-yl}-2-oxo-1-phenyl-ethyl)-carbamic acid methyl ester

(2-{2-[5-(4,8-Dimethoxy-6-{2-[1-(2-methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-
yl]-3H-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:

1-{2-[5-(6-{2-[1-carbamic acid ferz-butyl ester-pyrrolidin-2-yl]-3H-imidazol-4-y1}-4,8-
dimethoxy-1,5-dithia-s-indacen-2-yl)-1H-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 of 2- (D) methoxycarbonylamino-2-phenyl-acetic acid (29.3 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 / 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-ESI': calc’d for C40HsoNgOsS;: 871.0 (M *); Found: 871.7 (M+H").

'H-NMR: 300 MHz, (dmso-dg) 8: 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
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(2-{2-[5-(4,8-Dimethoxy-6-{2-[1-(2-methoxycarbonylamino-2-
tetrahydropyranyl-acetyl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}-1,5-dithia-s-
indacen-2-yl)-1H-imidazol-2-yl}-pyrrolidin-1-yl}-2-oxo-1-tetrahydropyranyl-
ethyl)-carbamic acid methyl ester

(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)-1H-imidazol-2-yl]-pyrrolidin-1-
yl}-2-oxo-1-tetrahydropyranyl-ethyl)-carbamic acid methyl ester:
1-{2-[5-(6-{2-[1-carbamic acid fert-butyl ester-pyrrolidin-2-yl]-3H-imidazol-4-yl}-4,8-
dimethoxy-1,5-dithia-s-indacen-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbamic acid tert-butyl
ester (49.3 mg, 0.070 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 (36.0 mg, 0.280
mmol) was added. A solution of 2- (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 / MeCN w/ 0.1% TFA) to yield the product (8.1 mg) as a TFA salt.
LCMS-ESI': calc’d for C44Hs4NgO3S,: 919.0 (M *); Found: 919.6 (M+H™).

'H-NMR: 300 MHz, (dmso-dg) 8: 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
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(2-{2{4-(4,8-Dimethoxy-6-{2-[3-(2-methoxycarbonylamino-2-phenyl-acetyl)-
thiazolidin-2-yl]-1H-imidazol-4-yl}-1,5-dithia-s-indacen-2-yl)-1H-imidazol-2-yl}-
thiazolidin-3-yl}-2-oxo-1-phenyl-ethyl)-carbamic acid methyl ester

(2-{2-]5-(6-{2-]1-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-yl}-3H-imidazol-
4-yl}-4,8-dimethyl-1,5-dithia-s-indacen-2-yl)-1 H-imidazol-2-yl]-pyrrolidin-1-yl}-2-ox0-1-
phenyl-ethyl)-carbamic acid methyl ester

(2-{2-[5-(6-{2-[1-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-yl]-3 H-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 was prepared following method used for (2-{2-[5-(4,8-
Dimethoxy-6-{2-[1-(2-methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-yl}-3 H-imidazol-
4-yl}-1,5-dithia-s-indacen-2-yl)-1 H-imidazol-2-yl}-pyrrolidin-1-yl}-2-0x0-1-phenyl-ethy})-
carbamic acid methyl ester substituting L- thiazolidine-2,3-dicarboxylic acid 3-tert-butyl ester
for L-pyrrolidine-1,2-dicarboxylic acid 1-fert-butyl ester.

LCMS-ESI": calc’d for C44H42Ng03S4: 938.2 (M) found: 939.1 (M + H")

'H-NMR: 300 MHz, (dmso-dg) 8: 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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Example GF
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dioxa-7-aza-spiro{4.4Jronane-7-carbonyl}-2-methyk 4-oxo-pyrrolidine- 1 -carbonyl}-2-methyt-
propyl)-carbamic acid methy! ester propyl}-carbamic acid methyl ester

Pd(PPhs), NaHCO3eq
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1-{2{5(4-Bro o-phenyl 1H-imidazol-2-)
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)-naphithaten- m -yt)—pyrro ne- P"’P!! -cama
carbonyl)-propylj-carbamic acid methyl ester I) mic acki methy! ester
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I -(2-(5-(4—(6-(2-( 1<2-Methaxycarbonylam Mmhy&hnwyl)-pynoﬁd‘nz-yl}d H-
I-4-yl}-naphthalen-2-yl)-phenyl]- 1 H-imidazol-2-yf}-4-oxo-pyrrolidine-1-
carbonyl)-2-methyl-propyl}-carbamic acid methy! ester

(1-{2-|5-(4-Bromo-phenyl)-1H-imidazol-2-yl}-4-oxo-pyrrolidine-1-carbonyl}-2-methyl-
propyl)-carbamic acid methyl ester:
(1-{8-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-1,4-dioxa-7-aza-spiro[4.4 Jnonane-7-carbony! } -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 ¢ H20 (53 mg, 0.278 mmol) were added. The reaction
was heated at 60 °C for 20 hours, after which additional p-TsOH ° H,O (53 mg, 0.278 mmol)
was added heating at 60 °C 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 / hexanes) to yield the product (93.9 mg, 0.202 mmol!).
LCMS-ESI": calc’d for CaoH23BrN4O4: 463.3 (M *); Found: 463.6 (M+H™).

'H-NMR: 300 MHz, (dmso-ds) 6: 7.92 (m, 1H), 7.64 (m, 5H), 7.49 (d, ] = 6.5Hz, 1H), 5.56 (dd,
J=17.5/3.6 Hz, 1H), 4.34 (m, 2H), 3.91 (dd, J = 6.3/ 6.3 Hz, 1H), 3.52 (s, 3H), 3.20 (dd, J =
14.4 /7.8 Hz, 1H), 2.82 (br-d, J = 14.4 Hz, 1H), 1.87 (m, 1H), 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-yl}-1H-
imidazol-4-yl}-naphthalen-2-yl)-phenyl}-1H-imidazol-2-yl}-4-0xo-pyrrolidine-1-carbonyl)-
2-methyl-propyl]-carbamic acid methyl ester:
(1-{2-[5-(4-Bromo-phenyl)-1H-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-
[1,3,2]dioxaborolan-2-yl)-naphthalen-2-yl]-1H-imidazol-2-y1}-pyrrolidine- 1-carbonyl)-propyl]-
carbamic acid methyl ester (54 mg, 0.1 mmol), and Pd[PPh;]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 °C
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 / MeCN w/ 0.1% TFA) to yield the
product (4.0 mg) as a TFA salt.

LCMS-ESI": calc’d for C44Hs5oNgO7: 802.9 (M *); Found: 803.4 (M+H™).

'H-NMR: 300 MHz, (dmso-dg) &: 8.32 (m, 2H), 8.12 — 7.84 (m, 10H), 7.52 (d, J = 7.8Hz, 1H),
7.32 (d, J = 8.4Hz, 1H), 5.61 (m, 1H), 5.14 (m, 1H), 4.39 (m, 2H), 4.12 (dd, J = 7.5 Hz, 1H),
3.94 (dd, J = 8.4/ 8.4 Hz, 1H), 3.85 (m, 2H), 3.54 (2x s, 6H), 3.26 (m, 1H), 2.90 (m, 1H), 2.13 -
1.90 (m, 6H), 0.86 - 0.74 (m, 12H) ppm.
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Example GG

i §~COOH

/
[0} H
N ohH 1. HCI. 2. HATY, N
AR ¥
I -(2-(4-[4 (2-tert-Butoxycarbonytamino-acetyl)-bipheny-4-yll- 1H-

I2-yl}-pyrrolidine-1-carbony)-2-methyt-propyfl-carbamic
acid methyl ester

H
{ H
)—N o [o] o,
N NH,OAc, m- Xylenes, 135 °C
o ) H
_ﬁ"\:,L\,?—H% < L
O ) oé‘ok
1424'{2{1<{2-Methoxycarbonylamino-3-methy -butyryl)-pymrolidin-2-yi}-

1H-imidazol-4-yl}-bipheny}4-yl)-2-oxo-ethylcarbamoy(}-1,3-dihydro-
isoindole-2-carbaxylic acid fert-butyl ester

X
OH
1. HCI. 2. HATU, DIEA MeOQ’ u

o]

/
?TH‘:;L:N o x

1{5{#-(2{1{2mywbuwlarn&b~3-mmywutyrylypynddu¥2—yl}1H
imidiazol-4-y{}-bipheryl4-yl)-1H-imidazok-2-y{}1,3-dihydro-isoindole-

L o ) L
carboxytic acid tert-butyl ester N N N N
*85 3

P

(1-(1-{5(4 {24{1-{2-Methoxycarbonylamino-3-methyk-butyryl}-pyrroliin-2-y(- 1 H-
idazoh4- )4)-bphenyl-4-y1)-1H-mldazol~2 -yi}-1,3-dihydro-isoindole-2-carbonyl}-
-methyl-propyl)carbamic acid methy! ester

1-[2-(4'-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-1H-imidazol-
4-yl}-biphenyl-4-yl)-2-oxo-ethylcarbamoyl}-1,3-dihydro-isoindole-2-carboxylic acid tert-
buty] ester:
[1-(2-{4-[4'-(2-tert-Butoxycarbonylamino-acetyl)-biphenyl-4-yl]-1H-imidazol-2-yl}-
pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (107.0 mg, 0.177 mmol)
was dissolved in DCM (1 mL) and HCI 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 (0.6 mL) and DIEA (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), HATU (67.3
mg, 0.177 mmol) and DIEA (22.8 mg, 0.177 mmol) in DMF (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 (147.8 mg), which
was used in the next step without further purification.
LCMS-ESI": calc’d for C42HagNgO5: 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-yl)-1H-imidazol-2-yl]-1,3-dihydro-isoindole-2-carboxylic acid fert-butyl
ester:

1-[2-(4'-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-1 H-imidazol-4-
yl}-biphenyl-4-yl)-2-oxo-ethylcarbamoyl]-1,3-dihydro-isoindole-2-carboxylic acid ters-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 sodium sulfate. Filtration and evaporation of solvents gave the crude product (142
mg).

LCMS-ESTI": calc’d for C42Hq7N70s5: 729.8 (M *); Found: 730.4 (M+H").

"H-NMR: 300 MHz, (dmso-ds) &: 8.07 (m, 2H), 7.90 — 7.85 (m, 8H), 7.49 — 7.27 (m, SH), 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}-biphenyl-4-yl)-1H-imidazol-2-yl}-1,3-dihydro-isoindole-2-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester:
1-[5-(4'-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-1H-imidazol-4-
yl}-biphenyl-4-yl)-1H-imidazol-2-yi]-1,3-dihydro-isoindole-2-carboxylic acid fert-butyl ester
(71.0 mg, 0.086 mmol) was dissolved in DCM (1.0 mL) and HCI 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 of 2- (L) methoxycarbonylamino-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, 2 M) and was purified by RP-HPLC (eluent: water /
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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-ESI": calc’d for C44HsoN3Os: 786.9 (M *); Found: 787.4 (M+H").

'H-NMR: 300 MHz, (dmso-ds) 8: 7.90 — 7.75 (m, 10H), 7.50 — 7.27 (m, 6H), 6.42 (m, 1H), 5.39
—5.21 (m, 2H), 5.09 (m, 1H), 4.16 — 4.08 (m, 2H), 3.81 (m, 2H), 3.52 (s, 6H), 2.41 (m, 1H),
2.13 - 1.95 (m, 5H), 0.91 - 0.79 (m, 12H) ppm.

Compound B (later eluding material on RP-HPLC)

LCMS-ESI": calc’d for C44HsoN3Og: 786.9 (M *); Found: 787.4 (M+H").

'H-NMR: 300 MHz, (dmso-ds) 5: 7.80 — 7.58 (m, 10H), 7.40 — 7.13 (m, 6H), 6.29 (m, 1H), 5.09
—4.70 (m, 3H), 4.06 (m, 1H), 3.91 (m, 1H), 3.65 (m, 2H), 3.34 (s, 3H), 3.33 (s, 3H), 2.18 (m,
1H), 1.98 — 1.82 (m, 5H), 0.75 - 0.59 (m, 12H) ppm.
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Example GH
O
ﬁ of
DMF
N ©/\ K’°°3 O'n i J< 4N HCUDioxane
ettt
0" o o~ o THF
(S)-2-benzyl 1-tert-butyl 4-
oxopyrrolidine-1,2-
(S)-1-(tert-butoxzcarbonyl)4- dicarboxylate
oxopyrrohdme— -carboxylic
, 3.5
3.8 Yy
(VT N HOY\NA M
HCl DMF, 1, 2h H’N‘"’o\
(S)y-benzyt 4-oxopyrrolidine-2- (S)-2-(memoxywarbqnylagnino)- [o) .
carboxylate hydrochloride 3-methylbutanoic acid ( nzyl 14(S)-2{methoxycarbonylamino)
3-methylbutanoyl)-4-oxopyrrolidine-2-
carboxylate
Q 1——&0/2 HO ]
/\ o]
HO OH d} Py \
TsOH.H,O . 2 .
p- H; 0)\ OJ\‘O
Toluene, reflux H N\[ro\ EtOH H,NTO\
0 0
(S)-benzyl 7-((S)-2-(methoxycarbonylamino)- _ ;
3-methylbutanoyf)-1,4-dioxa-7- S) 7%&3}&?&?8 }?mmﬂ[m} 3
azaspiro{d.4]nonane-8-carboxylate azaspiro[4.4)nonane-8~carboxylic acid

O3

TEA, ACN
i, 18h
—_—

BF\Q\(\
Br

(o)

(S)-2{4-bromophenyl)-2-oxoethyl 7{(S)-2-
(methoxycarbonylamino)-3-methyibutanoyl)-

o] 0 H \Pfg
o k NH4OAc _O“&

H,N\n,o\ ~«
(o]
methyl (S)-1-((S)-8-(5+(4-bromophenyl)-1H-
imidazol-2-yl}-1,4-dioxa-7-azaspiro{4.4]nonan-
7-yl)}-3-methyl-1-oxobutan-2-ylcarbamate

Toluene
reflux

1,4-dioxa-7-azaspiro[4.4]nonane-8-carboxylate
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S q

L)

B-| a )\

sthyl (S)-1(S. 6-bromonaphtha i NH

m ﬁl:(la;-ol-(( )-6-(5-(“"“‘2 aynpmg-y«'y)-s-”' o o _. N \ O O \ N
methyl-1-axobutan-2-yicarbamate Pd(dppf)Ch HN‘(

KOAc, 80°C, 18h
1,4-Dioxane
+
2) Pd(PP
) ) MKCOL
o OMSO, 100°C,an (S 1USHEASHE-A2:(S)74(5) 2 methcxycarbonylamino)-3-mettytoutanoy -
HH oxa—7-azasp honan-s- )-1H-¢n|dazol-5-yl)ptmyl)napmhale»2 -yi)-
N N \\ -2: ,") 5 D\eptan— 34nethyH -oxobutan-2-y!
Brmk )\\ et
o O—

methyl (S)-1-((S)-B-(S-(4-bromophenyl)—1H-¢mndazob—2vy|)~
1,4<tioxa-7-azaspirof4. 4)nonan-7-yl) J-methyl-1-
oxobutan-2-ylcarbamate

(S)-2-benzyl 1-tert-butyl 4-oxopyrrolidine-1,2-dicarboxylate

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)-benzy!l 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]-1H-
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imidazol-2-yl}-pyrrolidine-1-carboxylic acid tert-butyl ester and 3-[5-(4-bromo-phenyl)-1H-

imidazol-2-yl]-pyrrolidine-1-carboxylic acid terr-butyl ester.

(S)-benzyl 7-((S)-2-(methoxycarbonylamino)-3-methylbutanoyl)-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 10% 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% MeOH/DCM. (2.3 g, 84%)

(S)—7-((S)-2-(methoxycarbonylhmino)-3-methylbutanoyl)—l,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 10% 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-bromophenyl)-1H-imidazol-2-yl)-1,4-dioxa-7-azaspiro[4.4]nonan-
7-y1)-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)-1H-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-S-yl)phenyl)naphthalen-z-yl)-lH-imidazol-
2-yl)-5-azaspiro[2.4]heptan-S-yl)-3-methyl-1-oxobutan-2-yl-carbamic acid methyl ester:
Methyl (S)-1-((S)-8-(5-(4-bromophenyl)-1H-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), potassiumn acetate (116 mg, 1.18 mmol), and Pd(dppf)Cl; (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)-1H-imidazol-2-yl)-5-azaspiro[2.4]heptan-5-yl)-3-methyl-1-oxobutan-2-
ylcarbamate (215 mg, 0.41 mmol), 2M K,COj3, 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 100°C for 4 hours.

The resulting crude mixture was diluted with ethyl acetate and washed, respectively, with brine,

10% Na,CO;, 10% citric acid, saturated solution of NH,4Cl, and brine. The organic layer was
then dried over Na;SO4 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%). 'H-
NMR: 400 MHz, (CDCl;) 6 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) m/z 873.79 [M + H]".
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o §
Q
®
HOV\‘)‘\OH 5 KHCOs DMF Q ©:s> BF4
18h
NHBoc  + (DA — . Ho\/\HLOAph " pyndne
(S)y-2-{tert- NHBoc __ Pyridine
butoxycarbonylamino_)-4- (S)-benzyl 2-{tert- D»chlﬁo;rgehthane
hydroxybutanoic acid butoxycarbonylamino)-
4-hydroxybutanoate
; E HF Pyridine FF
N o _nsoew Y% 30% TFADCM
_—
oo Eom T YO T am
NHBoc ' NHBoc
(Sybenzy! 4-(benzo|d]{1,3]dithiol- (S)-benzyl 2-tert-
2-yloxy)-2-(tert-butoxycarbony! butoxycarbonylamino)-4-
amino) butanoate (difluoromethoxy)butanoate
FF o
0 FF
\or R Moo G Y 0 H,, 10%PA/C
0~ "Ph 0. A~ —_—
0O~ 'Ph EtOH
NHZ TEA, DCM HN 0
TFA 0°C, then rt, 18h \f
(S)-benzyl 2-amino4- 0
(difluoromethoxy)butanoate (S)-benzy! 4-{difluoromethoxy)-2-
(methoxycarbonylamino)butanoate
FF -9
Y 0 )‘NH o
o (0] \\( N HH EDC.HCI, HOBt
OH \\ N H }l N I ” NMM, DMF
N >
HN- O * H Q O \N 0°Ctott, 4h
O HCI HCI  HCI HCI
(Sy4-{difluoromethoxy)-2- methy! (S)-1-((S)-6-(5-(6-(4-(2-((1R,35,45)-2-
(methoxycarbonylamino) azabicyclo[2.2. 1}heptan-3-yl)-1H-imidazol-5-yl)phenyl)naphthalen-
butanoic acid 2-yl}-1H-imidazol-2-yl)-5-azaspiro[2.4]heptan-5-yl)}-3-methy}-1-
oxobutan-2-ylcarbamate tetrahydrochloride
F
H H
PO
o i H \ o
N HN—¢
o__
(S)-1-((S)-6-(5-(6-(4-(2-({ 1R, 35,45)-2-(( S)4-(difluoromethoxy)-2-
(methoxycarbonylamino)butanoyl)-2-azabicyclof2.2. 1Jheptan-3-yl)-1H-
imidazol-5-yl)phenyl)naphthalen-2-yl)-1H-imidazol-2-yl)-5-azaspirof2.4}heptan-
5-yl}-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester
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IPR2018-00211 Page 779 of 1092 I-MAK 1011



WO 2010/132601 PCT/US2010/034600

(S)-benzyl 2-(tert-butoxycarbonylamino)-4-hydroxybutanoate:

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-dimethylformamide
(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 NaHCO; and brine, and dried over Na,SO4. The organic layer was then
concentrated down on rotovap and purified on normal phase column chromatography. Yield=
7.27 g (100%).

(S)-benzyl 4-(benzo|d][1,3]dithiol-2-yloxy)-2-(fert-butoxycarbonyl amino) butanoate:
(S)-Benzyl 2-(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 of the reaction, it was quenched with triethylamine (11.5 g,
113.5 mmol) and diluted with dichloromethane. The organic layer was then washed with
saturated NaHCO3 and brine. The organic layer was dried over MgSO4 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-butoxycarbonylamine)-4-(difluoromethoxy)butanoate:
N-Iodosuccinimide (783 mg, 3.48 mmol) was suspended in anhydrous dichloromethane (10 mL)
and at -35°C was slowly added HF.pyridine (70% HF)(50 pl, 1.91 mmol) and the mixture was
stirred for 5 — 10 min. At this temperature was then dropwise added a solution of (S)-benzy! 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 NaHCQj3; 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)-benzyl 2-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)-Benzyl 2-amino-4-(difluoromethoxy)butanoate (116 mg, 0.448 mmol) was dissolved in
anhydrous dichloromethane (2.5 mL) and cooled down to 0°C 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 NaHCO3 and extracted with dichloromethane. The
organic layer was washed with saturated NH4Cl solution and brine and dried over Na;SOs. The
volatiles were removed in vacuo to afford 56 mg (40%) of desired product after column

purification.

(S)-4-(Diftuoromethoxy)-2-(methoxycarbonylamino) butaneic acid:

(S)-Benzyl 4-(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 H; from a balloon by
applying vacuum and then releasing H, 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-
(methoxycarbonylamino)butanoyl)-2-azabicyclof2.2.1]heptan-3-yl)-1H-imidazol-5-
yl)phenyl)naphthalen-2-yl)-1H-imidazol-2-yl)-5-azaspiro[2.4]heptan-5-yl)-3-methyl-1-
oxobutan-2-ylcarbamic acid methyl ester:

Methyl (8)-1-((S)-6-(5-(6-(4-(2-((1R,3S,4S)-2-azabicyclo[2.2.1]heptan-3-yl)-1 H-imidazol-5-
yl)phenyl)naphthalen-2-yl)-1H-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%). 'H-NMR: 400 MHz, (CD;OD) 6 8.08 (s, 1H), 8.01 (d,
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J= 16 Hz, 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=175.6 Hz, 1H), 5.32 (t, J= 7.2 Hz, 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, SH), 0.82 — 0.60 (m, 4H). MS (ESI) m/z 894.16 [M + HJ".

Example GJ

Y o]

OH

HNYO

0

(SHa<{difluoromethoxy)-2- i H I
{msthoxycarbonylamino) D st )f ‘J{ é\ I
butanoic acid

U'C tort, 4h

{S)4-{difluoromathoxy)-1-{(S}-6{54{8442(1R, 35, 45)-2'((8)-2
O {methoxycarbonytamino)-3-methyibutanoyl)-2-azabicyciof2.2. 1Jheptan-3-yl)-
H u \\ 1H-imidazoi-5- yl)phsnyi)nmhalsn -2-y1)-VH-imidazol-2-y1)-5-
N Q O azaspiro{2 4heptan-S-yl)-1-oxobutan-2-ylcarbamic acid methyl ester
Hel HN\( A

methyl (S)-1-((1R 38,45)-3-5-(4-{6{2((Sy-5-azaspirof2.4]heptan-

8-yi)-1H-imidazol-S-ylinaphthalen-2-yl jphenyl)-1 H-imidarol-2-yi)-2-
azabtcycb(Zz 1hepian-2-yl)-3-methyl-1-axobutan-2-yicarbamate
tetrahydrochioride

(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-yl)-1H-imidazol-S-yl)phenyl)naphthalen-2-
yl)-1H-imidazol-2-yl)-5-azaspiro[2.4] heptan-5-yl)-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-((1R,38,45)-2-((S)-4-(diflucromethoxy)-2-(methoxycarbonylamino)butanoyl)-2-
azabicyclo[2.2.1]heptan-3-yl)-1H-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. '"H-NMR: 400
MHz, (CDs;0D) 6 8.13 (s, 1H), 8.03 (m,1H), 7.91 — 7.85 (m, 2H), 7.80 — 7.71 (m, 6H), 7.42 (s,
1H), 7.31 (s, 1H), 6.97 (m, 1H), 6.56 (t, J= 76 Hz, 1H), 5.40 — 5.35 (m, 1H), 4.83 (m, 1H), 4.71
(s, 1H), 4.56 (m, 1H), 4.44 — 4.33 (m, 1H), 3.93 (brs, 2H), 3.82 (m, 2H), 3.76 — 3.66 (m, SH),
3.51 —3.42 (m, 1H), 2.80 — 2.64 (m, 1H), 2.32 - 2.25 (m, 1H), 2.17 - 2.12 (m, 2H), 2.07 - 1.86
(m, SH), 1.73 - 1.57 (m, 2H), 1.03 - 0.9 (m, 4H), 0.77 - 0.57 (m, 4H). MS (ESI) m/z 894.00 [M
+H]".
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Example GK
\Fi)/;)
HH
N N \\
—OK
NN o)\\ o~
N
(o]
o\ Io
_ methyl (S)-14(S)-8-(5-(4-bromophenyl)}-1H- BB :é
imidazol-2-yl)-1.4-dioxa-7-azaspiro{4.4 Jnonan- (o] [e]
7-yl)-3-methyl-1-oxobutan-2-yicarbamate
ﬁ
KOAc, ,
; \
2) Pd(PPhy),
2M K2CO;y
DMSO, 100°C, 4h
n H (S)-{erl-butyi 2-(5-(4 -(2-((8)-7-((3)-2—(me&hoxy(zrbonylamlno)—3—
| N \oyt)1,4 aspiro{4.4)nonan-8-yl)}-1H-imidazok-5-
Br \_N )‘0 y|)hphenyl-4—y|)-1H-|mdazD0-2 yl)pyrrolidine-1-carboxylate

o] )4
{S)-tert-butyl 2—(5-(4—brurmphenyl)-1H-¢mndazo| -2-
yl)pyrrolidine-1-carboxyla

Ypooty == poot

n 1n
o
tert-butyl 2-(5{4'(2-(S)-7-((5)-2«(meth rbonylamino)-3- S)-3-methyt- 1-0x0-1-((S)-8-(5-(4'«(2-((S)-pyrrolidin-2-
m(efh)-ylbutar%yy‘IH 4-dioxa-7-azaspiro{4.4jnonan-8-yl)-1+-imidazol-5- yi)-1H~imndazd-5-yl)bbhcny1-4—yi)-1H-Imidnzol-2 -yi)-1,4-
yl)biphenyl-4-yl)- 1 H-imidazol-2-ylpyrrolidine-1 wboxyme dioxa-7-azaspiro[4.4]nonan-7-yl)butan-2-yicarbamate
e - e
HH OANH
B\ L&
N
1 OO~ \‘ \\NOL
H'N‘g HATU, DIPEA
OMF, 0
mathyi (S)-S«mhyld-oxo-l-((S)-e-(s(A -(24(S)-pyrrolidin-2-yl}- 1+~ 1 2-(5-(4 7. -, 1.4
W“"""""""”“"‘“’“‘“ yiH T+ oxa 1 (?ui%uémgm'{ﬁmemwwinmmmwé-

yi)pyrrolidin- 1-yl)-3-methyl- 1-oxobutan-2-yicarbamic ecid methy! ester

(S)-Tert-butyl 2-(5-(4'-(2-((S)-7-((S)-2-(methoxycarbonylamino)-3-methylbutanoyl)-1,4-
dioxa-7-azaspiro|[4.4]nonan-8-yl)-1H-imidazol-5-yl)biphenyl-4-yl)-1H-imidazol-2-
yDpyrrolidine-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)-1H-imidazol-5-yl)phenyl)naphthalen-2-yl)-1H-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)-1H-imidazol-2-y})-5-azaspiro[2.4 ] heptan-5-
yl)-3-methyl-1-oxobutan-2-ylcarbamate and methyl (S)-1-((S)-8-(5-(4-bromophenyl)-1H-
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)-1H-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)-1H-imidazol-2-yl)pyrrolidine-1-carboxylate (510 mg, 1.3 mmol). The amount for
all the other reagents were adjusted accordingly. 489 mg (56%).

Methyl (S)-3-methyl-1-ox0-1-((S)-8-(5-(4'-(2-((S)-pyrrolidin-2-yl)-1H-imidazol-5-
yl)biphenyl-4-yl)-1H-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 Na;SO4 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)-1H-imidazol-5-yl)biphenyl-4-yl)-1H-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-5H-dibenzo[c,e]azepin-3-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl } -2-methyl-
propyl)-carbamic acid methyl ester. 'H-NMR: 400 MHz, (CD;0D) & 7.80 (d, J= 8.0 Hz, 1H),
7.74 - 7.70 (m, 4H), 7.66 — 7.62 (m, 5H), 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, 1H), 4.17 (d, J= 7.6 Hz, 1H), 4.11 — 3.85 (m, 8H), 3.66 (s, SH), 3.50 ~
3.45 (m, 1H), 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) m/z 797.84 [M + H]".
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Example GL
nw @
,oTN\é)LOH
T
Y
F ~ 0/ﬁ
{S)4-(difuoromethoxy)-2-{methaxycarbonylamino)butanoic acid i

HATU, DIPEA A
N __ OMFA~ '
HH
n ﬁ
. . NN (S aMoromathany | () 2-2A(ST492,
WA 7( ylamino xB-7-

uzaspm(‘ 4rman-3-yl)-1 H-mpduoc-s-yl)blphenyl-adyl)-m-«mdazol -2-
0 yl)pymolidin-1-y!)-1-oxobutan-2-ylcarbamic acid methyl ester
methyl (S)-3-methyt1-0x0-1-{(51-8<5+4'(24{(S)-pyrrotidin-2-yI)- 1H-
mdazol—s-yl)bpmnyu-yi)drl-umdami -2-y()-1,4-dioxa-7-
azaspiro{4.4nonan-7-yl)dutan-2-yl ate

o]

(S)-4-(difluoromethoxy)-1-((S)-2-(5-(4'-(2-((S)-7-((S)-2-(methoxycarbonylamine)-3-
methylbutanoyl)-1,4-dioxa-7-azaspiro[4.4|nonan-8-yl)-1H-imidazol-5-yl)biphenyl-4-yl)-1H-
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-[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)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl }-2-methyl-
propyl)-carbamic acid methyl ester.

'H-NMR: 400 MHz, (CD;OD) § 7.69 (d, J= 8.0 Hz, 1H), 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, 1H), 4.24(m, 11H), 3.64
(s, SH), 2.54 — 2.43 (m, 2H), 2.36 — 1.81 (m, 8H), 099 — 0.84 (m, 6H). MS (ESI) m/z 849.76 [M
+H]".

Example GM
[¢]
/°T“\H’\0H
0O
O
(sr2 rbony! 2-{letrayaro 2H-pyran- - 0/\3,

o]
A
L e JPN N Lo N
SR eSS
0

0]
HH
N N‘n)fus k 24(S)r2. 74(S)-2
5)4\“ 0)\\& o (U249 24 oamen) .

yiibiphenyt-4-y1)-1H-imidazol- 2 y‘)pynulidm—i yl}Z-om-l-(!ettahydro—ZH
pyran-4-ylethyicarbamic acid methy] ester

0
1 1 4’2 2-yi)-1H-
mottyl (X3 metry 1010 1((S)B-(5-4-(2-(Sh pyroltin 2.

azaspiroj4.4)r 7 )b-
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(S)-2+((S)-2«5-(4'-(2-((S)-7-((S)-2-(Methoxycarbonylamino)-3-methylbutanoyl)-1,4-dioxa-
7-azaspiro[4.4]nonan-8-yl)-1H-imidazol-5-yl)biphenyl-4-yl)-1H-imidazol-2-yl)pyrrolidin-1-
yl)-2-oxo0-1-(tetrahydro-2H-pyran-4-yl)ethylcarbamic 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-5H-dibenzo[c,e]azepin-3-yl)-1H-imidazol-2-yl]-pyrrolidine- 1-carbonyl}-2-methy!l-
propyl)-carbamic acid methyl ester. TH-NMR: 400 MHz, (CD;0D) 6 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=17.2 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) m/z 839.84 [M + H]".

Example GN

;ﬁ

methyl (S)-1-(S)-8<5-{4-bromophenyl)-1H- i B-8| ]é
imidazol-2-yf)-1,4-dioxa-7-azaspiro{4.4Jnonan-

7-y1)-3-methyl-1-oxobutan-2-ylcarbamate

(o]

dppf)Ch
KOAC 80°C, 18h
1,4-Dioxane N N I
—_— - \
N
HH

2) Pd(PPhy)y N\«
2M K;
DMSO, 100°C, 4h [ o)
H
nw;f'? L (S)-1-(($)-8-(5-(4—(2-((5)-7-((8)2-(metrmxycarbonylamm)-3-
NN )\\ methylbutanoyl)-1,4-dioxa-7-azaspiro[4.4]nonan-8-yl)-1H-imidazol-5-

yl)btphenyl—tyl)qH-cmndazoi -2-yl)-1,4-dioxa-7-azaspiro{4.4)nonan-7-
yi)y-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester

methy! (S)-1{(S)-8-(5-(4-bromophenyl)- 1H-
imidazol-2-y!)-1,4-dloxa-7-azaspiro{4.4 joonan-
7-yl)-3-methyl-1-oxobutan-2-ylcarbamate

(S)-1-((S)-8-(5-(4"-(2-((S)-7-((S)-2-(methoxycarbonylamino)-3-methylbutanoyl)-1,4-dioxa-7-
azaspiro[4.4)nonan-8-yl)-1H-imidazol-5-yl)biphenyl-4-yl)-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)-rert-butyl 2-(5-
(4'-(2-((S)-7-((S)-2-(methoxycarbonylamino)-3-methylbutanoyl)-1,4-dioxa-7-
azaspiro[4.4]nonan-8-y!)-1H-imidazol-5-yl)biphenyl-4-yl)-1H-imidazol-2-yl)pyrrolidine-1-
carboxylate. '"H-NMR: 400 MHz, (CD;0D) & 7.78 (d, J= 8.0 Hz, 1H), 7.71 — 7.69 (m, 4H), 7.65
- 17.61 (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, SH),
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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, 1H),
0.95 - 0.85 (m, 12H). MS (ESI) m/z 855.80 [M + H]".

Example GO
FF
Y o
o oH
HN.__O
f “ F
- A
(mgxywbonﬁam);:z) N M )o
n
butanoic acid EQC HCI. HOBt ﬁqu‘ N H @ i o~
) N
—_— N"JLN CQ O Sk gf\,.—&o
R 0°Ctont, 4h u i N H
)\ NH (S)-1- ((57-&(5-(5-(4-(2'((5)-1-((3)4—(11'110“0"%%)-
\\< (methoxycarbo )butanoyf)pyrrolidin-2-yl)- 1 H-imidazol-
5-yl)phenylinaphthaien-2-yl)-1H-imidazok 2-y1)-5-
H | m;pmqumepmwrsmm -oxobutan-2-yicarbamic
acid methyl ester
HCl  HCI HC

mﬂhY' (S)-3-methyi-1-ox0-1 -((5)-6-(5(3-(4-(24(5)-9W°Mh-2-ﬂ)-
ylp 2-y)-1H-imidazok-2-y1}-5-
azasp«o(z plan-5 yljbutan-2-y

(S)-l-((S)-6-(5-(6-(4-(2—((S)-1-((S)-4-(Difluoromethoxy)—Z-
(methoxycarbonylamino)butanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenyl)naphthalen-2-

yl)-1H-imidazol-2-yl)-5-azaspiroe[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-((1R,38,45)-2-((S)-4-(difluoromethoxy)-2-(methoxycarbonylamino)butanoyl)-2-
azabicyclo[2.2.1]heptan-3-yl)-1H-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. 'H-NMR: 400
MHz, (CD;OD) 6 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= 75.6 Hz, 1H), 5.25 — 5.20 (m, 1H), 5.14 (m, 1H), 4.57 (m, 1H), 4.12 — 4.01 (m,
1H), 3.89 — 3.81 (m, 4H), 3.75 — 3.66 (m, 1H), 3.58 (s, 5H), 3.42 - 3.39 (m, 1H), 2.33 - 1.77 (m,
9H), 0.94 — 0.83 (m, 6H), 0.72 — 0.52 (m, 4H). MS (ESI) m/z 867.86 [M + H]".
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Example GP and GQ
—0
Br
o)
methyl 4-(4-
—0 bromophenyl)bicyclof2.2.
)%Br AICl; 2]Joctane-1-carboxylate
0 bromobenzene +
methyl 4' ooc 30 m ,_,O
bromobicycio[2.2.2]oct ther rt. 18h
ane-1-carboxylate o)
Br
methyl 4-(3-
bromophenyl)bicyclo[2.2.

2]Joctane-1-carboxylate

Mixture of methyl 4-(4-bromophenyl)bicyclo[2.2.2]octane-1-carboxylate and methyl 4-(3-
bromophenyl)bicyclo[2.2.2]octane-1-carboxylate:

A solution of methyl 4-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 (100 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 MgSO4 to leave a-brown solid. Purification by silica
chromatography (5% ethyl acetate / hexane) gave a mixture of para- and meta substituted
derivatives. (970 mg, 74%). (For a more detailed procedure see J. Med. Chem., 2009, 52, 6,
1563).

—0
HO

e ST )
© o

methyl 4-(4- )
bromophen;II)bi-c(:yclo[z,z, 4-(4-bromophenyl)bicyclof2.2.2]octane-
2]octane-1-carboxylate 2.5M LiOH 1-carboxylic acid
—_—
+ +

Rass® Patad

Br

methyl 4-(3-
bromophenyl)bicyclo[2.2.
2]octane-1-carboxylate

IPR2018-00211

Br

4-(3-bromophenyl)bicyclo[2.2.2]octane-
1-carboxylic acid
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Mixture of 4(4-bromophenyl)bicyclo[2.2.2]octane-1-carboxylic acid and 4-(3-
bromophenyl)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-ox0-ethylcarbamoyl]-imidazolidine-1-carbonyl } -2-
methyl-propyl)-carbamic acid methy] ester. (638 mg, 94%)

HO, B'W—m
Br
OWO— 1. Oxalyl Chloride o

DMF (2 drops)

4-(4-bromophenyl)bicycio[2.2.2]octane- 6h, rt, DCM 2-bromo-1-(4-(4-bromophenyl)bicyclo[2.2.2]octan-
1-carboxylic acid 2. TMSCH;,N;, Anh. DCM N 1-y|)eghang'r)wby 222
0°C, 15 minthen rt 2 days .
+
3. HBr/ACOH Br
HO EtOAc, 0°C then 1, 1h WQ
(o}
IO 4
Br
4-(3- bromophenyl)blwdolz 2.2]Joctane- 2-bromo-1-(:

1-carboxylic acid bromophenyl)bicyclof2.2. Zlodan -1-yhethanone

Mixture of 2-bromo-1-(4-(4-bromophenyl)bicyclo{2.2.2]Joctan-1-yl)ethanone and 2-bromo-
1-(4-(3-bromophenyl)bicyclo[2.2.2]octan-1-yl)ethanone:
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
Rt Vs s
(o] N o B
r
2-bromo-1(4-(4-bromophenyl)bicyclo[2.2.2]Joctan-1-yl)ethanone WO o

(S)-2-(2-(4-(4-bromophenyl)bicyciof2.2.2Joctan-
. 1 yl)-2-oxoethyl) 1-tert-butyl pyrrolidine-1,2-

dicarboxylate
Br
TEA, ACN +
© ; n, 18h Boc
Br ' N O
2-bromo-1-{4-(3-bromophenyl)bicyclof2.2.2Joctan-1-yl)ethanone WOWQ
Br

+ (S)-2-(2-(4-(3-bromophenyl)bicyclof2.2.2]octan-
Boc 1-yl)-2-oxoethy!) 1-tert-butyl pyrrolidine-1,2-
: OH dicarboxylate

EN)r<
H O

(S)-1-(tert-butoxycarbonyl)pyrrolidine-2-carboxylic acid
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Mixture of (S)-2-(2-(4-(4-bromophenyl)bicyclo[2.2.2]octan-1-yl)-2-0xoethyl) 1-fert-butyl
pyrrolidine-1,2-dicarboxylate and (S)-2-(2-(4-(3-bromophenyl)bicyclo[2.2.2]octan-1-yl)-2-
oxoethyl) 1-fert-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-ters-butoxycarbonyl-pyrrolidine-
2-carbonyloxy)-acetyl]-5,7-dihydro-dibenzo[c,eJoxepin-3-yl } -2-oxo-ethyl) ester 2-tert-butyl
ester. (365 mg, 94%).

e 5 LT
H OO H

(S)-2-(2-(4-(4-bromophenyl)bicyclof2.2.2]octan- (S)-te(t-butvl 2-(5-(4-(4-
1-yl)-2-oxoethyl) 1-tert-butyl pyrrofidine-1,2- bromophenyl)bicyclo[2.2.2]Joctan-1-yf)-1H-
dicarboxylate imidazok2-yl)pyrrolidine-1-carboxylate
NH40Ac
_—
+

Toluene, reflux
18h

+
Poc
"°>;%§Z<\> A
(xX NN
0 \
Br

H O B°°\N NH Br
H
(S)-2-(2-(4-(3-bromophenyl)bicydo[?.2.2]octan-
1-yl)-2-oxoethyl) 1-tert-butyl pyrrolidine-1,2- (S)-tert-butyl 2-(5-(4-(3-
dicarboxylate bromophenyl)bicyclo[2.2.2Joctan-1-yl)-1H-

imidazol-2-yl)pyrrolidine-1-carboxylate
Mixture of (S)-tert-butyl 2-(5-(4-(4-bromophenyl)bicyclo[2.2.2]octan-1-yl)-1H-imidazel-2-
yl)pyrrolidine-1-carboxylate and (S)-fert-butyl 2-(5-(4-(3-bromophenyl)bicyclo[2.2.2]octan-
1-yl)-1H-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)-1H-imidazol-2-yl)-5-azaspiro[2.4]heptan-5-yl)-3-
methyl-1-oxobutan-2-ylcarbamate. (298 mg, 85%).
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Qf Br 1) B N3 éj .
N N
o 0 H
Lo I QfHL
(o] o]

(S)-tert-butyl 2-(544-(4- (S)tert-butyl 2-(5-(4-(4-2-((S)-1-{tert-

/z::

bromophenyl)b:qdo[z 2.2Joctan-1-yl)-1H- butoxycarbonyf)pyrrolidin-2-yl)-1 H-imidazol-
imidazol-2-yl)pyrrolidine-1-carboxylate Pd(dppf)Cl, 5-yl)bicyclo[2.2.2)octan-1-yl)phenyl)-1H-
K01Ac, gg‘c. 18h imidazol-2-yl)pyrrolidine-1-carboxylate
+ .4-Dioxane
—_—

2) Pd(PPhy), M
2M K,CO;
N N DMSO, 100°C, 4h
Boc, NH -
NGy NN
Boc‘N NH NH
H

/
-tert-butyl 2-(5-(4-(3- !
bfomophg)yl)bicyc:;[yz.z.zpaam-yiHH. NW
imidazol-2-yl)pyrrolidine-1-carboxylate B oé

. (S)-tert-butyl 2-(5-(3-{4(2-((S)-1-{tert-
butoxycarbonyl)pyrrolidin-2-yl)-1 H-imidazol-
S-yl)bicyciof2.2.2Joctan-1-yl)phenyl)-1H-

imidazol-2-yl)pyrrolidine-1-carboxylate
n\g 'Boc
Br—Q\"N H

(S)-tert-butyl 2-(5-bromo-1H-imidazol-
2-yl)pyrrolidine-1-carboxylate

Mixture of (S)-fert-butyl 2-(5-(4-(4-(2-((S)-1-(¢fert-butoxycarbonyl)pyrrolidin-2-yl)-1H-
imidazol-5-yl)bicyclo[2.2.2]octan-1-yl)phenyl)-1H-imidazol-2-yl)pyrrolidine-1-carboxylate
and (S)-tert-butyl 2-(5-(3-(4-(2-((S)-1-(tert-butoxycarbonyl)pyrrolidin-2-yl)-1H-imidazol-S-
yD)bicyclo|2.2.2]octan-1-yl)phenyl)-1H-imidazol-2-yl)pyrrolidine-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)-1H-imidazol-5-yl)biphenyl-4-yl)-1H-imidazol-2-yl)pyrrolidine-1-
carboxylate. (287 mg, 73%).

IZ/

Q}W@‘@g - C#%ép

HCI HCI HCl  HCI
(S)-tert-butyl 2(5-(44-(2-(S)- 1{tert-butoxycarbonyljpyrolidin-2-yt)-

1H-imidazol-5-yljbicyclo{2.2.2Joctan-1-yl)phenyl)- 1 H-imidazol-2- 2-{(S)-pyrrotidin-2-yi)-5-(4-(4-(2-((S)-pywolidin-
ylpyrrolidine- 1-carboxylate 2-y1)-1H—inidazol-ys-y1)b|cyd' o[2.2.2)oy;an-1-
+ yl)phenyl)-1H-imidazole tetrahydrochloride
4N HCl/Dioxane -
—

THF
N7
Boc \ NN
N NH y NH \ NH
H m HN NH

4
N H m
H N «]2» HCl wet N N

H

HCI HC)
(S)-tert-butyl 2(5(3-(4{24(S)-1<{tert-butoxycarbonyl)pymolidin-
- idin-2
2-yi)-1H-imidazol-5-yhbicyciof2.2. 2)onan 1-y()pheny1)-1H 1 PYz"U M{ﬁ%? 4(% 2 ’5

TPy
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Mixture of 2-((S)-pyrrolidin-2-yl)-5-(4-(4-(2-((S)-pyrrolidin-2-yl)-1H-imidazol-5-
yl)bicyclo[2.2.2]octan-1-yl)phenyl)-1H-imidazole tetrahydrochloride and 2-((S)-pyrrolidin-
2-y)-5-(3-(4-(2-((S)-pyrrolidin-2-yl)-1H-imidazol-5-yl)bicyclo[2.2.2]octan-1-yl)phenyl)-1H-
imidazole tetrahydrochloride

A mixture of the title compounds were prepared according to the method employed to prepare

(S)-benzyl 4-oxopyrrolidine-2-carboxylate hydrochloride.

N\)L )\ \/ O’
° AN dMN 5 N % C [
2. { ) \
(S} S-rnethylbmanuic ‘acid \\
* (S0 25442 14(5) 2 met »3
ethybutanoyl)pymolidin-2-yl)- 1 H-imidazol-5-
yl)pnmmbicyuo(z 2 2joctan- 1-y1)-1H-imidazok-2- yl)pynoludin 1-y1p3-
H methyl-1-oxobutan-2-ylcarbamic acid methyl ester
“\,g EDC.HC), HOBt
NN NMM, DMF
—_— - . o
«f HCI HCI  HCl  HO :Con. n o —/ =0
2-(S)-pymolidin-2 4-(2-((S)-pyrrolidin-2-yl)-1 H-imidazot5-
ﬁéqu.umé"»i*ﬁ)*pm‘.nmm’& gt):-'ahyd"r::dﬂoﬁde J\ N{ H

+ HN\

T 5y
NN
i $ >k—m+ (FUEHHGRAD D2
YO /m 2-yl)-1-imidazok 5-yljphenyl)bicyclof2.2.Zoctan-1-yl)
N

1H-4m|cazoﬁ-2 yl)pyrrolidin-1-yi)-3-methyt- 1 -oxobutan-

H
HCI HCI  HCI  HCH H 2-yicarbamic acid methy! ester

2 ((S)—W"ohdm—2—yt)—5—(3-(4—(2 ((S}pywolidm—z yl)-‘l H-imidazok-5-
yhbicyciof2.2.2joctan-1-ylyphe

(S)-1-((S)-2-(5-(4-(4-2-((S)-1-((S)-2-(methoxycarbonylamino)-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenyl)bicyclo[2.2.2]octan-1-yl)-1H-
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)-1-((S)-6-(5-(6-
“4-(2-(Q1 R,3S,4S)-2-((S)-4-(diﬂuoromethoxy)-z-(methoxycarbonylamino)butanoyl)-2-
azabicyclo[2.2.1]heptan-3-yl)-1H-imidazol-S-yl)phenyl)naphthalen-2-yl)- 1 H-imidazol-2-y1)-5-
azaspiro[2.4]heptan-5-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester and separated
from (8)-1-((S)-2-(5-(4-(3-(2-((S)-1-((S)-2-(methoxycarbonylamino)-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenyl)bicyclo[2.2.2]octan-1-yl)-1H-
imidazol-2-yl)pyrrolidin-1-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester by prep
HPLC. (41 mg, 23%) 'H-NMR: 400 MHz, (bD;OD) 8 7.63 (d, J= 8 Hz, 1H), 7.55 (d, J= 8.4 Hz,
2H), 7.42 (s, 1H), 7.34 (d, J= 8.4 Hz, 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, SH), 3.54 — 3.48 (i,
1H), 2.34 — 1.96 (m, 10H), 1.91 (brs, 12H), 1.01 — 0.88 (m, 12H). MS (ESI) m/z 772.56 [M +
HJ'.
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(S)-1-((S)-2-(5-(4-(3-(2-((S)-1«((S)-2-(methoxycarbonylamino)-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenyl)bicyclo[2.2.2]octan-1-yl)-1H-
imidazol-2-yl)pyrrolidin-1-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methy] 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-(methoxycarbonylamino)butanoyl)-2-
azabicyclo[2.2.1]heptan-3-yl)-1H-imidazol-5-yl)phenyl)naphthalen-2-yl)-1H-imidazol-2-y1)-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-(4-(2-((S)-1-((S)-2-(methoxycarbonylamino)-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenyl)bicyclo[2.2.2]octan-1-yl)-1H-
imidazol-2-yl)pyrrolidin-1-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methy! ester by prep
HPLC. (54 mg, 30%). '"H-NMR: 400 MHz, (CD;OD) & 7.66 (s, 1H), 7.43 (d, J= 8 Hz, 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) m/z 772.96 [M + H]".

Example GR
HO
o
N [+]
N JL H 1((3 \OJL
O EDC.HCI, HOB!
p MM, OMF W H‘ O p "O
Tocwnm [)(LN B
‘\\’
5)-1-((57-2-(5-(6-(4-(2-((25 SR-1-((S)-2-
heny‘ dms;r;'e;hynqmi-((s'r,z:(sw«-(Z-«zs sms - m " i o)-5.0h eryipyrcidin 2.y 1H-
”"°" ) i >

.
butar-2-y y ide

) 14 yi)-&me!nyH—oan—z ytoatbamk: acd metnyl esler

(S)-1-((S)-2-(5-(6-(4-(2-((2S,5R)-1-((S)-2-(methoxycarbonylamino)propanoyl)-5-
phenylpyrrolidin-2-yl)-1H-imidazol-5-yl)phenyl)naphthalen-2-yI)-1H-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)-1-((S)-6-(5-(6-
(4-(2-((1R,3S,4S)-2-((S)-4-(difluoromethoxy)-2-(methoxycarbonylamino)butanoy!)-2-
azabicyclo[2.2.1]heptan-3-yl)-1H-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.

'H-NMR: 400 MHz, (CD;0OD) & 8.13 (s, 1H), 8.08 (s, 1H), 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, 1H),
427 -4.21 (m, 2H), 4.04 — 3.99 (m, 1HN, 3.93 — 3.87 (m, 1H), 3.70 (s, 1H), 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, 1H), 1.04 — 0.96 (m,
4H), 0.93 (d, J= 6.8 Hz, 2H), 0.70 (d, J= 6.8 Hz, 2H). MS (ESI) m/z 837.92 [M + H]".

Example GS
(o]
B 5 PR o
| o] o}
D ———— o o _‘ —
O ©OH TEA, DMAP N— LioH © O—(N_.
Hydroxy-phenyl-acetic / /
acid methyl ester Dimethyicarbamoyloxy-phenyl- Dimethylcarbamoyloxy-
acetic acid methyl ester phenyl-acetic acid

%NH

/> CcCOMU
ool -

2-{5{4-(6-{2-{1-(2-Methoxycarbonylamino-3-methy)-butyry!)-
pyrrolidin-2-yl}-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl(]-1H-
imidazol-2-yl}-pyrrolidine-1-carboxylic acid tert-butyl ester

0/

O)\NH O N H '/>

/N\

{1-(2{5-{6-(4{2-[1-(2-Dimethylcarbamoyloxy-2-phenyl-acety!)-pyrrolidin-
2-yl}-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl}-1 H-imidazol-2-yf}-
pyrrolidine-1-carbonyl)-2-methyl-propyf}-carbamic acid methy! ester

Dimethylcarbamoyloxy-phenyl-acetic acid: To hydroxyl-phenyl-acetic acid methyl ester (500
mg) in THF (10 mL) were added dimethylcarbamoyl chloride (304 pl), TEA (503 pl), 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 1 N HCI (1 x 100 mL) and saturated
sodium bicarbonate (1 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 2 M LiOH
(3 mL). After stirring for 90 min. at room temperature, the reaction mixture was acidified with 2
N HCI (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-Dimethylcarbamoyloxy-2-phenyl-acetyl)-pyrrolidin-2-yl]-3H-
imidazol-4-yl)-naphthalen-2-yl}-1H-imidazel-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-yl}-naphthalen-2-yl]-1H-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 DIEA (14 pl). 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-H,0; 0.1% formic acid modifier) to afford the title product (22 mg, 48%). 'H
NMR (MeOH-d4, 400 MHz) 8: 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) m/z 837.3 (M + HJ".

Example GT

s [ o}—\ 0 H 0

o< LiOH o o<

o] OH TEA, DMAP N— N—
Hydroxy-phenyl-acetic / /
acid methyl ester Dimethylcarbamoyloxy-pheny}- Dimethylcarbamoyloxy-
acetic acid methyl ester phenyl-acetic acid
/
o]
o)‘NH o

A N H '/> comu

2{5-{4-(6{2-[1{(2-Methoxycarbonylamino-3-methy!-butyryl)-
pyrrolidin-2-yl}-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl]-t H-
imidazol-2-y(}-pyrrolidine- 1-carboxylic acid tert-butyl ester

[1-(2-{5-{6-(4{2-{1-(2-Dimethylcarbamoyloxy-2-phenyl-acetyl)-pyrmolidin-
2-yl}-3H-imidazol4-yl}-phenyl)-naphthalen-2-yl}- 1 H-imidazol-2-yl}-
pyrrolidine- 1-carbonyl)-2-methyl-propyl}-carbamic acid methyl ester
[1-(2-{5-[6-(4-{2-[1-(2-Dimethylcarbamoyloxy-2-phenyl-acetyl)-pyrrolidin-2-yl]-3H-
imidazol-4-yl)-naphthalen-2-yl]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-

propyl]-carbamic acid methyl ester: Title compound 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]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-
propyl]-carbamic acid methyl ester (Example 6), (20 mg, 43%). '"H NMR (MeOH-d4, 400 MHz)
3: 8.21-8.04 (m, 2H), 7.93-7.89 (m, 3H), 7.81-7.68 (m, SH), 7.53-7.41 (m, 7H), 6.10-5.78 (d,
1H), 5.28-5.21 (m, 2H), 4.28-4.26 (m, 1H), 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) m/z 837.5 [M + H]".
Example GU
0]

~o /U\
Pd(PPh3)4,
/\ C/\ K2COs
é— :t: 4~_&:(\Boc DME/H;0

[2-Methyl-1-(6{5-[4-(4,4,5,5-tetramethyl-
[1,3.2]dioxaborolan-2-yl)-phenyl]-1H-  2-[5-(6-Bromo-naphthalen-2-yl)-1H-
imidazol-2-yl}-5-aza-spiro[2.4]Jheptane-5-  imidazol-2-yl]-4-cyano-pyrrolidine-1-
car’oonyl) propyl]-carbamic acid methyl ester ~ Carboxylic acid tert-butyl ester

)LH

CN
;\/‘\ \(\N HCI, dioxane/DCM

4-Cyano-2-{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}-1H-imidazol-2-yl}-pyrrolidine-1-carboxylic

. o)
acid fert-butyl ester
o oA

~o PN H 3HCl CN NHCO,Me
K( j 2-Methoxycarbonylamino-
I N 3-methyl-butyric acid
NN H EDC-HCI, HOBt, NMM
DMF

(1-{6-[5-(4{6-[2-(4-Cyano-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-tris-hydrochloride

g )
1,50**
HN O

10)
[1-(6-{5-[4-(6-{2-[4-Cyano-1-(2-methoxycarbonylamino-3-methyl-butyryl)-
pyrrolidin-2-yl)-3H-imidazol4-yl}-naphthalen-2-yl)-phenyl}-1 H-imidazol-2-y{}-5-
aza-spiro[2.4]heptane-5-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester

794

IPR2018-00211 Page 796 of 1092 I-MAK 1011



WO 2010/132601 PCT/US2010/034600

4-Cyano-2-{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]-1H-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]-1H-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-yl)-1H-
imidazol-2-yl]-4-cyano-pyrrolidine- 1-carboxylic acid tert-butyl ester, Pd(PPh3)4 (184 mg, 0.159
mmol), and K,COj3 (2 M in H,0, 1.9 mL, 3.8 mmol) were combined in 1,2-dimethoxyethane (16
mL). The reaction mixture was degassed with bubbling N for 10 minutes then heated to reflux
for 3.5 h. After heating, the reaction mixture was cooled to RT, diluted with EtOAc and washed
with H,O and brine. The organic phase was dried over MgSOy, then filtered and concentrated.
The resulting residue was purified with silica column chromatography 0% to 100% (10%
MeOH/DCM)/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}-phenyl)-
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-yl]-3H-imidazol-4-yl } -phenyl)-naphthalen-2-yl]-1H-
imidazol-2-yl}-pyrrolidine-1-carboxylic acid fert-butyl ester (639 mg, 0.816 mmol) was
dissolved in DCM (8 mL) and 4.0 M HCl 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)-3H-imidazol-4-yl]-naphthalen-2-yl} -phenyl)-1 H-imidazol-2-yl]-5-aza-
spiro[2.4]heptane-5-carbony!}-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 to RT. 30 min
later, the mixture was diluted with EtOAc and washed with NaHCO;, then 1:1 brine/5M NaOH.
The organic phase was dried over MgSOQs, then filtered and concentrated. The resulting residue
was purified by HPLC to afford the title compound (18 mg, 11%). MS (ESI) m/z 840 [M + H]".
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Example GV
o)
O 2-Methoxycarbonylamino-
K( Nl p butyric acid N
H EDC-HCI, HOBt, NMM
DMF

(1-{6-[5-(4{6-[2-(4-Cyano-pyrrolidin-2-yl)-3H-imidazol-4-yl]-naphthalen-
2-yl}-phenyl)-1H-imidazol-2-yl}-5-aza-spiro[2.4Jheptane-5-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester-tris-hydrochloride

O

NSO
o

[1-(6{5-[4-(6{2-[4-Cyano-1-(2-methoxycarbonylamino-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

[1-(6-{5-[4-(6-{2-[4-Cyano-1-(2-methoxycarbonylamino-butyryl)-pyrrolidin-2-yl}-3H-
imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-S-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 mmol) were
combined in DMF (2 mL) and stirred for 20 min at RT. (1-{6-[5-(4-{6-[2-(4-Cyano-pyrrolidin-
2-y1)-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-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 to RT. 30 min later, the mixture
was diluted with EtOAc and washed with NaHCO;, then 1:1 brine/5SM NaOH. The organic
phase was dried over MgSQy, then filtered and concentrated. The resulting residue was purified
by HPLC to afford the title compound (85 mg, 54%). MS (ESI) m/z 826 [M + H]".
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Example GW

(o}
o] Ho’u\.)<

\OJLN.H aHCl CN NHCO,Me
K( _) 2-Methoxycarbonylamino-3,3-
w \/\ N dimethyl-butyricacid
§ Q N H EDC-HCI, HOBt, NMM
DMF

(1-{6-[5-(4{6-[2-(4-Cyano-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-tris-hydrochioride

o)

\o’u\pﬂ; CN
w0 _B
HNTO\
o)

[1-(4-Cyano-2-{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-y!}-1H-imidazol-2-yl}-
pyrrolidine-1-carbonyl)-2,2-dimethyl-propyl]-carbamic acid methyl ester

[1-(4-Cyano-2-{5-|6-(4-{2-[5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-
spiro[2.4]hept-6-yl]-3H-imidazol-4-yl}-phenyl)—naphtha]en-z-yl]-1H-imidazol—Z-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)-1H-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 1.5h, the reaction
mixture was warmed to RT. 30 min later, the mixture was diluted with EtOAc and washed with
NaHCO:s, then 1:1 brine/SM NaOH. The organic phase was dried over MgSQ,, then filtered and
concentrated. The resulting residue was purified by HPLC to afford the title compound (77 mg,
48%). MS (ESI) m/z 855 [M + HJ".
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Example GX

BocN\ bis(pinnacolato)diboron,
(ﬁ \/L;}—Q—Br Pd(dppf),Cl,, KOAC .
< H

K

NC
2-[5-(4-Bromo-phenyl)-1H-imidazol-
2-yl)-4-cyano-pyrrolidine-1-
carboxylic acid tert-butyl ester

H ;
s B, + N
C*)\ N.H O:l: Q \\'N((;J),\NHcone

K

NC
4-Cyano-2-{5-[4-(4,4,5,5-tetramethyl- (14{6-[5-(6-Bromo-naphthalen-2-yl)-1H-imidazol-
[1,3,2]dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-  2-yl}-5-aza-spiro[2.4]heptane-5-carbonyl}-2-
yl}-pyrrolidine-1-carboxylic acid fert-butyl ester methyl-propyl)-carbamic acid methyl ester

Pd(PPhg),, BocN™\ HC),
chos N\/L N Q OQ dioxane/DCM_
DMEH0 ):LNHCOZ e

4-Cyano-2-{5-[4-(6-{2-{5-(2-methoxycarbonylammo-3—methyl-butyryl)-
5-aza-spiro[2.4]hept-6-yl]-3H-imidazol4-yl}-naphthalen-2-yl)-phenyl]-
1H-imidazol-2-yl}-pyrrolidine-1-carboxylic acid tert-buty! ester
0]

O-Q
N Q NHCO,Me 2-Methoxycarbonylamino-
ﬁ butyric acid N

EDC-HCI, HOBt, NMM
(1-{6-[5-(6-{4-[2-(4-0yano-pyrrolidin-2-y|)-3H-|mldazol-4-yI]—phenyI}- DMF
naphthalen-2-yl)-1H-imidazol-2-yi}-5-aza-spiro[2.4]heptane-5-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester tris-hydrochloride

o
en- 000w
NC W N\rrO

[1-(6-{5-{6-(4-{2-[4-Cyano-1-(2-methoxycarbonylamino-butyryl)-pyrrolidin-2-yl}-
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

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 tert-butyl ester: 2-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-4-
cyano-pyrrolidine-1-carboxylic acid fert-butyl ester (2.895 g, 6.94 mmol),
bis(pinacolato)diboron (2.64 g, 10.41 mmol), Pd(dppf).Cl> (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 N,. The
reaction mixture was then stirred at 90 °C for 18h, cooled to RT and diluted with EtOAc. The
organic mixture was washed with saturated aqueous NaHCOj3 and brine before being dried over
MgSQ,, 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-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-carboxylic acid tert-butyl 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 tert-butyl
ester (0.990 g, 2.13 mmol), (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 (1.007 g, 1.92
mmol), Pd(PPh3)4 (222 mg, 0.192 mmol) and K,;CO; (2.0 M in H,0, 2.1 mL, 4.2 mmol) were
combined in 1,2-dimethoxymethane. The mixture was degassed for 10 min with bubbling N;
then heated to reflux for 4h then cooled. The reaction mixture was diluted with EtOAc and
washed with saturated aqueous NaHCO; and brine before being dried over MgSOs, filtered and
concentrated. The crude residue was purified by silica column chromatography (EtOAc, then 2%
MeOH/DCM, then 4% MeOH/DCM) to provide the title compound (1.028 g, 68%).

(1-{6-{5-(6-{4-[2-(4-Cyano-pyrrolidin-2-yl)-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 tris-hydrochloride: A solution of 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-carboxylic acid tert-butyl ester
(1.000g, 1.28 mmol) in DCM (16 mL) was treated with HCI (4.0 M in 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)-pyrrolidin-2-yl]-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: 2-2-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)-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 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 NaHCOs, then brine. The organic phase was dried
over MgSOs, 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 + H]".

Example GY

3HCI Ho)oj\_)<

OOy b
N Q \(\N NHCO,Me 2-Methoxycarbonylamino-
z 3,3-dimethyl-butyric acid

EDC-HCI, HOBt, NMM
(1~{6-[5-(6—{4-[2-(4-Cyano-pyrrolidin-2-y|)-3H-|mldazol-4-yl]-phenyl}- DMF
naphthalen-2-y}h)-1H-imidazol-2-yl]-5-aza-spiro{2.4]heptane-5-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester tris-hydrochloride

o

\OJLN.H

NN H ‘F
>| C?)LNH . OQ & E\E\)\

NC H N \",O\
0]
[1-(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

[1-(4-Cyano-2-{5-]|4-(6-{2-[5-(2-methoxycarbonylamino-3-methyl-butyryl)-S-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-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)-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 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
NaHCOs, then brine. The organic phase was dried over MgSQ,, 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 + H]".
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Example GZ

Mel, AgOT¥,
BocO BH;-SMe;, BocO 2,6-di-fert-butyl- Boc()

SNy)LOMe NaoT:F“ 0, _}i OMe Met%zlchxridine _}iE)LOMe
HO MeO

4-Methylene-pyrrolidine- 4-Hydroxymethyl-pyrrolidine- 4-Methoxymethyl-pyrrolidine-
1,2-dicarboxylic acid 1-tert- 1,2-dicarboxylic acid 1-tert- 1,2-dicarboxylic acid 1-tert-
butyl ester 2-methy! ester butyl ester 2-methyl ester butyl ester 2-methyl ester

Boc

BocQ Q | N'\\——@—

q Br Br
1. LIOH, H,0/MeOH ﬁY‘LO—/‘ O NH,OAc C\/"N

3 —_— 3 H
2. 2,4'-dibromoacetophenone, peo PhME  peo—
triethylamine, MeCN - -

4-Methoxymethyl-pyrrolidine-1,2- 2-[5-(4-Bromo-phenyl}-1H-imidazoi-

dicarboxylic acid 2-{2-(4-bromo-phenyl)- 2-yl]-4-methoxymethyl-pyrrolidine-
2-oxo-ethyl] ester 1-tert-butyl ester 1-carboxylic acid tert-buty! ester

O
~o
w\“

bis(pinnacolato)diboron,

1. HCI, dioxane/DCM Pd(dppf).Clz, KOAC

NH

2. HATU, DIPEA, DMF N’\\_O_B,
o NN
(SR

OH MeO—"
NHCO,Me (14{2-[5-(4-Bromo- imi
. s phenyl)-1H-imidazol-2-yl}-
2-Methoxycarbonylamino-3- 4_methoxymethyl-pyrrolidine-1-carbonyl}-2-
methyl-butyric acid methyl-propyl)-carbamic acid methyl ester

2
~o"~nH

] H ‘E
i H HOY S

MeO—*" 0
[1-(4-Methoxymethyl-2-{5-{4-(4,4,5,5-tetramethyl- (14{6-[5-(6-Bromo-naphthalen-2-yl)-1H-imidazol-
{1.3,2)dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-yl}-pyrrolidine- 2-yll-5-aza-spiro[2.4]heptane-5-carbonyl}-2-
1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester methyl-propyf)-carbamic acid methy! ester

0
\OJLN.H
> o Y ng
2C03 N\ Wa
H,0, DME Q\)’i \IN(;JN\)\
MeO—" H'ﬁ‘n’o\
0

[1-(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}-4-
methoxymethyl-pyrrolidine-1-carbonyl)-2-methyl-propyl}-carbamic acid methyl ester

4-Hydroxymethyl-pyrrolidine-l,2-dicarb6xylic acid 1-tert-butyl ester 2-methy] ester: 4-
Methylene-pyrrolidine-1,2-dicarboxylic acid 1-fert-butyl ester 2-methyl ester (4.48 g, 19.71
mmol) was dissolved in THF (100 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 to RT 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 (5M in H;0, 5.3 mL, 26.6 mmol), then
H,0; (30 wt% in H;0, 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 MgSOs,, 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-Methoxymethyl-pyrrolidine-1,2-dicarboxylic acid 1-zert-butyl ester 2-methyl ester: 4-
Hydroxymethyl-pyrrolidine-1,2-dicarboxylic acid 1-fert-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 MgSOy, 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-Methoxymethyl-pyrrolidine-1,2-dicarboxylic acid 2-[2-(4-brome-phenyl)-2-oxo-ethyl]
ester 1-fert-butyl ester: 4-Methoxymethyl-pyrrolidine-1,2-dicarboxylic acid 1-ferz-butyl ester
2-methyl ester (461 mg, 1.68 mmol) was dissolved in MeOH (17 mL) and LiOH (1 M in H,O,
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
MgSQ,, 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 EtQAc.
The organic layer was washed with saturated aqueous NaHCO; and brine then dried over
MgSO,, 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-phenyl)-1H-imidazol-2-yl]-4-methoxymethyl-pyrrolidine-1-carboxylic acid
tert-butyl ester: 4-Methoxymethyl-pyrrolidine-1,2-dicarboxylic acid 2-[2-(4-bromo-phenyl)-2-
oxo-ethyl] ester 1-fert-butyl ester (746 mg, 1.63 mmol) was dissolved in PhMe (16 mL) and
treated with NH4OAc (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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NaHCO; and brine then dried over MgSQ,, 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-phenyl)-1H-imidazol-2-yl]-4-methoxymethyl-pyrrolidine-1-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester: 2-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-4-
methoxymethyl-pyrrolidine-1-carboxylic acid tert-butyl ester (334 mg, 0.765 mmol) was
dissolved in DCM (4 mL) and treated with HCIl (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 HATU (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
to RT. After another 1 h, it was diluted with EtOAc and washed with saturated aqueous
NaHCO; and brine. Then it was dried over MgSQy, 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-Methoxymethyl-2-{5-]|4-(4,4,5,5-tetramethyl-[1,3,2]dioxabeorolan-2-yl)-phenyl]-1H-
imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: (1-
{2-[5-(4-Bromo-phenyl)- 1H-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):Cl; (52 mg, 0.0705 mmol) and KOAc (208 g, 2.12 mmol) were
combined in dioxane and degassed for 12 min with bubbling N,. The reaction mixture was then
stirred at 90 °C for 18h, cooled to RT and diluted with EtOAc. The organic mixture was washed
with saturated aqueous NaHCO; and brine before being dried over MgSOQ,, 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-{5-]4-(6-{2-[5-(2-Methoxycarbonylamino-3-methyl-butyryl)-5S-aza-spiro[2.4]hept-6-
yl]-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-4-methoxymethyl-
pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester: [1-(4-
Methoxymethyl-2-{5-[4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-
yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (132 mg, 0.244
mmol), (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 (154 mg, 0.293 mmol) Pd(PPh;), (28
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mg, 0.0244 mmol) and K,CO;3 (2M in H,0, 0.488 mL, 0.976 mmol) were combined in 1,2-
dimethoxyethane (5 mL). The mixture was degassed with bubbling N, 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 MgSO,, filtered and concentrated. The
crude residue was purified by HPLC to provide the title compound (118 mg, 56%). MS (ESI)
miz 859 [M + H]".

Example HA
BSEM‘
oC N =
i /\3—3 + H —B
C\:)\N Brm/\N
£ \-N Boc
2-[4-Ethynyl-1-(2-trimethylsilanyl- 2-[5-(6-Bromo-naphthalen-2-yl)-
ethoxymethyl)-1H-imidazol-2-yl]-pyrrolidine-  1H-imidazol-2-yl}-pyrrolidine-1-

1-carboxylic acid tert-butyl ester carboxylic acid tert-butyl ester

1. Pd(PPhy),, Cul
Et;N, DMF
2. TFA, DCM

3. HATU, DIPEA, DMF
: 0O
OH
NHCO,Me

. (1-{2-[4-(6-{2-[1-(2-Methoxycarbonylamino-3-methy}-pentanoyl)-pyrrolidin-
Z'Me"t‘:"'{"’a":°"y!a’“".‘:3' 2-yl}-3H-imidazol-4-yl}-naphthalen-2-ylethynyl)-1H-imidazol-2-yl}-
methyl-pentanoic aci pyrrolidine-1-carbonyl}-2-methyl-butyl)-carbamic acid methyl ester

(1-{2-[4-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-pentanoyl)-pyrrolidin-2-yl]-3H-
imidazol-4-yl}-naphthalen-2-ylethynyl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-
methyl-butyl)-carbamic acid methyl ester: 2-[4-Ethynyl-1-(2-trimethylsilanyl-ethoxymethyl)-
1H-imidazol-2-yl]}-pyrrolidine-1-carboxylic acid fert-butyl ester (192 mg, 0.490 mmol), 2-[5-(6-
Bromo-naphthalen-2-yl)-1H-imidazol-2-yl}-pyrrolidine-1-carboxylic acid rers-butyl ester (260
mg, 0.588 mmol), Pd(PPh;)s (57 mg, 0.0490 mmol), Cul (19 mg, 0.0980 mmol) and Et;N (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 H;0
and brine. The organic phase was dried over MgSQ,, filtered and concentrated. The crude
residue was purified by silica column 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), HATU (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 MgSOQy, filtered and concentrated. The crude residue was purified by
HPLC to afford the title compound (33 mg, 22%). MS (ESI) m/z 765 [M + H]".

Example HB
RF
o) JYF R O N e
Q o, ~N
Br HO,C N MeCN o—( Boc
Boc o}
2-Bromo-1-(6-  4,4-Difluoro-pyrrolidine- 4,4-Difluoro-pyrrolidine-1,2-dicarboxylic
bromo-naphthalen- 1,2-dicarboxylic acid 1- acid 2-[2-(6-bromo-naphthalen-2-yl)-2-
2-yl)-ethanone tert-butyl ester oxo-ethyl) ester 1-tert-butyl ester
SEM
NH,OAc _ . Boc N —
“PnMe C’_\)*N
\ N Boc 3
2~[5~(6-Bromo—naphthalen-z-yl)-1H— 2-[4-Ethynyl-1-(2-trimethylsilanyl-
imidazol-2-y(]-4,4-difluoro-pyrrolidine-1-  ethoxymethy!)-1H-imidazol-2-yl}-pyrrolidine-
carboxylic acid tert-butyl ester 1-carboxylic acid tert-butyl ester
1. Pd(PPhj)s, Cul
Et;N, DMF
2.TFA,.DCM MeO,CHN HN \
3. HATU, DIPEA, DMF
o] Q N\ N NHCOZMe
NHCO Me (1-{2-[4-(6-{2-[4,4-Difluoro- 1-(2-methoxycarbonylamino-3-methyl-butyryl)-
2-Methoxycarbonylamino-3-  PYrolidin-2-yl]-3H-imidazol-4-y(}-naphthalen-2-ylethynyl)-1H-imidazol-2-
methyl-butyric acid 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-rert-butyl 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 NaHCOj3 and brine. The organic layer was dried over MgSQ,,
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-[5-(6-Bromo-naphthalen-2-yl)-1H-imidazol-2-yl]-4,4-difluoro-pyrrolidine-1-carboxylic
acid fert-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
NaHCOj; 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%).

(1-{2-[4-(6-{2-[4,4-Difluoro-1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-
yl]-3H-imidazol-4-yl}-naphthalen-2-ylethynyl)-1H-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 fert-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 rert-butyl ester (364 mg, 0.762 mmol), Pd(PPh;)s (118 mg, 0.102 mmol), Cul
(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 N; then heated to 80 °C for 4h. Following this
period, the mixture was cooled to RT, diluted with EtOAc and washed with water, saturated
aqueous NaHCO; and brine. The organic layer was dried over MgSQy, 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 of this material (123 mg, 0.156 mg) was
dissolved in EtOH (4 mL) and treated with conc. 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 H,0, 0.300 mL, 1.5 mmol) 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 MgSOQy, filtered and concentrated. The crude residue was then
purified by HPLC to afford the title compound (53 mg, 44%). MS (ESI) m/z 773 [M + H]".
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Example HC

o)
(o) HO/”\_/L/

\OJLN,H

l\f _> 2-Methoxycarbonylamino-
ﬁ N\)‘| N 3-methyl-pentanoic acid .
§ H HATU, DIPEA

DMF

3HCI CN NHCOzMe

(1-{6-[5-(4-{6-[2-(4-Cyano-pyrrolidin-2-yl)-3H-imidazol-4-yl}-naphthalen-
2-yl}-phenyl)-1H-imidazol-2-yi}-5-aza-spiro[2.4]heptane-5-carbonyf(}-2-
methyl-propyl)-carbamic acid methyl ester-tris-hydrochloride

O

\O/U\N.H CN

\\--'\fON' \ H B
j éﬁ E)\N‘H) . OQ Q TN(O\E\)\/

NSO
o

[1-(4-Cyano-2-{5-[6-(4-{2-[5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-
spiro[2.4]hept-6-yl]-3H-imidazol-4-yi}-phenyl)-naphthalen-2-yl]-1H-imidazol-2-y[}-
pyrrolidine-1-carbonyl)-2-methyl-butyl]-carbamic acid methyi ester

[1-(4-Cyano-2-{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}-
pyrrolidine-1-carbonyl)-2-methyl-butyl]-carbamic acid methyl ester: (1-{6-[5-(4-{6-[2-(4-
Cyano-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-tris-hydrochloride
(148 mg, 0.187 mmol), 2- 2-Methoxycarbonylamino-3-methyl-pentanoic acid (42 mg, 0.224
mmol) and HATU (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 to RT slowly. After12 h, it was diluted with EtOAc and washed with saturated aqueous
NaHCQ;, then brine. The organic phase was dried over MgSO,, filtered and concentrated. The
crude residue was purified by HPLC to afford the title compound (80 mg, 50%). MS (ESI) m/z
854 [M +HJ".
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Example HD
. BocO
BocO Difluoro-fluorosulfonyl- ' )
N\)LOMe acetic acid, Cul_ F N?)LoMe 1. LiOH, H,0/MeOH
_“S—~ MeCN i 3 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
BocO O
Y 0 NH,OAc \)\’3_@‘
] PhMe . _(F 5
o |
F—~ o—°

2-[5-(4-Bromo-phenyl)-1H-imidazol-2-
yl]-4-difluoromethoxymethyl-pyrrolidine-
1-carboxylic acid tert-butyl ester

F
4-Difluoromethoxymethyl-pyrrolidine-1,2-
dicarboxylic acid 2-[2-(4-bromo-phenyi)-

2-oxo-ethyl) ester 1-tert-buty! ester

1. HCI, dioxanelDCM>

2. HATU, DIPEA, DMF
o

OH

N HCOzMe
2-Methoxycarbonylamino-3-
methyl-butyric acid

0]

\OJ\N.H o H'N :—B
T O
FoNVN N, O

LS H H ™

o— o
(1~{2~[5—(4-B|_'omo-phenyl)-1H—imidazol- [2-Methyl-1-(2-{5-[4-(4,4,5,5-tetramethyl-

2-yl]-'4.-d|ﬂuoromethoxymethyl- [1,3,2]dioxaborolan-2-yl)-phenyl}-1H-
pymolidine-1-carbony(}-2-methyl- imidazol-2-yl}-pyrrolidine-1-carbonyl)-

propyl)-carbamic acid methyl ester propyi}-carbamic acid methyl ester

J°L
~o” M

PA(PPha)..
e RO~
H,0, DME L
F—( » TO\
o)

(1-{4-Difluoromethoxymethyi-2-[5-(4'{2-[1-(2-methoxycarbonylamino-3-
methyl-butyryl)-pyrrolidin-2-yi}-3H-imidazol-4-yl}-biphenyl-4-yl)-1H-imidazol-
2-yl}-pyrrolidine-1-carbonyi}-2-methyl-propyl)-carbamic acid methyl ester

4-Difluoromethoxymethyl-pyrrolidine-1,2-dicarboxylic acid 1-ferz-butyl ester 2-methyl
ester: 4-Hydroxymethyl-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-methyl ester (584
mg, 2.25 mmol) and Cul (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 NaHCOQj3 and brine then dried over MgSQ,, 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-phenyl)-2-o0xo-
ethyl] ester 1-tert-butyl ester: 4-Difluoromethoxymethyl-pyrrolidine-1,2-dicarboxylic acid 1-
tert-butyl ester 2-methyl ester (398 mg, 1.29 mmol) was dissolved in MeOH (8 mL) and LiOH
(1 M in H;0, 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 HC1 (2 mL, 2 mmol) and extracted with DCM (3x). The combined organics were dried over
MgSO,, 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)-1H-imidazol-2-yl}-4-difluoromethoxymethyl-pyrrolidine-1-
carboxylic acid fert-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 NH4OAc (948 mg, 12.3 mmol). The stirred mixture was
refluxed for 23 h then cooled to RT and diluted with EtOAc. The organic phase was washed
with saturated aqueous NaHCO; and brine then dried over MgSOQ, 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)-1H-imidazol-2-yl]-4-difluoromethoxymethyl-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-carbamic acid methyl ester: 2-[5-(4-Bromo-phenyl)-1H-
imidazol-2-yl]-4-difluoromethoxymethyl-pyrrolidine- 1-carboxylic acid fers-butyl ester was
dissolved in DCM (4 mL) and treated with HCI (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
to RT. After another 1 h, it was diluted with EtOAc and washed with saturated aqueous
NaHCO; and brine. Then it was dried over MgSQy, 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)-3H-imidazol-4-yl}-biphenyl-4-yl)-1H-imidazol-2-yl]-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-carbamic acid methyl ester: (1-{2-[5-(4-Bromo-phenyl)-1H-
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-tetramethy]-
[1,3,2]dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-yl}-pyrrolidine- 1-carbonyl)-propyl]-carbamic
acid methyl ester (95 mg, 0.191 mmol), Pd(PPh;)s (20 mg, 0.0174 mmol) and K;CO; (2M in
H,0, 0.191 mL, 0.383 mmol) were combined in 1,2-dimethoxyethane (2 mL). The mixture was
degassed with bubbling N; 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 MgSQj, filtered and concentrated. The crude residue was purified by HPLC to
provide the title compound (42 mg, 30%). MS (ESI) m/z 819 [M + H]".
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Example HE

MeNHOMe-HCI, Q s N o

oy_m HOBt, EDCI, DIPEA )—g} MeMgBr m
HO ¢ DMF N S THFPIMe S

o~ 1-(3a,6a-Dihydro-

3a,6a-Dihydro- 3a,6a-Dihydro-thieno|3,2- thieno[3,2-bjthiophen-
thieno[3,2- b]thiophene-2-carboxylic 2-yl)-ethanone
blthiophene-2- acid methoxy-methyl-amide
carboxylic acid
M Boc-Proline, B°°° j}_m
_PhNMe;Br; s triethylamine (‘ g NBS,
THF MeCN DMF

2-Bromo-1-(3a.6a-dxhydro—

thieno(3,2-blthiophen-2- Pyrrolidine-1,2-dicarboxylic acid 1-tert-

butyl ester 2-[2-(3a,6a-dihydro-thieno|3,2-

yi)-ethanone bjthiophen-2-yl)-2-oxo-ethyl] ester
bis(pinnacolato)
o s diboron,
BocO m m Pd(dppf)zClz
. Br
{_N})Lo g NH,OAc
= PhMe
Pyrrolidine-1,2-dicarboxylic acid 2-{2-(5- 2-[5—(5-8romo-3a,63-dnhydro—thueno[3,2-
bromo-3a,6a-dihydro-thieno[3,2-b]thiophen- blthiophen-2-yl)-1H-imidazol-2-yl)-

2-yl)-2-oxo-ethyl] ester 1-tert-butyl ester  pyrrolidine-1-carboxylic acid tert-butyl ester

\/C\r_QIS\»_ :t r"@‘{:‘N(\ réloc

2-[5-(4-Bromo-phenyl)-1H-
2-{5-[5-(4,4.5.5-Tetramethyl-[1 ,3,2]dioxaborotan-2-yl)-  imidazol-2-yl]-pyrrolidine-1-
3a,6a-dihydro-thienof3,2-b]thiophen-2-yl}-1H-imidazol- carboxylic acid fert-butyl ester
2-yl}-pymrolidine-1-carboxylic acid tert-butyl ester
(o]
1. Pd(PPhy)s. ~o nH

A0
2. HCI, dioxane/DCM 3 Kf NS Ny N
N A \ NN
J\N S o \k
o

3. HATU, DIPEA, DMF Y
. L

OH

NHCO,Me
2-Methoxycarbonylamino-
3-methyl-butyric acid

H Ny

~

[1-(2-{5-{5-(4{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrolidin-2-yI]-
3H-imidazol-4-yl}-phenyl)-3a,6a-dihydro-thieno[3,2-b]thiophen-2-yl)- 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-HCl (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
(100 mL) was added and the organics were washed with saturated aqueous NaHCO; and brine
then dried over MgSO;, filtered and concentrated. The crude residue was purified by silica
column chromatography (20% to 45% EtOAc/Hex) to afford the title compound (1.98 g, 80%).

1-(3a,6a-Dihydro-thieno[3,2-b]thiophen-2-yl)-ethanone: 3a,6a-Dihydro-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 methylmagnesium bromide (1.4 M in
PhMe, 8.6 mL, 12.04 mmol) was added. The reaction was allowed to gradually warm to RT 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 MgSOs, filtered and
concentrated to afford the title compound (1.98 g, 80%).

2-Bromo-1-(3a,6a-dihydro-thieno[3,2-b]thiophen-2-yl)-ethanone: 1-(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. Afier stirring for 1h, the
suspension was filtered over CELITE. The filtrate was diluted with diethyl ether, then washed
with saturated aqueous NaHCQj; and brine then dried over MgSOy, filtered and concentrated to

afford the title compound which was carried on without purification.

Pyrrolidine-1,2-dicarboxylic acid 1-fert-butyl ester 2-[2-(3a,6a-dihydro-thieno[3,2-
b]thiophen-2-yl)-2-oxo-ethyl] 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 1h then concentrated. The crude residue was purified by silica column chromatography
(14% to 35% EtOAc/Hex) to afford the title compound (595 mg, 61%).

Pyrrolidine-1,2-dicarboxylic acid 2-[2-(5-bromo-3a,6a-dihydro-thieno|3,2-b]thiophen-2-
yl)-2-0x0-ethyl] ester 1-zert-butyl ester: Pyrrolidine-1,2-dicarboxylic acid 1-fert-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 diluted with EtOAc and washed with saturated
aqueous NaHCQ; and brine. The organic layer was dried over MgSOy, 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-|5-(5-Bromo-3a,6a-dihydro-thieno{3,2-b]thiophen-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 ammonium acetate (1.56 g, 20.24 mmol). The reaction
mixture was refluxed while stirring for 16h, then cooled to RT. EtOAc was added and the

organic phase was washed with saturated aqueous NaHCO; and brine. After it was dried over
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MgSO,, it was filtered and concentrated. The crude residue was purified by silica column
chromatography (25% to 60% EtOAc/Hex) to afford the title compound (378 mg, 82%).

2-{5-[5-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-3a,6a-dihydro-thieno|[3,2-
b]thiophen-2-yl]-1H-imidazol-2-yl}-pyrrolidine-1-carboxylic acid fert-butyl ester: 2-[5-(5-
Bromo-3a,6a-dihydro-thieno[3,2-b]thiophen-2-yl)-1H-imidazol-2-yl]-pyrrolidine- 1 -carboxylic
acid rert-butyl ester

(273 mg, 0.598 mmol), bis(pinacolato)diboron (0.228 mg, 0.897 mmol), Pd(dppf).Cl> (44 mg,
0.0598 mmol) and KOAc (176 mg, 1.79 mmol) were combined in dioxane and degassed for 12
min with bubbling N,. 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 NaHCOj3 and
brine before being dried over MgSOs, filtered and concentrated. The crude residue was purified
by silica column 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-methyl-butyryl)-pyrrolidin-2-yl]-3H-
imidazol-4-yl}-phenyl)-3a,6a-dihydro-thieno[3,2-b]thiophen-2-yl]-1H-imidazol-2-yl}-
pyrrolidine-1-carbonyl)-2-methyl-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]-1H-imidazol-
2-yl}-pyrrolidine-1-carboxylic acid fert-butyl ester (159 mg, 0.317 mmol), 2-[5-(4-Bromo-
phenyl)-1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (124 mg, 0.317 mmol),
Pd(PPh3)s (37 mg, 0.0317 mmol) and K,CO; (2 M in H>0, 0.32 mL, 0.64 mmol) were combined
in 1,2-dimethoxyethane (3 mL) and degassed with bubbling N for 10 min. The stirred reaction
mixture was warmed to 85 °C for 3.5h then cooled to RT and diluted with EtOAc. The organic
phase was washed with saturated aqueous NaHCOj3 and brine before being dried over MgSOs,
filtered and concentrated. The crude residue was purified by silica column chromatography
(EtOAc then 5% MeOH/DCM) to afford the Suzuki-coupled product (89 mg, 41%). This
material was dissolved in DCM (4 mL) and treated with HCI (4 M in 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 mmol) 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 to RT. 17h later, the reaction mixture was diluted with

EtOAc. . The organic phase was washed with saturated aqueous NaHCO; and brine before being
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dried over MgSOs, filtered and concentrated. The crude residue was purified by HPLC to afford
the title compound (23 mg, 22%). MS (ESI) m/z 801 [M + H]".

Example HF

Hoof
o) N‘;(:N—)
P e S El
o e S H MO

3 H 0

2-{5-(5-Bromo-3a,6a-dihydro-thieno[3,2-  (2-Methyl-1{2-{6-(4.4,5,5-tetramethyl-{1,3,2]dioxaborolan-

bjthiophen-2-yl)-1H-imidazol-2-yl]- 2-yl)-1H-benzoimidazol-2-yl}-pyrmolidine-1-carbonyl}-
pyrrolidine-1-carboxylic acid tert-butyl ester propyl)-carbamic acid methyl ester
(o}
1. Pd{PPhg),, A on
K,COs; H,O/DME SOTN H _)

2. HCY, dioxane/DCM W\,..kroN S NL(\N
3. HATU, DIPEA, DMF NN N>—<\ T s>_< >’ O%_..\k
2 7k N

N_O
H ~
OH Er
2 Metho er;gOfMe. (142-{5-(5+2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrolidin-2-yl}-3H-
:f "Yfg ny a"!g‘°' benzoimidazol-5-yi}-3a,6a-dihydro-thieno[3,2-bjthiophen-2-yl)-1H-imidazol-2-yf}-
methyl-butyric aci pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methy! ester

(1-{2-[5-(5-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl}-3H-
benzoimidazol-5-yl}-3a,6a-dihydro-thieno|3,2-b]thiophen-2-yl)-1H-imidazol-2-yl]-
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester: 2-[5-(5-Bromo-
3a,6a-diﬁydro-thieno[3,2-b]thiophen-2-yl)- 1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid fert-
butyl ester (100 mg, 0.219 mmol), (2-Methyl-1-{2-[6-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-
2-yl)-1H-benzoimidazol-2-yl]-pyrrolidine- 1-carbonyl}-propyl)-carbamic acid methyl ester (117
mg, 0.283 mmol), Pd(PPh;)s (51 mg, 0.0438 mmol) and K,COj3 (2 M in H;0, 0.33 mL, 0.66
mmol) were combined in 1,2-dimethoxyethane (4 mL) and degassed with bubbling N for 10
min. The stirred reaction mixture was warmed to 85 °C for 3.5h then cooled to RT and diluted
with EtOAc. The organic phase was washed with saturated aqueous NaHCO; and brine before
being dried over MgSOsy, 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 HCI (4 M in dioxane, 1 mL, 4 mmol).

" Afier 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), HATU
(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 to RT. 12min
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later, the reaction mixture was diluted with EtOAc. . The organic phase was washed with
saturated aqueous NaHCO; and brine before being dried over MgSQ,, filtered and concentrated.
The crude residue was purified by HPLC to afford the title compound (32 mg, 39%). MS (ESI)
m/z 775 M+ H]".

Example HG

Boc

S .
| Nm 1. HCI, dioxane/DCM
(N\.)\ N s > M
£ H

2. HATU, DIPEA, DMF

o]
2-[5-(5-Bromo-3a,6a-dihydro-thieno[3,2-
bjthiophen-2-yl)-1H-imidazol-2-yl}- OH
pyrrolidine-1-carboxylic acid fert-butyl ester NHCO,Me

2-Methoxycarbonylamino-
3-methyl-butyric acid

D

HoF
MeO CHNj:fO s :—QN,' N
I
I H

(142-[5-(5-Bromo-3a,6a-dihydro-thieno[3,2- {1-[2-(5-Ethynyl-1H-imidazol-2-yl)-
bjthiophen-2-yl)-1H-imidazol-2-yl}-pyrrolidine-1- pyrrolidine-1-carbonyl]-2-methyl-
carbonyl}-2-methyl-propyl)-carbamic acid methyl propyl}-carbamic acid methyl ester

ester

Pd(PPh3)4. Cul, O H z
triethylamine MeOZCH";(f N S~y _ {\l\(\:}
DMF NN Yg N A< NHCOMe
7 h

(14{2-[5-(5{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl}-3H-
imidazol-4-ylethynyl}-3a,6a-dihydro-thieno[3,2-b]thiophen-2-yl)-1H-imidazol-2-
yl}-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

(1-{2-[5-(5-Bromo-3a,6a-dihydro-thieno|[3,2-b]thiophen-2-yl)-1H-imidazol-2-yl]-
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester: 2-[5-(5-Bromo-
3a,6a-dihydro-thieno(3,2-b]thiophen-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid tert-
butyl ester (250 mg, 0.548 mmol) was dissolved in DCM (4 mL) and treated with HCI (4 M in
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 mmol), HATU (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
warmed to RT. 12min later, the reaction mixture was diluted with EtOAc. . The organic phase

was washed with saturated aqueous NaHCOj3 and brine before being dried over MgSQ, filtered
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and concentrated. The crude residue was purified by silica column chromatography to afford the

title compound (252 mg, 90%).

(1-{2-[5-(5-{2-[1(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-
imidazol-4-ylethynyl}-3a,6a-dihydro-thieno[3,2-b]thiophen-2-yl)-1H-imidazol-2-yl]-
pyrrolidine-1-carbonyl}-2-methy}l-propyl)-carbamic acid methyl ester: (1-{2-[5-(5-Bromo-
3a,6a-dihydro-thieno[3,2-b]thiophen-2-yl)-1H-imidazol-2-yl]-pyrrolidine- 1 -carbonyl } -2-methyl-
propyl)-carbamic acid methy! ester (140 mg, 0.440 mmol), {1-[2-(5-Ethynyl-1H-imidazol-2-yl)-
pyrrolidine-1-carbonyl]-2-methyl-propyl }-carbamic acid methyl ester (130 mg, 0.254 mmol),
Pd(PPhs)s (29 mg, 0.0254 mmol), Cul (10 mg, 0.0508 mmol) and triethylamine (0.354 mmol,
2.54 mmol) were combined in DMF (2.5 mL) and degassed with N, for 17min. The reaction was
heated to 85 °C for 4h then cooled to RT, diluted with EtOAc and washed with saturated
aqueous NaHCO; (2x) and brine. The organic layer was dried over MgSQy, filtered and
concentrated. The crude residue was purified by HPLC chromatography to afford the title
compound (34 mg, 18%). MS (ESI) m/z 749 [M + H]".

Example HH

1. HC, dioxane/DCM
O '\,\ N Boc 2. HATU, K,PO,, DCM
0
2-{5-[4-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-
{5-{4~( yl{1,3.2) Ph\:)J\OH

yl)}-phenyl}-1H-imidazol-2-yl}-pymrolidine-1- H
carboxylic acid tert-butyl ester NHCO,Me

Methoxycarbonylamino-
phenyl-acetic acid

H —)
:':QB D L{“nN/\N NHCO,M MeOZCHNIfonB
y o e + | r
(0] O;\‘ 2 (i \)\N \ S
Ph = H

[2-Oxo-1-phenyl-2-(2{5-[4-(4,4,5,5-tetramethyl- (1-{2-[5-(5-Bromo-3a,8a-dihydro-thieno[3,2-
[1,3.2]dioxaborolan-2-yl)-phenyl}-1 H-imidazol-2-yl}- blthiophen-2-yl)-1H-imidazol-2-yl}-pyrrolidine-1-
pyrrolidin-1-yl)-ethyl]-carbamic acid methyl ester carbonyi}-2-methyl-propyi)-carbamic acid methy|
ester

Pd(PPh,),,
K,CO;; H,O'/OME ~ MeO.CHN
\)\ >"§I> < > \,\ N )\ ~NHCH,0,Me

{2-Methyi-1-[2-(5{5-[4-(2-{1- [2-(methylperoxymethyl—amxno)-z-phenyl-aoetyI]-
pyrrolidin-2-yl}-3H-imidazol-4-yl)-phenyl}-3a,6 a-dihydro-thieno[3,2-b]thiophen-2-
yl}-1H-imidazol-2-yl)-pyrrolidine-1-carbony(}-propyl}-carbamic acid methyl ester
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[2-Oxo-1-phenyl-2-(2-{5-[4-(4,4,5,5-tetramethyl-[1,3,2] dioxaborolan-2-yl)-phenyl]-1H-
imidazol-2-yl}-pyrrolidin-1-yl)-ethyl]-carbamic acid methyl ester: 2-{5-[4-(4.4,5,5-
Tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-yl} -pyrrolidine-1-carboxylic acid
tert-butyl ester (530 mg, 1.21 mmol) was dissolved in DCM (4 mL) and treated with HCI (4M in
dioxane, 1 mL, 4 mmol). The reaction mixture was stirred at RT 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 mmol) was combined with Methoxycarbonylamino-phenyl-acetic acid
(122 mg, 0.582 mmol) and HATU (221 mg, 0.582 mmol)were suspended in DCM (5 mL) and
K3PO4 (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 organic layer was dried over MgSO,,
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-Methyl-1-[2-(5-{5-[4-(2-{1-[2-(methylperoxymethyl-amino)-2-phenyl-acetyl]-pyrrolidin-
2-yl}-3H-imidazol-4-yl)-phenyl}-3a,6a-dihydro-thieno[3,2-b]thiophen-2-yl}-1H-imidazol-2-
yl)-pyrrolidine-1-carbonyl]-propyl}-carbamic acid methyl ester: [2-Oxo-1-phenyl-2-(2-{5-
[4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-yl }-pyrrolidin-1-yl)-
ethyl]-carbamic acid methyl ester (204 mg, 0.385 mmol), (1-{2-[5-(5-Bromo-3a,6a-dihydro-
thieno[3,2-b]thiophen-2-yl)- 1H-imidazol-2-yl]-pyrrolidine-1-carbonyl } -2-methyl-propyl)-
carbamic acid methyl ester (137 mg, 0.268 mmol), Pd(PPh;)4 (31 mg, 0.0268 mmol) and K>CO;
(2M in H,0, 0.4 mL, 0.8 mmol) were combined in 1,2-dimethoxyethane (2.7 mL). After 10 min
of degassing with bubbling N3, 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 (ESI) m/z 835 [M + H]".
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Example HI
\
\ (o]
00
(o} (o] Y
I o e B
NBS Cu (o) o\ LiAlH,
oL o< O\
3,5-Dimethoxy-benzoic 2-Bromo-3,5-dimethoxy- 4,6.4' 6"-Tetramethoxy-biphenyt-2,
acid methyl ester benzoic acid methy! ester 2'-dicarboxylic acid dimethyl ester
\ OH Br
O OH
/ /
=) S @ s
[} BBr. 3 HO
HO \ Br
(6'-Hydroxymethyl-4,6,2' 4'-tetra 6,6'-Bis-bromomethyl-2.4, 6,6'-Bis-bromomethyl-
methoxy-biphenyl-2-yl)}-methano! 2'4'-tetramethoxy-bipheny! biphenyl-2,4,2' 4'-tetraol
O (o}
o mon .
Cs,CO3 o Pyridine o
5,10-Dihydro-chromeno Trifluoro-methanesulfonic acid 7-trifluoro
[5.4,3-cde]chromene-2,7-diol methanesuffonyloxy-5,10-dihydro-

chromeno{5.4,3-cde]chromen-2-yl ester

/

(o]

J~NH . H />

0 P N N\I/\N \\

SOOI A
¢ o b

(1424{5-(7+{2{1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-

3H-imidazol-4-yl}-5,10-dihydro-chromeno|5,4,3-cdegjchromen-2-yl)-1H-imidazol-
2-yl]-pymolidine-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 Na;SO3 (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 effluent 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 methy! 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 effluent 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’-Hydroxymethyl-4,6,2’,4’-tetramethoxy-biphenyl-2-yl)-methanol : 4,6,4°,6’-
tetramethoxy-biphenyl-2,2’-dicarboxylic acid dimethyl ester (2.5 g) was dissolved in THF (96
mL), and 1M LiAlH, in THF (9.6 mL) was added . After stirring at room temperature for
overnight, the mixture was quenched with water and 2N HCI (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 Na,SO4 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’-tetramethoxy-biphenyl : (6’-hydroxymethyl-4,6,2° ,4°-
tetramethoxy-biphenyl-2-yl)-methanol (779 mg) was dissolved in DCM (5.8 mL), and PBr; (527
pl) was slowly added at 0°C. After stirring at 0°C for 30 min. and at room temperature for 1
hour, H,0 (40 mL) was added. The mixture was extracted with ether (1x, 50 mL). After the
solvent was removed, the crude 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 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 BBr; 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(5,4,3-cde)chromene-2,7-diol : The crude 6,6°-bis-bromomethyl-
biphenyl-2,4,2’,4’-tetraol was dissolved in DMF (30 mL), and Cs,CO3 (1.9 g ) was added. After
stirring at room temperature for 1 hour, the mixture was partitioned with 1 N HCI (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-cde]Jchromene-2,7-
diol (301 mg, 84 %) as a white solid.
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Trifluoro-methanesulfonic acid 7-trifluoromethanesulfonyloxy-5,10-dihydro-
chromeno(5,4,3-cde]chromen-2-yl ester : 5-10-Dihydro-chromeno[5,4,3-cde]chromene-2,7-
diol (290 mg) was dissolved in DCM (12 mL), and Tf;0 (1.2 mL) and pyridine (969 pl) were
added. After stirring at room temperature for overnight, the mixture was partitioned with 2 N
HCl (50 mL) and DCM (50 mL), and washed with 2 N HCI (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-5,10-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-yl]-3H-
imidazol-4-yl}-5,10-dihydro-chromeno[5,4,3-cdejchromen-2-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-(2-{2-[1-(2-
Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]}-3H-imidazol-4-yl}-6-H-
dibenzofc,h]Jchromen-8-yl)-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl }-2-methyl-propyl)-
carbamic acid methyl ester, substituting trifluoro-methanesulfonic acid 7-trifluoromethane
sulfonyloxy-5,10-dihydro-chromeno(5,4,3-cde]chromen-2-yl ester for trifluoro-methanesulfonic

acid 2-trifluoromethanesulfonyloxy-6-H-dibenzo[c,hJchromen-8-yl ester.
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Example HJ
IhaW,
oSl
H H
H 4 3-[5-(6-Bromo-naphthalen-2-yl)-1H-imidazol-2-yl}-2-aza-
0, N N \\ bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester
OIB_©—<\,IN )\\ 0
) HN\( Pd(PPh;),
K,CO,
O— DME, H,0

[2-Methyl-1-(6-{5-[4-(4,4,5,5-tetramethyl-[1,3,2])dioxaborolan-
2-yl)-phenyl}-1H-imidazol-2-yl}-5-aza-spiro[2.4]heptane-5-
carbonyl)-propyl}-carbamic acid methyl ester

1) HCI, dioxanes

l-! H MeOH
géﬁ s

(o]
H
O /O\H/ N \-)LOH
3-{5-[6-(4-{2-[5-(2-Methoxycarbonylamino-3-methyl-butyryl)-5-aza- o H
spiro[2.4}hept-6-yl]-3H-imidazol-4-yl}-phenyi)-naphthalen-2-yl}-1H-imidazol-2- A
yl}-2-aza-bicyclo[2.2.1}heptane-2-carboxylic acid tert-butyi ester

I\ ld!N )
-0 ot

[1-(6-{5-[4-(6-{2-[2-(2-Cyclopropy!- 2-methoxywrbonylammo—aoetyl)—z-aza-
bicyclo[2.2.1]hept-3-yl}-3H-imidazol-4-y(}-naphthalen-2-yl)-phenyl}- 1H-imidazol-2-yf}-
5-aza-spiro[2.4]heptane-5-carbonyl)-2-methyl-propyl)-carbamic acid methyl ester

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-carboxylic acid fert-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)-1H-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 K>COj; (aqueous, 2 M,
3.6 mL, 7.2 mmol, 4 equiv.) and Pd(PPh;3)s (0.11 g, 0.09 mmol, 0.05 equiv.). The slurry was
degassed with argon for 5 minutes and heated to 80 °C 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 Na;SO4 and concentrated. The

crude oil was purified by column chromatography (SiO,, 50— 100% EtOAc in Hexanes) to
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provide 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-carboxylic acid fert-butyl ester (0.53 g, 37%) as a yellow powder.
LCMS-ESI*: calc’d for C4gHs3N7Os: 783.4 (M "); Found: 784.3 (M+H").

[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]-1H-imidazol-2-yl}-5-
aza-spiro[2.4]heptane-S-carbonyl)-2-methyl-propyl}-carbamic acid methyl ester. To a
slurry of 3-{5-[6-(4-{2-[5-(2-Methoxyca.rbonylémino—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-carboxylic acid ters-butyl ester (0.05 g, 0.06 mmol) in MeOH (0.1 mL)
was added HCI in dioxanes (4 M, 0.6 mL). The resulting solution was stirred at room
temperature for 1 hour and the concentrated to dryness. Cyclopropyl-methoxycarbonylamino-
acetic acid (0.02 g, 0.09 mmol, 1.5 equiv.) and CH,Cl, (0.6 mL) were then added, followed by
HATU (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 H,0 (0.1% formic
acid)) and lyophilized to provide [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}-1H-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 C4gHs5sN3Os: 838.4
(M ™); Found: 839.9 (M+H"). 'H-NMR: 400 MHz, (CDCl;) &: (mixture of rotomers) 8.22 (s,
2H), 7.81-7.96 (m, 10H), 7.63 (d, 1H), 7.29 (d, 1H), 5.18 (t, 1H), 4.56 (d, 1H), 3.96 (t, 1H), 3.74
(m, 1H), 3.51 (s, 6H), 3.12 (t, 1H), 2.48 (s, 1H), 1.93-2.29 (m, 6H), 1.58-1.77 (m, SH), 0.85 (d,
3H), 0.80 (d, 3H), 0.58 (m, 4H), 0.34 (m, 1H), 0.26 (m, 1H), 0.03 (m, 1H), -0.12 (m, 1H).
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Example HK

(0] 1) HCI, dioxanes
»‘NH MeOH
-0

A)

.\\( NN\

~ | N N

T\ NN Q O I Boc 2) HATU, NMM
H H NN

(o]
H
6-{5-[4-(6-{2-{2-(2-Methoxycarbonylamino-3-methy!- \Ig H
butyryl)-2-aza-bicyclo[2.2.1]hept-3-yl]-3H-imidazol-4- A
yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-5-aza-
spirof2.4}heptane-5-carboxylic acid tert-butyl ester

ALY 1
HN\\<

[1-(3{5-{6-(4{2-[5-(2-Cyclopropyl-2-methoxycarbonylamino-acetyl)-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-methyi-propyi]-carbamic acid methyl ester

)‘NH

[1-(3-{5-[6-(4-{2-[5-(2-Cyclopropyl-2-methoxycarbonylamino-acetyl)-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 following the procedure for [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]-1H-imidazol-2-yl}-5-aza-spiro[ 2.4]heptane-5-carbonyl)-2-methyl-propyl]-carbamic
acid methyl ester using 6-{S-[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]-1H-imidazol-2-yl}-5-aza-
spiro[2.4]heptane-S-carboxylic acid fers-butyl ester (0.05 g, 0.06 mmol) to provide [1-(3-{5-[6-
(4-{2-[5-(2-Cyclopropyl-2-methoxycarbonylamino-acetyl)-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 (0.02 g, 46%) as a white powder.
LCMS-ESI': calc’d for C4sHsaNsOg: 838.4 (M *); Found: 839.9 (M+H"). 'H-NMR: 400 MHz,
(CDCl;) 6: (mixture of rotomers) 8.18 (s, 2H), 7.80-7.91 (m, 10H), 7.58 (s, 1H), 7.14 (d, 1H),
5.19 (d, 1H), 4.50 (d, 1H), 4.13 (1, 1H), 3.57 (m, 1H), 3.51 (s, 6H), 3.28 (m, 1H), 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

N
e L 0—)®
NN
H H
2{5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-
pyrrolidine-1-carboxylic acid tert-butyl ester

fanvaSigt

[2-Methyl-1-(2{5-[6-(4.4,5,5-tetramethyl-[1 ,3,2]dloxaborolan-
2-yl)-naphthalen-2-yl}-1H-imidazo}-2-yi}-pymolidine-1- Pdzdbas, Xantphos
carbonyl)-propyl]-carbamic acid methyl ester

.
HN«(

HCI, dioxanes

NH
M~ NN O N j;'} MeOH
b OO~ &
N

N
H H

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

)LNH H \'?E} HATU, K;PO,
v, o
H
Wy

N
\ O.__N
i Oy iAo
*3HCI 0 @
{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- Methoxycarbonylamino-
carbonyl]-propyl}-carbamic acid methyl ester phenyl-acetic acid

>\“NH

VD@

[1-(2{5-[6-(4-{2-{1-(2-Methoxycarbonylamino-2-pheny!- 0
acetyl)-pyrrolidin-2-yl}-3H-imidazol-4-yl}-phenyl)-
naphthalen-2-yl}-1H-imidazol-2-yl}-pyrolidine-1-

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

2-{5-[4-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-
imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-pyrrolidine-1-carboxylic  acid

tert-butyl ester. To a solution of 2-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-pyrrolidine-1-
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carboxylic acid terr-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]-1H-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 K;PO, (aqueous, 2 M, 3.9 mL, 7.8 mmol, 3 equiv.), Pd,dba; (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 °C 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 Na,;SO, and concentrated. The crude oil was purified by column chromatography
(SiO,, 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 fers-butyl ester (0.93 g, 49%) as a yellow powder. LCMS-
ESI": calc’d for C42HyN7Os: 731.4 (M ™); Found: 732.9 (M+H™).

{2-Methyl-1-[2-(5-{6-[4-(2-pyrrolidin-2-yl-3H-imidazol-4-yl)-phenyl]-naphthalen-2-yl}-1H-
imidazol-2-yl)-pyrrolidine-1-carbonyl}-propyl}-carbamic acid methyl ester. To a slurry of
2-{5-[4-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-
yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-pyrrolidine-1-carboxylic acid tert-butyl ester
(0.1 g, 0.14 mmol) in MeOH (0.15 mL) was added HCI in dioxanes (4 M, 0.7 mL). The
resulting solution was stirred at room temperature for 1 hour and diluted with Et;0. 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-yl}-1H-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 C37H4iN;0;: 631.3 (M™); Found: 632.7 (M+H").

[1-(2-{5-[6-(4-{2-]1-(2S)-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-yl}-3H-
imidazol-4-yl}-phenyl)-naphthalen-2-yl])-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-
methyl-propyl]-carbamic acid methyl ester. To a slurry of {2-Methyl-1-[2-(5-{6-[4-(2-
pyrrolidin-2-yl-3H-imidazol-4-yl)-phenyl}-naphthalen-2-yl} -1H-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 CH;Cl; (0.6 mL)
was added HATU (0.03 g, 0.08, 1.25 equiv.) and K3;PO4 (0.05 g, 0.22 mmol, 3 equiv.). The
reaction mixture was stirred at room temperature for 18 hours and diluted with CH,Cl,. The
salts were filtered and the filtrate was concentrated. The crude oil was purified by preparative
HPLC (Gemini, 15—40% MeCN in H,0 (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]-1H-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
C47HsoN3gOg: 822.4 (M 1); Found: 823.5 (M+H"). 'H-NMR: 400 MHz, (CDCl;) &: (Mixture of
rotomers) 7.64-8.03 (m, 9H), 7.20-7.40 (m, 6H), 7.17 (s, 2H), 6.14 (m, 1H), 5.53 (dd, 2H), 5.25-
5.33 (m, 2H), 4.33 (t, 1H), 3.85 (m, 1H), 3.73 (m, 1H), 3.68 (s, 3H), 3.66 (s, 3H), 3.27 (m, 1H),
2.86-2.96 (m, 3H), 2.35 (m, 1H), 1.94-2.23 (m, 6H), 0.87-0.90 (m, 6H).

Example HM
o]
- O)LNH o\ H h HATU, K;PO,
\c‘\\( 1 N O N N o]
S 3OO
H H ahd OH
*3HCI o

{2-Methyl-1-[2-(5-{6-{4-(2-pyrrolidin-2-y|-3H-imidazol-4-yl)-
phenyl)-naphthalen-2-yl}-1H-imidazol-2-yl)-pyrrolidine-1-
carbonyl]-propyl}-carbamic acid methyl ester

:}3«@

[1-(2-{5-[6-(4-{2-[1-(2—Methoxycarbonylam|no—2-phenyl—acetyl)-pyrrolldm-
2-yl]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl}-1H-imidazol-2-yl}-
pyrrolidine-1-carbonyl)-2-methyl-propyl}-carbamic acid methy! ester

Methoxycarbonylamino-
phenyl-acetic acid

»‘NH

[1-(2-{5-[6-(4-{2-[1-(2R)-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-yl]-3H-
imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-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-(2S)-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-
2-yl]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl}- 1H-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-[6-(4-{2-[1-(2R)-(2-
Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-yl]-3H-imidazol-4-yl} -phenyl)-
naphthalen-2-yl]-1H-imidazol-2-yl }-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid
methy| ester (0.03 g, 65%) as a white powder. LCMS-ESI*: calc’d for C47HsoNgOs: 822.4 (M *);
Found: 823.8 (M+H"). 'H-NMR: 400 MHz, (CDCl;) §: (Mixture of rotomers) 7.62-8.02 (m,
9H), 7.36-7.43 (m, 6H), 7.22 (s, 2H), 6.01 (s, 1H), 5.29-5.53 (m, 4H), 4.35 (t, 1H), 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).
Example HN

0, H H (142-{5-(4-Bromo-phenyl}-1H-imidazol-2-yl}-
B C N N pyrrolidine-1-carbonyl}-2-methyl-propyl)-
o Q N lN Boc carbamic acid methyl ester

2-{5-[6-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-
2-yl)-naphthalen-2-yl}-1H-imidazol-2-yl}-
pyrrolidine-1-carboxylic acid fert-butyl ester

Pd,dba,, Xantphos

N A H H HCI, dioxanes
Roc | N OQ O N | N \\ MeOH
‘ N P o)
H H O HN\< -~

2-{5-{6-(4-{2-[1 —(2-Methoxycarbonylamino—3-methyl-butyryl)-o
pyrrolidin-2-yl}-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl}-1H-
imidazol-2-yl}-pyrrolidine-1-carboxylic acid tert-butyl ester

HATU, K;PO,

H H -
N \
e W S, o
H H N O}\H\N o— Y \E)LOH
+3HCI \\g o @
{2-Methyl-1-{2-(5{4-{6-(2-pyrrolidin-2-yl-3H-imidazol-4-yl)-

naphthalen-2-yl}-phenyl}-1H-imidazol-2-yl)-pyrrolidine-1-
carbonyl]-propyl}-carbamic acid methy! ester

[1-(2{5{4-(6{2-[1-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-
2-yl}-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-
pyrrolidine-1-carbonyl)-2-methyi-propyl}-carbamic acid methyl ester
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[1-(2-{5-|4-(6-{2-[1-(2S)-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-yl}-3H-
imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-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-(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 (1-{2-[5-(4-Bromo-pheny!)-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]-1H-imidazol-2-yl } -
pyrrolidine-1-carboxylic acid fers-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}-1H-imidazol-2-yl} -pyrrolidine-1-carbonyl)-2-methyl-propyl]-
carbamic acid methyl ester (0.03 g, 54%) as a white powder. LCMS-ESI": calc’d for
Ca7HsoNgOs: 822.4 (M *); Found: 823.9 (M+H"). 'H-NMR: 400 MHz, (CDCl;) §: (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 HO
HATU, K3PO
N \ '_! H 3 4
S OO - i A
\ \ N 3 /O N
~ OH
H H © HN\.\<O \Ior
*3HCI ol

{2-Methy!-1-{2-(5{4-[6-(2-pyrrolidin-2-yl-3H-imidazol-4-yl)-
naphthalen-2-yl}-phenyl}-1H-imidazol-2-yl)-pyrrolidine-1-
carbonyl}-propyl}-carbamic acid methyl ester

[1-(24{5-{4-(6-{2-[1-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-
yl]-3H-imidazol4-yl}-naphthalen-2-yl)-phenyl}-1H-imidazol-2-yl}-
pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methy! ester

[1-(2-{5-[4-(6-{2-[1-(2R)-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-yl]-3H-
imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-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-(2S)-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-

828

IPR2018-00211 Page 830 of 1092 I-MAK 1011



WO 2010/132601 PCT/US2010/034600

2-yl]-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-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]-1H-imidazol-2-
yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl}-carbamic acid methyl ester (0.03 g, 58%) as a
white powder. LCMS-ESI": calc’d for C47HsoNgOs: 822.4 (M 1); Found: 823.8 (M+H"). 'H-
NMR: 400 MHz, (CDCl;) 6: (Mixture of rotomers) 7.62-7.87 (m, 9H), 7.29-7.43 (m, 6H), 7.18
(s, 2H), 6.09 (m, 1H), 5.46 (m, 2H), 5.33 (s, 1H), 5.27 (s, 1H), 4.33 (t, 1H), 3.84 (m, 1H), 3.71
(m, 1H), 3.68 (s, 3H), 3.61 (s, 3H), 3.24 (m, 1H), 2.83-2.93 (m, 3H), 2.35 (m, 1H), 1.92-2.23 (m,
6H), 0.86-0.97 (m, 6H).

Example HP

(o] O
1) j \B_B, ﬁ

N OI \o

Boc |w5’

N N Pd(dppf)Cl,

H H 2)

H H
2-{5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-  Br C N\H\/l}
pyrrolidine-1-carboxylic acid tert-butyl ester Q \ IN Boc
2-{5-(6-Bromo-naphthalen-2-yl)-1H-
imidazol-2-yl}-pyrrolidine-1-
carboxylic acid fert-butyl ester

1) HCI, dioxanes

MeOH
B " :;D
aee 1) sl
IN Boc 2) DEPBT, NaHCO,
H H o)

H
o)

N
OH
2-{5-(6{4-[2-(1-tert-butyloxycarbonyl-pyrrolidin-2-yl)-3H- \[C])/
imidazol-4-yl}-phenyl}-naphthalen-2-yl)-1H-imidazol-2-
yl}-pyrrolidine-1-carboxylic acid tert-butyl ester

[2-(24{5-{4-(6{2-[1-(2-Methoxycarbonylamino-2-phenyl-acetyl)-
pyrrolidin-2-yl}-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl}-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-(1-tert-butyloxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-phenyl}-
naphthalen-2-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid fert-butyl ester. To a
solution of 2-[5-(4-Bromo-phenyl)-1H-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)Cl, (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)-1H-
imidazol-2-yl]-pyrrolidine-1-carboxylic acid fers-butyl ester (0.45 g, 1.0 mmol, 1 equiv.) and
K3PO, (aqueous, 2 M, 1.75 mL, 3.5 mmol, 3.5 equiv.) was added. The reaction mixture was
heated to 85 °C for 6 hours. The slurry was filtered through CELITE and concentrated. The
crude product was purified by column chromatography (SiO,, 50—100% EtOAc in Hexanes
(2% MeOH)) and preparative HPLC (Gemini, 15—40% MeCN in H;O (0.1% formic acid)) to
provide 2-[5-(6-{4-[2-(1-tert-butyloxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-phenyl} -
naphthalen-2-yl)-1H-imidazol-2-yl}-pyrrolidine-1-carboxylic acid tert-butyl ester (0.07 g, 10%)
as a white powder. LCMS-ESI": calc’d for C4§}l46N504: 674.4 (M™); Found: 675.6 (M+H").

[2-(2-{5-[4-(6-{2-[1-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-2-yl]}-3H-
imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-pyrrolidin-1-yl)-2-oxo-1-
phenyl-ethyl]-carbamic acid methyl ester. To a slury of 2-[5-(6-{4-[2-(1-tert-
butyloxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-phenyl } -naphthalen-2-yl)-1H-imidazol-2-
yl]-pyrrolidine-1-carboxylic acid fert-butyl ester (0.07 g, 0.09 mmol) in MeOH (0.1 mL) was
added HCI 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 CH;Cl,. The
organic extracts were combined, dried over Na,SO; 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 NaHCO; (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 H,0 (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]-1H-imidazol-2-yl}-pyrrolidin-1-
yl)-2-oxo-1-phenyl-ethyl]-carbamic acid methyl ester (0.04 g, 49%) as a white powder. LCMS-
ESI': calc’d for CsoHsNgOg: 856.4 (M *); Found: 858.1 (M+H"). 'H-NMR: 400 MHz, (CDCl3)
8: (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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Example HQ
3
-G NH o N H W HATU, K,PO,
N \
) Wl :
T OOT e
H H N N OH
*3HCI 0
{2-Methyl-1{25{6-{4-(2-pymrolidin-2-y|-3H-imidazol-4-yl)-
phenyl]-naphthalen-2-yl}-1H-imidazol-2-yl)-pyrrolidine-1- Methoxycarbonylamino-
carbonyl]-propyl}-carbamic acid methyl ester o-tolyl-acetic acid
5
NH
=0 o H H
\ N \
Loy o sy
e O
; N
H H o] NH
OQ(
/O

[1-(24{5-[6-{4{2-{1-(2-Methoxycarbonylamino-2-o-tolyl-acetyl)-pyrrolidin-2-
yl]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl}-1H-imidazol-2-yl}-
pyrrolidine-1-carbonyl)-2-methyl-propyl}-carbamic acid methyl ester

[1-(2-{5-]6-(4-{2-]1-(2-Methoxycarbonylamino-2-o-tolyl-acetyl)-pyrrolidin-2-yl]-3H-
imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-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-(285)-(2-Methoxycarbonylamino-2-phenyl-acetyl)-pyrrolidin-
2-yl]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-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]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl}- 1H-imidazol-2-yl } -
pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (0.03 g, 50%) as a white
powder. LCMS-ESI*: calc’d for CqgHsoNgOs: 836.4 (M *); Found: 837.4 (M+H"). 'H-NMR:
400 MHz, (CDCl;) &: (Mixture of diastereomers) 7.61-8.00 (m, 16H), 7.18-7.41 (m, 12H), 7.10
(s, 2H), 5.28-5.63 (m, 10H), 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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Example HR
Q
-0 - .
T OO e
H H OH
*3HCI % O

{2-Methyl-1-[2-(5-{6-[4-(2-pyrrolidin-2-yl-3H-imidazol-4-yl)-
phenyl]-naphthalen-2-yl}-1H-imidazol-2-yl)-pyrrolidine-1-

carbonyl}-propyl}-carbamic acid methyl ester Methoxycarbonylamino-(2-

methoxy-phenyl)-acetic acid

3
NH
~0 o H H
LIRS
H H NN \y O
o~
/0
{14]2-5-{6{4-(2-{1-[2-Methoxycarbonylamino-2-(2-methoxy-phenyl)-acetyl]-

pymrolidin-2-yl}-3H-imidazol-4-yl)-phenyl)-naphthalen-2-yf}-1H-imidazol-2-yl)-
pymolidine-1-carbonyl]-2-methyl-propyl}-carbamic acid methyl ester

{1-[2-(5-{6-[4-(2-{1-[2-Methoxycarbonylamino-2-(2-methoxy-phenyl)-acetyl}-pyrrolidin-2-
yl}-3H-imidazol-4-yl)-phenyl]-naphthalen-2-yl}-1H-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}-1H-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
CH,ClI; (0.5 mL) was added K3;PO4 (0.03 g, 0.15 mmol, 3 equiv.). The slurry was cooled to 0
°C 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 CH,Cl; and filtered. The filtrate was concentrated and the crude
product was purified by preparative HPLC (Gemini, 15—40% MeCN in H,;O (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)-phenyl]-naphthalen-2-yl } - 1H-
imidazol-2-yl)-pyrrolidine- 1-carbonyl}-2-methyl-propyl }-carbamic acid methyl ester (0.02 g,
50%) as a white powder. LCMS-EST": calc’d for C43H5,NgO5: 852.4 (M *); Found: 853.6
(M+H"). 'H-NMR: 400 MHz, (acetone-ds) 8: (Mixture of rotomers) 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, 1H), 6.96 (t,
1H), 6.36 (d, 1H), 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, 1H), 1.90-2.21 (m, 6H),
0.85-0.93 (m, 6H).

Example HS
(1-{2-[5-(6-{2-[1-(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

(1-{2-[5-(642-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-y(}-3H-
imidazo!-4-yl}-naphthalen-2-yl)-1H-benzoimidazol-2-yl]-azetidine-1-carbonyl})-2-
methyl-propyl)-carbamic acid methyl ester

(1-{2-[5-(6-{2-[1-(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 1-tert-butyl ester for pyrrolidine-1,2-dicarboxylic acid 1-fert-butyl ester. C4;H4gNgOg
calculated 748.4 observed [M + 1] 749.4; rt = 1.59 min. 'H (DMSO-d6): 5 = 8.31 (d, J= 6.4
Hz, 2H), 8.16 (m, 2H), 8.04 (m, 2H), 7.98 (m, 1H), 7.90 (d, /= 8.8 Hz, 1H), 7.78 (s, 2H), 7.42
(d, J=17.6 Hz, 1H), 7.32 (d, J= 8.8 Hz, 1H), 5.49 (t, /= 6.8 Hz, 1H), 5.15 (1, /= 6.8 Hz, 1H),
4.41 (m, 2H), 4.12 (t, J = 8.0 Hz, 2H), 3.85 (m, 1H), 3.78 (t, J = 8.0 Hz, 1H), 3.55 (s, 3H), 3.53
(s, 3H), 2.76 (m, 1H), 2.65 (m, 1H), 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-[5+(4'-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-azetidin-2-yl]-3H-
benzoimidazol-5-yl}-biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-

propyl)-carbamic acid methyl ester

Q 4 Ho f1 \—
Sy NN 5o
KENO-00 T
N N Ay Va®aW, Ho 07
: H

(1{2{5-(4'{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-azetidin-2-yl}- 3H-
benzoimidazol-5-yl}-biphenyl-4-yl}-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-
methyl-propyl)-carbamic acid methy! ester

(1-{2-[5-(4'-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-azetidin-2-yl]-3H-
benzoimidazol-5-yl}-biphenyl-4-yl)-1H-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-ters-butyl ester for pyrrolidine-1,2-dicarboxylic acid 1-fers-butyl ester.
Ca3HsoNgOg: calculated 774.4 observed [M + 1]*775.8; rt = 1.66 min. 'H (DMSO-d6): = 8.11
(s, 1H), 7.91 (m, 3H), 7.86 (m, 5H), 7.72 (d, J= 8.0 Hz, 1H), 7.65 (d, /= 8.4 Hz, 1H), 7.42 (d, J
=7.6 Hz, 1H), 7.32 (d, J = 8.4 Hz, 1H), 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, 1H), 3.84 (m, 2H), 3.69 (m, 2H), 3.55 (s, 3H), 3.53 (s, 3H), 2.75 (m,
1H), 2.63 (m, 1H), 2.39 (m, 1H), 2.18 - 2.03 (m, 2H), 2.01 (m, 2H), 1.86 (m, 1H), 0.83 (m, 6H).
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Example HU
/E[N\:(O\ n-Buli, THF, -78 °C; )I :', 0.25M HClgqy. RT 2”\)L -
~o \N Br/\/CFS /\CF (g
3
meth THF, RT 24 1-3.6-dimethoxy
243;;1:%:::6_6-:;'“_'":“- (3 3 3-mﬂumpmpy|)- 2-Amino-5,5,5-trifluoro-
2,5-dihydro-pyrazine pentancic acid methyl ester
o w9 E
H B
O N\)L - -0 N\)j\ n />
o T, N 'S
° r d N\.)\ N N o
DCM, RT &k MeOH, RT CFs I )V
5.5, S-Tnﬂuoro-z-mBMoxy 5,5,5-Trifluoro-2-methoxy- 2-(5-{4 -(2 Pyrrolidin-2-yl-3H-imidazol-4-yt)-
carbor acid carbonylamino-pentanoic acid p 4-yi}- 1H-imidazol-2-yl}-pyrrolidine-
rnothyl ester 1-carboxylnc acid fert-butyl ester
\0
HATU, DIPEA, TFA, DCM, RT

Towr - {)ﬁ%

2{5-(4'{241<5.5,5-Trifluoro-2-methoxycarbony
pentanoyl)-pyrrolidin-2-yf}- 3H-imi 4-y|)—biphenyl—4—yl)-1H.
imidazol-2-yl}-pyrrolidine-1-carboxylic acid fert-butyl ester

3 ~ i,

e OO X
«/_ H

HATU, DIPEA, DMF, RT

[4.4,4-Trifluoro-1-(24{5-{4'(2-pyrolidin-2-yl- 3H-imidazol-4-yl)-biphenyl-4-yi)-
1H-imidazol-2-yl}-pyrrolidine-1-carbonyi)-butyl}-carbamic acid methyl ester

=Q
~NH H /'>
L OO,
U H HN ~( _

(4.4,4-Trifluoro-1-{24{5-(4'{2 1«{2-methoxycarbonylamino-
3-methyl-butyryl)}-pymolidin-2-yl} 3H-imidazol-4-yf}-biphenyt-4-y)- 1 H-
imidazol-2-yl}-pymolidine- 1-carbonyl}-butyl)-carbamic acid methyl ester

2-Isopropyl-3,6-dimethoxy-5-(3,3,3-trifluoro-propyl)-2,5-dihydro-pyrazine: To a stirred
solution of 2-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 pL, 5.87 mmol) 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 NH,4Cl solution, water and brine. The
organic layer was then dried (MgSOa), 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%). 'H-NMR: 400 MHz, (CDCl3) &: 4.04-3.99 (m, 1H), 3.98-3.95 (m, 1H), 3.71 (s, 3H), 3.68
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(s, 3H), 2.29-2.20 (m, 1H), 2.18-2.04 (m, 3H), 1.94-1.84 (m, 1H), 1.03 (d, ] = 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 HCI 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~10 with saturated aqueous NaHCO3. The aqueous layer was extracted twice
with ethyl acetate. The combined organics were washed with brine, dried (MgSO,) and
concentrated to give crude (2S)-amino-5,5,5-trifluoro-pentanoic acid methy] 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 chloroformate (480 pL, 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%). 'H-NMR: 400 MHz, (CDCl;) &: 5.27 (br, 1 H), 4.42 (br, 1H),
3.79 (s, 3H), 3.70 (s, 3H), 2.29-2.09 (m, 3H), 1.94-1.84 (m, 1H) ppm.

2-[5-(4'-{2-[1(5,5,5-Trifluoro-2-methoxycarbonylamino-pentanoyl)-pyrrolidin-2-yl]-3H-
imidazol-4-yl}-biphenyl-4-yl)-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 (MgSQy), and concentrated to give clean
5,5,5-Trifluoro-2-methoxy-carbonylamino-pentanoic acid. To a solution of the 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]-1H-
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 pL, 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 (MgSOs,), concentrated and purified by flash chromatography to yield 2-[5-(4'-{2-[1-
(5,5,5-trifluoro-2-methoxycarbonylamino-pentanoyl)-pyrrolidin-2-yl]-3H-imidazol-4-yl} -
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biphenyl-4-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid rers-butyl ester (340 mg, 59%).
LCMS-ESI": calculated for C3gH4yF3N7Os: 735.34; observed [M+17": 736.05.

[4,4,4-Trifluoro-1-(2-{5-[4'-(2-pyrrolidin-2-yl-3H-imidazol-4-yl)-biphenyl-4-yl}-1H-
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)-1H-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 NaHCO; solution. The organic layer was dried (MgS0Q,), 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]": 636.17.

(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)-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-3H-imidazol-4-yl)-biphenyl-4-yl]-1H-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 of 2-methoxycarbonylamino-3-methyl-butyric acid (38 mg, 0.22 mmol) and HATU (82
mg, 0.22 mmol) in dimethylformamide (0.6 mL). Diisopropylethylamine (70 pL, 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/H,0 +
0.1% HCO-H) 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)-1H-imidazol-2-yl]-pyrrolidine-1-
carbonyl}-butyl)-carbamic acid methyl ester (73 mg, 47%). LCMS-ESI": calculated for
CaoHa7F3NgOs: 792.85; observed [M+1]": 794.33. '"H-NMR: 400 MHz, (CD;0D) §: 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, 1H), 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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HATU, DIPEA, DMF, RT

{4.4.4-Trifluoro-1-(2-{5-[4'-(2-pyrrolidin-2-yl-3H-imidazol-4-yl)-biphenyl-4-yl}-
1H-imidazol-2-yl}-pymolidine-1-carbonyl)-butyl]-carbamic acid methyl ester

-0

S )
™ NJ@—.—.—& S5

HNs(

(4,4 4-Trifluoro-1-{2-[5-(4'{2-{1-(5,5,5-trifluoro-2-methoxycarbonylamino-
pentanoyl)-pyrolidin-2-yl}- 3H-imidazok4-y(}-biphenyl-4-yl)-1H-
imidazol-2-y(}-pyrrolidine-1-carbonyl)-butyf)-carbamic acid methyl ester

(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)-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-3H-imidazol-4-yl)-biphenyl-4-yl]-1H-imidazol-2-yl} -pyrrolidine-1-
carbonyl)-butyl]-carbamic acid methyl ester (115 mg, 0.18 mmol) in dimethylformamide (0.5
mL) was added a solution of 5,5,5-Trifluoro-2-methoxycarbonylamino-pentanoic acid (44 mg,
0.19 mmol) and HATU (72 mg, 0.19 mmol) in dimethylformamide (0.5 mL).
Diisopropylethylamine (65 pL, 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/H,0 + 0.1% HCO,H) 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)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl } -butyl)-carbamic acid methyl ester
(35 mg, 23%). LCMS-ESI": calculated for C4gH4sFsNgOs: 846.82; observed [M+1]": 847.34.
'H-NMR: 400 MHz, (CDs0D) &: 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.

/E[N\To\
S0 SN N0 CFs

2-Isopropy}3,6-dimethoxy-5-[2-(2,2,2-
trifiuoro-ethoxy)-ethy!]-2,5-dihydro-pyrazine
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2-Isopropyl-3,6-dimethoxy-5-[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 1-lodo-3,3,3-trifluoropropane with 2-
(2-Bromoethoxy)-1,1,1-trifluoroethane. "H-NMR: 400 MHz, (CDCl;) 8: 4.11-4.05 (m, 1H),
3.95(t,J = 3.5 Hz, 1H), 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.
o N
- \g/ 7o
O._CF3

2-Methoxycarbonylamino-4-
(2,2,2-trifluoro-ethoxy)-butyric
acid methy! 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. 'H-NMR: 400 MHz, (CDCl;3) §: 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, 1H) ppm.

~

- Wi
o \\(0 N N\(\N
o/\ N u \_N 0)“%
CF3 2
2-{5{4'-(2-{1-[2-Methoxycarbonylamino-4-(2,2,2-trifluoro-

ethoxy)-butyryl}-pyrrolidin-2-y{}-3H-imidazol-4-yl)-biphenyl-4-
yl}-1H-imidazol-2-yl}-pyrrolidine-1-carboxylic acid tert-butyl ester

2-{5-[4'-(2-{1-[2-Methoxycarbonylamino-4-(2,2,2-trifluoro-ethoxy)-butyryl]-pyrrolidin-2-
yl}-3H-imidazol-4-yl)-biphenyl-4-yl]-1H-imidazol-2-yl}-pyrrolidine-1-carboxylic acid zert-
butyl ester: This compound was made in 74% yield by the same procedure as 2-[5-(4"-{2-[1-
(5,5,5-Trifluoro-2-methoxycarbonylamino-pentanoy!)-pyrrolidin-2-y1]-3H-imidazol-4-yl } -
biphenyl-4-yl)-1H-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-ESI": calculated for C3gHssF3N706: 765.35; observed [M+1]": 766.12.
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[1-(2-{5-{4'«(2-Pymralidin-2-y}- 3H-imidazol-4-yl)-biphenyl-4-y[}- 1 H-
imidazol-2-yl}-pyrrolidine-1-carbonyl)-3-(2,2,2-trifluoro-ethoxy)-
propyl}-carbamic acid methyl ester

[1-(2-{5-[4'-(2-Pyrrolidin-2-yl-3H-imidazol-4-yl)-biphenyl-4-yl]-1H-imidazol-2-yl}-
pyrrolidine-1-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]-1H-imidazol-2-yl } -pyrrolidine- 1-carbonyl)-butyl]-carbamic
acid methy] 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]-1H-imidazol-2-yl}-pyrrolidine-1-
carboxylic acid fert-butyl ester as the starting material. LCMS-ESI": calculated for
C34H3gF3N;04: 665.29; observed [M+1]": 666.20.

Example HW
s, o @ e
-
9B g o0 OOQ
i Ny *
D NHz N32003, NaOH
L-Valine, d8 2-Memoxycarbony|amlno-
3-methyi-butyric acid, d8 2-(2-Aza-b|cyclo[2.2.1]hept-3-yl)-6-(7—[5-(5-aza-
spiro[2.4]hept-6-yl)-1 H-pyrol-2-yl}-9,9-difluoro-9H-flucren-
2-yl}-1H-benzoimidazole
~o
-H
O” N
0, D N
ECDLHOBt D ‘\.K(o N . 1 D
== oo \)L OO
DIEPA, DMF N

(1-{3-{6-(9,9-Difluoro-7-{2-{5-(2-
methoxycarbonylamino-3-methyl-butyryl, d8)-5-aza-
spiro[2.4]hept-6-yi}-3H-imidazol-4-yl}-94-fluoren-2-
yl}-1H-benzoimidazol-2-yl}-2-aza-
bicydlo[2.2.1]heptane-2-carbony(}-2-methyl-propyl)-
carbamic acid methyl ester,d8

To a solution of L-valine, d8 (Cambridge Isotope Laboratories, 0.4949 g) in 1N sodium
hydroxide (3.95 mL) was added sodium carbonate (0.419 g). The solution was cooled to 0°C

and methyl chloroformate (0.289 mL) was added dropwise over 30 minutes and reaction mixture
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was stirred for 3 h at 0°C. Reaction mixture was washed with ethyl ether (3 x 15 mL) and
aqueous layer was acidified to pH =1 with concentrated HCl. Aqueous layer was extracted
dichloromethane (3 x 15 mL) and organic layers were dried (MgSO,4) and concentrated to give
2-Methoxycarbonylamino-3-methyl-butyric acid, d8 as a white solid (0.5681 g).

LCMS-ESI": calc’d for C;HsDgNOy: 184.2 (M+H"); Found: 184.0 (M+H").

A solution of hydroxybenzotriazole (0.242 g), 1-(3-dimethylaminepropyl)-3-ethylcarbodiimide-
HCI (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 of 2-(2-Aza-
bicyclo[2.2.1]hept-3-yl)-6-{7-[5-(5-aza-spiro[2.4]hept-6-yl)-1 H-pyrrol-2-y1]-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 to rt 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
(MgSO0,), concentrated and purified by flash column chromatography (silica gel, 0 to 5%
methanol/ethyl acetate), then and purified by preparative reverse phase HPLC (Gemini, 25 to
100% ACN/H;0 + 0.1% TFA). The product-containing fractions were pooled and treated with
saturated sodium bicarbonate solution at 0 °C for 1h. Product was extracted with ethyl acetate
(2x), combined organic layer was dried (MgSQO,), concentrated and lyophilized from ACN/H,O
to give (1-{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-yl]-2-aza-
bicyclo[2.2.1]heptane-2-carbonyl } -2-methyl-propyl)-carbamic acid methyl ester,d8 as a white
powder (0.3947)

'H-NMR: 300 MHz, (DMSO-dg) §: 12.13 (s, 1H), 11.77 (s, 1H), 8.1 —= 7.1 (m, 12H), 7.23 (s,
1H), 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-EST": calc’d for C49H3sD;6F2N3Os: 906.1 (M+H™); Found: 905.6 (M+H™).
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3-(6{7-[5+(5-Benzyloxycarbonyl-5-
aza-spiro[2.4]hept-6-yl)-1H-pyrrol-
2-yl}-9,9-difluoro-9H-fluoren-2-yl}-
1H-benzoimidazol-2-yl)-2-aza-
bicyclo[2.2.1]heptane-2-carboxylic
acid tert-butyl ester

2 H
X S
{1-[3-(6-{7-[5-(5-Aza-spiro[2.4]hept-6-yl)-1H-
pyrrol-2-yl]-9,9-difluoro-9H-fluoren-2-yl}-1H-
benzoimidazoi-2-yl)-2-aza-
bicyclo[2.2.1)heptane-2-carbonyl}-2-methyl-
propyl}-carbamic acid methyl ester

~

0

ECDI, HOBt
—_—
DIEPA, DMF

PCT/US2010/034600

1. HCl, dioxane

———

2. ECDI, HOB,

DIEPA, DMF

Ho, A M
N O
1%
2-Methoxycarbonylamino-
3-methyl-butyric acid
3. Pd/C, H,,
wet iPA

1. Pd/C, H, wet iPA
—_—

2. ECDI, HOB,
DIEPA, DMF

HO N/”\o,

o H

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-yl}- 3H-imidazol-4-yl}-9H-fluoren-2-
yl)-1H-benzoimidazol-2-yl}-2-aza-bicyclo[2.2. 1]heptane-2-carbonyl}-
2-methyl-propyl)-carbamic acid methyl ester

1. =
HO CI” O o
9 - I
o NH, Na,COs, NaOH o
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)-1H-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 CH,Cl; (10 mL) at 0 °C was added 4 N HCl in
dioxane (2.0 mL). Reaction mixture was stirred at 0 °C for 5 minutes, then warmed to rt. 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 1h. Aqueous layer was extracted with ethyl acetate (2x),
dried (MgS0O,), and concentrated. A portion of this residue was used in the next step.

A solution of hydroxybenzotriazole (40 mg), 1-(3-dimethylaminepropyl)-3-ethylcarbodiimide-
HCI (57 mg) and 2-Methoxycarbonylamino-3-methyl-butyric acid (54 mg) in DMF (0.5 mL)
and CH,Cl; (0.5 mL) was stirred at 0°C for 1 hr. This solution was added to a solution the above
amine (150 mg) in DMF (0.5 mL) and CH;Cl; (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 (1:1) and aqueous layers back-extracted with ethyl
acetate. The combined organic layer was dried (MgSQOj), 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-
benzoimidazol-5-yl}-9H-fluoren-2-yl)-1H-pyrrol-2-yl]-5-aza-spiro[2.4]heptane-5-carboxylic
acid benzyl ester as a yellow foam (127 mg).

LCMS-ESI": calc’d for CsoHagF2N7Os: 865.96 (M+H"); 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-yi)- 1H-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
10% 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-
y1)-1H-pyrrol-2-y1]-9,9-difluoro-9H-fluoren-2-yl} -1H-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-ESI': calc’d for C43Hs3F2N703: 732.8 (M+H"); Found: 732.4 (M+H").
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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 CH,Cl; (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)-1H-pyrrol-2-y1]-9,9-difluoro-9H-fluoren-2-yl} - 1H-
benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-carbonyl]-2-methyl-propyl}-carbamic acid
methyl ester (21 mg) in DMF (0.4 mL) and CH,ClI; (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 sodium bicarbonate solution (1:1) and aqueous layers back-extracted with ethyl
acetate. The combined organic layer was dried (MgSO,), concentrated and purified by
preparative reverse phase HPLC (Gemini, 25 to 100% ACN/H;0 + 0.1% TFA). The product-
containing fractions were pooled, diluted with ethyl acetate and treated with saturated sodium
bicarbonate solution at for 1h. Product was extracted with ethyl acetate (2x), combined organic
layer was dried (MgSOys), concentrated and lyophilized from ACN/H,O to (1-{3-[6-(9,9-
Difluoro-7-{2-[5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4]]hept-6-y1]-3H-
imidazol-4-yl}-9H-fluoren-2-yl)-1H-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)

'H-NMR: 300 MHz, (DMSO-dg) 8: 12.18 (s, 1H), 12.05 (s 0.5H ), 11.48 (s, 0.5H), 8.1 - 7.1
(m, 10H), 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, 1H), 4.54 (s,
1H), 4.12-4.0 (m, 2H), 3.8-3.2 (m, 9H), 2.65 (s, 1H), 2.40-2.01 (m, 27H).

LCMS-ESI": calc’d for C4gHssF2N3Og: 890.0 (M+H"); Found: 889.4 (M+H™).

To a solution of d-valine, (5.0 g) in 1N sodium hydroxide (42.7 mL) was added sodium
carbonate (4.53 g). The solution was cooled to 0°C and methyl chloroformate (0.289 mL) was
added dropwise over 2 h and reaction mixture was stirred for 2 h at 0°C. White reaction mixture
was diluted with enough H,O 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 H,0 and dried under high vacuum to give 2-
Methoxycarbonylamino-3-methyl-butyric acid as a crystalline white solid (4.668 g). LCMS-
EST": calc’d for C;H3NOy: 176.2 (M+H™); Found: 175.9 (M+H™).
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Example HY

o «

(:'\\".\\(o NI\ N\lN|/\N ‘\L

ool
3 O~

[1-(2<{5{4'(2-{1-{2-Methoxycarbonylamino-4-(2,2,2-trifluoro-ethoxy)-
butyryl}-pyrrolidin-2-yl}-3H-imidazoH4-yl)-biphenyh4-yi}-1 H-imidazol-
2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl}-carbamic acid methyl ester

[1-(2-{5-]4'-(2-{1-[2-Methoxycarbonylamino-4-(2,2,2-trifluoro-ethoxy)-butyryl]-pyrrolidin-
2-yl}-3H-imidazol-4-yl)-biphenyl-4-yl]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-
methyl-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-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, using [1-(2-{5-[4'-(2-Pyrrolidin-2-yl-3H-imidazol-
4-yl)-biphenyl-4-yl]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-3-(2,2,2-trifluoroethoxy)-
propyl]-carbamic acid methyl ester as the starting material. LCMS-ESI": calculated for
Ca1HagF3NgO7: 822.87; observed [M+1]": 823.45. 'H-NMR: 400 MHz, (CD;0OD) §: 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, 1H), 1.01-

0.89 (m, 6H) ppm.

Example HZ
\)“NH H /> FiC
o0 % N N N 9
1 -O-O<T <~
LCF:; Q/; H HN\%

[1-(2-{5-{4'-(2-{1{2-Methoxycarbonylamino-4-(2,2, 2-trifluoro-ethoxy)-
butyryf}-pyrrolidin-2-yf}-3H-imidazol-4-yl)-biphenyl-4-yl}- 1 H-imidazol-2-yf}-
pyrrolidine-1-carbonyl)-3-(2,2,2-trifluoro-ethoxy)-propyl}-carbamic acid methyl ester

[1-(2-{5-[4'-(2-{1-[2-Methoxycarbonylamino-4-(2,2,2-trifluoro-ethoxy)-butyryl]-pyrrolidin-
2-yl}-3H-imidazol-4-yI)-biphenyl-4-yl]-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-
methoxycarbonylamino-pentanoyl)-pyrrolidin-2-yl}-3H-imidazol-4-yl} -biphenyl-4-yl)-1H-
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)-biphenyl-4-yl]-1H-imidazol-2-yl} -pyrrolidine- 1 -carbonyl)-3-
(2,2,2-trifluoroethoxy)-propyl]-carbamic acid methyl ester as the starting material. LCMS-ESI":
calculated for C4yHasFeNsOs: 906.87; observed [M+1]": 907.45, 'H-NMR: 400 MHz, (CD;0D)
8: 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, 10H), 2.34-2.24 (m, 2H), 2.22-1.87 (m, 8H), 1.86-1.68
(m, 2H) ppm.

Example 1A

Sn\

S n-BuzSnCl, -78 °C _/—/ Q/

Benzo[1,2-b:4,5-b]dithiophene

Br
S n-BuLi, THF, -78 °C; \—\_§ 5 % o\( N’\g
 ———M A \/
\ N N i~
RO

2,6-bis(tri n‘butylstannyb- X Ari "
benzo{1,2-b:4,5-b Idithiophene gﬁm;,ﬁ,‘mm':g"];_
pyrrolidine-1-carboxylic
acid tert-butyl ester
[
0/\/5'
Pd(PPh3)y W% conc. HCI
———
toluene, 110 °C N\)\ EtOH, 60 °C

/Sl/\/o

2 _o. N\)LOH
ol TA

N
H \ NN "4 HCI
N\)\ﬂ s * HATU, DIPEA, DMF, RT

2-{5-(6-{2-[pyrrolidin-2-yl}-3H-imidazol-4-yf}-
benzof1,2-b:4,5-b Jdithiophene-2-yl)- 1 H-imidazol-2-yl}-
pyrrolidine tetrahydrochloride

)‘NH

\‘(o \)\m\‘/\)}k«

(1+{2{5-(6-{2{1(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi}-
3H-imidazol-4-yl}-benzo[1,2-b:4,5-b1dithiophene-2-yl)- 1 H-imidazol-2-yl}
pymrolidine-1-carbonyl}-2-methyl-propy!)-carbamic acid methyl ester

2,6-Bis(tri-n-butylstannyl)-benzo[1,2-5:4,5-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 (MgSOs), concentrated and purified by flash
chromatography (100% hexanes). 2,6-bis(tri-n-butylstannyl)-benzo[1,2-5:4,5-b']dithiophene
(1.4 g, 42%) was isolated along with product contaminated with the monostannylated
benzodithiophene. 'H-NMR: 400 MHz, (CDCl;) &: 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-yl]-3H-imidazol-4-yl}-benzo[1,2-b:4,5-
b'|dithiophene-2-yl)-1H-imidazol-2-yl]-pyrrolidine: Pd(PPh;)s (61 mg, 0.053 mmol) was
added to a degassed solution of 2,6-bis(tri-n-butylstannyl)-benzo[1,2-5:4,5-b']dithiophene (202
mg, 0.26 mmol) and 2-[4-Bromo-1-(2-trimethylsilanyl-ethoxymethyl)-1H-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 (Stratospherés ™ 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-ESI": calculated for C46HsgNsOgS2Si: 920.42; observed [M+1]":
921.45.

(1-{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)-1H-imidazol-2-yl]-
pyrrolidine-1-carbonyl}-2-methyl-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 (100 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)-1H-imidazol-2-yl]-
pyrrolidine tetrahydrochloride. To this material was added a solution of 2-
methoxycarbonylamino-3-methylbutyric acid (38 mg, 0.22 mmol) and HATU (83 mg, 0.22
mmol) in DMF (1.5 mL). To the resulting solution was added diisopropylethylamine (190 pL,
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/H,0 + 0.1%
HCO,H). The product fractions were passed through a freebasing column
(STRATOSPHERES™ PL-HCO;3;MP SPE, Part #: PL3540-C603) and lyophilized to give (1-{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)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl } -2-methyl-
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propyl)-carbamic acid methyl ester (29 mg, 34%). LCMS-ESI": calculated for C3sHagNgO6S):
774.95; observed [M+1]*: 775.96. "H-NMR: 400 MHz, (CD;dD) 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, } = 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)

Example 1B

N 1. HCI, dioxane
Boc —
2. ECDI, HOBt,
DIEPA, DMF
HO
3-(6{7{5-(5-Benzyloxycarbony}-5- O NP
aza-spiro[2.4]hept-6-yl)-1H-pyrrol- H ‘(
2-yl]-9,9-difluoro-9H-fluoren-2-yl}- (ONg
1H-benzoimidazol-2-yl)-2-aza- 2-Methoxycarbonylamino-
bicyclof2.2. 1]heptane-2-carboxylic 3_methy|’f{myric e
acid tert-buty! ester
R F H H
N N 1. Pd/C, H,, wet iPA
o N IV s
B Y TN O Q Q N 2. ECDI, HOB,
N— N o) N 0 DIEPA, DMF
: H H HO
X O\ )\r‘\L
o o]
6-[5-(9,9-Difluoro-7-{2-[2-(2- H,N\(
methoxycarbonylamino-3-methyl-butyryl)-2- 0
aza-bicyclo[2.2. 1]hept-3-yl}-3H- ~
benzoimidazol-5-yl}-9H-fluoren-2-yl)-1H- 2-Methoxycarbonylamino-
pyrrol-2-yi}-5-aza-spiro[2.4]heptane-5- 3-methyl-butyric acid

carboxylic acid benzyl ester

ECDI, HOBt
—_—
DIEPA, DMF

{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)-1H-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]-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 was prepared in
a similar manner as Example B to give title compound as a white powder (88.9 mg).

'H-NMR: 300 MHz, (DMSO-dg) &: 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 Ca9Hs4F2N3Og: 890.0 (M+H"); Found: 889.4 (M+H").

Example IC

(o]
0 o ’J
o~ 1.1,33Hetramethylguanidine T LIOH
+ 0 -P~0 eOH, RT
o R THF, -78 °C to RT MeOH. R
/ O

Tetrahydro-  N-Methoxycarbonyl-2-methyl- Metho: rbonytamino-
pyran4-one  (dimethylphosphono) glycinate (tetrahydxrty)-pc?yranniyﬂdene)-

acetic acid methyl ester

0

o]

J~NH

O o] o /3 HATU, DIPEA,

hid OH ) N

LT TER Qoo
o

carbon . {2-Methyt-1-[2-(5-{6-[4-(2-pyrrolidin-2-yl-3H-imidazol-4-yl)-
(,;.i‘.?,;';‘;",g;,m&,’,‘;’;‘;er phenyil-naphthalen-2-yl}-1H-imidazok-2-yi)-pyrrolidine-
acetic acid 1-carbonyf]-propyf}-carbamic acid methyt ester trihydrochloride
\0

“’(«Lf»«o

{1-[2-(548-[4-(2{1§2-Methoxycarbornylamino-2- (tetrahydro—pyran—4—y|»dene)—
acetyl}-pyrrolidin-2-yf}-3H-imidazol-4-yl)-phenyl}-naphthalen-2-yf}- 1 H-imidazol-
2-yl)-pymrolidine-1-carbonyi}-2-methyl-propyl}-carbamic acid methyl ester

Methoxycarbonylamino-(tetrahydropyran-4-ylidene)-acetic acid methyl ester: A solution
of N-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 1 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 1N aqueous HCI and brine, dried (MgSOy) and concentrated. The crude
residue was purified by flash chromatography to yield methoxycarbonylamino-(tetrahydropyran-
4-ylidene)-acetic acid methyl ester. 'H-NMR: 400 MHz, (CDCls) 6: 5.94 (br s, 1H), 3.80-3.74
(m, TH), 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-Methoxycarbonylamino-2-(tetrahydropyran-4-ylidene)-acetyl}-
pyrrolidin-2-yl}-3H-imidazol-4-yl)-phenyl]-naphthalen-2-yl}-1H-imidazol-2-yl)-
pyrrolidine-1-carbonyl]-2-methyl-propyl}-carbamic acid methyl ester: To a solution of
methoxycarbonylamino-(tetrahydropyran-4-ylidene)-acetic acid methyl ester (141 mg, 0.62
mmol) 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 (MgS0Qy), and concentrated to give
methoxycarbonylamino-(tetrahydropyran-4-ylidene)-acetic acid. To a solution of
methoxycarbonylamino-(tetrahydropyran-4-ylidene)-acetic acid (23 mg, 0.11 mmol) in
dimethylformamide (0.6 mL) was added HATU (41 mg, 0.11 mmol). After stirring for 5
minutes, a solution of {2-methyl-1-[2-(5-{6-[4-(2-pyrrolidin-2-yl-3H-imidazol-4-yl)-phenyl]-
naphthalen-2-yl}-1H-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 pL, 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 NaHCO; solution, water and brine, dried (MgSOs),
concentrated and purified by preparative reverse phase HPLC (Gemini, 15 to 50% ACN/H,0 +
0.1% HCO;H) 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-ESI": calculated for C4sHs;NgO7: 828.95; observed [M+1]": 830.32. 'H-NMR: 400 MHz,
(CD;0D) 6: 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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Example ID
o C= Ho f
, NaHCO, N BHy SMe, ,
Ho NS o™ QT o\ o™\
cl EtOAc, RT THF, RT
(2)-Ethyl 2-chloro-2- 5-Oxa-6-aza-spiro[3.4]oct-6- 5-Oxa-6-aza-spiro{3.4]octane-
(hydroxyimino)acetate ene-7-carboxylic acid ethyl ester 7-carboxylic acid ethyl ester
~ ~,
HoR 2 g
0
/O\Ir \:/U\OH 0 NH 0”7 NH o
: |\(o \\,.\\fo
o] LioH j o B

0 _AL W

N —_—_— N -
HATU, DIPEA, DMF, 60 °C Q o\  EtOH45°C ? OH  DIPEA, ACN, RT
6-(2-Methoxycarbonylamino-3- 6-(2-Methoxycarbonylamino-3-
. methyl-butyryl)-5-oxa-6-aza- methyl-butyryl)-5-oxa-6-aza-
spiro{3.4Joctane-7-carboxylic acid ethy! ester spiro{3.4]octane-7-carboxylic acid
o) NH 0”7 NH B8
(o] [¢]
ﬁ NquAC ﬁ\wkfo
N
N\/‘( B toluens, 110°C N Pd(dppf)CI2, KOA,
i N gr  dioxane, 85°C

6-(2-Methoxymtbony|ammo—3-memyl-buty )-
5-0xa-6-aza-spiro[3.4]Joctane-7-carboxylic acid 2-

(147-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl}-
5-oxa-6-aza-spiro{3.4Joctane-6-carbonyl}-2-

(4-bromo-phenyl)-2-oxo-ethyl ester methyl-propyl)-carbamic acid methyl ester
\0 \o
O)\N O)\ NH
DD D¢
Pd(PPhg)s, K2CO4
N\/A O’N\:/( \ : i
% f ) HE Br DME, 85 °C
-Methyt-17 4,4,5 5 tetrametl (1{7-{5«(4-Bromo-phenyl)-1H-imidazol-2-yl}-
.3 2[]2dxo:awol-a(n-§;{l‘)‘:(phenyﬂ-1leﬂmdazhcyﬂ':2-yq- 5-oxa-6-aza-spiro|3.4]octane-6-carbonyl}-2-
$-oxa-6-aza-spiro[3.4Joctane-6-carbonyl)- methyl-propyl)-carbamic acid methyl ester
propyl}-carbamic acid methyl ester
- /Q
N : . . \/ }\\
HN~.(
(1{7{5-(4'{2-[6-(2-Methoxycarbonylamino-3-methyl-butyryl)-5-oxa-6-aza-spiro[3.4]oct-
7-y1}-3H-imidazol-4-yl}-biphenyl-4-yl)- 1 H-imidazol-2-yi]-5-oxa-6-
aza-spiro[3.4)Joctane-6-carbonyl}-2-methyl-propyi)-carbamic acid methyl ester
851
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5-Oxa-6-aza-spiro[3.4]oct-6-ene-7-carboxylic acid ethyl ester: To a solution of
methylenecyclobutane (2 mL, 21.6 mmol) in ethy] acetate (125 mL) was added (Z)-ethyl 2-
chloro-2-(hydroxyimino)acetate (6.55 g, 43.2 mmol) and solid sodium bicarbonate (16.3 g, 194
mmol). The reaction mixture was sealed and stirred at room temperature for 6 hours. More (Z)-
ethyl 2-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 ethy] acetate and washed successively with water and brine, dried
(MgSQ;) and concentrated to yield crude 5-oxa-6-aza-spiro[3.4]oct-6-ene-7-carboxylic acid
ethyl ester, contaminated with (Z)-Ethyl 2-chloro-2-(hydroxyimino)acetate and related

compounds.

5-Oxa-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 of borane-dimethyl sulfide complex (10 M 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 (MgSQ;), 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). 'H-NMR: 400 MHz, (CDCl;) §: 8.01-7.95
(br, 1H), 4.39-4.28 (m, 2H), 4.18-4.10 (m, 1H), 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
=17.1 Hz, 3H) ppm.

6-(2-Methoxycarbonylamine-3-methyl-butyryl)-5-oxa-6-aza-spiro[3.4]ectane-7-carboxylic
acid ethyl ester: To a solution of 2-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 (MgSQO,) 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-carboxylic acid ethyl
ester (1.31 g, 72%). LCMS-ESI": calculated for C¢HaN,Og: 342.18; observed [M+1]": 342.90.
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6-(2-Methoxycarbonylamino-3-methyl-butyryl)-5-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 HCIl. The acidic aqueous layer was extracted
twice with ethyl acetate. The combined organic layers were washed with brine, dried (MgSOa)
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-butyryl)-5-0xa-6-aza-spiro|3.4]octane-7-carboxylic
acid 2-(4-bromophenyl)-2-oxo-ethyl 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 (MgSO4) 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). 'H-NMR for the desired (S) diastereomer: 400 MHz, (CDCl;) 6: 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, J' = 7.1 Hz, J* = 9.0 Hz, 1H), 4.74-4.70 (m, 1H), 3.65 (s, 3H), 2.84 (dd, J' =9.0 Hz, }* =
12.6 Hz, 1H), 2.60 (dd, J' = 7.0 Hz, J* = 12.6 Hz, 1H), 2.52-2.12 (m, 5H), 2.07-1.86 (m, 2H),
1.75-1.65 (m, 1H), 1.01 (d, J = 6.6 Hz, 3H), 0.89 (d, J = 7.1 Hz, 3H) ppm.

(1-{7-[S-(4-Bromo-phenyl)-1H-imidazol-2-yl]-5-0xa-6-aza-spiro[3.4]octane-6-carbonyl}-2-
methyl-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-oxo0-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 (MgS0,), and
concentrated. The crude residue was purified by flash chromatography to yield (1-{7-[5-(4-
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bromophenyl)-1H-imidazol-2-yl]-5-0xa-6-aza-spiro{3.4]octane-6-carbonyl } -2-methyi-propyl)—
carbamic acid methyl ester (95 mg, 66%). LCMS-ESI": calculated for C2;H,7BrN4Oy:
490.12/492.12; observed [M+1]": 490.99/492.99. '"H-NMR: 400 MHz, (CDCl;) §: 7.60-7.55 (m,
2H), 7.50-7.46 (m, 2H), 7.26 (s, 1H), 5.38-5.29 (m ,2H), 4.76-4.70 (br, 1H), 3.70 (s, 3H), 3.36-
3.29 (m, 1H), 2.84 (dd, J' = 8.2 Hz, J* = 12.5 Hz, 1H), 2.51-2.32 (m, 3H), 2.13-2.03 (m, 2H),
2.00-1.89 (m, 1H), 1.83-1.71 (m, 1H), 0.97 (d, J = 6.7 Hz, 3H), 0.84 (d, ] = 6.8 Hz, 3H), ppm.

[2-Methyl-1-(7-{5-[4-(4,4,5,5-tetramethyl[1,3,2]dioxaborolan-2-yl)-phenyl]-1H-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-bromopheny!)-1H-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 mmol), potassium acetate (51 mg, 0.52 mmol) and
dichloro[1,1'-bis(diphenylphosphino)ferrocene]palladium(II) (13 mg, 0.018 mmol) 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 (MgS0,), and concentrated. The crude residue
was purified by flash chromatography to yield [2-methyl-1-(7-{5-[4-(4,4,5,5-
tetramethyl[1,3,2]dioxaborolan-2-yl)-phenyl]}-1H-imidazol-2-yl } -5-oxa-6-azaspiro[ 3.4]octane-6-
carbonyl)-propyl]-carbamic acid methyl ester (81 mg, 87%). LCMS-ESI'": calculated for
C,3H39BN4Os: 538.30; observed [M+1]": 539.12.

(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)-1H-imidazol-2-yl]-5-0xa-6-aza-spiro[3.4Joctane-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]-1H-imidazol-2-yl } -5-0xa-6-
azaspiro[3.4]octane-6-carbonyl)-propyl]-carbamic acid methyl ester (81 mg, 0.15 mmol), (1-{7-
[5-(4-bromophenyl)-1H-imidazol-2-yl]-5-oxa-6-aza-spiro[3.4]octane-6-carbonyl } -2-methyl-
propyl)-carbamic acid methyl ester (60 mg, 0.12 mmol) and
tetrakis(triphenylphosphine)palladium(0) (14 mg, 0.012 mmol) in 1,2-dimethoxyethane (2.0
mL) was added a solution of potassium carbonate (2M in water, 0.250 mL, 0.50 mmol). The
resulting mixture was degassed forl5 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-CM 89)
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% ACN/H,0 + 0.1% HCO-H) 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)-1H-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
CasHssNgOg: 822.41; observed [M+1]": 823.43. '"H-NMR: 400 MHz, (CD;0D) &: 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
~ ~
)
P OiNH
k(o k(o Pd(PPha)q, K2CO3
ﬁ N + W N
O'N\_/QK\O\ N\/Q}\@\ DME, 85 °C
f i N B‘/oﬁ (_5 H 8r
[2-Methyt-1-(74{5-]4-(4,4,5,5-tetramethyl-  (1-{2-{5(4-Bromo-phenyi)-1H-imidazol-2-yi}-
[1,3.2)dioxaborolan-2-yl)-phenyl}- 1 H-imidazol-2-yl}-  Pyrrolidine-1-carbonyl}-2-methyk-propyl)-
5-0xa-6-aza-spiroj3. 4]octane-6-carbonyl)- carbamic acld methy! ester
propyf}-carbamic acid methyl ester

-Q

Fu ol
~ :"'?«/:,)?:J(o

—

(1-{7-5-(4'{2{1-(2-Methoxycarbonytamino-3-methyl-butyryt)-pyrrolidin-2-yl} 3H-imidazol-4-yl}-biphenyt4-yl)-1 H-imidazol-2-
yl]-5-0xa-6-aza-spiro[3.4]Joctane-6-carbonyl}-2-methyl-propyl)-carbamic acid methy! ester

(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]-5-0xa-6-aza-spiro[3.4]octane-6-carbonyl}-
2-methyl-propyl)-carbamic acid methy!l ester: To a solution of [2-methyl-1-(7-{5-[4-(4,4,5,5-
tetramethyl[1,3,2]dioxaborolan-2-yl)-phenyl]-1H-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)-
1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (81

mg, 0.18 mmol) and tetrakis(triphenylphosphine)palladium(0) (18 mg, 0.015 mmol) in 1,2-
dimethoxyethane (3.0 mL) was added a solution of potassium carbonate (2M in water, 0.300

mL, 0.60 mmol). The resulting mixture was degassed forl5 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% methanol/dichloromethane). The resulting residue
was repurified by preparative reverse phase HPLC (Gemini, 15 to 50% ACN/H,0 + 0.1%
HCO,H) to yield (1-{7-[5-(4'-{2-[1-(2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-
yl]-3H-imidazol-4-y1}-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-ESI": calculated
for C42Hs:N3O7: 780.40; observed [M+1]": 781.29. '"H-NMR: 400 MHz, (CD;OD) §: 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, 1H), 4.75-4.68 (m, 1H), 4.226-4.21 (m, 1H), 4.03-3.96 (m, 1H), 3.91-3.85 (m,
1H), 3.71-3.48 (m, 7H), 3.00-2.94 (m, 1H), 2.78-2.71 (m, 1H), 2.61-1.90 (m, 10H), 1.83-1.73
(m, 1H), 1.00-0.86 (m, 12H) ppm.

Example IF

(S)-2-(methoxycarbonylamino)-2-(tetrahydro-2H-pyran-4-yl) acetic acid (3)

o
H o _o__c¢l H ¢
XOTN\)\OH 4M HCI Dioxane HzN\)LOH \Cf)( /O\ﬂ/N\E/U\OH

o 0
O DCM O Na,CO; / H,0 O
(o)

(0] (0]
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 HCI in dioxane (5 mL) and the reaction
mixture was cooled to 0°C 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 0.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 1N HCI 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 + HJ".
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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-(methoxycarbonylamino)-
3-methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-S-yl)naphthalen-2-yl)phenyl)-1H-imidazol-
2-yl)pyrrolidin-1-yl)-2-oxo-1-(tetrahydro-2H-pyran-4-yl)ethylcarbamic acid methyl ester:

Q \F(} 1)4NHCI-dnoxane O \”p Q
00 & o0
i e CO-0-4
3}24(5)-2{5(*(5(2{(3}14(3?2{"%”“"*\0)' o
& memyodmofprIolin g 1 AHiidero = naonraen
th acid methyl ester

To
compound 11 (50 mg, 0.068mmol) in dichloromethane (0.8 mL) was added 4M HClI 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 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)(20uL, 0.18 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 (36 mg, 65%).

'H-NMR: 400 MHz, (CD;0D) & 8.03 (s, 1H), 7.99 (s, 1H), 7.79 — 7.66 (m, 10H), 7.33 (s, 1H),
7.24 (s, 1H), 7.05-6.91 (m, 1H), 5.22 -5.09(m, 1H), 4.23-4.15 (m, 1H), 3.98 — 3.78 (m, 4H), 3.57
(s, 6H), 3.38 - 3.31 (m, 8H), 2.65 (m, 1H), 2.30 - 2.09 (m, SH), 2.02 — 1.95 (m, 2H), 1.56 -
1.29 (m, 5H), 0.92 — 0.82 (m, 6H). MS (ESI) m/z 832 [M + H]".

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)-1H-imidazol-5-yl)naphthalen-
2-yl)phenyl)-1H-imidazol-2-yl)pyrrolidin-1-yl)-2-oxoethylcarbamic acid methyl ester

h @é&ﬁr oo IS c@

((SH 42,3-dihydro-1 H-mdenZ-y')-Z-((S)-i’-(S-(‘-(S-(Z-((S)-‘

yi}-1 H-imidazok-5-yljnaphthaien-: 2—y1)pheny|)-‘lH-rmldaml-2
yhpymrolidin-1-yl)-2-oxoethyicarbamic 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 0°C and then stirred for 2 hours. After
concentrated in vacuo to afford HCI salts.

To these HCI 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 0°C and N-methylmorpholine (NMM)(20puL, 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) m/z 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-
yD)pyrrolidin-1-yl)-2-o0xo-1-(tetrahydro-2H-pyran-4-yl)ethylcarbamic acid methyl ester

‘3‘ \c}\

NH NH
o ..L(o N7 HH 1) 4NHCH-dioxane® .L(o N hoH 9
g | NN 1) NHCHdioxane™ \ N N
S L oo = U0y
M OH NMM, DMF, 0 °C W H NP
" 5{0_

{R)-24(S)-245-(4-(6-{2((S)- 14(S)-2-{methoxycarbonytamino)-
3-mel noyl)pyrrolidin-2-yf)- 1H-imidazol-5-yl)naphthaten-

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 (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 0°C and N-methylmorpholine (NMM)(14uL, 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) m/z 832 [M + HJ".

Example II

(2S)-1«((2S)-2-(5-(6-(4-(2-((2S)-1-(2-(1,1-dioxo-hexahydro-thiopyran-4-yl)-2-
(methoxycarbonylamino)acetyl)pyrrolidin-2-yl)-1H-imidazol-5S-yl)phenyl)naphthalen-2-
yD-1H-imidazol-2-yl)pyrrolidin-1-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester

-0
- 3 2
o .\\{° N7y Q Hon 1.) 4NHCI-dioxane o}‘NH ° H p &-0
] N N K( L Q wH ‘
Vgl TOORT e g AW SO0 %p
M H Mg o
" HN~¢
H—

. @511-{(25)-2454(8{4-42(25)-142-(1, 1-dioxo-hexahydro- e
thiopy D ¥l

244 ot

5y Ul 2: 1
yi)-3-methyi-1-oxobutan-2-yicarbamic acid methyl ester
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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 0°C and then stirred for 2 hours. After
concentrated in vacuo to afford HCI salts. ‘

To these HCI salts (33 mg) in DMF (0.8 mL) was added compound 5 (18 mg, 0.068 mmol), N-
(3-dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride (13 mg, 0.068 mmol) and
hydroxybenzotriazole hydrate (HOB), (11 mg, 0.068 mmol). The mixture was cooled down in
an ice bath to 0°C and N-methylmorpholine (NMM)(14uL, 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 + H]".

Example 1J

(S)-1-((S)-2-(5-(6-(4-(2-((S)-1-(2-(methoxycarbonylamino)-2(thiophen-3-
yDacetyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenyl)naphthalen-2-yl)-1H-imidazol-2-yI)-2-
methylpyrrolidin-1-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester

\ \';L/> 1)4NHCkgoxane © \® N\ H u &
o* S “@%k b

(SHAS-2(5BL-124(5) -2
¥iF3-methyi-1-oxobutan-2-ylcarbemic acd 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 HCI 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)(14uL, 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) m/z 830 [M + H]".
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Example IK
(S)-1-((S)-2-(5-(6-(4-(2-((S)-1-((R)-2-(methoxycarbonylamino)-3-(1-methyl-1H-indol-3-
yl)propanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenyl)naphthalen-2-yl)-1H-imidazol-2-
yl)pyrrolidin-1-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester

\
)‘NH N'H o H H o
1) 4NHC-gio ~ N Neo~N Y

*Dw,w e o0,

(3)-14(57-2-(5-(6-(‘-(2-((5)-1-((@-2-(mmmo
-methy}1H-indoi-3-yl)propanoyl)pymrolidin-2-yl)- 1H-imidazol-5-
M)nawmalm’z yl)-1H-4nI$azol-2 yl)pyrmrxin- -y1
methyt-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 0°C and then stirred for 2 hours. After
concentrated in vacuo to afford HCI 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)(8.3uL, 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) m/z 891 [M + H]".

Example IL

(S)-2-((S)-2-(5-(6-(4-(2-((S)-1-((S)-2-(methoxycarbonylamino)-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenyl)naphthalen-2-yl)-1H-imidazol-2-
yl)pyrrolidin-1-yl)-2-o0xo-1-(tetrahydro-2H-pyran-4-yl)ethylcarbamic acid methyl ester

\)__~ . HN " )\NH N Q
N Q Q T -‘ oM 4NHCH '/M/
H H b HN*{, 2) €O EDCI ;:::’ H NH Q Q

(5)-24(S)-2(546-(424(5)-1 -((S)-z-(nmxyw‘bonylamm)-&
in-2-y1)-14-imidazol-5-
yl)phenylinaphthaten-2- y1)-1H-umdazol-ZJyl)pywo|idn1—y4)-2
0x0-1-{tetrahydro-2H-pyran-4-yljethyicarbamic acis methyl ester

To compound 12 (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.
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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 0°C and N-methylmorpholine (NMM)(20uL, 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) m/z 832 [M + HJ".

Example IM

(S)-2-((S)-2-(5-(6-(4-(2-((S)-1-((S)-2-(methoxycarbonylamino)-2-(tetrahydro-2H-pyran-4-
yDacetyl)pyrrolidin-2-yl)-1H-imidazol-S-yl)phenyl)naphthalen-2-yl)-1H-imidazol-2-
yl)pyrrolidin-1-yl)-2-oxo0-1-(tetrahydro-2H-pyran-4-yl)ethylcarbamic acid methyl ester

W0t L Oé"ﬁ s

(S)-2-(5)-2-5-(8-(4-2-((Sy1((S)-2 i
(tetrahydro-2H4-pyran-4-y! |)ace|y1)pyrmhdm—2 yi)-1H-Imdazot—5-
yl)ph nyi)naphma!erpz—yl)-imnﬁ&zon—yi)pyndmn-oxo-1

O, pyra

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 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(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)(25uL, 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 (ESI) m/z 874 [M + H]".
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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-yl)-1H-imidazol-5-yl)phenyl)naphthalen-2-yl)-1H-imidazol-2-yl)-
5-azaspiro[2.4]heptan-5-yl)-2-o0xo-1-(tetrahydro-2H-pyran-4-yl)ethylcarbamic acid methyl

ester

o
Hu
B N Q N\; L H
\/ILW_‘~_._</| \\ 1) 4NHCt-dioxane o
. T e, ~«k~ Qo034
o’

(5:-24(S)6454644-(2(1R.38, 4&2q924mxwmm)

)phenyl)naphthalen- 1H4midazol-2 5-msplm(2 4]heptm-5~
yi)-z-om-i-(tetranydm-'zy‘fz' yi)eﬂw-y‘b):-banx

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 HCI 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 0°C and N-methylmorpholine (NMM)(18uL, 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) m/z 884 [M + H]".

Example 10

(2S,3R)-3-methoxy-1-((S)-6-(5-(6-(4-(2-((1R,3S,4S)-2-((S)-2-(methoxycarbonylamino)-3-
methylbutanoyl)-2-azabicyclo[2.2.1]heptan-3-yl)-1H-imidazol-5-yl)phenyl)naphthalen-2-
yD-1H-imidazol-2-yl)-5-azaspiro[2.4]heptan-S-yl)-1-oxobutan-2-ylcarbamic acid methyl

ester

B“Nfu ’N\ ,’—ﬁ*“;‘i’“ °o\ Nk?, =

(28, WMWH(S)-&(HB-(‘-(?-((’R 35.45)-2-((S)-2-

{ Y 3-
yi)- 1  H-Hmi on-2-yi)-1 HM:W
azaspiro(2. 4hesmm-5-y1)-1 -ommrrzmn methyl ester
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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 HCIl salts.

To these HCIl salts in DMF (0.8 mL) was added compound 8(17 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)(18uL, 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) m/z 858 [M + H]".

Example IP
(S)-1-((S)-6(5-(6-(4-(2-((1R,3S,4S)-2-((S)-2-(methoxycarbonylamino)-2-(tetrahydro-2H-
pyran-4-yl)acetyl)-2-azabicyclo[2.2.1]heptan-3-yl)-1H-imidazol-S-yl)phenyl)naphthalen-2-

yl)-1H-imidazol-2-yl)-S-azaspiro[2.4] heptan-5-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid

methyl ester

WL?@”‘"”““’“"" ¢ﬁ Q

2) EDCI, HOBT H
DMF 0°C
(3)-1-((5)-5-(5-(6-(4-(2-((11‘?3343)-24(3)" ino)-2
(S—yl pmmlewz yi)-ii-l-hﬂdazd-z;i)?s-,um['; he;t':n-syl)-}
methyl-1-oxobutan-2-yicarbamic acid methyl est

To compound 15 (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 HCIl 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)(20uL, 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 + H]".

Example IQ

(S)-2-((S)-6-(5-(6-(4-(2-((1R,3S,4S)-2-((S)-2-(methoxycarbonylamino)-2-(tetrahydro-2H-
pyran-4-yl)acetyl)-2-azabicyclo[2.2.1]heptan-3-yl)-1H-imidazol-S-yl)phenyl)naphthalen-2-
yl)-1H-imidazol-2-yl)-S-azaspiro|2.4]heptan-5-yl)-2-oxo-1-(tetrahydro-2H-pyran-4-
yDethylcarbamic acid methyl ester

Aoz 5t ooty

(5)-24(5)-6-(5-(6(4-(2H(1R,35,45)-24(S)-2
(tetrahydro-2H-pyran-4-ylacetyl)-2-aza k.ydo(z 2. 1preptarh3-y1)-1H-mldazo¢-5~
yiphenyi)naphthalen-2- _m-w d yi) 15p a&‘:‘ qhepum &yi)-z-oxt)

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 HCI salts.

To these HCl 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)(25pL, 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 + H]".

Example IR
(2S,3R)-3-methoxy-1-((S)-6-(5-(6-(4-(2-((1R,3S,4S)-2-((2S,3R)-3-methoxy-2-
(methoxycarbonylamino)butanoyl)-2-azabicyclo[2.2.1]heptan-3-yl)-1H-imidazol-5-

yl)phenyl)naphthalen-2-yl)-1H-imidazol-2-yl)-5-azaspiro|2.4]heptan-5-yl)-1-oxobutan-2-

ylcarbamic acid methyl ester
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- T

Q "IS 1.) ANHChdioxane H n
éNrJL '" S ” N\*'N
H‘ o’

(28, 3R)-3-m81h0!7 1-((9-8-(5-(5-(4-(2-(("? 3S. 45)-2'((25 3'7)3'

ptan-

-2 -Ammuazol-z -yi)-5-
alaspqu24meptm5-yt)-1-oxobm2-y1wbme 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 HC] 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) (55uL, 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 + H]".

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-imid azol-2-yl)-5-
azaspiro[2.4]heptan-S-yl)-3-methyl-l-oxobutan-z-ylcarbamic acid methyl ester

o°_

NH 8 B ) v
- B
FF r_&
PACH(dppN); \r Pd(OAc);. PPh,
\\/\7—* KOAC/ 14-Dioxane Q O 1M NAHCOy DME

oﬁx°_ o§(°"
)j:H 1.) ANHCHdioxane
V('«\: 5 53 R \
SO X fﬁm A
© o 21 Nfo

~
(5)-1-((S5)-6(548,0-difluoro-7-(2{(S)-1-{(S)-2-

2. i)~ 1H-imidazol-4-yf)-BH-fuoren-2- yi)-1H-imidazo| 2-
yi)-S-azaspiro{2. 4]hep1an—5-yl)-3—memyl-1 ~oxobutan-2-
yicarbamic acid methyt ester
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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)Cl, (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 NaHCO3 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. NaHCO3 aqueous (2X) and sat. NaCl aqueous (1X). 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) m/z 757 [M +
H]".

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 0°C and then stirred for 2 hours. After
concentrated in vacuo to afford HCI 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 0°C and N-methylmorpholine (NMM)(20uL, 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) m/z 814 [M + HJ".
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Example IT

(S)-1-((S)-6-(5-(9,9-diftuoro-7-(2-((S)-1-((S)-2-(methoxycarbonylamino)-2-(tetrahydro-2H-
pyran-4-yl)acetyl)pyrrolidin-2-yl)-1H-imidazol-4-yl)-9H-fluoren-2-yl)-1H-imidazol-2-yl)-5-
azaspiro[2.4]heptan-5-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester

o §(o— o—
™
w\j

- L
/3 1.) 4NHCl-dioxane EF
QOQ N e ta Y. ;: S,
HNYO
ol

(57-1-((8)-6-(5-(9 9-difluoro-7-(2-{(S)-1((S)-2-(methoxycarbonylamino)-2-
ro-2H-pyran-4-yl)acetyi)pyrrolidin-2-yf)- 1 H-imidazol-4-yl)-9+-
ﬂuoren-z yi)-1H-imidazol-2-yl)-5-azaspiro[2. 4}heptan-5—yl)-3—methyl—1
oxobutan-2-ylcarbamic acid methyl ester

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 0°C and then stirred for 2 hours. After
concentrated in vacuo to afford HCI 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)(20uL, 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 + HJ".
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Example IU

(S)-1-((S)-6-(5-(9,9-difluoro-7-(2-((S)-1-((S)-2-(methoxycarbonylamino)-4-
(methylthio)butanoyl)pyrrolidin-2-yl)-1H-imidazol-4-yl)-9H-fluoren-2-yl)-1H-imidazol-2-
yl)-5-azaspiro[2.4]heptan-5-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester

el -
) S:H | ) ;LNH
v<\ /\ 1.) 4NHCl-dioxane N fo)
R Q’O O e RS VC&/

/3
SeSe® SN
HNfo

(S)-1-({S)-6-{5+9,9-difMuoro-7-2-((S)- 1-{{ S)}-2(methoxycarbonylamino)-
4-(methyithio)butanoyl)pyrrolidin-2-yl» 1 H-imidazol-4-yl}-8H-flucren-2-
yl)-1H-tmndazd—2-y|)-5-azasprm[2 4]heptan-5-yl)-3-¢mthyl-1-oxobutan-
2-yicarbamic acid methyl ester

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 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-
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)(20uL, 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) m/z 846 [M + H]".
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Example IV

(S)-1-((S)-6-(5-(9,9-difluoro-7-(4-(2-((S)-1-((S)-2-(methoxycarbonylamino)-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenyl)-9H-fluoren-2-yl)-1 H-imidazol-
2-yl)-S-azaspiro[2.4]heptan-5-yl)-3-methyl-1-oxobutan-2-ylcarbamic acid methyl ester

o— ° "
o P NH
Mo ol )

VO& v \ SO-0-rL
N .
N‘Bf Ao,

2 DME
1.) 8M HClin o°"
dioxane/DCM )‘“ NH
2) EDCI, HOBT o £ F
NMM'H DMF(,) V<\N\/n . n /'?
Oy o N‘J‘*—.ﬁ (O~ \WN/;;\,,\L
° /21\ HN\(O

(S)-1-((S5)-6-(5-(8,8-difluoro-7-(4-(2-((S)-1-((S)-2-
methoxycarbonylamino)-3-methytbutanoyl)pyrrolidin-2-yf)}-1H-
imidazol-5-yi)phenyl)-8H-fluoren-2-yi)- 1 H-imidazol-2-yi)-5-
azaspirof2. 4]hsptan~5-yl)-3-memt;r'yl-1-oxobutan-2 -ylcarbamic

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 (16mg, 0.06 mmol). DME (5.5 mL) was added and followed by
2.2 mL 1M NaHCO3 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. NaHCO3 aqueous (2X) and sat. NaCl aqueous (1X).
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 24 (266 mg, 60 %). MS (ESI)
m/z 833 [M + H]".

To compound 24 (120 mg, 0.15mmol) in dichloromethane (1.5 mL) was added 4M HCl in
dioxane (1.5 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 in DMF (1.5 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)(50pL, 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 (ESI) m/z 890 [M + HJ".

Example IW
~0 A
o)\N'H PdCly(dppf)
0 KOAC
. N o O
\\( |/\>_©_Br X e
\\ N T N o \O 1,4-dioxane
: H 85°C

(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

-0 o

oA

\\sz_O oj; e kam

[2-Methyl-1(6-{5{4-(4,4,5,5-tetramethyl- (1-{6{5-(6-Bromo-naphthalen-2-yl)-1H-imidazol-2-yl}-5-
[1,3,2]dioxaborolan-2-yl)}-phenyl}-1H-imidazol-2-yi}-5-aza- aza-spiro[2.4]heptane-5-carbonyl}-2-methyl-propyl)}-
spirof2.4]heptane-5-carbonyl)-propyl]-carbamic acid methyl ester carbamic acid methyl ester
PdCl,(dppf) \O
Pd(PPh3)e o)\
KOAc NH
— T Q
1,4-dioxane N
85°C HN\(

[1+(6-{5-{6~(4-{2-[5-(2-Methoxycarbonylamino-3-methyl-butyry!)-5-
aza-spiro{2.4)hept-6-yl}-3H-imidazol-4-yf}-phenyl)-naphthalen-2-yl}-
1H-imidazol-2-yl}-5-aza-spiro{2.4]heptane-5-carbonyl)-2-
methyl-propyl}-carbamic acid methy! ester

[1-(6-{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}-5-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-aza-spiro[ 2.4 heptane-5-carbonyl } -2-methyl-
propyl)-carbamic acid methyl ester (0.10g, 0.24mmol), bis(pinacolato)diboron (0.073g,
0.29mmol), Palladium dichloride(dppf) (0.018g, 0.024mmol), and potassium acetate (0.071g,
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)-1H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-carbonyl} -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]-1H-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.

'H NMR (400 MHz, CDCl3) & 8.33 — 7.34 (m, 12H), 5.65 — 5.20 (m, 3H), 4.30 (s, 2H), 4.03 —
3.87 (m, 1H), 3.74 (d, 9H), 3.53 (s, 1H), 2.97 (s, 1H), 2.34 - 1.88 (m, SH), 1.26 (s, 1H), 1.10 (m,
3H), 0.91 (m, 12H), 0.71 (s, 6H).

LCMS-ESI": calc’d for C4gHs¢NgOg: 840.43 (M"); Found: 841.9 (M+H").

Example IX

o

A, A
PN o * Br NN -
I OIS,

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

[2-Methyl-1-(2{5-[6(4,4,5,5-tetramethyi-
[1,3,2)dioxaborolan-2-yl)-naphthalen-2-yl}-1H-
imidazol-2-yl}-pyrrolidine-1-carbonyl)-propyl}-

carbamic acid methyl ester

~

o
Pd(PPh3)4

)\NH
K3PO,

7““"’?% ) ) /§ |
o o0 P
O

[142-{5-{6-(4{2{ 1<{2-Methoxycarbonylamino-3-methyl-butyryl)-
4-methylene-pyrrolidin-2-yl}-3H-imidazol-4-yl}-phenyl)-
naphthalen-2-yl}- 1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl}
carbamic acid methyl ester

Q

(1-{2-[S-(4-Bromo-phenyl)-1H-imidazol-2-yl}-4-methylene-pyrrolidine-1-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester: This compound was prepared using the
procedure used to prepare (1-{2-[5-(4-Bromo-phenyl)-1H-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-ESI": calc’d for C3;HasBrN4Os: 460.11 (M™); Found: 463.61 (M+H").
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[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]-lH—imidazol-Z-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-methy]-
butyryl)-2-aza-bicyclo[2.2.1]hept-3-yl]-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 methy!l
ester using [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 (0.177g,
0.324mmol) and (1-{2-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-4-methylene-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (0.100g, 0.216mmol). Potassium
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 (10-45% 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]-
3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-
methyl-propyl}-carbamic acid methyl ester (0.009g, 5%) as a white solid.

'H NMR (400 MHz, CDCl3) & 8.12 — 7.96 (m, 1H), 7.93 — 7.79 (m, 5H), 7.77 - 7.67 (m, 5H),
6.32 (s, 1H), 5.73 — 5.54 (m, 1H), 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, 1H), 2.31 - 2.21 (m, 1H), 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-ESI": calc’d for C4sHsaNgOg: 800.4 (M™); Found: 801.90 (M+H™).
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Example I'Y

)\ H

@W i ! B’“@‘i&ﬁjo
+h A

[2-Methyl-1-(3-{5-(6-(4.4,5 5-tetramethyl- 6-{5-(4-Bromo-phenyl)-1H-imidazol-
[1.3,2)dioxaborolan-2-yl)-naphthalen-2-yl}-1H- 2-yl}-S-aza-spiro[2.4]heptane-5-
imidazol-2-yl}-2-aza-bicyclo[2.2.1]heptane-2- carboxylic acid tert-butyl ester
carbonyl)-propyl]-carbamic acid methyl ester
~o

Pd(PPhs)4 H

KO ] ‘\fo _/2
e |
ove TR t‘wf”%

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}-1H-imidazol-2-yl}-5-aza-spiro[2.4]heptane-
S-carboxylic acid tert-butyl ester

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]-1H-imidazol-2-yl}-S-aza-spiro[2.4]heptane-
S-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]-1H-imidazol-2-yl}-5-aza-
spiro[2.4]heptane-S-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]-1H-
imidazol-2-yl}-2-aza-bicyclo[2.2.1]heptane-2-carbonyl)-propyl])-carbamic acid methyl ester
(2.25mmol), 6-[5-(4-Bromo-phenyl)-1H-imidazol-2-yl]-5-aza-spiro[2.4}heptane-5-carboxylic
acid tert-butyl ester (2.39mmol), and potassium carbonate (2M, 4.3mL, 8.55mmol). 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+10%Methanol). 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]-1H-
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-ESI": calc’d for C4¢Hs3aN7Os: 783.41 (M™); Found: 784.35 (M+H").
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Example 1Z
1) HC!, dioxane
A Q MeOH
N
@&N Sad *f
H H
HN\( 2) HATU, NMM, CH,Cl,
(o]
. o M_K
3-(5-[6-(4-(2-[5—(2-Methoxycarbonylamlno-s-mmyl-butyryl)-5-aza-splro[2.4]hept-6- \n/ H OH
yi}3H-imidazol4-yf}-phenyl)-naphthalen-2-yi}- 1H-imidazol-2-yf}-2-aza- [o} /\

bicyclof2.2.1]heptane-2-carboxylic acid terf-butyl ester
2-Methoxycarbonylamino-
~, 3-methyl-butyric acid

i
@éﬂfhk

[1-(3—(5{6—(4-(2—[5-(2—Methoxytzrbonylammo—3—methyl-butyryl)-5—aza-splro[2.4]hept-6-yl]-3H—imidazol-4-yl)-phenyl)-
naphthalen-2-yl}-1H-imidazol-2-y}-2-aza-bicyclo[2.2. 1]heptane-2-carbonyl)-2-methylpropyll-carbamic acid methyl ester

[1-(3-{5-[6-(4-{2-[S5-(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-methoxycarbonylamino-acetyl)-2-aza-bicyclo[2.2.1]hept-3-yl]-3H-imidazol-4-
yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl} -5-aza-spiro[2.4 Jheptane-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]-1H-imidazol-2-yl}-2-aza-
bicyclo[2.2.1]heptane-2-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (0.070g, 65%)
as a white powder.

'H-NMR: 400 MHz, (DMSO-dg) &: 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, 1H), 7.16 (d, 1H), 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-ESTI": calc’d for C4gHsgNgOs: 840.43 (M"); Found: 841.99 (M+H).
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Example JA
H 2 Mel, NaH H 7
>ro\ﬂ/N\f)L°H ' >(O\n/N\a)]\0H
o} /i\OH THF, 0°C to RT o] /]\?

2-tert-Butoxycarbonylamino-

2-tert-Butoxycarbonylamino- 3-methoxy-3-methyl-butyric acid

3-hydroxy-3-methyl-butyric acid

. (0]
1) HCI, dioxane H
/o\n’N\E/U\OH
2 o o} /l\
0]
N I

NaOH (aq) 3-Methoxy-2-methoxycarbonylamino-
THF 3-methyl-butyric acid
0°C toRT

2-tert-Butoxycarbonylamino-3-methoxy-3-methyl-butyric acid:
2-tert-Butoxycarbonylamino-3-hydroxy-3-methyl-butyric acid (1.0g, 4.29mmol) was dissolved
in THF (14mL) and cooled to 0° C in an external ice/brine bath. Mel (2.13mL, 34.3mmol) 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.

'H NMR (400 MHz, CDCl5) 8 3.76 — 3.66 (m, 3H), 3.29 (s, 1H), 1.50 (s, 3H), 1.45 (s, 9H), 1.33
(s, 3H).

3-Methoxy-2-methoxycarbonylamino-3-methyl-butyric acid:
2-tert-Butoxycarbonylamino-3-methoxy-3-methyl-butyric acid was dissolved in dioxane (40mL)
and HCI (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-methoxycarbonylamino-3-methyl-butyric acid (0.653g, 65%) as an off-white
solid.

'"H NMR (400 MHz, acetone) & 3.76 (s, 3H), 3.60 (s, 3H), 3.22 (s, 3H), 3.18 (s, 3H), 1.37 - 1.31
(m, 1H).

Example JB
1) HCI, dioxane
\\( o MeOH
S Oy
N N
i )\\\\ 2) HATU, NMM, CH,Cl;
H K O HN \(o H o)
0~ /oer\é)Lou
o
3-{5-[6-(4{2-{5-(2-Methoxycarbonylamino-3-methykbutyryl)-5-aza- /[\(l)

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 ferf-buty! ester .
3-Methoxy-2-methoxycarbonylamino-
3-methyl-butyric acid

~

TR Co-0b b
d ) \(o

[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-y(}-1H-imidazol-
2-yl}-2-aza-bicyclof2.2.1}heptane-2-carbonyl)-2-methyl-propyll-carbamic acid methyl ester

o

[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-methoxycarbonylamino-acetyl)-2-aza-bicyclo[2.2.1]hept-3-yl]-3H-imidazol-4-
yl}-naphthalen-2-yl)-phenyl]- 1H-imidazol-2-yl}-5-aza-spiro[2.4]heptane-S-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-[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]-1H-imidazol-2-yl}-2-aza-bicyclo[2.2.1 Jheptane-2-
carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (0.019g, 35%) as a white solid.

'H NMR (400 MHz, CDCl;) & 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-ESI": calc’d for C49HsgN3O7: 870.44 (M™); Found: 871.90 (M+H").

Example JC

0
O Cl)j\o/ H lo)
DN NaOH (20) /O\n’N\é/U\OH

H . 0 H

T THF, 0°C to RT j
Hf i
N N

4-Cyano-2-methoxycarbonylamino-
butyric acid

2-Amino-4-cyano-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 C;H oN204: 186.06 (M"); Found: 187.09 (M+H").

Example JD

1) HCI, dioxane

%@ S -

2) HATU, NMM, CH.Cl;

(o]
HN (o]
\( ,o\n,n\:)LOH
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-
imidazol-2-yl}-5-aza-spiro[2.4)heptane-5-carboxylic acid tert-butyl ester i
o
4-Cyano-2-methoxycarbonylamino-
)\ butyric acid
: “ O \T'
HN\(

[3-Cyano-1 -(6-{5-[6-(4-(2{2-(24pe_thoxycarbonylamino-3-methyl—butyryl)—2-aza-
bicyclo[2.2. 1]hept-3-yl}-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl}- 1H-
imidazol-2-yl}-5-aza-spiro[2.4]heptane-5-carbonyl)-propyl}-carbamic acid methyl ester
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[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]-1H-imidazol-2-yl}-5-
aza-spiro[2.4]heptane-5-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-
methoxycarbonylamino-acetyl)-2-aza-bicyclo[2.2.1]hept-3-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 (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]-1H-imidazol-2-yl } -5-aza-
spiro[2.4]heptane-5S-carbony!)-propyl]-carbamic acid methyl ester (0.015g, 28%) as a white
solid.

'H NMR (400 MHz, CDCl3) 6 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, 1H), 1.18 (s, 3H), 1.06 — 0.77 (m, 6H),
0.72 - 0.50 (m, 3H).

LCMS-ESI": calc’d for C4gHs3NgOs: 851.41 (M™); Found: 852.90 (M+H").

Example JE

1) HCI, dioxane

ch MeOH

W ° ] yﬁ” ;

\ .

ULy o vt o,
{ X0 o Nwa
& A o A,
3-{5-[4-(6-{2-[5-{2-Methoxycarbonylamino-3-methyl-butyryl)-5-aza- ) /i\o

spiro[2.4)hept-6-yl}-3H-imidazol-4-yl}-naphthalen-2-yl)-pheny(}-1 H-imidazol-2-y(}-
2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester

3-Methoxy-2-methoxycarbonylamino-

~ 3-methyl-butyric acid
(o] NH
b M avy )
fug SO0 F Mo
HN\(
O~

[2-Methoxy-1-(3{5-{4-(6-{2-[5-(2-methoxycarbonylamino-3-methyl-butyry!)-5-aza-
spirof2.4)hept-6-yl]-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl}-1H-imidazol-2-
yl}-2-aza-bicyclo[2.2.1]heptane-2-carbonyl)-2-methyl-propyl}-carbamic acid methy! ester
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[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-y1}-naphthalen-2-yl)-phenyl]-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)-phenyl]-1H-imidazol-2-yl}-5-aza-spiro[2.4]heptane-5-carbonyl)-2-methyl-
propyl]-carbamic acid methyl ester (example from JJIC) 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]-1H-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.

'H NMR (400 MHz, CDCl3) & 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-EST": calc’d for C49HsgNgO7: 870.44 (M"); Found: 871.47 (M+H").

Example JF
~
j\ 1) HCI, dioxane
NH MeOH
Kf“' -, o
" ‘ Q O \(\ )\ 2) HATU, NMM, CH,Cl,
Q o)
A~ o AL,
2-{5-[4(6-{2-{1-(2-Methoxycarbonylamino-3-methyi-butyryl)-pyrrolidin-2-yl}-3H- 0 H
imidazol-4-yf}-naphthalen-2-yl)-phenyl]-1H-imidazo!-2-yl}-pyrrolidine-1-carboxylic
acid tert-butyl ester
\O S-Cydohexyl—memoxycarbonylammo-
)\ acetic acid
0~ "NH
hi kf° ‘ F~ ay @)
3 Q Q \\(\)\\
HN\.(

[1-(2{51{6-(4{2-{1-(2-Cyclohexyl-2-methoxycarbonylamino-acetyl)-pyrmrolidin-2-y[}-3H-
imidazol-4-y(}-phenyl)-naphthalen-2-yl}-1H-imidazol-2-y{}-pyrrolidine- 1-carbonyl)-
2-methyl-propyl}-carbamic acid methyl ester

880

IPR2018-00211 Page 882 of 1092 I-MAK 1011



WO 2010/132601 PCT/US2010/034600

[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-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-
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,
0.102mmol) 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}-1H-imidazol-2-y1}-pyrrolidine-1-
carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (0.036g, 28%) as a white solid.
'H NMR (400 MHz, CDCl3) § 7.90 — 7.62 (m, 10H), 7.30 (s, 1H), 7.25 (s, 1H), 5.60 (d, 1H),
5.53 (d, 1H), 5.41 (d, 1H), 5.31 (dd, 1H), 4.38 (t, 1H), 4.25 (t, 1H), 4.03 — 3.74 (m, SH), 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 Ca7HsNgOg: 828.43 (MY); Found: 829.70 (M+H").

Example JG
~
i 1) HCI, dioxane
(o] NH MeOH
w\.v""kfoN A H ?/>
2 N
NN ‘,/\ 2) HATU, NMM, CH,Cl;
Ls \ \ )"O 0
o d o N
/\\ - \n’ OH
2-{5-[4-{6{2-[1-(2-Methoxycarbonylamino-3-methykbutyryl)-pymrolidin-2-yl}-3H-imidazcl o

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

R-Cyclohexyl-methoxycarbonylamino-
acetic acid

1
O~ "NH
Y E-Cy oy
N
o, Q O \\k,/;
HN\(O
O\
[1-(2{5-{6-(4{2-[1-(2-Cyclohexyl-2-methoxycarbonylamino-acetyl)-pymrolidin-2-yl}-3H-

imidazot4-yl}-phenyl)-naphthalen-2-yl]- 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-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-
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acetyl)-2-aza-bicyclo[2.2.1]hept-3-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 (example from JJC) using R-Cyclohexyl-methoxycarbonylamino-acetic acid (0.041g,
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}-1H-imidazol-2-yl } -pyrrolidine-1-
carbonyl)-2-methyl-propyl]-carbamic acid methyl ester (0.047g, 59%) as a white solid.

'H NMR (400 MHz, CDCl3) & 7.90 — 7.62 (m, 10H), 7.30 (s, 1H), 7.25 (s, 1H), 5.60 (d, 1H),
5.53 (d, 1H), 5.41 (d, 1H), 5.31 (dd, 1H), 4.38 (t, 1H), 4.25 (t, 1H), 4.03 — 3.74 (m, SH), 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 C47Hs¢NgOs: 828.43 (M"); Found: 829.70 (M+H").

Example JH
o
(o) CI/ILO/ H O
HoN O__N
2 \Q)LOH NaOH (aq) N \i_/U\OH
= o =
Q THF, 0°C to RT Q
F F
S-Amino-(4-fiuoro-phenyl)- S-(4-Fluoro-phenyl)-
acetic acid methoxycarbonylamino-acetic acid

S-(4-Fluoro-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 CioH;0FNOy: 227.06 (M"); Found: 227.84 (M+H").
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Example JI
\O 1) HC!, dioxane
MeOH
NH
0 Q '1N /N> 2) HATU, NMM, CHCl,
N f 0
i b o o NN
)v 7Y Y oH
o i
2-{5-{4-(6-{2-{1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yi}-3H-imidazol-
4-yl}-naphthalen-2-yl)-phenyl}-1H-imidazol-2-yl}-pyrrolidine-1-carboxylic acid tert-buty!
ester
F
~ S-(4-Fluorophenyl)-
0O methoxycarbonylamino-acetic acid
O)\N

T ”“kf? Q
HN{

{1-[2(5{6-{4-(2{1-[2-(4-Fluoro-phenyl)- 2-methoxycarbonytammo—acetyl}-pynnhdm-2—yl}-3H
imidazol-4-yl)-phenyl}-naphthalen-2-y(}-1H-imidazol-2-yl}y-pyrrolidine-1-carbonyl}-
2-methyl-propyl}-carbamic acid methy! ester

{1-[2-(5-{6-[4-(2-{1-[2-(4-Fluoro-phenyl)-2-methoxycarbonylamino-acetyl]-pyrrolidin-2-
yl}-3H-imidazol-4-yl)-phenyl]-naphthalen-2-y1}-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]-1H-
imidazol-2-yl}-5-aza-spiro[2.4]heptane-5-carbonyl)-2-methyl-propyl]-carbamic acid methyl
ester (example from JJC) using S-(4-Fluoro-phenyl)-methoxycarbonylamino-acetic acid
(0.023g, 0.100mmol) to provide {1-[2-(5-{6-[4-(2-{1-[2-(4-Fluoro-phenyl)-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
(0.015g, 27%) as a white solid.

'H NMR (400 MHz, CDCl3) & 8.01 — 7.71 (m, 8H), 7.55 — 6.93 (m, 8H), 6.06 (d, 1H), 5.43 (dd,
1H), 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, 1H), 2.23 - 1.98 (m, 7H), 1.05 (t, 1H), 0.88 (t, 6H).

LCMS-ESI": calc’d for C47H49FNgOs: 840.38 (M"); Found: 841.42 (M+H").
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Example JJ
0]
o Ao o
HaN O__N
2 OH NaOH (aq) N OH
o}
THF, 0°C to RT
F F

R-(4-Fluoro-phenyl)-

R-Amino-(4-fluoro-phenyl)-
( phenyl) methoxycarbonylamino-acetic acid

acetic acid

R-(4-Fluoro-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-Fluoro-phenyl)-
methoxycarbonylamino-acetic acid (0.575g, 84%)

LCMS-ESI': calc’d for C|A0H10FNO4: 227.06 (M"); Found: 227.84 (M+H™").

Example JK

\O 1) HC|, dioxane

)\NH MeOH

O

o Ho TS

TET o0, e
i H (o] /¥ O N

hd OH

0O

2~{5—{4—(6«(2—'{1-(2-Methoxycerbonylamino-&melhyl-butyryl)—pyrroIidin-2—yI]-3H-imidazol-
4-yl}-naphthalen-2-yl)-phenyl}-1H-imidazol-2-yf}-pyrrolidine-1-carboxylic acid fert-butyl

ester F
R-(4-Fluoro-phenyl)-
~ methoxycarbonylamino-acetic acid
(0] NH F
~\_0 Ho TS
OOy e
M =O-OXT
H ° HN\(O
O~

{1-{2-(5-{6-[4«(2+{1-[2-(4-Fluoro-phenyl)-2-methoxycarbonylamino-acetyl}-pyrrolidin-2-y(}-3H-
imidazol-4-yl)}-phenyl}-naphthalen-2-yl}-1H-imidazol-2-yl)-pymolidine-1-carbonyl}-
2-methyl-propyl}-carbamic acid methyl ester

{1-[2-(5-{6-[4-(2-{1-[2-(4-Fluoro-phenyl)-2-methoxycarbonylamino-acetyl]-pyrrolidin-2-
yl}-3H-imidazol-4-yl)-phenyl]-naphthalen-2-yl}-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]-1H-
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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, 0.100mmol) to provide {1-[2-(5-{6-[4-(2-{1-[2-(4-Fluoro-phenyl)-2-
methoxycarbonylamino-acetyl]-pyrrolidin-2-yl}-3H-imidazol-4-yl)-phenyl]-naphthalen-2-yl1}-
1H-imidazol-2-yl)-pyrrolidine- 1-carbonyl]-2-methyl-propyl } -carbamic acid methyl ester
(0.008g, 14%) as a white solid.

'"H NMR (400 MHz, CDCl;) 5 8.01 — 7.71 (m, 8H), 7.55 — 6.93 (m; 8H), 6.06 (d, 1H), 5.43 (dd,
1H), 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, 1H), 2.23 — 1.98 (m, 7H), 1.05 (t, 1H), 0.88 (t, 6H).

LCMS-ESI": calc’d for C47H4sFN3Os: 840.38 (M"); Found: 841.27 (M+H™).

Example JL

1. PAIC, Hp, wet iPA

I N —_—
N 2. ECDI, HOBR,
0] o) DIEPA, DMF
z N ’N
= H H HO
O )\);
{1-[3+(6-<{7-[5-(5-Aza-spiro{2.4]hept-6-yl)-1H-pyrrol- (o} o)

2-yl)-9,9-difluoro-9H-fluoren-2-yl}-1H- H,N{
benzoimidazol-2-yl)-2-aza-bicyclof2.2. 1]heptane-2- 0
carbonyl}-2-methyl-propyl}-carbamic acid methyl ~
ester 2-Methoxycarbonylamino-

3-methyl-butyric acid

ECDI, HOBt

——

DIEPA, DMF

(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)-1H-benzoimidazol-2-yl]-2-aza-bicyclo[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]-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 was prepared in

a similar manner as Example C to give title compound as a white powder (68 mg).
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'H-NMR: 300 MHz, (DMSO-de) 8: 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 CaoHssF,NgOs: 890.0 (M+H"); Found: 889.4 (M+H").

Example JM

CN
HOOC’Q
Boc
4-Cyano-pymrolidine-

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

LiOH

Meoocaj

4-Cyano-pyrrohdm&1.2—
dicarboxylic acid 1-tert-
butyt ester 2-methyl ester

B, &nfj

2-{2+(4-Bromo-phenyl)-2-oxo-
ethylcarbamoyl}-4-cyano-pyrmolidine-
1-carboxylic acid tert-buty! ester

P

2-{5-[6-(4.4,5,5-TetramethyH{1,3,2]dioxaborolan-
2-yl)-naphthalen-2-yl}-1H-imidazol-2-yf}-
pyrrolidine-1-carboxylic acid fert-butyl ester

NH,OAG
110°C

DME/H0, 90 °C

Boc Pd(PPh;)s, K;CO, Boc

Ay
C)\” (O~

HATU, DIEA

O
NH, DMF

2-Amino-14(4-
bromo-phenyl)-
ethanone

N

R ¢

2-[5-(4-Bromo-phenyl)-1H-
imidazol-2-yl}-4-cyano-pyrrolidine-
1-carboxylic acid tert-butyl ester

Ry

C
2{5-(4{6{2-(1-tert-Butoxycarbonyl-pyrrolidin-2-y!)-3H-

imidazol-4-y(]-naphthalen-2-yl}-phenyl)-1H-imidazol-2-yl}-
4-cyano-pymrolidine-1-carboxylic acid tert-buty! ester

HCHO
NaB(OAc);H

N
S rare e
i M

4-Aminomethyl-2-{5-(4-{6-{2-(1-tert-butoxycarbonytpymrolidin-2-yl)-
3H-imidazol-4-yll-naphthalen-2-yl}-phenyl)-1H-imidazol-2-yl}-
pyrrolidine-1-carboxylic acid terf-buty! ester

2
N
e
= O~

HN—

1. TFA

2. HATU, DIEA
~N

T oo
Ho\g/\u ’&o

\N 2-{5«(4-{6-{2(1-tert-Butoxycarbonyl-pymolidin-2-yl)-
- 3H-imidazol-4-yll-naphthalen-2-yl}-phenyl)}-1H- .
/ imidazol-2-yl}-4-dimethylaminomethyl-pyrrolidine-1- 2-Methoxycarbonylamino-3-
carboxylic acid fert-buty! ester methyl-butyric acid

*(\ -~
\\( O OO )\\ [1-(4-Dimethylaminomethyl-2-{5{4~(6-{2-
\\ \/\ N [1-{2-methoxycarbonylamino-butyryi)-
pymolidin-2-yl}-3H-imidazol-4-y(}-
naphthalen-2-yl)-phenyl}-1H-imidazo}-2-
N yl}-pymrolidine-1-carbonyl)-2-methyl
/N’ propyll-carbamic acid methy! ester
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LiOH.H,0 (167 mg, 3.98 mmol) was added to 4-cyano-pyrrolidine-1,2-dicarboxylic acid 1-tert-
butyl 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 HCl 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
HATU (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 rert-butyl ester (1.05 g, yield 91%).
LCMS-ESI: calc’d for CjoH2:BrN3;O4: 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)- 1H-imidazol-2-yl]-4-cyano-pyrrolidine- 1-carboxylic acid rers-butyl ester (356
mg, containing 15% starting material, yield 35%). LCMS-EST": calc’d for Cy9H2,BrN4O;:
417.30; Found: 418.9 (M+H").

The mixture of 2-[5-(4-Bromo-phenyl)-1H-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]-1H-imidazol-2-yl} -pyrrolidine- 1-carboxylic acid ferz-butyl ester (501 mg,
1.02 mmol), tetrakis(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 rer¢-butyl ester (200 mg, yield 33%) and
the amide product. LCMS-ESI": calc’d for C4;HasN704: 699.84; Found: 700.2 (M+H™).

LAH (45 mg, 6 eq.) was added to the solution of mixture of 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-cyano-pyrrolidine-1-carboxylic acid ters-butyl ester (146 mg, 0.066 mmol) in 3 ml THF at
0 °C. The reaction was quenched after 30 minutes using water, 10%NaOH 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/H;0 + 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)-1H-imidazol-2-yl]-pyrrolidine- 1 -carboxylic
acid tert-butyl ester TFA salt (150 mg, yield 95%). LCMS-ESI": calc’d for C4HsgN7O4: 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)-
1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid fert-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% ACN/H,0 + 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-dimethylaminomethyl-pyrrolidine- 1 -carboxylic
acid rert-butyl ester TFA salt (41.7 mg, yield 67%). LCMS-ESI: calc’d for C43Hs3N7Oj:
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)-3H-imidazol-4-yl]-naphthalen-2-yl}-phenyl)-1H-imidazol-2-yl]-4-dimethylaminomethyl-
pyrrolidine-1-carboxylic acid fert-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 pl), 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 (MgSO4), concentrated

888

IPR2018-00211 Page 890 of 1092 I-MAK 1011



WO 2010/132601 PCT/US2010/034600

and purified by preparative reverse phase HPLC (Gemini, 5 to 100% ACN/H,0 + 0.1% TFA).
Product lyophilized to give [1-(4-Dimethylaminomethyl-2-{5-[4-(6-{2-[1-(2-
methoxycarbonylamino-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl]-
1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methy! ester the bis-
TFA salt (Example A) (13.1 mg).

'H-NMR: 300 MHz, (CD3;0D-d4) &: 8.28 (d, 2H), 8.02 (m, 2H), 7.83-7.92 (m, 8H), 5.38 (m,
2H), 4.58(m, 1H), 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), 2.81(m,1H), 2.62 (m, 1H), 2.40-2.00 (m, 5H), 0.95-1.05 (m, 12 H).
LCMS-ESI": calc’d for C47HsoNgQs: 846.03; Found: 848.4 (M+H").

Example JN

e

N
T(\b
B NN O OO \_N oc MsCl, DIEA
N N "
H

HoN—" 4-Aminomethyl-2-(5-(4-{6-[2-(1-tert-
2 butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol4-yl}-
naphthalen-2-yl}-phenyl)-1H-imidazol-2-yl)-
pyrrolidine-1-carboxylic acid tert-butyl ester

"B
O N | N 1. TFA
N N\ Boc
Boc i 3 Q Q N 2. HATU, DIEA
N N \/

¥

©

HO
HN—‘: 2-{5-(4-{6-[2-(1-tert-Butoxycarbonyl- \ﬂ/\ ‘Q
pyrrolidin-2-yl)-3H-imidazol-4-yl}-naphthalen-
2-yl}-phenyl)-1H-imidazol-2-yl}-4- 2 Melhoxycarbonylamlno-S-
(methanesuifonylamino-methyl)-pymolidine- methyl-butyric acid

1-carboxylic acid fert-butyl ester

-~
)LN N\(\ \\
AR v

0, .0
/ \N /\

H [1-(4-(Methanesulfonylamino-methyl)-2-{5-[4-(6-{2-[1-(2-
methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yf}-3H-imidazol-
4-yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-y(}-pyrrolidine-1-
carbonyl)-2-methyl-propyl}-carbamic acid methy! 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)-3H-imidazol-4-yl]-naphthalen-2-yl}-phenyl)-1H-imidazol-2-
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yl]-pyrrolidine-1-carboxylic acid fert-butyl ester (69 mg, 0.098 mmol) and DIEA( 51 pl, 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/H,0 + 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 ters-butyl ester TFA salt (29 mg,
yield 38%). LCMS-ESI: calc’d for C4,Hs1N704S: 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)-3H-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 vacuum. 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 pl, 6 eq.), followed by HATU (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 (MgSO4), concentrated
and purified by preparative reverse phase HPLC (Gemini, 5 to 100% ACN/H,0 + 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]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl}-carbamic acid methyl
ester the bis-TFA salt (Example B) (12.9 mg).

'H-NMR: 300 MHz, (CD;0D-d,) &: 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), 4.12(m, 2H), 3.92 (m, 2H), 3.62 (s, 6H),3.61(m,2H),
3.02(s, 3H), 2.72(m,2H), 2.60 (m, 1H), 2.40-1.98 (m, 5H), 0.95-1.05 (m, 12 H).

LCMS-ESI": calc’d for Cs6Hs7NgO3S: 896.07; Found: 896.3 (M+H™).
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4-Aminomethyl-2-[5-(4-{6-[2-(1-tert-
butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-
naphthalen-2-yl}-phenyl)-1H-imidazol-2-yi}-
pyrrolidine-1-carboxylic acid ferf-butyl ester

HoN—"

§/>

H
N\l(\N‘ o

O H

/l( 3 4-(Acetylamino-methyl)-2-[5-(4-{6-[2-(1-tert-
HN butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl}-
naphthalen-2-yl}-phenyl)-1H-imidazol-2-yl}-
pymrolidine-1-carboxylic acid fert-butyl ester

»\N'H N N
=0 0 |
N 0 NN )\\
SO~
o =
A
H [1-(4-(Acetylamino-methyl)-2-{5-[4-(6-{2-[1-(2-

methoxycarbonylamino-3-methyl-butyryl)-pymrolidin-
2-yl}-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl)- 1H-

imidazol-2-yf}-pyrrolidine-1-carbony!)-2-methyl-
propyl}-carbamic acid methyl ester

PCT/US2010/034600

AcCl, DIEA

1. TFA

2. HATU, DIEA
N

H o—
HO :
T %

2-Methoxycarbonylamino-3-
methyt-butyric acid

AcCl (5 pl, 1 eq.) was added to the mixture of 4-Aminomethyl-2-[5-(4-{6-[2-(1-ter?-
butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-naphthalen-2-yl}-phenyl)- 1 H-imidazol-2-
yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (50 mg, 0.071 mmol) and DIEA( 37 ul, 3eq) in

1 ml DCM and 1 mL MeCN mixture. The reaction was stirred at room temperature for 1 hour.

LC-MS shows desired and Bis-acetyl product. The reaction mixture was concentrated down and
purified by preparative reverse phase HPLC (Gemini, 5 to 100% ACN/H,O + 0.1% TFA).
Product lyophilized to give 4-(Acetylamino-methyl)-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 rert-butyl ester TFA salt (13 mg, yield 25%). LCMS-ESI: calc’d for

Ca3Hs)N;Os: 745.91; Found: 746.2 (M+H").
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Trifluoroacetic acid (0.5 mL)was added to 4-(Acetylamino-methyl)-2-[5-(4-{6-[2-(1-tert-
butoxycarbonyl-pyrrolidin-2-yl)-3H-imidazol-4-yl]-naphthalen-2-yl}-phenyl)- 1H-imidazol-2-
yl)-pyrrolidine-1-carboxylic acid fert-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 pl, 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 ethy! acetate and washed
with dilute sodium bicarbonate solution. The organic layer was dried (MgSO4), concentrated
and purified by preparative reverse phase HPLC (Gemini, 5 to 100% ACN/H,0 + 0.1% TFA).
Product lyophilized to give [1-(4-(Acetylamino-methyl)-2-{5-[4-(6-{2-[1-(2-
methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-imidazol-4-yl } -naphthalen-2-yl)-
phenyl]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl}-carbamic acid methyl
ester the bis-TFA salt (Example C) (6.6 mg).

'H-NMR: 300 MHz, (CD;0D-dy) 5: 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-ESI": calc’d for C47Hs7NgO7: 859.44; Found: 860.4 (M+H").

Example JP

o OH 0
Cb: EtsN Cbz Br NHOAc
e o A e B4 L penei40C,

o : : :
5-Aza-spiro{2 4]heptane-5,.6-

_ 2-Bromo-1-(7-bromo- 5-Aza-spiro[2.4]heptane-5,6- dicarboxylic acid 5-benzyl ester
dibenzofuran-3-yi)-ethanone dicarboxylic acid 5-benzyl ester 8{2-(7-bromo-dibenzofuran-3-yl)-2-oxo-ethyl] ester

IR B Wal e g QO30 &
XJL ¥ @ny T

5'(5'(7 _Bromo-dibenz om»-s- mem 3-(6-(4 4, 5 s-Tetmrnethyl-H 3,2} ot 3-(6-(7-[2-(5-Benzybxycarbony1-5-aza-tplm[2 4p\ept-6~y1)-3H-

Srom. . - 1H. ; vi] 1 )-tz-aza-
2.yl}5-a -2-aza bquo(Z 2.1]heptane- quo(z 2 preptane-z-carboxyhc acid fert-butyl ester
5€8"°°XY|'° acid ben: ‘ZY‘ “‘" 2-carboxylic acid fert-butyl ester

1 NSl

NH
a. HB/HOAG; TN 0w 7 L
b. RCOOH/HATU/Pr,NEVDMF \I \)L\ Q O N 0”7y
N N HN_ o
; H O Y ~
o}

(1-(3-{5-(7-(2{2-(2 Methoxycarbonylamino-3-methyl-butyryl)
~2-az8-bicycio[2.2.1}hept-3-yl}-3H-benzaimidazol-5-y1)-

dibenzofuran-3-yl)- 1 H-imidazol 2-y1}-5

[2.4]heptane-5-carbonyl}-2- me‘lhyl—propyl)—calbam add methyt ester
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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 pl, 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 (210 mg)

6-[5-(7-Bromo-dibenzofuran-3-yl)-1H-imidazol-2-yl]-S-aza-spiro[2.4]heptane-S-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 (210 mg, 0.39 mmol) 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)-
1H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-carboxylic acid benzyl ester (150 mg). m/z: 542.1
(M+1), 540.1 (M-1).

3-(6-{7-[2-(5-BenzyloxycarbonyI-S-aza-spiro[2.4]hept-6-y|)-3H-imidazol-4-yl]-
dibenzofuran-3-yl}-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)-1H-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)-1H-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(PPh;)4 (15 mg) and
PdCly(dppf)CH,Cl; (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-yl)-3H-imidazol-4-yl]-dibenzofuran-3-yl}-1H-
benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester (190 mg).
m/z: 775.2 (M+1), 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[2.2.1]hept-3-yl]-3H-benzoimidazol-5-yl}-dibenzofuran-3-yl)-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}-1H-benzoimidazol-2-yl)-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid fert-
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/Et;0 (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%TFA/CH3CN/0.1%TFA/H;0) gave (1-{6-[5-(7-{2-[2-(2-
methoxycarbonylamino-3-methyl-butyryl)-2-aza-bicyclo[2.2.1]hept-3-yl]-3H-benzoimidazol-5-
yl}-dibenzofuran-3-yl)-1H-imidazol-2-yl]-5-aza-spiro[2.4]heptane-5-carbonyl} -2-methyl-
propyl)-carbamic acid methyl ester (151 mg). m/z: 855.3 (M+1), 853.2 (M-1), 428.4 (M+2)/2.
'H NMR (CDsOD, 300 MHz) & 8.25-7.70 (10 H, m), 5.4 (1 H, m), 4.95-4.7 (1 H, m), 4.38 (1 H,
m), 4.16 (1 H, m), 3.95 (1 H, m), 3.83 (1 H, m), 3.69 (3 H, s), 3.67 (3 H, s5), 3.5-3.2 (1 H, m),
2.98 (1 H, m), 2.5 -1.7 (10 H, m), 1.2-0.8 (16 H, m).
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Example JQ
OO — OO — OO
~o s BBry mo O S
2-(4-Bromo-phenyl)-6- DCM 2-(4-Bromo-phenyl)- pyridine  Trifluoro-methanesutfonic acid 2-
methoxy-benzo[b]thiophene benzo{bjthiophen-6-0! g[-:nr:mt;e_gs;?; tor
OFEt
Sn(Bu);,
1. Pd(PPhs),
PdCI(PPhs),
LiCI Pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-(2-
DMF (2<{4-[2-(1-Boc-pyrrolidine-2-carbonyloxy)-acetyl)-
phenyl}-benzo[blthiophen-6-yl)-2-oxo-ethyl] ester
2. NBS/H,0

N{m

—_— N\KW
NH4OA /
xyl;ne © O

MW,
2-5-(2<{4-{2-(1-Boc-pyrrolidin-2-yl)-3H-imidazol-4-yi}-
phenyf}-benzo[blthiophen-6-yl)-1H-imidazol-2-yl}-
pyrrolidine-1-carboxylic acid fert-butyl ester

?ﬁ? 2

DMF

[1-(2{5-[2-(4{2{1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-
2-yl}-3H-imidazoH4-yi}-phenyl)-benzo[bjthiophen-6-yi]-1H-imidazol-2-yl}-
pyrrolidine-1-carbonyl)-2-methyl-propyl}-carbamic acid methyl ester

2-(4-Bromo-phenyl)-6-methoxy-benzo[b]thiophene was reported in the literature (Journal of
Medicinal Chemistry, 2007, 50, 2682-2692).

2-(4-Bromo-phenyl)-benzo[b]thiophen-6-ol. To a stirred solution of 2-(4-bromo-phenyl)-6-
methoxy-benzo[b]thiophene (80 mg, 0.25 mmol) was added BBr; (0.5 mL of 1 M 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 NaHCOj solution, water and brine, dried over Na;SOy, 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-H)".
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Trifluoro-methanesulfonic acid 2-(4-bromo-phenyl)-benzo[b]thiophen-6-yl ester. Tf,0 was
added slowly to a mixture of 2-(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 NaHCO; solution. The mixture was extracted with ethyl acetate (50
mL). The organic layer was washed with water and brine, dried over Na;SOy, filtered and
concentrated in vacuo. The obtained residue was used for next step reaction without further

purification.

Pyrrolidine-1,2-dicarboxylic acid 1-fert-butyl ester 2-[2-(2-{4-[2-(1-Boc-pyrrolidine-2-
carbonyloxy)-acetyl]-phenyl}-benzo[bjthiophen-6-yl)-2-oxo-ethyl] ester. Pd(Ph3), (43 mg,
0.037 mmol), PdCI,(Ph;), (26 mg, 0.037 mmol) and LiCl (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 Na,SOy, 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-fert-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 NaHCOj; solution and
water, dried over Na,SOy, filtered and concentrated in vacuo. The obtained residue was purified
by flash chromatography to provide the desired product (90 mg, 27% over two steps). m/z 743.2
(M+Na)".

2-[5-(2-{4-[2-(1-Boc-pyrrolidin-2-yl)-3H-imidazol-4-yl]-phenyl}-benzo[b]thiophen-6-yI)-
1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid fert-butyl ester. A mixture of pyrrolidine-
1,2-dicarboxylic acid 1-ters-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 NaHCOj; solution, water and
brine, dried over Na;SQy, filtered and concentrated in vacuo. The obtained residue was purified
by flash chromatography to provide the desired product (60 mg, 70%). m/z 681.2 (M+H)".
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[142-{5-[2-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-3H-
imidazol-4-yl}-phenyl)-benzo[b]thiophen-6-yl]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-
2-methyl-propyl]-carbamic acid methyl ester. To a solution of 2-[5-(2-{4-[2-(1-Boc-
pyrrolidin-2-yl)-3H-imidazol-4-yl}-phenyl}-benzo[b]thiophen-6-yl)-1H-imidazol-2-yl]-
pyrrolidine-1-carboxylic acid fert-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 mmol), HATU (84 mg, 0.22 mmol)
and N, N-diisopropylethylamine (0.12 mL, 0.70 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 Na;SOj,
filtered and concentrated in vacuo. The obtained residue was purified by HPLC to provide the
desired product as a TFA salt (45 mg, 64%). 'H-NMR (300 MHz, CD;0D) & 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+H)".

Example JR
\/
o5 o5 -o
ElzZn
2,7-Dibromo-9- TFA 2', T-dibromospirocyclopropane-
methylene-8H-fluorene CHZ'Z 1,9-fluorene
;\Et oy N-Cb2
Hooc” N
Sn(Buks Coz o 2 . SrNH .
¢ O ™ ana
1. Pd(PPhy). NH40Ac
P4CI z(P’P;ia)z DIPEA, DMF xylen
5-Cbz-5-aza-spiro| 2. 4jheptane-6-carboxylic 6-{5-(7-Bromospirocyclopropane-1,9"-
2. NBSMH,0 acid 2-(7-bromospirocyclopropane-1,9'- fluoren-2-yl)- 1 H-imidazol-2-yl}-5-Cbzl-5-
fluoren-2-yl)-2-0xo-ethyl ester aza-spiro[2.4]heptane
W &

o Oad Q

PdCI(PPhs);

2M K2COy 2-(2-Boc-2-aza-bicyclof2.2. 1Jhept-3-y1)-6-{7-[2-(5-Cbz-5-

DME aza-spiro[2.4]hept-6-yl)-3H-imidazol-4-yl}-

spirocyclopropane-1,9-fluoren-2-yl}-1 H-benzoimidazole
o o=
\/
Y‘NJ(
\"‘" .
e vos. eoc OO0 Q
OCM DIPEA
acetonitrile
/O

(1-(3-(6-(7-(2 .{5-(2-Methoxycarbonytamino-3-methyt-butyry!)-5-aza-spiro{2. 4 hept-6-yi}-
azol-4-yl}-spirocyclopropane-1.9'-fluoren-2-yl)- 1H-benzokmidaz ol-2-yl}-2-aza-
bucydotz 2.1heptane-2-carbonyf)-2-methyt-propyl)-carbamic acid methyt 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 M in 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
0° C, then a solution of 2,7-dibromo-9-methylene-9H-fluorene (750 mg, 2.2 mmol) in DCM (5
mL) was added. The mixture was stirred at ambient temperature for 5 days, then quenched
slowly with NH4ClI solution. The mixture was extracted with ethyl acetate, washed with water
and brine, dried over Na;SO;, filtered and concentrated in vacuo. The obtained residue was
dissolved in a mixed solvent of THF/water/acetone (18 mL with ration 12/4/4), NMO (264 mg,
2.2 mmol) and OsO,4 was added. The mixture was stirred for 16 hs at ambient temperature,
quenched with 1 M Na;,S,03, then extracted with ethyl acetate. The organic layer was washed
with water and brine, dried over Na;SQy, 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(Phs)4 (67 mg, 0.058 mmol) and PdCl;(Ph;); (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 Na;SOy, 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 room temperature for 16 hours,
diluted with ethyl] acetate (100 mL). The organic layer was washed with NaHCOj solution and
water, dried over Na,SO,, 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+H)".
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6-[5-(7-Bromospirocyclopropane-1,9'-fluoren-2-yl)-1H-imidazol-2-yl]-5-Cbzl-5-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-ethy! ester (825 mg, 1.4 mmol) 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 NaHCOj solution, water and
brine, dried over Na;SOy, filtered and concentrated in vacuo. The obtained residue was purified
by flash chromatography to provide the desired product (140 mg, 18%). m/z 566.1, 568.1
(M+H)".

2-(2-Boc-2-aza-bicyclo[2.2.1]hept-3-y1)-6-{7-[2-(5-Cbz-5-aza-spiro[2.4] hept-6-yl)-3H-
imidazol-4-yl]-spirecyclopropane-1,9'-fluoren-2-yl}-1H-benzoimidazole. Pd(Ph;)s (14 mg,
0.012 mmol) and PdCl;(Ph3)2 (9 mg, 0.012 mmol) were added to a mixture 6-[5-(7-
bromospirocyclopropane-1,9'-fluoren-2-yl)-1H-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)-1H-benzoimidazol-2-
yl]-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid fers-butyl ester (120 mg, 0.27 mmol), 2M
K;COj3 (0.5 mL, 1.0 mmol) in 1,2-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 NaHCO; solution,
water and brine, dried over Na;SQ,, filtered and concentrated in vacuo. The obtained residue

was purified by flash chromatography to provide the desired product (80 mg, 40%). m/z 799.3
(M+H)".

(1-{3-[6-(7-{2-[5(2-Methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro|2.4) hept-6-yl]-
3H-imidazol-4-yl}-spirocyclopropane-1,9'-fluoren-2-yl)-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}-1H-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), HATU (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 Na,SQy, filtered and concentrated in vacuo. The obtained residue
was purified by HPLC to provide the desired product as a TFA salt (55 mg, 62%). m/z 879.4
(M+H)".

Example JS

“o-e H“‘W/Q
B-B le)
Q‘s o o j: jB—Q—s Bk 5
o oi
y@»sr PdCldppf, KOAC ,NOBi Pd(PPhaz)s, 1 M NaHCO;
H H o}

DMSO, 80 °C, 18 h, 60% DME, 90 °C, 18 h, 26%

1.4 N HCl/dioxane, r.t., 2 h

2. (S)-Moc-Val-OH, HATU, NMM
DMF,rt., 18 h, 2%

Boc T S H />
&f@@«f K

o]
)LN'H
-0 (o)
s D
M\ N\.)\ N ‘
O~

2,7-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-10H-phenothiazine: 2,7-Dibromo-10H-
phenothiazine (590 mg, 1.65 mmol, WuXi AppTec) in DMSO (16 mL) was treated with
bis(pinacolato)diboron (1.68 g, 6.60 mmol), KOAc (1.30 g, 13.2 mmol), and PdCl,dppf (135
mg, 0.165 mmol). The reaction mixture was stirred at 80 °C 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 H,O (2 50 mL) and saturated NaCl solution (1 50 mL). The solution was dried over
MgSO; and treated to a 80 g SiO; 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-H,0 gradient [non-polar], 0.05% TFA modifier) 1z = 6.821 min
(~80% purity @ 254 nM).

(28,2'S)-tert-Butyl 2,2'-(5,5'-(10H-phenothiazine-2,7-diyl)bis(1 H-imidazole-5,2-
diyl))dipyrrolidine-1-carboxylate: 2,7-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-10H-
phenothiazine (450 mg, 1.00 mmol) in DME (10 mL) was treated with (S)-fert-butyl 2-(5-
bromo-1H-imidazol-2-yl)pyrrolidine-1-carboxylate (662 mg, 2.09 mmol), 1 M NaHCO; (5 mL,
5.00 mmol), and Pd(PPhs)4 (69 mg, 0.06 mmol). The reaction mixture was stirred at 90 °C 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 H;O (2 50 mL) and satur ated NaCl solution (1 50
mL). The solution was dried over MgSO, and treated to a 40 g SiO, COMBIFLASH column (0-
100% EtOAc—hexanes gradient, followed by a 0—100% 20%-MeOH/EtOAc-hexanes gradient)
to afford (2S5,2'S)-tert-butyl 2,2'-(5,5'-(10H-phenothiazine-2,7-diyl)bis(1 H-imidazole-5,2-
diyl))dipyrrolidine-1-carboxylate (175 mg, 26%): MS (ESI) m/z 670 [M + H]".

Dimethyl (25,2'S)-1,1'-((2S,2'S)-2,2'-(5,5'-(10H-phenothiazine-2,7-diyl)bis(1H-imidazole-
5,2-diyl))bis(pyrrolidine-2,1-diyl))bis(3-methyl-1-oxobutane-2,1-diyl)dicarbamate: (25,2'S)-
tert-butyl 2,2'-(5,5'-(10H-phenothiazine-2,7-diyl)bis(1 H-imidazole-5,2-diyl))dipyrrolidine-1-
carboxylate (175 mg, 0.26 mmol) was treated with 4 N HCI (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-Val-OH (96 mg, 0.55 mmol), HATU (219 mg, 0.57 mmol), and 4-
methylmorpholine (143 pL, 1.31 mmol; or until basic). The stirred for 18 h then diluted with
EtOAc (100 mL) and washed with saturated NaHCOj solution (2 50 mL), H ;0 (2 50 mL),
and saturated NaCl solution (1 50 mL). The solution was dried over MgSO 4 and treated to a 40
g Si0; COMBIFLASH column (0-100% EtOAc-hexanes gradient, followed by a 0—100%
20%MeOH/EtOAc-hexanes gradient) and RP HPLC (6-98% MeCN-H,0 gradient, 0.1% TFA
modifier). Finally, the material was subjected to a 20 20 preparative TLC (10% MeOH -
EtOAc) to afford dimethyl (2S5,2'S)-1,1'-((2S,2'S)-2,2'-(5,5'-(10H-phenothiazine-2,7-diyl)bis(1H-
imidazole-5,2-diyl))bis(pyrrolidine-2,1-diyl))bis(3-methyl-1-oxobutane-2,1-diyl)dicarbamate
(3.6 mg, 2%): MS (ESI) m/z 784 [M + H]".
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Example JT
Pd(PPh),
|'! H L NaHCO,
N N\ DME, H,0
N Br O 0O Ny -
H H H o-
3{5-{4-(4.4,5,5- TetramethyH 1,3,2)dioxaborolan-2-yi)- (1-{6-{5-(6-Bromo-naphthalen-2-yf)-1H-imidazol-2-y(}-5-
phenyl}-1H-Imidazol-2-yl)-2-aza-bicyciof2.2. 1 jheptane-2- aza-spiro{2.4jheptane-S-carbonyl}-2-methyt-propyl)-
carboxylic acid tert-butyl ester carbamic acid methyl ester
—Q H 1) HCL, Dioxanes
o)‘N o O H H 2) HATU, NMM, DMF
\ N ) _—
5 | N N
 avaSyRent L
= OO N
o H
3{5{4-(6-{2-{5-(2-Methoxycarbonytamino-3-methyk-butyryl)-5-aza-spiro[2.4hept-6-yl}- 3H- 2-Methoxycarbonylamino-
imidazol-4-y(}-naphthaten-2-yf)-phenyl)- 1 H-imidazol-2-yf}- 2-aza-bicycio{2.2. 1jheptane-2- propionic acid

carboxylic acid fert-buty! ester

~3—N'H o] H \HR@
° M~ N NN
~ %«kk o

H O—

[1-(8-{5-{6-{4-{2-{2-(2-Methoxycarbonylamino-propionyl)-2-aza-bicyclo[2.2. 1 Jhept-3-yT}
3H-imidazoH4-yl}-phenyl)-naphthalen-2-y(}- 1 H-emidazol-2-yf)-5-aza-spiro[2.4]heptane-
S-carbonyl)-2-methyl-propyf}-carbamic acikd methy! ester

[1-(6-{5-[6-(4-{2-[2-(2-Methoxycarbonylamino-propionyl)-2-aza-bicyclo[2.2.1]hept-3-yl]-
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: A solution of (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 (1.00 g, 1.9 mmol), 3-{5-[4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-phenyl}- 1 H-imidazol-2-yl}-2-aza-bicyclo[2.2.1]heptane-2-carboxylic
acid rert-butyl ester (1.31 g, 2.8 mmol) and aq NaHCO; (7.6 mL of a IM solution, 7.6 mmol) in
DME (20 mL) was degassed with N 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 H,O and then brine
then dried over sodium sulfate. After filtration the solvent was removed from the filtrate under
reduced pressure. The crude material was purified by silica gel chromatography (70-100%
EtOAc/Hexanes) to afford 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]-1H-imidazol-2-yl}-2-aza-
bicyclo[2.2.1]heptane-2-carboxylic acid fert-butyl ester (835 mg, 1.07 mmol, 56% yield).
LCMS-ESI*: calc’d for C4gHsaN7Os: 784.4 (M+H"); Found: 784.8 (M+H").
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[1-(6-{5-[6-(4-{2-[2-(2-Methoxycarbonylamino-propionyl)-2-aza-bicyclo[2.2.1]hept-3-yl}-
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: To 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]-1H-imidazol-2-yl}-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid ters-
butyl ester (46 mg, 0.059 mmol) in dioxanes (2 mL) and MeOH (0.5 mL) was added 4N HCl in
dioxanes (160 pL). 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
uL, 0.18 mmol), 2-methoxycarbonylamino-propionic acid (13 mg, 0.089 mmol) and HATU (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-H;0; 0.1% formic acid modifier) to
afford the title product (26 mg, 0.032 mmol, 54% yield). LCMS-ESI": calc’d for CasHs3N3Os:
813.4 (M+H"); Found: 813.4 (M+H").

Example JU
- H 1) HCI, Dioxanes
o) H 2) HATU, NMM, DMF
<
H O
2 O N o o
“My ™y on
0 O
3-{54{4-(6{2-[5-(2-Methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4]hept-6-yl}-3H- 4-Methoxy-2-
imidazol-4-yf}-naphthalen-2-yl)-phenyl}-1H-imidazol-2-y[}-2-aza-bicyclo[2.2.1]heptane-2- methoxycarbonylamino-
carboxylic acid tert-butyl ester butyric acid

‘3}‘NH 0 H H
D N
~ ENEJ"‘“ OO

[146-{5-{6-(4-{2-[2-(4-Methoxy-2-methoxycarbonylamino-butyryl)-2-aza-
bicycio[2.2.1]hept-3-yl}-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl}-1H-imidazol-2-yl}-5-
aza-spiro[2.4]heptane-5-carbonyl)-2-methyl-propyf}-carbamic acid methyl ester

H

[1-(6-{5-[6-(4-{2-[2-(4-Methoxy-2-methoxycarbonylamino-butyryl)-2-aza-
bicyclo[2.2.1]hept-3-yl]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-imidazol-2-yl}-5-
aza-spiro|2.4]heptane-5S-carbonyl)-2-methyl-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]-3H-
imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-2-aza-bicyclo[2.2.1]heptane-2-
carboxylic acid zert-butyl ester (46 mg, 0.059 mmol) in dioxanes (2 mL) and MeOH (0.5 mL)
was added 4N HCl in dioxanes (160 pL). The suspension was stirred for 2 h then concentrated
to afford the HCIl salt of the crude amine. To the crude amine in DMF (1 mL) was added M-
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methylmorpholine (19.5 pL, 0.18 mmol), 4-methoxy-2-methoxycarbonylamino-butyric acid (17
mg, 0.089 mmol) and HATU (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-
H,0; 0.1% formic acid modifier) to afford the title product (40 mg, 0.047 mmol, 79% yield).
LCMS-ESI": calc’d for CagHs;NgO5: 857.4 (M+H"); Found: 857.4 (M+H™).

Example JV

. H H 1) HC|, Dioxanes
\ 2) HATU, NMM, DMF
s N NN M
BhaVeSesg s s
! L N\_N o) |
: : S N /o\n,N\_)LOH
H O— :

o
6-{5-{6-(4{2{2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza- .
bicycio[2.2. 1]hept-3-yi}-3H-imidazol4-yl-phenyl)-naphthalen-2-yl}-1 H-imidazol-2- 2'Methgxy°g"’°".§'a’"'"°'
ylF-5-aza-spiro{2.4]he ptane-5-carboxylic acid fert-butyl ester utyric aci

-0 H :
)‘N' o] H H
° X~ NN\
\ g "~ Il
H O—

[1-(3-{5{4-(6{2-{5(2-Methoxycarbonylamino-butyryl)-5-aza-spiro[2.4}hept-6-y|}-3H-
imidazol-4-yl}-naphthalen-2-yl)-phenyl}-1H-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] hept-6-yl]-3H-
imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-2-aza-bicyclo[2.2.1]heptane-2-
carbonyl)-2-methyl-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-yl]-3H-imidazol-4-yl} -
phenyl)-naphthalen-2-yl]-1H-imidazol-2-yl}-5-aza-spiro[2.4 Jheptane-5-carboxylic acid rert-
butyl ester (50 mg, 0.064 mmol) in dioxanes (2 mL) and MeOH (0.5 mL) was added 4N HCl in
dioxanes (160 pL). 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 uL,
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-H;0; 0.1% formic acid modifier) to
afford the title product (30 mg, 0.036 mmol, 57% yield). LCMS-ESI": calc’d for C47HssNgOg:
827.4 (M+H"); Found: 827.4 (M+H").
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Example JW

}.

1) HCI, Dioxanes
2) HATU, NMM, DMF

fﬁ NS
Z/ " ~OH

Y
°c X
3-{5-[44(6-{2{5<(2-Methoxycarbonylamino-3-methyl-butyryl}-5-aza-spiro[2.4]hept-6-y!}-3H- 2-Methoxycarbonylamino-

imidazol4-yl}-naphthalen-2-yl)-phenyi}-1 H-imidazol-2-yl}-2-aza-bicyclo[2.2.1]heptane-2- butyric acid
carboxylic acid tert-butyl ester ty

XJL:)@ e

H o—

0%'

[1-(6-{5-{6(44{2-{2-(2-Methoxycarbonylamino-butyryl)-2-aza-bicyclo[2.2. 1 }hept-
3-yi}-3H-imidazol4-y{}-phenyl)-naphthalen-2-yl}-1H-imidazol-2-yl}-5-aza-
spiro[2.4]heptane-5-carbonyl)-2-methyl-propyf}lcarbamic acid methyl ester

[1-(6-{5-]6-(4-{2-[2-(2-Methoxycarbonylamino-butyryl)-2-aza-bicyclo[2.2.1]hept-3-yl]-3H-
imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-imidazol-2-yl}-5-aza-spiro[2.4] heptane-5-
carbonyl)-2-methyl-propylj-carbamic acid methyl ester: To 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]-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 HCl in
dioxanes (160 uL). 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 uL,
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-H;0; 0.1% formic acid modifier) to
afford the title product (51 mg, 0.062 mmol, 80% yield). LCMS-ESI": calc’d for C47HssNgOg:
827.4 (M+H"); Found: 827.4 (M+H").
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Example JX

—Q H 1) HCI, Dioxanes
/>~ 2) HATU, NMM, DMF

= gfﬁc o d L,

o]

3{5{4-(6-{2-{5-(2-Methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro{2.4]hept-6-yl)-3H- 2-Methoxycarbonylamino-3,3-
imidazoi-4-yf}-naphthalen-2-yl)-phenyl}-1 Himidazol-2-yl}-2-aza-bicyclof2.2. 1}heptane-2- dimethyl-butyric acid
carboxylic acid tert-butyl ester

_(}‘N'H 0 H H
o ) NN N
ﬁgk

[1«34{5-]4H6{2{5-(2-Methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4]hept-6-
yi]-3H-imidazoH4-yl}-naphthalen-2-yl)}-phenyl}-1 Himidazol-2-yl}-2-aza-
bicyclof2.2.1]heptane-2-carbonyl)-2,2-dimethyt-propyl]-carbamic acid methyl ester

[1-(3-{5-[4-(6-{2-[5-(2-Methoxycarbonylamino-3-methyl-butyryl)-S-aza-spiro[2.4]hept-6-
yl]-3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-2-aza-
bicyclo[2.2.1]heptane-2-carbonyl)-2,2-dimethyl-propyl]-carbamic acid methyl ester: To 3-
{5-[4-(6-{2-[5-(2-methoxycarbonylamino-3-methyl-butyryl)-5-aza-spiro[2.4]hept-6-y1]-3H-
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 HCl in dioxanes (160 pL). 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 pL, 0.23 mmol), 2-methoxycarbonylamino-3,3-dimethyl-butyric
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-H,0; 0.1% formic acid modifier) to afford the title product (42 mg, 0.049 mmol,
57% yield). LCMS-ESI": calc’d for C49HsoNzOg: 855.5 (M+H"); Found: 855.5 (M+H").
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Example JY

~Q H 1) HCI, Dioxanes

}— \;@ 2) HATU, NMM, DMF

NJLN Vg W v g
Oy on
0

3{5-{4-(6+{2-[5-(2-Methoxycarbonylamino-3-methyk-butyryl)-5-aza-spiro|2.4Jhept-6-yi}-3H- Methoxycarbonylamino-
imidazol-4-yl}-naphthalen-2-yl)-phenyl}-1H-imidazok-2-yl}-2-aza-bicycio{2.2. 1]heptane-2- phenyl-acatic acid

carboxylic acid terf-butyl ester

_:)_ g N ) ﬁ
‘i‘w%«'“k @

[1{6-{5-{6-(4-{2-{2-(2-Methoxycarbonylamino-2-phenyl-acetyl)-2-aza-
bicycio]2.2. 1]hept-3-yl}-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl}- 1 H-imidazol- 2-yi}-5-
aza-spiro{2.4jheptane-S-carbonyl)-2-methyl-propyl)-carbamic acid methyl ester

[14(6-{5-[6-(4-{2-[2-(2-Methoxycarbonylamino-2-phenyl-acetyl)-2-aza-bicyclo[2.2.1]hept-3-
yl]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-imidazol-2-yl}-5-aza-spiro[2.4] heptane-
S-carbonyl)-2-methyl-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]-3H-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 HCl in
dioxanes (160 pL). 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 puL,
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-H,0; 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 Cs,HssNgOs:
875.4 (M+H"); Found: 875.5 (M+H™).
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Example JZ

1) HCJ, Dioxanes

H H
BOC\ \)NL\ O \N | N \L 2) HATU, NMM, DMF
' H O—

é(’ Oy om
(o]
6-(5-[6-(4{2-{2-(2-Methoxycarbonylamino-3-methyl-butyryl)-2-aza-
bicydo[2.2. 1]hept-3-yl]-3H-imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-imidazol-2-
yl}-5-aza-spiro[2.4]heptane-5-carboxylic acid tert-butyl ester Methoxy yiamino-

phenyl-acetic acid

- n
O)"N' o H H
o T OWHS

H O—
[1-(3-{5{4-(6{2-[5-(2-Methoxycarbonylamino-2-phenyl-acetyl)-5-aza-spiro[2.4}hept-6-
yl]-3H-imidazol-4-y[}-naphthalen-2-yl)-phenyl}- 1H-imidazol-2-yl}-2-aza-
bicyclo[2.2. 1]heptane-2-carbony!)-2-methyl-propyl}-carbamic acid methyl ester

[1-(3-{5-[4-(6-{2-[5-(2-Methoxycarbonylamino-2-phenyl-acetyl)-S-aza-spiro[2.4] hept-6-yl]-
3H-imidazol-4-yl}-naphthalen-2-yl)-phenyl]-1H-imidazol-2-yl}-2-aza-
bicyclo{2.2.1]heptane-2-carbonyl)-2-methyl-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-yl]-3H-
imidazol-4-yl}-phenyl)-naphthalen-2-yl]-1H-imidazol-2-yl}-5-aza-spiro[2.4]heptane-5-
carboxylic acid fert-butyl ester (60 mg, 0.077 mmol) in dioxanes (2 mL) and MeOH (0.5 mL)
was added 4N HCl in dioxanes (160 pL). 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 puL, 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-H;0; 0.1%
formic acid modifier) to afford the title product as a diastereometric mixture (30 mg, 0.035
mmol, 39% yield). LCMS-ESI": calc’d for Cs HssNgOg: 875.4 (M+H"); Found: 875.6 (M+H").
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Example KA

~=Q H 1) HCI, Dioxanes
)N : 2) HATU, NMM, DMF

¢ g N HN /r}
< OO i3

2-{5-[4-(6{2{1-(2-Methoxycarbonylamino-3-methyl-butyryl)-
pyrrolidin-2-yl]-3H-imidazol-4-yi}-naphthalen-2-yl)-phenyl}-1H-
imidazol-2-yl}-pyrrolidine-1-carboxylic acid tert-butyl ester

OH

Hydroxy-phenyl-acetic acid

[1-(2-{5-{6-(4-{2-{1-(2-Hydroxy-2-phenyl-acety!)-pyrrolidin-2-yl]- 3H-
imidazol-4-yl}-phenyl)-naphthalen-2-yl}-1H-imidazol-2-yl}-pyrrolidine-1-
carbonyl)-2-methyi-propyl)-carbamic acid methyl ester

[1-(2-{5-[6-(4-{2-[1-(2-Hydroxy-2-phenyl-acetyl)-pyrrolidin-2-yl}-3H-imidazol-4-yl}-
phenyl)-naphthalen-2-yl}-1H-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}-1H-imidazol-2-yl}-
pyrrolidine-1-carboxylic acid fert-butyl ester (40 mg, 0.055 mmol) in MeOH (1 mL) was added
4N HCl in dioxanes (160 puL). The reaction was stirred overnight then concentrated to afford the
HCI salt of the crude amine. To the crude amine in DMF (1 mL) was added V-
methylmorpholine (100 pL), 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 (10-40% MeCN-H,0; 0.1% formic acid modifier)
to afford the title compound (32 mg, 0.042 mmol, 76% yield). LCMS-ESI": calc’d for
CasHagN7Os: 766.4 (M+H"); Found: 766.4 (M+H™).
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Example KB

—0 H 1) HCI, Dioxanes
>N o 2) EEDQ, DMF

s 1
WHQ{'L“(% W

2-{5-[4-(6-{2{1-(2-Methoxycarbonylamino-3-methyl-butyryl)-
pyrmolidin-2-yi]-3H-imidazol-4-yi}-naphthalen-2-yl)-phenyl]-1H-
imidazol-2-yl}-pyrrolidine-1-carboxylic acid fert-butyl ester

Methoxy-phenyl-acetic acid

:}“"'_H o HooT
ﬂ”@ﬁ@

[1-(2+{5-[6-(4-{2-{1-(2-Methoxy-2-phenyl-acetyl)-pyrrolidin-2-yi]-3H-
imidazol-4-yl}-pheny!)-naphthalen-2-yl} 1 H-imidazol-2-yl}-pyrrolidine-
1-carbonyl)-2-methyl-propyl}-carbamic acid methyl ester

[1-(2-{5-[6-(4-{2-[1-(2-Methoxy-2-phenyl-acetyl)-pyrrolidin-2-yl]-3H-imidazol-4-yl} -
phenyl)-naphthalen-2-yl]-1H-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-yl1}-
pyrrolidine-1-carboxylic acid fert-butyl ester (40 mg, 0.055 mmol) in MeOH (1 mL) was added
4N HCl in dioxanes (160 pL). The reaction was stirred overnight then concentrated to afford the
HCI salt of the crude amine. To the crude amine in CH,Cl; 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). Afier stirring overnight the reaction was
concentrated then purified by reverse phase preparative HPLC (10-40% MeCN-H;0; 0.1%
formic acid modifier) to afford the title compound (13.1 mg, 0.017 mmol, 31% yield). LCMS-
ESI": calc’d for CasHsoN7Os: 780.4 (M+H"); Found: 780.4 (M+H™).
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Example KC
o} 1,0, pyridine, 0
HO O CHCl; TI0 O
O — (O~ )-om
6H-Dibenzo|c,hjchromene-2,8-diol Triﬂuoro-met'ém?gg::;c[caggh B-triﬂu':g;r"e;;:r;esu'fonyloxy-
: Bis(pinacolato)diboron
H /> PdCl,dppf, E;N,
N\(\N\ 1,4-Dioxanes
B"‘&JN Boc

2-(5-Bromo- 1H-imidazol2-yl)-pymolidine-1- 0, O
carboxylic acid tert-butyl ester o’B OQ O B,O\JF
AY
o

Pd(OACc),,

:::.":’C'oa 2,8-Bis-(4,4,5,5-tetramethyl-{1,3,2]dioxaborolan-
DME. H 2’0 2-yl)-6H-dibenzofc,hjchromene

80°C

1) HCI, Dioxanes

o HooT) 2) HATU, NMM, DMF
{,;)\Nh OQ ) \‘"N/\‘aoc P

'y om
o =
(1424{5-(2{2-[1(carboxylic acid tert-butyl ester)-pyrrolidin-2- o .
yl}3H-imidazol-4-yf}-6H-dibenzofc,hjchromen-8-yl)- 1H- . 2-Methoxycarbonylamino-3-
imidazol-2-yf}-pymolidine—1-carboxylic acid tert-buty| ester methyl-butyric acid

‘o)‘N'H o) o H />
o 3 A N—”~N
ﬁq{*/%»«h gt \foht(o

(14{21{5-(2{2-{1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-
yl}-3H-imidazol-4-yl}-6H-dibenzo|c, hjchromen-8-yl}-1H-imidazol-2-yl}-
pyrrolidine-1-carbonyl}-2-methyl-propyl}-carbamic acid methy! ester

Trifluoro-methanesulfonic acid 8-trifluoromethanesulfonyloxy-6H-dibenzo[c,h]chromen-2-
yl ester: To a suspension of 6H-Dibenzo[c,h]Jchromene-2,8-diol (3.46 g, 13.1 mmol) in CH,Cl,
at 0" € 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 H,O, The
organic phase was collected then washed with IN HCI and Brine. After concentration, the crude
material was recrystallized from CH,Cl,/Hexanes to afford the title compound (4.07 g, 7.70
mmol, 59% yield). 'H NMR (CDCls, 400 MHz): & 8.35 (d, 1H), 7.88 (d, 1H), 7.79 (d, 1H),
7.71 (d, 1H), 7.57 (d, 1H), 7.40 (dd, 1H), 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-yl)-6H-dibenzo|c,hJchromene: A
solution of Trifluoro-methanesulfonic acid 8-trifluoromethanesulfonyloxy-6H-

dibenzo[c,h]Jchromen-2-yl ester (1.00 g, 1.9 mmol), 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 PdCl,dppf (139 mg, 0.19 mmol) and then
the reaction was heated to 90° C overnight. Reaction stalled at approximately 60% conversion
so additional PdCl.dppf (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%
CH:Cly/Hexanes) to afford the title compound [1.106 g, >100 % yield due to some
bis(pinacolato)diboron impurity]. LCMS-ESI': calc’d for C9H3sB,0s: 485.3 (M+H"); Found:
485.3 (M+H"). 'H NMR (CDCl;, 400 MHz): & 8.28 (s, 1H), 8.21 (d, 1H), 7.84-7.81 (m, 3H),
7.72 (d, 1H), 7.64 (s, 1H), 7.55 (d, 1H), 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-y1}-6H-
dibenzo[c,h]chromen-8-yl)-1H-imidazol-2-yl]-pyrrolidine—1-carboxylic acid fert-butyl
ester: A solution of 2,8-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 fert-butyl ester (979 mg, 3.09 mmol) and NaHCO; (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(OAc); (22 mg, 0.098 mmol) and PPh; (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 H;O then extracted with EtOAc. The organic phase was then washed with
Brine. Purification of the crude material by silica gel chromatography (50-100%
EtOAc/Hexanes) afforded the title compound [250 mg, 0.35 mmol, 35% yield). LCMS-ESI*:
calc’d for C41H47NgOs: 703.4 (M+H"); Found: 703.2 (M+H").

(1-{2-[5-(2-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl}-3H-
imidazol-4-yl}-6H-dibenzo[c,h]chromen-8-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-
methyl-propyl)-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 ferz-butyl ester (70 mg, 0.10 mmol) in MeOH (0.5 mL) was
added 4N HCl in dioxanes (1 mL). The reaction 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 (44 pL, 0.40 mmol), HATU (46 mg, 0.12 mmol) and 2-
methoxycarbonylamino-3-methyl-butyric acid (26 mg, 0.15 mmol). Afier stirring for 3h the

reaction was quenched with formic acid then purified by reverse phase preparative HPLC (10-
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40% MeCN-H;0; 0.1% formic acid modifier) to afford the title compound (27 mg, 0.033 mmol,
33% yield). LCMS-ESI": calc’d for C4sHs3NgO7: 817.4 (M+H"); Found: 817.4 (M+H").

Example KD

1) HC), Dioxanes

N 0 Ho D) 2) HATU, NMM, DMF
Bog L W, N
N—""N LN Boc Hoo
: N
NERL O

\n/ OH

o)

(14{2-5-(2{2-[1-(carboxylic acid tert-butyl ester)-pyrrolidin-2-
yl}-3H-imidazol-4-yl}-6 H-dibenzo[c,h]chromen-8-yl)-1H-

imidazol-2-yl]-pyrrolidine--1-carboxylic acid tert-butyl ester Methoxycarbonylamino-

phenyl-acetic acid
—0

O)'_ N

0

H
o 0 HooT)
O o
N O
U H Q \NO N
H O—

(2{2-[5-(2+{2-{1-(2-Methoxycarbonyiamino-2-phenyl-acetyl)-pyrrolidin-2-yl]-
3H-imidazol-4-yl}-6H-dibenzo[c,hjchromen-8-yl)-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-yl]-3H-imidazol-
4-yl}-6H-dibenzo[c,h]chromen-8-yl)-1H-imidazol-2-yl]-pyrrolidin-1-yl}-2-0xo-1-phenyl-
ethyl)-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)- 1 H-imidazol-2-yl]-
pyrrolidine--1-carboxylic acid rer¢-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 salt of the crude amine. To the crude amine in CH,Cl; (1 mL) was added K3PO,4 (90
mg, 0.42 mmol), HATU (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-H,0; 0.1% formic acid modifier) afforded
the title compound (34 mg, 0.038 mmol, 45% yield). LCMS-ESI": calc’d for Cs;H4N3gO: 885.4
(M+H"); Found: 885.9 (M+H™).
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Example KE
1) HCI, Dioxanes
N 2) HATU, NMM, DMF
o I e
N N Q \l(\ B H O
: N o o rll\)‘\
Q/ -~ T bt OH
: o
(1-{2-[5-(2{2-[1-(carboxylic acid fert-butyl ester)-pyrrolidin-2-
yl}-3H-imidazol-4-yi}-6 H-dibenzo[c, h]chromen-8-yl)-1H-
imidazol-2-yl}-pyrrolidine--1-carboxylic acid fert-butyl ester o

Methoxycarbonylamino-(tetrahydro-
pyran-4-yl)-acetic acid
‘O IH

%N (o] fo) H ;/5 (o)
° ~ N N~ N Q
s lce -0 =
) Q/ H OH'N%

O—

[2-(2-{5-[2-(2-{1-[2-Methoxycarbonylamino-2-(tetrahydro-pyran-4-yl)-acetyl]-pyrrolidin-
2-yl}-3H-imidazol-4-yl)-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-{5-[2-(2-{1-[2-Methoxycarbonylamino-2-(tetrahydro-pyran-4-yl)-acetyl]-pyrrolidin-
2-yl}-3H-imidazol-4-yl)-6H-dibenzo[c,h]Jchromen-8-yl]-1H-imidazol-2-yl}-pyrrolidin-1-yl)-
2-oxo-1-(tetrahydro-pyran-4-yl)-ethyl]-carbamic acid methyl ester: To (1-{2-[5-(2-{2-[I-
(carboxylic acid rerr-butyl ester)-pyrrolidin-2-yl}-3H-imidazol-4-yl}-6H-dibenzo[c,hJchromen-
8-yl)-1H-imidazol-2-yl]-pyrrolidine--1-carboxylic acid fert-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 pL, 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 (10-40% MeCN-H,0; 0.1% formic acid modifier) to afford the title compound (15 mg,
0.017 mmol, 59% yield). LCMS-ESI": calc’d for C4Hs7NgOy: 901.4 (M+H"); Found: 901.4
(M+H).
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Example KF

{@ {@ {@%] R

6-Bromo-3,4-dihydro- 2,6-Dibromo-3,4-dihydro- Pyrroli
2H-naphthalen-1-one 2H-naphthalen-1-one (&bmﬁfﬁ .:,f:;cza _'g,".;’.‘gﬁh‘;ﬂ,i

naphthaien-2-yl) ester 1-tert-butyl ester

Br O N\"/:} i Nﬁ( ‘~j/\ \\ Ki Pd(dppjf)iz

N Boc  HCl HN\(
2-(7-Bromo-4,5-dihydro-1H-naphtho
[1,2-cfimidazok-2-yl)-pyrrolidine-1- -2 B“’m Sdinydro1 :“‘arg"g‘q‘,‘,z'dl
carboxylic acid fert-butyl ester azol-2-yl)-pymrolidine-1-carbonyi}-2-
methyt-propyl}-carbamic acid methyl ester

o
. £ RO
. Q/ N Q O }\\

(14{2{5-(64{2-{12-Methoxycarbonylamino-3-methyt-butyryl)-

pymrolidin-2-yl}-4, 5-dihydro-1+-naphtho(1,2-d}imidazol-7-yl}

naphthalen-2-yl)-1H-imidazol-2-yi}-pyrrolidine- 1 -carbonyi}-
2-methyt-propyl)-carbamic acid methyl ester

O—

2-6-Dibromo-3,4-dihydro-2H-naphthalen-1-one : 6-Bromo-3,4-dihydro-2H-naphthalen-1-
one (2.0 g) was dissolved in ether (80 mL), and Br; (455 pl) was added at 0°C over 30 min.
After diluting with ether (80 mL), the reaction mixture was washed with 10% Na,SO;, sat.
NaHCO:; 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-1-0x0-1,2,3,4-tetrahydro-naphthalen-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-fert-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 HCl. NaHCO; 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 1-tert-butyl ester (1.54 g, 40 % over 2 steps).
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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-o0x0-1,2,3,4-tetrahydro-
naphthalen-2-yl) ester 1-fert-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 (100 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 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-1H-naphtho[ 1,2-d]imidazol-2-yl)-pyrrolidine-1-carboxylic acid tert-butyl
ester (1.05 g, 71 %) as a pale brown solid. MS (ESI) m/z 418.1 (M + H]".

(1-{2-[5-(6-{2-[1-(2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-4,5-
dihydro-1H-naphtho(1,2-d]imidazol-7-yl}-naphthalen-2-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 [1-(6-{5-[6-(4-{2-[1-(2-Methoxycarbonylamino-3-methyl-
butyryl)-4-(2-methoxy-ethoxy)-pyrrolidin-2-yl]-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: MS (ESI) m/z 815.5 [M + H]".

BIOLOGICAL ASSAYS

Effect of serum proteins on replicon potency

Replicon assays are conducted in normal cell culture medium (DMEM + 10%FBS)
supplemented with physiologic concentrations of human serum albumin (40 mg/mL) or a-acid
glycoprotein (1 mg/mL). ECsos in the presence of human serum proteins are compared to the
ECso 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 K, for the
respective substrates for each enzyme. ICs for each enzyme is compared to the ICsy obtained
with NS3 1b 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-Glo assay and non-linear regression is performed to calculate CCsy.
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Compound Concentration Associated with Cells at ECsg: _Huh-luc cultures are incubated with
compound at concentrations equal to ECsp. 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 100 uM in the test media
solutions (PBS, pH 7.4 and 0.1 N HC], 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 37°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 pl, 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 uL/well). The compounds are diluted to 2 uM in incubation
medium and then are added to hepatocyte suspensions to start the incubation. Samples are taken
at 0, 10, 30 and 60 minutes after the start of incubation and reaction will be quenched with a
mixture consisting of 0.3% formic acid in 90% acetonitrile/10% water. The concentration of the
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 ul, 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, 10, 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
TRANSWELL® 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% CO; in a humidified incubator. At the beginning of incubation and
at 1 hr and 2 hr after incubation, a 200-uL 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 uM. The spiked plasma and phosphate buffer is
placed into opposite sides of the assembled dialysis cells, which will then be rotated slowly in a
37°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:

C
% Unbound = 100-( A )
C,+Cr

Where C¢ and C,, 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
CYP1A2, CYP2C9, CYP3A4, CYP2D6 and CYP2C19 in the presence and absence of NADPH.

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 of the
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 pg/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 (ECsp) was determined using a Renilla luciferase (RLuc)-based HCV
replicon reporter assay. To perform the assay, HCV 1b RLuc cells (harboring a dicistronic
918
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genotype 1b Conl replicon that encodes a RLuc reporter), or HCV 1a RLuc cells (harboring a
dicistronic genotype 1a H77 replicon that encodes a RLuc reporter), were dispensed into 384-
well plates. Compounds were re-suspended in DMSO at a concentration of 10 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 > 100 x
ECsp as a positive control. 72 hours later, cells were lysed and Renilla luciferase activity
quantified as recommended by the manufacturer (Promega-Madison, WI). Non-linear
regression was performed to calculate ECsq values.

Typically the compounds of the invention can inhibit multiple genotypes of HCV. For
example, compounds of the present invention are active against multiple HCV genotypes
selected from la, 1b, 2a, 2b, 3a, 4a, and 5a.

Biological data (antiviral potency [ECso] was determined using a Renilla luciferase
(RLuc)-based HCV replicon reporter assay - HCV 1b 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.

Activity
Representative Compound of the Invention A (aM)
o/
H H
/ H
)‘N \
o} )\(o N\ N I N \\‘
S |N I~ o 0.0100
H H /

H /0

\)‘N'H O I-!N E/N> L
Oﬁ\\*{q NI\IN(\H o 00240
G B

——

o F )
PORSER
S ¢ N o A XY 37.7670
L T o
5
= H
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Additional Representative Compounds of the Invention
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All publications, patents, and patent documents are incorporated by reference herein, as
though individually incorporated by reference. The invention has been described with reference
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.

974

[PR2018-00211 Page 976 of 1092 I-MAK 1011



WO 2010/132601 PCT/US2010/034600

Claims
1. A compound of formula:
/
0]
=0
Q v—N
H ~ »—pP—M—AS—L—P H
N—V O
o=
O
/
wherein:
V is alkyl;

L is benzimidazolyl;

M is a 5-membered heteroaryl ring;

AP is:
%XA_H 14_XA_§

each H' is independently a fused unsaturated, partially unsaturated or saturated
tricyclic carbocycle which is optionally substituted with one or more groups independently
selected from R*! and R** ; and

each X* is independently O, NR, SO, SO, C(=0), NRC(=0), C(=0)NR, CR=CR,

NRC(=O)NR, allenyl, alkynyl, or absent; each R is independently selected from H or alkyl;
each R is independently selected from cyano, nitro, SOR4, SOzR4, -alkylSOzR4,
haloalkoxy, cyanoalkyl, NR*SO,R?, 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 alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl,
arylalkoxycarbonyl, carboxy, formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NR°R®,
(NR?RP)alkyl, and (NR*R®)carbonyl; R* and R " are each independently selected from the group
consisting of hydrogen, alkenyl, alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl,
cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl;

each R* is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; and
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each P is independently selected from:

or a pharmaceutically acceptable salt, or prodrug thereof.

2. The compound of claim 1 that is:
/
0]
=0
Q g N
H~ »—P—M—A NS ~PT
NV SN
o= —
o
/

or a pharmaceutically acceptable salt, or prodrug thereof.

976

[PR2018-00211 Page 978 of 1092

I-MAK 1011



WO 2010/132601 PCT/US2010/034600

3. The compound of claim 1 that is:
/
0]
=0
V’N
7/ H
A e
f
© O
/
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 P is

977
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6. The compound of any one of claims 1-3 wherein P is

N

-~

optionally substituted with one or more groups independently selected from RP¢ and RP!;
each RPS is independently selected from alkoxy, alkyl, aryl, halo, haloalkyl,

hydroxy, and -NRP*R"®, 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; R™® and R® are each independently H, alkyl, aryl, or
arylalkyl; or R* and R taken together with the atom to which they are attached form a
heterocycle;

each R"!! is independently selected from cyano, alkylsulfonyl, arylsulfonyl,
NR"R"sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy,
haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, heteroaryloxyakyloxy,
heterocyclooxyalkyloxy, NR"R"alkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy,
oxo, heterocyclyl, -NR"™R", (NthRh)alkyl, (NthRh)carbonyl, wherein each R" is independently
-H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, alkenyloxy,
alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl,
dialkylaminoalkyl, sulfonylalkyl; and when two R" 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 R™ is independently aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyloxy,
alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl,
dialkylaminoalkyl, sulfonylalkyl, NRthsulfonyl, heteroarylsulfonyl,
and -S(=0),R", -C(=O)R", -C(=0)NR"R".

978

IPR2018-00211 Page 980 of 1092 I-MAK 1011



WO 2010/132601 PCT/US2010/034600

O/
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VN,
ﬂ H
N™ 0o
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N

H
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N
Q
H >\‘*P—M—"A15\®/
-V

7. The compound of claim 1 that is:

or a pharmaceutically acceptable salt, or prodrug thereof.

8. The compound of claim 1 that is:
/
0]
=0
VN,
Ho W 2 (w
N l N o)
0y
o] p N
H Nl H
N~V
o’(
0]
/
or a pharmaceutically acceptable salt, or prodrug thereof.
9. The compound of claim 1 that is:
/
0]

)OL O
~ _H ~N
o N H H /QV H

Va0 N N 0

Y I
}N\/M—A15 N

or a pharmaceutically acceptable salt, or prodrug thereof.

10.  The compound of claim 1 that is:
979
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/
0}
3 » '
. H H N~ )
/3_ I
NN 15—©/N
| A
NN
= H
or a pharmaceutically acceptable salt, or prodrug thereof.
11.  The compound of claim 1 that is:
/
0]
=0
H H N
\ /< H
0] N I N ©
H, >—P——M—A15‘QN
N—V
o<
or a pharmaceutically acceptable salt, or prodrug thereof.

12.  The compound of claim 1 that is:

/

=0
H V’N\
"QN INS/% H
l
\>_ 15‘Q/N
o) I:,/’d\N‘ A
D H
Y

oA,

/
or a pharmaceutically acceptable salt, or prodrug thereof.

13.  The compound of claim 1 that is:
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or a pharmaceutically acceptable salt, or prodrug thereof.

14.  The compound of claim 1 that is:

Q
-N

o o N l N 5

é': H

or a pharmaceutically acceptable salt, or prodrug thereof.

15. The compound of any one of claims 1-14 wherein each X* is absent.
16. The compound of any one of claims 1-14 wherein A" is selected from:
R F
HORO = HO-OM,
17.  The compound of any one of claims 1-14 wherein A"’ is selected from:
R F

O
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18.  The compound of any one of claims 1-16 wherein each V is:

e—?—e |

19.  The compound of claim 1 which is:

0]
NP p* . ) ﬁ
N
T OO A
N
é_‘: N N O
! Ny
O

or

or a pharmaceutically acceptable salt, or prodrug thereof.

20. A compound of formula (I):

J-Y-J )]

wherein:

Y is -L-L-, -M-W-M- or Y”;

Jis T-P-, -P-T or -I™;

W is a bond or —W'-;

L is —-M-A-, -A-M-, or -L";

T is R9-Z-, -Z-R9, or -T?;

R9 is E-V-, or —V-E, or —-R9¢%;

each A is selected from —A®;

each M is selected from —M';

each P is selected from —P";
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each Z is selected from -Z2";
each V is selected from —V%;
each E is selected from —E*;
eachmis 1
eachnis0,1,2,3,4,5,6,7,9,0r 10;
eachpis1,2,3,4,5,6,7,0r8;
eachqis0,1,2,0r3;
eachris1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14,15, 16, 17, 18, 19, or 20;
eachsis0,1,2,3,4,5,6,7,8,9,10,11, 12,13, 14, 15, 16, 17, 18, or 21;
eachtis0,1,2,3,4,5,6,7,8,9,10,0r11;
eachuis0,1,2,3,4,5,6,7,8,10,11,12, 13, 14,15,16, 17,18, or 19;
eachvis0,1,2,3,4,5, or 6;
eachwis0,1,2,3,4,5,6,7,8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or
24,
eachxis0,1,2,3,4,5,6,0r7;
eachyis0,1,o0r2;
wherein the sum of m, n, p, q, 1, 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 to P or J; Z is connected to P; V is connected to Z;

and when W is a bond M is connected to M;

each Y' 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, O, and S and which ring system is optionally

substituted with one or more groups independently selected from H, oxo, R*' and R*?;

each Y 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, O, and S and which ring system is
optionally substituted with one or more groups independently selected from H, oxo, R and

R™3.

each J' is independently a fused bicyclic saturated, partially unsaturated, or aromatic
heterocyclic ring system that is substituted with one or more NR"YC(=0)ORY, and that is
optionally substituted with one or more groups independently selected from oxo, halo, -R", -OR

L7 .SRY, -CF3, -CCls, -OCF3,-CN, -NO,, -N(R*)C(=0)R"’, -C(=0)R ", -OC(=0)R
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L7 .C(O)ORY, -C(=O)NR " -S(=0)R ", -S(=0),0R "7, -S(=0),R "/, -0S(=0),0R
L7 _8(=0),NR ", alkoxyalkyl, arylalkoxycarbonyl, halo, haloalkyl, hydroxyalkyl, -NRR,
(NR*R)alkyl, and (NR*R®)carbonyl;

each R is independently -H, alkyl, aryl, arylalkyl, or heterocycle;

R® and R " are independently selected from the group consisting of hydrogen, alkenyl,
alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
and heterocyclylalkyl;

each L° is independently:

wherein:
each R is independently selected from hydrogen, alkenyl, alkoxy, alkyl, halo,
and haloalkyl; and

each aa is independently 1, 2, 3, or 4;

each L' is independently:

(R")aa

/ \_!i%}ﬁ

(R-)ep

wherein:

each R is independently selected from hydrogen, alkenyl, alkoxy, alkyl, halo,
and haloalkyl;

each RP is independently selected from cyano, nitro, SOR4, SOZR4, -alkylSOzR4,
haloalkoxy, cyanoalkyl, NR*SO,R?, 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 R* is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl;
eachbbis 0, 1,2,3,0r4;eachaais 1,2, 3, or4; and the sumof bband aais 1, 2,
3,or4,

each L? is independently:

RL4

% “1—§

RL4

wherein:
the phenyl ring shown in L?is optionally substituted with one or more groups
independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, arylalkoxycarbonyl,
carboxy, formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NR®R®, (NR*R)alkyl,
(NR*R®)carbonyl, cyano, nitro, SOR*, SO,R*, -alkylSO,R*, haloalkoxy, cyanoalkyl, NR*SO,R*,
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 -H, alkyl, aryl, arylalkyl, or heterocycle;

each R* is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl;

R? and R " are independently selected from the group consisting of hydrogen, alkenyl,
alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
and heterocyclylalkyl; and

each H' is a 5 membered saturated, partially unsaturated, or aromatic ring

comprising one or more heteroatoms.

each L’ 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, -NR*R®, (NR*R)alkyl, (NR*R®)carbonyl,
cyano, nitro, SOR?, SO,R?, -alkylSOzR4, haloagllg(gxy, cyanoalkyl, NR*SO,R?, cycloalkyl,
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(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, alkyl, haloalkyl, aryl, and arylalkyl; and

R? and R " are independently selected from the group consisting of hydrogen, alkenyl,
alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
and heterocyclylalkyl;

each L* 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, -NR*R®, (NR*R)alkyl, (NR*R)carbonyl,
cyano, nitro, SOR4, SO,R?, -alkylSOzR4, haloalkoxy, cyanoalkyl, NR*SO,R*, 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, alkyl, haloalkyl, aryl, and arylalkyl; and .

R? and R " are independently selected from the group consisting of hydrogen, alkenyl,
alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
and heterocyclylalkyl;

each L 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, -NR®R®, (NR?R)alkyl, (NR*RP)carbonyl,
cyano, nitro, SOR4, SOzR4, -alkylSOzR4, haloalkoxy, cyanoalkyl, NR4802R4, 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 R* is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; and

R? and R are independently selected from the group consisting of hydrogen, alkenyl,
alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
and heterocyclylalkyl;

each L® 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, -NR?R®, (NR*R)alkyl, (NR*R")carbonyl,
cyano, nitro, SOR4, SO,RY, -alkylSOzR4, haloalkoxy, cyanoalkyl, NR4SOzR4, 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 R* is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; and

R* and R " are independently selected from the group consisting of hydrogen, alkenyl,
alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
and heterocyclylalkyl;

each L7 is independently:

wherein:
each H'! is independently a fused-bicyclic saturated, partially unsaturated, or
aromatic heterocyclic ring system that is optionally substituted with one or more R%;
each R? is independently selected from halo, -R*’, -OR™, -SR 7, -N(R
"), -CF3, -CCls, -OCF3,-CN, -NO,, -NR")C(=0)R Y, -C(=0)R 7, -OC(=0)R
M, -C(0)ORY, -C(=0)NR ", -S(=0)R ", -S(=0),0R "/, -S(=0),R 7, -0S(=0),0R -,
and -S(=0),NR"";
each R is independently -H, alkyl, aryl, arylalkyl, or heterocycle; and

each aa is independently 1, 2, 3, or 4;

each L’ 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, -R"’, -OR"™ -SR"7, -CF;, -CCl;, -OCF;,-CN, -NO,, -N(R“")C(=0)R ",
-C(=0)R", -0C(=0)R "7, -C(O)OR ", -C(=0)NR ", -S(=0)R "7, -S(=0),0R ", -S(=0),R ", -
0S(=0),0R ", -S(=0),NR ", alkoxyalkyl, arylalkoxycarbonyl, halo, haloalkyl, hydroxyalkyl,
-NR’R®, (NR*RP)alkyl, and (NR*R")carbonyl;

each R" is independently -H, alkyl, aryl, arylalkyl, or heterocycle;
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R® and R ® are each independently selected from the group consisting of hydrogen,
alkenyl, alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl,
heterocyclyl, and heterocyclylalkyl;

each L' 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, -RY, -OR ™, -SR/, -CF3, -CCls, -OCF3,-CN, -NO,, -N(R")C(=0)R "7,
-C(=O)R", -0C(=0)R", -C(O)OR", -C(=O)NR ", -S(=0)R ", -S(=0),0R "7, -S(=0),R "7, -
0S(=0),0R Y, -S(=0),NR ™, alkoxyalkyl, arylalkoxycarbonyl, halo, haloalkyl, hydroxyalkyl,
-NR°R®, (NR*R®)alkyl, and (NR*R")carbonyl;

each R is independently -H, alkyl, aryl, arylalkyl, or heterocycle;

R? and R are each independently selected from the group consisting of hydrogen,
alkenyl, alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl,
heterocyclyl, and heterocyclylalkyl;

each L' 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, -R7, -OR™, -SR™, -CF;, -CCls, -OCF3,-CN, -NO,, -N(R *")C(=0)R ",
-C=0)RY, -0CEORY, -C(O)OR", -C(=ONR", -S(=0)R ", -S(=0),0R ", -S(=0),R ", -
0S(=0),0R Y, -S(=0),NR ™, alkoxyalkyl, arylalkoxycarbonyl, halo, haloalkyl, hydroxyalkyl,
-NR®R®, (NR*R)alkyl, and (NR®R")carbonyl;

each R is independently -H, alkyl, aryl, arylalkyl, or heterocycle;

R? and R " are 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, -NR°RY, (NR°R%)alkenyl, (NR°R%alkyl, and (NR°R%)carbonyl;

R® and R? are independently selected from hydrogen, alkenyloxycarbonyl,

alkoxyalkylcarbonyl, alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfonyl, aryl,
988
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arylalkoxycarbonyl, arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxycarbonyl, arylsulfonyl,
cycloalkyl, cycloalkylsulfonyl, formyl, haloalkoxycarbonyl, heterocyclyl,
heterocyclylalkoxycarbonyl, heterocyclylalkyl, heterocyclylalkylcarbonyl, heterocyclylcarbonyl,
heterocyclyloxycarbonyl, hydroxyalkylcarbonyl, (NReRf)alkyl, (NReRf)alkylcarbonyl,
(NR°R)carbonyl, (NR°RDsulfonyl, -C(NCN)OR', and - CINCN)NR*RY, 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 -NR°R’ 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;

R* and RY are independently selected from hydrogen, alkoxycarbonyl, alkyl,
alkylcarbonyl, unsubstituted aryl, unsubstituted arylalkoxycarbonyl, unsubstituted arylalkyl,
unsubstituted cycloalkyl, unsubstituted heterocyclyl, and (NR*R™ )carbonyl, wherein RX and RY'

are independently selected from hydrogen and alkyl;

each R9' is independently -N(R**)-NHC(=0)O-R*®, wherein each R”is independently
arylalkyl, alkyl, alkenyl, alkynyl, aryl, arylalkyl, arylalkenyl, arylalkoxy, halocycloalkyl,
(cycloalkyl)alkenyl, (cycloalkyl)alkoxy, alkylSO,alkyl, cycloalkylalkylSO,alkyl, 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, -NR*RY, -
(N RXRY)alkyl, 0xo0, and -P(O)OR;, 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 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, -NR*RY, NR*R")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; R%®is independently H, alkyl, aryl, haloalkyl, or arylalkyl;

each R9? is independently —N(Rga)-NHC(=O)NR9b »; wherein each R*is independently
arylalkyl, alkyl, alkenyl, alkynyl, aryl, arylalkyl, arylalkenyl, arylalkoxy, halocycloalkyl,
(cycloalkyl)alkenyl, (cycloalkyl)alkoxy, alkylSO,alkyl, cycloalkylalkylSO,alkyl, 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, -NR*RY, -
(NR*RY)alkyl, oxo, and -P(O)OR», 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 heterdcyclyl 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, NR*RY, (N RXRY)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; R*is independently H, alkyl, aryl, haloalkyl, or arylalkyl;

each R9® is independently —N(Rga)-NHC(=O)R9b, wherein each R*is independently arylalkyl,
alkyl, alkenyl, alkynyl, aryl, arylalkyl, arylalkenyl, arylalkoxy, halocycloalkyl,
(cycloalkyl)alkenyl, (cycloalkyl)alkoxy, alkylSO»alkyl, cycloalkylalkylSO,alkyl, 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, -NR*RY, -
(NR*RY)alkyl, oxo, and -P(O)OR,, 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, -NR*RY, -(NR*RY)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; R™is independently H, alkyl, aryl,
haloalkyl, or arylalkyl;

each A’ is independently:

(TAS)bb
O

wherein:

each R* is independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl,
alkyl, arylalkoxycarbonyl, carboxy, formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NR?R®,
(NR®R)alkyl, and (NR*R®)carbonyl; R* and R " are 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 A’ 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 R™ groups;

each A' is independently:

(T’“ Jec
O

wherein:
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each R*! is independently selected from cyano, nitro, SOR*, SO,R*, -alkylSOzR4,
haloalkoxy, cyanoalkyl, NR*SO,R?, cycloalkyl, (halo)cycloalkyl, heterocycle, (cycloalkyl)alkyl,
(heterocycle)alkyl, wherein each alkyl, heterocycle and cycloalkyl is optionally substituted with
one or more halo; and
each R* is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl;

each cc is independently 1, 2, 3, or 4

each A” is independently:
(RA%)y

il
v

(RM)ee

wherein:
each R*! is independently selected from cyano, nitro, SOR?, SO,R*, -alkylSO,R*,
haloalkoxy, cyanoalkyl, NR*SO,R?, 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 alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl,
arylalkoxycarbonyl, carboxy, formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NR’R®,
(NR°R®)alkyl, and (NR?R®)carbonyl; R? and R * are each independently selected from the group
consisting of hydrogen, alkenyl, alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl,
cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl;

each R* is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl;

R and R " are independently selected from the group consisting of hydrogen, alkenyl,
alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
and heterocyclylalkyl;

eachbbis 0, 1,2,3,0r4;eachccis 1,2, 3, or4; and the sumofbbandccis 1, 2, 3, or 4;

each A’ is independently a six-membered heteroaromatic ring containing one, two, or three
nitrogen atoms, which ring is substituted with one or more R*! groups, and which ring is

optionally substituted with one or more RA groups;

each A* is independently:
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éxA_H5_XA__H5_XA%

each H’ is independently a phenyl ring or a six-membered heteroaromatic

wherein:

ring, which H is optionally substituted with one or more groups independently selected from
R* and R*; and each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,
CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each A’ is independently:
% XA —_ H6_ XA _§

each H® is independently a phenyl ring or a six-membered heteroaromatic

wherein:

ring, which H® is optionally substituted with one or more groups independently selected from
R and R*; and each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,
CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent; provided that at least one X* is present and
each R is independently selected from H or alkyl;

each A® is independently:
ng —_— XA_ xA _g

each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,
CR=CR, allenyl, alkynyl, or absent; provided that at least one X* is present and each R is

wherein:

independently selected from H or alkyl;

each A’ is independently:
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%XA—HLXA—E

each H is independently a five-membered heteroaromatic ring, which H’ is

wherein:

optionally substituted with one or more groups independently selected from R*! and R**; and

each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,
CR=CR, NRC(=0O)NR, allenyl, alkynyl, or absent; and each R is independently selected from H
or alkyl;

each A% is independently:
?xA_HS—XA_H7_XA%

each H' is independently a five-membered heteroaromatic ring, which H’ is

wherein:

optionally substituted with one or more groups independently selected from R*! and R**;

each H® is independently a phenyl ring, which is optionally substituted with
one or more groups independently selected from R?! and R**; and

each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,
CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each A’ is independently:
%XA—HLXA—HL-XA%

each H' is independently a five-membered heteroaromatic ring, which H’ is

wherein:

optionally substituted with one or more groups independently selected from R*! and R**; and

each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,
CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each A'” is independently:
995

IPR2018-00211 Page 997 of 1092 I-MAK 1011



WO 2010/132601 PCT/US2010/034600
%XA —HB—XA—HQ—XA‘%

each H®is independently a phenyl ring, which is optionally substituted with

wherein:

one or more groups independently selected from R* and R*;
each H’ is independently a six-membered heteroaromatic ring, which is
optionally substituted with one or more groups independently selected from R*' and R™; and
each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,
CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each A'' is independently:

éxA —H 10_xA_§
wherein:

each X* is independently O, NR, SO, SO, C(=0), NRC(=0), C(=O)NR,
CR=CR, NRC(=0O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each H' is independently a 5-15 carbon unsaturated, partially unsaturated or

saturated bicyclic ring system that is optionally fused to an aryl, which H 10s optionally
substituted with one or more groups independently selected from oxo, alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, formyl, halo, haloalkyl, hydroxy,
hydroxyalkyl, -NR*R®, (NR*R)alkyl, and (NR*R")carbonyl, cyano, nitro, SOR?,

SOzR4, -alkylSOzR4, haloalkoxy, cyanoalkyl, NR4SOZR4, 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 R* is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl

each A" is independently:

g—xA—H“—xA——g

wherein: 996
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each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,
CR=CR, NRC(=0O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;
each H'' 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'! is optionally substituted with one or more groups independently
selected from oxo, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy,
formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NR°R®, (NRaRb)alkyl, and (NR*R®)carbonyl,
cyano, nitro, SOR4, SOzR4, -alkylSOzR4, haloalkoxy, cyanoalky]l, NR4SOZR4, 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 R* is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; and

each A" is independently:
% XA —H 12— XA _g

each H" is independently a fused aromatic bicyclic carbocycle, which is

wherein:

optionally substituted with one or more groups independently selected from R* and R*; and
each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each A' is independently:
éXA_H 13_XA_§

each H'? is independently a fused aromatic bicyclic heterocycle that comprises

wherein:

at least one heteroatom in the ring system, which ring system is optionally substituted with
one or more groups independently selected from R*' and R*%; and
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each X% is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,
CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each A" is independently:
%XA —H 14_XA_§

each H' is independently a fused unsaturated, partially unsaturated or

wherein:

saturated tricyclic carbocycle which is optionally substituted with one or more groups
independently selected from oxo, RA! and R ; and
each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each A'® is independently:
%xA —H 15-XA—§

each H'® is independently a fused unsaturated, partially unsaturated or

wherein:

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 R*! and R ; and

each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,

CR=CR, NRC(=0O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each A'" is independently:

%XA*H“S‘XA—E
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wherein:

each H'® 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, R*' and R*%;
and

each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=0)NR,

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each A'® is independently:
%XA_H17_XA_§

each H'” is independently a fused bicyclic ring system comprising at least one

wherein:

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, R*! and RA ; and

each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each A”! is independently:
% XA —H 40 XA _g

each H*" is independently an anti-aromatic monocyclic or fused carbocyclic

wherein;

ring system, which carbocyclic ring system is optionally substituted with one or more groups
independently selected from R and R™; and
each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), 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 W' is independently -X*-:
wherein:
each X" is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,
CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each W is independently:
g_XA_HZO_XA_é

each H? is independently a fused aromatic bicyclic carbocycle, which is

wherein:

optionally substituted with one or more groups independently selected from R*! and R*?; and
each X" is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,

CR=CR, NRC(=0O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each W? is independently:
%XA__HZ‘I_XA____E

each H' is independently a fused bicyclic carbocyclic ring system wherein

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, R* and R*?;

and
each X% is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each W* is independently:
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%XA—HQZ'XA—E

each H? is independently a fused aromatic bicyclic heterocycle that comprises

wherein:

at least one heteroatom in the ring system, which ring system is optionally substituted with

one or more groups independently selected from R*' and R**; and
each X% is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each W” is independently:
%XA _H23 _XA___§

each H? is independently a fused bicyclic ring system comprising at least one

wherein:

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, RA! and R ; and

each X% is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each W° is independently:
%XA _H24'XA—§

each H* is independently a fused unsaturated, partially unsaturated or

wherein;

saturated tricyclic carbocycle, which is optionally substituted with one or more groups
independently selected from oxo, R*! and R”*?; and

1001

IPR2018-00211 Page 1003 of 1092 I-MAK 1011



WO 2010/132601 PCT/US2010/034600
each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,
CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each W’ is independently:
% XA —H 26_ XA ._._é

each H? is independently a 5-15 carbon unsaturated, partially unsaturated or

wherein:

saturated bicyclic ring system which ring system is optionally substituted with one or more
groups independently selected from oxo, R*' and R*%; and

each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,
CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each W? is independently:
%XA —H27_XA_§

each H” is independently a fused unsaturated, partially unsaturated or

wherein:

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 R*! and R ; and

each X" is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each W? is independently:

%xA—HZQ—xA—g
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each H? is independently a 5-15 carbon unsaturated, partially unsaturated or

saturated bicyclic ring system that contains one or more heteroatoms; and
each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each W' is independently ~-H**=C=H>'-
wherein each of -H** and H*' is independently a saturated 6-membered heterocyclic
ring comprising one or more heteroatoms, which ring is optionally substituted with oxo;

each W'! is independently ~-H**=C=H-
wherein each of -H*? and H* is independently a saturated 5-membered heterocyclic
ring comprising one or more heteroatoms, which ring is optionally substituted with oxo;

each W'? 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 R*! and R*%;

each W’ is independently a phenyl ring that is optionally substituted with one or more groups

independently selected from R*' and R™*;

each W' is independently a 5 or 6 membered heteroaryl ring that is optionally substituted

with one or more groups independently selected from R and R™;

each W'’ 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*! and R*%;

each W'¢ 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, R*! and R**;

each W' 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, R*! and R*?;
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each W'® 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, R and R™;

each W' 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, RA! and R*® ;

each W2 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, R* and R**;

each M’ is independently a five membered heteroaryl group optionally substituted with one or
more alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, haloalkyl, (NR®RP)carbonyl and
trialkylsilylalkoxyalkyl;

each M' is independently selected from —C(=0)NH-, —
C(=0)NH-C(RM),-, -NHC(=0) -, -C(RM),NHC(=0)-, -NHC(=0)N RM -, -NHC(=0)O -;
wherein each RM is independently selected from H and alkyl;

each M” is independently a six-membered heteroaromatic ring, which is optionally substituted
with one or more groups independently selected from R* and R?;

1004

[PR2018-00211 Page 1006 of 1092 I-MAK 1011



WO 2010/132601 PCT/US2010/034600
each M” is independently:

each M? is independently:

e

OH

each M is independently:

wherein the bond designated with --- is fused to a ring defined for P;

each M® is independently a bicyclic bridged ring system comprising 5-15 atoms wherein at least

one of the atoms is a heteroatom;
each M is independently a pyrid-di-yl;

each M® 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 M’ is independently a fused-bicyclic saturated, partially unsaturated, or aromatic

heterocyclic ring system that is optionally substituted with one or more RF'"

each M'? is independently a five membered heteroaryl group substituted with at least one

alkoxy, cycloalkyl, cyano, alkylsulfonyl, arylsulfonyl, NR"R", (NR"R™)sulfonyl,

heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkoxy, haloalkoxyalkyloxy,
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cycloalkoxyalkoxy, aryloxyalkoxy, heteroaryloxyalkoxy, heterocyclyloxyalkyloxy,
(NRth)alkoxy, cyanoalkoxy, cycloalkoxy, heterocyclyl, alkoxyalkyl, cycloalkoxyalkyl,
(NRth)alkyl, wherein each R" 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

(NR*R®)carbonyl;

each M'! is independently a fused-tricyclic saturated, partially unsaturated, or aromatic
heterocyclic ring system that is optionally substituted with one or more oxo, halo, -R™’, -OR
M7 _SRM7 NRM),, -CF3, -CCls, -OCF3,-CN, -NO,, -NRM)C(=0)RM, -C(=O)RM’, -
OC(=0)R™, -C(0O)ORM, -C(=O)NRM’ -S(=0)R™, -§(=0),0R™, -S(=0),R ™, -0S(=0),0R
M7 or -S(=0),NR™’; each R™ is independently -H, alkyl, aryl, arylalkyl, or heterocycle;

each M'? 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, -R™’, -ORM, .SR™’, .N(R™"),, -CF3, -CCls, -OCF3,-CN, -NO,, -N(RM)C=O)R ™, -
CEORM, -0C=0)RM, -C(0)ORM -C(=0)NRM -S(=O)RM, -§(=0),0R™, -S(=0),RM’, -
0S(=0),0R™’, or -S(=0),NR™’;

each R™ is independently -H, alkyl, aryl, arylalkyl, or heterocycle;

each P’ is independently:

(RPS)ps (RPG) Pq
P8
) po o RPT R
( ) or P9
AL S
wherein:
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X is selected from O, S, S(O), SO,, CH,, CHR?'?, and C(R"'?),;
provided that when pn or pm is 0, X is selected from CH, CHRPlO, and C(Rplo)z;

each RP'? is independently selected from alkoxy, alkyl, aryl, halo,
haloalkyl, hydroxy, and ~NRP?RP®, 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 R™® and RP¢ is independently selected from alkoxy, alkyl, aryl,
halo, haloalkyl, hydroxy, and ~NRP*RP®, 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; R"® and R™ are each independently
H, alkyl, aryl, or arylalkyl; or R™* and R 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;

R?” and R”® are each independently selected from hydrogen, alkenyl, alkoxyalkyl,
alkyl, haloalkyl, and (NR"*R"")alkyl; or R"’ and RP® 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 NR, 0, and S; wherein R is selected from hydrogen and alkyl;

R is selected from hydrogen and alkyl;
each P! is independently:

(RP1 1)ps

-X
0)
N~ “pn

wherein:
X is selected from O, S, S(0), SO,, CH,, CHR®!?, and C(R?'%),;
provided that when pn is 0, X is selected from CH,, CHR™'®, and C(RP'%),;
each RP1? is independently selected from alkoxy, alkyl, aryl, halo,
haloalkyl, hydroxy, and ~NRPR", 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 RP'! is independently selected from cyano, alkylsulfonyl,
arylsulfonyl, (NR"R")sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy,
alkoxyalkyloxy, haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy,
heteroaryloxyakyloxy, heterocyclooxyalkyloxy, (N Rtha)lkyloxy, cyanoalkoxy,
cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl, -NR™R™, (NR"™RMalkyl,
(NthRh)carbonyl, wherein each R" is independently -H, alkyl, alkoxyamino, aryl, arylalkyl,
heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl,
haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; and when two
R" 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 R™ is independently aryl, arylalkyl,
heterocycle, heterocyclyoxy, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl,
haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl,
(NRth)sulfonyl, heteroarylsulfonyl, -S(=0),R", -C(=0)R", -C(=0)NR"R"; and the remaining
RP!! are independently selected from RPS, cyano, alkylsulfonyl, arylsulfonyl,
(NRth)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy,
haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, heteroaryloxyakyloxy,
heterocyclooxyalkyloxy, (NR"RMalkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy,
oxo, heterocyclyl; wherein each R" is independently -H, alkyl, alkoxyamino, aryl, arylalkyl,
heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl,
haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; and when two
R" 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;

pnis 0, 1, or 2;

each P? is independently:

wherein:
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each R"'? is independently selected from R" RPll -C(=O)0Rh, cyano,

alkylsulfonyl, arylsulfonyl, (NRth)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl,
haloalkoxy, alkoxyalkyloxy, haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy,
heteroaryloxyakyloxy, heterocyclooxyalkyloxy, (NRth)alkyloxy, cyanoalkoxy,
cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl; wherein each R" is independently -H,
alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, alkynyl,
alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl,
dialkylaminoalkyl, sulfonylalkyl; and when two R" groups are present then they may come
together with the atoms to which they are bound to form a 4-15 membered heterocyclic ring;

psis1,2,3,or4;

pnis 0, 1, or 2;

each P? is independently a ring of the formula:

RP13)ps

%’[

wherein:

the ring is substituted with one or more oxo group;

each R’ is independently selected from RPS, cyano, alkylsulfonyl,
arylsulfonyl, (NRth)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy,
alkoxyalkyloxy, haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy,
heteroaryloxyakyloxy, heterocyclooxyalkyloxy, (NR"RPalkyloxy, cyanoalkoxy,
cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl; wherein each R" is independently -H,
alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, alkynyl,
alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl,
dialkylaminoalkyl, sulfonylalkyl; and when two R" groups are present then they may come
together with the atoms to which they are bound to form a 4-15 membered heterocyclic ring;

psis0,1,2,3,0or4;

pnis 0, 1, or 2;
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each P* is independently a ring of the formula:

Rf

N/

)

N pn
e

wherein:

the ring is optionally substituted with one or more groups R*'* that are
independently selected from alkoxy, alkyl, aryl, halo, haloalkyl, hydroxy, and —
NRP?RP®, 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 R 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;

pnis 0,1, or 2;

each Rfis independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle,
heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl,
haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl,
sulfonylalkyl, -S(=0),NR'R", -S(=0),R", C(=O)R", C(=0)OR", -C(=0)NR"R"; each R" is
independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl,
alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl,
alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; or when two R" 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’ is independently a ring of the formula:

(S
v
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wherein:

the ring is optionally substituted with one or more groups RP!S that are
independently selected from alkoxy, alkyl, aryl, halo, haloalkyl, hydroxy, and —
NRP?RP, 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 R"'” 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;

pnis 0, 1, or 2;

Zis 0, S, S(=0), S(=0),, or NRY;

each R is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle,
heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl,
haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl,
sulfonylalkyl, -S(=0),NR"R", -S(=0),R", C(=0)R", C(=0)OR", -C(=0)NR"R"; each R" is
independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl,
alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl,
alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; or when two R" 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® is independently a ring of the formula:
Y4
pn(
L\,{:

the ring is substituted with one or more oxo and is optionally substituted with one

wherein:

or more groups RP!S that are independently selected from alkoxy, alkyl, aryl, halo,
haloalkyl, hydroxy, and -NRP*R"®, 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;

Zis 0, S, S(=0), S(=0),, or NR;

pnis 0, 1, or 2;
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each Rfis independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle,
heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl,
haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl,
sulfonylalkyl, -S(=O),NR'R", -S(=0),R", C(=0)R", C(=0)OR", -C(=0)NR'R"; each R" is
independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl,
alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl,
alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; or when two R 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’ 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 RP%nd RP!;

each P is independently a ring of the formula:

(RP1 3)ps

-5

wherein:

psis2,3,4,5,or6;

pnis 0, 1 or 2;

each R’ is independently selected from alkoxy, alkyl, aryl, halo,
haloalkyl, hydroxy, and ~NRP*R™®, 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'? 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 P' is independently:

(RPS)ps (7P6)pq
Q,
/ /_X /))/ I X
— L i

wherein:

X is selected from O, S, S(O), SO,, CH,, CHR?'?, and C(RF'%),;
provided that when pn or pm is 0, X is selected from CH,, CHR®'’, and C(R"1%),;

each R*'? is independently selected from alkoxy, alkyl, aryl, halo,
haloalkyl, hydroxy, and ~NRP?R"®, 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® and RF is independently selected from alkoxy, alkyl, aryl,
halo, haloalkyl, hydroxy, and —NRP*RP®, 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'! is independently:

(RP5)pS (/RPG)pq
po( N pp( I X
Jpn N / bm

wherein:
X is selected from O, S, S(0), SO, CH,, CHR®!?, and C(RP'"),;
provided that when pn or pm is 0, X is selected from CH,, CHR"'®, and C(R?'%),;
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each RP! is independently selected from alkoxy, alkyl, aryl, halo,
haloalkyl, hydroxy, and ~NRPR!®, 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 R™® and R is independently selected from alkoxy, alkyl, aryl,
halo, haloalkyl, hydroxy, and ~NRP?RP®, 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'? is independently:

(RPG)pq
(RPH)pS / )

s pp
%—Q 0
N pm
oo
wherein:

each RP¢ is independently selected from alkoxy, alkyl, aryl, halo,
haloalkyl, hydroxy, and -NR"R"®, 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;

RP!! is independently selected from cyano, alkylsulfonyl, arylsulfonyl,
(NR"RMsulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy,
haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, heteroaryloxyakyloxy,
heterocyclooxyalkyloxy, (NR"R™)alkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy,

0x0, heterocyclyl, -NR™R" (NR™R")alkyl, (NR"™R™carbonyl, wherein each R" 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 R 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 R™ is independently aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyloxy,
alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl,
dialkylaminoalkyl, sulfonylalkyl, (NRth)sulfonyl, heteroarylsulfonyl, -S(=O)2Rh, -

C(=O)R", -C(=O)NRth; and the remaining RF! are independently selected from RPS,
cyano, alkylsulfonyl, arylsulfonyl, (NR"RMsulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl,
haloalkoxy, alkoxyalkyloxy, haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy,
heteroaryloxyakyloxy, heterocyclooxyalkyloxy, (NR"RMalkyloxy, cyanoalkoxy,
cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl; wherein each R" is independently -H,
alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, alkynyl,
alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl,
dialkylaminoalkyl, sulfonylalkyl; and when two R" 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" is independently:

(RP11)ps (RF’G)pq

/X\ )
pn (| pp

)
N~ “pm

o

wherein:

X is selected from O, S, S(0), SO,, or NR";

each RFS is independently selected from alkoxy, alkyl, aryl, halo,
haloalkyl, hydroxy, and -NR"*R"®, 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 R"'! is independently selected from cyano, alkylsulfonyl, arylsulfonyl,
(NRth)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy,
haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, heteroaryloxyakyloxy,
heterocyclooxyalkyloxy, (NRth)alkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy,
0xo, heterocyclyl, “NR"RM, (NthRh)alkyl, (NR"™RMcarbonyl, wherein each R" is independently
-H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, alkenyloxy,
alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl,
dialkylaminoalkyl, sulfonylalkyl; and when two R" 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 R™ is independently aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyloxy,
alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl,
dialkylaminoalkyl, sulfonylalkyl, (NR"R")sulfonyl, heteroarylsulfonyl, -S(=O)2Rh, -
C(=O)R", -C(=O0)NR"R", RPS, cyano, alkylsulfonyl, arylsulfonyl, (NRth)sulfonyl,
heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy, haloalkoxyalkyloxy,
cycloalkyoxyalkyloxy, aryloxyalkyloxy, heteroaryloxyakyloxy, heterocyclooxyalkyloxy,
(NR"RMalkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl; wherein
each R" is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy,
alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl,
alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; and when two R" 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'* is independently:
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wherein:
the ring is substituted with one or more oxo group;

X is NR';

each R is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle,
heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl,
haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl,
sulfonylalkyl, -S(=0),NR"R", -S(=0),R", C(=O)R", C(=0)OR", -C(=0)NR"R"; each R" is
independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl,
alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl,
alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; or when two R" 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 R"® is independently selected from alkoxy, alkyl, aryl, halo,
haloalkyl, hydroxy, and ~NRPRP, 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, or4;

R is independently selected from cyano, alkylsulfonyl, arylsulfonyl,
(NR"R™)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy,
haloalkoxyalkyloxy, cycloalkyoxyalkyloxy aryloxyalkyloxy, heteroaryloxyakyloxy,
heterocyclooxyalkyloxy, (NRth)alkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy,
0xo, heterocyclyl; wherein each R is independently -H, alkyl, alkoxyamino, aryl, arylalkyl,
heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl,
haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, or sulfonylalkyl; and when
two R" groups are present then they may come together with the atoms to which they are bound

to form a 4-15 membered heterocyclic ring;

15 -
each PP is:

e
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which is substituted with one or two groups independently selected from alkoxyalkyl,

haloalkoxyalkyl, alkylsulfanyl, alkylsulfanylalkyl, cyanoalkyl, and cycloalkylalkyl.

each P'®is:

B

which is substituted with methylene;

each P! is:

y

which is substituted with one or two groups independently selected from alkenyl, alkynyl,

cycloalkyl, cycloalkylalkenyl, and cycloalkylalkynyl.

each P'8 is:

which is optionally substituted with one or two groups independently selected from halo, alkyl,

alkoxyalkyl, haloalkyl, cycloalkyl, and cycloalkylalkyl;
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each P" is:

Z__

RP198
or

/////,”

RP19b

R"' is independently

s independently selected from H and halo; and each

. P19a -
wherein each RF1%%

selected from halo;

each -Z°- is —-C(=0)- or —C(=S)-;
each —Z'- is independently a bond, or -C(R*"),-; wherein each R is independently H, alkyl,

haloalkyl, or halo;
each —Z?- is independently saturated or partially unsaturated (C3-Cg)cycloalkyl that is optionally

substituted with one or more groups independently selected from R*! and R**;

each —Z*- 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*' and R™?;
each -Z'- is independently:

/RZ4
wherein each R* is independently H, alkyl, cyano, aryl, or heteroaryl;
1019
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each —Z°- is independently:

RZEN/RZ5
\
N

wherein each R is independently H, alkyl, cyano, aryl, or heteroaryl; or two R%s 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 R*! and R™3 ;

each —Z°- is independently -C(R*)- and is doublebonded to a carbocyclic P; wherein R is

independently H, alkyl, haloalkyl, or halo;

each E° is independently -NR¥R® wherein

RE® and R® 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, (N ReRf)alkyl,
(NR°RHalkylcarbonyl, (NR°Rf)carbonyl, (NR°Rf)sulfonyl, -C(NCN)OR', and - CINCN)NR*RY,
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 -NR°Rf 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' is independently -OC(=0)NRE*REf wherein each R® and R¥f 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°RY)alkyl, (NR°R"alkylcarbonyl, (NR°Rf)carbonyl, (NR°R%)sulfonyl,
-C(NCN)OR!, and - CINCN)NR*RY, 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 NR°Rf 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 R®¢ and R™ together with the nitrogen atom to which

they are attached, form a heterocycle;

each E? is independently -NR°R®, wherein R is haloalkyl and R® is H, alkyl, alkoxycarbonyl. or
haloalkyl;

each E? is independently -NRE°RE*2 wherein R™? is (C3-Cg)cycloalkyloxycarbonyl;
each E* is independently —OC(=0)ORF*, wherein R¥*? is cycloalkyl, aryl, or alkyl;

each E’ is independently -NRE°S(=0),0R*** wherein R®*? is is cycloalkyl, aryl or alkyl;
each E° is independently -NR*°S(=0),R"®, wherein R** is cycloalkyl, aryl, or alkyl;

each E’ is independently -NRE°ORE™, wherein RF"® is cycloalkyl, aryl, alkyl, haloalkyl,
cycloalkylalkyl or heteroaryl;

each V? 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,

-NR*RY, -(NR*R)alkyl, oxo, and -P(O)OR;, 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, -NR*RY,
(NR*RY)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 V' is independently cyanoalkyl, which is optionally substituted with one or more groups
independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle,
heteroaryl, hydroxy, and NRYRY’C(=0)0-; R¥* and R"" are each independently selected from
hydrogen, alkenyl, and alkyl;

each V? is independently haloalkyl, which is optionally substituted with one or more groups
independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle,
heteroaryl, hydroxy, and NRV*RY*C(=0)0-; R¥* and R? are each independently selected from
hydrogen, alkenyl, and alkyl;
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each V? 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 V* is independently haloalkoxyalkyl, which is optionally substituted with one or more
groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle,
heteroaryl, hydroxy, and NRY2RYPC(=0)0-; wherein RV and RY® are each independently
selected from hydrogen, alkenyl, and alkyl;

each V° is independently alkylsulfonylalkyl, which is optionally substituted with one or more
groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle,
heteroaryl, hydroxy, and NRV*RY°C(=0)0O-; R"* and R"" are each independently selected from
hydrogen, alkenyl, and alkyl;

each V® is independently arylsulfonylalkyl, which is optionally substituted with one or more
groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle,
heteroaryl, hydroxy, and NRV*R Y’C(=0)0-; R"* and R"" are each independently selected from
hydrogen, alkenyl, and alkyl;

each V' is independently heterocyclosulfonylalkyl, which is optionally substituted with one or
more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl,
heterocycle, heteroaryl, hydroxy, and NRV*RY°C(=0)O-; R¥* and R"® are each independently
selected from hydrogen, alkenyl, and alky];

each V® is independently spirocycloalkyl, which is optionally substituted with one or more
groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle,
heteroaryl, hydroxy, and NRV*RY*C(=0)0-; R¥* and R"" are each independently selected from
hydrogen, alkenyl, and alkyl;

each V° is independently spirocycloalkylalkyl, which is optionally substituted with one or
more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl,
heterocycle, heteroaryl, hydroxy, and NRY*R "°C(=0)0-; RV? and R"® are each independently
selected from hydrogen, alkenyl, and alkyl;
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each V' is independently fusedbicycliccycloalkyl, which is optionally substituted with one or
more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl,
heterocycle, heteroaryl, hydroxy, and NRY*R"°C(=0)0O-; R¥* and R"® are each independently
selected from hydrogen, alkenyl, and alkyl;

each V'! is independently fusedbicycliccycloalkylalkyl, which is optionally substituted with
one or more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl,
heterocycle, heteroaryl, hydroxy, and NRY*R"°C(=0)O-; RV and R"" are each independently
selected from hydrogen, alkenyl, and alkyl;

each V'? 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*RY°C(=0)O-; RV? and R"® are each independently
selected from hydrogen, alkenyl, and alkyl,;

each V' 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"*R "°C(=0)0O-; R¥* and R"® are each
independently selected from hydrogen, alkenyl, and alkyl;

each V'* is independently aryloxyalkyl, which is optionally substituted with one or more
groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle,
heteroaryl, hydroxy, and NRY’RY°C(=0)0O-; R¥* and R"" are each independently selected from
hydrogen, alkenyl, and alkyl;

each V'° is independently arylalkoxyalkyl, which is optionally substituted with one or more
groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle,
heteroaryl, hydroxy, and NRY?RY°C(=0)0O-; RY? and R"" are each independently selected from
hydrogen, alkenyl, and alky];

each V' is independently cycloalkyloxyalkyl, which is optionally substituted with one or more
groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle,
heteroaryl, hydroxy, and NRV*R Y°C(=0)0-; R"* and R"" are each independently selected from
hydrogen, alkenyl, and alkyl;
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each V' is independently cycloalkylalkyloxyalkyl, which is optionally substituted with one or
more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl,
heterocycle, heteroaryl, hydroxy, and NR 2 RY°C(=0)0-; R¥? and R"® are each independently
selected from hydrogen, alkenyl, and alkyl;

each V'® is independently heterocyclooxyalkyl, which is optionally substituted with one or
more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl,
heterocycle, heteroaryl, hydroxy, and NR"*RY*C(=0)0-; RV* and R"? are each independently
selected from hydrogen, alkenyl, and alkyl;

each V' is independently heterocycloalkyloxyalkyl, which is optionally substituted with one
or more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl,
heterocycle, heteroaryl, hydroxy, and NRV*RY°C(=0)0-; R¥* and R"® are each independently
selected from hydrogen, alkenyl, and alkyl;

each V? is independently heteroaryloxyalkyl, which is optionally substituted with one or more
groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle,
heteroaryl, hydroxy, and NRV*RY*C(=0)0-; RV? and R"® are each independently selected from
hydrogen, alkenyl, and alkyl;

each V?! is independently heteroarylalkyloxyalkyl, which is optionally substituted with one or
more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl,
heterocycle, heteroaryl, hydroxy, and NRY*R"°C(=0)0-; RV and R"® are each independently
selected from hydrogen, alkenyl, and alkyl;

each V?? is independently cycloalkenylalkyl;

each V2 is independently arylalkyl, wherein the aryl is substituted with one or more groups
independently selected from cycloalkyl, alkenyl, cycloalkylalkyl, cyanoalkyl, cycloalkoxy,
hydroxyalkoxy, -C(=0)NR*RY, S(=0),NR*RY, alkylsulfanyl, alkylsulfonyl, haloalkylsulfanyl,
haloalkylsulfonyl, alkylsulfonylalkyl, alkylsulfonylalkyl, arylsulfanyl, arylsulfonyl,
alkoxyalkoxy, alkynyl, aryloxy, heteroaryloxy, alkylsulfonylamino;

R* and RY are independently selected from hydrogen, alkoxycarbonyl, alkyl,
alkylcarbonyl, unsubstituted aryl, unsubstituted arylalkoxycarbonyl, unsubstituted arylalkyl,
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unsubstituted cycloalkyl, unsubstituted heterocyclyl, and (N R¥RY)carbonyl, wherein RX and RY
are independently selected from hydrogen and alkyl;

each V** is independently heterocycloalkyl, wherein the heterocycle is substituted with one
or more groups independently selected from cycloalkyl, alkenyl, cycloalkylalkyl, cyanoalkyl,
cycloalkoxy, hydroxyalkoxy, -C(=0)NR*RY, S(=0),NR*RY, alkylsulfanyl, alkylsulfonyl,
haloalkylsulfanyl, haloalkylsulfonyl, alkylsulfonylalkyl, alkylsulfonylalkyl, arylsulfanyl,
arylsulfonyl, alkoxyalkyoxy, alkynyl, aryloxy, heteroaryloxy, alkylfulfonylamino;

R* and RY are independently selected from hydrogen, alkoxycarbonyl, alkyl,
alkylcarbonyl, unsubstituted aryl, unsubstituted arylalkoxycarbonyl, unsubstituted arylalkyl,
unsubstituted cycloalkyl, unsubstituted heterocyclyl, and (NR*RY )carbonyl, wherein R¥ and RY'
are independently selected from hydrogen and alkyl;

each T' is independently a spiro, branched or fused bicycloalkyl;
each T is independently aryl;

each T° is independently heteroaryl;

each T* is independently arylalkyl;

each T’ is independently haloalkyl;

each T® is independently heteroarylalkyl;

each T’ is independently heterocycle; and

each T® is independently heterocycloalkyl;

or a pharmaceutically acceptable salt, or prodrug thereof.

21. A compound of formula (I):

J-Y-J )

wherein:

Y is —L-L-, -M-W-M- or Y’;

Jis T-P-, -P-T or -J™;

W is a bond or —-W'-;

L is -M-A-, -A-M-, or -L";

T is R9-Z-, -Z-R9, or —T?;

R9 is E-V-, or —=V-E, or —-R9%;

each A is selected from —A®;

each M is selected from —M";
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each P is selected from —P";
each Z is selected from -Z";
each V is selected from —V";
each E is selected from —E*;
eachmis 1
eachnis0,1,2,3,4,5,6,7,9,0r 10;
eachpis1,2,3,4,5,6,7,0r8;
eachqis 0, 1,2, or 3;
eachris1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, or 20;
eachsis0,1,2,3,4,5,6,7,8,9,10, 11, 12,13, 14, 15, 16, 17, 18, or 21;
eachtis0,1,2,3,4,5,6,7,8,9,10,0r 11;
eachuis0,1,2,3,4,5,6,7,8,10,11, 12,13, or 14,
eachvis0,1,2,3,4,5, or6;
eachwis0,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or 21;
each x is O or 1;
eachyis0, 1, or 2;
wherein the sum of m, n, p, q, 1, s, t, u, v, w, X, and y is not 0; P is connected to M, L, or
Y?Y; A is connected to A or L; M is connected to P or J; Z is connected to P; V is connected to Z;

and when W is a bond M is connected to M;

each Y' 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, O, and S, and which ring system is
optionally substituted with one or more groups independently selected from H, oxo, R*! and
RA3 ; each RA s independently selected from cyano, nitro, SOR4, SOzR4, -alkylSOzR4,
haloalkoxy, cyanoalkyl, NR*SO,R* 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 alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, formyl, halo, haloalkyl, hydroxy,
hydroxyalkyl, -NR®R®, (NR®R)alkyl, and (NR*R®)carbonyl; R and R ® are each independently
selected from the group consisting of hydrogen, alkenyl, alkyl, alkylcarbonyl, aryl, arylalkyl,
arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl,

each Y? 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, O, and S, and which ring system is
optionally substituted with one or more groups independently selected from H, oxo, R*! and

RA3:

each J! is independently a fused bicyclic saturated, partially unsaturated, or aromatic
heterocyclic ring system that is substituted with one or more -N(R“")C(=0)OR L7 and that is
optionally substituted with one or more groups independently selected from oxo, halo, -R", -OR
L7 _SRY -CF;, -CCls, -OCF3,-CN, -NO,, -N(R")C(=0)R ", -C(=O)R ", -OC(=O)R
L .C(O)ORY -C(=O)NRY, -S(=0)R"7, -S(=0),0R */, -S(=0),R ", -OS(=0),OR
L7 .8(=0),NR ", alkoxyalkyl, arylalkoxycarbonyl, halo, haloalkyl, hydroxyalkyl, -NR°R®,
(NR*R)alkyl, and (NR*R®)carbonyl;

each R is independently -H, alkyl, aryl, arylalkyl, or heterocycle;

R*and R" are independently selected from the group consisting of hydrogen, alkenyl,
alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
and heterocyclylalkyl;

each LY is independently:

wherein:
each R™ is independently selected from hydrogen, alkenyl, alkoxy, alkyl, halo,
and haloalkyl; and

each aa is independently 1, 2, 3, or 4;

each L' is independently:
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wherein:

each R™ is independently selected from hydrogen, alkenyl, alkoxy, alkyl, halo,
and haloalkyl;

each RP is independently selected from cyano, nitro, SOR4, SOzR4, -alkylS02R4,
haloalkoxy, cyanoalkyl, NR*SO,R*, cycloalkyl, (halo)cycloalkyl, heterocycle,
(cycloalkyl)alkyl, (heterocycle)alkyl, wherein each alkyl, heterocycle and cycloalkyl is
optionally substituted with one or more halo; and

each R is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl;

eachbbis0,1,2,3,0r4;eachaais 1, 2,3, or4; and the sumofbbandaais1, 2,
3,0r4;

each L? is independently:

RL4

% “1‘_§

RL4

wherein:
the phenyl ring shown in L? is optionally substituted with one or more groups
independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, arylalkoxycarbonyl,
carboxy, formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NR®R®, (NR*R®)alkyl,
(NRaRb)carbonyl, cyano, nitro, SOR4, SOzR4, -alkylSOzR4, haloalkoxy, cyanoalkyl, NR4SOzR4,
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 -H, alkyl, aryl, arylalkyl, or heterocycle;

1029

IPR2018-00211 Page 1031 of 1092 I-MAK 1011



WO 2010/132601 PCT/US2010/034600

each R* is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl;

R*and R are independently selected from the group consisting of hydrogen, alkenyl,
alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
and heterocyclylalkyl; and

each H' is a 5 membered saturated, partially unsaturated, or aromatic ring

comprising one or more heteroatoms.

each L* 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, -NR*R®, (NR*R")alkyl, (NR*R®)carbonyl,
cyano, nitro, SOR*, SOzR4, -alkylSOzR4, haloalkoxy, cyanoalkyl, NR4SOzR4, 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, alkyl, haloalkyl, aryl, and arylalkyl; and

R? and R " are independently selected from the group consisting of hydrogen, alkenyl,
alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
and heterocyclylalkyl;

each L* 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, -NR?R®, (NR*R®)alkyl, (NR*R®)carbonyl,
cyano, nitro, SOR*, SO,R?, -alkylSO,R?, haloalkoxy, cyanoalkyl, NR*SO,R?, 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, alkyl, haloalkyl, aryl, and arylalkyl; and

R*and R are independently selected from the group consisting of hydrogen, alkenyl,
alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
and heterocyclylalkyl;

each L’ 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, -NR*R®, (NR*R®)alkyl, (N RaRb)carbonyl,
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cyano, nitro, SOR?, SO,R®, -alkylSO,R*, haloalkoxy, cyanoalkyl, NR*SO,R*, 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 R* is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; and

R? and R " are independently selected from the group consisting of hydrogen, alkenyl,
alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
and heterocyclylalkyl;

each L® 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, -NR?R®, (NR*R®)alkyl, (NR*R")carbonyl,
cyano, nitro, SOR*, SO,R*, -alkylSO,R*, haloalkoxy, cyanoalkyl, NR*SO,R?, 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 R* is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; and

R? and R ° are independently selected from the group consisting of hydrogen, alkenyl,
alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
and heterocyclylalkyl;

each L’ is independently:

wherein:
each H"' is independently a fused-bicyclic saturated, partially unsaturated, or

aromatic heterocyclic ring system that is optionally substituted with one or more R%;
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each R? is independently selected from halo, -R™’, -OR L7 SRM NR
L7),, -CF3, -CCls, -OCF3,-CN, -NO,, -NR")C(=0)R ", -C(=O)R ", -OC(=O)R
L7 .C(0)ORY, -C(=O)NR ", -S(=0)R", -§(=0),0R "/, -S(=0),R ", -0S(=0),OR -7,
and -S(=0),NR";
each R is iﬁdependently -H, alkyl, aryl, arylalkyl, or heterocycle; and

each aa is independently 1, 2, 3, or 4;

each L’ 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, -R", -ORY, -SR ", -CF3, -CCls, -OCF;3,-CN, -NO,, -N(R*)C(=O)R V7,
-C(=0)RY, -0C(=0)R", -C(O)OR ", -C(=O)NR ", -S(=0)R "7, -S(=0),0R "7, -S(=0),R ", -
0S(=0),0R ", -S(=0%,NR "/, alkoxyalkyl, arylalkoxycarbonyl, halo, haloalkyl, hydroxyalkyl,
-NR*R®, (NR*RP)alkyl, and (NR*R®)carbonyl;

each R is independently -H, alkyl, aryl, arylalkyl, or heterocycle;

R®and R ° are each independently selected from the group consisting of hydrogen,
alkenyl, alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl,
heterocyclyl, and heterocyclylalkyl;

each L' 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, -R"", -OR"Y, -SR ", -CF3, -CCls, -OCF3,-CN, -NO,, -NR “")C(=0)R '/,
-CEOR Y, -0C(=0)R Y, -C(O)OR ", -C(=O)NR Y, -S(=O)R ", -S(=0),0R ", -S(=0),R "7, -
0S(=0),0R ", -S(=0),NR "/, alkoxyalkyl, arylalkoxycarbonyl, halo, haloalkyl, hydroxyalkyl,
-NR’R®, (NR*R®)alkyl, and (NR*R®)carbonyl;

each R" is independently -H, alkyl, aryl, arylalkyl, or heterocycle;

R? and R ® are each independently selected from the group consisting of hydrogen,
alkenyl, alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl,
heterocyclyl, and heterocyclylalkyl;

each L' 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, -R"’, -OR"Y, -SR ", -CF;, -CCls, -OCF3,-CN, -NO,, -NR *)C(=0)R "/,
-C(O)R", -OC(=0)R", -C(O)OR ", -C(=O)NR ", -S(=O)R ", -S(=0),0R ™", -S(=0),R ", -
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0OS(=0),0R "7, -S(=0),NR ", alkoxyalkyl, arylalkoxycarbonyl, halo, haloalkyl, hydroxyalkyl,
-NRR®, (NR?R%)alkyl, and (NR*R®)carbonyl;

each R is independently -H, alkyl, aryl, arylalkyl, or heterocycle;

R? and R ® are 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, -NR°R¢, NR°R%)alkenyl, (NR°R%)alkyl, and (NR°R%)carbonyl;

R® and R? 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, heterocyclylalkylcarbonyl, heterocyclylcarbonyl,
heterocyclyloxycarbonyl, hydroxyalkylcarbonyl, (NR°RHalkyl, (NR°RPalkylcarbonyl,
(NR°Rf)carbonyl, (NR°Rfsulfonyl, -C(NCN)OR', and - C(NCN)NR*RY, 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 -NR°R' group; and wherein the aryl, the aryl part of the arylalkoxycarbony],
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;

R* and RY are independently selected from hydrogen, alkoxycarbonyl, alkyl,
alkylcarbonyl, unsubstituted aryl, unsubstituted arylalkoxycarbonyl, unsubstituted arylalkyl,
unsubstituted cycloalkyl, unsubstituted heterocyclyl, and (NR*RY )carbonyl, wherein R and RY'
are independently selected from hydrogen and alkyl;

each R9! is independently -N(R**)-NHC(=0)O-R*®, wherein each R**is independently

arylalkyl, alkyl, alkenyl, alkynyl, aryl, arylalkyl, arylalkenyl, arylalkoxy, halocycloalkyl,
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(cycloalkyl)alkenyl, (cycloalkyl)alkoxy, alkylSO,alkyl, cycloalkylalkylSO,alkyl, 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, -NR*RY, -
(NR*RY)alkyl, oxo, and -P(O)OR,, 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, -NR*RY, -(NR*RV)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; R* is independently H, alkyl, aryl, haloalkyl, or arylalkyl,;

each R9” is independently ~N(R**)-NHC(=0)NR®" ,; wherein each R*is independently
arylalkyl, alkyl, alkenyl, alkynyl, aryl, arylalkyl, arylalkenyl, arylalkoxy, halocycloalkyl,
(cycloalkyl)alkenyl, (cycloalkyl)alkoxy, alkylSO2alkyl, cycloalkylalkylSO2alkyl, 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, -NR*RY, -
(NR*RY)alkyl, oxo, and -P(O)OR,, 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, -NR*RY, -(NR*R)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; R* is independently H, alkyl, aryl, haloalkyl, or arylalkyl;

each R9? is independently -N(R**)-NHC(=0)R®®, wherein each R**is independently arylalkyl,
alkyl, alkenyl, alkynyl, aryl, arylalkyl, arylalkenyl, arylalkoxy, halocycloalkyl,
(cycloalkyl)alkenyl, (cycloalkyl)alkoxy, alkylSO,alkyl, cycloalkylalkylSO,alkyl, 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, -NR*RY, -
(NR*RY)alkyl, oxo, and -P(O)OR,, 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, -NR*RY, -(NR*RV)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; R%®is independently H, alkyl, aryl,
haloalkyl, or arylalkyl;

each A’ is independently:

(R*)pp

O

wherein:
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each R is independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl,
alkyl, arylalkoxycarbonyl, carboxy, formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, NR?R?,
(NR®RP)alkyl, and (NR?R®)carbonyl; R? and R" are 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 A" 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 R** groups;
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each A' is independently:

(TM ec
oS

wherein:
each R*! is independently selected from cyano, nitro, SOR4, SOzR4, -alkylSOzR4,
haloalkoxy, cyanoalkyl, NR*SO,R*, cycloalkyl, (halo)cycloalkyl, heterocycle, (cycloalkylalkyl,
(heterocycle)alkyl, wherein each alkyl, heterocycle and cycloalkyl is optionally substituted with
one or more halo; and
each R* is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl;

each cc is independently 1, 2, 3, or 4

each A? is independently:
(R™)pp

1
v

(RM)ec

wherein:
each R*! is independently selected from cyano, nitro, SOR4, SOzR4, -alkylSOzR4,

haloalkoxy, cyanoalkyl, NR*SO,R?, 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 alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl,
arylalkoxycarbonyl, carboxy, formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NR°R®,
(NR®R%)alkyl, and (NR*R®)carbonyl; R* and R " are each independently selected from the group
consisting of hydrogen, alkenyl, alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl,
cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl;

each R* is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl;
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R? and R " are independently selected from the group consisting of hydrogen, alkenyl,
alkyl, alkylcarbonyl, aryl, arylalkyl, arylalkylcarbonyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
and heterocyclylalkyl;
eachbbis 0, 1,2, 3,0r4;eachccis 1,2, 3, or4; and the sumof bband ccis 1, 2, 3, or 4;

each A is independently a six-membered heteroaromatic ring containing one, two, or three
nitrogen atoms, which ring is substituted with one or more R™! groups, and which ring is

optionally substituted with one or more R™ groups;

each A* is independently:

%XA_H&‘XA—HS—XA%

wherein:
each H is independently a phenyl ring or a six-membered heteroaromatic
ring, which H’ is optionally substituted with one or more groups independently selected from
R?*! and R**; and each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=0O)NR,

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each A’ is independently:
% XA - HG_ XA _§

each H® is independently a phenyl ring or a six-membered heteroaromatic

wherein:

ring, which H® is optionally substituted with one or more groups independently selected from
RA and R™; and each X* is independently O, NR, SO, SO, C(=0), NRC(=0), C(=O)NR,
CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent; provided that at least one X* is present and
each R is independently selected from H or alkyl;
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I

each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,
CR=CR, allenyl, alkynyl, or absent; provided that at least one XA is present and each R is

each A® is independently:

wherein;:

independently selected from H or alkyl;

each A’ is independently:
? XA —H 7 XA __g

each H is independently a five-membered heteroaromatic ring, which H’ is

wherein:

optionally substituted with one or more groups independently selected from R*! and R**; and

each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,
CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each A% is independently:
%XA_HB“XA_H_,_XA%

each H' is independently a five-membered heteroaromatic ring, which H’ is

wherein:

optionally substituted with one or more groups independently selected from R*! and R™?;

each H%is independently a phenyl ring, which is optionally substituted with
one or more groups independently selected from R*! and R™**; and

each X" is independently O, NR, SO, SO,, C(=0), NRC(=0), 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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%XA_H7_XA_‘H7_XA‘§

each H’ is independently a five-membered heteroaromatic ring, which H’ is

each A’ is independently:

wherein:

optionally substituted with one or more groups independently selected from R* and R*; and

each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,
CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each A' is independently:
%XA ‘“HB_XA_HQ_XA%

each H® is independently a phenyl ring, which is optionally substituted with

wherein:

one or more groups independently selected from R*! and R*®;
each H’ is independently a six-membered heteroaromatic ring, which is
optionally substituted with one or more groups independently selected from R*! and R**; and
each X" is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,
CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each A'' is independently:

%XA_H 10_XA——§
wherein:

each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,
CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each H'? is independently a 5-15 carbon unsaturated, partially unsaturated or
saturated bicyclic ring system that is optionally fused to an aryl, which H'® is optionally
substituted with one or more groups indepenl%znltly selected from oxo, alkoxy, alkoxyalkyl,
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alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, formyl, halo, haloalkyl, hydroxy,
hydroxyalkyl, -NR°R®, (NR*R®)alkyl, and (NR*R)carbonyl, cyano, nitro, SOR*,

SO,R*, -alkylSO,R*, haloalkoxy, cyanoalkyl, NR*SO,R*, 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 R* is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl

each A'? is independently:

%XA__HH_XA___E
wherein:

each X# is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,
CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each H'! 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'! is optionally substituted with one or more groups independently
selected from oxo, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy,
formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -NR®R®, (NR*R®)alkyl, and (NR*R®)carbonyl,
cyano, nitro, SOR*, SO,R*, -alkylSO,R*, haloalkoxy, cyanoalkyl, NR*SO,R?, 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 R* is independently selected from H, alkyl, haloalkyl, aryl, and arylalkyl; and

each A" is independently:
éxA —H 12_XA_§

each H'" is independently a fused aromatic bicyclic carbocycle, which is

wherein:

optionally substituted with one or more groups independently selected from R*! and R**; and
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each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,
CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each A" is independently:
%XA__H 13_XA___.§

each H" is independently a fused aromatic bicyclic heterocycle that comprises

wherein:

at least one heteroatom in the ring system, which ring system is optionally substituted with
one or more groups independently selected from R*! and R™*; and

each X" is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,
CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each A" is independently:
%XA_H14_XA_§

each H" is independently a fused unsaturated, partially unsaturated or

wherein:

saturated tricyclic carbocycle which is optionally substituted with one or more groups
independently selected from R™! and R™; and
each X" is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each A'® is independently:

%XA—H“-XA—E
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wherein:

each H" 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 R*! and R ;and

each X% is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each A7 is independently:
%XA_H 16_XA_§

each H'® is independently a fused bicyclic carbocyclic ring system wherein

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, R*' and R*®;

and
each X2 is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each A'® is independently:
%XA _H17_XA___§

each H'” is independently a fused bicyclic ring system comprising at least one

wherein:

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, R*! and R*?; and

each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), 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 A?! is independently:
% XA —H 40_ XA __§

each H* is independently an anti-aromatic monocyclic or fused carbocyclic

wherein:

ring system, which carbocyclic ring system is optionally substituted with one or more groups
independently selected from R*! and R**; and
each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each W' is independently -X*-:
wherein:

each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,
CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each W? is independently:

%XA—HZO'XA—E

wherein:

each H* is independently is independently a fused aromatic bicyclic
carbocycle, which is optionally substituted with one or more groups independently selected
from RA! and RA® ; and

each X is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=0O)NR,

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;
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%XA—HZLXA—é

each H*' is independently a fused bicyclic carbocyclic ring system wherein

each W* is independently:

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, R*! and RA;

and
each X% is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each W* is independently:
éi XA —H 22_ XA _g

each H* is independently a fused aromatic bicyclic heterocycle that comprises

wherein:

at least one heteroatom in the ring system, which ring system is optionally substituted with
one or more groups independently selected from R*! and R*?; and
each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each W’ is independently:
%XA_H23_XA_§

each H? is independently a fused bicyclic ring system comprising at least one

wherein:

heteroatom, wherein one ring is aromatic and another ring is partially or fully saturated,
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which ring system is optionally substituted with one or more groups independently selected

from oxo, RA! and RM ; and
each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
oralkyl;

each W is independently:
%XA _H24_XA_§

each H** is independently a fused unsaturated, partially unsaturated or
saturated tricyclic carbocycle, which is optionally substituted with one or more groups
independently selected from R*' and R**; and

each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H

wherein:

or alkyl;

each W is independently:
%XA .__H26_XA_§

each H*® is independently a 5-15 carbon unsaturated, partially unsaturated or

wherein:

saturated bicyclic ring system which ring system is optionally substituted with one or more
groups independently selected from oxo, R and R™; and

each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), 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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%XA—H”'XA—E

each H*' is independently a fused unsaturated, partially unsaturated or

each W? is independently:

wherein;

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 R*! and RA® ; and

each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,

CR=CR, NRC(=0O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each W’ is independently:
%XA _H29_XA___§

each H? is independently a 5-15 carbon unsaturated, partially unsaturated or

wherein:

saturated bicyclic ring system that contains one or more heteroatoms; and
each X* is independently O, NR, SO, SO,, C(=0), NRC(=0), C(=O)NR,

CR=CR, NRC(=O)NR, allenyl, alkynyl, or absent and each R is independently selected from H
or alkyl;

each W'? is independently —H*’=C=H"!-
wherein each of -H® and H*! is independently a saturated 6-membered heterocyclic
ring comprising one or more heteroatoms, which ring is optionally substituted with oxo;

each W'! is independently —H**=C=H™-
wherein each of -H*? and H* is independently a saturated 5-membered heterocyclic
ring comprising one or more heteroatoms, which ring is optionally substituted with oxo;

each W'? 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 R*' and R*®;
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each W" is independently a phenyl ring that is optionally substituted with one or more groups

independently selected from R*! and R,

each W'* is independently a 5 or 6 membered heteroaryl ring that is optionally substituted

with one or more groups independently selected from R*! and R™?;

each W' 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*! and R™;

each W'¢ 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, R*' and R™*;

each W' 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, R*! and R**;

each W' 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, R?!' and R™*;

each W' 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, R*! and R*;

each W 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, R*! and R™;

each M? is independently a five membered heteroaryl group optionally substituted with one or
more alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, haloalkyl, (NR*R®)carbonyl and
trialkylsilylalkoxyalkyl;
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each M' is independently selected from —C(=0)NH-, —
C(=0)NH-C(RM),-, -NHC(=0) -, -C(RM),NHC(=0)-, -NHC(=O)N RM -, -NHC(=0)O -;
wherein each RM is independently selected from H and alkyl;

each M? is independently a six-membered heteroaromatic ring, which is optionally substituted
with one or more groups independently selected from R*! and R™;

each M? is independently:

each M* is independently:

e

OH

each M’ is independently:

wherein the bond designated with --- is fused to a ring defined for P;

each M°® is independently a bicyclic bridged ring system comprising 5-15 atoms wherein at least

one of the atoms is a heteroatom;
each M’ is independently a pyrid-di-yl;

each M® 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 M’ is independently a fused-bicyclic saturated, partially unsaturated, or aromatic

heterocyclic ring system that is optionally substituted with one or more RPIE

each M is independently a five membered heteroaryl group;

each M"! is independently a fused-tricyclic saturated, partially unsaturated, or aromatic
heterocyclic ring system that is optionally substituted with one or more oxo, halo, RM" -OR
M7 _SRM7 _N(RM"),, -CF3, -CCls, -OCF3,-CN, -NO,, -NRMC(=0)R ™, -C(=0)RM, -
OC=0)RM, -C(0)ORM | -C(OINRM, -S(=0)R™M, -S(=0),0R ™M, -§(=0),R ™, -0S(=0),0R
M7 or -S(=0),NR™’;

each R™’ is independently -H, alkyl, aryl, arylalkyl, or heterocycle;

each P is independently:

po
% / ( or
N/)pn N /pm N/RP9
s o

wherein:

X is selected from O, S, S(0), SO, CH,, CHR"'®, and C(RP!%),;
provided that when pn or pm is 0, X is selected from CHj, CHRPIO, and C(Rplo)z;

each RP'% is independently selected from alkoxy, alkyl, aryl, halo,
haloalkyl, hydroxy, and -NRP*RF®, 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 R"® and R”S is independently selected from alkoxy, alkyl, aryl,
halo, haloalkyl, hydroxy, and -NR"*R"®, 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; R"® and R® are each independently
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H, alkyl, aryl, or arylalkyl; or R*® and R™ 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;

R"” and R™ are each independently selected from hydrogen, alkenyl, alkoxyalkyl,
alkyl, haloalkyl, and (NR™R")alkyl; or R¥” and R™®, 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 NR'?, 0, and S; wherein R is selected from hydrogen and alkyl;

R™ is selected from hydrogen and alky];

each P! is independently:

(RP11)ps
|-x
éﬂ( 0)
N pn
e

wherein:

X is selected from O, S, S(0), SO,, CH,, CHR®'?, and C(R"'%),;
provided that when pn is 0, X is selected from CH,, CHRPIO, and C(RPIO)Z;

each R"'? is independently selected from alkoxy, alkyl, aryl, halo,
haloalkyl, hydroxy, and -NR"*RF®, 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 R*!! is independently selected from cyano, alkylsulfonyl,
arylsulfonyl, (NR"R")sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy,
alkoxyalkyloxy, haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy,
heteroaryloxyakyloxy, heterocyclooxyalkyloxy, (NR"RMalkyloxy, cyanoalkoxy,
cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl, -NR™R", (NR"™RMalkyl,
(NR"™RMcarbonyl, wherein each R" is independently -H, alkyl, alkoxyamino, aryl, arylalkyl,
heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl,
haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; and when two
R" 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 R™ is independently aryl, arylalkyl,

heterocycle, heterocyclyoxy, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl,
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haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl,
(NR"RMsulfonyl, heteroarylsulfonyl, -S(=0),R", -C(=O)R", -C(=O)NR'R"; and the remaining
R"!'! are independently selected from RPS, cyano, alkylsulfonyl, arylsulfonyl,
(NR"R")sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy,
haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, heteroaryloxyakyloxy,
heterocyclooxyalkyloxy, (NR"RMalkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy,
oxo, heterocyclyl; wherein each R" is independently -H, alkyl, alkoxyamino, aryl, arylalkyl,
heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl,
haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; and when two
R" 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;
pnis 0, 1, or 2;

each P? is independently:

wherein:

P“,-C(ZO)ORh, cyano,

each R"'? is independently selected from RPS, R
alkylsulfonyl, arylsulfonyl, (NR"RMsulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl,
haloalkoxy, alkoxyalkyloxy, haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy,
heteroaryloxyakyloxy, heterocyclooxyalkyloxy, (NR"RMalkyloxy, cyanoalkoxy,
cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl; wherein each R" is independently -H,
alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, alkynyl,
alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl,
dialkylaminoalkyl, sulfonylalkyl; and when two R" groups are present then they may come
together with the atoms to which they are bound to form a 4-15 membered heterocyclic ring;

psis1,2,3,0r4;

pnis 0, 1, or 2;
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each P? is independently a ring of the formula:

RP1 3)ps

5,(

wherein:

the ring is substituted with one or more oxo group;

each R*'? is independently selected from RPS, cyano, alkylsulfonyl,
arylsulfonyl, (NR"R™sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy,
alkoxyalkyloxy, haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy,
heteroaryloxyakyloxy, heterocyclooxyalkyloxy, (NR"RMalkyloxy, cyanoalkoxy,
cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl; wherein each R"is independently -H,
alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, alkenyloxy, alkynyl,
alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl,
dialkylaminoalkyl, sulfonylalkyl; and when two R" groups are present then they may come
together with the atoms to which they are bound to form a 4-15 membered heterocyclic ring;

psis0,1,2,3,or4;

pnis 0, 1, or 2;

each P* is independently a ring of the formula:

wherein:
the ring is optionally substituted with one or more groups R*!* that are
independently selected from alkoxy, alkyl, aryl, halo, haloalkyl, hydroxy, and —

NRP?RF®, 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 R*'* 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;

pnis 0, 1, or 2;

each R'is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle,
heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl,
haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl,
sulfonylalkyl, -S(=0),NR"R", -S(=0),R", C(=0)R", C(=0)OR", -C(=0)NR"R"; each R" is
independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl,
alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl,
alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; or when two R" 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’ is independently a ring of the formula:

Y

wherein:

P15 that are

the ring is optionally substituted with one or more groups R
independently selected from alkoxy, alkyl, aryl, halo, haloalkyl, hydroxy, and —
NRP?R™®, 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 R*!° 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;

pnis 0, 1, or 2;

Zis 0, S, S(=0), S(=0),, or NR;

each R is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle,
heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl,
haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl,
sulfonylalkyl, -S(=0)%,NR"R", -S(=0),R", C(=0)R", C(=0)OR", -C(=0)NR'R"; each R" 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 R" 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° is independently a ring of the formula:
VA
pn
“/\,.4:‘

the ring is substituted with one or more oxo and is optionally substituted with one

wherein:

or more groups RP!® that are independently selected from alkoxy, alkyl, aryl, halo,
haloalkyl, hydroxy, and -NRP*RP®, 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;

Zis O, S, S(=0), S(=0),, or NR;

pnis 0, 1, or 2;

each R’ is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle,
heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl,
haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl,
sulfonylalkyl, -S(=0),NR"R", -S(=0),R", C(=0)R", C(=0)OR", -C(=0)NR'R™ each R" is
independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl,
alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl,
alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; or when two R" 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’ 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*®and RP!!;
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each P is independently a ring of the formula:

(RP13)ps

-5

wherein:

psis2,3,4,5,0r6;

pnis 0, 1, or2;

each R"!? is independently selected from alkoxy, alkyl, aryl, halo,
haloalkyl, hydroxy, and ~NRPRP*, 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 R¥!? 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 P'° is independently:

wherein:
X is selected from O, S, S(0), SO,, CH,, CHR"'?, and C(RF!?),;
provided that when pn or pm is 0, X is selected from CH,, CHR™"®, and C(R"!?),;
each R"!? is independently selected from alkoxy, alkyl, aryl, halo,
haloalkyl, hydroxy, and -NR"R" ® 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;

1057

[PR2018-00211 Page 1059 of 1092 I-MAK 1011



WO 2010/132601 PCT/US2010/034600
each R"® and R?¢ is independently selected from alkoxy, alkyl, aryl,

halo, haloalkyl, hydroxy, and ~NRPRP®, 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'' is independently:

(Rps)ps (RPG)pq
ool /_X PP / y
%
N/é ) pn N~ 7 Pm

o e

wherein:

X is selected from O, S, S(O), SO,, CH,, CHR?'?, and C(RP1?%),;
provided that when pn or pm is 0, X is selected from CH,, CHR®", and C(R"'%),;

each R"'? is independently selected from alkoxy, alkyl, aryl, halo,
haloalkyl, hydroxy, and -NR"R"®, 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 R"® and R”® is independently selected from alkoxy, alkyl, aryl,
halo, haloalkyl, hydroxy, and -NRP*R"®, 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 P'? is independently:

(RPG)pq
(RPH)pS / )

pp
% N pm
s
wherein:

each R’® is independently selected from alkoxy, alkyl, aryl, halo,
haloalkyl, hydroxy, and -NR"*R"®, 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;

R’ is independently selected from cyano, alkylsulfonyl, arylsulfonyl,
(NRth)sulfonyI, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy,
haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, heteroaryloxyakyloxy,
heterocyclooxyalkyloxy, (NRth)alkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy,
oxo, heterocyclyl, -NR"R", (NthRh)alkyl, (NthRh)carbonyl, wherein each R" is independently
-H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, alkenyloxy,
alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl,
dialkylaminoalkyl, sulfonylalkyl; and when two R 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 R™ is independently aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyloxy,
alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalky],
dialkylaminoalkyl, sulfonylalkyl, NR"R"sulfonyl, heteroarylsulfonyl, -S(=0),R", -

C(=O)R", -C(=0)NR'R"; and the remaining R"'! are independently selected from RPS,
cyano, alkylsulfonyl, arylsulfonyl, (NR"R")sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl,
haloalkoxy, alkoxyalkyloxy, haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy,
heteroaryloxyakyloxy, heterocyclooxyalkyloxy, (NRth)alkyloxy, cyanoalkoxy,

cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl; wherein each R" 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 R" 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" is independently:

(RP1 1)ps (RPG)pq
\/"\/ )
pn (] pp

)
N~ “pm

o

wherein:

X is selected from O, S, S(O), SO,, or NRh;

each R"® is independently selected from alkoxy, alkyl, aryl, halo,
haloalkyl, hydroxy, and -NR"*R"®, 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 and pn are independently O, 1, or 2 but the sum of pn and pm is greater than
Zero;

pp are independently 1, 2, or 3;

psis1,2,3,or4,

each R"!! is independently selected from cyano, alkylsulfonyl, arylsulfonyl,

(NR"R)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy,
haloalkoxyalkyloxy, cycloalkyoxyalkyloxy, aryloxyalkyloxy, heteroaryloxyakyloxy,
heterocyclooxyalkyloxy, (NRth)alkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy,
0x0, heterocyclyl, -NR™R", (NR"™RM)alkyl, (NthRh)carbonyl, wherein each R" is independently
-H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl, alkenyloxy,
alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl,
dialkylaminoalkyl, sulfonylalkyl; and when two R" 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 R™ is independently aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyloxy,
alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl,
dialkylaminoalkyl, sulfonylalkyl, (NR"R")sulfonyl, heteroarylsulfonyl, -S(=0),R", -

C(=O)R", -C(=O)NR"R", RPS, cyano, alkylsulfonyl, arylsulfonyl, (NR"RMsulfonyl,
heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy, haloalkoxyalkyloxy,
cycloalkyoxyalkyloxy, aryloxyalkyloxy, heteroaryloxyakyloxy, heterocyclooxyalkyloxy,
(NRth)alkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl; wherein
each R" is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy,
alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl,
alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; and when two R" 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 is independently:

(Rpe)pq
(RP11)pS \ «
¢

%\K’Najpm

e

wherein:
the ring is substituted with one or more oxo group;
X is NR';
each R is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle,
heterocyclyoxy, alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl,
haloalkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl,
sulfonylalkyl, -S(=0),NR"R", -S(=0),R", C(=0)R", C(=0)OR", -C(=0)NR"R; each R" is
independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy, alkenyl,
alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl,
alkylaminoalkyl, dialkylaminoalkyl, sulfonylalkyl; or when two R" 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 R"® is independently selected from alkoxy, alkyl, aryl, halo,
haloalkyl, hydroxy, and -NR"*R"®, 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 O, 1, 2, 3, or 4;

pm is independently 0, 1, or 2;

psis1,2,3,or4;

RP!'! is independently selected from cyano, alkylsulfonyl, arylsulfonyl,
(NR"RM)sulfonyl, heterocyclylsulfonyl, heteroarylsulfonyl, haloalkoxy, alkoxyalkyloxy,
haloalkoxyalkyloxy, cycloalkyoxyalkyloxy
aryloxyalkyloxy, heteroaryloxyakyloxy, heterocyclooxyalkyloxy,

(NR"RMalkyloxy, cyanoalkoxy, cyanocycloalkyloxy, cycloalkyloxy, oxo, heterocyclyl; wherein
each R" is independently -H, alkyl, alkoxyamino, aryl, arylalkyl, heterocycle, heterocyclyoxy,
alkenyl, alkenyloxy, alkynyl, alkoxyalkyl, haloalkyl, cyanoalkyl, haloalkoxyalkyl, aminoalkyl,
alkylaminoalkyl, dialkylaminoalkyl, or sulfonylalkyl; and when two R" 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 -Z°- is —-C(=0)- or —C(=S)-;

each —Z'- is independently a bond, or -C(R*'),-; wherein each R*! is independently H, alkyl,
haloalkyl, or halo;

each —Z*- is independently saturated or partially unsaturated (C3-Cg)cycloalkyl that is optionally

substituted with one or more groups independently selected from R*' and R**;

each —Z>- 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*! and R*;

each -Z*- is independently:
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wherein each R** is independently H, alkyl, cyano, aryl, or heteroaryl;
each —Z°- is independently:

RZéN/RZ5
\
N

wherein each R” is independently H, alkyl, cyano, aryl, or heteroaryl; or two R*’s 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 R*! and R** ;

each —Z°- is independently -C(R%')- and is doublebonded to a carbocyclic P; wherein R*! is

independently H, alkyl, haloalkyl, or halo;

each E° is independently -NRF°RF? wherein

RE® and R® are each independently selected from hydrogen, alkenyloxycarbony],
alkoxyalkylcarbonyl, alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfonyl, aryl,
arylalkoxycarbonyl, arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxycarbonyl, arylsulfonyl,
cycloalkyl, cycloalkylsulfonyl, formyl, haloalkoxycarbonyl, heterocyclyl,
heterocyclylalkoxycarbonyl, heterocyclylalkyl, heterocyclylalkylcarbonyl, heterocyclylcarbonyl,
heterocyclyloxycarbonyl, hydroxyalkylcarbonyl, (NR°Rfalkyl,
(NR‘RNalkylcarbonyl, (NR°R)carbonyl, (NR°Rf)sulfonyl, -C(NCN)OR', and - CONCN)NR*RY,
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 -NR°Rf 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 E' is independently -OC(=O)NRE°REf wherein each R™ and R¥ 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°Rf)alkyl, (NR°Ralkylcarbonyl, (NR°Rf)carbonyl, (NR°Rf)sulfonyl,
-C(NCN)OR', and - CANCN)NR*RY, 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 -NR°Rf 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 R¥ and R™, together with the nitrogen atom to which

they are attached, form a heterocycle;

each V' 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, -NR*RY, -
(NR*RY)alkyl, oxo, and -P(O)OR,, 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, -NR*RY,
(NR*RY)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 V' is independently cyanoalkyl, which is optionally substituted with one or more groups
independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle,
heteroaryl, hydroxy, and NR"?RY°C(=0)O-; R¥? and R"® are each independently selected from
hydrogen, alkenyl, and alkyl;

each V? is independently haloalkyl, which is optionally substituted with one or more groups
independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle,
heteroaryl, hydroxy, and NRY*RY*C(=0)0-; RV? and R"" are each independently selected from
hydrogen, alkenyl, and alkyl;

each V? 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 V* is independently haloalkoxyalkyl, which is optionally substituted with one or more
groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle,
heteroaryl, hydroxy, and NRY*RY°C(=0)0-; R¥* and R"" are each independently selected from
hydrogen, alkenyl, and alkyl;

each V’ 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 Y?RY°C(=0)0-; R¥* and R"® are each independently selected from

hydrogen, alkenyl, and alkyl;

each V® is independently arylsulfonylalkyl, which is optionally substituted with one or more
groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle,
heteroaryl, hydroxy, and NRY*RY®C(=0)0-; R¥* and R"® are each independently selected from
hydrogen, alkenyl, and alkyl;

each V' is independently heterocyclosulfonylalkyl, which is optionally substituted with one or
more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl,
heterocycle, heteroaryl, hydroxy, and NR Y RY°C(=0)0-; R"? and R"" are each independently
selected from hydrogen, alkenyl, and alkyl;

each V? is independently spirocycloalkyl, which is optionally substituted with one or more
groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle,
heteroaryl, hydroxy, and NRY?RY’C(=0)0-; R¥* and R"? are each independently selected from
hydrogen, alkenyl, and alkyl;

each V° is independently spirocycloalkylalkyl, which is optionally substituted with one or
more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl,
heterocycle, heteroaryl, hydroxy, and NR*RY*C(=0)0-; RV and R"" are each independently
selected from hydrogen, alkenyl, and alkyl;

each V' is independently fusedbicycliccycloalkyl, which is optionally substituted with one or
more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl,
heterocycle, heteroaryl, hydroxy, and NR*RY*C(=0)0-; RV and R"" are each independently
selected from hydrogen, alkenyl, and alkyl;

each V!! is independently fusedbicycliccycloalkylalkyl, which is optionally substituted with
one or more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl,
heterocycle, heteroaryl, hydroxy, and NRV*RY°C(=0)0-; R¥* and R"" are each independently
selected from hydrogen, alkenyl, and alkyl;

each V'? 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 Y RV’C(=0)0-; RY* and R"" are each independently

selected from hydrogen, alkenyl, and alkyl;

each V" 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 NRvaRVbC(=O)O-; R"? and R"® are each
independently selected from hydrogen, alkenyl, and alkyl;

each V'* is independently aryloxyalkyl, which is optionally substituted with one or more
groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle,
heteroaryl, hydroxy, and NRY*RY°C(=0)0O-; R¥* and R"" are each independently selected from

hydrogen, alkenyl, and alkyl;

each V'° is independently arylalkoxyalkyl, which is optionally substituted with one or more
groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle,
heteroaryl, hydroxy, and NRY*RY°C(=0)0O-; R"* and R"® are each independently selected from
hydrogen, alkenyl, and alkyl;

each V'¢ is independently cycloalkyloxyalkyl, which is optionally substituted with one or more
groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle,
heteroaryl, hydroxy, and NR V?RY°C(=0)0O-; R"? and R"® are each independently selected from
hydrogen, alkenyl, and alkyl;

each V' is independently cycloalkylalkyloxyalkyl, which is optionally substituted with one or
more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl,
heterocycle, heteroaryl, hydroxy, and NRV*RY°C(=0)0O-; R¥? and R"® are each independently
selected from hydrogen, alkenyl, and alkyl;

each V'® is independently heterocyclooxyalkyl, which is optionally substituted with one or
more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl,
heterocycle, heteroaryl, hydroxy, and NRY?RY’C(=0)0O-; RY* and R"® are each independently
selected from hydrogen, alkenyl, and alkyl;
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each V" is independently heterocycloalkyloxyalkyl, which is optionally substituted with one
or more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl,
heterocycle, heteroaryl, hydroxy, and NRV*R Y°C(=0)0O-; RV* and R"" are each independently
selected from hydrogen, alkenyl, and alkyl;

each V?° is independently heteroaryloxyalkyl, which is optionally substituted with one or more
groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl, heterocycle,
heteroaryl, hydroxy, and NRV*RY’C(=0)0-; R¥* and R"® are each independently selected from
hydrogen, alkenyl, and alkyl;

each V2! is independently heteroarylalkylalkoxyalkyl, which is optionally substituted with one
or more groups independently selected from cycloalkyl, alkoxy, haloalkoxy, cycloalkenyl,
heterocycle, heteroaryl, hydroxy, and NRV*R"’C(=0)0-; R¥* and R are each independently
selected from hydrogen, alkenyl, and alkyl;

each T' is independently a spiro, branched or fused bicycloalkyl;

each T? is independently aryl;

each T° is independently heteroaryl;

each T* is independently arylalkyl;

each T’ is independently haloalkyl;

each T® is independently heteroarylalkyl;

each T’ is independently heterocycle; and

each T is independently heterocyclealkyl.

22. The compound of claim 21 which comprises M°-w-M°, M®-w-M°, M®°-W-M°, or
M’-W-M°, M"-w-M°, M°-W-M"’, M""-W-M°, M®-W-M"’, or M'O-W-M"?.

23.  The compound of claim 22 wherein W is W=
24.  The compound of claim 22 wherein W is W?.
25. The compound of claim 22 wherein W is W'°.

26.  The compound of claim 22 wherein W is W'®,
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27.  The compound of claim 22 wherein W is w's,

28. The compound of claim 21 which comprises MO-A-A-MO, MO-A-A-Mg, M’- A-A-MO, or
M’-A-A-M°. M- A-A-M°, M%-A-A-M"0, M- A-A-M°, M*- A-A-M", or M"%- A-A-M"°

29.  The compound of claim 28 wherein —A-A- is —~A%-A’-.
30.  The compound of claim 28 wherein —A-A- is ~A%-A"-,
31.  The compound of claim 28 wherein —~A-A- is ~A"*-A"-
32.  The compound of claim 28 wherein —A-A- is ~ALAL
33.  The compound of claim 28 wherein —A-A- is —A">-A®-.

34.  The compound of claim 21 wherein W is W?.

35.  The compound of claim 34 wherein each X* is absent.

36.  The compound of claim 34 or 35 wherein W? is selected from:
and

37.  The compound of claim 34 or 35 wherein W? is selected from:

38. The compound of claim 21 wherein W is W%,

39.  The compound of claim 38 wherein each X* is absent.
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40.  The compound of claim 38 or 39 wherein W3 is selected from:

O _@@% %@4

41.  The compound of claim 38 or 39 wherein W2 is selected from:
H
O O o
- ' \
N N
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BSess

42.  The compound of claim 38 or 39 wherein W? is selected from:
- R F
O % )
N=N

and

43.  The compound of claim 38 or 39 wherein W* is selected from:
S S N o} N
IO HCH » TC0—
S N s N (o} .
44, The compound of claim 38 or 39 wherein W? is selected from:

goin

\/ /\ OO

N H N

45, The compound of claim 21 wherein W is W? that is unsubstituted.
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46.  The compound of claim 21 wherein W' is:

o&

47.  The compound of claim 21 wherein W is W' or W,

48.  The compound of claim 21 wherein W is a ring system of formula:
X u=u u=u
R e
NS NS \ V/
Uu-u u-u U‘/Z_S\—U
X
wherein :

Uis CHor N; and
X is -CH;-, -C(=0)-, -CH,CHj;-, -CH,CH,CH>-, or -CH=CH-;

wherein the ring system is optionally substituted with one or more R' or R>.

49.  The compound of claim 21 wherein W is wh.

50.  The compound of claim 21 wherein W is selected from:
HyC. CHs
TeSv el vSe Al vavia
0]

YoSe%a il eSvla
51.  The compound of claim 21 wherein W is W'®.

52.  The compound of claim 21 wherein W is selected from:
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53.  The compound of claim 21 wherein W is W,

54.  The compound of claim 21 wherein W is selected from:
o] 0,
F AR =
(o] .
55.  The compound of claim 21 wherein one A is A% and one A is A’, wherein one X* in the

A’ is absent and the other X* in the A’ is alkynyl.

56.  The compound of claim 21 or 29 wherein —~A’-A’- has the following structure:
57.  The compound of claim 21 wherein one A is A" and one A is A'?, wherein both X* in the

1
A" are absent.

58.  The compound of claim 21 or 30 wherein —A"-A"3- has the following structure:

59. The compound of claim 21 that comprises AB- A", wherein all X® inboth A" are

absent.
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60.  The compound of claim 21 or 31 wherein —A">-A"3- has the following structure:

61.  The compound of claim 21 that comprises A% A" wherein all X” in both the A” and the

A'!, are absent or alkynyl.

62.  The compound of claim 21 or 32 wherein ~A%-A''- has the following structure:

oo

63. The compound of claim 21 that comprises one AP and one A® wherein all X* in the A"
are bonds.
64.  The compound of claim 21 or 33 wherein —A">-A%- has the following structure:

65. The compound of claim 21 wherein W is W? and within the W” one X* is absent and one
X% is RC=CR.
66.  The compound of claim 21 wherein W? has the following structure:

ae

67.  The compound of claim 21 wherein W is W and within the W? one X is absent and one
X is selected from absent, alkynyl, or RC=CR; and M is selected from M° or M°.

68.  The compound of claim 67 wherein M’ is imidazolyl and M” is benzimidazolyl.

69. The compound of claim 21 that comprises a group M>-W2-M’,
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70. The compound of claim 69 wherein the group M®- W2-M” has the following structure:

"%’,ﬁ QQ 7;‘

H
71.  The compound of claim 21 wherein A is A% and L is L*.

72.  The compound of claim 71 wherein A’-L? has the following structure:

H
=T

73.  The compound of claim 21 that comprises two A’ and one M is M’.
74.  The compound of claim 21 that comprises two A’ and one M is M? and another M is M°.

75.  The compound of claim 74 wherein A°-A’-M’ has the following structure:

76.  The compound of claim 21 that comprises M’-A%-A%-M°.

77.  The compound of claim 76 wherein M*-A%-A°-M” has the following structure:

H
\
N
N
O~~~

78.  The compound of claim 21 that comprises A%-A’-M°.

79.  The compound of claim 78 wherein A°-A’-M” has the following structure:

e
N
Yaeavs
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80.  The compound of claim 21 that comprises one or two M and each M is M°.
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 M.
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 M®and one M is M’.
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 L’,
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
A 2
U= —
;—<\ 77—\ M

u-u u-

wherein :

Uis CH or N; and
X is -CHz-, -C(:O)-, -CHzCHz-, -CHzCHzCHz-, or -CH=CH-;

wherein the ring system is optionally substituted with one or more R! or R®.
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89.  The compound of claim 21 wherein W is selected from:

O Yar
L S

o O
O e K

90.  The compound of claim 21 wherein A-A is selected from:

91.  The compound of claim 21 wherein M-W-M is:

agﬁ

H

92.  The compound of claim 21 wherein -A-L- is selected from:

Yavevett
and H
Lo T
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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:

HORS S OO
SN F

Lo B

o O
Rovetltssesiiaseted

CH3

"* | ()
%550‘3 § |

o H

CH;
95. The compound of claim 21 wherein W is W',
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96.  The compound of claim 21 wherein W is selected from:

o§ S%
HO HO

% - % g.

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 formula E-V-Z-

P-M-W-M- P-Z-V-E.

99.  The compound of claim 21 wherein the compound of formula I has the formula E-V-Z-

P-M-W-M-P-Z-V-E.

100. The compound of claim 21 wherein the compound of formula I has the formula E-V-Z-

P-M-A-A-M-P-Z-V-E.

101. The compound of claim 21 having the structure E-V-Z-P-M-A-L-P-Z-V-E

102.  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 M°-W-M°, M*-w-M°,
M’-W-M’, and M’-W-M’.

104. The compound of claim 102 wherein —-M-W-M- is selected from MIO-W-MO, MO-W-MIO,
MI%w-M’, M*-W-M"’, and M'%-w-M"°.

105. The compound of claim 100 wherein -M-A-A-M- is selected from M*-A-A-M°,
M’-A-A-M®, M*-A-A-M°, and M*-A-A-M’.
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106. The compound of claim 100 wherein —-M-A-A-M- is selected from M'-A-A-M°,
M"-A-A-M", M'-A-A-M°, M®-A-A-M"’, and M'%-A-A-M".

107. The compound of any one of claims 21-106 wherein each E is E.

108. The compound of any one of claims 21-106 wherein each E is -NHC(=0)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 V is Ve

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 V is 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 Z°.

116. The compound of any one of claims 21-114 wherein each Z is —C(=0)-.

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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and ;ﬂ/h; O 0 \HY%

/
N N
S
120. The compound of any one of claims 21 and 107-116 wherein M is M°.

121. The compound of any one of claims 21 and 107-116 wherein M is selected from:

N H
and N

122.  The compound of any one of claims 21 and 107-116 wherein M is M.

123.  The compound of any one of claims 21 and 107-116 wherein M is:
N\
-
124.  The compound of any one of claims 21 and 107-116 wherein M is M®.

125. The compound of any one of claims 21 and 107-116 wherein M is:
} s N}% g ~N %
/S\\ NH
126.  The compound of any one of claims 21-125 wherein P is P°.
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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 P is

N

««““J’M . _

129. The compound of any one of claims 21-125 wherein P is

v

130.  The compound of any one of claims 21-125 wherein P is P'.

131.  The compound of any one of claims 21-125 wherein P is P*.

132.  The compound of any one of claims 21-125 wherein P is P*; and pn is 1.

133.  The compound of any one of claims 21-125 wherein P is P*; pn is 1; and RP1Z is
independently selected from alkylsulfonyl, arylsulfonyl, heterocyclylsulfonyl,

heteroarylsulfonyl, -C(=O)R", -C(=0)NR"R"; -C(=0)OR", and haloalkyl.

134.  The compound of any one of claims 21-125 wherein P is P?; pn is 1 and ps is zero.

1082

IPR2018-00211 Page 1084 of 1092 I-MAK 1011



WO 2010/132601 PCT/US2010/034600

135. The compound of any one of claims 21-125 wherein P is P’

136. The compound of any one of claims 21-125 wherein P is P, pnis l;and Zis O, S,
S(=0), S(=0),, or NR".

137. The compound of any one of claims 21-125 wherein P is Pé.

138.  The compound of any one of claims 21-125 wherein P is P6; pnis 1;and Zis O, S,
S(=0), S(=0),, or NR',

139. The compound of any one of claims 21-125 wherein P is P’ wherein P’

isa[2.2.1] or a [2.2.2] ring system.

140. The compound of any one of claims 21-125 wherein P is

N

b

optionally substituted with one or more groups independently selected from R® and RP!.

141. The compound of any one of claims 21-125 wherein P is

ﬁ

" A
optionally substituted with one or more groups independently selected from R"¢ and R™!.

142.  The compound of any one of claims 21-125 wherein P is

o,

%g\ ..«3""'" or M‘% \\\\\ ::l}w
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optionally substituted with one or more groups independently selected from R™ and R"".
143.  The compound of any one of claims 21-125 wherein P is P,

144. The compound of any one of claims 21-125 wherein P is P and pnis 1.

145. The compound of any one of claims 21-125 wherein P is P% pnis 1; and ps is 2.
146.  The compound of any one of claims 21-125 wherein P is P'°.

147. The compound of any one of claims 21-125 wherein P is Plo; pnis 1;and X is O, S,
S(=0), S(=0),, CHR™™, or C(R™'%),.

148. The compound of any one of claims 21-125 wherein P is plo. pnis 1;pois 1;and Xis O,

S, S(=0), S(=0),, CHR™®, or C(R™'),.

149.  The compound of any one of claims 21-125 wherein P is P'%; pn is 1; po is 1; ps is 0; and

X is O, 8, $(=0), S(=0)2, CHR""’, or C(R"'"),.
150. The compound of any one of claims 21-125 wherein P is P''.

151. The compound of any one of claims 21-125 wherein P is P''; pnis 1; po is 1; ps is 0; and

X is 0, S, S(=0), S(=0),, CHR™'®, or C(R"'?),.

152.  The compound of any one of claims 21-125 wherein P is P'2.

153.  The compound of any one of claims 21-125 wherein P is P'*; pm is 1; and pp is 1.
154. The compound of any one of claims 21-125 wherein P is P'.

155.  The compound of any one of claims 21-125 wherein P is P%; pm is 1; po is 0; psis 0; pp
is 1; pqis 0; and X is O, S, or S(=0),.

156. The compound of any one of claims 21-125 wherein P is P*.
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157.  The compound of any one of claims 21-125 wherein P is P'*; pm is 0; and pq is 0.

158. The compound of any one of claims 21-125 wherein P is 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-
7Z-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; ]-M-W-M-P-Z-V-E; R9-Z-P-M-W-M-P-Z-V-E; T-

1085
IPR2018-00211 Page 1087 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), (Ib), (Ic), (Id), or (Ie).

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 of HCV, 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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