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| NHI BI TORS Field of the invention 5This invention relates to the use of
benzi m dawol2e12darisgat i ves for the nodul ati on, notably tRreTiushoiosissn of the
activity or function of the phosphoinositide 3 OCH kinase fam |y
(hereinafter PI3 kinases), suitably, PlI3Ka, PI3K6, PI3KI3, and/or PI3Ky.
Suitably, the present invention relates to the use of benzi m dazoles in the
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The phosphoinositide 3-kinase (PI3K) pathway is among the most commonly
activated in human cancer and the importance in carcinogenesis is well established (Samuels
Y and Ericson K. Oncogenic PI3K and its role in cancer. Current Opinion in Oncology,
2006;18:77-82). Initiation of signaling begins with the phosphorylation of
20  phosphatidylinositol-4, 5-bisphosphate (PIP2) to produce phosphatidylinositol-3, 4, 5-P3
(PIP3). PIP3 is a critical second messenger which recruits proteins that contain pleckstrin
homology domains to the cell membrane where they are activated. The most studied of these
proteins is AKT which promotes cell survival, growth, and proliferation.
The PI3K family consists of 15 proteins that share sequence homology, particularly
25  within their kinase domains, but have distinct substrate specificities and modes of regulation
(Vivanco I and Sawyers CL. The phosphatidylinositol 3-kinase-AKT pathway in human
cancer. Nature Reviews Cancer, 2002;2:489-501). Class I PI3Ks are heterodimers consisting
of a p110 catalytic subunit complexed to one of several regulatory subunits collectively
referred to as p85 and have been the most extensively studied in the context of tumorgenesis.
30  Theclass 1A PI3K catalytic subunits comprise the p110a, p110f, and p1108 isoforms, which
associate with one of five different regulatory subunits encoded by three separate genes. A
single class 1B PI3K catalytic isoform p110y interacts with one of two associated regulatory
subunits (Crabbe T, Welham MJ, Ward SG, The PI3k inhibitor arsenal: choose your weapon
Trends in Biochem Sci ,2007;32:450-456). Class 1 PI3Ks are primarily responsible for
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of a pll1l0 catalytic subunit conplexed to one of several regulatory subunits
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signaling in PTEN null tumors, p110p was reported to be essential to the transformed
phenotype in a PTEN-null prostate cancer model ( Jia S, Liu Z, Zhang S, Liu P, Zhang L, et

25  al., Essential roles of PI(3)K-p110b in cell growth, metabolism and tumorgenesis. Nature
2008;10:1038).

Further, it has been reported that fibrogenesis, including systemic sclerosis (SSc),
arthritis, nephropahty, liver cirrhosis, and some cancers, are related to PTEN deficiency and
corresponding PI3K-Akt overexpression (Parapuram, S.K., et al., Loss of PTEN expression

30 by dermal fibroblasts cuases skin fibrosis. J. of Investigative Dermatology, advance online
publication 9 June 2011; doi: 10.1038/jid.2011.156). Taken together, these findings indicate
PI3K p110p as a promising target for cancer and other syndromes related to PTEN loss
(Hollander, M. Christine; Blumenthal, Gideon M.; Dennis, Phillip P.; PTEN loss in the



Further, it has been reported that fibrogenesis, including systemc
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Su ry of t .0 novel conpounds of

for ul & (1): % %%tem él@ﬁ@%““%e@%@%ﬁnasl; G _6al kyl, al koxy,

hydr oxy, hal ogen, - -NH2, - NHC(0)Ra, 10- NHSO2Ra, - CO2H, COZRa - CONHRDb,
- CONH2, -CH2OH, and ﬂeteroaryl wherein the heteroaryl may be substituted by
one or two C _3al k¥ obps; R2 is selected fromH, -NHRa, al koxy, hal ogen,
-CF3, -CHF2, and (O ‘§7Q is selected fromaryl and heteroaryl,

wher ei n sai N/ oar may be substituted by one to three Rc; 15
R4 is sele romH o )Rj; each R5 is independently selected from
R

G _6al kyl O\A)
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@
wherein
R1 is selected from H, Cjalkyl, alkoxy, hydroxy, halogen, -CN, -NH,, -NHC(O)Ra,
10 -NHSO;Ra, -CO,H, -CO;Ra, -CONHRb, -CONH,, -CH,0H, and heteroaryl wherein the

heteroaryl may be substituted by one or two C,_salkyl groups;
R2 is selected from H, -NHRa, alkoxy, halogen, -CF3, -CHF,, and C, salkyl;
R3 is selected from aryl and heteroaryl, wherein said aryl or heteroaryl may be substituted by
one to three Rc;
15 R4is selected from H or Ra;
each RS is independently selected from Csalkyl;
cach Ra is independently selected from C,_salkyl;
Rb is selected from C,salkyl, and SO,;Me;
each Rc is independently selected from C,; zalkyl, halogen, -CF3;, and hydroxy; and
20 nis0-2,
or a pharmaceutically acceptable salt thereof.
In another aspect of the present invention, there is provided a method of treating a
susceptible neoplasm in a mammal in need thereof, comprising administering to the mammal
a therapeutically effective amount of a compound of formula (I) (including any particular
25  sub-generic formula described herein) or a pharmaceutically acceptable salt thereof.
In another aspect of the present invention, there is provided a compound of formula
(D), (including any particular sub-generic formula described herein) or a pharmaceutically
acceptable salt thereof for use in therapy.

In another aspect, there is provided a compound of formula (I) (including any
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each Ra is independently selected from G _3alkyl; Rb is selected from

C _3al kyl, and SO2Me; each Rc is independently selected from
C _3al kylwohal2ogesss - CF3, and hydroxy; and 20n is 0-2, ®CTAS2011/052857
pharmaceutically acceptable salt thereof I n anot her aspect of the

present invention, there is provided a nethod of treating a susceptible
neopl adirtiqylas spengsdrici farmea described Bereing efp Phamagewigatinpeccntablsgakt shorepd
manmal eut i I A orrmula (1)
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Detai |l ed Description nvent’l on is 1nventionis directed to
conpounds ofAdeording & dnlojher embodiment, the invention includes compounds of Formula

15 (A,

N
L7
(Ry)n

(D(A)
wherein
R1 is selected from H, C;alkyl, alkoxy, hydroxy, halogen, -CN, -NH,, -NHC(O)Ra, -

20 NHSO;Ra, -CO,H, -CO;Ra, -CONHRDb, -CONH,, -CH,0H, and heteroaryl wherein the
heteroaryl may be substituted by one or two C;_zalkyl groups, wherein the heteroaryl is
selected from the group consisting of: pyrazolyl, triazolyl, tetrazolyl, oxazolyl and
imidazolyl;

R2 is selected from H, -NHRa, alkoxy, halogen, -CF3, -CHF,, and C, salkyl;

25  R3is selected from aryl and heteroaryl, wherein said aryl or heteroaryl may be substituted by

one to three Rc;
R4 is selected from H or Ra;
cach R5 is independently selected from Csalkyl;
cach Ra is independently selected from C,_zalkyl;
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Accordi ng to another enbodi nent, the invention includes conpounds of
Formula 15(1)(A), (1)(A) wherein RL is selected fromH, C _6al kyl, al koxy,
hydr oxy, weal2opam7538CN, - NH2, -NHC(0) Ra, - 20NHSQ2Ra, - CERHUS2GDARESS7

- CONHRb, -CONH2, -CH2O0H, and heteroaryl wherein the heteroaryl my be
substituted by one or two G _3al kyl groups, wherein the heteroaryl is

sel ect dtb Brelsrichdrogr ouplledrsidstPaleof : pyrazolyl, triazolyl, tetrazolyl,

Cers, YeeBY i AR Kl oty i S MO b I BRI O
wherei ms@-2l aryl or heteroaryl may be substituted by one to three Rc; R4

Is selected fromH or Ra;péazﬁlch Rg I s.independently selected from G _6al kyl ;
each RPTRPIRHERSSEMGEN RPN idBe®Pom G 3alkyl;” Ro is selected from

G _3al kyl, %&oféﬁdg%a'no%? BmB5djkion, RASREARALA N 'c%ﬁ@sgn&sr&%&m%a' kyl,
hal ogen, -CF3, and hydroxy; and n 1's 0-2, or a pharmaceutically acceptable
salt t H&XBpf

N
S
(R)n

(D(B)
wherein
10 RI is selected from H, C;alkyl, alkoxy, hydroxy, halogen, -CN, -NH2, -NHC(O)Ra,
-NHSO;Ra, -CO,H, -CO;Ra, -CONHRb, -CONH,, -CH,0H, and heteroaryl wherein the
heteroaryl may be substituted by one or two C,alkyl groups;
R2 is selected from H, -NHRa, alkoxy, halogen, -CF3, -CHF,, and C,_salkyl;
R3 is selected from aryl and heteroaryl, wherein said aryl or heteroaryl may be substituted by
15  one to three Rc, and wherein the aryl or heteroaryl are selected from phenyl, naphthyl,
benzothienyl, quinolinyl, isoquinolinyl, and quinazolinyl;
R4 is selected from H or Ra;
cach RS is independently selected from C;galkyl;
cach Ra is independently selected from C,_salkyl;
20  Rbis selected from C;_salkyl, and -SO,Me;
cach Rc is independently selected from C,_salkyl, halogen, -CF3, and hydroxy; and
nis 0-2,
or a pharmaceutically aceeptable salt thereof.
According to another embodiment, the invention includes compounds of Formula
25  (I)(B) wherein each Rc is independently C;_salkyl, F or Cl, and n is 0.
According to another embodiment, the invention includes compounds of Formula
(D(B) wherein each Rc is independently CF; or F, and n is 0.

According to another embodiment, the invention includes the compounds of Formula
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5Accordi ng to anot her enbodi ment, the invention includes conpounds of
Formula (1)(B), (I1)(B) wherein 10 Rl is selected fromH, G _6al kyl,

al koxy, hyoroxyo4733al ogen, -CN, -NH2, -NHC(0)Ra, - NHSO2ReRCTASSBRAM0528€02Ra,

- CONHRb, -CONH2, -CH2O0H, and heteroaryl wherein the heteroaryl my be
substituted by one or two G _3al kyl groups; R2 is selected fromH, -NHRa,

al koxy, hal ogen, -CF3, -CHF2, and C _6al kyl; R3 is selected from aryl
and heteroaryl, wherein said aryl or heteroaryl may be substituted by 15one
to three Rc, and pherein the aryl or heteroaryl are selected from phenyl,

napht hyl , benzothikenyly quinolinyl, isoquinolinyl, and quinazolinyl; R4 is
o]
2

sel ected from -a;§§§%31R5 is independently selected fromC _6al kyl ;
each Ra i ind:\_ ent 1y sed ected from G _3al kyl; 20Rb is selected from
0__3a|k¥r?\amd g2MeN each Rc i s i ndependently selected from C _3al kyl

hégip, and hy

hal ogen drooxy; and n is 0-2, or a pharmaceutically aceeptable
sal t tHQ According to anot her enbodi nent, the invention

i ncl udes conpounForguI a 25(1)(B) wherein each Rc is independently
y/A

G _3al kyl, F or d n~ss O. Accordi ng to anot her enbodi nent, the
i nvention includes—egppounds of Formula (1)(B) wherein each Rc is

i ndependent |y 2 or and n is 0. According to another enbodi nent, the

i nvention incl s the €omoymngs) of Formul a

wherein
R1 is selected from H, Cjsalkyl, alkoxy, hydroxy, halogen, -CN, -NHC(O)Ra, -NHSO,Ra, -
5 CO;H, -CO,Ra, -CONHRD, -CONH,, -CH,0H, and heteroaryl wherein the heteroaryl

may be substituted by one or two Cj_salkyl groups;
R2 is selected from H, -NHRa, alkoxy or C,_galkyl;
cach of R6, R7, and RS is independently selected from C,_salkyl, halogen, -CF3, and
hydroxyl, or R6 and R7 combine to form a bi-cyclic aryl or heteroaryl, or R7 and RS
10 combine to form a bi-cyclic aryl or heteroaryl;
cach Ra is independently selected from C,_;alkyl; and
Rb is selected from C,_salkyl or -SO,Me;
or a pharmaceutically acceptable salt thereof.

According to another embodiment, the invention includes the compounds of Formula

15 (DD)

(D(D)

wherein

R1 is selected from H, C,_salkyl, alkoxy, hydroxy, halogen, -CN, -NHC(O)Ra,- NHSO,Ra, -
20 CO;H, -CO,Ra, -CONHRD, -CONH,, -CH,0H, and heteroaryl wherein the heteroaryl
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(1o NO (1)(C wherein Rl is selected fromH, G _6al kyl, alkoxy,
hydr oxy, hal ogen, -CN, -NHC(0)Ra, -NHSO2Ra, - 5CO2H, -CO2Ra, CO\IHRb,

- CONH2, -wbi20H/04233d het eroaryl wherein the heteroaryl megThS2610l051851 ut ed by
one or two C _3al kyI groups; R2 is selected fromH, -NHRa, al koxy or

G _6al kyl ; each of R7, and I S i ndependently selected from G _3al kyl,
hal ogen, D@gde Stﬂ?ﬁﬂ“ﬁ?‘hbbﬂ% or tyio %a%HgPPP%oml ne to forma bi-cyclic aryl

or het eﬁé)fg stecteﬁﬁaaWHaﬂg—I@gaﬂzg n{?y&ﬁ%}‘o forma bi-cyclic aryl or

het er oary sel’ected fromC _3alkyl; and Rb is
sel ect edcli Ram mde@aléntly @tecteﬁ&iﬁ\rhclwlkyﬁi piar maceutical ly acceptabl e salt
t her eof Accordl ther enbodl ment, the invention includes the
conpourﬁii%lséFleﬁtﬁ I“hc&?)’é)

5  or apharmaceutically acceptable salt thereof.

According to another embodiment, the invention includes the compounds of Formula

(M(E)

! (D(E)

10 wherein

R1 is selected from H, Cyealkyl, alkoxy, hydroxy, halogen, -CN, -NHC(O)Ra,- NHSO;Ra,
-CO,H, -COzRa, -CONHRD, -CONH,, -CH,0OH, and heteroaryl wherein the heteroaryl
may be substituted by one or two Cj_salkyl groups;

R2 is H, NHRa, alkoxy or C,_salkyl;

15  each of R6 and R7 is independently selected from C;.zalkyl, halogen, -CF3, and hydroxyl;
cach Ra is independently C;.salkyl; and
Rb is C,zalkyl or SO,Me;
or a pharmaceutically acceptable salt thereof.

According to another embodiment, the invention includes compounds:

20 2-(I-methylethyl)-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazol-4-ol,
2-ethyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazol-4-ol,
1-[(2,3-dichlorophenyl)methyl]-2-(1-methylethyl)-6-(4-morpholinyl)-1H-benzimidazol-4-ol,
1-[(2,3-dichlorophenyl)methyl]-4-fluoro-2-methyl-6-(4-morpholinyl)-1H-benzimidazole,
1-[(2,3-dichlorophenyl)methyl]-2-ethyl-6-(4-morpholinyl)-1H-benzimidazol-4-ol,

25  4-fluoro-2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole,
2-ethyl-4-fluoro-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole,
2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole-4-carboxylic acid,

-7-



NC (I)(D wherein Rl is selected fromH, G _6al kyl, al koxy,

hydr oxy, hal ogen, -CN, -NHC(0)Ra,- NHSO2Ra, - 20CO2H, -CO2Ra, - CONHRb,

- CONH2, -wbl2@H/04233d het eroaryl wherein the heteroaryl may/useoisoss?tut ed
by one or two G _3al kyl groups; R2 is selected fromH, NHRa, al koxy or

C _6al kyl ; each Ra is independently selected fromC _3alkyl; and Rb is
sel ect edl(@Bohsidprophemnyimashyl smthyl-4stora-opanammbetiny EaHHenzewdinokbl e sal t

tC ngr{) gaazdé%gﬁi-gg(ggnxﬁ(%@h@ﬂ&lgk hﬁ%ﬁﬂﬁ'&l&@%eth&ﬁﬂ-{ I EMRLA L fGkHdes the
benzimidazole,
1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-carboxylic

5  acid,

1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-4-(1H-pyrazol-5-yl)-1H-
benzimidazole,
2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-4-(1H-1,2,4-triazol-3-yl)-1H-
benzimidazole,

10 methyl 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole-4-
carboxylate,
1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-
carboxamide,
methyl 1-[(2-fluoro-3-methylphenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-

15  4-carboxylate,
2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole-4-carbonitrile,
1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-
carbonitrile,
methyl 2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenyl|methyl } -6-(4-morpholinyl)-1H-

20  benzimidazole-4-carboxylate,
2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenyl|methyl} -6-(4-morpholinyl)-1H-
benzimidazole-4-carboxylic acid,
1-[(2-fluoro-3-methylphenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-
carboxylic acid,

25  2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole-4-carboxamide,
1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-yl)-1H-
benzimidazole,
methyl 2-methyl-6-(4-morpholinyl)-1-(5-quinolinylmethyl)-1H-benzimidazole-4-carboxylate,
2-methyl-6-(4-morpholinyl)-1-(5-quinolinylmethyl)-1H-benzimidazole-4-carboxylic acid,

30  1-[(3,4-dimethylphenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-carboxylic
acid,
2-methyl-6-(4-morpholinyl)-1-(2-naphthalenylmethyl)-1H-benzimidazole-4-carboxylic acid,
1-[(3,4-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-carboxylic

acid,



(1)Y(E) 10 wherein R1 is selected fromH, C _6al kyl, al koxy, hydroxy,

hal ogen, -CN, -NHC(0)Ra,- NHSQ2Ra, -CO2H, -COQ2Ra, - CONHRb, -CONH2, - CH2CH,
and het erweanyi2/oassei n t he heteroaryl nmay be substit ut e@CbyuSeoia/ 062851 wo

C _3al kyl groups; R2 is H NHRa, al koxy or C _6al kyl; 15each of R6 and R7

I's independently selected from G _3al kyl, hal o CFS and h droxyl; each
Ra i 5. RS hdcinyeny-3ar yaroma il DRberiyAimthys PKgmesp helemiled-( - 12

phar ”actﬁh%dl-%?ylb g&%ﬁ@&e salt thereof According to another errbodl ment ,
t he i nventiom i ncl udés conpounds:

202-(1 m%thyl-@t(h-yhéthﬁ = (HH1 p4-plhvabi- iy D) 6-14-(abr ieding hal- @rydpirdia byl et penzi mi da
zol - 4- ol
2- et hyll%b@l@“ﬁfﬁi@ﬁﬂ&l i ny1) - 1- (1- napht hal enyl net hyl ) - 1H benzi nmi dazol - 4- ol ,

1- [ 62, %-gz-gl:eihg»[ BRI ATEE/DY LY r-RaftndTEHMAERY HMIH-b 814 iR IPNOH dAM ohe L H benzi

m dazol ,
1- [ ( 2, F2dnathyled-6hhmemto)imel)Hy }raphthialeoy ma@hyhpd Htlenbin{idazobrphmhdtimro),- 1H benzi
m dazol e,

1- [ ( 2, FEeD-OF oprbrsareDr rmombelyl 8 - (Lanbihalsay iy 1B benzi mi dazol - 4-

ol benzimidazole-4- carboxarmd
254-f| uor o- 2- net hy fﬁ)hol [ nyl? %1 napht hal enyl met hyl ) - 1H- benzi m da
zol e, methyl5- (4-rn0rph011nyl) 2 (trifluoromethyl)-1H- en21rn1dazole-7 carboxylate,

2- thylméh;ll lu?f2-rnethgll43 TR uggolmequlgphen)gﬂmetﬁgﬁté] ?A ¥phmla’nhl)5|2) 1H benzi m dazol

2 nmet h)(knfﬁmﬁfélmefﬁy]ghm b&einidizdld4napyxRaieny| met hyl ) - 1H- benzi m dazol e-4-carb
oxylic acid, WO 2012/047538PCT/ US2011/ 052857 1-
[ (2, 3-di éﬂ%r@et@ﬁh@ﬁtﬂwnwhyjl)phenyl]rnethyl} -6-(4-morpholinyl)-2-(trifluoromethyl)-1H-

-2- et hy n%in{; &8[694 @a&g%r[%&l%pl I nyl) - 1H benzi m dazo | e,

2- met hy hol ’( 1- napht hal enyl net hyl ) -4- (1H pyrazol -5-y1) - 1Hb
en2| m Cﬁiéloinerphibhnyl) 1-(1-naphthalenylmethyl)-2-(trifluoromethyl)-1H-benzimidazole-4-

[ (2, 3-dichl o ophenyl ) nmet hy1] - 2- met hy1- 6- (4- nor phol i nyl )-1H Db
enZPmi ARyl ‘Zla‘ég’r boxylic

methyl 1-[(3-chloro-2-methylphenyl)methyl]-6-(4-morpholinyl)-2-(trifluoromethyl)-1H-
benzimidazole-4-carboxylate,
1-[(2,3-dichlorophenyl)methyl]-6-(4-morpholinyl)-2-(trifluoromethyl)-1H-benzimidazole-4-
carboxylic acid,

20  1-{[2-methyl-3-(trifluoromethyl)phenyl Jmethyl } -6-(4-morpholinyl)-2-(trifluoromethyl)-1H-
benzimidazole-4-carboxamide,
methyl 6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-2-(trifluoromethyl)-1H-benzimidazole-
4-carboxylate,
methyl 1-[(2,3-dichlorophenyl)methyl]-6-(4-morpholinyl)-2-(trifluoromethyl)-1H-

25  benzimidazole-4-carboxylate,
1-{[2-methyl-3-(trifluoromethyl)phenylmethyl} -6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-
yl)-2-(trifluoromethyl)-1H-benzimidazole,
1-[(3-chloro-2-methylphenyl)methyl]-6-(4-morpholinyl)-2-(trifluoromethyl)-1H-
benzimidazole-4-carboxylic acid,

30  1-[(2,3-dichlorophenyl)methyl]-6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-yl)-2-
(trifluoromethyl)-1H-benzimidazole,
1-[(3-chloro-2-methylphenyl)methyl]-6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-yl)-2-
(trifluoromethyl)-1H-benzimidazole,

2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-4-(1H-tetrazol-5-yl)-1H-

9.



5acid, 1-

[ (2, 3-di chl or ophenyl ) net hyl] - 2- net hy1l- 6- ( 4- nor phol i nyl ) -4-(1H pyrazol -5-y1)
- 1Hbenzi Mvoaald7538 PCT/US2011/052857

2- met hy1l- 6- (4- nor phol i nyl) - 1- (1- napht hal enyl net hyl )-4-(1H 1, 2, 4-tri azol - 3-y
1) - 1Hbenzi m dazol e, 10net hyl

2- et hyiengmidazels phol i ny1) - 1- ( 1- napht hal enyl net hyl ) - 1H benzi mi dazol e- 4-

car box 1 . :
(o o A e oty pheny et el i dazol e- a-
car boxdhienidamet-Byll IndethdnoR- f | uor o- 3- met hyl phenyl ) net hyl ]
-2-nmet hyl-6- (4-norpholinyl)-1H benzi m dazol e- 154-carboxyl at e,
22 et hy L L@-2ble e BN DhGP e oL RGP IRICRGY - LD decdol e- 4- car b
oni &1 i | &rhokylic acid, _ .
[(2, 3- |chIgroﬁ%enyl)nethyl]-2-nethy1-6-(4-nDrphoI|nyI)-lH—benZ|n1dazoIe-4-
car boni2-micthg]- 1 {fEX-methyPpheey b thH-6-(4-morpholinyl)-1H-benzimidazole-4-carboxylic
[ 2-met hyl - 3-(trifluoronethyl)phenyl]nmethyl} -6-(4-norpholinyl)-1H
20benzi (Hazole;4-carboxylate, 2-met hyl - 1- {
[ 2- met Myl%zrhéﬂhylf-lJ{gzﬁgﬁﬁiylml(hﬁﬁni%wﬂl]:ﬂﬁ?t)ﬁ%n}ﬂ]methyl}-_6-(54-mlorphohny1)-1H-
- enz id, 1-

-6-(4-nnrphq|in{1) i m dazol e-4-car boxylic ac
[ (2-f | Jsnonddareterdicpirenylbiemet hy 1] - 2- met hy1- 6- (4- nor pho

i nyl) - benzi m d e-4- .car lic acid

o3 e A A AP T RSP8I et hy1 ) - 11+ benzi mi dazol e-4- ca
r boxam gesomb=2-methyl-1- {[2-methyl-3-(trifluoromethyl)phenyl Jmethyl }-6-(4-morpholinyl)-1H-

[ (2, 3-di chl orophenyl ) met hy1l] - 2- net hy1- 6- (4- nor phol i nyl )-4-(1H1, 2, 4-tri azol
- 3-y1) -beppERdazRicEazol e, net hyl

2- et hyj 5 0q,(fhy 005 BRI WY d)indsbrie iy PRy MR ¥ bt RERR T {3 kG241 car box

yl ate,
2- met hyl-yiB-1Hdbemaimidatalay 1) - 1- ( 5- qui nol i nyl nmet hyl ) - 1H benzi mi dazol e- 4- car box
ylic acid, 301-

[ (334- dnsteyhyr P RS (4-morpplinyb-iHsberAmslagdlenfast3iviat | ) - 1H benzi mi dazol e- 4-

car boxyhdfiyl 2-chloro-1-{[2-methyl-3-(trifluoromethyl)phenyl jmethyl} -6-(4-morpholinyl)-1H-
benzimidazole-4-carboxylate,
2-chloro-1-{[2-methyl-3-(trifluoromethyl)phenylJmethyl}-6-(4-morpholinyl)-1H-
benzimidazole-4-carboxylic acid

20  methyl 2-(difluoromethyl)-5-(4-morpholinyl)-1H-benzimidazole-7-carboxylate,
2-(difluoromethyl)-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole-4-
carboxylic acid,
2-(difluoromethyl)-1-{[2-methyl-3-(trifluoromethyl)phenyl|methyl } -6-(4-morpholinyl)-1H-
benzimidazole-4-carboxylic acid,

25  1-[(2,3-dichlorophenyl)methyl]-2-(difluoromethyl)-6-(4-morpholinyl)-1H-benzimidazole-4-
carboxylic acid,
1-[(3-chloro-2-methylphenyl)methyl]-2-(difluoromethyl)-6-(4-morpholinyl)-1H-
benzimidazole-4-carboxylic acid,
1-(1-benzothien-7-ylmethyl)-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-carboxylic

30  acid,
1-[(2,3-dimethylphenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-carboxylic
acid,
1-[(3-fluoro-2-methylphenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-

carboxylic acid,

-10-



aci d,
2- et hyl - 6- (4- nor phol i nyl) - 1- ( 2- napht hal enyl net hyl ) - 1H benzi m dazol e-4-carb
oxyl i c acw,2012/047538 PCT/US2011/052857
[ (3, 4-di chl orophenyl ) nmet hy1] - 2 nethyl 6 (4 nmor pholinyl)-1HDb
enzi m dazol e- 4- carboxyllc aci %w )
[ 2- et Rd-dangthylr k- Zomethat- Mtryfbw&mt]lﬂﬂmyl}]m [ a6-fbmgrpholinyl)-1H-
hollny%%n%n%é ot 2, 4- triazol-3-yl)-1H b enzi m dazol e,

met hyl-1H 1, 2, 4-tri azol -5-y1)-6-(4-norpholinyl)-1-(1-napht hal
enyl metlhyl- Q3—-clﬂdrfobBﬁEthyllIﬂﬁﬁ@lD@hylﬂ'}I-rnethyl-6-(4-rnorpholinyl)- 1H-benzimidazole-4-
[ 2- et hyl - { -ngrpholinyl)-l-(l-naphthalenylnethyl)-lkkbenzinidazol-4-y|]
et hanoﬁ:@rboxy ic acid,

[ 2 Bet byl 4= (TRRRARYL I Hacko kbt BBRL RN [TBL DthdrphbhiB Ak B ARzA- 4- Y1 ] m

2- neth¢]y®k&hb@h¥hﬁbhﬂanyl) 6- (4- nor phol i ny1) - 1- ( 1- napht hal enyl net hyl ) - 1Hbe
n2|n1da

O B i PR o me B orpmetbrhen i imeing. £-Uampmbolinds

10met hylg-bendimidzemthy! - 3- (tri fl uoronmet hyl ) phenyl ] et hyl }
-6-(4-norphol inyl)-2- (trifluoromethyl)-1Hbenzi m dazol e-4-carboxyl ate, 1-

{ [2 met- mythy34([(m¢thylom)@méln>ﬁ1rﬂ){;B%@rvyhﬂlﬁe&tm@mqromethyl)phenyl]methyl} -6-(4-

4 nnr Bql ﬁlmnltﬁ Jlﬁpronethyl) 1Hbenzi m dazol e- 4- car boxylic acid,
?“rYy TSIt hal enyl met hyl ) - 2- (trif I uor omet hyl ) - 1H b

en2|n1dazole 4- 15carboxyI|c acid, nethyl 1-
[ (3-chl oro-2- nethylphenyl)nethyl]-6-(4-nnrpho|iny1)-2-(trif|uoronethyl)-le
enzi m d3efHidons car boxyl ate, 1- [(2, 3-dichl orophenyl ) net hyl |

6= (4o phal el L LAYORER MO DR DTGB oY1 |

acid, 201 trifluorone pheny

- 6- ( 4 rydpdeattionying Rrscnt. iThleumipoyetimyhyy Hd-hoh@yzhmﬂﬁ]x@i oldeyehe bogam de,
met hy

(122 nﬂ’rlﬁf?&}ﬁ tHgglics ete0- MapHP L RPRA eRtRyths menpexdlie pid Figgdt Gy191010L benzi ni da

z Ol e4- qaf ReX¥LEE Syhere theg@éa?tydn Igumﬂe@szreger% el ﬁh%?%ﬁé’dr%{ﬂf&tmﬁk khat forrn the
- 6- (4-norpholi ny1)-2-(trifluoronethyl)-1H25benzi m dazol e-4 carboxylate, 1-

{ [ 2- neitgdys@m( ArC6 Fing systanhyd. ﬁpha[}y Irl}lgm ahydlﬁable aryl group. In Varlous

;ag-ZI( ﬁ{ %Dg% gllnén 3/ ]ﬂ)le polgrclylgilg' n%g 1Sa Blcyghc aryl ng th_e{'et srulltfalbf”é%lcy clic a 1 gro]illf)ié b

are C8-C12, or C9-C10. A naphthyl ring, which has 10 carbon atoms, is a suitable polycyclic

20  aryl group.

By the term “heteroaryl” as used herein, unless otherwise defined, is meant an
aromatic ring system containing carbon(s) and at least one heteroatom. Heteroaryl may be
monocyclic or polycyclic. A monocyclic heteroaryl group may have 1 to 4 heteroatoms in the
ring, while a polycyclic heteroaryl may contain 1 to 10 hetero atoms. A polycyclic heteroaryl

25  ring may contain fused, spiro or bridged ring junctions, for example, bicyclic heteroaryl is a
polycyclic heteroaryl. Bicyclic heteroaryl rings may contain from 8§ to 12 member atoms.
Monocyclic heteroaryl rings may contain from 5 to 8 member atoms (carbons and
heteroatoms). Exemplary heteroaryl groups include: benzofuran, benzothiene,
benzothiophene, furan, imidazole, indole, isothiazole, oxazole, pyrazine, pyrazole,

30 pyridazine, pyridine, pyrimidine, pyrrole, quinoline, isoquinoline, quinazoline, quinoxaline,
thiazole, and thiophene. According to an alternative embodiment, heteroaryls may be
substituted with one to three alkyl groups.

By the term "alkoxy" as used herein is meant —O(alkyl) including -OCH3, -OCH,CH3

and -OC(CH3)3 where alkyl is as described herein.

-11-



1-

[ (3-chl oro- 2- net hyl phenyl ) met hy1] - 6- (4- nor phol i nyl)-2-(trifluoronmethyl)-1Hb
enzi m dazwbeo/@as3dBoxyl i c acid, 301- PCT/US2011/052857

[ (2, 3- dichlorophenyl)nethyl] 6- (4-nor phol i nyl)-4-(1H1, 2, 4-triazol -3-yl) - 2-
(trifluoronethyl)-1H benzi m dazole, 1-

[ (3-chl oro- ﬁmél@ﬁwpﬁ)@mw% Ay used dieyedn irgResbPXYEpL) Nigfogenprsulfuy_t i azol - 3-y

2 methy i 6 (P ITERIMeloa b RAREH TLARFR nfoant 4 subsiitent R PR 1) - 1n

- V[)ZﬁﬁﬂéﬁﬁkﬁﬁﬁBﬁHEMSB&ill052857 benzi m dazol e, [2-nethyl - {
[ 2- et hyl - (trlfluoro et hyl ) phenyl
- 6- (4- nor phd?ﬂf AT RIS 5 FHHARSl carpon chajns as used herein,

- chisor Qnglu{ﬁ'ﬁ% QMJyP E‘@Mé Mﬁ%@% the t@rm WEPDQ};?"!(&HE%@ B thk M) -id FeBin

enzi m dazo 5car boxyl 1 c” aci

2- met hythredr dr(bfanBREN kL RAREY by ﬁ’fﬁhﬂ%yal&d @yo(rélcali’fwnt)dlﬁlﬂ Bydhnldd-deawisRiarel, e- 4- ca
rboxylic acid, ethyl 2- met hyl - { [ Z-met hyl -3

-(trif Ithe eashen Bfyin) Wﬁémtglﬁémﬂ tq 2 carbon atoms.
-6- (4-mor phcﬁ%f}%% lH? st 1ms e%% l d% %?lgﬁ AN LR as used herein is meant either

104- br onp- 2 enzrm dazo | e,

4 br onzirdul@icbyd a(ﬂmln{strbt?oﬂm{ dﬁylméime]( dseref)aluu&rs@@i&tnhyll édﬂhﬁi@tthtldfﬁéﬂhyﬂ’B 1
4- mor phol i ny1) - 1Hbenzi m dazogl e, 2- | -1-

( tl i f |1%%}66 ARV P ng 5%14%% geperibed. I@If(laa-%*?érapfﬁﬁh‘l’rl aﬁ£»19 mgre(d1en3 or
- oXaz ol a%r)éél'ﬁ)entjs Hl"ll?e S 'fﬁ?tlf%g%&i\%eq%r%ﬁ%ﬁ{ (g%h%l%df%msoésqtséf 2&%1 Pﬂ% 51’135“/ 1)-1HDb

enzimid e-7-c a l"'oro-1

- (triflooompomed bythyaheutid dgeet kmplwnlto or that demonstrates advantageous propertles when

-6-(4- nﬁlrlllgtle{re t% a p%{?g?t?ﬁ Inergd oafztl(r')elat%le%ltc ta%)l?/ 1? the 'administration is not
simultaneous, the compounds are administered in a close time proximity to each other.

15  Furthermore, it does not matter if the compounds are administered in the same dosage form,
e.g. one compound may be administered topically and another compound may be
administered orally.

The term “compound” as used herein includes all isomers of the compound. Examples
of such isomers include: enantiomers, tautomers, rotamers.

20 In formulas where a “dotted” bond is drawn between two atoms, it is meant that such
bond can be either single or double bond. A ring system containing such bonds can be
aromatic or non-aromatic.

Certain compounds described herein may contain one or more chiral atoms, or may
otherwise be capable of existing as two enantiomers, or two or more diastercoisomers.

25  Accordingly, the compounds of this invention include mixtures of
enantiomers/diastereoisomers as well as purified enantiomers/diastereoisomers or
enantiomerically/diastereoisomerically enriched mixtures. Also included within the scope of
the invention are the individual isomers of the compounds represented by Formula (I) above
as well as any wholly or partially equilibrated mixtures thereof. The present invention also

30  covers the individual isomers of the compounds represented by the formulas above as
mixtures with isomers thereof in which one or more chiral centers are inverted. The present
invention also includes isotopomers of the compounds of Formula (I). Examples of such
isotopomers include but not limited to compounds with one of more deuterium atoms.

Compounds of Formula (I) are included in the pharmaceutical compositions of the

-12-



2-chloro-1- { [2-methyl-3 -(trifluoronethyl)phenyl]nethyl}

-6- (4-nor phol i nyl) - 1Hbenzi m dazol e- 4- carboxylic acid 20net hyl

2- (di fl uowormetaoaryzss - (4-norp ho linyl)-1H b enzi m dazoPCeAR2@aNB3RY| at e,

2- (di fluoronethyl)-6-(4-norpho |inyl)-1-(1-naphthal enyl nethyl)-1HDb

enzi m dazo | e-4- carboxylic acid, 2-(difluoronethyl)-1- { [[2 met hyl - 3
-(trif | IIGRBE e}‘%ﬁéﬁ?é}j@’t @1 grpup 1s present, pharmaceutically acceptable esters can

“ai e oroma R kAR AR BRI P ARG E T S ng,

enzim da&ét!atel rRaldate aad theXikleifor 40l ,chnd Those esters known in the art for modifying

[ (3-chl or0-2-nmet hyl phenyl ) net.hy1] - 2- (di f | uor onet hyl ) - 6- (4- npr phol.i nyl ) - 1Hbe
bt S by g glo

nzi m da% $18iC ar&etlegstlcs for use as sustaine elease or prodrug formulations.

1- (3- benzot m@m Be xﬁﬂ?@amby%o@@gmgaﬁltﬁéaﬁ%m@do%&m&%ﬁsﬂﬁmm(ﬁw e-4-c

ar boxyl i c 30acid
[ (2, 3- dienediayd pﬂmpl}drl)fmhydl]y comthbly kal6vérdiomovngoéud] Ty Ip)lamt&cbtarmllyn dazol e- 4-

fﬁ;sgi(yaklﬁﬁcpéﬁ’gﬁi‘n%%oég%cqné’oﬂn %:%frfﬁg;{"@p?lé Igcﬁ‘l,?({}yco)n\,”%no%“ﬂ safts Pt Yl 8; (14-mor pho

2012/ Oﬁéﬁﬁfﬁ[ﬁ ?Q@éép@ﬁg@éé %oﬂ't&iil@ﬁhbﬂg&m% or Brganlc acids or bases as well as
[ 2-nmethyl -3-(trifluoronmethyl) phenyl]

- 6 (4- ryefshoity ApmoenivH s i rRe@e@zmt@twelsaltf mc l@ﬁéhﬁ f@lﬂowzlgn@@dﬁ%}tb,phenyl Yet hyl ]

lﬁ; t %Pz%eglﬁfo[qlg{eﬁg?%o%g lglf%rb‘é%?%i)}s% h 1|t3rt6?1t8hl§/qr t%,gl?rﬁmlltf ca?lcmtn

- 6 (4- redeabg bariyddte Aafbondtel EHladdd, clauMadte Iditrte B hyirdddeli &, cdetate,
4-(2-furanyl)-2-methyl - 1- { [ 2- math | -3 (trlfl uoronethyl)phenyl]nethyl}
- 6- (4- sy ,epﬁy@}e‘, e:g}[.l.ptgeeﬁlzarqﬂ aming) Bimpsgte, gluceptate, gluconate, glutamate,

glycollylarsanilate, hexylresorcinate, hydrabamine, hydrobromide, hydrochloride,
hydroxynaphthoate, iodide, isethionate, lactate, lactobionate, laurate, malate, maleate,

15  mandelate, mesylate (methanesulfonate), methylbromide, methylnitrate, methylsulfate,
monopotassium maleate, mucate, napsylate, nitrate, N-methylglucamine, oxalate, pamoate
(embonate), palmitate, pantothenate, phosphate/diphosphate, polygalacturonate, potassium,
salicylate, sodium, stearate, subacetate, succinate, tannate, tartrate, teoclate, tosylate
(methylbenzenesulfonate), triethiodide, trimethylammonium and valerate. Other salts, such

20  as oxalic and trifluoroacetic, which are not themselves pharmaceutically acceptable, may be
useful in the preparation of salts useful as intermediates in obtaining compounds of this
invention and these form a further aspect of the invention. In one embodiment, the
compound of formula (I) is in the form of the free base. In one embodiment, the compound
of formula (I) is in the form of the tris salt, i.c. tris(hydroxymethyl)aminomethane. In one

25  embodiment, the compound of formula (I) is in the form of the sulfate salt. In one
embodiment, the compound of formula (I) is in the form of the hydrochloride salt. In one
embodiment, the compound of formula (I) is in the form of the sodium salt. Certain salt
versions of the compounds may be solvates, particularly hydrates. In one embodiment, the
compound of formula (I) or a pharmaceutically acceptable salt thereof is in the form of a

30  mono-, di-, tri- or hemi- hydrate.

It has now been found that compounds of the present invention are inhibitors of the
Phosphatoinositides 3-kinases (PI3Ks). When the phosphatoinositides 3-kinase (PI3K)
enzyme is inhibited by a compound of the present invention, PI3K is unable to exert its

enzymatic, biological and/or pharmacological effects. The compounds of the present
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2-nmet hyl -4- [ (nmet hyl oxy)nmethyl] -1-

[ 2-nmet hyl -3-(trifluoronethyl)phenyl]nethyl} -6-(4- 10

nor phol i ny@)2er4b88zi m dazol e. Definitions By the ter mpCarugké11as288%ed
herein, unless otherw se defined, is neant aronmatic, hydrocarbon, ring
system_ The ring system nmay be nonocyclic or fused polycyclic (e.g.

15bi cydnytiop areciheiefere ugafel in thq eamentofsuioimeynedierlers; idlapsrpenycl i ¢ aryl

ring i ?%@éeglrga?rdig(fas%a ﬁ;lgeas?{‘ g,%%r}b(%?%n%\%ﬁ(fg dltsg'a%&e aﬁ%{g&?&t@eﬂ?l ﬁ&ee{tﬁ{ser to

t he nunber of carbon at ons e rrng sys ng system
i . e. a mhledydanfainge,ikideysliichad] gataley hggegition, dancaraspeomisnaithpdi ments, the
polycyclic ring is.a bi cy%ii ¢ aryl &roup,- where suitable bicyclic aryl
gr oups teneplagiatanrejestiondiret iechion AR {HE INUTIRY, whi ch has 10 carbon at ons,

is @ suitableg, Lﬁflﬁyﬁécjo?diﬁg%r P’Amﬁﬂaoggare suitable BY thd¥@olhtRn, B%Sﬁ/gﬁé yl" as

used herein, unless otherwse defin IS meant an aromatic ri system
cont ai nihmyitoard o &}ivandf pliosplasinogndesiiekimna t(BIK) Hed eno@my!ticukylybe

nonocycl j c.or. polyc ic. A nmpnocyclic hetero rou have to 4

ot or SaFlHEST PR  both PR G B et A F PR PO Grha "t o 10

het er o (8¢ S6pouRdP BT ¥e Yedskht iREIRIoRAFYA sk Jo Y tefRicat §f dikkt8ts whidy 0 or

bri dged rlng‘iunctlons, for exanple, bicyclic heteroaryl is a polycyclic
B

het er oary medBieghhyl FI8Khe baid desripnent inygbverrthe ooditlation -f naablg theoinhDitipsrdser

at . ocyclic heteroaryl rings ontain from5 to 8 nmenber atons
(caPborbC ARG Feab B B8 Hraf PacliPReJPescelb&i01 ' groups i nol ude: - benzof uran,
benzot hi ene,BdegieahdpRphaietichlly &ive icBingadls®f thcdedeat inlviatidhi A adtRre as

oxazol e, pyrazine, pyrazole, 30pyridazine, pyridine, pyrimdine, pyrrole,
qui nol iH3 Kinas BitAers, ﬁé‘f‘lcla]@flﬁélzﬁ‘oqqm@}m%‘ihﬁblﬁglbﬂtfé?KB*ﬁl gpscdectiyply A hi ophene.
Accor di ng: t q.: Lve [ , Y, - ] d wth
one to C%“télg“‘gfl@f r"gé gﬁ%s&./e y g’ Iﬁgg&xﬁ a"ﬁﬁﬁﬁgﬁ K”atislé}ﬁse blEglre ga:ﬂ?&tit[dsﬁtﬁggnt

- O( al kyih treatnointiof sugcep@BXcop lRGhR @i caitua] y-tB&3(cCd3p ldsmbnthaec dlitkiyh PTENas

descri bed herein. WD 2012/ 047538PCT/ US2011/ 052857 By the term "het eroat onf
as l9sed°HEKESN i s neant oxygen, nitrogen or sul fur. By the term

| 23: ggen; hfizjﬁl%gggn 'ir? :tIEbO' I?r?iée@@ﬁﬁal\?déﬁé%tt’i SUPEN §LRGLRY I RET de,
'tumors with deficiencies of the tumor suppressor function of PTEN (Phosphatase and Tensin
Homolog). Such deficiency includes mutation in the PTEN gene, reduction or absence of
PTEN proteins when compared to PTEN wild-type, or mutation or absence of other genes
20  that cause suppression of PTEN function.

As used herein, the term “treatment” or “treating” in the context of therapeutic
methods, refers to alleviating the specified condition, eliminating or reducing the symptoms
of the condition, slowing or eliminating the progression, invasion, or metastatic spread of the
condition and preventing or delaying the reoccurrence of the condition in a previously

25  afflicted subject. The present invention further provides use of the compounds of the
invention for the preparation of a medicament for the treatment of several conditions in a
mammal (e.g., human) in need thereof.

“Susceptible neoplasm” as used herein refers to neoplasms which are susceptible to
treatment by a kinase inhibitor and particularly neoplasms that are susceptible to treatment by

30  a PI3Kp inhibitor. Neoplasms which have been associated with inappropriate activity of the
PTEN phosphatase and particularly neoplasms which are exhibit mutation of PTEN, or
mutation of an upstream activator of PI3Kf kinase or overexpression of an upstream
activator of PI3Kp kinase, and are therefore susceptible to treatment with an PI3Kf inhibitor

are known in the art, and include both primary and metastatic tumors and cancers. According
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By the term"al kyl" and derivatives thereof and in all carbon chains as
used herein, 5including al kyl chains defined by the term"-(CH2)n",

"- (CH2) MweandiZdies3Bi ke, is neant a linear or branched, ®aTursatieas1357
unsat urat ed hydrocarbon chain, and unl ess otherw se defined, the carbon
chain will contain from1l to 12 carbon atons. By the term

" co- adriP ene eappdigent dascaetipy af the digatrar abt sussenidbéangoptaesmmmusbasdt ei t her

si mul t [ﬂ ni; 0RO 0 par ate sequenti al

adm ni ?Ftr%gctﬁlﬁ%%qo al%l%{i%stc%g l?nnélfstgg%ﬁ%ﬁ%ﬁﬁfnaggaggﬁpound, as descri bed herein,
and a furthekccaediny ® émghedidanéntdrsusdegtieldinesplssmsThaclidosnbdtard heninacdd ve

i ngredient _or ingredients, as used herein, includes any conpound or
therapéB?ﬁ@%@@nwl%hﬁmﬁ%swséwteﬁﬁé olifs¥nst r at es advant ageous properti es
when a%iﬂi(gﬁ&ﬁ to a patient in need of treatnment. Suitably, if the

admi ni stratton 1§ not sinultaneous, the conpounds are adninistered in a

cl ose tdlwblagtooasmity to each other. 15 Furthernore, it does not matter if

t he coqg unds are admnistered in the sane dosage form e.g. one conpound
may be @?ﬁlﬂ?sster ed topically and anot her conpound nmay be adm ni stered

oral | y.Bannayan-Z¥nk §yirom@mpound” as used herein includes all isoners of

t he conpound. Exanples of such isoners include: enantioners, tautoners,

r ot anersowdrmidischem; nul as where a "dotted" bond is drawn between two atons,
it lios aent .t%et_}gtclgsu?c}h algond can be either single or double bond. A ring
system ai m’ﬁg sUeH Bonds can be aromatic or non-aromatic. Certain
conpourytsasdeseed bed herein may contain one or nore chiral atons, or may

ot herwi se be capable of existing as two enantioners, or two or nore

di ast erleBaaEaiors breasf capesr di ngly, the conpounds of this invention include
m xt u_rec%lo%?t%_rbgﬁgrorre_rs/ di astereoi soners as well as purified _

enant i omer s/ di ast ereoi soners or enantionerically/diastereoisonerically

enri chelilm'scumoes. Al so included within the scope of the invention are the
i ndi_vi dual jsoners of the conpounds represented by Fornmula (1) above as
wellP asE WG SWHEPIY: or partially equilibrated mixtures thereof. The present

i nvent imbgbﬁgoépm%\,/ers the individual isomers of the conpounds .
represented by the fornulas above as m xtures with isomers thereof in which
one or apendynedma,al centers are inverted. The present invention also

i ncl udes | lof)ﬁgorrers of the compounds of Fornula (1). Exanples of such

i sot op Plde but not limted to conpounds with one of nore deuterium
atons. Gpmeupgs of Fornmula (1) are included in the pharmaceuti cal

conpositions of the
20  head and neck cancer,

kidney cancer,
lung cancer,
liver cancer,
melanoma,

25  squamous cell carcinoma,
ovarian cancer,
pancreatic cancer,
prostate cancer,
sarcoma cancer,

30 osteosarcoma,
giant cell tumor of bone,
thyroid cancer,
lymphoblastic T cell leukemia,

chronic myelogenous leukemia,
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WO 2012/ 047538PCT/ US2011/ 052857 invention. Wiere a -COOH or -OH group is
present, pharnmaceutically acceptable esters can be enpl oyed, for exanple
met hyl , ewbybi2/@rssal oyl oxynet hyl, and the |i ke for -COOPCTAISA01A®EL84T €

mal eate and the like for -OH and those esters known in the art for

nmodi fying solubility or hydrolysis characteristics, for use as sustained

r el ease<himiphygmhagytfoewiAnditi ons. 51t will be appreciated by those skilled
in the t conpounds of formula (1) nay be utilized as a

phar rrac%&&icgglq%%/&g%%ept abl e salt version thereof The pharnaceutically
accept aklie Igabhsblaftictihikemiarpounds of formula (1) include conventional salts
formed from pharmaceutjcally acceptable (i.e., non-toxic) inorganic or

or gani AeHEingelegenpusisekemiane| | as quaternary anmmoni um salts. Representative
sal s i el Hdg, &tltyghﬁfell&g%ﬂg: acetate, 10benzenesul fonate, benzoate,

bi car bonat e, %l sulfate, bitartrate, borate, bronide, calcium edetate,
cansyl acete lgaphariatie, T ohll loukedea, cl avul anate, citrate, dihydrochl oride,

edet at j’tl edi syl ate, estolate, esylate, ethanol am ne, funarate, gluceptate,
gl ucon %S,maﬁpt‘}f%’rat e, glycollylarsanilate, hexylresorcinate, hydrabam ne,
hydr obrigirdRblRNE Mritdemiflydr oxynapht hoat e, iodi de, isethionate,

| actate, |actobionate, |laurate, malate, naleate, 15mandel ate, nesylate

( et harMdsuile eshdewkemigret hyl br omi de, nethyl nitrate, nethyl sul fate,

rm;i%pot s f #%n Ioeate, mucat e, napsylate, nitrate, N-nethylglucam ne,

oxal at e, %g at'e 1En%’rrbonat e), palmtate, pantothenate,
phosphatieskaplabrphialgkeri@l ygal act uronate, potassium salicylate, sodium
stearate, subacetate, succinate, tannate, tartrate, teoclate, tosylate

(et hy IBefplefesdemanat e), triethi odide, trinethyl anmmoni um and val er at e.

O her s i.c and trifluoroacetic, which are not thensel ves
phar mc@ﬁ??ﬁ?%p&%ﬁg%ﬁgﬁ%a’ may be useful in the preparation of salts
usef ul memidbeytivddulanes, i N obt ai ni ng conpounds of this invention and these
forma further aspect of the invention. In one enbodi nent, the conmpound of
f orlRul Epihyoleekenyat he form of the free base. In one enmbodi ment, the
corrpour}gaﬁgnaﬁtq?%h (1) isinthe formof the tris salt, i.e.
tris(hydroxynet hyl)ani nomet hane. I n one 25enbodi nent, the conpound of

f or mul ehodpling ymphontae f orm of the sulfate salt. In one enbodi nent, the

compound of formula (1) is in the formof the hydrochloride salt. In one
enbodi rﬂ?ﬂtﬂ}Odgﬁ]élgEy(fWﬁgﬂ%d of formula (1) is in the formof the sodiumsalt.
Cer t ai NymphéblYeicST &MSlyRphbiag, conmpounds nay be sol vates, particularly
hydrates. I n one enbodi nent, the conpound of fornmula (1) or a

phaPmaddwkitéalymphaoeept abl e salt thereof is in the formof a 30mono-, di-,
tri- orfoﬁl%ma“q];{qlroate. It has now been found that conpounds of the present
i nvention are i nnibitors of the Phosphat oi nosi ti des 3-kinases (Pl 3Ks). Wen
t he phasphdltongsi tides 3-kinase (Pl 3K) enzynme is inhibited by a conpound
of the present invention, PI3K is unable to exert its enzymatic, biological
and/ or tﬁ‘l‘%‘?ﬁ%ﬂ?@%gi cal effects. The conpounds of the present

urothelial cancer,

25  wvulval cancer,
cervical cancer,
endometrial cancer,
renal cancer,
mesothelioma,

30  esophageal cancer,
salivary gland cancer,
hepatocellular cancer,
gastric cancer,

nasopharangeal cancer,
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WO 2012/ 047538PCT/ US2011/ 052857 i nvention are therefore useful in the
treatnent of autoi mmune disorders, inflamuatory di seases, cardi ovascul ar

di seases,woeoarxdespener at i ve di seases, allergy, asthnm, pamarse@tiiosissy

mul ti organ failure, kidney diseases, platelet aggregation, cancer, sperm
notility, transplantation rejection, graft rejection and lung injuries.
5Conpouiié&al gerest-di ng to Formula (1) are suitable for the nodul ation,

not abl y i on of the activity of phosphatoi nositides 3-kinases

(PI 3K) Cgh%?oﬁnmr%erg&yrl’u cularly, selective inhibitors of the beta isoform of
phosphatk¥Th@sstioittesindt &ionad eurhdt) 3KI 3) . Therefore the conpounds of the
present ipvention are also useful for the treatnment of disorders which are
nedi at et Vstmué%an@éi d treatment involves the nodul ation - notably the

i nhisbi tion OA Elgtodéh“ﬂteh%% @h‘b@&‘imenpfthéﬂ%ﬁnl@klféé@&ﬁaﬁ&ﬁ gﬁa!sﬁl""i'ﬁc?uc?esk' nases.
Because the p arma eutically active compounds of the present invention are
active aad iP]uﬁiltkdl tvals:emonhrdﬁat:m propatd ¢?mu¢rand>1ysmhiécdbmngwan®rtdmdbmannial bi t

PI 3K13, eith | ectively t t f PI31(6,
Pl 3Ka, AR OB Sor MEPHR P SEREF RSl ooty PRES TH EPERERent of

suscepticphi ot é‘zﬁfé’ér aR@Efibaal PTEN deRORBCIRANCES BrdI A8 t¢3feh Rhdceds STEN
15defi ci ency. used herein, the phrase "PTEN deficient"” or "PTEN

def i ci efeoypnstsied in Etj@ganrbéptlblrﬁbﬁiré\ﬁmmesdéfgr dinehEliePatpl.£2889 t unor suppr essor

g B e e Ve R S e g L
corrpar edattGenkbil BODIWMagh:41yPes 19004 chtisaité éle[ihc@tf) Brbb‘@ﬂfo%r ebogRer ;9913832840 t hat
cause suppr essi on of PTEN functio used herein, the term

"t r eat R t(Progtate qaneey).ilag’ Caneet. RQOE Mﬂré§112866)t1|3%4~33émoﬁféter€@wﬁéh§ Inyesters to
al I evi %érﬂlgtc}l hﬁ)o%%fl?'léé(ﬁgl%’@&' ﬁlélﬁﬂom&)' !r@hﬁfﬁchE 2806 !i&dﬂfmsbﬁé%?y”pt ors

of the I'ti'on or elimnati’n € progression asl on
et ast ghietandmiagattn JClinhRatiod N2H0S @ar, lanﬁl)ﬁQMér(metzgomla) ded Ja@naead. 2008

reoccurrence of the condition.in a reV|oust 2 fI| d subj ec The
pr ésent A PmAHE 1% ¥ (preanisangt Sﬁnﬂ%@e S8k My lef?@p (et FECF R ent | on

For _theGRienRo Al ool Ted) 088 B o o Lhiehy RRkTER Ofg pever al cond ti ons

inanm g., human) need ere Suscepti bl e neopl asm' as
used he@@;ﬁﬁ(}()e)ﬂéii@ -2t ¢oveeplcarsaes), WHatbhl. éﬁbO Eels 22468 ): 112240 (o(otvareat cmpndr).by a

{r oat ndrPEng 050UaBATRES ok F P tybe BREBH At Ay RAOERBaER Tk et oo
Wi th i ranpmRahedrs Asbisvid. 004 Jﬁthﬁ)S'f’a_)EN 9pi‘5)ﬁﬁhﬁtcﬁﬁ@érﬁ0‘tlﬁa(bﬁdo¢ woay Inec

neopl asns which are exhibit nutation or nutation of an upstream

act2|0vat1&r27<§$5)F&93KJ§:@ (R¢lpnsencsr). Gvewk@me@ls?%ﬂbm%@)@ét% @amiet canggbor  of
Pl 3K13 k'dﬁ%ral]ia%ﬂ&l\;} c?zbﬁfAulgt ﬁ‘@%j@l nc(fn gJ rca?nact nt with an Pl3K13

i nhi bi tOr “aré kKnown' t i1 prl fy and netastatic

tunors and gan@eths: aspe@If dicFeschoindt@ioantheel ﬂ\pfﬁv,ldadl@sméﬂhpa botteaingtdhe
treatnment of_ a susceptible neoplasm may be used interchangeably with
descri Fﬁppc@ﬁtlblp nepRlagm axt peAmmain peeddhetsef, comprising administering to theé mammal

a therapeutically effective amount of a compound of formula (I) (including any particular
25  sub-generic formula described herein) or a pharmaceutically acceptable salt thereof.
In another aspect of the present invention, there is provided a method of treating
fibrosis in a mammal in need thereof, comprising administering to the mammal a
therapeutically effective amount of a compound of formula (I) (including any particular sub-
generic formula described herein) or a pharmaceutically acceptable salt thercof. Fibrosis
30  includes, alternatively or collectively, systemic sclerosis (SSc), arthritis, nephropahty, and
liver cirrhosis.
In another aspect of the present invention, there is provided a method of treating
hormone refractory prostate cancer in a mammal in need thereof, comprising administering to

the mammal a therapeutically effective amount of a compound of formula (I) (including any
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Accordi ng to one enbodi nent, "susceptible neoplasns” includes, but are not
limted to PTEN-defl eci ent neoplasns |listed as follows: 5brain (gliomas),
gl i obl astworei2/d4ei3Rem as, Bannayan- Zonana syndrone, Cowst€m/Us2éleasmss?
10Lherm tte-Ducl os di sease, breast cancer, inflammtory breast cancer,
colorectal cancer WIlms tunor, 15Ew ng's sarcona, Rhabdonyosarcong,

ependy risitcularsHbrgeeasicAetrowa desssibedh herging eF a phansaiicalinasrepieblesaler , ki dney
canc_er,thér%@ cancer, liver cancer, nelanoma, 25squanpbus cell carcinona,
ovarian cancer, pancreatic cancer, prostate cancer, sarcoma cancer,

300st eosar cdmanotfjceaspealf thet progent @divel@methere is provided a method of treating non-

small-cell lung cancer in a mammal in need thereof, comprising administering to the mammal
5  atherapeutically effective amount of a compound of formula (I) (including any particular
sub-generic formula described herein) or a pharmaceutically acceptable salt thereof.
In another aspect of the present invention, there is provided a method of treating
endometrial cancer in a mammal in need thereof, comprising administering to the mammal a
therapeutically effective amount of a compound of formula (I) (including any particular sub-

10 generic formula described herein) or a pharmaceutically acceptable salt thereof.

In another aspect of the present invention, there is provided a method of treating
gastric cancer in a mammal in need thereof, comprising administering to the mammal a
therapeutically effective amount of a compound of formula (I) (including any particular sub-
generic formula described herein) or a pharmaceutically acceptable salt thereof.

15 In another aspect of the present invention, there is provided a method of treating
melanoma in a mammal in need thereof, comprising administering to the mammal a
therapeutically effective amount of a compound of formula (I) (including any particular sub-
generic formula described herein) or a pharmaceutically acceptable salt thereof.

In another aspect of the present invention, there is provided a method of treating head

20  and neck cancer in a mammal in need thereof, comprising administering to the mammal a
therapeutically effective amount of a compound of formula (I) (including any particular sub-
generic formula described herein) or a pharmaceutically acceptable salt thereof.

In another aspect of the present invention, there is provided a method of treating trip-
negative breast cancer in a mammal in need thereof, comprising administering to the mammal

25  atherapeutically effective amount of a compound of formula (I) (including any particular
sub-generic formula described herein) or a pharmaceutically acceptable salt thereof.

In another aspect of the present invention, there is provided a method of treating
glioma in a mammal in need thereof, comprising administering to the mammal a
therapeutically effective amount of a compound of formula (I) (including any particular sub-

30  generic formula described herein) or a pharmaceutically acceptable salt thereof.

In another aspect of the present invention, there is provided a compound of formula
(D), (including any particular sub-generic formula described herein) or a pharmaceutically
acceptable salt thereof for use in therapy.

In another aspect, there is provided a compound of formula (I) (including any
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t hyroi d cancer, |ynphoblastic T cell |eukem a, chronic nyel ogenous

| eukem a, chronic |ynphocytic |eukem a, hairy-cell |eukem a, acute

| ynphobl awobi2e14@0d68m a, acute rryel ogenous | eukem a, 5chiromius2eaos286philic
| eukem a, acute |ynphoblastic T cell |eukema, Pl asmacyt oma I nmunobl asti ¢
| arge cell |eukem a, Mantle cell |eukema, 10 Multip

Negakargﬁﬁkﬂué%ﬁpb'g?@lﬂ@éﬁﬁﬁula Hescribpd Berigipe Pl am@e@éwﬁ% aq@épgabl@mt ¢hareafken a,
p;ﬁp”%g'nfg%&r? iff tljhe o rﬁ&ﬁ qf%%ﬁ%c%hﬁﬂl@ P}E{%ﬁs%g} ?1?% Qg?ﬁﬁ‘%edlt%&ng Og ggdgk' ns
Burkitt's | ylmamnnmer ﬁ@b&tu dflﬂlheﬁpreééﬁﬁpﬁ@ﬁltﬁ)n few Bpradiahthe ubd etideymmander ,
of formula (I) (including any particular sub-generic formula described herein) or a
5  pharmaceutically acceptable salt thereof, in the preparation of a medicament for use in the
treatment of a susceptible neoplasm in a mammal in need thereof.

In another aspect of the present invention, there is provided a pharmaceutical
composition comprising a compound of formula (I) (including any particular sub-generic
formula described herein) or a pharmaceutically acceptable salt thereof for use in the

10  treatment of a susceptible neoplasm in a mammal in need thereof.

When a compound of Formula (I) is administered for the treatment of cancer, the term
"co-administering” and derivatives thereof as used herein is meant either simultaneous
administration or any manner of separate sequential administration of a P13 kinase inhibiting
compound, as described herein, and a further active ingredient or ingredients, known to be

15  useful in the treatment of cancer, including chemotherapy and radiation treatment. The term
further active ingredient or ingredients, as used herein, includes any compound or therapeutic
agent known to or that demonstrates advantageous properties when administered to a patient
in need of treatment for cancer. Preferably, if the administration is not simultaneous, the
compounds are administered in a close time proximity to each other. Furthermore, it does not

20  matter if the compounds are administered in the same dosage form, e.g. one compound may
be administered topically and another compound may be administered orally.

Typically, any anti-neoplastic agent that has activity versus a susceptible tumor being
treated may be co-administered in the treatment of cancer in the present invention. Examples
of such agents can be found in Cancer Principles and Practice f Oncology by V.T. Devita and

25 S.Hellman (editors), 6™ edition (February 15, 2001), Lippincott Williams & Wilkins
Publishers. A person of ordinary skill in the art would be able to discern which combinations
of agents would be useful based on the particular characteristics of the drugs and the cancer
involved. Typical anti-neoplastic agents useful in the present invention include, but are not
limited to, anti-microtubule agents such as diterpenoids and vinca alkaloids; platinum

30  coordination complexes; alkylating agents such as nitrogen mustards, oxazaphosphorines,
alkylsulfonates, nitrosoureas, and triazenes; antibiotic agents such as anthracyclins,
actinomycins and bleomycins; topoisomerase II inhibitors such as epipodophyllotoxins;
antimetabolites such as purine and pyrimidine analogues and anti-folate compounds;

topoisomerase I inhibitors such as camptothecins; hormones and hormonal analogues; signal
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urot helial cancer, 25vul val cancer, cervical cancer, endonetrial cancer,
renal cancer, nesothelionma, 30esophageal cancer, salivary gland cancer,
hepat ocelWwol2ar2/@2338er, gastric cancer, nasopharangeal c&oTAIS2011ME857
2012/ 047538PCT/ US2011/ 052857 buccal cancer, cancer of the nouth, A ST
(gastrointestinal stromal tunor), and testlcul ar cancer. 5Accord| ng to an
al t er ndtany@ucERD paihweranhipikss: monFeeapiny dsios NG kenape g EeRess HBIIGES and i s

limted,] %n%ﬁ{e diitid Socnfss hfc%r a&&@é&&hﬁ‘s Sr?c{‘&‘?lrcyﬁ[%oéggxﬁﬁﬁé ki ldrs | UNg cancer,

endorretrl can ncer neck cancer, br east
cancer, i ncImdnqjgestdflaﬁuﬂbgaahﬁveelngfeelmt ociapedientsafiotiug mQE)ﬁlblIB'ﬁENod&f i ci ency
has been correlated to such _cancers as .denonstr ted in a nunber of

publ i sHEEIRisEEHGwidsthepresentfl} kinase phpjfipgpom S JgEBpMeherPFutAECRY.

| izobl ast o ; | ma), Nat
Eone0™! 5000 k- mlarblibDENE hsfitoricaRoR RO SRbift gl abtlld AOLSEHOTH) , |

99( 8) : 1RLMEuIBNds dfpnost atlls doang &f pr; the mltaﬂils@aﬁeﬂ,ﬁf.thQ(‘)ﬂch‘db:r B&anip?&(dd) : 1284- 92
(prostat hnti- r?nac':lrrlo%l%lhé agjent‘.sni\lllgl%%ie, but are not limited to, diterpenoids and vinca alkaloids.
Diterpenoids, which are derived from natural sources, are phase specific anti -cancer
agents that operate at the G,/M phases of the cell cycle. It is believed that the diterpenoids

10  stabilize the B-tubulin subunit of the microtubules, by binding with this protein. Disassembly
of the protein appears then to be inhibited with mitosis being arrested and cell death
following. Examples of diterpenoids include, but are not limited to, paclitaxel and its analog
docetaxel.

Paclitaxel, 58,20-epoxy-1,2a,4,73,103,13a-hexa-hydroxytax-11-en-9-one 4,10-

15  diacetate 2-benzoate 13-ester with (2R,3S)-N-benzoyl-3-phenylisoserine; is a natural
diterpene product isolated from the Pacific yew tree Taxus brevifolia and is commercially
available as an injectable solution TAXOL®. It is a member of the taxane family of terpenes.
It was first isolated in 1971 by Wani et al. J. Am. Chem, Soc., 93:2325. 1971), who
characterized its structure by chemical and X-ray crystallographic methods. One mechanism

20  for its activity relates to paclitaxel's capacity to bind tubulin, thereby inhibiting cancer cell
growth. Schiff et al., Proc. Natl. Acad, Sci. USA, 77:1561-1565 (1980); Schiff et al., Nature,
277:665-667 (1979);, Kumar, J. Biol, Chem, 256: 10435-10441 (1981). For a review of
synthesis and anticancer activity of some paclitaxel derivatives see: D. G. 1. Kingston et al.,
Studies in Organic Chemistry vol. 26, entitled “New trends in Natural Products Chemistry

25 19867, Attaur-Rahman, P.W. Le Quesne, Eds. (Elsevier, Amsterdam, 1986) pp 219-235.

Paclitaxel has been approved for clinical use in the treatment of refractory ovarian
cancer in the United States (Markman et al., Yale Journal of Biology and Medicine, 64:583,
1991; McGuire et al., Ann. Intem, Med., 111:273,1989) and for the treatment of breast cancer
(Holmes et al., J. Nat. Cancer Inst., 83:1797,1991.) It is a potential candidate for treatment of

30  neoplasms in the skin (Einzig et. al., Proc. Am. Soc. Clin. Oncol., 20:46) and head and neck
carcinomas (Forastire et. al., Sem. Oncol., 20:56, 1990). The compound also shows potential
for the treatment of polycystic kidney disease (Woo et. al., Nature, 368:750. 1994), lung
cancer and malaria. Treatment of patients with paclitaxel results in bone marrow suppression

(multiple cell lineages, Ignoff, R.J. et. al, Cancer Chemotherapy Pocket Guide, 1998) related
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Dermatol . 2006 Jan; 126(1): 154-60 (nelanoma), J din Oncol. 2006 Jan 10;
24(2):288-95 (nelanoma), AmJ din Pathol. 2005 Cct; 124(4):528- 36

(el anomay 2b124043538Nncol . 2009 15Apr; 34(4):983- 93 ( br easPCrarse@rn 52857

Epi genetics. 2011 May 1;6(5):638-49 (breast cancer), Gynecol Oncol. 2009
Feb; 112(2): 307-13 (ovar| an cancer), Md Pathol. 2010 QOct; 23(10):1316-24
(ovarl dn tltea% aion of flopag sbpve ptiphEdisopcaationeInNDIKeaarG &h ctaheer ), Lung.

2009 er) Anti cancer Res. 2007 Jan- Feb;
27(1B): rﬁ'ﬁ% gQBQ @é)(iéj@g 1@ urg. 2008 Jun; 195(6):719-25 (col on
cancer), J CD(bd&ta@é\I;QlR 3Qp@ac@eﬁx@.}ﬁeﬁﬂ{sa@mé%ﬂerﬁﬁuwp@k@mﬁasﬂwﬁh necol
Oncol . 2004 Jun; 93(3):621-7 (cervical cancer), and J Oral Pathol 2002

Aug; 31(20yer®xg-1gin. ¢ fBAQBdAd-hvsekydcamier-) 1-cn-9-one 4- Wemﬂi’@enzoaﬁpé‘dwdtﬁﬁe,t he

resent. i nventi eis rOVI a a susceptible
ot adhF PR THE by Ao b sk A E BB HeFafs Ry T e
mamal @y 1RefaRut bERhY il CDbé’&azémlHktenﬁiyn%e‘ﬁ@ RV Qf ﬁﬁél{tﬁ'%'l 8., | )
(including any particular 25sub-generic forrul a descri bed herein)

phar maqecparehising avdepi atvcersgall 0-detetddfccatin 111, extracmdcftdmtheampélctof cdfe t he
present_inven re.is owdeda t hod treatin f|br05|s in a
el FONERq Phireofe dast iR ERiudoRtatareRl el P! .

t her apeuti calinya ﬁlﬁ(ﬁl@ﬁfsla YEpIa® Sptci RS andi- PRGNS cafs Jeﬁrvsalfram(thé péﬂl\ﬂﬁ]ﬂd&dl ng
any particul ar sub- generl c fornul a descrl bed herei n%x or a pharmaceutically

acdépt atnd. Yanqe alkrdoiepnct afFthsdphascioiitosisuefetbs cell exalnby binding smmﬁcally to
col I'ecty valy. c&%é&iuﬁemé% éﬁ?ilbgun%ﬁuﬁul{ SI§§1)e{;1H€‘Estlﬁ{ab ¢ §poi‘%?e@{z8%8t y, and |iver

Ci I’I’hOSI S. aspec resen ventron, there is

provi degdiceotumiléno Mdbsis fseatieved thtbe antgced mfmaaplmrsywml@snabﬁhcf@lmrlgl n a

mammal in need thereqof, conprising adm nistering to the manmal a

t her ape”manaﬁéfmf visrcp efalaids mawdntbugpreios Hrsd iRy V&blqsap%ml%r{stlale @%cl udi ng

any \ C %é}%l%{&47538PCT/ US2011/ 052857 particul ar sub-generic formul a
cribe

des erein) or a pharmaceutically acceptable salt thereof In
andther aspeinbhbtitd)einpalesiesdlastiny anfatgis canaer@ially apsitibicedy BLBBN®ds of
treating nonsmal | -cell lung cancer in a mammal in need thereof, corrprl si ng

adni ni Sdpicaigblegotutign nérlﬁhaulgha& hep epssfideindicatipy awp pecond lige Biesmntof garigus
compou %(389 fturfl&ﬁ % 3)1‘1(1111&11% hﬂﬁéalt!gf 1ﬂgh atﬁ@ﬁttdf(féﬁlt latsyatﬁ] &%ﬁ'ﬁ”aﬁo{;@ rmul a

descri bed herel arnmaceut i c y accep ta ereo
lymphomas including Hodgkln s Disecase; and lyrnphocytlc and histiocytic lymphomas.

Myelosuppression is the dose limiting side effect of vinblastine.

20 Vincristine, vincaleukoblastine, 22-oxo-, sulfate, is commercially available as
ONCOVIN® as an injectable solution. Vincristine is indicated for the treatment of acute
leukemias and has also found use in treatment regimens for Hodgkin’s and non-Hodgkin’s
malignant lymphomas. Alopecia and neurologic effects are the most common side effect of
vincristine and to a lesser extent myelosupression and gastrointestinal mucositis effects occur.

25 Vinorelbine, 3°,4’-didehydro -4’-deoxy-C’-norvincaleukoblastine [R-(R*,R*)-2,3-
dihydroxybutanedioate (1:2)(salt)], commercially available as an injectable solution of
vinorelbine tartrate (NAVELBINE®), is a semisynthetic vinca alkaloid. Vinorelbine is
indicated as a single agent or in combination with other chemotherapeutic agents, such as
cisplatin, in the treatment of various solid tumors, particularly non-small cell lung, advanced

30  breast, and hormone refractory prostate cancers. Myelosuppression is the most common dose
limiting side effect of vinorelbine.

Platinum coordination complexes are non-phase specific anti-cancer agents, which are

interactive with DNA. The platinum complexes enter tumor cells, undergo, aquation and
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I n anot her aspect of the present invention, there is provided a nethod of
treating endonetrial cancer in a manmal in need thereof, conprising

adm ni st ewDreg12f0a@7338e manmal a therapeutical ly effectivePramaiseal1nf2sar
conmpound of forrmula (I) (including any particul ar sub- 10generic formula
descri bed herein) or a pharmaceutically acceptable salt thereof. In another
aspect fOrm iHe- gpe guerstrangyaps|ipls Wit FausHiedversel biplogieah stfeds tatheat i ng

925t 1| Gy SB1C iR o BITRp - oRREHoh NSNERLc, SATRLISL G AUThALgLEr i ng L0 the

manmal erapeutti ca ective anou npou ormila (1)
(i ncl udiisptutmmndparboptatihar sub- generic fornul a descri bed herein) or a
phar maceutical |l y acceptable salt thereof. 15In another aspect of the
present i nvertplain, cishdpmmisedizhdeiopkatinemps caminessiaklly sailpblg apBLAdSNRLE a

rarmal inon h te A .
{herapaieranrrsbEss E8bn. CRIRER MErRETBNShEL b Be Wbt SR ) Lai ng
any parttiticuladindonarereindee afdadnahecddgsdicr bageheTial prjmay doghanmagsidei cal | y
B L L L e s e ST A
need theneploxicyPrising admnistering to the mammal a therapeutically
effective anount” of a conpound of fornula (1) (including any particul ar
sub- gener i ¢ Gaboplitan, gpesionimb deinineine| ) -ceclobutpiadicabexylateel-)-P,@dciept abl e sal t
t her eof . ..In a her_ aspect of the present inventjon, there is

pr d¥i dé@nan%@%avadg%{eraéé’ﬁ&(SPIE/??B\J%I@&Piﬂy%Ctiﬁ%é%lfm%n@@boplﬁtl%lsnamm in
need tNEfERlly if IR &' AOHAIMJISLR! il fmbliGe bd grRiahReraRe i cal Iy
ef fective anount of a conpound o ormul a %I) I ncludi ng any particul ar
sub- geroricandrorwrslppresemaris thedlokelimitmg toxiciy phearbapd&iut. i cal | y accept abl e sal t

t her eof I n .anot her aspect of t.he present invention, there i s provided
a net hod of W@@{%@ge@m %fﬁagmh%ﬁeﬁaﬁﬁapgqrﬁp ﬁa%el%*raélé}fsymeg)'?#ﬁ?mhﬁag

adm ni sf éa'[!?, élEylEﬁ'ﬁ‘% wnﬁ cONBEAPARE IS Ay Mkfﬁtfi&f}fté YSNATRWOEH Of a
conpound of fornmula (1) (including any particul ar sub- 30generic fornula
dedér i badlenphibic moigics af gisdPNAceeleswabiop aspbeythatsl emwi sulfhydryddfydroxy, I n

anot her_aspect of the .present.invention, .there is.provided [ ung, of
For mut R epdmiar ol RGP G R R B MR e SRR LG

her ei n)death. ExARPIIVRE QLK Lidk la¥erds BRAId8 S afahdt IM%HQ@fniﬂcr@%enuﬁ&Stdrﬂs Luar apy.
I n anot her aspect, there is provided a conmpound of fornula (1) (including

any \WeszpdleposphaBcTnelshdan.and 2Borarplicil; elisyhulionyeyar e busibienul a .
descri %ﬁo&‘ﬁfe%k ]E‘Jchoars cﬁ‘m%"f‘ihg‘f‘a%ﬁ%éz%ﬁQ éﬁcﬂ%&ﬁ@ctaﬁ%ﬁe?a” thereof for use in
eatnent O mamra

the tr a suscepti bl é neoplasmin a in need thereof
20 Cyclophosphamide, 2-[bis(2-chloroethyl)amino]tetrahydro-2H-1,3,2-
oxazaphosphorine 2-oxide monohydrate, is commercially available as an injectable solution
or tablets as CYTOXAN®. Cyclophosphamide is indicated as a single agent or in
combination with other chemotherapeutic agents, in the treatment of malignant lymphomas,
multiple myeloma, and leukemias. Alopecia, nausea, vomiting and leukopenia are the most
25  common dose limiting side effects of cyclophosphamide.

Melphalan, 4-[bis(2-chloroethyl)amino]-L-phenylalanine, is commercially available
as an injectable solution or tablets as ALKERAN®. Melphalan is indicated for the palliative
treatment of multiple myeloma and non-resectable epithelial carcinoma of the ovary. Bone
marrow suppression is the most common dose limiting side effect of melphalan.

30 Chlorambucil, 4-[bis(2-chloroethyl)amino]benzenebutanoic acid, is commercially
available as LEUKERAN® tablets. Chlorambucil is indicated for the palliative treatment of
chronic lymphatic leukemia, and malignant lymphomas such as lymphosarcoma, giant

follicular lymphoma, and Hodgkin’s disease. Bone marrow suppression is the most common
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In a anot her aspect of the present invention, there is provided the use of
a conpound of fornmula (I) (including any particular sub-generic formula
descri bedwbepeinays3er a Spharmaceutical ly acceptabl e sal PCrhise@afs5285N t he
preparation of a nedicanent for use in the treatnent of a susceptible
neoplasmin a mamral in need thereof I n anot her aspect of the present
i nvent id98e limpaeesidascifichof dderagbpeihr maceuti cal conposition conprising a
conmpound of Ll udi | -generi ¢ fornul a
descri bed hé%%%n ’?ﬁLg%ﬁﬁ%Q%é@§§$%¥§PﬁgﬁﬁéE%%#%@%%ﬁﬁlﬁ%g%ﬁééé%f for use in
the 10 Mye®Rrex® DABBETYS Bapilfhlieiniaap)dadhi HaRiateetredtmcht sfepebriher eof \When
a conmpound of Fornul a (%& is adm nistered for the treatnent of cancer, the
t er m " doydeganapsicakimig” Beng misiomanpieeson ehe gostrommseridesslenifing sidgreant
eitger éﬁé %%%ﬂ Hs adm nistration or any manner of separate sequenti al
admni stration of a PlI3 kinase inhibiting conmpound, as described herein,
and a furt heCaraaktineg 1j3ABIsEDcklbtocttyl)- ngitedbemt Ss cknoercidlty daildie usahgle i n
the treatnment of cancer, including chenotherapy and radiation treatnent.
The t ervigls af brehilized m@ﬂalnaerel@il\Mg- Srarmygiing ds Beicated dor the pallindytreptmenic| udes
any co : L G .t

advant %%&ﬂ%lﬁ%@%ﬁ?{iﬁ%?&%n%ﬁﬁ%%ﬁhn%@%‘gg%ﬁ{og bﬁ%%ﬁ?@ﬁ@?ﬁﬁ)?\%égég?at r eat ment
for carde&tgkiPs efsedssadnd,nohfHddpkinAd Minfihstdaat Delytd myelossipitssioanetidsnost he
conmpounds are adnministered in a close tine proximty to each other.
FurlfPherseBeon dase igutnggfe offeqinet @rmpstinehe conpounds are adninistered in the
sane dosage _(PORE: oyl E 1l L I .

2ot her - comonaeras PGNP LR iR RLab LRI iPL SRl

ant i - neopiladé acsingeniald dfahathds aa XTICEDYymy@r Disardasins sapdichtke fdrun®r bei ng
treated may be co-administered in the treatnent of cancer in the present

i nvent i ERIMEE ghpickstage malignan geshinomaznda cogbmation weth sEsy agsithr flees and
Practi : hy: n : : it or edition
(Febr ugrgg/gnf%}fé %%%krméf gB?%%QEPI%S?i g?r%sl% % ‘%ng‘saa Iﬁgggﬁegﬁgit_heg\ﬂ (%ér son of
or disnaropnshod dosk hintitieg sidt ctficas of deadbriect 0 di scern whi ch conbi nati ons of
agents woul d bqiusefuj based on the Farticu ar charg&%@;%gths of the drugs
and the cance?PPHGIVERFOPRYPTSAALP MAKPPEK EBAUASEE L a Y IR he

pr esentyNBRIK | Phitd5), MES achoh rRh8 MQtabld PNk HexRRE srdddsreiiabel € agents
such as diterpenoids and vinca al kal oi ds; pl ati num 30coordi nati on

conpl exesich diskupteeridimgraestien efitbhnadeiniatide radingiig relt death.okeanaplbosiphor i nes,
T, e G
SUCl) asia€ih hiyithrdy@KhNsiich AR thwmRkelsth iah@ doftGhicRS aRUibled@yaRgd pyri ni di ne
anal ogues and anti-fol ate conpounds; topoisonerase | inhibitors such as
canpt ot heci factingmireined sakitpvhay Aeirdmyein Do tyiresimestighy pvailgpje in injectable
2012/ 04fgr5n§ %E 888%8%&1/@9 Slggc%i%omycin 18 indicated for the treatment of Wilm’s tumor and
rhabdomyosarcoma. Nausea, vomiting, and anorexia are the most common dose limiting side
effects of dactinomycin.
25 Daunorubicin, (8S-cis-)-8-acetyl-10-[(3-amino-2,3,6-trideoxy-a-L-lyxo-
hexopyranosyl)oxy]-7,8,9,10-tetrahydro-6,8,11-trihydroxy-1-methoxy-5,12
naphthacenedione hydrochloride, is commercially available as a liposomal injectable form as
DAUNOXOME® or as an injectable as CERUBIDINE®. Daunorubicin is indicated for
remission induction in the treatment of acute nonlymphocytic leukemia and advanced HIV
30  associated Kaposi’s sarcoma. Myelosuppression is the most common dose limiting side effect
of daunorubicin.
Doxorubicin, (8S, 10S)-10-[(3-amino-2,3,6-trideoxy-a-L-lyxo-hexopyranosyl)oxy]-8-
glycoloyl, 7,8,9,10-tetrahydro-6,8,11-trihydroxy-1-methoxy-5,12 naphthacenedione
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transducti on pathway inhibitors; non-receptor tyrosine kinase angi ogenesis
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si gnal i ngwOrzhi2n4r338s . Exanpl es of a further activecCrnseediosass? or
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avai |l abl'e as an injectable solution TAXOL(r). It is a nmenber of the taxane

f a0l y teficitiep pesribe mopt cofsorf desstlimigag sideatfpeis abigomycipani et al . J. Am
Chem Soc., : 7.1 .- wWha gh creri | St [ e hem cal and
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paclitaxel ' sEgipaphilotdbtinbae@hhssupkéific abiiaeeiysticrigbds temagddfeoe e cel |
growh. Schiff et al,, Proc. Natl. Acad, Sci. USA 77:1561-1565 &1980);
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Chem str 51986", .Attaur.- Rahnan, P.W  Le esne, Fds. (.El sevier,

Anst er &8 Oﬁﬂéﬁbotwsz@y%@m are not E@&&@ ¢ as%éPSlﬁagnﬂE@ewoggﬁr oved for

clinical usey : he st nt..: f . VWil m Hn the United
Gt oo ( vor Hipostdie 4L bRl T Mo ARG EOY) YR AanCRRAEDN L0 85, 2001,
M Gui r esledopstanpsideinis dontnenviallfeavailabiblis 21 302G 84y salntdod or caphded aseat nent  of

breast cancer (Holnes et al., J. Nat. Cancer Inst., 83:1797,1991.) It is a
pot ent i WIPEARE a1k i commontyelsionais - 180 ke9rids isinigatcd as 8 RingleageniArdnet |

al ~,n Pr - Ar ) i , : o

(F 30 o i fifon i ot sty S e BERMAER RS Bl Sk SHOBTRS

pot ent ilahg famcertsh el @appresdiornis tipomystyes mintorkdi dineffect b Saapmsidoiitheahcidalce,

Nat ur e, i68: 75Q. 1894), | ung cancer and malaria. Treatnment of patients with
pacl i t BEFUCPRIUY te8 M?h?ofﬁ%feﬁawgwaga%ﬁp@ggweaer{lw tiple cell Iineages,

Ignoff, RJ 'Te‘?ﬁposﬁlle; 4’%&&1—@@%&&%&1@9&%5 9@‘&96-(@5lt9&ylidél?@9§b-r el ated
glucopyranoside], is commercially available as an injectable solution as VUMON® and is
25  commonly known as VM-26. Teniposide is indicated as a single agent or in combination
with other chemotherapy agents in the treatment of acute leukemia in children.
Myelosuppression is the most common dose limiting side effect of teniposide. Teniposide can
induce both leucopenia and thrombocytopenia.
Antimetabolite neoplastic agents are phase specific anti-neoplastic agents that act at S
30  phase (DNA synthesis) of the cell cycle by inhibiting DNA synthesis or by inhibiting purine
or pyrimidine base synthesis and thereby limiting DNA synthesis. Consequently, S phase
does not proceed and cell death follows. Examples of antimetabolite anti-neoplastic agents

include, but are not limited to, fluorouracil, methotrexate, cytarabine, mecaptopurine,
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vi nor el bi ne M@Ircﬁlﬁt@f)lﬂ‘lt(el,\lﬁVEhB}MH Fm@ne%aﬁamsmaﬁé}@ume N eramatckailyoi d.
Vinorelbine is indicated as a single agent or in conbination with other

chenot Hepidgdesd CUBRRRTHOLS) CMGG@pt@lpglpnfa@Xhhblt& qellphesctspeeifipinat phasabyous
solid tungt rt| C Iarg%/ non?ltsne&\ cell .l un adv cedtSO breast, and
hor mond" P! Hn§ 8%1? 8" 83fice gnsnw&egmﬁéné "R INE st common
doe | iiAdicitB@ash giﬁgl%fafg@&tor@ﬁ cothhiased w11 other chemdﬁhéapmgm@qg ke thakhen

conpl exes are non-phase specific anti-cancer agents, which are interactive

wi th DNAacttsdeukemia. nVivelesmpressien aagastrofnipsinalpgositis eierngeted aifigafices and

of mercaptopurine at high doses. A useful mercaptopurine analog is azathioprine.
Thioguanine, 2-amino-1,7-dihydro-6H-purine-6-thione, is commercially available as
TABLOID®. Thioguanine exhibits cell phase specificity at S-phase by inhibiting DNA
25  synthesis by an as of yet unspecified mechanism. Thioguanine is indicated as a single agent
or in combination with other chemotherapy agents in the treatment of acute leukemia.
Myelosuppression, including leucopenia, thrombocytopenia, and anemia, is the most
common dose limiting side effect of thioguanine administration. However, gastrointestinal
side effects occur and can be dose limiting. Other purine analogs include pentostatin,
30  erythrohydroxynonyladenine, fludarabine phosphate, and cladribine.
Gemcitabine, 2’-deoxy-2’, 2’-difluorocytidine monohydrochloride (B-isomer), is
commercially available as GEMZAR®. Gemcitabine exhibits cell phase specificity at S-
phase and by blocking progression of cells through the G1/S boundary. Gemcitabine is
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ol phal S BB ORaRE RO D | b QY BRei r aGhP AR SR BB anoi ¢ aci d
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or the palliative treatnent of chronic I'ynphatic |eukeni a, "and mal i gnant
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Irinotecan is a derivative of camptothecin which binds, along with its active
metabolite SN-38, to the topoisomerase I - DNA complex. It is believed that cytotoxicity
occurs as a result of irreparable double strand breaks caused by interaction of the
25  topoisomerase I : DNA : irintecan or SN-38 ternary complex with replication enzymes.
Irinotecan is indicated for treatment of metastatic cancer of the colon or rectum. The dose
limiting side effects of irinotecan HCI are myelosuppression, including neutropenia, and GI
effects, including diarrhea.
Topotecan HCl, (S)-10-[(dimethylamino)methyl]-4-ethyl-4,9-dihydroxy-1H-

30 pyrano[3’,4°,6,7]indolizino[1,2-b]quinoline-3,14-(4H,12H)-dione monohydrochloride, is
commercially available as the injectable solution HY CAMTIN®. Topotecan is a derivative of
camptothecin which binds to the topoisomerase I - DNA complex and prevents religation of
singles strand breaks caused by Topoisomerase I in response to torsional strain of the DNA

molecule. Topotecan is indicated for second line treatment of metastatic carcinoma of the
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i njject %%ﬁgﬂeq{d%y@é@ﬁéﬁi@i&l@ﬁhXR%aﬁ?orﬁé}) bt 2Ct Abihg phser &R BletlyNECS-) -
Daunorubicin is indicated for rem ssion I nduction in the treatnent of acute
nonl ympifeklyethyleneditesin? & Shaempigthepindd cppnyiomer). Such compound as well as related
compounds are described, including methods of making, in U.S. Patent Nos. 6,063,923
5,342,947; 5,559,235; 5,491,237 and pending U.S. patent Application No. 08/977,217 filed

November 24, 1997.

15 Hormones and hormonal analogues are useful compounds for treating cancers in
which there is a relationship between the hormone(s) and growth and/or lack of growth of the
cancer. Examples of hormones and hormonal analogues useful in cancer treatment include,
but are not limited to, adrenocorticosteroids such as prednisone and prednisolone which are
useful in the treatment of malignant lymphoma and acute leukemia in children ;

20  aminoglutethimide and other aromatase inhibitors such as anastrozole, letrazole, vorazole,
and exemestane useful in the treatment of adrenocortical carcinoma and hormone dependent
breast carcinoma containing estrogen receptors; progestrins such as megestrol acetate useful
in the treatment of hormone dependent breast cancer and endometrial carcinoma; estrogens,
androgens, and anti-androgens such as flutamide, nilutamide, bicalutamide, cyproterone

25  acetate and Sa-reductases such as finasteride and dutasteride, useful in the treatment of
prostatic carcinoma and benign prostatic hypertrophy; anti-estrogens such as tamoxifen,
toremifene, raloxifene, droloxifene, iodoxyfene, as well as selective estrogen receptor

modulators (SERMS) such those described in U.S. Patent Nos. 5,681,835, 5,877,219, and
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20  shown to result in uncontrolled cell growth. Accordingly, the aberrant activity of such
kinases has been linked to malignant tissue growth. Consequently, inhibitors of such kinases
could provide cancer treatment methods. Growth factor receptors include, for example,
epidermal growth factor receptor (EGFr), platelet derived growth factor receptor (PDGFr),
erbB2, erbB4, vascular endothelial growth factor receptor (VEGFr), tyrosine kinase with

25  immunoglobulin-like and epidermal growth factor homology domains (TIE-2), insulin
growth factor —I (IGFI) receptor, macrophage colony stimulating factor (cfms), BTK, ckit,
cmet, fibroblast growth factor (FGF) receptors, Trk receptors (TrkA, TrkB, and TrkC), ephrin
(eph) receptors, and the RET protooncogene. Several inhibitors of growth receptors are
under development and include ligand antagonists, antibodies, tyrosine kinase inhibitors and

30  anti-sense oligonucleotides. Growth factor receptors and agents that inhibit growth factor
receptor function are described, for instance, in Kath, John C., Exp. Opin. Ther. Patents
(2000) 10(6):803-818; Shawver et al DDT Vol 2, No. 2 February 1997; and Lofts, F. J. et al,
“Growth factor receptors as targets”, New Molecular Targets for Cancer Chemotherapy, ed.

Workman, Paul and Kerr, David, CRC press 1994, London.
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20  Brodt, P, Samani, A., and Navab, R. (2000), Biochemical Pharmacology, 60. 1101-1107;

Massague, J., Weis-Garcia, F. (1996) Cancer Surveys. 27:41-64; Philip, P.A., and Harris,
A.L. (1995), Cancer Treatment and Research. 78: 3-27, Lackey, K. et al Bioorganic and
Medicinal Chemistry Letters, (10), 2000, 223-226; U.S. Patent No. 6,268,391; and Martinez-

lacaci, L., et al, Int. J. Cancer (2000), 88(1), 44-52.

25 Inhibitors of Phosphotidyl inositol-3 Kinase family members including blockers of
PI3-kinase, ATM, DNA-PK, and Ku are also useful in the present invention. Such kinases are
discussed in Abraham, R.T. (1996), Current Opinion in Immunology. 8 (3) 412-8; Canman,
C.E., Lim, D.S. (1998), Oncogene 17 (25) 3301-3308; Jackson, S.P. (1997), International
Journal of Biochemistry and Cell Biology. 29 (7):935-8; and Zhong, H. et al, Cancer res,

30 (2000) 60(6), 1541-1545.

Also useful in the present invention are Myo-inositol signaling inhibitors such as
phospholipase C blockers and Myoinositol analogues. Such signal inhibitors are described in
Powis, G., and Kozikowski A., (1994) New Molecular Targets for Cancer Chemotherapy ed.,
Paul Workman and David Kerr, CRC press 1994, London.
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N R B ToL Bl BT i MBS SRR e, TR
strand Rhaaksreap®siic RinakOnBiekd @Ry B¢ uldd@n combination with the inhibitors of the
present invention. For example, anti-VEGF antibodies, which do not recognize VEGFR (the
receptor tyrosine kinase), but bind to the ligand; small molecule inhibitors of integrin (alphay
25  betas) that will inhibit angiogenesis; endostatin and angiostatin (non-RTK) may also prove
useful in combination with the disclosed family inhibitors. (See Bruns CJ et al (2000),
Cancer Res., 60: 2926-2935; Schreiber AB, Winkler ME, and Derynck R. (1986), Science,
232: 1250-1253; Yen L et al. (2000), Oncogene 19: 3460-3469).
Agents used in immunotherapeutic regimens may also be useful in combination with
30  the compounds of formula (I). There are a number of immunologic strategies to generate an
immune response against erbB2 or EGFR. These strategies are generally in the realm of
tumor vaccinations. The efficacy of immunologic approaches may be greatly enhanced
through combined inhibition of erbB2/EGFR signaling pathways using a small molecule

inhibitor. Discussion of the immunologic/tumor vaccine approach against erbB2/EGFR are
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i nterest, s t a in tiv formula. A follow n rrently
under - dBUBPSHETE ST PERHN fi - o B Bt G SRiced PRI HERE e ne
R and &@ﬁﬂﬁ bPP&RISin thinbB have HEAWRS R IR G NERefAdndEBEBow in Phase I1/111
"7-(4-me hylplpera2|no met hyl ene) - 10, 11- et hyl enedi oxy- 20(R, S) - canpt ot heci n

(r aclemtt,iglm pamplecota's'G3132 bekei hquwfsfeqlgpnn@wt&eh ylueh pjoapeptatic staagegics
0
7 0 IR Y B O RE Ay BB 2 RSl s S o b %meci n

(S enamt CARBO)col I N8 CDMPIIIRLd Kstad@ K let @S (1904 pt £akiseaspREsNDSY af:€71descr i bed,
i ncl udi ng nmet hods of making, in U S Patent Nos. 6,063,923; 5,342, 947;
5, 559, 235: éiedbqycmgrwﬂwad@h@itﬁ@ iphibit mpkecalas impdysddathoente! obBe 9ot 217

filed '\% E”R%mﬁg’offn%%n kﬁlﬁ's'&rc’lﬁ&?g%c’{’lﬂ%{} %Rﬂéhas%&‘félﬁﬁ%‘)eons G usef ul

conmpounds for tr ng cancers I n I ch ere Is a |p bet ween the
hor nonéfeyacdon withawkimilgedbosteihatkmed cgriawtontafls plogression drroudixthopl es  of

hornnnes and .hor ppnal _anal ogues usef ul ancer tre nent ude, but are
not!?l i rRvkayotigeel E%fc%a 836 £OR1 B’é‘fee%CHV%@WBHn%lVbtﬂ%b‘?f ?ifén’a%’&{]‘b)%l sol one
whi ch gﬁgﬂ!&%g W e Bss b Sof ﬁ&ﬂﬁﬂ?@gré@gloﬁrﬁ{rb E ckiy BRhO g P idfibitses beukem a

in chil 20am nogl ut et hi oth ronatase inhibitors such as
anast r azblcg¢lelsenplding laes under deavelagment. For instance, examples of cyclin dependent

kinases, including CDK2, CDK4, and CDK®6 and inhibitors for the same are described in, for
instance, Rosania et al, Exp. Opin. Ther. Patents (2000) 10(2):215-230.

20 In one embodiment, the cancer treatment method of the claimed invention includes
the co-administration a compound of formula I and/or a pharmaceutically acceptable salt,
hydrate, solvate or pro-drug thereof and at least one anti-neoplastic agent, such as one
selected from the group consisting of anti-microtubule agents, platinum coordination
complexes, alkylating agents, antibiotic agents, topoisomerase Il inhibitors, antimetabolites,

25  topoisomerase I inhibitors, hormones and hormonal analogues, signal transduction pathway
inhibitors, non-receptor tyrosine kinase angiogenesis inhibitors, immunotherapeutic agents,
proapoptotic agents, and cell cycle signaling inhibitors.

The pharmaceutically active compounds of the present invention are incorporated into
convenient dosage forms such as capsules, tablets, or injectable preparations. Solid or liquid

30  pharmaceutical carriers are employed. Solid carriers include, starch, lactose, calcium sulfate
dihydrate, terra alba, sucrose, talc, gelatin, agar, pectin, acacia, magnesium stearate, and
stearic acid. Liquid carriers include syrup, peanut oil, olive oil, saline, and water. Similarly,
the carrier or diluent may include any prolonged release material, such as glyceryl

monostearate or glyceryl distearate, alone or with a wax. The amount of solid carrier varies
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and exenestane useful in the treatnent of adrenocortical carcinoma and
hor none dependent breast carci noma containing estrogen receptors;
progestriwe 20120l37888 negestrol acetate useful in the tre&CEASR010/05386T NONE
dependent breast cancer and endonetrial carcinoma; estrogens, androgens,

and anti-androgens such as flutam de, nilutam de, bical utam de, cyproterone
25 acet'sidelydms rseferablietthse froguiounds merdasbeyt laepariestaenmst aVhenes lgget ul i n
the treafnen i: LE i S i.ch hy;

ant i - eothE Dl B BRLHditn SO0 B RPIFR A DE R RS B On AP Y

i odoxyfaapsale, agrieinlccadlsSlidued suchersaatanpgelr, sretepiuesusirdohajueoss I(@RRVS) such
those described in U S. Patent Nos. 5,681,835, 5,877,219, and WO

2012/ 04785%8PeY/ US2011/ 052857 6, 207, 716, useful in the treatnent of hornone
dependent br e : I; v
gongdot ropin-r |hé‘§§‘i{°%ﬂﬁ%?@%“?g%&g§g&%}ﬁ%gﬁﬁﬂﬁﬁ@ ge&ﬁ u?sc%f asti mul at e
t he r elphasesacefiti¢ad abdémiszinmglvingrmixnes, gtadplagingl/and comiptdssihg, whdnmekedsanygfonor none
(FSH) for, the treat.nent_.prostatic carcjinom, . for instance, LHRH agonists
and. ant3dSGRNS oL MSgrfiles GRddisenVRe SCRErgicahy e HRFOTT 10 Ve O g g o)

t r ansdufekirQoR P PRhtdrAidBit@. s are those inhibitors, which block or

inhibit a chem cal process which evokes an intracellular change. As used
herei n this Resangbthepresently ventpd pharmageutigalldadtive cemppundsama Si gnal

tra}rﬁducti on inthi idt ors useful i. &qje re :I%nt i ention itncl ude ti.tnhi bitors
of WecdhpBpaiediosd dpsieg uptE desciiBed 4hoxB I S pp p Hlcktgly holOgie duinticy
105H2/ Srigdanmhi stldekdactkah She 1megd SF0. 001 £000 ME/kkiof as@ s, coptposid Phréfdhablyl nosi t 01- 3

ki nases, nyo- inositol signaling, and Ras oncoq%enes. ... Several protein
t yr osi fe00 nikme/kgatVahgpstecating a hHpap Ratgat a1 nesd e Bl dnlibicor (hesslprtedesi dues
in vari . Yy i Lt hat | f protein
tyr oa i BhAMRed IYRIORb L Bulel B oL & paliicral®f W e PR

Ki nasesf pifeRecd piotiniktystosiindudd topkely, aceally, anssdenbaldy) &y piijott@nnmdhavi ng an
extracel lular Jigand binding domain, a transnenbrane domain, and a tyrosine
ki dase C&BH%MS‘IYF%@E»S&H- t%ﬁ%qSﬁ%e Wiy RTBHRA IO RN PR ALY FYtPat i on of

cel | gripyh b i3ng 3%@{1%9&%5@474 %fﬁ,@ﬁ%‘g&gf*%ﬁﬁ@n% tﬁ%ﬁé %b&ﬁﬁl%gﬁ ﬁ{egorall QRpg opri ate

or uncontrolled activation of i nases, 1.e. aberrant” ki nase
gr owt h fbabiroan adrgieptratioracdntaing Y00 fool006 xepirelajpy Ovaledmexpra®saj whicbuses

mut ati qn, has been 2Qsh to result .in uncontrolled cell growh.

Accor diRBPY oS FS BTt PR oS Sl 11 st ihes inuerry At o

nal i gnapbd Wihss se Sh@WMRenicRNSEHegiAtibt, | nhi bitors of such kinases coul d
provi de cancer treatnent nethods. G owmh factor receptors include, for

exafpl e, epi@rtimalldogaasnthbd admisistarecapy be rqeedFdytermpinad by droselekillo@t the owt h
factor recept P r erbh rbB4, .viascul.ar endothel i al..growth factor
recept oarrg 8 Q@&%E yéry%i;{ri ot)élle %ﬂ]ﬁ}%ﬁggﬁ l%ln%sﬁ 1%31?% H(S)eg {E'l(l)ebs&ﬁn%{hl Olflgge and epi der nal
gr owt h dragirafonh therhaidyofddnmiisnsation] fmdthe advisudmhént @f et dischgctdidition. (1 GFI)
receptor, macrophage colony stinulating factor (cfns), BTK, ckit, cnet,

f i br oblAditigfabigctors dencafingpohc putiegaorasiontihaing easgst wHsreputt kA nerdi®,  and
L e LT
ant2agondosiges iathidchwali fesmulbysmsignealenn@sid gl Sinp oansl 1@0dng of the compound
of formula (I), to be administered alone, in multiples, or in combination. Another exemplary
dosage includes oral formulations of the tris(hydroxymethyl)aminomethane salt of 2-methyl-
1-{[2-methyl-3-(trifluoromethyl)phenyl|methyl } -6-(4-morpholinyl)-1H-benzimidazole-4-
carboxylic acid equivalent to 10 mg, 25 mg, or 100 mg of the free base of 2-methyl-1-{[2-
30  methyl-3-(trifluoromethyl)phenylmethyl} -6-(4-morpholinyl)-1H-benzimidazole-4-
carboxylic acid.
The method of this invention of inducing PI3 kinase inhibitory activity in mammals,
including humans, comprises administering to a subject in need of such activity an effective

PI3 kinase modulating/inhibiting amount of a pharmaceutically active compound of the
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30anti-sense ol igonucl eotides. Gowh factor receptors and agents that
inhibit gromh factor receptor function are described, for instance, in
Kat h, JohwoQGn12/E%338 COpin. Ther. Patents (2000) 10(6):80Bc3AB01B052852r et al
DDT Vol 2, No. 2 February 1997; and Lofts, F. J. et al, "G owth factor
receptors as targets", New Ml ecul ar Targets for Cancer Chenotherapy, ed.
Vor kmarPresoauInvVeH®PKer r,  Davi d, CRC press 1994, London. WO

2012/ 047538AGL HSR0LY 05 8RRIILPAENE: b 1S AR P ALE (104 Ot fact o
receptor kinases are ternmed non- recepto oSl ne Kinases. n-recept or
tyrosi nﬁaﬂufmes;)fm&fdwaniem folh @sqpaseskIBtkinasv éittibieos, whi ch are targets or
potential targets of apti-cancer drugs, .include c n Yes, Jak,
cAbl, FAK (PdEdnveiding&isgmrayidesdayt em%wmm%wﬁ@wﬁa@ Bcr - Abl .

Suctg NS EGERE Edaal%ﬁ§fo§ﬂ§13 ARGy whi ch i nhibit non- recept or tyrosine
ki nase function are describ In Sinh,”S. and Corey, S.J., (1999) Journal
of Hemat ot héﬂmpyveamdnstsemr@edids fRetheasc bf zSCQrﬁpound%Forrﬂﬁla (BmmjtlBoI en, J.B.,
Br ugge, An nua revie | munol o X 404, 5H2/5H3
ona? Byt oL Sl BRE! PR Grihiipe “BpB O e B H BRI g 1 o o
vari et Ydl&fase%n@a\fdﬁ%%s@ﬁlaﬁgﬁ@is@i nEuI@H@ge'ﬂ&ahﬂ@hﬂdéﬂs@Q :all&%? dﬁtlﬁﬁ’@ pak@bRitls, Src
fam |y kinases, 10 adaptor nmol ecul es (S Nck b2) and Ras- GAP.
5H2/ 5H3nd@man§alh§e,tl<a¢rt§@tdsseﬂ@ﬁ, Rlatelet e%r@gqﬂoamgseraﬂ@rmm@u%ed in
199 Jo of Pharmacol ogi cal and Toxi col ogi cal

{Q 3ran§9f?]§)§tlﬂ'§rfje§§gﬁ graﬁ'rej?cﬁw |ni1 '€ 'OH"'8&r i ne/ Thr eoni ne Ki nases
l ncl udi ng MAfhckhvnasion aRs pasieddl fock phamabltidal ddeipedigioh lfeiciseas a @3 Raf ki nases
(rafk), Mtogen or Extracellular Regul ated Ki nase (MEKs), 15 and
Ext r acéniitar wiigh gpmpases ki eapeyng Eﬂgv@rp\ulaaﬂbam’r DPRETRARUHERY CoPRiARlFy menber
bl ockerg idfcl uding bl ockers of PKCs (al pha, beta, ganma, epsilon, nu,
| anbda, 10ota, zeta) IkB kinase famly (I KKa, |IKKb), PKB famly k| nases, AKT
ki nase fani |'Thenewdieios alsapdovidds foet pharameqitionl donfiasieion fGUGH uS&feltfeatrﬂ'ént eoni ne
Ki nases and i nhi bltors t hey eof are .descri bed in Yananoto, ,, laya,. S.
KailBuc Hif aufeimmyung digprders, EFH%?TY igetentadipyascylop ‘(5%5637991“86%6“91@@?’%& P,

Samani , 1101- 1107;
Massag udeléase.saﬂ%rga\é%?lg F?’;lalklgz&ggg rmglh&%an ? elfrﬁ%Sllf rPd\;lgg W?S%Z)éeg %atgl%p Phi li p,

P. A., agdrogation, sancAr, lspenmL@@ﬁ)lty, fiamw@ntaﬁoeatjnﬁmn grft rResear oll lufg: 3- 27,

Lacke K.. et .al, Bi oorgani c and m Let.t rs 2000
5o oSS VRSN GHPOTES & §Saa Y FoRi A ma ety hogdptale 0% 5
Cancer {afQ0), 88(1), 44-52. 25l nhibitors of Phosphoti dyl inositol-3 Ki nase

fam |y menbers including bl ockers of
20 In addition, the pharmaceutically active compounds of the present invention can be

co-administered with further active ingredients, including compounds known to have utility
when used in combination with a P13 kinase inhibitor.
Without further elaboration, it is believed that one skilled in the art can, using the
preceding description, utilize the present invention to its fullest extent. The following
25  examples are, therefore, to be construed as merely illustrative and not a limitation of the

scope of the present invention in any way.

Experimental Procedures

30  Compounds of Formula (I) may be prepared using the general schemes I — VII, as described
below.

Scheme I (R2 = Me)
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P13- ki nase, ATM DNA-PK, and Ku are al so useful in the present invention.
Such ki nases are discussed in Abraham R T. (1996), Current Qpinion in

| mmunol ogyoO 2810@y53412-8; Cannan, C. E., Lim D.S. (1998) pchusoga/s28:7 (25)
3301- 3308; Jackson, S.P. (1997), International Journal of Biochem stry and
Cell Biology. 29 (7):935-8; and Zhong, H et al, Cancer res, 30(2000)

60(6), 1544 1545. o YAl so usef ul Men the resent i nventi oy are
Myo- i nasi LRl Nsi gnal i e G r N as gﬁggghQLLpase C kers apd g
Myoi nosi t andggghes. uch signal hi br tor I eadesgki be @*Mbwfs, G
and Kozi kofski A, (1994). New Ml ecl| gr Targets for Cancér anot her afy
ed., Paul Wrknman and Davi d Kerr, press 1994, London.

2012/ 047538PCT/ 52011/ 052857 Anot her gryp of signal trapsduction
pat hway igggbitoré are ighibitors of Ras Onco éqp. Such inhi biogs include
i nhi bi t ors¥6f fANARsY tr an e%é%’%yl-g@ylmt fera 3@ CAAX
proteases as pehl~gs antd nse gfjgonucl gof , ribozy Nanrd N

i mrunot her apy. Such~gsnhi bi tors have been @Qbmm torbl ock ragQagt&Q&Bion in
cells containing 8 wild type nutant ras , theré%y acting asFk
antiproliferation agents. Ras oncogeneNtnhibition is discussed in
Scharovsky, 0.G, Rozados, V.R, Gbrvq—o‘J, S.1. Matar, P. (2000), Journa
of Bi onedi cal Science. 7(4) 292-8;(£6 e N. (1998), Current OQpinion in
Li pidology. 9 (2) 99 - 102; and BiloChem \Bi ophys. Acta, (19899)

1423(3):19-30. As tione:gigpvé, t7 kody’ ant agoni sts fo receptor Kkinase
| i gand bi ndi ng may so 10s e as silgnal tréﬁgdu%;ion i hhibitors. This
group of signal trgﬁﬁgﬁg%i n pat hway/ i nhi bhktors i Iuiggfghgmyse of
humani zed ant i boeh the extracel/l ul ar I\gand biqd$ omai n of receptor
tyrosi ne ki naseg. JFor gexanple |ntlohe C225 BGFR speQLpiq1adfmbody (see
Green, MC. et al'r NbMoclonal Antibody Therapy for Solkd Tunors, Cancer
Treat. Rev., (2000), 26(4), 26%:286); Herceptin @ erbB2 &t body (see
Tyrosine Kinase Signalling in Brifast 15cancef:%tbB Fanily Receptor Tyrosine
Ki nases, Breast cancer Res., Zagﬁﬁ%H 3), 176- N ,,and 2CB VEGFR2 specific
anti body (see Brekken, R A ~ Sel ect i '%Nfion of VEGFR2 Activity
by a nonocl onal Anti-VEG- a tibody}Qtocksc;thr grogwth in nice, Cancer Res.
(2000) 60, 5117-5124). Non-r gt ki nase gbegenesi s inhibitors may al so
find use in the present 20 invention. Inhibitors of angiogenesis related
VEGFR and TIE2 are di scussed above in regard to signal transduction
inhibitors (both receptors are receptor tyrosine kinases). Accordingly,
non-recegtor tyrosi ne kinase .inhibitors may be used in conbination with the

i nhi bi t2-gingo pHEN | sabhe bjoaye#ed with breyping i agstie acidp ProyEdsH-Rrmeddr es,

whi gh - f: i t - ' | % t bind t

P e e A LA T R
Subsequent reaction of 3 with 2,4-pentanedione in the presence of strong acid at reflux

temperatures, in an alcoholic solvent, affords nitrobenzimidazole 4. Alkylation to afford
substituted benzimidazole 5 can be accomplished with a suitably substituted alkyl halide with
a base, such as K,COs, in a polar aprotic solvent, such as DMF. Palladium-catalyzed

10 displacement of the aromatic bromine with morpholine can then afford substituted
nitrobenzimidazole 6 which can then be reduced to the amino benzimidazole 7. Amino
benzimidazole 7 can then be converted into hydroxyl analog 8, sulfonamide 9, amide 10, and

halo analog 11, using standard organic manipulations.

15 Scheme 11
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25beta3) that will inhibit angiogenesis; endostatin and angi ostatin

(non- RTK) may al so prove useful in conbination with the disclosed famly
i nhi bi t orwo 208¢a788uns CJ et al (2000), Cancer Res., 60PCZAR601293%857
Schrei ber AB, Wnkler Mg, and Derynck R (1986), Science, 232: 1250-1253;
Yen L et al. (2000), Oncogene 19: 3460 3469). Agents used in

|nnunothernpeut|c re% nay als e useful |n conbi nat i with 30 the

compou hdormml Ntunber § |nnunQIog ratggw&r
generat e nﬂﬁ@@'res nse—agalnst rbBZ oo hese €gi es
generally*¥n the realm f t HYOr vac |nat|ons Thekg |c£%y |nnunol
approachest may be great f enhanced th ough conbi ned |nh|b|tfon of

er bB2/ EGFR S|gnallng pat hways using a snall ecul e |nh|b|torMED scussi on
of the immnolo C/tunnr vaCC|ne approach agaijnst erbB2/ EGFR aje , WO

2012/ 047538PCT ﬁ?ﬁl&r cﬁ! Risth@RAFRe | |y (RT7bt_al [+ ( 2000) ¢ Res.
60: 3569-3576; en S J and ﬁ} (1998),

Hu D, Eling DJ
Cancer Res. 58: 196551971, Drgent s qg; igh jprpapopt otd,
(e.g., bcl-2 anﬁleense ol i gonucl eot i des) aH§oRge used |rR3tﬁga4
conbi nati on of the present invention. Ngnbers of the Bcl-2 famly of
Sproteins block apoptosis. Upregul ati gi_@f bcl-2 has therefore been |inked

to chenoresi stance. Studi es have sho hatret he epi dermal growt h factor
(EGF) stinulates anti-apoptotic ne r the bcl-2 famly (i.e., ntl-1).
Therefore, strategi es designed t cﬂghn? Rate the expression of bcl-2 in
tunors have denonstdated clinieal be®erit and e now i nxPhase II/11]
trials, nanely Gen 39//6/9

.8 &1 bcl-2 antisengse oli ucl egiide. Such
proapoptotic st ratlegl_ @sR0usi ng the /anti sense ollgonuclg,u}ﬂﬁstrategy for
bcl-2 are discysed il Water JS et Al. (2008), J. Ofm ol . 18:

1812- 1823; anolOIQJta@;al@1 et al. (1994), Antisense ResfpvJDeM R 71- 79.

Cel | cycle signal®ing |nh|b|toﬁ% i nhibit nol €gul es |nV§kved in the control
of the cell cycle. A famly of-pgotei n ki nasesycal |l ed cyclin dependent

ki nases (CDKs) and their interagkign with a fa 1 |y of proteins termed
cyclins controls progression t 9hrt he 15ec cell cycle. The
coordi nate activation and i rae Efon of Fﬂﬁ Refant cyclin/CDK conpl exes is
necessary for normnal progresggog t hrreugh kh ceID\chIe Several inhibitors
of cell cycle signalling are & e&'developnﬁat REor instance, exanples of
cyclin dependent kinases, including CDK2, CDK4, and CDK6 and inhibitors for
t he sane are descri bed in, for instance, Rosania et al, Exp. OQpin. Ther.

Pat ents (2000) 10(2) 215-230. 20In one enbodinent t he cancer t r eat ment

met hod the ¢ nti.on des the ¢ n istrati npound
of 1 or oot S R BREed MG Rink 28 Gl QUEP PR i B 28 Vet o or
pr o5dr uinitlogiiand 2 and cat bé Rd6éedan eheacﬁtarmﬁ@anfoaﬁehmleayﬁnh (NBYgf8.as one
selected fromthe group consisting of anti-mcrotubule agents, platinum
coor di nBPHCRIRptORSS 3 vaithky F%tbmglcaﬂg@ﬂpéhe BistansF of steonggeiskas clevatsdi somer ase

i nhitQIlnf)%ﬁlresaaﬁ*fo'rﬁgeﬁlﬂggéﬂzhﬁlﬁazole 4. Alkylation to afford substituted benzimidazole 5
can be accomplished with a suitably substituted alkyl halide with a base, such as K,COs, in a

polar aprotic solvent, such as DMF. Palladium-catalyzed displacement of the aromatic

10 bromine with morpholine can then afford substituted nitrobenzimidazole 6 which can then be
reduced to the amino benzimidazole 7. Amino benzimidazole 7 can then be converted into
hydroxyl analog 8, sulfonamide 9, amide 10, and halo analog 11, using standard organic

manipulations.

15  Scheme III (R1 = OMe; R2 = Me)
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25 topoi sonerase | inhibitors, hornones and hornonal anal ogues, signal
transduction pathway inhibitors, non-receptor tyrosine kinase angi ogenesi s
i nhi bi t orw 20rm4ni38her apeuti ¢ agents, proapoptotic agenPsT/tsadl1084857 cycl e
signaling inhibitors. The pharnmaceutically active conpounds of the
present invention are incorporated into conveni ent dosage forns such as
capsules,hhsblets or |Nﬁectable pr egar ati ons. Sold l'iquid

iC H @ ek dJSlb carr msrn ﬁ%ﬁﬁﬁ%gﬁ
Al _ di‘hyéyate rfa g‘- &

agar, 3 apat e, stearic ac Liq carriers
i ncl ude syfup, peanut oil, olive oil| saline, afd Wt Sﬁﬁtlar y, the
carrier or 1diluent may iZncl ude any pPoPonged rel ease naterlal such as

gl yceryl nonoste te or glyceryl_ distearate, alone or wt hg@e wax. The
anount of soli q)éSri er varies dely but, preferably, w Il be from about

ped

25 ng to about per dosage unj When Ihqu&ﬁ%%ﬂgrler i , the
preparation w be M fhe form Qﬁﬂyrpp, el i enul si t gelatin
capsul e, spe 'njectaBIe I { §Juch as gn anpoul e, ueous or
nonaqueous. | 1 qui d ‘suspensi ong phar maceuti cal prep & e nmade
fol |l ow ng nveﬁtlonal techni qugs of a pharnaceutical cheR st i nvol vi ng

m xi ng, gran® ating, and conpressrng, when necessary, for tablet forns, or
m xing, filling and drssolvrng t he |ngredients as appropriate to give t he

desired, oral par en ral pr

phar rragze%ﬁl}n@agl OQE ets) iat?thgﬁﬁesl J%?gg)éd‘tl %fé%taén Xty as
descri bhgd, abioue zmtdmlﬁaloanw%fwraﬁﬁﬂew§een@qefdordrrévftu%Qtab&tyraﬁaﬁmﬂhaafatryc

sel ected fromthe range of 100 ng/ kg of active conmpound, preferably
0. 001 -anbpdody/ ik gcetitfemnd ttrdesaltﬁmg aadhcwrmmno‘pdt inggrmelntare ddllodivam-Qrdrzed
inhibitpr, the cted dose | nistered preferably fro -6 tinmes

dai |y, Brnpetrenfet B b FutE B R SRR S Gl B P bR S £ i on
i ncl udandRl Gatd ¥dudtRmtfalibwed by ANS dREWRIchy theRYrdvidEbdnzRhidande 4 B&@0id nuously
by infusion. Oal dosage units for human adm nistration preferably contain

from 0. hwllfsdats@;whmguaﬁblaévb&t@t%@ﬂbptmgmld@d@mgcﬂ brgetsochaeKehBodn Apalar t he
or al i-ns 100 to 1000 ny per day. Oal
adntnré@ Cfgﬁ%ngﬁﬁﬁﬁsﬁ@gEQF%Q%ﬁf%% d[aj"t“f’gsplnpreferred Par ent er al

admoni stration, at high dosages, homever al so can be used when safe and
conveni ent for the patient. 200pti nal dosages to be adm ni stered may be
readllfﬁ$@W@rﬁﬁned by those skilled in the art, and will vary with the
particul ar Ry3 kinase inhibitor imuse, the strength of theg

N e, (The (T

\
N
o (N Rid), REJ,
o) Rﬁ\% oyl 2 RR\% Q0, Do 10 Ckias RR\%

Aminobenzimidazole 1 can be converted to bromobenzimidazole 2 using sodium nitrite with
15  NaBr in aqueous HBr. Palladium catalyzed coupling with an aryl boronic acid in the presence
of a suitable phosphine with an inorganic base in a polar non-protic solvent can then provide

final substituted benzimidazoles 3. Het includes 2-, 3- furanyls, and 1,3-thiozols.
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preparation, the node of adm nistration, and the advancenent of the di sease
condition. Additional factors depending on the particular patient being
treated wvDI20r2¢80838 i n a need to adjust dosages, i ncl udiPag/ysatliiesissage,

wei ght, diet, and tine of adm nistration. Exenplary 25 dosages incl ude oral
formul ati ons equivalent to 10 ng, 25 ny, and 100 ng of the conpound of
formula (1), to be admnistered alone, in nmultiples, or in conbination.
Anot her éﬁlgp\[,ary dosage includes oral formulations of the

tri s(hycfr oxynet hyl ) am nonet hane salt of 2-nmethyl 1- {

[ 2- met hyl - 3E(tr|fluororrethyl)phenyl]@%yl} -6-(4- rmrphollryg%) 1HDb
enzi m dazol g<4g carboxylic acid equixalent to 10 ng, 25 ny, | 6r 100 ng of

the free bdsq ofr2- @Q)ICMR@Q%[Z 30 YLrp3- (t riH uor onet h %&ﬁyl]mt hyl }
- 6- (4- mprgak iy l) - tHb—enzim d I car boxy'l—rc—am e met hod
of thisyi vantl/\q% of imEgCH ng PI03 )Q nhi bIH Gy ac Nn el s,

i ncl udi ng? unmins, conpri ses adm stermngéto a subj ect© B% such
activity an effective Pl 3 kinase mdul ati ng/ i nhi bi ting aﬁﬁunt of a
pharmaceutically active conpound of the present invention. The

invention also provides for the use of a conpound of Formula (1) in the
manyf ag e §iuRf ca8al PRI GAITRPlatdnT b'f'@fﬁo-%@nﬁmﬁia%ol‘é'l%ﬁ%e'a@wn@pﬁsﬁéd by _

The invention al so provides for the use of a compound of Formula (lI) in the
5 manuftabblimgcasboramenodiide gamin nigthanes withrriethgleapye tomldm@ﬁltyi efterad. so

ea canght PATRREAR o & FRRR PTG MR Bububiok ™ TRFMEREL 87 ccases.

car di owaﬁlcpﬂoanctdjeﬁgaﬁ@&olmw@degenerat| ve di seases, allergy, asthnm,
pancreatitis, nmultiorgan failure, kidney diseases, pI atel et aggregati on,

cancer, spermnotility, 10transplantation rejection, graft rejection and
I ung i r%clﬁr{nee The invention al so provides for a pharnmaceuti cal
[

conposition for use as a PI3 inhibitor which conprises a conpound of
Formul a (1) Pand a pharmaceutical Iy acceptabl e carriepn_Jhe invention al so
provi des fm\z ra@osuerngal co i tionefis, kse in the treat ”e”EMF.JoﬁEf
aut oi rs—l—ﬁH—a t (‘}r@eases—eardl ova %LRpi S

neur odeggher at He di s@¥ses, atjeg gyN)\ ast hnaTHFpancrp’a mul tiorgan
failure, fk5| dn®y di seases, @l etriagfregation, camger’ §|3‘8¥3m notility,

transpl antation rejection, graft rejection and | ung F5r1j uries, which
conprises a conpound of Rormula (1) and a pharnmaceutically acceptable

carrier. ANNLO HN___N
H,NNH, H,0
N N
R AcOH R
(\N N (\N N

0 4 J~ra o 5 <R3
\)%% Ra \)i5 R4

Palladium catalyzed cyanation of bromo-benzimidazole 1 can be accomplished with zinc
15  cyanide in DMF to provide benzimidazole nitrile 2. The nitrile can be converted to the

primary carboxamide with KOH and peroxide in THF to provide amide 3. Treatment of the

carboxamide 3 with DMF-DMA can provide intermediate 4 that can then be cyclized to

triazole analogs § with hydrazine in acetic acid.

20
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20l n addition, the pharmaceutically active conpounds of the present

i nvention can be co-admnistered with further active ingredients, including
conpoundswRreoun4risshave utility when used in comnbi nati oRCRiUSho1a/0FR1837 ki nase
inhibitor. Wthout further elaboration, it is believed that one skilled in
the art can, u5|ng t he preceding descrlptlon utilize the present invention
to |tsfﬁmﬁm@§f extent. The foll ow ng 25exanples are, therefore, to be
construed as merely illustrative and not a Iinitatigp\of t he scope of the
present imgention in any wayd Experlnental Ropecedur és Y30 Conpousdle of
Formul a ( rnpyu%éz%ﬂ%bare i Ngod Bey, gener A ochend - Vi, Ndescri bed
below. S | —R2—= W) 6 d+ﬂ+%+e>anllﬂﬂe 1 caﬂ—gg—bro 1 d wth

br om neori acetf%qﬁ%fd t i de 4- br onpa?2 -Mﬁdlﬁﬁﬁﬁﬁﬁnll%hi tat can
be reducedto the di-amno %ltro benzene 3 whth (NH4 ") 2S. séquent
reaction of 3 w tho@wd-pentanedi one i he presence of sgrong acid at
reflux tenperatures _nin an al coholic vent, affords niirqbenzi m dazol e 4.
Al kyl ation™. o aff substfeet ed ben p@g ol@hktioaan pe Cempl i shed with a
sui tably subst(\ nel kyl hal'i d 8] bas Mméychr”m , in a polar
aprotic sol verftx sugh as DMF. Pal)] dl%nﬁcata yzed 1©\d|_p., dment of the
aromati c brom nefwi th norpholine ¢ then afford subst®t

ni trobenzi m dazole 6 which can then be reduced to the anrhgdbenzinidazole
7. Ami no benzim dazole 7 can then be converted into hydroxyl anal og 8,
sul f onakingetion 0éﬁﬁcul@rc.1® nitgelenheit ecidrvattog-mdathy uyidnexys eamgaand tdbutgerdeon
n’anispult é ]Iproesesnce o? copper gc‘:aeta{te can provide 3-amino-5-chloro-2-nitrobenzoic acid 2.
Esterification can be accomplished with methanol and sulfuric acid to provide methyl ester 3
that can be reacted with morpholine in DMF with K,COj3 to provide phenyl morpholine
analog 4. Nitro reduction can be accomplished using a variety of metal reductions to provide
diamine S. Condensation of § with a variety of carboxylic acids can provide benzimidazole
10 methylester 6 that can be further converted to final products 7 (R1 = CO;Me, CO,H, CONH,,
CN, triazole, tetrazole) after alkylation with an alkyl halide, followed by standard organic

manipulations as previously described.

Example 1
NO,

N
\>—Me
N

Br
15
Preparation of 5-bromo-2-methyl-7-nitro-1H-benzimidazole
a) 4-bromo-2,6-dinitrobenzenamine
20
NH,
O,N NO,
Br

A stirred suspension of 2,6-dinitroaniline (5 g, 27.3 mmol) in glacial acetic acid (50 mL) was
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2,6-dinitro aniline 1 can be brom nated with bromne in acetic acid to
provi de 4-brono-2,6- 5dinitroaniline 2 that can be reduced to the di-am no
nitro berwere124misBh (NH4 ') 2S. Subsequent reaction of BCRUSROIA/OSWSDOXYI | C
acid in the presence of strong acid at el evated tenperatures affords

ni trobenzi m dazole 4. Al kylation to afford substituted benzim dazole 5 can

be acccWped bieadne khmdk., d0inmael) 9@%@@@&1@@@% 130 “Ghigr 2heAfipraeolingiese, such

K2 L34 d
G spt acib Sy, BRI Gn YRS was Bt o ey (58 MO b EBRAE O
subst i tsatieavanicol etz filtdaaohed washied elithoedteit ﬂhemdlbai medidae dHeaotith &vas id-no

benzi m dazole . 7. Am no dazole 7 ca hen _be converted i ntg hydroxyl
anal og dessogvlﬁﬁfrbﬁm{%ewgs 3 water angigt %%ﬁram Oi%nlq@w@;vaétca}l%?ﬁ

or gani ; 0

2 A o e B e et ST 58 T OB MR o
af f or d DiefiSkeaty drpipht ®.3AKbd 9, AH),B.58spdHat i on, with brom ne in acetic acid,
foll owed by acetylation with acetic 5anhydride in acetic acid and sul furic
acid, can provide internediate 4. Palladiumcatal yzed di spl acenment of the
ar omat i s H?Odﬁnl\HOﬁOQndZ%Pé-@rp&l? Lan then afford internediate S.

| ron-induced nitro reduction omed by ring closure can then provide
benzi nm dazol k BH6 that can be alkylated with a suitably substituted al kyl
brom deOs  Nbgse, such as K2CO3, in a polar aprotic solvent such as
DMF, to aff final products 7. 10 Am nobenzi m dazole 1 can be
converted t ronobenzi m dazole 2 using sodiumnitrite with

10
4-bromo-2,6-dinitrobenzenamine was dissolved in EtOH (50 mL) and (NH4),S (2.2 mL) was

added to the mixture. The reaction mixture was heated to 90 °C for 1h. TLC showed a new
compound and some remaining starting material remained. Additionally, another batch
(NH4),S (2.5 mL) was added. After 1h, TLC analysis showed little starting material

15  remained. The reaction mixture was concentrated to give a deep red solid. It was then
purified by silica gel chromatography eluted with DCM to afford the desired product as a red
solid (578 mg, 50%). "H NMR (300 MHz, CDCls) 8 ppm 3.50 (br s, 2H), 5.93 (br s, 2H),
7.04 (d, 1H, J= 1.8 Hz), 7.87 (d, 1H, J = 1.8 Hz); LC-MS: m/e = 232 [M+1]" .

20  c¢) 6-bromo-2-methyl-4-nitro-1H-benzo[d]imidazole

NO

2

N
\>—Me

N

H

Br

A mixture of 5-bromo-3-nitrobenzene-1,2-diamine (464 mg) and pentane-2,4-dione (400 mg)
25 in EtOH (27 mL) and 5 N HCI (7.4 mL) was refluxed for 3h. The mixture was cooled to

room temperature and the solvent was removed in-vacuo. The residue was dissolved in

EtOAc and washed with aqueous NaHCQOj3 solution and brine. The organic layer was

concentrated to afford the desired product as a solid (460 mg, 90%). "H NMR (300 MHz,

CDCl3) & ppm 2.73 (s, 3H), 8.11 (d, 1H, /= 1.8 Hz), 8.24 (d, 1H, J= 1.8 Hz), 10.20 (s, 1H,
30  s); LC-MS: m/e =256 [M+1]"
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15 NaBr in aqueous HBr. Palladium catal yzed coupling with an aryl boronic
acid in the presence of a suitable phosphine with an inorganic base in a
pol ar norwpnreot2m738l vent can then provide final substiteCewsk@nssissdazol es
3. Het includes 2-, 3- furanyls, and 1, 3-thiozols. WO

2012/ 047538PCT/ US2011/ 052857 Scheme V 5 Pal | adi um cat al yzed car bonyl at on
of brono-benzi m dazole 1 can be accorrpl i shed by bubbling carbon-nonoxi de

gas in fe ts"blglgal(ﬁhen ahﬁl al;"yn%?glé provi de nethyl ester 2. Ester

hydr ol ysi be "acc th l'i thium hydroxide in THF/ water to
provi de finaly-product benzim dazol e acid 3. 10 Schene VI Pal | adi um

cat al yzed cyadpat,j on of bronop-benzi m dazole 1 can be acconplished with zinc
15cyani de i YtQe provi de benzim dazole nitrile 2. The nitrile can be

convert NO

provi deoﬁg\nﬁi de
i nternedi ate
hydrazi ne i n as

primary carboxam de with KOH and peroxide in THF to

./ Treatment of the carboxam de 3 with DVF-DVA can provide
hat can then be cyclized to triazole analogs 5 with

c acid. 20

5  Preparation of 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazol-4-

amine and N-(2-Methyl-6-morpholin-4-yl-1-naphthalen-1-ylmethyl-1H-benzoimidazol-4-y1)-

acetamide

a) 6-bromo-2-methyl-1-(naphthalen-1-ylmethyl)-4-nitro-1H-benzo[d]imidazole

10
NO

Sy
Br N O
L

A mixture of 6-bromo-2-methyl-4-nitro-1H-benzo[d]imidazole (prepared following the same
procedure as Example 1) (3 g), 1-(bromomethyl)naphthalene (2.85 g) and K,CO3(3.23 g) in

15 DMF (100 mL) was stirred at 80° C overnight. It was cooled to room temperature and
filtered. The filtrate was then poured into water. It was then filtered to afford a solid and the
solid was washed with water and then dried in-vacuo to afford the desired product (4.63 g,
100%). 'H NMR (300 MHz, DMSO-ds) 8 ppm 2.54 (s, 3H), 6.16 (s, 2H), 6.32 (d, 1H, J="7.5
Hz), 7.33 (t, 1H, J=7.5 Hz), 7.61-7.72 (m, 2H), 7.87 (d, 1H, J = 7.5 Hz), 8.01 (d, 1H, J=7.5

20 Hz),8.14(d, 1H,J=18 Hz),8.19 (d, 1H, J= 7.5 Hz), 8.28 (d, 1H, J= 1.8 Hz); LC-MS: m/e
=296 [M+1]".

b) 4-(2-methyl-3-(naphthalen-1-ylmethyl)-7-nitro-3H-benzo[d]imidazol-5-yl)morpholine
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WO 2012/ 047538PCT/ US2011/ 052857 Schene VI Am nation of

5-chl oro-2-nitrobenzoic acid with O-nethyl hydroxyl am ne and t-butoxide in
5t he preswoce120f47338pper acetate can provi de 3-ani no- 5- clirRCoMS2@105185Dbenzoi ¢
acid 2. Esterification can be acconplished with nmethanol and sulfuric acid
to provide rreNEhyI ester 3 that can be reacted with norpholine in DMF with
K2CO38 to proyirde phenyl norpholine analog 4. Nitro reduction can be

acconpl i she i 2 variety of netal reductions to provide diamne 5.
Condensaty Wth a variety of carboxylic acids can provide

benzi m \a}ol e 10 Nyl ester 6 that can be further converted to final
products 7 (R1L = e, CO2H, CONH2, CN, triazole, tetrazole) after

al kyl ation with af kyl halide, followed by standard organi c mani pul ati ons
as previously described. Exanple 1 NO2 N\ Me N H Preparation of

5- brono- 2- met hy1- 7-ni tro- 1H- benzi m dazol e a) 4-brono- 2, 6-di ni trobenzenam ne
20 A s inmnxtec ofifspensi-dmatiyld -@Gaphthalen-d aylineihy®-4-bitig- 1 I2-beBzafatiphidazole gl aci al

acetic achd, (29 M5kndB%s o), Pdy(dba)s (1.05 g), Cs,COs (5.72 @) and X-Phos (1.09 g) in

5  dioxane (100 mL) was degassed with nitrogen and then stirred at 80° C overnight. The
mixture was cooled to room temperature and the solvent was removed in-vacuo. The residue
was then purified by silica gel chromatography eluted with EtOAc : Petrolium ether = 1: 1 to
afford the desired product as a yellow solid (2.8 g, 60%). 1H NMR (300 MHz, DMSO-d6) 6
ppm 2.46 (s, 3H), 3.12 (t, 4H, J = 4.8 Hz). 3.70 (t, 4H, ] = 4.8 Hz), 6.09 (s, 2H), 6.31 (d, 1H, J

10 =7.5Hz),7.34(t,1H,J=7.5Hz),7.53 (d, 1H, J = 2.1 Hz), 7.62-7.70 (m, 3H), 7.86 (d, 1H, J
=8.1 Hz), 8.01 (d, 1H, J=7.5 Hz), 8.23 (d, 1H, J = 8.1 Hz); LC-MS: m/e = 403 [M+1]+.

¢) 2-methyl-6-morpholino-1-(naphthalen-1-ylmethyl)-1H-benzo[d]imidazol-4-amine and N-
(2-Methyl-6-morpholin-4-yl-1-naphthalen-1-ylmethyl-1H-benzoimidazol-4-yl)-acetamide

15
To a refluxing mixture of 4-(2-methyl-3-(naphthalen-1-ylmethyl)-7-nitro-3H-
benzo[d]imidazol-5-yl)morpholine (804 mg) in HOAc (50 mL) was added iron powder (336
mg) and the mixture was continued to reflux for 3h. The mixture was cooled to room
temperature and HOAc was removed in-vacuo. The residue was then neutralized with

20  aqueous NaHCO:s solution. It was extracted with DCM and the organic layer was washed
with brine, dried over anhydrous Na,;SOy, filtered and concentrated in-vacuo. The residue
was purified by silica gel chromatography eluted with MeOH : DCM= 1: 30 to afford
Example 2 (350 mg, 47%) and Example 3 (350 mg, 42%). Example 2 'H NMR (300 MHz,
DMSO-ds) 6 ppm 2.33 (s, 3H), 2.91 (t, 4H J = 4.8 Hz), 3.64 (t, 4H J = 4.8 Hz), 5.15 (br s,

25  2H),5.83 (s, 2H), 6.10 (d, 1H, J = 2.1 Hz), 6.12 (d, 1H, J =2.1 Hz), 6.38 (d, IH, J = 7.5 Hz),
7.34 (t, 1H, J =7.5 Hz), 7.58-7.68 (m, 2H), 7.84 (d, 1H, J = 8.4 Hz), 8.01 (d, 1H, J = 7.5 Hz),
8.23 (d, 1H, J = 8.4 Hz); LC-MS: m/e = 373 [M+1]+ ; Example 3 '"H NMR (300MHz,
DMSO-ds) 6 ppm 2.18 (s, 3H), 2.40 (s, 3H, s), 2.96 (t, 4H, J = 4.8 Hz), 3.67 (t, 4H, ] = 4.8
Hz), 5.95 (s, 2H), 6.34 (d, 1H, J = 7.5 Hz), 6.68 (s, 1H), 7.34 (t, 1H, J = 7.5 Hz), 7.59-7.70

30  (m,2H),7.76 (s, 1H), 7.85 (d, 1H, J =7.5 Hz), 8.01 (d, 1H,J=7.5 Hz), 823 (d, 1H,J=7.5
Hz), 9.81 (s, IH); LC-MS: m/e =415 [M+1]+
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WD 2012/ 047538PCT/ US2011/ 052857 added bromine (1.5 nL, 30 mmol ) dropw se
and heated at 120 C for 2h. After cooling to anbient tenperature, the
resul t antwoizatumes3sas poured into water (50 nli). The pr ecirfist@tosssti d was
collected by filtration and washed with water then dried in-vacuo. The
solid was redissolved in Et OAC, washed with water and saturated brine. The
organi c | ayer was collected 5and concentrated in-vacuo to give the desired
productm&lg?_éilg4 959 . 1H NWR (300 MHz, DMSO-d6) 6 ppm 8.37 (br s, 2H),
8.58 (s b) 5-brono- 3- nltrobenzene 1, 2-diam ne NH2 02NNH2 10
4- br ono- 2, 6- di ni r obenzenan ne was di ssol ved in EtOH (50 nL) and (NH4)2S
(2.2 m) vvas adaed to the mixture. The reaction mxture was heated to 90 C
for Ih. TLC svv@j a new conpound and some remaining starting materi al
remai ned. Add; 1y, another batch (NH4)2S (2.5 nL) was added. After Ih,
TLC anal ysi s ‘1Mettle starting material 15remmi ned. The reaction
m Xt urerwadN"coricem rated to give a deep red solid. It was then purified by
silica gguchro at,ography eluted with DCMto afford the desired product as
ared solid ( , 50% . 1H NWR (300 MHz, CDC13) 6 ppm 3.50 (br s, 2H),
5.93 (br s, 2 Q4 (d, 1H, J = 1.8 Hz), 7.87 (d, 1H, J = 1.8 Hz); LC ME:
me = 232 [ M1] 1 20c) 6-brono-2-nethyl-4-nitro-1H benzo[d]im dazole A
m xture of 5-brond=3-nitrobenzene-1, 2-di am ne (464 ng) and
pent ane- 2, 4-di one (400 np)

5  Preparation of N-[2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazol-4-

vl]lmethanesulfonamide

a) 2-methyl-6-morpholino-1-(naphthalen-1-ylmethyl)-1H-benzo[d]imidazol-4-amine

NH

O Z\>—Me
()

A mixture of 4-(2-methyl-3-(naphthalen-1-ylmethyl)-7-nitro-3H-benzo[d]imidazol-5-

10

yl)morpholine (804 mg), prepared as described in Example 2, iron powder (168 mg) and
FeSO, (84 mg) in ethanol (30 mL) and H,O (30 mL) was stirred at reflux temperature

15  overnight. The mixture was cooled to room temperature and the solvent was removed in-
vacuo. The residue was dissolved in DCM and filtered. The filtrate was then washed with
brine, dried over anhydrous Na,SOy, filtered and concentrated in-vacuo to afford the desired
product as a solid (720 mg, 97%). '"H NMR (300 MHz, DMSO-ds) & ppm 2.33 (s, 3H), 2.91
(t,4AHJ=4.8 Hz), 3.64 (t, 4H J = 4.8 Hz), 5.15 (br s, 2H), 5.83 (s, 2H), 6.10 (d, 1H, J = 2.1

20 Hz),6.12(d, 1H,J=2.1 Hz), 6.38 (d, 1H, J =7.5 Hz), 7.34 (t, 1H, ] = 7.5 Hz), 7.58-7.68 (m,
2H), 7.84 (d, 1H, ] = 8.4 Hz), 8.01 (d, 1H, J = 7.5 Hz), 8.23 (d, 1H, J = 8.4 Hz); LC-MS: m/e
=373 [M+1]+

b) N-(2-methyl-6-morpholino-1-(naphthalen-1-ylmethyl)-1H-benzo[d]imidazol-4-

25  yl)methanesulfonamide
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25 in EEOH (27 nL) and 5 NHC1 (7.4 nL) was refluxed for 3h. The m xture
was cooled to roomtenperature and the solvent was renoved in-vacuo. The
resi due waie 2dizodzsed i n Et OAc and washed with aqueous RaHTS2013052857 on and
brine. The organic |ayer was concentrated to afford the desired product as
a solid (460 ng, 90% . 1H NWR (300 MHz, CDC13) 6 ppm2.73 (s, 3H, 8.11 (d,
1H J = 1.8 Hz), 8.24 (d, 1H J = 1.8 Hz), 10.20 (s, 1H, 30 s); LCGMs nle

= 256 t
of - 2- ek my 1 S B Horhuip b B AR b P A oy ERERE 7 ©
am ne aimdne (186 mg), EtsN (0.15 rnL) and DCM (20 mL) was added a solution of methanesulfonyl

N-(2-Meth 6- mor phol.i n-4 apht hal en-1-yl nmet hyl - 14 benzoi m dazol -4-y1
. (aC et q%‘%ie (é? mg) i DCM at (¥ C an({1 thEc)n the mixture w%srsrt? c}/ at room temperature fo fa y1)

6- brsonmop 27 %Wtﬁréw&s’ﬁ&%&@itﬁ'mﬁﬁh&r@}ag%d)vvlﬁl Qﬂlﬁ«ﬂ]r grl%p&@ﬁ%cﬂbﬁgn dazol e 10

A mxture brono- 2-net hyl -4-nitro-1H benzo i mdazol e (prepared
fol | ow h@SOmdilmmrplrmedeacedaB viasanfhe rdsjdue3vag)then purified by silica gel

was. st 1AREb BB G FTOHEOH EoRAe *doad Byt o Bl pBidtand o~ ™

filter E(‘i’SO HReshds) tlHﬁ‘Jl@IW‘%@OMﬂB [9191‘8()996 IsTHpfh Y8 . 3Hgt2 yes, 4hen 4 khpgred to

afford a sol7d and the lid was vvashe rth water ndt en dried I n-vacuo
to aff dr.2l ¢sheHyesis @dithdediiiz)( 29685, §H).108PAd, lﬂi];IJ:P\IK’RHZ;BQSCBWZHDIVB@(dG) 6

IOIO&gpon)l 86‘31‘%%2)752?31716712@ 2%{;)"{33? (g%H(lﬂF Sﬁﬁzi 12@? Hé}ﬁ 1?%57) 81#4 (dﬁﬁ 7J§

20Hz) , 19, 3J4 8(1Hz)1¢*49€br sllﬁ |‘]LZO M$ rﬂ-/% {451 Aeb19= 7. 8.28 (d, 1H J=
1.8 Hz); M ]
Example 5§
OH
\>—Me
15
Preparation of 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazol-4-ol
a) 2-methyl-6-morpholino-1-(naphthalen-1-ylmethyl)-1H-benzo[d]imidazol-4-amine
20

NH

S
o

TiCls (19.7 mL) was added to a solution of 4-(2-methyl-3-(naphthalen-1-ylmethyl)-7-nitro-

3H-benzo[d]imidazol-5-yl)morpholine (1.82 g), prepared following the same procedure as in
25  Example 4, and NH4OAc (4.85 g) in MeOH (150 mL). After stirring for 7 min at room

temperature, TLC showed no starting material remaining. The pH of the mixture was made

basic by adding aqueous Na,COj3 solution. The solvent was removed under reduced pressure
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b)

4- (2-met hyl- 3- (napht hal en- 1-yl net hyl ) - 7-ni tro- 3H benzo[ d] i m dazol -5-y1) norp
hol i ne WO0202A14@s83538PCT/ US2011/ 052857 A mi xture of  PCT/US2011/052857

6- br ono- 2- met hy1- 1- ( napht hal en- 1 yI met hyl ) - 4- n| tro 1H benzo[ d] i m dazol e
(4.63 g), norpholine (3.05 g), 2(dba) 3 é):e} Cs2C33. (5.72 g) and

X- Phos 404 tyoregiug W%@F%@éﬂﬁ*ém(dl@@ 350mE5>dedhe §@af>we@ Rreanicrl apah waied then
stirre t I r

the o yoned ot LS o DRIt S R TR R b R T RER UG G

gel chripeaésngd protcedsul hlitodlid (Etsglggm%EéHrNMwmoeMHz CDLL) § phar BAT ord the
desired product as a yellow solid ékl /% 1H NVR (300 WMHz, DMSO-d6) 6
ppm 2. 46 319, 3R(t, 4BL 174(8tHZ)4$478ﬁt 4 J:84%|21i2) 8346 2H). 54@13 (s32H).6.8 (&), 6.09

555 s T b, 67 R b s A B 7T B e 1
7 5 Hz)7, 6@(112,$H)d7 71K, LH=J &. 1LHbR, 7;931(@; Ni; J-nd. & Hz) 4005 ([derHi]JFSQ)Hz) LC-

gnget hyl\}[SGHI/r[cl)rg;lé)l[l\l/lntl)] 1- (napht hal en-1-yl net hyl ) - 1H benzo[ d] i m dazol - 4- am ne

N( 2- Met hy1- 6- nor phol i n- 4-y1- 1- napht hal en- 1-yl net hyl - 1H- benzoi m dazol - 4-y1) -
acetam de 15 To a refluxing m xture of
4- ( 2- mt) Ryrhe By (-rapivp I inent-(naphtirelehyll-ylnidtnil k- t 1d-t8 hid d i mjdhzold-dbz ol - 5- y1) nor ph
oll[ae (804 ng) in HOAc (50 mL) was added iron powder (336 ng) and the

ure was continued to reflux for 3h. The m xture was cooled to room

t enper aggif & laich HPmMMRE 6LBEMUSEhI- (YRR cn TN EBY I YA - WS dNBAdHBHE! al | zed
wi th 20 aqueous NaHCO3 "solution. It was extracted wth DCM and t he organic

| ayer mnv\é&‘lﬁedg)vmtfhoo(ﬂp me.,), ¥l (lomés aadnhym Hu»%OJ\@ZSD)ﬂwa$ #dded ngdccand

t d
chr onat SV ae T e E il Hiork EBe B e Bt §s el EEHEI Lo otk
47% aﬁﬁe@ﬁ%'a@r&l&&&ﬁpé@mré%%lh Mtﬁezva%HoNWtdﬁ%ﬂlM%era%@h@lﬁﬁe 6 ppm
2.33 (s, 3H), 2.91 (t, 4HJ = 4.8 Hz), 3.64 (t, 4H J = 4 15 (br s,

252F) , Bl gg,ltl(aélze(hwth aguepgs NgHC}, solptl)gn olt Ivaﬂgyrac@edlxylth @CM il OQ]r)nLXQ) Thei) |

(a1 cogtihegbySnts Ry erd yithewigiing diipd e fygefys R ikl 413, 7 B4
LC— I\/S2 dggeenﬁa&ﬂﬁln-[vwﬁb] 3“ hg éﬁma tBenlrdr MR b@&ﬂ(ﬁ&’légb%c?lﬁhﬁﬁog&bhﬁ I_mF’EZj' g ﬁg) (s,
5 9’5 ( Sw1t12 eOPb @g}]\% e githembquqE)HPlﬁgBaf%%rd cx_l‘_urcbe deyre\gizlpr()@uct HG-Mp:= 7 5
TZHM)Q;)J 7_;15% = s Zéﬁ)l\fpgmcogﬂéﬁnm%ag @nJﬂtﬁ‘rt%m wag fe%g)vgg b JfllFé twb s‘teg s&lwggc)e 2 214(1g

[ ] + described below

¢) 4-{[(1,1-dimethylethyl)(diphenyl)silyl]oxy } -2-methyl-6-(4-morpholinyl)-1-(1-
naphthalenylmethyl)-1H-benzimidazole

25

A mixture of crude 2-methyl-6-morpholino-1-(naphthalen-1-ylmethyl)-1H-benzo[d]imidazol-
4-01 (200 mg), imidazole (73 mg) and TBDPSCI (162 mg) in dry DCM (30 mL) was stirred
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WO 2012/ 047538PCT/ US2011/ 052857 Exanple 4 5Preparation of

N-[ 2- met hy1- 6- (4- nor phol i nyl) - 1- (1- napht hal enyl net hyl ) - 1H benzi m dazol - 4-

yl | met harmeubfxmzissde a) PCT/US2011/052857

2- met hy1- 6- nor phol i no- 1- (napht hal en- 1-yl nmet hyl ) - 1H benzo[ d] i m dazol - 4- am ne
10 A m xture of

4- ( 2- e R Sninssgswerar Bh-LENIB aaaliisip yhopeadi depisedspropied 20 [t sofvcabiv et - 5-

{165, ny ek dae (T SRR Sl R SRl RS s hned MO ERIET

at ref l:petrbeopetiairer B: 1o xfﬁ&dmheghBDPEﬁ&r desitedipeodrsacovheelsdlial (C60Omg,
tenperat ure and the solvent was renpved i nvacuo. The residue was di ssol ved

in DCM 2%e)- tH NMR §300 Mtz ﬂDQlF)aﬁlﬂ)fWé§4t(P>e9ﬁ)V\é§ﬁé’cﬁ%f@,ﬁPBr17’ aelt. dliled-Bver

anhydr f t L a desired

product "as agfoliﬂa é%gd %fi[ @n?(%clqg ﬁqkﬂ@ 1%60%%{@%}‘%'\%&16%%(’73?& 33 (s,

3H), 2.7025-{45 (4H7H), (:7 3b- 86!7411)1, ZH) 478, 114%—]1 =J8. #Hk)(87d&lt)7 ,87Fml4H) Dr94qd)ﬁlﬂ) ,

5835 6.10 =2.120 Hz 6. 12 1H J =21 H 6. 38

11757 S &l P, b kg MSEm b 5 7 b 21,1104 (

lH J =8.4 H), 801 (d, 1H, J = 7.5 Hz), 8.23 (d, 1H J = 8.4 Hz); LC M5

n1e:373[|\/Hr1]+ b)

N- ( 2- met) Ryrhetby rompirphalimo- Léraphihhtchal- eimethy)- hdtbeytd[d [ikidaeolzé-0] d] | m dazol -

25 yl ) met hanesul f onam de WO 2012/ 047538PCT/ US2011/ 052857 To a sol uti on of
r}ét hy1- 6- nor phol i no- 1- ( napht hal en- 1-yl net hyl ) - 1H benzo[ d] i m dazol -

am ne (ABHsdTBion ELABN((9- dlléeﬂﬁiﬂeﬂ%‘l‘ﬂd@@ﬂyﬁ)g@ylg&(é}V@ﬁle'f}ﬁ'ii%q4§nc§9héﬁﬂyq))nl Of

met hanesul fonyl chl oride (69 and en the m xture was
stirr edlalaphfb@hwylewﬁeﬂ)aﬂdfb@nimnd@bh in THE @0xol)y wasvdled TBitfed.6f mbh, DCM and

washed WI lt/’]fb %or}ﬁ" ’tengprelraﬁgreoa\rllg the mnéﬁgrre%ass stirred for 1h. TLC showed consumption of

starting material. The solvent was removed in-vacuo and the residue was purified by silica

15  gel chromatography eluted with MeOH : DCM = 1 : 60 to afford the desired product as a
white solid (150 mg, 94%). "H NMR (300 MHz, DMSO-dg) 8 ppm 2.36 (s, 3H), 2.94 (t, 4H,
J=4.8 Hz), 3.65 (t, 4H, J= 4.8 Hz), 5.87 (s, 2H), 6.30 (d, 1H, J= 1.8 Hz), 6.35 (d, 1H, J=1.8
Hz), 6.39 (d, 1H, J="7.5 Hz), 7.35 (t, 1H, J="7.5 Hz), 7.60-7.71 (m, 2H), 7.86 (d, 1H, J= 8.4
Hz), 8.01 (d, 1H, J="7.5 Hz), 8.23 (d, 1H, J= 8.4 Hz); LC-MS: m/e = 374[M+1]+

20
Example 6
OMe
N
\>—Me
NS
o_J

Cl
Cl

Preparation of 1-[(2.3-dichlorophenyl)methyl]-2-methyl-4-(methyloxy)-6-(4-morpholinyl)-
25 1H-benzimidazole

a) 2-methoxy-6-nitrobenzenamine

NH,

MeO NO,
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Na2SO4, filtered and concentrated in-vacuo. The residue was then purified
by silica gel chromatography eluted with MeOH : DCM = 1: 30 to afford the
desi red pwodorcto4assa solid (180 ng, 80% . 11-1NVR (300 PHIT/USDNBO@SE6) 6 ppm
2.40 (s, 3H), 2.98 (t, 4H, J= 4.8Hz), 3.21 (s, 3H), 3.68 (t, 4H, J= 4.8Hz),
5.96 (s, 2H), 6.37 (d, 1H, J= 8.1Hz), 6.80 (s, 2H), 7.35 (t, 101H, J=
8.1Hz), 7.60-7.71 (m 2H), 7.85 (d, 1H, J= 8.1Hz), 8.01 (d, 1H, J= 8.1Hz),
8.24 ( 1 9 r1 8, ; ' = anple 5
ai 15 TRk Bt gaiho i Bptioy 0.2 Dyt H, 19 © @ M (LS
-1- (1- ndpgbd N&ﬂehlyrhl@hhysbl)rrt&ﬂﬂpaeﬁzé andithe mlxwfmamtlmhyllgh&mh@hol i no-1-
ht hal 1 -yl nethyl) b d d TiCl3 (19.7 nmL
\(/vggpad dgé}?qrc]idn@ \gggﬁ ifhg FPSBEgng p?enc%]g?l ate \I)vgs| co %fected bymrat?on and theI solid vgzas )

4- 1 h
& 8, g RIS WIRM 0140635 SECEl gzt
and NH4phAC3 94(&35Hg)6 Ih(BYBOHY, 5 (at) 1TH A+ 215, SOIHzr); g9 {da, 17, =r0.%t7.5 oom

t enper at C showed no starti ng mat erj al remai ni ng The pH of the

m xt ur eHéjla%Bré 15 d =0 By GHak AS -Yhueyes 109488 1601 ution. The sol vent was
removed under reduced pressure WD 2012/ 047538PCT/ US2011/ 052857 and t he
resi due was extracted with DCM (250 nlLx2). The conbi ned organic | ayers were
washed byidt brotoi rencthabixiy denicebenzammyide ous Na2SO4, filtered and concentrated
yjacuo to afford the desired product as a white solid (1.52 g, 91%. 1H
NI\/RI’ (300 MHz, &DClB) 6 ppm 2.47 (s, 3H), 3.02 (t, 4H, J= 4.8 Hz), 3.78 (t,
4H, J= 4.8 Hz)''24.30 (s, 2H), 5.68 (s, 2H), 6.05 (d, 51H, J= 1.8 Hz), 6.25
(d, 1H,Mgo NQZG 56 (d, 1H, J= 7.5 Hz), 7.27 (t, 1H, J= 7.5 Hz), 7.55-

Br

NaOAc (17.6 g) and Br; (6.76 mL) was added to a solution of 2-methoxy-6-
nitrobenzenamine (21.74¢g) in HOAc (250 mL). The mixture was stirred at room temperature
15  for 20 min. The resulting precipitate was filtered, washed with water and dried in-vacuo to
afford the desired product as a yellow solid (26.43 g, 83%). '"H NMR (300 MHz, DMSO-ds)
33.91(s,3H), 7.18 (d, 1H, J = 1.8 Hz), 7.70 (d, 1H, J = 1.8 Hz); LC-MS: m/e = 247 [M+1]+

20 c¢) N-(4-bromo-2-methoxy-6-nitrophenyl)acetamide

Br

To a solution of 4-bromo-2-methoxy-6-nitrobenzenamine (27.85 g) in HOAc (150 mL) and
25  Acy0O (17 mL) was added conc. H,SO4 at 70°C and the mixture was stirred at 70°C for 30 min
and kept at rt overnight. The formed precipitate was collected by filtration and washed with
hexane to afford the desired product as a light yellow solid (24.45 g, 75%). "H NMR (300
MHz, DMSO-d6) 6 ppm 2.01 (s, 3H), 3.92 (s, 3H), 7.61 (d, 1H, J=1.8 Hz), 7.65 (d, 1H, J =
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7.66 (m 2H), 7.77 (d, 1H, J= 8.1 Hz), 7.93 (d, 1H, J= 8.1 Hz), 8.05 (d,
1H, J= 8.1 Hz); LCMs: me = 373 [ M+1] +. b)

2- met hy 1-wormorphedssno- 1- ( napht hal en- 1- yl net hyl ) - 1H benzefajusaeidazmss? 4- ol 10
To a solution of 2-nethyl-6-norpholino-1-(naphthal en-1-ylnethyl)-1H benzo
[d] im dazol -4- am ne ((;842 ) in H20 (20 nmL), MeOH (1 nL) and conc. H2SO4
(3 L) Mabzadddds. dflieb Nﬁb&%f@&%ww sol uti on drop-wise at OC. The

m xture was stirred at 0 Cfor 15 mn and then stirred at refl ux
tenperature for Ih. The m xture was cooled to roomtenperature and the 15
pH neutd)aN-(Zeadtheixt/-agipholiso-Naticefheapl)atetaptide | t was extracted with DCM (100
m. x3). The conbined organic | ayers were washed with brine, dried over
anhydrous Na2SO4, filtered and concentrated in-vacuo. The residue was then
purified by siljica gel chronmatography eluted with MeOH : DCM = 1: 60 and
then by Pre Cto afford crude desired product LCGMS: me = 374 [ MH1] +
cont ai nli/ln(g a inl‘g\;jri ty that was renpoved by the two-step sequence

20descri D 72 ¢) 4- {[(1,1-dinethylethyl)(diphenyl)silyl]oxy}

- 2- et hyl - 6 nmor phol i nyl) - 1- (1- napht hal enyl met hyl ) - 1H benzi m dazol e 25
Me A mxturg of crude

2-met hyl- 6- hol i no- 1- ( napht hal en- 1-yl net hyl ) - 1H benzo[ d] i m dazol 4- ol
(200 ny), im dazole (73 nmyg) and TBDPSCl (162 ng) in dry DCM (30 nL) was
stirred WO 2/ 047538PCT/ US2011/ 052857 at room tenperature for | h. LCVS
anapysis showed desired product so the solvent was renoved in-vacuo. The

i d ified by sili | .ch ted with E :
et r of da S e bropto 3 e B8 IFny BRI SR B o R tillar 2 9 i o
lid (RBOPDL2 1790 , inNHBx ,9 .53-2.56
T N WE TR S S
6. 12 (amixgyp wis stirrgl a1 0°@G inspsealed talpg ovpEnightsItpyas cogled i onstcpperapyy

7.56- 7. 2 = 3. 4 7.84-7 87 17,94, (d, 1H,
750 L eyl Bl el i Ty 2
2- met hychrdinarogmplo} tloed vitnelOEHBC= V5 tonafdny ke destrbbpodiic](i 0B gazsth) 4- ol
'H NMR (300 MHz, CDCls)  ppm 2.15 (s, 1H), 3.18 (t, 4H, J = 4.8 Hz), 3.85 (t, 4H, J = 4.8
Hz), 3.88 (s, 3H), 6.63 (d, 1H, J= 2.7 Hz), 6.96 (d, 1H, J = 2.7 Hz).

15  e)4-(7-methoxy-2-methyl-3H-benzo[d]imidazol-5-yl)morpholine

OMe

N
\>—Me

To a refluxing solution of combined batches of N-(2-methoxy-4-morpholino-6-

20  nitrophenyl)acetamide (2.06 g) in HOAc (60 mL) was added iron powder (1.18 g) and the
mixture was stirred at reflux temperature overnight. It was cooled to room temperature and
filtered. The filtrate was concentrated in-vacuo and the residue was washed with EtOAc :
petroleum ether =1 : 1 to afford crude product as a solid (1.73 g, 100%). '"H NMR (300 MHz,
DMSO-ds) & ppm 2.56 (s, 3H), 3.12 (t, 4H, J = 4.8 Hz), 3.88 (t, 4H, J = 4.8 Hz), 3.94 (s, 3H),

25  6.39 (s, 1H), 6.62 (s, 1H); LC-MS: m/e =248 [M+1]+

f) 1-[(2,3-dichlorophenyl)methyl]-2-methyl-4-(methyloxy)-6-(4-morpholinyl)-1H-
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10 To a solution of

4-{[ (1, 1-di net hyl et hyl ) (di phenyl ) si |yl ]oxy}-2-nethyl - 6-(4-norpholinyl)-1-
(1- napht hsibeniaresslyl ) - 1H benzi m dazole in THF (50 ni) wra3/tBddedsBBAF (0. 64
m., 1 nmol/L) at roomtenperature and the m xture was stirred for I h. TLC
showed consunption of starting material. The solvent was renoved in-vacuo
and t hécpagiidizelanas purified by silica 15 gel chromatography el uted with
MeOH : DCM = 1: 60 to afford the desired product as a white solid (150 ny,
94% . 1H NVR (300 MHz, DMBO-d6) 6 ppm 2.36 (s, 3H), 2.94 (t, 4H, J= 4.8

Hz) , 3.%6511£1i11‘6 #H38 d :73@81 Hﬂ))moﬁleﬂﬁll)( 3,3 (ﬂdﬂ)loroﬁer&@ne( d..681¢), and KL B (HQ)S ,g) 6. 35
(d, 1H, J= 1. % % 7.35 (t, 1H J= 7.5

7.60-7.17 PMH](S%})L was g%rr% at %C fgr—728h ) vduge yes gepled iq rogm t@rmBerrlElye 8. 23
(d, s1H .37 ogreﬂ 1ﬁ%)watclﬁr I\%s & cted FTA AL ind 91658%?5@{; ﬁy@r Wg washed RfifPar ation
of 1-112, f I chl orophenyl ) met hy11- 2- met hy1-4- (e 0XYy) - 6- (4- nor phol i nv1) -
251H bdmmerrtiimbiiza)iee antg)dr@s ML BOX il S a‘nldarbacmmamum eachd PhdvE0OR was ¥on

2012/ 047538PCT/ 1US2011/.052857 T m Xt . f -am no-3-nit enol 19. 25
4 and 5 sca peraonaopmnny Sl SRl A pe weal QAR RN
t enper a3 & ARAd teiclired proGuMas a%&tﬂlﬂ'ersgﬁld @@rm@'ﬁ%")t RN @DCBOTK@ 3p@t o

water. The resulting precipitate was col | ected filtration and the solid
was 5 wdBlagd ppint2d&aat 3H), 3ol lat.f4t.d =t h8 Hinsi.8ed, ‘ﬂiﬂDHﬂétS I(Iz)94@2 (90%), 5. 1H NVR

V230 o1 ) ST ad T T 0. 5 @ b B 3388 6 9244 Ty Rk 03l Yo7

Hz) ;. LGHVE= k&1, 71.59@ WL ) = 703 1y RIE@MIB: 2n/8RE Jy W46 Ai t r obenzenam ne

Example 7
NH

Cl

Cl

15
Preparation of 1-[(2.3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-

benzimidazol-4-amine

a) 6-bromo-1-(2,3-dichlorobenzyl)-2-methyl-4-nitro-1H-benzo[d]imidazole

20
NO

2
N
\>—Me
Br N

Cl
Cl

A mixture of Example 1 (1.17 g) (prepared as described previously described), 1-
(bromomethyl)-2,3-dichlorobenzene (1.19 g) and K,CO; (1.27 g) in DMF (80 mL) was
25  stirred at 80° C for 3h. When TLC showed no starting material, the mixture was cooled to
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10 NaOAc (17.6 g) and Br2 (6.76 nL) was added to a sol ution of

2- met hoxy-6- nitrobenzenam ne (21.74g) in HOAc (250 nL). The m xture was
stirred avonommsrsaperature 15for 20 m n. The resul ti ng PpTAS2EIL0S1887 Was
filtered, washed with water and dried in-vacuo to afford the desired
product as a yellow solid (26.43 g, 83%. 1H NWVR (300 MHz, DVsQ d6) 6 3.91
(s, 3Hyroom, tq_rgpqrgturq_q.qld filtered. Tde |f§t)rate yay dle@d)oug_qq intp watqr. § w)theq_ﬁj_t ltoy e =

247 A

247 | et B0l b s SIS s B R AR A 7R R o (1s0°
n) andiediedAsdBudt17.59%) 83va5 mmm (WHZ"@B@L}g)@tpme6am§j 3Hes A wh2|), was
stirred at 70C for 30 mn and kept at rt overnight. The forned precipitate
was col€ 'é‘b(tehﬁb]y 8 He).alt 1 o ](H}d—ﬁa%ﬁé)j Tt % (b %)Jaﬂeg He). 3f5l9dﬁidlftlir£f kH&sired

roduct % . 1H NMR (300 MHz, DMBO d6) 6
Bpmgg §4§%qfﬁ §¥32§ %@ iw %%%fhﬁngﬁ/é = 1.8 Hz§, 7.65 (d, 1H, J)=
WO 2012/ 047538PCT/ US2011/ 052857 1.8 Hz), 9.91(s, 1H); LC—I\/B me = 289

MH1] + 4- nor phol i no- 6-ni ro henyl| ) acet a
[ ] b(;)4-é\k ,3- dlchloro@énzyl) 2- nFljethyl 7-nitro-3H- enzpo[ 1r¥1£d)azol 5-yl rnorphohne

NO,

N
(\N N\>—Me
0

Cl

Cl

10
A mixture of 6-bromo-1-(2,3-dichlorobenzyl)-2-methyl-4-nitro-1H-benzo[d]imidazole (1.69

g), morpholine (1.07 g), Pd,(dba); (376 mg), Cs,CO; (2 g) and X-Phos (383 mg) in dioxane
(80 mL) was degassed with nitrogen and then stirred at 80° C for 3h. When TLC showed
complete consumption of starting material, the mixture was cooled to room temperature and

15  the solvent was removed in-vacuo. The remaining residue was extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SQy, filtered and concentrated
in-vacuo. The residue was then purified by silica gel chromatography eluted with EtOAc :
Petrolium ether = 1 : 1 to afford the desired product as a yellow solid (831 mg, 48%). 'H
NMR (300 MHz, CDCls) & ppm 2.62 (s, 3H), 3.18 (t, 4H, J= 4.8 Hz), 3.87 (t, 4H, J= 4.8 Hz),

20  5.41 (s,2H), 6.28 (d, 1H, J="7.8 Hz), 6.86 (d, 1H, J=2.4 Hz), 7.08 (t, 1H, J= 7.8 Hz), 7.46 (d,
1H, J=7.8 Hz), 7.79 (d, 1H, J= 2.4 Hz); LC-MS: m/e =421 [M+1]+

¢) 1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazol-4-amine

25 A mixture of 4-(3-(2,3-dichlorobenzyl)-2-methyl-7-nitro-3H-benzo[d]imidazol-5-
yl)morpholine (210 mg), iron powder (56 mg) and FeSO,4 (152 mg) in ethanol (25 mL) and
H,0 (25 mL) was stirred at reflux temperature for 3h. When TLC showed consumption of all
starting material, the mixture was cooled to room temperature and filtered. The filtrate was

concentrated in-vacuo and the residue was then purified by silica gel chromatography eluted

30  with MeOH: DCM: NH3.H,0 =1 : 60 : 0.5% to afford the desired product as a yellow solid
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0 H\1) MeONOX2 5 A m xture of

N- (4- br ono- 2- net hoxy- 6- ni trophenyl ) acetam de (2.89 g), norpholine (2.61 g),
Bl NAP (1.0 2g)2/ami$8t - BUOK (1.53 g) in dioxane (50 nL) waeTASQ@IHEBS™M t h N2
and the m xture was stirred at 110C in a sealed tube overnight. It was

cooled to roomte rature 10and filtered. The filtrate was concentrated
in-vacdé37ﬁh£7Wéii hﬁ&%ﬁoﬁdﬁﬂﬁﬂ@dsﬁy¢é@Wm@azééKSdﬁﬁbhﬁéﬁgﬁﬂ Ty4-8Hm.ed with

I\/EOH/ o 0 300 MHz,
CDC13) %@ 5‘?@9 %ﬁ%(’h&j% gﬁ e5d4°0‘|r§| A5 oy’ f—ﬁg} §§%>%%lﬁ39 = 4.8
Hz), 3. 18§H(z;a,6 ﬁl-()dd 6168 (8,7, iH,z)J725(Z 1t1,12)7.5 B8, 5(8Ctdd11‘ﬂi 2 1—52757th;) 15e)
4- (7- met hox rrethl-3|—|—benzo[d]|mdazol 5-yl)norpholine OV To a

refl um%%%l%nﬁ?lo[ﬁ\/ltﬂﬁbl ned batches of N-(2-methoxy-4-norpholino-6- 20
nltrophenyl)acet amde (2.06 g) in HOAc (60 nL) was added iron powder (1.18
g) and ture was stirred at reflux tenperature overnight. It was

cool ed tenperature and filtered. The filtrate was concentrated

i n-vacuo and theOreS| due was washed with EtOAc : petroleumether = 1: 1 to
afford crude p®§§uct as a solid (1 73 g, 100% . 1H NMR (300 MHz, DWVSO d6) 6
ppm 2.56 (s, HN) ™3.12 (t, 4H, J = 4.8 Hz), 3.88 (t, 4H, J = 4.8 Hz), 3.94

(s, 3H), 256. N IH), 6.62 (s, 1H: LGNS me = 248 [Mr1]+ f)
1-[(2, 3 di ch|he>p,cmenet hy1] - 2- met hy1- 4- ( met hyl oxy) - 6- ( 4- mor phol i ny1) - 1H
N \
o)
Cl
Cl

Preparation of N-[1-[(2.3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholiny])-1H-

10  benzimidazol-4-yl]methanesulfonamide

To a solution of Example 7 (82 mg) and Et;N (42 mg) and dry DCM (20 mL) was added a

solution of methanesulfonyl chloride (40 mg) in DCM at 0° C and then the mixture was
stirred at room temperature for 30 min. TLC showed no starting material remaining and some
di-mesylated product was detected by LC-MS: m/e = 547 [M+1]+. The solvent was removed

15  invacuo, THF (10 mL) and 2N aqueous NaOH solution (10 mL) was added. The mixture was
stirred at room temperature for 2h. The desired product was detected as the main product on
LC-MS. It was extracted with DCM (75 mLx2) and the combined organic layers were
concentrated in-vacuo. The residue was purified by silica gel chromatography eluted with
MeOH: DCM: NH3.H,0 = 1: 60: 0.5% to afford the desired product as a yellow solid (25 mg,

20  26%). '"HNMR (300 MHz, DMSO-ds) 5 2.40 ppm (s, 1H), 3.03-3.04 (m, 4H), 3.09 (s, 3H),
3.70-3.75 (m, 4H), 5.5-5.56 (m, 2H), 6.31-6.34 (m, 1H), 6.80-6.82 (m, 2H), 7.25-7.30 (m,
1H), 7.60-7.62 (m, 1H), 9.50 (s, 1H); LC-MS: m/e = 469 [M+1]+
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WO 2012/ 047538PCT/ US2011/ 052857 benzi m dazole A m xture of 18 (1.73 g),

1- (brononet hyl ) -2, 3-di chl orobenzene (1.68 g) and K2CO3 (1.93 g) in DWF (50
m.) was sworoed42i3880C for 72 h. The m xture was cool edPCO/USO@YIOSIBEper at ur e
5 and poured into water. It was extracted with Et0Ac and the organic |ayer
was washed with brine, dried over anhydrous Na2SO4, filtered and
concentlxpmepie9n vacuo. The residue was then purified by silica gel
chromat ogr aphy ghuted with 100% Et 0Ac and then MeOH : DCM = 1:30 to afford
t he desired prod ct as a white solid (360 ng, 9% 1H NWR (CDC13, TMs, 300

Mz) 6 ppm 2.M8°(S, 3H), 3.11 (t, 4H J = 4.8 Hz), 3.85 (t, 4H J = 4.8
Hz), 4.02 (s 531 10(s, 2H), 6.19 (d,1H, J = 1.8 Hz), 6.30 (d, 1H J
:75 Hz), @ J=1.8H), 7.03 (t, 1H, J = 7.5 Hz), 7.41 (d, 1H,

J = f}tg m e 406 [ M+t1l] + Exanmple 7 Cl Preparation of
1- [(2 3 r%Ioroph'\nyl)nethyl] 2- met hy1- 6- (4- nor phol i nyl ) - 1Hbenzi m dazol -
anm ne }/J

6- brono-1-(2,3 -Iqrobenzyl)-Z-nethy1-4-nitro-lH—benzo[d]inidazole c A
m xture of Exanpke (1.17 g) (prepared as described previously described),
1- (brononetdyl ) - 2, 3-di chl orobenzene (1.19 g) and K2CG3 (1.27 g) in
DM (80 mL) was 25stirred at 80 C for 3h. When TLC showed no starting

mat eri aﬂréparai&lon ofﬁ\ti lflf ?(2"?&10&1%1@13 envl?rnethvl] 2-methyl-6-(4-morpholinyl)-1H-

5  benzimidazol-4-vyl]acetamide

To a solution of Example 7 (78 mg) and Et;N (30 mg) in dry DCM (30 mL) was added a

solution of Ac,0 (20 mg) in DCM at 0° C and then the mixture was stirred at room
temperature for 2h. The mixture was then stirred at reflux temperature for until TLC showed
no starting material. The mixture was cooled to room temperature and diluted with DCM

10 (150 mL) and washed with brine (100 mL x2). The organic layer was concentrated in-vacuo
and the residue was purified by silica gel chromatography eluted with MeOH : DCM =1 : 60
and then by Prep-HPLC to afford the desired product as a yellow solid (21 mg, 24%). 'H
NMR (300 MHz, CDCls) 6 ppm 2.28 (s, 3H), 2.48 (s, 3H), 3.14 (t, 4H, J= 4.8 Hz), 3.84 (4,
4H, J=4.8 Hz), 5.33 (s, 2H), 6.28-6.30 (m, 2H), 7.05 (t, 1H, J= 8.1 Hz), 7.42 (dd, 1H, J=1.2

15 Hz,J=8.1Hz), 8.08 (d, 1H, J=1.8 Hz), 8.27 (br s, IH); LC-MS: m/e =433 [M+1]+.

Example 10
OH

Cl

20  Preparation of 1-[(2.3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-

benzimidazol-4-ol

The titled compound was prepared following the same procedure as Example 5 replacing 1-
(bromomethyl)naphthalene with 1-(bromomethyl)-2,3-dichlorobenzene. (130 mg, 69%). 'H
NMR (300 MHz, DMSO-d¢) 8 ppm 2.35 (s, 3H), 2.97 (t, 4H, J= 4.8 Hz), 3.68 (t, 4H, J= 4.8
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WO 2012/ 047538PCT/ US2011/ 052857 room tenperature and filtered. The filtrate
was then poured into water. It was then filtered to afford a solid and the
solid waswoastrad7s8t h water and then dried in-vacuo to atfrarsdorlosesdesi red
product (1.59 g, 3@6 1H NVR (300 VHz CDC13) 6 ppn12 67 (s BFD 5.45 (m
2H), 6.24 é 5@& g H% 1H, J=7.8
Hz) . 7.19, 344 (&ﬂH)d(t%(CBl 72181{22)4 é&j(ddLHiH J-112 8.8 2;);6138:(<M§H dre-k 416

[M1] + 111y ] _

(3 (319 T80 SHoleh ST BN 1= I 78 B0 SRS T MEEMSS 1 ) mor phol
i ne D[ NIG 1 A .m xture of
6- brono- 1- (2, 3-di chl or obenzyl) - 2- met hy1- 4-ni tro- 1H benzo[ d] i m dazole (1.69
g), norpholine (1.07 g), Pd2(dba)3 (376 ng), Cs2CO3 (2 g) and X-Phos (383
ng)slnjg%ﬁﬁgag §1(80 nmL) was degassed with nitrogen and then stirred at 80 C

TLC showed conpl ete consunption of starting material, the

&l ed to roomtenperature and 15 the sol vent was rennved

ermi ning residue was extracted with EtOAc. The organic |ayer
, dried over anhydrous Na2SO4, filtered and
The residue was then purified by silica gel
jth EtOAc : Petroliumether = 1: 1 to afford the
€l | ow solid (831 ng, 48%. 1H NWR (300 MHz, CDCl13) 6
ppm 2.62 (s, 3H), (t, 4H, J= 4.8 Hz), 3.87 (t, 4H, J= 4.8 Hz), 205.41
(s, 2H), 6.28 (d, J=7.8 Hz), 6.86 (d, 1H, J= 2.4 Hz), 7.08 (t, 1H, J=
7.8 Hz), 7.46 (d, 1H J=7.8 Hz), 7.79 (d, 1H, J= 2.4 Hz); LG M5 me = 421
[ M1] + f%paranon of 2-(1-methylethyl)-6- (4 morpholinyl)-1-(1-naphthalenylmethyl)-1H-
1-[ (2, 3-di chl orophenyl) net hyl] - 2- net hy1- 6- (4- nor phol i nyl') - 1H benzi m dazol -
- am ne zaankiazolifol of
4-@%—(2,3 di chl orobenzyl) - 2- net hyl - 7-ni t r o- 3H benzo[ d] i m dazol - 5-

m xture was c
i n-vacuo. The
was washed
concent ratsa
chr omatography el
desired product as

a) 6-bromo-2-isopropyl-4-nitro-1H-benzo[d]imidazole

NO,
\
Br ”

15 A mixture of 5-bromo-3-nitrobenzene-1,2-diamine (prepared following the same procedure
as for Example 1, 5.0 g) in isobutyric acid (20 mL) was stirred at 120° C overnight. The
mixture was cooled to room temperature and poured into water (100 mL). The pH was
neutralized with aqueous Na,COs solution. It was then extracted with EtOAc and the organic
layer was washed with water and brine, dried over anhydrous MgSQOs, filtered and

20  concentrated in-vacuo. The residue was then purified by silica gel chromatography eluted
with EtOAc : petroleum ether = 1 : 1 to afford the desired product as a yellow solid (4.7 g,
77%). "H NMR (300 MHz, CDCl3) 8 ppm 1.51 (m, 6H, J = 6.9 Hz), 3.32 (m, 1H, J = 6.9 Hz),
8.16 (d, 1H, J= 1.5 Hz), 8.25 (d, 1H, J= 1.5 Hz), 10.26 (br s, 1H); LC-MS: m/e = 284 [M+1]+

25  b) 6-bromo-2-(1-methylethyl)-1-(1-naphthalenylmethyl)-4-nitro-1H-benzimidazole
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yl ) mor pholine (210 ng), iron powder (56 ng) and FeSO4 (152 ny) in ethanol
(25 nm) and H20 (25 nmL) was stirred at reflux tenperature for 3h. Wen TLC
showed coweunyd4esssof all starting material, the m xtur@CRas2@005m8d7t o room
tenperature and filtered. The filtrate was concentrated in-vacuo and the
resi due was then purifi ed by silica gel chromatography eluted 30 with MeOH:
Y= 1: 60 : 0.5%to afford the desired product as a yellow solid
3SIRCT/ ?82011/ 052857 (137 ng, 70% . 1F1 NWR (300 MHz, DWVSO- d6) 6

94 (t, 4H, J= 4.8 Hz), 3.68 (t, 4H J= 4.8 Hz), 5.16
6.09 (d, 1H, J= 1.8 Hz), 6.13 (d, 1H J= 1.8
H J=1.5, 7.5 Hz), 7.25 (t, 1H, J= 7.5 Hz), 7.58 (dd, 1H,
CMs: me = 391 [M+1]+. 5 Exanple 8 0 oz-g HNw  Cl
Preparation
N[1-[(2,3-dich ophenyl ) net hy1] - 2- net hy1- 6- (4- nor phol i ny1) - 1H10
benzi m dazol - 4-yl ] met hanesul fonam de To a solution of Exanple 7 (82 np)

and Et HYGS) on_ of
net hane%lt?f?[% f'mf}) oroudMSO? gjia%@ﬁhm\ﬂ ééﬂgl Cd%8ﬂ4ﬁf tﬁ]he m xture was
st irr ec{bmmcma:thylbrapb‘éuahnel (e0F g) alﬁﬂ(iﬁ% (4P5@)shOME (10 st awes stgradet 07 al
I ni nd. sone dj -nmesyl at ed produc S tected b 547
aed) o+ C o iveneoliads Fow raieRere i QUG5 Feekingt v ieheouR Mieous
NaO" S QMH&' @) ﬁ%a@kﬁenvﬁ%r&g@eﬂfora_ h @olm bty s Wakhed WithefedindrtRQricd
tenperature for . The desired product was detected as the main product on

LC- V5. lntvamtoelﬂor@&lemummhdmm%% Ld-MB: nelacf 423dMedrdbi ned organic | ayers
were concentrated in-vacuo. The residue was purified by silica gel

chromat ography eluted with MOH DCM NH3.H20 = 1: 60: 0.5%to afford the

desi r edt) pr@dithyl@tyh-6Led-how thi - 1¢@ SnapbthaRAy RE vl )-A mltr NVR- {32 0ni¥in]
DIVBOdG)) 6(2 40yppr}1,1@(s@4 rowf (y)% 3@ ali’SB ¥ ﬁ) y%)9 (é 3H), 3170 3e 75 (m

4H10 5.5-5.56 (m 2H), 631634(m 1H) 6.80-6.82 (m 2H), 7.25-7.30 (m
1H), 7.60- ﬁém 1H), 9.50 (s, 1H; LC-MS: me = 469 [ Mr1] +
A\
N
S

A mixture of 6-bromo-2-(1-methylethyl)-1-(1-naphthalenylmethyl)-4-nitro-1H-
benzimidazole (2.05 g), morpholine (1.26 g), Pd,(dba); (0.46 g), Cs,CO; (2.36 g) and X-Phos
15 (041 g) in dioxane (30 mL) was degassed with nitrogen and then stirred at 80° C overnight.
The mixture was cooled to room temperature and the solvent was removed in-vacuo. The
residue was then purified by silica gel chromatography eluted with (EtOAc : petroleum ether
=1: 1) to afford the desired product as a yellow solid (1.6 g, 77%). LC-MS: m/e =431
[M+1]+
20
d) 2-(1-methylethyl)-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazol-4-amine

0
o

TiCls (16.3 mL) was added to a solution of 2-(1-methylethyl)-6-(4-morpholinyl)-1-(1-

O
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Example 9 0 HN )*. C Preparati on of

N-1-1-1-(2, 3-di chl orophenyl ) net hyll-2-net hyl-6-(4-norpholinvl)-1H

5benzi m daoabrA4yiBacet ami de To a solution of Exanpl e PCiAB20mglszmstd Et 3N
(30 mg) in dry DCM (30 nm.) was added a solution of Ac20 (20 ng) in DCM at O
C and then the m xture was stirred at roomtenperature for 2h. The m xture

was t hewpBthplepglmegy }¢mitrae Lddippaimidazole ¢y 2)andiNHi AT hovie MefdH s44mding
teri The. : i | ith DCM
T stV SLARE G ARt O SR Bt 4t

concentmiated wial made basiabg addigg Nagtdyusjusess golutionl The flvait has avgpekated off
chromat ography eluted with MeOH : DCM = 1: 60 and then by Prep-HPLC to

af ford %ﬂ%@rr& dseddpessyis e theesidug wes eirastadivtly 9@%&50221%2.)- The Wl{ls%o MHz,
CDC33) oﬁgﬁﬁma%m%%ve(réwagﬂ'&iwial lﬁ@ne&ﬁﬁec@@)er adhydtoddNa 40, Fierdd §d2) . 3. 84 (t,
4H, “J= 4%8 Hz), 5.33 (s, 2H), 6.28-6.30 (m’ 2H), 7.05 (t, 1H, J= 8.1 Hz),
7. 42 ( dopcehitfatedlan-va@uoltotdfford the8ledirddzprodit 08a (vitjte dblid 02 &, 8 %z )LC-8IR7 (br s,

1H); LC Ms: = 433 [M+1l]+ . Exanple 10 OH Cl 20Preparation of 1-
[(2. 3-%%@0@4@% ) met hy1] - 2- met hy1- 6- ( 4- mor phol i nyl ) - 1H

¢) 2-(1-methylethyl)-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazol-4-ol

10
To a solution of 2-(1-methylethyl)-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-
benzimidazol-4-amine (300 mg) in H,O (20 mL), and conc. H,SO4 (1 mL) was added
aqueous NaNO; (78 mg) solution dropwise at 0° C. The mixture was stirred at 0° C for 15
min and then heated to reflux for 1h. The mixture was cooled to room temperature and the pH

15  neutralized with aqueous NaHCOjs solution. The solution was extracted with DCM (250
mLx3). The combined organic layers were washed with brine, dried over anhydrous Na,SOs,
filtered and concentrated in-vacuo. The residue was then purified by silica gel
chromatography cluted with EtOAc : petroleum ether =1 : 1 to afford the desired product as
a solid (80 mg, 27%). 'H NMR (300 MHz, DMSO-ds) & ppm 1.21 (d, 6H, J= 6.6 Hz), 2.91 (t,

20  4H,J=7.5Hz), 3.03 (m, 1H, J= 6.6 Hz), 3.64 (t, 4H, J= 7.5 Hz), 5.89 (s, 2H), 6.27-6.34 (m,
3H), 7.32 (t, 1H, J= 7.5 Hz), 7.59-7.70 (m, 2H), 7.83 (d, 1H, J= 7.5 Hz), 8.00 (d, 1H, J="7.5
Hz), 8.27 (d,1H, J="7.5 Hz), 9.55 (s, 1H); LC-MS: m/e = 402 [M+1]+.

Example 12

25

Preparation of 2-ethyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazol-4-ol

The titled compound was prepared following the same procedure as Example 11 replacing
30  isobutyric acid with propionic acid. "H NMR (300 MHz, DMSO-d¢) 8§ ppm 1.20 (t, 3H, J= 7.5
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benzi m dazol -4-o0l The titled conpound was prepared follow ng the sanme

procedure as Exanple 5 replacing 1- (brononethyl)naphthal ene with

1- ( br onrorwOt2912y042538- di chl or obenzene. (130 ny, 69% . 1H RVRUS3@G/0k2427

DVSO-d6) 6 ppm 2.35 (s, 3H), 2.97 (t, 4H J—48Hz) 368(t 4H J—48

WD 2012/ 047538PCT/ US2011/ 052857 Hz), ZI)HS H}{, = 2.1 Hz),

6 31 délZ) 167 (g2t J2 7.57Hg), 2P (1. 138~ eﬁH 64 4t, 41 1J:H£)5 szzié%% 2H:DH J=7.8
ot 36 68 Ba-8 3 fmZan 7%2'?%,)1H,%= &% 119y, 75776465 M3, 768 (@ HPAEMLL +- 5

r'épar a
2 (1 mhﬂzﬁt?m@()d BH(#Tmlbe,cﬂ.ﬁm(Lﬂ,)lHlJ% R-1rdph9 sal g nyl)meCh ) mAHbagi m dazol
-4-ol [%/(I) ﬁ) - brono- 2-i sopropyl -4-nitro-1H benzo[d]imdazole N ,( N

5

Example 13

Preparation of 1-[(2.3-dichlorophenyl)methyl]-2-(1-methylethy])-6-(4-morpholiny])-1H-

10 benzimidazol-4-ol

The titled compound was prepared following the same procedure as Example 11 replacing 1-

(bromomethyl)naphthalene with 1-(bromomethyl)-2,3-dichlorobenzene. 'H NMR (300 MHz,

CDCls) & ppm 1.20 (d, 6H, J= 6.9 Hz), 2.94-3.06 (m, 2H), 3.67 (t, 4H, J=4.5 Hz), 5.45

(s,2H), 6.24-6.26 (m, 2H,), 6.34 (s, 1H), 7.23 (d, 1H, J= 7.8 Hz), 7.56 (d, 1H, J= 7.8 Hz), 9.54
15 (s, 1H); LC-MS: m/e = 420 [M+1]+.

Example 14
OH

Cl

20  Preparation of 1-[(2.3-dichlorophenyl)methyl]-2-ethyl-6-(4-morpholinyl)-1H-benzimidazol-
4-ol

The titled compound was prepared following the same procedure as Example 12 replacing 1-
(bromomethyl)naphthalene with 1-(bromomethyl)-2,3-dichlorobenzene. 'H NMR (300 MHz,
25  CDCl3) 8 ppm 1.29 (t, 3H, J=7.5 Hz), 2.86 (q, 2H, J=7.5 Hz), 3.10 (t, 4H, J=4.8 Hz), 3.82 (4,
4H, J=4.8 Hz), 5.32 (s, 2H), 6.10 (d, 1H, J =2.4 Hz), 6.37 (dd, 2H, J=1.5, 7.8 Hz), 6.54 (d,
1H,J=2.4 Hz), 7.04 (t, 1H, ] =7.8 Hz), 7.4 (dd, 1H, J =1.5, 7.8 Hz); LC-MS: m/e = 406
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H 15 A m xture of 5-bronp-3-nitrobenzene-1, 2-diam ne (prepared foll ow ng
the sanme procedure as for Exanple 1, 5.0 g) in isobutyric acid (20 nL) was
stirred awvo2AC®4e388r ni ght. The m xture was cool ed to ro@CTIUSAPEOALSAT € and
poured into water (100 nL). The pH was neutralized with aqueous Na2CO3
solution. It was then extracted with Et 0OAc and the organic |ayer was washed
with wdMrlland brine, dried over anhydrous MySO4, filtered and
20concentrated i n-vacuo. The residue was then purified by silica gel

chromat ography eluted with EtOAc : petroleumether = 1: 1 to afford the
desi r edExanppleds as a yeI low solid (4.7 g, 77% . 1H NWMR (300 MHz, CDCl13) 6
ppm1.51 (m 6H, J =6.9 Hz), 3.32 (m 1H J =6.9 Hz), 8.16 (d, 1H J= 1.5

Hz), 8.25 (d, 1H, J= 1.5 Hz), 10.26 (br s, 1H); LCMs nfe = 284 [M1]+
25Db) N

6- br ono- 2- ( 1- yl\)stMyI ) - 1- (1- napht hal enyl net hyl ) - 4-ni tr o- 1H benzi m dazol e
WD 2012 S20,11/ 052857 A mi xture of

ro-1H benzo[ d]i m dazole (4.7 g), 1-

(4.01 g) and K2C33 (4.55 g) in DWMF (150 nmL) was
stirred at 80 5 C fog It was cooled to roomtenperature and filtered.
The filtrate was then ured into water (1 L). It was then filtered to
aff%rd a solid that was washed with water and then dried in-vacuo to afford
t he :
2-(1- -ni tro-1H ben

Zi m da mxtreof ~ i |

6- brom)z@h‘-j‘i gazmg yl et hyl ) -1-(1- napht hal enyl net hyl ) - 4-ni tro- 1Hbenzi m dazol e
(2.05 dghaa srdmmmbﬁ hmethyl-BéngpholRd2 { -dirphha({cd- UGlnggthyl =3 B z¢[d]186dagpl-dnd
X-Phos 15(0,4 d|o e (30 m) wa i nitr.o t hen
Serr ede nerstis bR b6 SHaC Rrotraie Coesdonb ot ade ) gk Bl BFfr o and
t hggsol p»_g@mnevyasnmmam@oh @ea\é@cﬁ%s aab!@d Kgsby p_ﬁs W Patt- b@ PC BH iHel B-l kY wak | | ca

gel chromat ography eluted with (Et . petrol eum et her
stirred at -50 °C for 30 min and then heated to 70° C for 1h. The mixture was cooled to room

6- br onpe 2- sopropyl 4
(bromonethyl ) napht hal §

temperature and the pH neutralized with aqueous Na,COs solution. It was then extracted with
DCM (100 mLx 2). The combined organic layers were concentrated in-vacuo and the residue
was purified by Prep-TLC developed with EtOAc : petroleum ether = 1 : 1 to afford the

15 desired product as a solid (10 mg, 5%). 'H NMR (300 MHz, CDCl3) & ppm 2.54 (s, 3H),
3.05 (t, 4H, J= 4.8 Hz), 3.79 (t, 4H, J= 4.8 Hz), 5.75 (s, 2H), 6.37 (d, 1H, J= 1.8 Hz), 6.53 (d,
1H, J=17.5 Hz), 6.66-6.71 (m, 1H), 7.30 (t, 1H, J="7.5 Hz), 7.59-7.69 (m, 2H), 7.81 (d, 1H, J=
9.0 Hz), 7.96 (d, 1H, J= 7.5 Hz), 8.05 (d, 1H, J= 7.8 Hz); LC-MS: m/e = 376 [M+1]" .

20 Example 16

Preparation of 1-[(2.3-dichlorophenyl)methyl]-4-fluoro-2-methyl-6-(4-morpholinyl)-1H-

benzimidazole
25  To a solution of 1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-

benzimidazol-4-amine (prepared following the same procedure as for Example 7, 200 mg) in
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= 1: 1) to afford the desired product as a yellow solid (1.6 g, 77% .

LC-MS: me = 431 [ M+1l]+ 20 d)

2- ( 1- met wbebiey4ys38- (4- mor phol i nyl) - 1- ( 1- napht hal enyl nehyrgSs2difobasazi m dazo
| -4-ami ne NH, N\ TiC13 (16.3 nl) was added to a sol ution of

2-(1-meth Iet hy 6- (4-norpholinyl)-1-(1- W 2012/ 047538PCT/ USZOll/ 052857
napht hal0& ywim (gmb) i v T eflpmeactPhivansdsied NaNG (§F mmat NilAGAad(tae g) i n
MeOH ( t kg f 4 t e e

starti ﬁ%x%% s e M L xS e i e S S oS
agueouscosiidud rdm teﬁ’qﬁreamie\aﬁdttha/m way aparaized with faqueuaie Nap €Ov sddtig@ar. éssur e and
the residue was extracted wth (2 m.x2). The. conbi ned 50rgan| c | ayers
ver e wa¥hdaenexrclsdivit DGM 9050kt 2&#2@&9@&@6&32@@&: laygrp psFeaepngpfrated

gongig};lﬁ%a% Al HAFHRIE G fuﬁﬁ?d w?réisemagv&t;&a%&h AROH WOChM=Bold @ (1.2
2 ( 1- nedffoyd étehbelsl)recﬁar()dums phalid @y)h)lg,m)%) FiapiMik &6 GonyliHe CBY1)-S1HHDepai mi dazo
| -4-0l 10 To_a solution_of
2-(1- ne(ﬁrﬂﬂ)et”’i‘v??a 4%»%44 izt Gy IT-A- A HahontZna ERy Orgrhid fm ﬁh@eﬁéﬁm dazol
-4 am n d aqueous
Q§8£%?OJ)CL7;%P ‘i on @r%}%\% ?ég gtzya(r;;d‘%c@ e jr?‘lzf?h;rzg]ivgg)[%tl rred at 0 C for
15 mn[Mﬁdl hen heated to reflux for |h. The m xture was cooled to room
tenperature and the pH 15 neutralized with aqueous NaHCO3 sol uti on. The
sol'ution was extracted with DCM (250 nmix3). The conbi ned organic | ayers
were vashggpeiiyh brine, dried over anhydrous Na2SO4, filtered and
concentrat ed iFn-vacuo. The residue was then purified by silica gel

KINW
NN
'S

8

Preparation of 2-ethyl-4-fluoro-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-

15  benzimidazole
To a solution of 2-ethyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazol-4-
amine (prepared following the same procedure as for Example 12, 200 mg, 0.49 mmol) in
70% HF/pyridine (3 mL) was added NaNO; (50 mg, 0.73 mmol) at -50 °C and the resulting
mixture was further stirred for 1h. Then the mixture was heated to 70° C for 1 h. The mixture

20  was cooled to rt and extracted with DCM (30 mL x 3). The combined organic layers were
dried over Na;SQj4, concentrated in-vacuo. The resulting residue was purified by Prep-TLC to
give the product (20 mg, 10%), as a white solid. '"H NMR (300 MHz, DMSO-ds) & ppm 1.22
(t, 3H, J=7.5 Hz), 2.69 (q, 2H, J=7.5 Hz), 3.02 (t, 4H, J=3.9 Hz), 3.66 (t, 4H, J=3.9 Hz), 5.97
(s, 2H), 6.32 (d, 1H, J=7.8 Hz), 6.74-6.79 (m, 2H), 7.34 (t, 1H, J=7.8 Hz), 7.60-7.70 (m, 2H),

25 7.85(d, 1H, J=8.4 Hz), 8.00 (d, 1H, J=7.8 Hz), 8.24 (d, 1H, J=7.8 Hz); LC-MS: m/e = 390
[M+1]".
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chromat ography eluted with EtOAc : petroleumether = 1: 1 to afford the
desired product as a solid (80 ng, 27%. 1H NVMR (300 VHz, DVBO d6) 6 ppm
1.21 (d, wH 2021046538 Hz), 2.91 (t, 20 4H, J= 7.5 Hz), 3. ®8T(Uspo11i5283%= 6. 6
Hz), 3.64 (t, 4H, J= 7.5 Hz), 5.89 (s, 2H), 6.27-6.34 (m 3H), 7.32 (t, 1H,
J= 7.5 Hz), 7.59-7.70 (m 2H), 7.83 (d, 1H, J= 7.5 Hz), 8.00 (d, 1H, J= 7.5
Hz), 8.ExampledB, J= 7.5 Hz), 9.55 (s, 1H): LC-MB: me = 402 [ M+1] +. Exanpl e
12 OH 25 Preparation of

2- et hyl - 6- (4- urphollnvl) 1- (1- napht hal enyl net hyl ) - 1H benzi mi dazol - 4-ol The
titled conmpoyndyy prepared follow ng the sane procedure as Exanple 11
repl aci ng. .30 ritc acid with propionic acid. 1H NVR (300 WVHz, DWMSO- d6)
6 ppm 1{20 = WO 2012/ 047538PCT/ US2011/ 052857 Hz), 2.67 (q,

2H, J= 3. 5)Hz), 2. 4H, J= 4.5 Hz), 3.64 (t, 4H, J= 4.5 Hz), 5.86 (s,
2H), 6.26 (s, 1H), 6. 34 (m 2H), 7.32 (t, 1H J= 7.5 Hz), 7.57-7.68
(m 2H), 7.82 (d, 1€ J 1 Hz), 7.98 (d, 1H, J= 7.5 Hz), 8.23 (d, 1H, J=
8.1 Hz), 9.54 (s, 1H); LC&MS me = 388 [ Mt1l]+. 5 Exanple 13 OH
Preparatlon of '

1-112, & #iQy

I m gazqoenzmniiazole

hlq) - 1H10benz

To a solution of 1-[(2,3-dichlorophenyl)methyl]-2-ethyl-6-(4-morpholinyl)-1H-benzimidazol-
4-amine (prepared following the same procedure as for Example 14, 203 mg) in 70% HF/
pyridine (2 mL) in a Teflon reactor was added NaNO, (52 mg) at -50 °C and the mixture was

10  stirred at -50° C for 30 min and then heated to 70° C for 1h. The mixture was cooled to room
temperature and the pH neutralized with aqueous Na,COs solution. It was then extracted with
DCM (100 mLx 2). The combined organic layers were concentrated in-vacuo and the residue
was purified by Prep-TLC developed with EtOAc : peterolium ether =1 : 1 to afford the
desired product as a solid (5 mg, 4%). "H NMR (300 MHz, CDCls,): 8 1.39 ppm (t, 3H, J=

15  7.5Hz),2.80(q,2H, J=7.5 Hz), 3.10 (t, 4H, J= 4.8 Hz), 3.84 (t, 4H, J=4.8 Hz), 5.34 (s, 2H),
6.29-6.34 (m, 2H), 6.68 (dd, 1H, J=1.8, 12.6 Hz), 7.06 (t, 1H, J=7.8 Hz), 7.43 (d, 1H, J=7.8
Hz); LC-MS: m/e = 408 [M+1]".

Example 19

/N_
HN__~

20

Preparation of 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethy)-4-(1H-pyrazol-5-vl)-

1H-benzimidazole

25  a) 4-bromo-2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole
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The titled conpound was prepared foll ow ng the sanme procedure as Exanple 11
repl aci ng 1- (brononet hyl)napht hal ene with

1- ( br onorwOI2912)042538- di chl or obenzene. 1H NMR (300 MHz, CPCra)S2@1ppmssi. 20 (d,
6H, J= 6.9 Hz), 2.94-3.06 (m 2H), 3.67 (t, 4H J= 4.5 Hz), 5.45 (s, 2H),
6.24-6.26 (m 2H,), 6.34 (s, 1H), 7.23 (d, 1H, J= 7.8 Hz), 7.56 (d, 1H, J=
7.8 Hz), 9.54 $5(s, 1H); LGCMs: me = 420 [ M+1l] +. Exanple 14 OH

20Pr epar ati on N
1-112, 3-di chI heWMéYEt hyl1l- 2- et hyl- 6- (4- nor phol i nyl) - 1H benzi m dazol -
4- ol Th 5 ofpound was prepared foll ow ng the sane procedure as
Exanpl e n@tjepl aci ng br ononet hyl ) napht hal ene with

1-(bror’r(8 hyl ) -2, 3-di or obenzene. 1H NWVR (300 MHz, 25CDC13) 6 ppm 1.29
(t, 3H J=7.5 Hz), 2.26~q, 2H, J=7.5 Hz), 3.10 (t, 4H, J=4.8 Hz), 3.82 (t,
4H, J=4.8 Hz), 5.32 (3, 2H), 6.10 (d, 1H J =2.4 Hz), 6.37 (dd, 2H, J=1.5,
7.8Hz)654(d 1H, 2.4Hz),704(t 1H, J =7.8 Hz), 7.4 (dd, 1H, J

=1.5, 7.8 LC:.MS: nmle = 406 WD 2012/ 047538PCT/ US2011/ 052857 [ M+1] +
Exanpl eT olassqiutlon of 2-methyl- 6 (4 morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazol-4-

amine (prepared following the same procedure as for Example 2, 1.1 g, 3 mmol) in aqueous
HBr (50 mL) was added aqueous NaNO; (214 mg, 3.1 mmol) solution dropwise at 0-5 °C.

5  After addition the mixture was stirred at 0° C for 5 minutes, it was added to another solution
of NaBr (927 mg, 9 mmol) in aqueous HBr (50 mL) dropwise at 60° C. The resulting mixture
was then heated to 80° C for 30 minutes and then cooled to room temperature. The solution
pH was neutralized with aqueous NaHCO3 (600 mL) and extracted with DCM (500 mL x 3).
The combined organic layers were concentrated in vacuum and the residue was purified by

10  silica gel chromatography eluted with petroleum ether : EtOAc =1 : 1 to give the desired
product (725 mg, 55%) as a white solid. "H NMR (300 MHz, CDCls) & 2.55 ppm (s, 3H),
3.05 (t, 4H, J=4.8 Hz), 3.79 (t, 4H, J=4.8 Hz), 5.73 (s, 2H), 6.50 (dd, 1H, J = 1.2, 7.5 Hz),
6.53 (d, 1H, J=1.8 Hz), 7.15 (d, 1H, J=1.8 Hz), 7.28 (t, 1H, J= 7.5 Hz), 7.60-7.67 (m, 2H),
7.81(d, 1H,J=8.4 Hz), 7.96 (d, 1H, J= 7.5 Hz), 8.06 (d, 1H, J = 8.4 Hz); LC-MS: m/e =
15 436 [M+1] .

b) 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-4-(1H-pyrazol-5-yl)-1H-

benzimidazole

20 A mixture of 4-bromo-2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-
benzimidazole (200 mg, 0.46 mmol), 1H-pyrazol-5-ylboronic acid (100 mg, 0.92 mmol),
Pd(dba), (40 mg, 0.046 mmol), Cs,CO; (300 mg, 0.92 mmol) and P(t-Bu); (10 wt % in
hexane, 20 mg, 0.092 mmol) in dioxane (20 mL) and water (10 mL), was stirred at 100 ° C
for 18h under a nitrogen atmosphere. The reaction mixture was cooled and then concentrated.

25  The resulting residue was purified by silica gel chromatography eluted with EtOAc to give
the product (140 mg 72%), as a white solid. "H NMR showed this compound is in a form of
tautomeric mixture (major tautomer/minor tautomer = 5/3) '"H NMR of the major tautomer
(300 MHz, DMSO-ds) 6 ppm 2.45 (s, 3H), 3.08 (s, 4H), 3.71 (s, 4H), 6.00 (s, 2H), 6.37 (d,
1H, J=7.2 Hz), 6.96 (s, 1H), 7.24-7.72 (m, 6H), 7.83-7.87 (m, 1H), 8.01 (d, 1H, J = 7.2 Hz),
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5 Preparation of
4-fl uoro-2-net hyl-6-(4-norpholinvl)-1-(1-naphthal enyl net hyl ) - 1Hboenzi m dazol
e To a swbuizma738 PCT/US2011/052857
2- met hy1- 6- nor phol i no- 1- (napht hal en- 1-yl met hyl ) - 1H- benzo [d] i m dazol -
am ne (adﬁeé)ar ed fol | ow ng t he sane I}I)Gocedure used for Exanple 2) (200 ng)
in 70% d1 dHp{ Fidet He): 13- 2(H(br 5. AHY: HeMdrmiceat2biMybls added NaNC2 (56 nm)
at -50 C and the mixture was stirred at -50 C for 30 mn and then heated to
70 Cfor Ih. The m xture was cooled to roomtenperature and the pH
neut r alExamplei20h agqueous Na2CO3 sol ution. It was then extracted with DCM
(100 m.x 2). T i conbi ned organic | ayers were concentrated i n-vacuo and the
resi due was pu 4 ed by Prep-TLC devel oped with Et0Ac : petrol eum et her =
¢ 5deS| red product as a solid (10 nmg, 5% . 1H NWR (300

3.05 (t, 4H, J= 4.8 Hz), 3.79 (t, 4H, J=
.37 (d 1H, J= 1.8 Hz), 6.53 (d, 1H, J= 7.5 Hz),
(t, 1H, J= 7.5 Hz), 7.59-7.69 (m 2H), 7.81 (d, 1H,
H/ J= 7.5 Hz), 8.05 (d, 1H, J= 7.8 Hz); LCMS: nle =
376 [Mr1]1 . 20 Exa16 F Preparation of
1-[ (2, 3-di chl orophenyy'net hyl] - 4-f | uor o- 2- net hy1- 6- (4- nor phol i nyl ) - 1Hbenzi m
i dazol e 25To a sol ution of
1-1(2, bl &rd}ﬁhﬁl@ﬁhly) BRL! d]rgh(anﬁ?)t nyiLn Soredn RLRARALH Y benkiihidazole-4-
benzi m"dazol - 4-amne (prepared Tolff'ow ng the same procedure as for Exanple
7, 200 aahoxivhc add 2012/ 047538PCT/ USZOll/ 052857 70% HF/ pyridine (4 nL) in a
Tefl on reactor was added NaNO2 (53 ng) at -50 C and the m xture was stirred
at -50 C for 30 mn and then heated to 70 C for | h. The m xture was cool ed
t 0 1 00 hRHRE ek bth§l- ntodShdMdyVyBIS(1n kel dng BfletW) 1h-N HABAS AHiRla NAL GO3
sol uti or)1 It was t eﬁjaﬂ_xtdr?g::t egﬁghﬁ%\ﬂ ng 1Iiﬂ%;l)Z) The conbi ned organic
| aylér s caghosykncentrated 5 in-vacuo and the resi due was purified by
Prep- TLC devel oped with MeOH : DCM=1 : 30 to afford the desired product as
a solid (40 @Q 1H NVR (300 MHz, CDC13) 6 2.49 ppm (s, 3H), 3.09(t,
4H, J= 4.5 83 (t, 4H, J= 4.5 Hz), 5.32 (s, 2H), 6.29-6.33 (m 2H),

4.8 Hz) [ 5N75 s, N

6.66-6.614m 1H),
J= 9.0 HzZ), 7.96 (d,

6.66 (d, 1H ,sz) 7.06 (t, 1H, J= 7.8 Hz), 7.42 (d, 1H, J= 7.8 Hz);
LC ME: rrd/eN— M+ '
o ()

A mixture of intermediate 4-bromo-2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-

15  1H-benzimidazole, prepared following the same procedure as for Example 19 (400 mg, 0.92
mmol), dppf (51 mg, 0.092 mmol), Pd(AcO); (20.6 mg, 0.092 mmol) and triethylamine (111
mg, 1.1 mmol) in methanol (50 mL), was degassed with CO(g). Then the reaction mixture
was stirred at 60° C for 18h under a CO(g) atmosphere. The reaction mixture was cooled,
concentrated. The resulting residue was purified by silica gel chromatography eluted with EA

20  to give the desired product (170 mg, 45%), as a white solid. "H NMR (300 MHz, DMSO-ds)
d ppm 2.42 (s, 3H), 3.05 (t, 4H, J=4.8 Hz), 3.69 (t, 4H, J=4.8 Hz), 3.90 (s, 3H), 6.02 (s, 2H),
6.28 (d, 1H, J = 8.4 Hz), 7.29-7.39 (m, 3H), 7.60-7.71 (m. 2H), 7.85 (d, 1H, J = 8.4 Hz), 8.01
(d, 1H, J = 8.4 Hz), 8.24 (d, 1H, ] = 8.4 Hz); LC-MS: m/e = 416 [M+1]"

25  b) 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole-4-carboxylic

acid
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10 Example 17 F Preparation of
2-ethyl-4-fluoro-6-(4-norpholinvl)-1-(1-naphthal enyl net hyl)-1H15benzi m dazo
le To a wol20t2/mans3ef PCT/US2011/052857

2- et hyl - 6- (4- nor phol i ny1) - 1- (1- napht hal enyl met hyI ) 1H- benzi m dazol -4- am ne
(prepared foll ow t he sane procedure as for e 200 ng, 0.49

m"rgl ) h|4anvwer1lrf/rp§ﬁgyld3 ﬁ@tb(Y%r{ﬂ)mmhol&afd{)e&(Nammha(lwlmgthﬁ B8 mol) at -50 C
hoat cd 1B o TRy bl 8 BFLyidih M ER T Ping S Mg LAtE 0 ° '

DCM ( 3Q1 finLx aid) watthel Ocanpiviedtinedard(C d fvy ehsThudrtke ﬁHlﬁmmwnoﬁﬂa&S@e

concentrated in-vacuyo, The resulting residue was purified by Prep-TLC to
gi ve t HEasEIcBEMEed i Y ad.1idgh T'ﬂa%ﬂ%? TRREYe Wy phiged Aty #Lwﬂaﬁ Biitie ML VONBO- d6)

6, DA™ L8t by sul: ok o 2489 Sl BN 0f yﬁ%@@%@tm}m 5139

6 74 6. (ZQ%H)I;T? 021, AH?J?de Hz) M (t,)4H,. J84182017), 603@3 ZHZD6 88nd,2H), ) =26 H3} ((rjﬂ

1H, J=8.4 Hz 1H, 1H, J=7.8 LC- MVE; e =
300 | M2 36 (Hw@{bdg@%l?ié@sﬁ@rﬂ@éz@ﬂﬂo%zé‘a‘%ﬁ@x Sipile. b & oy 4

Pr epar £

1-[(2, ghdl chl o?c%p%e)nlylc)l\r/gt yl] 482 1}4%1/5 4-fl uoro-6-(4-norpholinyl)-1H5

benzi m dazole To a solution of

1-[ éz, ﬁdi cql 3rlophenyl ) met hy1] - 2- et hy1l- 6- (4- nor phol i nyl) - 1H benzi m dazol 4- a
il €d'fol l owing the sanme procedure as for Exanple 14, 203 ng) in
70% HF/ pyridimsg (2 nm) in a Teflon reactor was added NaNO2 (52 ng) at -50
C and the miyfune was 10 stirred at -50C for 30 min and then heated to 70C
for Ih. The mXture was cooled to roomtenperature and the pH neutralized
w th aqueous Na solution. It was then extracted with DCM (100 nix 2).
The conbi ned nixe_fyigyers were concentrated in-vacuo and the residue

Preparation of 1-[(2.3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholiny])-4-(1H-1.2 .4-

triazol-3-y1)-1H-benzimidazole

15
a) 4-bromo-1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole

Br

Cl

20 A solution of NaNQO; (0.37g, 5.4 mmol) in water (0.5 ml) was added to a solution of 1-[(2,3-
dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazol-4-amine (prepared
following the same procedure as for Example 7, 2.0 g, 5 mmol) in HBr (60 mL) at 0-5° C
and stirred for 15 min. The mixture was added dropwise to a solution of NaBr (1.5 g, 15
mmol) in HBr (60 ml) at 60° C, and then heated to 80° C for 30 min. The mixture was cooled

25  tortand poured into a Na,COj3 solution (200 ml). The mixture was extracted with DCM (100
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was purified by Prep-TLC devel oped with EtOAc : peteroliumether = 1: 1 to
afford the desired product as a solid (5 ng, 49 . 1H NVMR (300 Hz, CDC13,):
6 1.39 ppwo(2p12/@F#§38J= 15 7.5 Hz), 2.80 (q, 2H, J= 7.5 HePLCI/UB2010/062857 4H, J=
4.8 Hz), 384(t 4H, J= 4.8 Hz), 5.34 (s, 2H), 6.29-6.34 (m 2H), 6.68
(dd, 1H, J=1.8, 12.6 Hz), 7.06 (t, 1H, J= 7.8 Hz), 7.43 (d, 1H, J= 7.8
Hz) ; L@.l]vg Indle @mmgeq wRanie laypfse;bgp éflp@) AV Na, SOy, filtered, concentrated. The

2-met hyl.56:{ & dﬁ( ﬁn@f H’%@g%y@ﬂ}c)a gJeI éﬁro&%@hﬁ:ﬁg LRI o Add éllx_/’_e ¢ 15%8&& %1' g,l) )

1H benzi'm

4- br grmm/)nlest, ahwhrt@sdlf& ner VR (309 DIHZ; HMSTRAl e Db ety 3 04, bENZi M dazol
e 0 a solution

2- et hy46.10a. 3P ghalh s He (515%@@&1)3@;3@@11”@ gl 2 TABONEOH GdTb) - 4-
I t fedy | :
mof) 1 ai80 8" i T80 15, 2R BF 2R e SN o T P S iy

sol ut i drC-MM®pmiesedHt [M+H C. 5After addition the m xture was stirred at 0 C
for 5 mnutes, it was added to another solution of NaBr (927 ng, 9 mmol) in
aqueous HBr (50 nmL) dropwi se at 60 C. The resulti ng m xture was then heated
to 80 &di4t sol ution pH
was neu O[Ir(% ggiééﬂl&ldhg&&@eoum n%h%d% &o{p)% %@%ﬁga%@ﬁ DCM (500 nL
x 3). 'Iaadooamrdm ned organic |ayers were concentrated in vacuum and the

residue was purified by 10 silica gel chromatography eluted with petrol eum

ether : EtOAc = 1: 1 to give the desired product (725 ng, 55% as a white
solid. 1H NMR 0 MHz, CDC13) 6 2.55 ppm (s, 3H), 3.05 (t, 4H, J=4.8 Hz),
3.79 (t, 4H, NHz), 5.73 (s, 2H), 6.50 (dd, 1H, J =1.2, 7.5 Hz), 6.53
(d, 1H J=1. , Y (d, 1H, J=1.8 Hz), 7.28 (t, 1H, J = 7.5 Hz),
7.60-7. ~N7.81 (d, 1H, J = 8.4 Hz), 7.96 (d, 1H J = 7.5 Hz), 8.06
(d, 1H, =] 8.4 Hz) M5 me = 15436 [M+1l] ' . b)

2- met hy?- -(4 nmor phol i - 1- (1- napht hal enyl net hyl ) - 4- (1H pyrazol -5-y1) - 1Ho

enzi m dazole 20 A m xvure of
4- br ono- 2- net hy1- 6- (4- noig@phol i nyl) - 1- ( 1- napht hal enyl net hyI ) - 1Hbenzi m dazol e
(200 ng, 0.46 mmol), 1H pyrazol-5-ylboronic acid (100 ng, 0.92 mol)

it og s S e 4ol T iR afiCh e ?%8?6-'@-%&%%19?/5‘ i ?t? 3 (10
was st itreneichiddzok00 gC2f2anrﬁlé)3hEdci)(ﬁge)lr§] t(mlngg,rmggm_?mel);?gpﬁ(lé?? mgTPeMIrrgiﬁgl)iNg 2
pur;[sll‘J .r 2@@&%@ %@ %WP n‘é(f‘%b&a‘&ﬁri%é’%af*éh Qé]ltlﬁlgefg o0 @ﬁ? 2@@}5{9@ r oduct
(140 478, 6.@%1%0 h DRIB A0 4L) %HN&@MW@@C%&&WO@PQMW@W@ f0f m of

tautoneric mxture ITB.] or tautorrer/mnor taut oner = 5/ 3 3) 1H NWVR of the ngjor
t aut onsho(ad oo M;ngmend@m@npm@ rd&etips mistdyg was @&nflecd with waBrddd (s, 4H),
6.00 (s,

7 83-7. egtirac?%ﬁi Witibi)ﬁog%diw H]L xi‘?_? %‘1316 Qrgf&l% lg&e)%%va(s\s)@sﬁe'_c? Witlz erHA{é 7d'ri76(?i Oggll 6H) '
Eg EI.2/ OZMmég@!f Gggié%ﬁ@w%&i PR28HA1i8g #Bidud wal Purifiedbytsificd#dl chiommatdgrb iy QutcdH) ;
20  with EtOAc to give the product (400 mg, 45%), as a white solid. "H NMR (300 MHz,

DMSO-dg) & ppm 2.43 (s, 3H), 3.11 (t, 4H, J=4.8 Hz), 3.72 (t, 4H, J=4.8 Hz), 5.60 (s, 2H),

6.30 (dd, 1H, J=1.2, 8.1 Hz), 7.25 (t, 1H, J=8.1 Hz), 7.35 (d, 1H, J=2.1 Hz), 7.42 (d, 1H,

J=2.1 Hz), 7.60 (dd, 1H, J=1.2, 8.1 Hz); LC-MS: m/e = 401 [M+1]" .

25  ¢) 1 1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-

carboxamide
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Preparation of

2- et hyl - 6- (4- nmor phol i nyl) - 1- ( 1- napht hal enyl net hyl ) - 1H benzi m dazol e- 4-

car boxyl iwoaei2h47538 a) net hyl PCT/US2011/052857

2- met hyl - 6- (4- nor phol i nyl) - 1- ( 1- napht hal enyl net hyl ) - 1H benzi m dazol e- 4-
10car boxylate A m xture of internediate

4- br ono- 2- net By ~BHe 4- mor phol i ny1) - 1- ( 1- napht hal enyl net hyl ) -

151H benzi m dazol e, prepared followi ng the same procedure as for Exanple 19
(400 ng, 0.92 At N dppf (51 nmg, 0.092 mmol), Pd(Ac0)2 (20.6 ng, 0.092
mmol ) and tr| A €111 ng, 1.1 nmmol) in nethanol (50 nL), was

degasse OrN Then the reaction mxture was stirred at 60 C for 18h
under a l\u}) at nospher s he reaction m xture was cool ed, concentrat ed.
The resH n R rified by silica gel chromatography eluted with
roduct (170 ng, 45%, as a white solid. 11-1NWR
(300 MHz, DWVSO d6) 6 @pm 2042 (s, 3H), 3.05 (t, 4H, J:4.8 Hz), 3.69 (t, 4H,
J=4.8 Hz), 3.90 (s, 3H), 6702 (s, 2H), 6.28 (d, 1H, J = 8.4 Hz), 7.29- 7.39
(m 3H), 760771(m2H),785(d 1HJ—84m 801d1HJ 8.4
Hz), 8. @Aolpuon gj—KOﬁ E8ang lHkl)nmq_DnWBtterrﬂl@ md.)49% 4d qiropw%ﬁy solution of 1-

ot AR e SRRSO B it + o
2- mgt h)(lS@n{g4(') mahpbD lahdB 096 H@,43 mﬂphhha{feawl HE} &yt JThe Irilagtm Whﬂﬁé’a@écﬁaﬂ car bo

xyl ate% 0.41 mmol ) and Li OH (172 4.1 mmol) in THF (15nL) and
wat er Crﬁzs hydes (LG %@W&ﬂ HBGt?’@Hf&)ma‘leﬁa Tﬂetﬁe PHeofihe Bixtygevaseact i on

or | OPdht 2 5aR0 st NyadoRitn TR (e BHabh By SAREEL, 75 71

SOI id. vfhlth bilife, @ﬁ@@oMﬂZ\/Igm{Sﬁbﬁi&)ﬂrﬁte@ prhcZe&iltifsresidbh wa§p0r7ﬁ<(d by ﬂhba @6];4 8

7 32 7. Cglgorflﬁi)grﬁﬂjy el‘?teé()" ith %@A(Crﬁgggﬂ(’-‘i) the ?r%fPCT(ngm 5‘116}“5! ap agv lﬂ?‘) SOh§ (ﬁ (d,
1H,0 ngff“(sgghwhz%%ﬁsé% }ébbm‘bﬁl &: a8 11 EGHE=4 RIS, 17 3943, LM Hd g 10

Exanpl e eparation o
1-[ (2, Hai £60 @, apll)emm jdyetihy4q.1 2z hy(or 6 1H), masghaH, ty8.) ), (7136 i, 254-
triazol - i 1) 1H- b n2| m g zoI e

b oo S, AL TS IR0 (BT M, 328 b HC A 4niess ARUIYRVAD - 11 benzi m

i dazol e

d) 1-[(2,3-dichlorophenyl)methyl]-N-[(1E)-(dimethylamino)methylidene]-2-methyl-6-(4-

15  morpholinyl)-1H-benzimidazole-4-carboxamide

\>—Me

CI |

A solution of combined batches of 1 1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-
morpholinyl)-1H-benzimidazole-4-carboxamide (220mg, 0.52 mmol) in DMF-DMA (15 ml)
was stirred at 130 ° C for 2 h. When TLC showed no starting material remaining, the mixture

20  was cooled to rt and the solvent was removed under reduced pressure to give the crude

product (JS211561-105A1, 220 mg, 89%), as a yellow solid. LC-MS: m/ec = 474 [M+1]"
e) 1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-yl)-1H-
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\' M C 20 A solution of NaNO2 (0.37g, 5.4 mmol) in water (0.5 m) was
added to a solution of 1-[(2, 3-

di chl or opwerzyi2)aaeisRy 1] - 2- net hyl- 6- (4- nor phol i ny1l) - 1H bemrgirniSd@a 052847 am ne
(prepared follow ng the same procedure as for Exanple 7, 2.0 g, 5 mmol) in
HBr (60 nmL) at 0-5 C and stirred for 15 mn. The m xture was added

dr opwi ¥ngiHidazell ution of NaBr (1.5 g, 15 mol) in HBr (60 m) at 60 C, and
then heated to 80 C for 30 min. The m xture was cooled 25 to rt and poured
into a Na2CO3 solution (200 ml). The m xture was extracted with DCM (100
WO 201 M dho8RononyE204 12 052 8&¢ addedxto 3)solufibe of 0+, heitthvrggtieingl ymaghet]s wer e
dried qver SO, filtered, concentrated, The residue was, purified by
silica ltéréﬁ1Fe'\%&ﬁ&ty(%}l@ﬁmetgﬂyfe@a]-%mm%hﬁ%(&cmpwh@ﬁ %‘)Tlﬁeb%l%’é‘aé@l?'i' g, 44%),
25, 3, Whlensotdoad M A0, Wioc PABR(I unBRGH2 81305 0 0 (1,
4H, "J=4.8 Hz), 3.70 (t, 4H, J=4.8 Hz), 5.53 (s, 2H), 6.31 (dd, 1H J=1.2,
7. 8 Hz)Thete@2ioqdpixtukt wadcdldd teizy and7pdifed whfo sjratdd NaHE;) solukiodq 1§ mL)1H,

J=7.8 , .60 (dd, 1H,, J=1 7.8 . LCMs. me = 455 [Mk1]. b
1-[(2, ol e aféﬁsﬁtﬁc)%wm Pﬁl@f%@wﬁ%&ba%{y@ﬁ% PI&RpD) axge BEfeAifidazol e-
4- car begk Mdsls, AferfMNandedicitki&l. The resulting residue was purified by silica gel

4-brono-1-[ (2, 3-di chl orophenyl ) net hyl] - 2- net hy1- 6- (‘4- nor phol i ny1) - 1Hbenzi m
dazol e dhtorgatographynelvicyl wiftdpeivh) MeOIb T Iy, | ©. gige mleyireddppduct UH meg, 0. 44

o) e e 8 TR a0 M MR G bpst ¢ e S e E 1 P00 ¢

under N2, f o175 204h; AR 15@sRoned 6 (8t A1,11=89 MRt enil g&, IHMRRA(NGH, t he
reaction m xture was quenched W th water and extracted with EtOAc (100 mL x
3). Thd=8rigdni ¢.5taydH)whs] whdbled=%l tHr)ot.0he, 1d).il8B0dy.el My SeMIS: m/e =

concent t[ggr. The resulting residue was purified by silica gel

chr omat ogr eluted 20 with EtOAc to give the product (400 ng, 45%, as a
white solid. 1H NWVR (300 MHz, DVSO-d6) 6 ppm 2.43 (s, 3H), 3.11 (t, 4H,

J=4.8 Hz), 3.72(t, 4H, J=4.8 Hz), 5.60 (s, 2H),
15 Example 22

HO.__O

N
\>—Me
N

YR

Cl

Preparation of 1-[(2.3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholiny])-1H-

benzimidazole-4-carboxylic acid

20
a) methyl 1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-
carboxylate
CO,Me
N
\>—Me
S RE
o/ KS \
Cl Cl
25

A mixture of 4-bromo-1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-

benzimidazole (prepared following the same procedure as for Example 21, 150 mg, 0.33
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6. 30 (dd 1H, J=1.2, 8.1 Hz), 7.25 (t, 1H, J=8.1 Hz) 7.35 (d, 1H, J=2.1
Hz), 7.42 (d, 1H, J=2.1 Hz), 7.60 (dd, 1H, J=1.2, 8.1 Hz); LCGMS nie = 401
[ M+l ] .W020)2/047538 PCT/US2011/052857

1-[ (2, 3-di chl orophenyl ) net hy1] - 2- net hy1- 6- (4- nor phol i nyl ) - 1H benzi m dazol e-
4- carboxam de WD 2012/ 047538PCT/ US2011/ 052857 A sol ution of KO—|§ 78 ny,
1. 4 mronpoDndrpd( 8 me1 6033 ynggds PAGRER): dFb P s 8-066 ngspllend Hicdtylamine (3

(2,3 54613 3@?@%5“5‘?1‘%3% R é%ﬁ A5 CRAR L, T e Hhtep iR 0,

The m xtasrseiredat 6 &t fod 4atunb&G cEO(g)atrhosp‘izi\&enTHd.ﬁasﬁtﬁwad;tm vakgbbdledg mat eri al
|l eft, the pH of the mxture was acidified to p a. 5 and extr cted with
Et 0AC (@ecwa%‘dsﬁ TR UBE Gaile wayper i %gywé%g QRABERRR), clyictedover
MyS@A, %feﬁﬂltét@%re%oﬂa@ [ es W LB the! RS GrolRS (P4 h%)sl%x a%x'zﬂde%@h@e'

chr omat ogr aphy uted with Et0OAc to give the prod 51%, as a

white S NMR qsl(aOMHul\ﬁ)cgg)e 2M8prrﬂ\$SGH§163)l@(t,p4HnJ2— 44 st) 3. 86-IIt 4H 11:1 4(& 4H
J=4.8 Hz ), Hg) Qfﬁ 1(# 31 (d, %
7.16 (gi2)st 0%@ 3 52% 2Hm 24y(dg1H, Jriz)78 Zj38. 7(7dd 11ﬁ[1J‘J 4 1y %?3 07”2!1

iH[ (% ]JB ?Zi%gr d (1 rret h8 W?&%@E}Hkﬁﬁlﬁa am lr\l/l:)é)l%g% Bwfjslhiene . 2- rret hyl

-6 (4 15 m)rphol i nyl) 1H benzi m dazol e- 4- carboxam de A sol ution of

b henyl ) nmet 4-

ol g 13- 1S Ror b B iR A e B T BRI 1 1 DVE- DV
(15 M)Cay%g( Bt héiged at 130 C for 2 h. When TLC showed no starting materi al
r emai ni ng, %,he m xture 20 was cooled to rt and the solvent was renoved
under reduced pressure to give the crude product (JS211561- 105A1, 220 ny,
89%) ,
112, R aralRe OB e doAT o TS Ry Mot 08 1 2, 4 v a2
ol - 3- ijeniahlndazW% Q20426 PATRIBPT, USEHA0SABBIOMET il o3zhel) iy trmEzine

nonohydr at e was added to a solution of
14(12, 3_r§qutﬂdow@; @L) S ﬁS}qu:d overnight at rt. Then the pH of the reaction mixture was

M LIl iR B9 eE i%kh R Mikage (RL WidedadfroTRhPARM % ivd iePenz! m da

product (47 mg, 74%, with about 10% monochloride as the impurity) as a white solid. 'H
NMR (300 MHz, DMSO-dg) 8 ppm 2.53 (s, 3H), 3.12 (t,4H, J=4.5 Hz), 3.73 (t,4H, ] = 4.5
Hz), 5.66 (s, 2H), 6.42 (d, 1H, J = 7.8 Hz), 7.26 (t, 1H, J = 7.8 Hz), 7.42 (s, 1H,), 7.48 (s,

20 1H), 7.62 (d, 1H, J = 7.8 Hz); LC-MS: m/e = 420 [M+1]"

Example 23
N=
HN_
N
\>—Me
NI
oS \\Q
cl Cl

25  Preparation of 1-[(2.3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-4-(1H-pyrazol-5-

v1)-1H-benzimidazole

A mixture of 4-bromo-1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-

benzimidazole (prepared following the same procedure as for Example 21, 250 mg, 0.55
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5car boxam de (220 nmg, 0.46 mml) in acetic acid (5 nL) and stirred at 130
C for 20 mn. The reaction m xture was cooled to rt and poured into

sat ur at edwdlabie@d7s8l uti on (15 nl). The m xture was extr &cras2eiobs®CM ( 30
m. x 3). The conbined organic | ayers were dried over MgpSO™4, filtered and
concentrated. The resulting residue was purified by silica g

|
chr omat®@ebpHy-rerazeké-laren pend (64mgH0 27 3gnol), RdsdlyiyE2tme eim@el)pr oduct

110 ; 0 i IH q. NVE , . 2.50
(s, argce50 5 me gty Aol bl PO AN h30Be i I HROBIRPT S 58 56
(d, 1H, did)%?&e U ain)L,) aild Rhtef 88 mLbl)wasrstizréd @t at SOAC fflf—‘Sh ﬁndd-z‘)l,niﬂo@ﬁ (s, 1H, . 7.61
é?épérggﬁrllé%hé\ee%hé resal'ct?osn r(n?itur]él_vgds c]o'gfecsi(gmc(l %ﬁenlcla%c’enlt_rgfeg.s"l"henge(saulﬁng fe?’sic{uwl]
1-1%12, 3. 4di.chi I =2 - s 1. benzi.pi ol e-4
: car%bm%x{/%: @%gg? g?g?ﬁ){ ng%%l%&%&t%g@lpﬂ?%lm’eﬁ With fetfRERR etbPVado AP enZi g faz
1-[ (2, 3hdtmbé pravipbten Y2 gt Fheldrudd preting 1vab p(dfiedbp Rudpt HPLY td thelpenz i m dazol e-
4- b | A m xt f 1 . ..

4- br orrdraduct b2 sk mo S nBis 5ol YR shenwesh s eorpooyidiin gt PRPOE. 1rbenzi i
dazol e thppeRAE BHx LR (lgih%rﬂgutbﬁl@r/ﬁﬁ[& tRQaedY 5/@; &3 NMR deorRbRr &htord@0 NU,
0.33 mml), dppf (18 nmg, 0.033 mol), Pd(Ac0)2 (14.8 ng, 0.066 mol ) and
tri et hyBadrvidz, (BISOEs) 6 pBER.4616L JHi)n3 AR Bhidnol, 4B03.7-B, 76ves 4HBgRSBEd Wi t h

CaLq) - e reactij m e tirred 0, Cf a CO Q)
at r@spt%ﬂe.gsg’ﬂ‘i ]TI—E ct legﬁizr)n ééﬂiselﬁﬁﬁ%@ﬁggm %h?ﬁt@aﬁgﬁ%%%g]ﬁ@ul ting
resi duenggg.w(g,flﬁgﬁ@m§;iﬂﬂe&a4@eﬂM¢ﬂromt ography eluted with 5petrol eum
ether : EtOAc = 1: 1 to give the desired product (65 ng, 45%, as a white
solid. 1H NWR (300 MHz, CDC13) 6 2.58 ppm (s, 3H), 3.16 (t, 4H, J = 4.8
Hz) , 3.]§X6a€gt Z?H’ J =4.8 Hz), 4.07 (s, 3H), 5.38 (s, 2H), 6.24 (d, 1H J =
Hz), "Bl d, 1H, J = 2.4 Hz), 7.03 (t, 1H J =7.8 Hz), 7.42 (d, 1H J
), 7.67 (d, 1H, J = 2.4 Hz); LCGCMS nle = 434 [M1]' 10Db)
3-di chl ocrphenyl ) met hy1] - 2- net hy1- 6- (4- nor phol i nyl ) - 1H benzi m dazol e-
boxylic acid, A m xture of nethyl
2, 3-di chl s ,ggmet hy1] - 2- met hy1l- 6- ( 4- nor phol i nyl ) - 1Hbenzi m dazol e- 4
.15 mmol) and LiCH (19 ng, 0.5 mml) in THF (5 15 nl)
sti rred overnight at rt. Then the pH of the reaction
m xture neutraliz'th IN aq. HC1. Then the m xture was stirred at rt
for Ih, filtered to w the product (47 ng, 74% w th about 10%
2t

o

8
7.
[

7.
1-
4-
1-

nonochl ori de as the ity) as a white solid. 1H NVR (300 MHz, DMSO d6) 6
ppms2. 53 (s, 3H), 3. , 4H, J = 4.5 Hz), 3.73 (t, 4H, J = 4.5 Hz), 5.66
(s, 2H), 6.42 (d, 1H, J = 7.8 Hz), 7.26 (t, 1H, J = 7.8 Hz), 7.42 (s, 1H),
7. 48 ( Pregfditdn of 2-Béthiyfl6-(Hrhorghating1)81 -HZ hapHtel M9 1mEph 1) 3 I B Airdvitiddole-4-

carbonitrile

20 A mixture of 4-bromo-2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-
benzimidazole (prepared following the same procedure as for Example 19, 300 mg, 0.69
mmol), PA(PPh3)4 (80 mg, 0.069 mmol) and Zn(CN), (162 mg, 1.38 mmol) in DMF (30 mL)
was stirred at 80° C under N, for 18h. After cooling to rt, the mixture was poured into water
and filtered. The filter cake was purified by silica gel chromatography eluted with petroleum

25  ether : EtOAc =1 : I to give the product (180 mg, 68%), as a white solid. '"H NMR (300
MHz, DMSO-ds): 6 2.44 (s, 3H), 3.07 (t, 4H, J=4.5 Hz), 3.68 (t, 4H, J=4.5 Hz), 6.04 (s, 2H),
6.32 (d, 1H, J=7.2 Hz), 7.31-7.40 (m, 3H), 7.60-7.71 (m, 2H), 7.86 (d, 1H, J=8.4 Hz), 8.01 (d,
1H, J=7.2 Hz), 8.22 (d, 1H, J=8.4 Hz); LC-MS: m/e = 383 [M+1]"

30
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25Pr epar ati on of

1- 112, 3-di chl or ophenyl ) net hy11- 2- net hy1- 6- (4- nor phol i nvl) - 4- (1H pyrazol - 5-
yl) - 1H bewoiznidazisBe A m xture of PCT/US2011/052857

4- br ono- 1-[ (2, 3-di chl orophenyl ) net hy1] - 2- met hy1- 6- (4- nor phol i ny1) - 1Hbenzi m
dazole (prepared follow ng the sane procedure as for Exanple 21, 250 ng,
0.55 apaple 2§47538PCT/ US2011/ 052857 mmmol ), 1H pyrazol - 5-yl boronic acid
(64 nmg, 0.57 mmol), Pd(dba)2 (32 ng, 0.055 mml), Cs2CA3 (358 ng, 1.1 mmol)
and P(t-Bu)3 (lQJMK % in hexane, 110 ng, 0.055 mmmol) in dioxane (16 nm.) and
water (8 L) Ghﬁ stirred at at 80C for 3h under a nitrogen atnosphere. The
reaction m e"'was cool ed and then concentrated. The resulting residue
5was purified Ry silica gel chromatography eluted with petrol eum et her
Et0Ac = 1: 1 #Ogt the crude product (122 ng). The crude product was
purified by HP M& the pure product (72 ng, 30%, as a white solid.
1H NMR ghowed I

or taut buag 5/3)1H NWR of the mmjor tautomer (300 MHz,
ppm 2. 46 ( M, ), 3.12-3.14 (m 4H), 3.73-3.76 (m 4H), 5.57
(s, 102H), 6.36 (d, = 7.8 Hz), 6.97 (s, 1H), 7.20-7.28 (m 2H), 7.37
(s, 1H), 7.53-7.61 (m\ 2p), 13.17 (s, 1H); LCMs me = 442 [MH] ' Exanple
24 CN 15 Preparati on™d

2- met hyl - 6- (4- nor phol i nyl) - 1- ( 1- napht hal enyl net hyl ) - 1H benzi m dazol e- 4-

car boniRrepdr&tion2dF 2Ameihxt-64¢-ndrpholinyl)-1-(1-naphthalenylmethyl)-4-(1H-1,2.4-triazol-3-

4- br onp- 2- met hy1- 6- (4- nor phol i nyl) - 1- (1- napht hal enyl net hyl ) - 1H
yD)-1H-benzimidazole

a) 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole-4-carboxamide

10

A solution of KOH (45 mg, 0.8 mmol) in water (10 mL) was added dropwise to solution of 2-
methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole-4-carbonitrile
(prepared using the same procedure as Example 24, 150 mg, 0.4 mmol) and 30% H,0; (3 ml)

15  in THF (15 mL) at rt. The mixture was heated to 35° C for 1h. When TLC showed no starting
material remaining, water (50 mL) was added, then it was filtered. The filter cake was
purified by silica gel chromatography eluted with petroleum ether : EtOAc =1 : 2 to give the
product (115 mg, 72%), as a white solid. "H NMR (300 MHz, DMSO-de): 8 ppm 2.47 (s,
3H), 3.05 (t, 4H, J=4.8 Hz ), 3.69 (t, 4H, J=4.8 Hz), 6.05 (s, 2H), 6.34 (d, 1H, J=7.2 Hz), 7.25

20 (d, 1H, J=2.4 Hz), 7.34 (t, 1H, J=7.8 Hz), 7.53 (d, 1H, J=2.4 Hz), 7.63-7.70 (m, 2H,), 7.77 (d,
1H, J=3.0 Hz), 7.86 (d, 1H, J=8.1 Hz), 8.01 (d, 1H, J=7.2 Hz), 8.24 (d, 1H, J=8.1 Hz), 9.24
(d, 1H, J=3.0 Hz); LC-MS: m/e = 401 [M+1]"

b) N-[(1E)-(dimethylamino)methylidene]-2-methyl-6-(4-morpholinyl)-1-(1-
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benzi m dazol e (prepared follow ng the sane procedure as for Exanple 19, 300
ng, 0.69 nmol), Pd(PPh3)4 (80 ng, 0.069 mmol) and Zn(CN)2 (162 ny, 1.38
nmol ) i n WhR0(2887388) was stirred at 80 C under N2 for 18hT/UARa1@05286DI 1 ng to
rt, the mxture was poured into water and filtered. The filter cake was
purlfled b silica gel chromatography eluted with petrol eum 25et her : Et0Ac
= 1: 1 naph@plgaylmeth Hdd@tlzmwot?gj,)-caé%a}mlég a white solid. 1H NMR (300
MHz, DMBO- d6): 6 2.44 (s, 3H), 3.07 (t, 4H, J=4.5 Hz), 3.68 (t, 4H J=4.5
Hz), 6. 04|(s 2H) 6.32 (d, 1H, J=7.2 Hz), 7.31-7.40 (m 3H), 7.60-7.71 (m
2H), 7.868N&aN4pO J=8.4 Hz), 8.01 (d, 1H J=7.2 Hz), 8.22 (d, 1H, J=8.4
Hz); LCMS: mel= 383 [MH] ' 30 WD 2012/ 047538PCT/ US2011/ 052857 Exanpl e
25 5Prepar at LoRy0fN

2-nmet hyl -6-(4

yl) 1|—|—?e’ﬁ7 ot a)

2-nethyb 4- nDrphc iy B\- 1- (1- napht hal enyl net hyl ) - 1H benzi m dazol e-4-carb

oxani de A solutio KOH (45 ng, 0.8 mml) in water (10 nL) was added

dropwi se to sol ution met hy1- 6- ( 4- nor pho

i nyl)-1-(1-naphthal e pt hyl )-1H- b enzi m dazo | e-4-carbonitrile (prepared

usi ng the sane proced as Exanple 24, 150 ng, 0.4 mmol) and 30% H202 (3

m) 15 in THF (15 nlL) at rt. The m xture was heated to 35 C for | h. Wen

TLC showed no starting material renmaining, water (50 nLL was added, then it
t

was fi IAwle‘don Crﬁ@rmblnftdebatwﬁef M@etl@dfﬁ -4 mdrnhpllsylbﬂdé -1ge h@hnﬂmfo@) ap hy

700 o OB PO g To 0t B m BohCn B M A0S g g™
(t, 4Hatdze @ féiz2 h. 1W3615"9L(?tsh0\4ﬁi nd stértihgtidterifl r&Baibfng, lel)rmxﬁlr@évaﬁ €boldd,

J=7.2 Hz), 7.25
to’rt and the solvent was removed under reduced pressure to give the crude product (130 mg,

76%), as a yellow solid. "H NMR (300 MHz, DMSO-de): 8 ppm 2.39 (s, 3H), 3.02 (t, 4H,
J=4.5Hz), 3.13 (s, 3H), 3.20 (s, 3H), 3.69 (t, 4H, J=4.5 Hz), 5.99 (s, 2H), 6.30 (d, 1H, J=7.8

10 Hz),7.12 (d, 1H, J=2.4 Hz), 7.33 (t, 1H, J=7.8 Hz), 7.54 (d, 1H, J=2.4 Hz), 7.60-7.71 (m,
2H), 7.85 (d, 1H, J=7.8 Hz), 8.01 (d, 1H, J=7.8 Hz), 8.25 (d, 1H, J=7.8 Hz), 8.54 (s, 1H); LC-
MS: m/e = 456 [M+1]"

¢) 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-4-(1H-1,2,4-triazol-3-yl)-1H-

15  benzimidazole

Hydrazine hydrate (3 mL) was added to a solution of N-[(1E)-(dimethylamino)methylidene]-
2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole-4-carboxamide
(130 mg, 0.29 mmol) in acetic acid (10 mL) and stirred at 130° C for 30 min. The reaction
20  mixture was cooled to rt and poured into saturated Na,COs solution (20 mL). A filtration was
performed, and the filter cake was purified by silica gel chromatography eluted with EtOAc
to give the product (88 mg, 72%), as a white solid. '"H NMR (300 MHz, DMSO-ds): 8 ppm
2.50 (s, 3H), 3.09 (s, 4H), 3.71 (s, 4H), 6.06 (s, 2H), 6.37 (d, 1H, J=7.8 Hz), 7.20 (s, 1H),
7.34 (t, 1H, J=7.8 Hz), 7.54 (s, 1H), 7.61-7.72 (m, 2H,), 7.86 (d, 1H, J=8.4 Hz), 8.02 (d, 1H,
25 J=7.8 Hz),8.09 (s, 1H), 8.25 (d, 1H, J=8.4 Hz), 13.85 (s, 1H); LC-MS: m/e = 425 [M+1]"
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20(d, 1H, J=2.4 Hz), 7.34 (t, 1H, J=7.8 Hz), 7.53 (d, 1H, J=2.4 Hz),
7.63-7.70 (m 2H), 7.77 (d, 1H, J=3.0 Hz), 7.86 (d, 1H, J=8.1 Hz), 8.01
(d, 1H, Jw0.221248y5388.24 (d, 1H, J=8.1 Hz), 9.24 (d, 1H, PCERISR01HOF285L.C- ME:
me = 401 [M+l] ' D)

N-[ (1E) - (di met hyl am no) net hyl i dene] - 2- met hy1- 6- (4-nor phol i nyl1)-1-(1- WO
2012/ 04rsemHe?p US2011/ 052857

napht hal enyl et hyl ) - 1H benzi m dazol e-4-carboxanmide | ,,.NNO N M A

sol ution of nbned bat ches of

2- met hyl - 6-(4- rphol i nyl)-1-(1-napht hal enyl net hyl ) -

1H benzi m dazolle- car boxam de (150 ng, 0.38 mmol) in DMF-DVA (10 nl) was
stirred at 1 f>_ h. When TLC showed no starting material remaining,

t he m xt uke ﬁ' o rt and the solvent was renoved under reduced
pressur(u’;\d“g e product (130 ng, 76%, as a yellow solid. 1H NWR

ive t
(300 M2, ,dvsgdG):
3H), 3.20 (s, 3H),

2.39 (s, 3H), 3.02 (t, 4H, J=4.5 Hz ), 3.13 (s,
t, 4H J=4.5 Hz), 5.99 (s, 2H), 6.30 (d, 1H, J=7.8
10Hz), 7.12 (d, 1H, Hz), 7.33 (t, 1H, J=7.8 Hz), 7.54 (d, 1H, J=2.4
Hz), 7.60-7.71 (m 2 .85 (d, 1H, J=7.8 Hz), 8.01 (d, 1H, J=7.8 Hz),
8.25 (d, 1H, J78Hz) 854(5, 1H); LCGMS: nle = 456 [MW1]1 c)

2- 4 1 t,hal.e nmet.hyl.) - 4- ,4-triazol -3-y
1) - = g phol RS | Shph il by “sol uti on of
N- R1E) Kedklﬁﬁa&mleammbﬁmﬂayl i dene]
2- met hyl- 6- (4- nor phol 1 nyl) - 1- ( 1- napht hal enyl net hyl ) - 1H benzi m dazol e-4-carb
oxani de (130 ng, 0.29 nmol) in acetic acid (10 nL) and stirred at 130 C for
30 rrin. s cooled to rt and poured into saturated
NaZCCB lﬁgﬁc{}g@%réﬁlt%ﬁ% tr\:@l on was perforned, and the filter cake
was purlfled by silica gel chromatography eluted with Et0Ac to give the
product (88 O% %9, as a white solid. 1H NMR (300 MHz, DVMSO d6): 6 ppm

9

2.50 (s, 3H), , 4H), 3.71 (s, 4H), 6.06 (s, 2H), 6.37 (d, 1H J=7.8
Hz), 7.20 (s XW7'V34 (t, 1H, J=7.8 Hz), 7.54 (s, 1H), 7.61-7.72 (m
2H,), 7.86 , J=8.4 Hz), 8.02 (d, 1H, 25J=7.8 Hz), 8.09 (s, 1H), 8.25
(d,” 1H, J=g!

13.85 (s, 1H); LC-MS: me = 425 [ Mr11]"
NH,

Cl
10

Under nitrogen, to a solution of t-BuOK (156.8 g) and Cu(OAc); (3.6 g) in DMF (1.2 L) was
added a solution of 5-chloro-2-nitrobenzoic acid (40.0 g) and MeONH,'HCl (33.2 g) in DMF
(300 mL) at 0° C. After 3h the reaction was quenched by addition of H,O (2.5 L) and

15  acidified with 10% HCI solution to pH= 1.The mixture was extracted with EA (2 L x 2) and
the combined organic layers were then washed with brine, dried over anhydrous Na;SOy,
filtered and concentrated in-vacuo to afford the crude product as a yellow solid (43.2g, yield
100%). 'H NMR (300 MHz, CDCl3): 8 ppm 6.88 (s, 1H, J= 2.4Hz), 6.91 (d, 1H, J=2.4Hz),
8.08 (br s, 2H); LC-MS: m/e =217 [M+1]".

20

b) methyl 3-amino-5-chloro-2-nitrobenzoate

CO,Me
NO,

Cl NH

2
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WO 2012/ 047538PCT/ US2011/ 052857 Exanple 26 MeO O 5Preparation of nethyl
2- met hyl- 6- (4- nor phol i nyl) - 1- ( 1- napht hal enyl net hyl ) - 1H

benzi m dawol2et4e8boxyl ate a) 3-am no-5-chl oro-2-nitrebEnseda/osssd Cl 10
Under nitrogen, to a solution of t-BuOK (156.8 g) and Cu(OAc)2 (3.6 g) in

DMF (1.2 L) was_added a solution of 5-chloro-2-nitrobenzoic acid (40.0 g)
and MeGNREBEIC ¢f3aming)S-phiopnenitatensaiy agd (4.22) M HATSH2t{HE-Yeact i on was

h | ut
T R e S N e e
or gani cohayatiallyevalabhe (76xg)sh edeOH (&1 i) LN d83 o) @u@iTH&T(BgOi fdysvada2SO4,
filtered and concentrated .in- vacuo to fford t he crude p 5@53 as a yellow
sol i d (¥5c9gt rogpuicpertys forph. Nin (Hdos nepste yg mat e&a VEWa =
ﬁ) 4kiz) 1rel§109éd ﬁldvacﬁtlﬂan(ﬂfhe %eﬁdﬂé)wasath%gdlﬁgéd §11th %Ac '(@LWt will fielt wadtfed MH ] 20

met hyl 3-am no-5-chl oro-2-nitrobenzoate
with brine (1 Lx3) and dried over anhydrous Na;SO,, ﬁltered and concentrated in-vacuo. The

residue was then purified by silica gel chromatography eluted with EtOAc : petroleum ether =

1 : 8 to afford the desired product as a yellow solid (29.5 g, yield 64%). '"H NMR (300 MHz,

CDCl3): 6 ppm 3.90 (s, 3H, s), 5.85 (br s, 2H), 6.80 (d, 1H,J=2.4 Hz), 6.90 (d, 1H,J =24
10  Hz); LC-MS: m/e =231 [M+1]".

¢) methyl 3-amino-5-(4-morpholinyl)-2-nitrobenzoate

CO,Me
NO,

O NH,

A mixture of combined batches of methyl 3-amino-5-chloro-2-nitrobenzoate (39 g),

morpholine (29.5 g) and K,COs (47 g) was stirred in DMF (200ml) at 110 ° C for 5 h. The

15

mixture was cooled to room temperature and poured into water (1 L). It was extracted with
EtOAc (500 mL x 3). The combined organic layers were washed with brine, dried over

20  anhydrous Na;SOy, filtered and concentrated in-vacuo to afford the desired product as a
yellow solid (22 g, yield 46%). 'H NMR (300 MHz, CDCls): 8 ppm 3.31 (t, 4H, J= 4.8 Hz),
3.82 (t, 4H, J= 4.8 Hz), 3.89 (s, 3H), 6.03 (d, 1H, J=2.4 Hz), 6.34 (d, 1H, J=2.4 Hz); LC-
MS: m/e =282 [M+1]" .

25  d) methyl 2-methyl-5-(4-morpholinyl)-1H-benzimidazole-7-carboxylate
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ClNH2 WO 2012/ 047538PCT/ US2011/ 052857 A m xture of

3-am no-5-chl oro-2-nitrobenzoic acid (43.2 g) and HATU (2-(1H 7-

AzabenzotwOaaolo415381) - - 1, 1, 3, 3-t et ramet hyl uroni um hexafPCuarse@phosyshiat e

Met hanam nium comercially available) (76 g) in MeOH (81 i), Et3N (83 nL)

and THF (300 nL) was stirred at roomtenperature for 3h. \Wen TLC showed no

starting material C@QpMeol vent was 5 renoved in-vacuo and the residue was

then diluted with EtOAc (2 L). It was then washed with brine (1 Lx3) and

dried over anhyg $SO4, filtered and concentrated in-vacuo. The

resi due was the i ep—vlesi | i ca gel chromat ography eluted with EtOAc :
>N

petrol eu o afford the desired product as a yellow solid
(29.5 gg;&; . 1y NVR (300 MHz, CDCL3): 6 ppm 3.90 (s, 3H, s), 5.85
(br s, \r%som 1M, J = 2.4 H), 6.90 (d, 1H J = 2.4 10 Hz); LC MBS
me = 1 T ' . c¢) methyl 3-am no-5-(4-norpholinyl)-2-nitrobenzoate 15
A m xture of conbi ned batches of nethyl 3-am no-5-chloro-2-nitrobenzoate
(39 g) a8 . ml) at
110 C Cgl?tl(fuéd 5}%&@ fﬂ@eﬁo\;\aggé‘ %(]:11 (1% 2?%% ezggtgr(%fg)r%ﬁra%@ r(%ﬁ‘?}gd into
wat er (il H.()Ac (400wak) exd adalet ﬁdn\pbbvﬁeﬁh@;éﬁtic(rﬁ(@m g).A)fteB)he atideionptho |n1ngﬁi1r@r gani c

| ayers were vvashegé‘vmth r| ne, | d over 20 anhy dro QaZSOﬁl filtered and
concent'aesbigred At irhun for ph-df wa aooc l0d8emy @BP?IF‘%‘H%?E% € SQVRHMASRFREYSdd (22

] I1 -va S u €0 S 1 J as C
g, 1 elifAGH TLEL MR L A0R Migre CRELR e 8 10BTNG 368 (| 10 I i) 3,82

2.4 |—|z)vy1ttLEt(N&: (i@DenL x38x hp beh]ained oPguad)c llagd:rh yere then concentrated 1 1n-vacuo and

2015/ 047 BT ORRT A bboa gh Gy R ARRROR DA 1 3010
3- anmi nogfnd ﬂleraaglpapﬁrbw&)as s8id (1%@@%@@1&@7@?%@%@ |J00NIA 3 DTES L gtfrhn HOA

(400 L) was added iron powder in portions (13 g) fter the addition the
mx110ure267(s 3H), 3.17 (t, 4H, J= 4.8 Hz), 3.90 (t, 4H, J=4.8 Hz), 3.98 (s, 3H), 7.44 (d, 1H, J=1.8

Hz), 7.54 (d, 1H, J= 1.8 Hz); LC-MS: m/e = 276 [M+1]" .

¢) methyl 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole-4-
carboxylate

15
A mixture of methyl 2-methyl-5-(4-morpholinyl)-1H-benzimidazole-7-carboxylate (4.125 g),
1-(bromomethyl)naphthalene (5 g) and K,COs (6.2 g) was stirred at 80° C for 3 h. When TLC
showed no starting material remaining, the mixture was cooled to room temperature and then
poured into water (500 mL). It was extracted with EtOAc (500 mL x 3) and the combined

20  organic layers were washed with brine (500 mL x 3) and then concentrated in-vacuo. The
residue was purified by silica gel chromatography eluted with MeOH : DCM= 1 : 100 to
afford the desired product as a yellow solid (4.6 g, 74%). "H NMR (300 MHz, DMSO-de): 8
ppm 2.42 (s, 3H), 3.04 (t, 4H, J=4.8 Hz), 3.68 (t, 4H, J=4.8 Hz), 3.90 (s, 3H,), 6.02 (s, 1H),
6.28 (d, 1H, J="7.5 Hz), 7.29 (d, 1H, J=2.4 Hz), 7.32 (d, 1H, J= 7.5 Hz), 7.39 (d, 1H, J=2.4),

25  7.60-7.71 (m, 2H), 7.84 (d, 1H, J= 8.4 Hz), 8.01 (d, 1H, J="7.5 Hz), 8.24 (d, 1H, J= 7.5 Hz);
LC-MS: m/e =416 [M+1]" .

Example 27
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5 was stirred at reflux for 5 h. It was cooled to roomtenperature and the
sol vent was renoved in-vacuo. The residue was neutralized wth aqueous
Na2CO3 sowotzno4(BSL) . It was extracted with Et 0Ac (500 Pei/us3)11/071887

conbi ned organic |layers were then concentrated in-vacuo and the residue was
purified by silica gel chromatography eluted with MeOH: DCM = 1: 30 to
afford the d&s I8"c'lzproduct as a solid (16.6 g, yield 77%. 1H NVR (300 IHz,
CDC13): 6 ppm 102. 67 (s, 3H) 3.17 (t, 4H, J= 4.8 Hz), 3.90 (t, 4H, J= 4.8

Hz), 3.98 (s, \>_'94 1H, J=1.8 Hz), 7.54 (d, 1H J= 1.8 Hz); LC ME:
me = 27 . met hyI
2- et hy 4-nor phol i Aayl) - 1- (1- napht hal enyl net hyl ) - 1H benzi m dazol e- 4-

car boxy(DQ/e| 15 Am of met hyl

2- met hyl - 5- (4- nor phol ~ayl) - 1H benzi m dazol e- 7- car boxyl ate (4.125 g),

1- (brononet hyl ) naph€hal ene (5 g) and K2C33 (6.2 g) was stirred at 80C for 3
h. When TLC showed no starting material remaining, the mxture was cool ed
to roomtenperature and then poured into water (500 nL). It was extracted
Wi th EtEAe bbb -K23) digiidrdpiend SHGhNEY-R&h QLI RN inforpIRNBYH. (RN € washed wi th
brine (bUU nC X d) and then concentrated I n-vacuo. Ine residue was purified
by si | ibeazige p garaidhy el uted with MeOH : DCME 1: 100 to afford the

e R
(s, 3H ﬂl@ IQ?IX $H- b%h&lrm@dzgﬁt A Darbditrild usﬁg@hd‘?a é)?o@e%ufeddeséiﬂ)edirr : HZ),
7.32 (d, Hz), 7.39 (d, 1H J= " 257.60-7. 71 (m 2H) . 7.84
(d, 1H, E@mp@a 2, ISIEB))C ﬁ{MwRdﬁo(zLMthBm@dxaz@pprszzu (6.BH)LBY 1 JE4H, 548 Hz

LoV it ey = 436, LNEH, s c0 EXATPS 37, 11040114 TRIBFCHHISPOH P25

Prepara?t

1- 112, 3-gi10hh)07 Sphe Ireshiyd 17 31 [@timy 3= 65 () MeeRl Ny 1 Hbanzivg dazol e- 4

“carboxami de ~ 5The titled conpound was prepar ed from

1- [102, SD/GWC‘H%EMJpHenyI)rret hy1] - 2- met hy1- 6- ( 4-

nmor phol i nyl) 1H— benzi m dazol e-4-carbonitril e using the sanme procedure

descrl b@ |y nple 21, step c. 1H NVR (300 Mz, DMSO-d6) 6 ppm 2.44 (s,
I?e H J=4.8 Hz ), 3.71 (t, 4H J=4.8 Hz), 5.60 (s, 2H), 6.31

(d '1H, J=8.1 Hz%jyl? 16(b s, 2H), 7.25 (t, 1H J=8.1 Hz), 7.35 (d, 1H,
7

J=1.8 Hz), € 1H, 1.8 Hz), 7.60 (d, 1H, J=8.1 Hz); LCGMs: 10 me =
419 [ M+1]" N
\>—Me
N N
o ﬂ
F Me

15

Preparation of methyl 1-[(2-fluoro-3-methylphenylimethyl]-2-methyl-6-(4-morpholinyl)-1H-

benzimidazole-4-carboxvlate

A mixture of methyl 2-methyl-5-(4-morpholinyl)-1H-benzimidazole-7-carboxylate prepared
as described in Example 26, step d (500 mg, 1.82 mmol), K,CO; (502 mg, 3.64 mmol) and 1-
20  (bromomethyl)-2-fluoro-3-methylbenzene (389 mg, 1.91 mmol) in DMF (25 mL) was stirred
at 80°C for 18h. The reaction mixture was cooled, poured into water (100mL) and extracted
with EtOAc (50 mL x 3). The combined organic layers were dried over Na,SO4 and
concentrated. The resulting residue was purified by silica gel chromatography eluted with
EtOAc : MeOH = 100 : 1 to give the desired product (350 mg, 48%) as a red solid. "H NMR
25 (300 MHz, DMSO-de): & ppm 2.24 (d, 3H, J = 1.8 Hz), 2.47 (s, 3H), 3.09 (t, 4H, J=4.8 Hz),
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Exanpl e 28 15 Preparation of nethyl

142-f 1 uor o- 3- net hyl phenyl ) net hyl ] - 2- net hy1- 6- (4- nor phol i nyl) - 1Hbenzi m dazol
e- 4- car bowgl2at2#47538m xt ure of net hyl PCT/US2011/052857

2- met hyl - 5- (4- nor phol [ nyl) 1H— benzi m dazol e- 7- car boxyl ate pr epar ed as
descri bed in Exanp é 500 g]g 1.82 % (( 3.64
mol ) ahtd - 4305 6&%%%@6%%3 )25 | (0P eﬁ%(th%lb’e-n erdz)(BYu(tngl. I M mol )

in DVF (25, s f t;i ccool ed,
pour ed }lﬁéto%tf ?ogn@d a%%ﬁg%)tzaﬁt(%igf SJS'{I?TFZE Ig(;% he

conbi nedSQﬁ@aﬂi]é Iayers wer e dr| ed over Na2SO»4 and concentrat ed. The
resulting residue was purified by silica gel chromatography eluted with

Et 0OAc : MeOH = 100: 1 to give the desired product (350 ngy, 48% as a red
sol Pd. 1H NVR 25(300 MHz, DMBO-d6): 6 ppm2.24 (d, 3H J = 1.8 Hz), 2.47
(s, 3H)Exam@e20t, 4H, J=4.8 Hz), WD 2012/047538PCT/US2011/052857 3.75 (t,
4H, J=4.8 Hz), 3.86 (s, 3H), 551 (s, 2H), 6.62 (t, 1H J = 7.5 Hz),7.00
(t, 1H J =& B8y, 7.22 (t, 1H J =7.5 Hz), 7.32 (d, 1H, J = 2.4 Hz),
7.36 (d, 1H, J|= 2.4 Hz); LGCMS: me = 398 [Mr1l] ' 5 Exanple 29

10Pr epar ati onok N

1-112-fl uoro- @ hWnyl ) met hy11- 2- net hy1- 6- (4- nor phol i nvl)-1H

benzi m gaz -~MzcaNoboxylic acid A m xture of nethyl 1- [(2-fluoro-3

- et hyl \{n}yl ) met hy¥ et hy1- 6- (4- nmor phol i nyl ) - 1Hbenzi m dazol e- 4- car boxyl
ate, prepdred as descriibgd in Exanple 28 (240 ng, 0.6 mol) and 2 N Li CH
(1.8m, 3.6 mml) ingTHR (20 nl), was stirred at 45 C for 16 h. The

sol ution 15 was fllteredMethe filter cake was then dissolved in water (20
m.) and added into formc acid to adjust the pH of the solution to 3 - 4.
Then a filtration was perforned to provide the product (160 ng, 70%, as a
whitoe g8kpdlatichtdNMR (ROR- M}zeth@Mﬁ%ﬂﬁbethv@ mmﬂ%zl%%clqomﬁblmh Fgl. 8 Hz),
2.50 (s, 3@, 3.12(t, 4H J=4.38 , 3.75 (t, 4H, J=4.8 Hz), 5.57 (s, 2H),
6 74 (rbenzlmldazoke fv-carbpmhcamd)B (t, 1H J=17.5 Hz) , 7 24 (t, 1H J =17. 5

ﬁ 1)({tufe OlfH rheﬂ]lyl 1- F(2Zhuor B-metﬁ%pﬁeﬂyl)meﬁll_}lil] Q metl%yl%-az-gnbrplhch%ﬁ) lﬁ e =384
benzimidazole-4-carboxylate, prepared as described in Example 28 (240 mg, 0.6 mmol) and

2 N LiOH (1.8mL, 3.6 mmol) in THF (20 mL), was stirred at 45° C for 16 h. The solution

[M+|]

15  was filtered; the filter cake was then dissolved in water (20 mL) and added into formic acid to
adjust the pH of the solution to 3 - 4. Then a filtration was performed to provide the product
(160 mg, 70%), as a white solid. "H NMR (300 MJz, DMSO-ds): 8 ppm 2.24 (d, 3H, J=1.8
Hz), 2.50 (s, 3H), 3.12 (t, 4H, J=4.8 Hz), 3.75 (t, 4H, J=4.8 Hz), 5.57 (s, 2H), 6.74 (t, 1H, J =
7.5Hz),7.03 (t, IH,J=7.5Hz), 7.24 (t, 1H, J = 7.5 Hz), 7.40 (d, 1H, J = 2.4 Hz), 7.42 (d,

20 1H,J=2.4Hz); LC-MS: m/c =384 [M+1]"

Example 30
O+ _OMe
N
\>—Me
NN
o \\Q
Me
25 CF,
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Exanpl e 30 25 Preparation of methyl 2-nethyl-

{1-2-nmethyl -3-(trifluoronethyl)phenyll| nethyl {-6-(4-

nor phol i r‘l&y(l))zoﬂzb‘(b«lmsazi m dazol e- 4- carboxyl ate A sol uti onPoff/usetihyps28s7
2- met hyl - 5- (4- nor phol i nyl) - 1H benzi m dazol e- 7- car boxyl ate prepared as

described in Example 26, step d SOOnB 1.8 mol)
1- ( br orRsgRarsionafanethylRymethyl- {2tk Nmeherlirg-(41. 9 ol )

and K2 LSS Y R S IR e 4 R VG 16R0 ML) was st rred at 80 C for 3 h.
The re i i and poured into water (50 ni),

ext r actedolwtidbhoEnOhe! Z«ﬁ&t}rﬁl-SX(%orpﬁbEn}dpmHLHmdlnﬁd@@ﬂH T-chidpeylateyrersvas hed
with brine, dried over Na2SO4 and concentr The re ulting residue was
pur|f|@ddBVrg’Fﬂi”bEX?ﬁ%ﬂ’le@ﬁf%%@ 3%9/-8@@9 xzbrpﬁlomﬁh »wEetid-350 - 1 to
give t 1 Vel 2 , i NVR
(300 e SRl flgeHEtn R g 1?!@3%%%%?3&?’5%%?’@ O e
Hz) 3.11R) (v‘as stiftdd a) 84° @ fd) hh. The88action nﬁki)Jre wababoles], toZt—an,d Iﬁuuieﬁ 1fth, watbt J 7.5

5 , Al 27 Hz
7 60 ( C{%& ) ﬁjélj'd ‘e‘g‘(]i h E@q\fég rﬁ%‘u (33 o[nilml d org?iré E}Yﬁ’f‘?ﬁ’}’% g/flhed w1th )
20Pr epafr el &lﬁbdcﬁvegNﬁ%@Na{n'djebnée{n?raféﬁt W@-re@ulﬁﬁé késidﬁ@ F?hﬂﬁka psimya hoet hyl }

-6- (4-norpholinyl)- 1H benzi m dazol e-4-carboxylic ac An agueous sol ution
of 2 N qbrmtearalzhmﬂ)lted/a’gﬂala@é@ MeO&l séputl|t@@lmfthwvﬁvpr@uﬂtdﬂmmglyleld

ST A o § s SR TROME ABOSME RSO Anae 239 67308 28 £ s cr i bed

in Exa@d)sﬂ% Sh(JLaQ%HB) 3924, IZ(PP!I—JM@IZTW:SQ(%%H})S ?ﬂ‘(@ z&@ﬁ%lzﬁr(@dlmu =5G C for 1

h. When TL owed no starting material remaining, the mxture was cool ed
to rt did, THE(WaH. Fhblled 7iYder Heb?cttzh7edddr H, Jﬁ%lél 3%} 660 (dhdHalxt.2r e was

acidifi 3. nsion was filtered and the filtrate was

col | ect@% }“gn@g'vﬂ'éeh ggmi? ter (10nmL) to give the product as a white
solid (152 ng, yield 88%. 1H NWR (300 MHz, DVMBSO-d6): 6 ppm 2.46 (s, 3H),
2.94 (s, 3H), 3.10 (t, 4H, J=4.8 Hz), 3.73 (t, 4H J=4.8 Hz), 305.63 (s,

2H) | 6.§;an?@e3}H, J=7.8 Hz), 7.26 (t, 1H, J=7.8 Hz), 7.35 (d, 1H J=2.4
Hz), 7.44 (d,

Os_OH

N
\>—Me
N

YR

CF,

20  Preparation of 2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenyl]methyl}-6-(4-morpholinyl)-

1H-benzimidazole-4-carboxylic acid

An aqueous solution of 2 N LiOH (1.2 mL) was added to a solution of methyl 2-methyl-1-
{[2-methyl-3-(trifluoromethyl)phenyl]methyl}-6-(4-morpholinyl)-1H-benzimidazole-4-
carboxylate, prepared as described in Example 30 (180 mg, 0.4 mmol) in THF (10 mL) and
25  stirred at 50° C for 1 h. When TLC showed no starting material remaining, the mixture was
cooled to rt and THF was removed under reduced pressure. The pH of the mixture was
acidified to pH 3. The suspension was filtered and the filtrate was collected, and washed with
water (10mL) to give the product as a white solid (152 mg, yield 88%). '"H NMR (300 MHz,
DMSO-dg): & ppm 2.46 (s, 3H), 2.54 (s, 3H), 3.10 (t, 4H, J=4.8 Hz), 3.73 (t, 4H, J=4.8 Hz),
30  5.63(s,2H), 6.37 (d, 1H, J=7.8 Hz), 7.26 (t, 1H, J=7.8 Hz), 7.35 (d, 1H, J=2.4 Hz), 7.44 (d,
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WO 2012/ 047538PCT/ US2011/ 052857 1H, J=2.4 Hz), 7.62 (d, 1H, J=7.8 Hz);
LCMS: me =434 [MH] ' . Exanple 32 5 Preparation of

1-[ (2, 3- awohhvapisenyl ) met hy1] - 2- net hy1- 6- ( 4- nor phol i nylPCTAlSb@ns185tazol e- 4
-carbonitrile 10 The titled conpound was prepared from

4- br ono- 1- [é -dichloro henélﬁrreth lé 2-meth

6- (4- motpHo Aﬂi@ﬂ@ﬁ(%é 701 eCUdP g/ ahdd B\ﬂfﬁl]procedure as described in
Exanpl e 21, step b. 1H NWR (300 MHz, DVMBO-d6) 6 ppm 2.43 (s, 3H), 3.11 (t,
4H, J=4.8 Hz) 3.72 (t, 4H, J=4.8 Hz), 5.60 (s, 2H), 6.30 (dd, 1H, J=1.2,
8 1 Hz) é Gt. 1H J=8.1 Hz), 7.35 (d, 1H J=2.1 Hz), 7.42 (d, 1H J=2.1
7. 0mRI8321H 51,2, 8.1 Hz); LCMS: nfe = 401 [MHl] ' . 15 20

Preéar ation of
2- met hyl - 6- (4-
car boxam de Tg

Nphol i nv1) - 1- (1- napht hal enyl et hyl ) - 1H benzi ni dazol e- 4-

Q SRj ution of

2- met hyl - 6- (4 pho ) - 1- (1- napht hal enyl net hyl ) - 1H benzi m dazol e- 4-

car boxyl j gare as described in Exanple 20 (100 ng) in DCM (20

m.) was|add d a 25 op o, DVMF. The solution was then cooled to 0 C and

t hen Ox@ chl ori de :@ was then added. The m xture was stirred at

roomtenperature for 30xmM. The solvent was WO

2012/ 047538PCT/ US2011#052857 renoved i n-vacuo to afford a white solid that

used directly in the next @'tep To the solid dissolved in dry DCM (20 L)

was bubbled in NH3 at O Cfor 5 mn. The m xture was then concentrated

in-vacuo to afford the desired product as a white solid (79 ng, 79%. 1H

(N{VR g aqi}e&ﬂaon%mg@)dlctﬁoﬂ@emr&lmetﬁﬁ -2 3hdhylH-QPmbtphofthib)1H-4- SHz) , 3. 69
benznmdazole) 4-carbonitrile

W,

10 The titled compound was prepared from 4-bromo-1-[(2,3-dichlorophenyl)methyl]-2-methyl-
6-(4-morpholinyl)-1H-benzimidazole using the same procedure as described in Example 21,
step b. "H NMR (300 MHz, DMSO-ds) 5 ppm 2.43 (s, 3H), 3.11 (t, 4H, J=4.8 Hz), 3.72 (t,
4H, J=4.8 Hz), 5.60 (s, 2H), 6.30 (dd, 1H, J=1.2, 8.1 Hz), 7.25 (t, 1H, J=8.1 Hz), 7.35 (d, 1H,
J=2.1 Hz), 7.42 (d, 1H, J=2.1 Hz), 7.60 (dd, 1H, J=1.2, 8.1 Hz); LC-MS: m/e = 401 [M+1]" .

15
Example 33
O NH,
N
\>—Me
NI
o )
20

Preparation of 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethy])-1H-benzimidazole-4-

carboxamide

To a solution of 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole-4-

carboxylic acid, prepared as described in Example 20 (100 mg) in DCM (20 mL) was added a
25  drop of DMF. The solution was then cooled to 0° C and then Oxalyl chloride (64 mg) was

then added. The mixture was stirred at room temperature for 30 min. The solvent was
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56.05 (s, 2H), 6.35 (d, 1H, J = 7.5 Hz), 7.23 (s, 1H), 7.34 (t, 1H J = 7.5
Hz), 7.53 (s, 1H), 7.60-7.74 (m 3H), 7.86 (d, 1H, J = 7.5 Hz), 8.01 (d,
1H, J = 9WO0 2biyo478824 (d, 1H, J = 9.0 Hz), 9.22 (s, 1H) pCI@skB1/082887 = 401
[M-1] 1. 10 Exanple 34 Preparation of nmethyl 2-nethyl-6-(4-nmorpho

i nyl)-1-(8-quino |inylnet hylé 1H15benzi m dazol e- 4-car boxil ate A m xture

of met Hymoyedyatagpa g gf] fpr@h@rvm |Si0h9 thyat wsedghirestlyingthe ope-stepe dp Hesaplidt e,

ﬁ;epgr ss%?veﬁ?t? 8{}{}9@9& ('(Z@ b|%§5 c(]i ullﬁn Iaﬂ 86 ?%g 4579111n ]?@egrﬁ}&?ﬂ% Xasas lﬁ?eggﬁ/lz( (5(3%

m_i wascoatdntiatd 1ﬂ.—tva&ﬁ) to affford ﬂ;lahiesﬁ{daiq)rb@amhs ﬁJIWh[tb mlut 69\/17&@ 7909 BdNMRUr ed

into water and extracted with EtOAc I% The conbi ned
V(&#% D/MS ds

or gani d30@ %Pl%@’%? W42 SR, A8 (Tcéﬁeérnff éHﬁZb& 69[%64 Wi Ag resi due
d gel 0 = 100 :
\ﬁafospglrévéaéfé 2ﬁ¥r bro ucg%%%@tzg% 33@17 §% ha Iy\u7hj1|::IE a&ar(ls’:‘\ﬁ@d by
Pr ep- HPLED- va4gmyer WeSGO(rdodepI (7]58Hz),‘r§ OlZ(é%HaIS= aomlag 504 (d. 1}11,51%}(2&00
MHz, DNEO 6 m'2.52%‘$ 3.03 (t, 4H, J=4.8 Hz), 3.70 (t, 4H,
J=4.8 H32 (s3] Iéia[((se )/ .(HEMH] 2H), 6.87 (d, 1H, J = 7.5 25 Hz), 7.31
(d, 1H, J = 2.1 Hz), 7.36 (d, 1H, J = 2.1 Hz), 7.48 (t, 1H J=7.5 Hz), 7.66
(dd IH J=4.2, 8.4 Hz), 7.93 (d, 1H J = 7.5 Hp), 8 44 (dd, 1H J=1.8, 8.4
5 d,,1H J=1.8, 4.2 Hz LCGMs: m 417 [M+1]1 30 Ex l e 35
G}Bar a@’fé’%& p4 ) © LML e

2 met hyl - 6- ( rmé'ﬁhol i nyl)-1-(8-quinolinylnethyl)-1H benzi m dazol e- 4-
carboxylic acry °m xture of methyl

2-met hy1l- 6- (4- jor hoIinyl) 1- (8- qui nol i nyl met hyl) - 1H benzi nm dazol e-

4- car boxyl at g ﬁd as described in Exanple 34 (300 ng, 0.72 mml) and
2NLiO‘j/(\2. , 3rrrm|) in THF (10nmL), was stirred at 45 Cfor 16 h. It
was fil (e\(rj\ﬁ and t A4t er cake was dissolved in water (20 nlL) and then
added i@ form c aci adj ust the pH of the solution to 3- 4. Then a
filtration was perfor to give the product (200 ng, 69%, as a 10 white
solid. 1H NWR (300 O-d6): 6 ppm2.61 (s, 3H), 3.06 (t, 4H J=4.8
Hz), 3.71 (t, 4H, J=48"Hz), 6.13 (s, 2H), 7.03 (d, 1H, J 7.5 Hz), 7.41
(s,2H),7.51(t 1H, J=7.5 Hz), 7.66 (dd, 1H, J=4.2, 8.4 Hz), 7.95 (d, 1H,

J = 7.5 H), 845 (dd, 1M )18 84 M) 9.05 (dd. 1H 3 '8, 4.2 Hz):
LC- vo: Beeparationgsd meghyl]2 51-6of 4rpprphadimyl)- 1 -(8-quinolinylmethyl)- 1H-

15  benzimidazole-4-carboxylate

&E”

A mixture of methyl 2-methyl-5-(4-morpholinyl)-1H-benzimidazole-7-carboxylate, prepared
as described in Example 26, step d (500 mg, 1.82 mmol), K,CO; (502 mg, 3.64 mmol) and 5-
(bromomethyl)quinoline (424 mg, 1.91 mmol) in DMF (25 mL) was stirred at 80° C for 18h.
The reaction mixture was cooled, poured into water (100 mL) and extracted with EtOAc (50

20  mL x 3). The combined organic layers were dried by Na,SO4 and concentrated. The resulting
residue was purified by silica gel chromatography eluted with EtOAc : MeOH =100 : 1 to
give the crude product (350 mg, 46%), finally it was purified by Prep-HPLC to give the
product (180 mg, 24%) as a red solid. '"H NMR (300 MHz, DMSO-ds): 8 ppm 2.52 (s, 3H),
3.03 (t, 4H, J=4.8 Hz), 3.70 (t, 4H, J=4.8 Hz), 3.88 (s, 3H), 6.08 (s, 2H), 6.87 (d, 1H, J=7.5

25 Hz),7.31(d, 1H,J=2.1Hz),7.36(d, 1H,J=2.1 Hz), 7.48 (t, 1H, J=7.5 Hz), 7.66 (dd, 1H,
J=4.2,8.4Hz),7.93 (d, 1H, J = 7.5 Hz), 8.44 (dd, 1H, J=1.8, 8.4 Hz), 9.05 (dd, 1H, J=1.8, 4.2
Hz); LC-MS: m/e = 417 [M+1]"

30 Example 35
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Me 20Preparation of

1-[ (3, 4-di net hyl phenyl ) net hy1] - 2- net hy1- 6- (4- nor phol i nyl) - 1H

benzi m dawol2et4em8boxyl i c acid a) nethyl PCT/US2011/052857

1-[ (3, 4-di net hyl phenyl ) net hy1] - 2- net hy1- 6- (4- nor phol i nyl) - 1H benzi m dazol e-
4- carboxylate 25 = To a solution of nethyl

2-nethy|-5-(43~l $hol i nyl) - 1H benzi ni dazol e- 7- car boxyl at e prepared as
described in Ex nple 26, step d (0.22 g, 0.799 muol) in NNN 5

Di nethylforna Tg&gkwélo m.) was added in
4-(ch|oroneth t hyl benzene (0.185 g, 1.199 mol ) and potassi um
/ mmol). The resulting reaction m xture was stirred

car bonaté TN- g,N2.
at 80C gg{B oIt w 0l ed to roomtenperature and poured into water (30
m.). The Xxture was e acted with EtOAc (50 nL X 3). The conbi ned organic
phases were washed wi i
was 10 subjected to na

phase purification (0-40%EtbAc/Fbxane) t hen
e product (0.24 g, 76%. MS(ES+) mle 394.0 [ MtH]

b)
z:[gg; TR LA DRz, m dazol e-

D Y Y 3
14( 3, 4(gﬂﬁgpﬁyh@3enyl)nethyl] 2 nethyl 6- (4 nor phol i nyl') - 1H
benzi m™dazol e- 4-car boxyl at e( 0. 24 g, 61 mol ) in Tetrahydrofuran (THF) (10
m.) SwasA adteer ¢frmethyl- umhyyér(éxn@t@h@m@ﬁlﬁ& qummh@ﬁnmfml)ylHﬁqezme@@pleon was

o gant c-SepoRITe e Fehi R IL Eodmo i GREeRo el EERT LR, e

filtrathpm.3Wahal u(?HFr(rL()mmmvaadﬁﬁéd bt 5° Thdr M6 Xt MRis WGrodQind Chdlfilidred Wi th 1
N HC1. The resultln solid was filtered and washed with water and dried to

gi ve t Hekgpasdissolyal mgvager (B899l apd; thgurddad mtefyrmipnmbiaeliuse thegh of thg (s,

6|S_|) 2H)S§ﬁlélogi ?54 ('Iiiﬁy%%trﬁtio \gas 11%&02%.9& Eglgl?@he oglgct ?(@ﬁ%{&%)ﬁ% (FSH 53H) _

NB(168+)wmeesoﬁaolfﬂNMfH1300 MHz, DMSO ds): & ppm 2.61 (s, 3H), 3.06 (t, 4H, J=4.8 Hz), 3.71
(t, 4H, J=4.8 Hz), 6.13 (s, 2H), 7.03 (d, 1H, J = 7.5 Hz), 7.41 (s, 2H), 7.51 (t, 1H, ]=7.5 Hz),
7.66 (dd, 1H, J=4.2, 8.4 Hz), 7.95 (d, 1H, ] = 7.5 Hz), 8.45 (dd, 1H, J=1.8, 8.4 Hz), 9.05 (dd,
1H, J=1.8 , 4.2 Hz); LC-MS: m/e = 403 [M+1]"

15
Example 36
Os OH
N
\>—Me
NI
o_J \\Q\Me

Me

20  Preparation of 1-[(3.4-dimethylphenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-

benzimidazole-4-carboxylic acid

a) methyl 1-[(3,4-dimethylphenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-
carboxylate

25
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25 Exanpl e 37 Preparati on of

2- met hyl - 6- (4- nmor phol i nyl) - 1- ( 2- napht hal enyl net hyl ) - 1H benzi m dazol e- 4-

car boxyl iwoaei2h4338he titl ed conmpound was prepared foll @arng2athesmsane
procedure as Exanple 36 replacing 4- (chloronethyl)-1,2-di nethyl benzene
wth 2-(brormrrethél)naphthal ene in the first step. 1H NVR NWVR (400 MHz,
DMSO-d6) 6 p @Me(br. s., 3H), 3.11 - 3.21 (m 4H), 3.70 - 3.78 (m 4H),
5.82 (br. s., 7.40 (d, J=7.83 Hz, 1H), 7.48 - 7.63 (m 4H), 7.72 (s,
1H, 7.82 - 7 3H). MS(ES+) mle 401.9 [MtH] '. 10 Exanple 38 C 15
Preparation o —Me

et hy1] - 2- met hy1- 6- (4- nor phol i nyl ) - 1Hbenzi m dazol e- 4
d conmpound was prepared follow ng the sane

opt-add ng 4- (chl oromet hyl)-1, 2-di met hyl benzene

Wi th 4-(brononet hyl)-1, 2-4i chl orobenzene in the first 20 step. 1H NVR NWR
(400 MHz, DMSO-d6) 6 ppm &5 (s, 3H), 3.00 - 3.18 (m 4H), 3.61 - 3.83 (m
4H), 5.56 (s, 2H), 7.02 (dd, J=8.34, 2.02 Hz, 1H), 7.44 (s, 2H), 7.50 (d,
J=2.02 Hz, 1H), 7.60 (d, 1H). MS(ES+) mle 420.2 [MtH ' 25 Exanple 39

To a solution of methyl 2-methyl-5-(4-morpholinyl)-1H-benzimidazole-7-carboxylate
prepared as described in Example 26, step d (0.22 g, 0.799 mmol) in N,N-

5  Dimethylformamide (DMF) (10 mL) was added in 4-(chloromethyl)-1,2-dimethylbenzene
(0.185 g, 1.199 mmol) and potassium carbonate (0.331 g, 2.397 mmol). The resulting
reaction mixture was stirred at 80°C for 3 h. It was cooled to room temperature and poured
into water (30 mL). The mixture was extracted with EtOAc (50 mL X 3). The combined
organic phases were washed with brine (50 mL) and concentrated. The crude material was

10 subjected to normal phase purification (0~40%EtOAc/Hexane) then (0~1%MeOH/DCM) to
give the product (0.24 g, 76%). MS(ES+) m/e 394.0 [M+H]".

b) 1-[(3,4-dimethylphenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-
carboxylic acid

15  To a mixture of methyl 1-[(3,4-dimethylphenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-
benzimidazole-4-carboxylate(0.24 g, 0.61 mmol) in Tetrahydrofuran (THF) (10 mL) was
added in lithium hydroxide (5.99 mL, 11.99 mmol). The reaction was stirred at 50° C for 2 h.
The reaction was cooled to room temperature. The organic solvent was removed in-vacuo.
The precipitate was collected by filtration. Water (20 mL) was added in. The mixture was

20  acidified with 1 N HCI. The resulting solid was filtered and washed with water and dried to
give the product (0.16 g, 66%). '"H NMR (400 MHz, DMSO-ds) & ppm 2.18 (s, 6H), 2.58 -
2.75 (s, 3H), 3.06 - 3.22 (m, 4H), 3.71 - 3.82 (m, 4H), 5.55 (s, 2H), 6.94 (m, 1H), 7.04 (s,
1H), 7.11 (d, 1H, J=7.83 Hz), 7.52 (m, 2H). MS(ES+) m/e 380.2[M+H]"

25
Example 37
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WO 2012/ 047538PCT/ US2011/ 052857 Preparation of 2-nethyl-1-
{1-2-nmethyl -3-(trifluoronethyl)phenyl| nethyl}-6-(4-norpholinyl)-

4- (1H 1, 2¥0-2017@238- 3-y1) - 1H benzi m dazole 5 a) 2-net rgITAB20K1/052857

[ 2-met hyl -3-(trifluoromethyl)phenyl]nethyl}

- 6- (4-norphol_i nyl) - 1Hbenzi m dazol e- 4- carboxam de 10 To the m xture of

2- et hyl - 1- -(rét hyl1l-3-(trifluoronethyl)phenyl]nethyl} -6-(4-

nmor phol i ny1) - benzi m dazol e- 4- carboxylic acid, prepared as described in
Exanpl e 31(0. . 384 mmol) in Dichloronmethane (DCM (60 nlL) was added in
oxal yl 1(:)9,J\or' °m, 5.54 mol ) and followed by the addition of ten
drops o e,Egt £=on m xture was 15stirred at rt for 10 m nutes and
concent® d to give acid chloride. To a m xture of the crude acid

chloride in Tetrahydr Of \ (THF) (60 nL) was bubbled with NH3 gas. The
reaction was stirred at YtZfor 10 minutes. Brine (20 nL) and EtO0Ac(60 mL)
was added in and the aqueous phase was extracted with EtOAc (60 nmlL). The
organi ¢ phase was conbi ned and concentrated (0.59 g, 99%. The crude

Fz)t (r)rg? ﬁt: Hr\évagasratuﬁ@se Fgel-@n ﬁ&fbhxﬁé-]%ﬁXtQLPSEéigl.'&é!.wqésgfipsig l_létrﬁgém Qpe ¥|4!g}33g‘133 %Iﬂ-; i:é-{)el\r/{;lﬁﬂnidazolg-)él-
-6-(4- rgafgg,lggh& RMd) -4-(1H1,2,4- triazol-3-yl)-1H benzi m dazole WO
2012/ 0 2011/ 052857 A m xture of 2-methyl-1-

{ [ 2-5metTheltitRd (compphubwaspichyred i rwing thetshyk proe@diing-ambixphplei Ipyreplacing 4-

1Hb imd | e-4- b id 0..5 1.202 I in . 1

N, N d OB RGP TRy et 2 ot B3N RIGHS nihe Fey pePel at 105C
for 2 hoursneIddobaviieaohsond))s plets:. s ThE) 3. 1eashi pg, ¥ 3cenNcery rat ed

under reduced pressure. To the crude material “was added Acetic Acid (30 ml)
and hydmaAHnes .8 tohy.diay @ 406d. 264 . 831Hz,8 27 A8rel7 03 (héH).eaE (sohHpind2ur e was

stirre 1 n rated. The crude was purified using
sili ca%ﬁ@%’%@&%ﬁ%&ﬁ(}f@ ng-gﬁ@gﬁ]h-e product (0. 245 g, 429 . 11- INVR (400
VHz) DMSO-d6) 6 ppm 2.48 (s, 3H), 2.56 (s, 3H), 3.10 - 3.15 (m 4H), 3.67 -

3.79 (m 4H), 5.62 (s, 2H), 6.37 (d, 10J=7.83 Hz, 1H), 7.19 (d, J=2.02 Hz,
1H), 7.R6dpe3d=7- 83 H, 1H, 7.55 (d, J=1.77 Hz, 1H),

OsOH

N
(\N N\>—Me
o ﬂCI
Cl

15
Preparation of 1-[(3.4-dichlorophenyl)methyl]-2-methyl-6-(4-morpholiny])-1H-

benzimidazole-4-carboxylic acid

The titled compound was prepared following the same procedure as Example 36 replacing 4-
(chloromethyl)-1,2-dimethylbenzene with 4-(bromomethyl)-1,2-dichlorobenzene in the first

20  step. 'HNMR NMR (400 MHz, DMSO-ds) 8 ppm 2.55 (s, 3H), 3.00 - 3.18 (m, 4H), 3.61 -
3.83 (m, 4H), 5.56 (s, 2H), 7.02 (dd, J=8.34, 2.02 Hz, 1H), 7.44 (s, 2H), 7.50 (d, J=2.02 Hz,
1H), 7.60 (d, 1H). MS(ES+) m/e 420.2 [M+H]"

25  Example 39
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7.62 (d, J=7.58 Hz, 1H), 8.09 (s, 1H), 13.83 (s, 1H. MS(ES+) me

457. 1 MtH]t Exanple 40 15 Preparation of 2-nethyl-4-(3

- met hyl - WoRpR/047338i azol -5 -y1l)-6-(4-norpholinyl)-1-(1- PCT/US2011/052857

napht hal enyl net hyl )-1H b enzi m dazo |l e 20a)

2- met hyl - 6- (4- nor phol i nyl) - 1- ( 1- napht hal enyl net hyl ) - 1H benzi m dazol e-4-carb
onitrile ON Te=Nhe m xture of

2-met hy1l- 6- (MANgpnNphol i ny1) - 1- ( 1- napht hal enyl net hyl ) - 1H benzi m dazol e- WO
2012/ 047538PCT/[US2011/ 052857 4- car boxam de, prepared as described in

Exanpl e 33 (O, NO. 999 mmol ) in Dichloromethane (DCM (50 nL) was added

in POC13 (0.9 \>9-|\$@ nmmol ) and foll owed by the addition of ten drops of
DIVF. Thﬁ'/f\a@ s stirred at rt for 1 h. The m xture was quenched with
aqueous ‘sod] um bi ca sol ution. The aqueous phase was extracted with 5

DCM (108 ). The co organi ¢ phase was washed with Brine then dried
(MgSH4), filtered a t sol vent renoved in-vacuo. The crude was purified
on silica (20-50% EUOAc/ lg#xane) to give the product(0.246 g, 64% . 1H NMR
(400 MHz, DVMSO-d6) 6 ppm 2.45 (s, 3H), 2.96 - 3.15 (m 4H), 3.62 - 3.72 (m
4H), 6.05 (s, 2H), 6.32 (d, J=7.07 Hz, 1H), 7.29 - 7.44 (m 3H), 7.57 -
7.74 (m 2H), 786(d,J808Hzl,802dJ783Hz 1H) 108.22 (d,
1H), hmﬁmnonrﬂfi -mgthyb 1§ {{-pgethyligy(trifluoromethyl)phenyljmethyl -6-(4-morpholinyl)-

2- met hy_l ﬁ% Xll 11_'_]H%n21 1 %19' 5-y1) - 6- (4-mor phol i nyl') - 1- (1- napht hal
enyl rret%—‘—#ﬁm—#dlazv?e—@édﬁo—rhe suspensi on of

2- mgt hy1- 6- (4- nor phol i ny1) - 1- (1 napht haI enyI nmet hyI) 1H

benzi m dazol e-4-carbonitril %r(l n n-butanol (15 nlL) was

added ¥ 2anethycl niAmshvéé- (Hmrmethgl)nlwnwﬂmeshygn ool ) cdfbonat e (434
, 3. T t d at fl t t f 4 d
r!!lé:l\/l (Séb%lr}%]?ﬁan le ﬁ‘%aﬂ%@?&ﬁo‘dgn was stirred at reflux tenperature for ays.

vvater nm.) were added
HN_ O
N
\>—Me
NN
o \\Q
Me

10
To the mixture of 2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenyl Jmethyl } -6-(4-
morpholinyl)-1H-benzimidazole-4-carboxylic acid, prepared as described in Example 31 (0.6
g, 1.384 mmol) in Dichloromethane (DCM) (60 mL) was added in oxalyl chloride (0.485 mL,
5.54 mmol) and followed by the addition of ten drops of DMF. The reaction mixture was

15  stirred at rt for 10 minutes and concentrated to give the acid chloride. To a mixture of the
crude acid chloride in Tetrahydrofuran (THF) (60 mL) was bubbled with NH3 gas. The
reaction was stirred at rt for 10 minutes. Brine (20 mL) and EtOAc(60 mL) was added in and
the aqueous phase was extracted with EtOAc (60 mL). The organic phase was combined and
concentrated (0.59 g, 99%). The crude product was used in the next step. MS(ES+) m/e 433.1

20 [M+H]

b) 2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenyl]methyl } -6-(4-morpholinyl)-4-(1H-1,2,4-
triazol-3-yl)-1H-benzimidazole
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in. The organi c phase was washed with Brine (50 nL x 3), dried (MgSO™), and
the solvent 20 was renoved. The crude was purified by reverse phase

puri fi catworrot2e4ps3svi de t he desired product (36 ng, 25%PCTAIN2NVBSI8400 MHz,
DMSO-d6) 6 ppm 1.71 (br. s., 3H), 1.78 (br. s., 3H), 2.21 - 2.37 (m 4H),
2.90 - 3.08 (m 4H, 520(s 2H), 5.74 (d, J=7.33 Hz, 1H), 6.17 (br. s.,
1H), 6.51 (t, J=7.71 Hz, 1H), 6.75 - 6.95 m3,704dJ808Hz

1H),
471 '11738 dy {}\%@6@% %g@gbﬁ &; H&M %ég%%r?%g{hgﬁg I fing }%[(D(Hrﬁﬂnlphgl{)n}}i:.yanpl e

1-1-2- nlE{-byrimﬁrc{aéelm @iedxamidg (015 g, lrmnhhﬂmal)emw JNetityih)y fdihdeidz dimeagol -

yl | et hanone

N, 2- di %?%9@30@%11?@14H9m8997%énmd Abtdhe |f?rr?y119ur&alzd1thﬁ SRASHAR SeNIEE - HEN®) - 1H be

nzi @i da}%&ﬁtﬁn%vas%ﬁﬁ(?ﬂﬁé@ﬁ‘uﬁ&er r%&hcteﬁg 9 efsinRnRfe rnaterlal was added Acetic

2-meth 6- (4- nor phol 1 ny1) 1-na al enyl net hyl' ) - 1H

ben2| mfkkad Q3(bm1L) ead byxiryztm@manolmydrq:te é(p%ébnhlas 44 emnoh) BB reactioxanmstvee 8@s ( 200
mg, O.

0 or abried 2 TPGor B Gad b RRER AT chide s R e kMR SPEa GE M. e

react i qi-M XIS Diad) t%tgl% fd pAducl(0225 ¢ 1997) "H NIOR (466 SALLL D NISOLAY % was

concentrat ed under reduced ﬁ%sure togive the acid chloride. To th
m xt ur eppof 2. 4R¢s, 3ET) L. &@(wBHOLéS 1(h- Elﬂﬁl(thocﬁlé)rét(ﬁ&rﬁe%( OCMH ) 3(62r¢$,)ZH/)/a@3a(tt]ed in

i 104, ok 13 it T INEL Rt b Tt & P e (P M B vcer

(50 ni) n epm@% @%}J h DCM(50 m. x
2) . The7 m?ﬂggggfgélﬁ}?g %s%gg%gﬂgg Wt > rine ?qg g] dried (MgSOH4)
and concentrated under reduced pressure. The crude was purified on a silica
columm purification (0-4%e0H DCM to give the product (100 ng, 43% . 1H NWR
(400 Mizxaphpo@pd6) 6 ppm 2.39 (s, 3H), 2.92- 3.10(m 204H), 3.26 (br. s.,
3Hy5 3.56 - 3.75 (m 7H), 5.99 (s, 2H), 6.35 (d, J=6.57 Hz, 1H) 6.86 (d,

Preparation of 2-methyl-4-(3-methyl-1H-1.2 . 4-triazol-5-y1)-6-(4-morpholinyl)-1-(1-

naphthalenylmethyl)-1H-benzimidazole

20  a) 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole-4-carbonitrile

CN

N
\>—Me
N

To the mixture of 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole-
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J=2.02 Hz, 1H), 7.04 (d, J=1.77 Hz, 1H), 7.26 - 7.40 (m 1H), 7.54 - 7.73
(m 2H), 7.86 (d, J=8.34 Hz, 1H), 8.02 (d, J=7.07 Hz, 1H), 8.25 (d, 1H).
M5( ES+) mwe 241424384 H] t b) PCT/US2011/052857

1-[ 2- met hy1l- 6- (4- nor phol i nyl) - 1- ( 1- napht hal enyl net hyl ) - 1H benzi m dazol - 4-yl
| et hanone 25 To a sol ution of

N, 25 di rfeeaihexanniderrenprashas)degeribed b Epople dy 1942, @?9931111@19.31 eny! me]'E hyl ) -
(10 m P Rh R RN R b S in PORTt0TD wlr. oo BP0 GE 1T

0. 369 roynthy additidibf @h drop®oZ OMNF OPheS38RIch MaS20irtd 852857 10 The nlikewre @asl ti ng
reaction mxture was stirred at O C for .2 h _and then quenched very

car ef ulJugnehed vigaauFassR dngLRIGHLOBHABHI PR dive SAVERYS P waSextipdedwdhdi | ut ed
wth et t\e : | q i et hyl
ace[3 ate ll%/lo(qgﬁhg)'Z)Téé%rg&%%@ i ﬁelg%g?%gﬁ%? %ﬁgﬁh%@gﬁﬁiﬁgﬁwgﬂgﬁﬂ ne (50
m.), drfilededoarglrth¢ M S yomaved ihiviatwer. dtie chidTivers patititd om sivas (2Wend%nt r at ed

d d ‘e. Th t, i fied i | |
&%g&?@?&ﬁ@%&%@%t&e %fqﬂé%ﬁ??ég@?%ﬁa@ﬁ%b@%a DSt %%S@C&%‘;mm
(m 4%062,‘452(.5856"[1}’? ;‘%2'3‘,?5 %@’33}1)( g‘:&j 36&8(?%%&,)’ ?95%%@16192 @pﬁﬁm’mglﬁ ? 7.52 -
7.76 (1.2DH].44 Tm8BHY,d,571=B18An12H), TI8p (d.8/-6D(ldz, 11578 .83 (diz=7 BB)Hz, 8H35 (d,

1H).. + e ' anple 42 15 Preparation of

[ 2-1%et fzs%*) éﬁs’n%{%zﬁﬁﬁ%ﬂ’%%%ﬁﬁém hal enyl met hyl ) - 1H- benzi ni dazol - 4-

yl Il met hanol To the m xture of

2- met hy1l- 6- (4- nor phol i nyl) - 1- (1- napht hal enyl net hyl ) - 1H benzi m dazol e4- car bo
xyl i ¢ dvi2dpethybpds-otlad-ldesrd-tiadol hryBxtatfomerpholiiyio- 1rg;naphthalenptmethyli-n 20
Tetrahycﬁﬁfurand %TIHF) (5 nL) was added in Li AlH4 (19.85 ng, 0.523 mmol ) at
0C and1 REPBEEE?'Sn mi xture was stirred at rt for 1 h. Then Li AlH4 (19.85
ng, 0.523 mmol) was added in and the reaction mxture was stirred at rt for
anot her _hour. The reaction m xture was cooled to O C and quenched with

watlér (1 g swippnsiog of-2-metlugl-oo(4emorphplipH b h-(hapeplrthplgnyimethy))-1%¢ t er t he

| t - i f ,
psorvas g libleslses WaBpRhic (B8 Ak, 6 SPHRIPREbUARICL i) as NS g
washed hyidtdzidet(Q22 mgE¥ ap onradl) and potatshen sadburnt (zg;avfﬁ%,mm wimode The eghotién  The
Corts Pt SR e b i, BRBELE e B kg5,

500 Bk oy )0 S et e
6. 20 ( dyaskerhoVal. Hihe ctiidp was purified by reverse phase purification to provide the desired

product (36 mg, 25%). "H NMR (400 MHz, DMSO-ds) & ppm 1.71 (br. s., 3H), 1.78 (br. s.,

3H), 2.21 - 2.37 (m, 4H), 2.90 - 3.08 (m, 4H), 5.20 (s, 2H), 5.74 (d, J=7.33 Hz, 1H), 6.17 (br.

s., IH), 6.51 (t, /=7.71 Hz, 1H), 6.75 - 6.95 (m, 3H), 7.04 (d, /=8.08 Hz, 1H), 7.17 (d, J=8.08

Hz, 1H), 7.43 (d, 1H). MS(ES+) m/e 439.1[M+H]*.

25
Example 41
Me_ .o
N
?F—Me
NN
o~ A
30
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7.34 (t, J=7.71 Hz, 1H), 7.54 - 7.74 (m 2H), 7.85 (d, J=8.08 Hz, 1H), 8.01
(d, J=7.58 Hz, 1H), 8.25 (d, 1H). MS(ES+) niz 388.0 [ MtH +. 5 Exanple 43
Pr epar at iwo 20f2/(42538et hyl - 1- {[ 2-met hyl- 3- (tri fl uor onmet hyCyrpaisesyioF2sst hyl }
-6-(4- 10 norpholinyl)-1H benzi m dazol - 4-yl ] net hanol A sol ution of nethyl

2- rrethyl 1- {[2 rrethyl 3- tr|fluororreth I)phen I]rrethyl} -6-(4

nor pholiBregarationefdal?zingihy k6 -suorplaelmn eohthal ewylpethyviyd bgmmudézolﬂn
Exanpl %%7 g, O. 827 rrm)l) in Tetrahydrofuran (THF) (10 mL) was cool ed
to 0 C (0.038 g, 1 nmml) in THF (3 nL) was added in and the

reaction m xture was stlrred at 0 Cfor 30 mn. 15 The reaction m xture was
quenched wi th water r?dg NaCOH (15% 0.04 n @&1(0' 12 n)
Anhydr dd&V-Auimsthyky- (@afa@axsa 4ppgsplhobingy- ﬂé(ifn‘f‘ﬁhﬂ{alﬁ’lﬂﬁélm\ﬁégl)flﬁrlieé?l aEd¢-bugh

cel ist e anpdwaghed with EtOAc. Evaporation of the solvent gave the crude
product. The crude product was purified on a silica colum (1-4% MeOH DCM
to give the solid|(0.32 g, 88% . 1H NMR (400 MHz, DMSO-d6) 6 ppm 2.35 (s,

3H), 2.56 (s, H)N2,99-307(m 4H), 3.67 - 20 3.76 (m 4H), 4.87 (d,
J=5.81 Hz, 2H), O(t, J=5.68 Hz, 1H), 5.51 (s, 2H), 6.30 (d, J=7.83 Hz,
1H), 6.81 (d, 27 Hz, 1H), 6.97 (d, J=2.02 Hz, 1H), 7.24 (t, J=7.83 Hz,
1H), 7.60 (d, ?%niz 420 1 [MtH'. Exanple 44 25 WD

2012/ 047538P 57 o . , 0' s ' Preparation of

2- met hyl- N- fonyl)-6-(4- rmr phol i nyl)-1- (1- napht hal enyl net hyl ) -

1H-benzgpm dazol e- 4- carboxam de 5To the mixture of
2-met hyl-8- (4- 570l i nyl) - 1- (1- napht hal enyl net hyl ) - 1H benzi m dazol e-

To the suspension of 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-
benzimidazole-4-carboxylic acid, prepared as described in Example 20 (200 mg, 0.498

10 mmol) in dichloromethane (DCM) (30 mL) was added in oxalyl chloride (0.218 mL, 2.491
mmol) and followed by ten drops of DMF. The reaction mixture was stirred at rt for 10 min.
The reaction mixture was concentrated under reduced pressure to give the acid chloride. To
the mixture of the acid chloride in dichloromethane (DCM) (30 mL) was added in N,O-
dimethylhydroxylamine hydrochloride (97 mg, 0.996 mmol) and TEA (0.694 mL, 4.98

15  mmol). The reaction mixture was stirred at rt for 18 h. Water (50 mL) was added in and the
aqueous phase was extracted with DCM (50 mL x 2). The combined organic phase was
washed with Brine (50 mL), dried (MgSO4) and concentrated under reduced pressure. The
crude was purified on a silica column purification (0~4%MecOH/DCM) to give the
product(100 mg, 43%). 'H NMR (400 MHz, DMSO-ds) & ppm 2.39 (s, 3H), 2.92 - 3.10 (m,

20  4H), 3.26 (br. s., 3H), 3.56 - 3.75 (m, 7H), 5.99 (s, 2H), 6.35 (d, J=6.57 Hz, 1H) 6.86 (d,
J=2.02 Hz, 1H), 7.04 (d, J=1.77 Hz, 1H), 7.26 - 7.40 (m, 1H), 7.54 - 7.73 (m, 2H), 7.86 (d,
J=8.34 Hz, 1H), 8.02 (d, J/=7.07 Hz, 1H), 8.25 (d, 1H). MS(ES+) m/e 445.2[M+H]".

b) 1-[2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazol-4-yl]ethanone
25  To a solution of N,2-dimethyl-N-(methyloxy)-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-

1 H-benzimidazole-4-carboxamide (82 mg, 0.184 mmol) in Tetrahydrofuran (THF) (10 mL)

was added a 3.0 M solution of methylmagnesium chloride (0.123 mL, 0.369 mmol) in THF at
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4-carboxylic acid, prepared as described in Exanple 20 (100 ng, 0.249 nmmol)
in N, ND net hyl formamide (DMF) (2 nL) in a 20 nL vial was added EDC (57.3
ng, 0.299wonni2yo47588t hane sul fonam de (47.4 ng, 0.498 nmpCY/usna 1D8F7 (21. 30
ng, 0.174 mmol). The m xture was stirred at 60 C and nonitored by LC/ M5
After stirring for 5 days the DVF was 10 renpved in-vacuo and the remnaining
r esi dud’wad hgiresylingagaqtign migfurevapiBEdai§° Ut 2 haad ienrageshsd vease

chr omat - W i N [ t i ng. Wi . 27% 579 ,

gr adi enct(ageg@@? %ﬁnséﬁnﬁaﬁ?deﬁug%ea%%@Hﬂodrlllg& lcdglhirgel %ll}ﬁ%ret ée%dzlglst/é:dﬁgl ctg%gound, as
det er magedtc$0 fl/)Mid thesiconnilianedaandracrdoart ¢thyledctare-(faenlox 2 Theovi de t he
desired conpound (47 ng, 0.097 |, 39.0 %vield) as bright yel|ow solid.
1H NMR %H%@Wgamsawe@ Vbaah?rg%h brigo -“(Osmiérdfl,ed@wf%&foﬁmﬁ fjét.esqsi- (s,

3H) 5 3.718 s%ﬁutioﬂ:i%a’s c@né‘eﬁtrgtﬁd uﬁik_%me@ucéé pfegsuré}'ﬁhe c?’uc?bspr%&uctm puidfioPod 8- 1H) .
7.51-7.75 (m 2H), 7.88 (d, 1H), 8.05 (d, 1H), 8.25 (2, 1H), 8.35 (s, 1H),
12. 8 ( bilicagolubi (40LGINE tOMceHexad 8o [ghitelthd pROluEdMme 59%). 'PF NN 6400on of

2012) 047HsePURbeaGNT 0824 hr BT aTR: T8 - FapRgy A1 3-8 2553 i, arf?
2, 3-di amyh@- - 1Y ¢ 2 ] hyl
2- di amyeg Snf 4 mepial inu Renzeate B (N, dsker o sy el et by

3- ani no- b- -2-nitrobenzoate, pr as descri xanpl e 26,
step c¢ JE8B4Hzg,1HH88.82 fdvo'EY.3arkiy, PH),G.Z5(dD 1H). ME(BEOH/E309.9fM)y Hin an

aut.acl ave under an atnosphere of H2 (4 atn) were stirred at room
ter}ﬁerature for 3 h, Wien TLC

Example 42

OH

15

Preparation of [2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethy])-1H-benzimidazol-4-

yllmethanol
To the mixture of 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole-

4-carboxylic acid, prepared as described in Example 20 (70 mg, 0.174 mmol) in

20  Tetrahydrofuran (THF) (5 mL) was added in LiAlH4 (19.85 mg, 0.523 mmol) at 0° C and the
reaction mixture was stirred at rt for 1 h. Then LiAlIH4 (19.85 mg, 0.523 mmol) was added in
and the reaction mixture was stirred at rt for another hour. The reaction mixture was cooled to
0° C and quenched with water (0.04 ml), NaOH (15%, 0.04 ml) then water (0.12 ml). After
the resultant mixture was stirred at room temperature for 2 h, anhydrous MgSO,4 was added

25  and the reaction mixture was filtered through celite and washed with EtOAc. Evaporation of
the solvent gave the crude product. The crude product was purified on a silica column (0~4%
MeOH/DCM) to give the solid (12 mg, 17%). '"H NMR (400 MHz, DMSO-ds) & ppm 2.38 (s,
3H), 2.91 - 3.05 (m, 4H), 3.64 - 3.74 (m, 4H), 4.89 (d, J=5.56 Hz, 2H), 5.12 (t, /=5.81 Hz,
1H), 5.95 (s, 2H), 6.33 (d, /=6.82 Hz, 1H), 6.81 (d, /=2.02 Hz, 1H), 6.97 (d, J/=1.77 Hz, 1H),

-84-



10anal ysi s indicated conplete consunption of starting nmaterial, the m xture
was filtered and the filtrate was concentrated in-vacuo to afford the
desired pwodorxo4as8a brown solid (13.9 g, 80.1% . 1H NMRCTABQ01MeEz2857
DWBC>d6) 6 ppm6.62 (d, 1H, J= 2. 4 FB) 6 54 (d 1H J= 2.4 Hz), 5.84 (s,
4 75 2. 4H, 4.
MB((t Jﬁ7e71_H2,51g)17%%y]74 (15 251)) 7,%4 v 808 Hy lH) i . 2758 b, 8
5 (4 rph H benzi m dazol e- 7- car boxyl ate A
nlxturg' §55?%%ﬁb Ngkgﬁgﬁﬁﬁéggg?iyh%g%hollnyl)benzoate (4.0 g) in CF3COH
(20 nL) was heated at reflux tenperature for 8 h. When TLC anal ysis
i ndi cat ed consunption of 20 starting naterial, the mxture was cooled to
roomtqg%lﬂguge and the solvent was renoved in-vacuo. The residue was
di luted with agueous NaHCO3 and extracted with Et0Ac (250 nL x 3).The
conbi ned organi ¢y | ayers were washed with brine (250 nL x 2), dried over
anhydrous Na2S@4. After filtration, the solvent was renoved by rotary
evapor at or. R I gsidue was then purified by silica gel chronatography
eluted with troleumether = 251: 4 to afford the desired product

as a pale™s ¥ 1;.3 g, 82.7% . 1H NWR (300 Mz, DVMBO-d6): 6 ppm 13.47 (s,
1H), 7.41 : (s, 1H), 3.96 (s, 3H), 3.79 (t, 4H, J = 4.5 Hz),
3.17 (s, 4H). LC Ms: 330.1 [M+1l]. Exanple 46 30 WO

2012/ 047538PCT/ US2i1/ 2857 CF3 Preparation of nethyl 1-

{1-2-met hyl - 3- (trifl uor®fet hyl ) phenyl | net hyl } - 6- (4- nor phol i nv1) - 2-
(trifluoronethyl)-1H benzi m dazol e-4-car boxyl ate 5A suspension of nethyl
5- (4- nor phol i nyl)-2-(trifluoronethyl)-1H benzi m dazol e-7-

Preparation of [2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenylImethyl}-6-(4-

10 morpholinyl)-1H-benzimidazol-4-yllmethanol

A solution of methyl 2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenyl methyl }-6-(4-
morpholinyl)-1H-benzimidazole-4-carboxylate, prepared as described in Example 30 (0.37 g,
0.827 mmol) in Tetrahydrofuran (THF) (10 mL) was cooled to 0° C. LiAIH4 (0.038 g, 1
mmol) in THF (3 mL) was added in and the reaction mixture was stirred at 0° C for 30 min.

15  The reaction mixture was quenched with water (0.04 mL), NaOH (15%, 0.04 mL) then water
(0.12 mL). Anhydrous MgSQO,4 was added and the reaction mixture was filtered through celite
and washed with EtOAc. Evaporation of the solvent gave the crude product. The crude
product was purified on a silica column (1~4% MeOH/DCM) to give the solid (0.32 g, 88%).
'H NMR (400 MHz, DMSO-ds) 8 ppm 2.35 (s, 3H), 2.56 (s, 3H), 2.99 - 3.07 (m, 4H), 3.67 -

20  3.76 (m, 4H), 4.87 (d, J/=5.81 Hz, 2H), 5.11 (t, J=5.68 Hz, 1H), 5.51 (s, 2H), 6.30 (d, /=7.83
Hz, 1H), 6.81 (d, /=2.27 Hz, 1H), 6.97 (d, J=2.02 Hz, 1H), 7.24 (t, /=7.83 Hz, 1H), 7.60 (d,
1H). MS(ES+) m/z 420.1 [M+H]".

Example 44
25
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carboxyl ate, prepared as described in Exanple 45 (1.5 g, 4.56 mmol ) and
pot assi um carbonate (1.889 g, 13.67 mol) in N, N-D nethyl formam de (DWF)
(10 mL) waie20tdmrsd at rt for 15 mn. PCT/US2011/052857

1- (Brononet hyl )-2-nmethyl -3-(trifluoronethyl)benzene (1.729 g, 6.83 mMmol)
was added in and the resulting reaction mxture was stirred for 3 h at 80
C. The n‘ixtdlj_r|gowas 10 then cooled to roomtenperature and poured into

i ce/water. ‘@é precipitate was collected by filtration, washed with water,
then hexanesiNtudned into a gumon the filter paper -sonme material was

|l ost). The crude material was purified on a silica gel colum (1 SCO
eluting with 3%MEeOH in DCM to give the desired product (580 ng, 1.099
nmol , 24.12 9 S d)—h@several m xed fractions obtained were di scarded). 1H
NVR (40 By d6) .6 ppm 157.65 (d, J=2.53 Hz, 1H), 7.61 (d, J=7.83 Hz,
1H), 7. 7\/(Jd J=2. 1H), 7.23 (t, J=7.96 Hz, 1H), 6.29 (d, J=7.58 Hz,
1H), 5.76 (s, 2H), 3. s, 3H, 3.70 - 3.78 (m 4H), 3.12 - 3.22 (m 4H),
2.53 (s, 3H). I\/B(ES+ e 502 [M+H '. Preparation of 1-
{[2-methyl-3-(triflu et hyl ) phenyl ] et hyl } - 6- (4- nor phol i ny1) - 2-
ktrifluoronethyl)-1H benzi m dazol e-4-carboxylic acid WO

2012/ 047538PCT/ US2011/ 052857 A mi xture of nethyl 1-

(trifl JCERA : U AR IORY -Q- - QY HRAEAICHEIMES

Exarrpl elkﬂﬁer(%gia%e4 aQﬂJxarh ®l) and 2 M I |th| um hydr oxi de (6 m_ 12 00
nmol ) THF (L2 L) wWas St rred at 50 Cfor 2 h. The reaction was cool ed

to 1500 rﬁd thopexatrao €2 -nithhyl-6r(ganomphslidy e (1 -hapletbal cigrhme thg ) uitdkb enzidiaceld-

DaGr £ GheBPo e Popiad B e PrLVBIAD (0 et 20trBmobyn AT ati on.
The solhithaRarARaRed () LS inansh HHARGsHBAEBTEY SRS e,

resi due was washed with MeOH until all the material was transferred into
t he colm@h@nemulfbnasllde (%éntg Qdﬁanvbraed BVhb (2t timgnl 134 wimiale Tdel i d f or med

t Th I d filtrat 10 with
water  dRalr paa g iR uBel et By LTS B tighe B adai s, ™
yi glpd) r@ﬁloaed/\ﬂﬂl\ta@ucpgﬂﬂj@i'é reﬂﬁnmlgﬁeﬁ&wwmsso%%d%L 6f DMSJ aﬁ&i ﬁxdﬁedl 2.02
Hz, 1H), 7.61 (d, J=8.08 Hz, 1H),723(t,J783H210§2 /éid J=2.02
Hz. 1H)bY reverye phise gepne®graphy pajh 2 Bcdiopscluprg with agg% to33 %% CﬁE;N My, 3.05 -
I:i' 21 (gracﬂgﬁt ovgr Etzlﬁl{'ﬁﬁes $he fr%é_t'}ons %ﬁt'a:i%n)g tﬂé%es%r%ﬁ cLMﬁ'o_umd as &?teﬁ-fﬁ%%’{)? 48
reparation of
6- (4- mar@ms, Iwwé.korihblhéd mapidnoehtenyd imetdoyd )o-Iﬂ‘o(dfdé ithd degiredredrhpydund {#H2thg,
benzi mdazol e-4-carboxyl ate A m xture of ne

5- ( 4- mo-Shonmes BP- 02%(>t1¢1id} asdutabtuelipy §QIM+IBMR&F%W@DM§@r%b§yP@t e

CarBondt i P19 17 a4 oy SRR B AN BBty Rl T g ey (ERb) was

st irred s (sr lHj ar51107s(m, 2%} 7688 (ddohily, is@3 (df 1), R@sqapny, 18\35)(saphyt hakene

1511% M}S) t he xtur@ was warnmed to 2580 C and stirred for 3 h
at thid fénﬂé}&ﬁl mypg 4804 el ng m xture was cooled to rt and poured over
ice. The precipitate formed was collected by filtration and air dried (2.4
g total). The crude material was purified on silica gel (1SCO 0-5% MeOH in

t iV t hyl 6-
(4- Sq‘fgﬂ lﬁ'ﬁri]? 1- (1- napht hal enyl met hyl )-2-(trifl uoromethyl)-1H benzi m dazo
| e-4-
MeO__O

N
S—CF
NN
o

Preparation of methyl 5-(4-morpholiny])-2-(trifluoromethyl)-1H-benzimidazole-7-
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WO 2012/ 047538PCT/ US2011/ 052857 car boxylate (1.48 g, 3.15 mmol, 69.2 %
yield). A portion of this material (138 ng) was purified by reverse

phase- HPLMZO(28R2/m405385% ACCN in water, plus 0.1% TFA) to @CYasStée/osmssred
product (93.4 ng, 0.195 mmol, 4.28 %yield) as a white solid. 1H NWR (400
VHz, DIVBOng 6 ppm8.26 (d, J=8.34 Hz, 1H), 8.01 (d, J=7.33 Hz, 1H), 7.85
(d, J=gag®xpgate 1H), 57.60 - 7.73 (m 3H), 7.39 (d, J=2.27 Hz, 1H), 7.31 (t,
J=7.83 Hz, 1H), 6.24 (br. s., 1H), 6.22 (s, 2H), 3.95 (s, 3H), 3.64 - 3.73
(m 4H), 3.06 - 3.19 (m 4H). MS(ES+) me 470 [MH '. Exanple 49 0 Owe
Cl  Pr epamaihyd2,p8iangidi§d(4-morpholinyl)benzoate

143- chl or o- 2- net hyl phenyl ) net hyl ] - 6- (4- nor phol i nyl) - 2-
(trifluoromethyl)-1H benzi m dazol e-4-carboxylate 15A m xture of nethyl

5- (4- nor pholM@$1) . (trifl uoronet hyl ) - 1H benzi i dazol e- 7- car boxyl at e,
prepared as descrfibed in Exanple 45 (1.5 g, 4.56 mmol) and potassi um

car bonat e (1.889! 1R1167 nmmol) in N, N-D nethyl formam de (DVF) (10 nL) was

stirred at rt t0 mn2 After addition of

1- (br omongt hyl ) nl or o- 2- et hyl benzene (1.500 g, 6.83 mmol ), the m xture
was war réd IN“80NE antRiirred for 3 h at this tenperature. The resulting

m xture \ﬁ\ﬁ;ybool ed 20to rt and poured over ice. The precipitate fornmed was
coIIectQ filtration and air dried (2.4 g total). Purification on a

si | Pca gel colum (10-50% Et OAc in hexane) failed to produce pure material.

The fragLions, SonLan ng.Rroduct Nere conblned and Lhe, sglyeply ies emoved
Tor Dol R 2 (LT oo et el EFE oz, 1 Bnol cod- 200 P f an aviegeys
4. 32 m‘ml]d?e/r a)ggatm(pslghlere gfo ILrIZO (rlleatm w)ere stirre?ir;l% I1ror2rn ‘?e%n%e?aturecfgrr 3 I?,X\thgn %LE - &
10 analysis indicated complete consumption of starting material, the mixture was filtered and the
filtrate was concentrated in-vacuo to afford the desired product as a brown solid (13.9 g,
80.1%). '"H NMR (300 MHz, DMSO-ds): & ppm 6.62 (d, 1H, J = 2.4 Hz), 6.54 (d, 1H, J=2.4
Hz), 5.84 (s, 2H), 4.75 (s, 2H), 3.76 (s, 3H), 3.70 (t, 4H, /= 4.8 Hz), 2.85 (t, 4H, 4.8 Hz). LC-
MS: m/e =252.1 [M+1]".
15
b) methyl 5-(4-morpholinyl)-2-(trifluoromethyl)-1H-benzimidazole-7-carboxylate

A mixture of methyl 2,3-diamino-5-(4-morpholinyl)benzoate (4.0 g) in CFzCOOH (20 mL)
was heated at reflux temperature for 8 h. When TLC analysis indicated consumption of

20  starting material, the mixture was cooled to room temperature and the solvent was removed
in-vacuo. The residue was diluted with aqueous NaHCO; and extracted with EtOAc (250 mL
% 3).The combined organic layers were washed with brine (250 mL x 2), dried over
anhydrous Na,SO,. After filtration, the solvent was removed by rotary evaporator. The
residue was then purified by silica gel chromatography eluted with EtOAc : petroleum ether =

25 1:4to afford the desired product as a pale solid. (4.3 g, 82.7%). "H NMR (300 MHz,
DMSO-de): d ppm 13.47 (s, 1H), 7.71 (s, 1H), 7.56 (s, 1H), 3.96 (s, 3H), 3.79 (t, 4H, J=4.5
Hz), 3.17 (s, 4H). LC-MS: m/e = 330.1 [M+1]".

Example 46
30
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25 yield) (only 87%pure). A portion of this material (165 ng) was purified
by RP-HPLC (25 to 95% AcCN in water, plus 0.1% TFA) to give pure desired
product (W0.2812137538. 193 Mol , 4.24 %yield). 1H NVR (400CHS201DVER3516) 6
ppm 7.64 (d, J=2.27 Hz, 1H), 7.28 - 7.43 (m 2H), 7.04 (t, J=7.96 Hz, 1H),
5.97 (d, J=7.83 Hz, 1H), 5.71 (s, 2H), 3.93 (s, 3H), 3.66 - 3.80 (m 4H),
3.06 - 3.2% @H), 2.46 (s, 3H). MB(ES+) mie 468 [M+rH ' 30 WD
2012/ 047538PCT/|US2011/ 052857 Exanple 50 5 Preparation of
6- (4- nor phol i &‘\ (1-napht hal enyl net hyl )-2-(trifluoronethyl)-1Hbenzi m daz
ol e- 4- carQox acVd Kssuspensi on of net hyl
6- (4- morphd¥ i nyl) - B- (1- napht hal enyl met hyl )-2-(trifl uoronet hyl)-1Hbenzi m daz
ol e-4- carboxyl ate, prepared as described in Exanple 48 (1.28 g, 2.73 mmol)
in 10 Methanol m.) and 1 M sodi um hydroxide (15 ni, 15.00 mmol) was
stirred overni Met, then at 50 C for 5 h. The reaction was cooled to
roomtenperature and acidified (pH 4) by the addition of 1 N HCL. The
precipitate forme€Fyas collected by filtration, washed with water and dried
to give the desired product (1.13 g, 2.233 mml, 82 %y| eld). A portlon of
i l , , , %

t he vol(ttfﬂhdiMietheﬂuGBHeﬂzﬁnﬁib@dlé 41dai3|3d3;fvla1té’le ori gi naI The preci pi tat e forned

was col | ected, washed with water and d in a vacuum.oven (50 C

ovePni ghsysPesief Qlemethyl %féﬂbpm&l%msa@c&m@%omewl) Bl-bowzimigszole7/-12 9 yi el d) .

T e BERRMEE prs YRS QPRI Bl 311,59, 4,58 Flmo P artBpduheintg®. 29 T 0

7 35 ( Cb,arb]mﬂte!.’qu 8BR g, PRAHnmod) 2N N-DirBéthyiorniarhide @AF) (I mILyWadstirkt, at1H)

FMEEH S. éﬁ]llg ng%nometh)gl%-m&%yl-?—(trl?luorome:‘l[hyl)(benzene (1. 75@ é E()S g rnrno?) 456

was added in and the resulting reaction mixture was stirred for 3 h at 80° C. The mixture was

10  then cooled to room temperature and poured into ice/water. The precipitate was collected by
filtration, washed with water, then hexanes (turned into a gum on the filter paper -some
material was lost). The crude material was purified on a silica gel column (ISCO, eluting with
0-5% MeOH in DCM) to give the desired product (580 mg, 1.099 mmol, 24.12 % yield)
(several mixed fractions obtained were discarded). 'H NMR (400 MHz, DMSO-ds) 5 ppm

15 7.65(d,J=2.53 Hz, 1H), 7.61 (d, J/=7.83 Hz, 1H), 7.37 (d, /=2.27 Hz, 1H), 7.23 (t, J/=7.96
Hz, 1H), 6.29 (d, /=7.58 Hz, 1H), 5.76 (s, 2H), 3.93 (s, 3H), 3.70 - 3.78 (m, 4H), 3.12 - 3.22
(m, 4H), 2.53 (s, 3H). MS(ES+) m/e 502 [M+H]".

Example 47
20
HO. O
N
S—cF,
NN
o/
Me

CF

3

Preparation of 1-{[2-methyl-3-(trifluoromethylphenyl]methyl}-6-(4-morpholinyl)-2-

(trifluoromethyl)-1H-benzimidazole-4-carboxylic acid
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Gl WD 2012/ 047538PCT/ US2011/ 052857 Preparation of nethyl

1-[ (2, 3-di chl orophenyl ) net hy1] - 6- (4- nor phol i nyl)-2-(trifluoronethyl)-
1H benzi 'woaalm7sBscar boxyl ate A m xture of nethyl PCT/US2011/052857
5- (4- nor phol i nyl) - 2- (trlfluoronethyl) 1H—ben2|n1dazole 7-carboxyl at e,

5prepared as described in le 45 (1. 4. 56 rrrm% and pot assi um
car bonat @lftyresﬁgn@thyllb{[@mﬁﬁhﬁl- -(ir#ﬂumrqmq_ﬂl sy ise b ered-moRmelipg-2nt)  was

stirre

1- (bor o(ero 1%%5?1%@1)%‘ %@%%géﬁgcﬁg&’%‘?g‘g%gké’amg BRBrY M BRI X ur e vias
war med (500 81, q:oamdmm HII[(EZiM bithidn hydioxidai(6 nile r‘m&)Oahmma in THE (12 sl )tvwazg

m xture -vva cool eg and poured ov ice. The precipitate fornmed was
col | ectSélafe ¢t 3076 %{t%lbrihaﬁeﬁcappwicgﬁe% GrvdCnpeRide Plrouerrc {2ty 4. 51

nols, as%éﬁﬁ'o%cfiﬂn({eg Peéh@é!f ]ﬁ}ssué é?lgrtﬁé 9(8168{18 LR SinTed §5th %\}ate(r%ﬁg aﬁﬂ)ﬁ (\)GQ% A to

purified by reverse phase-HPLC In water, plus 0.1% T
gi ve t hbe ddbiioredd bNdlethl(e];Bé’chltatg forﬁled T6is mﬁ%ctecﬂoﬁﬁlﬂ%mm élTIIé)sohdHaNl\/R (400

1H) 7. %ﬂhfﬁ%ﬂgf eﬁ?nwm%w‘]%%ﬁ%z?g@}w;bf %%Ze#@%e s Jh%@ayﬁ 0@7 83,

1.26 quntli-ﬁﬂ theAmatéridlSwasdkhsfeded thtd ﬁle c%h‘%@tlo% 08k - T &3 atﬁég wédre4lipordted 3 -
3.24 (m 4H). MS(ES+) mle 488 [MrH 1. Exanple 52 20CI Preparation of

1 112, 3ndiachhitersopd dayedmpohybndise (thapeghisite w&)coliec(chrbyr filreriomerashed - 1Hoenz

|2 3 AR RO B 0L s A S R PLER e s 87 g gy
251H H+ basutidnt GARoUR: o0 AREONISSBRA P 26 e 9T DR i AR B8 i 1. 95

1H), 7. 23 (t, J=7.83 Hz, 1H), 7.08 (d, J=2.02 Hz, 1H), 6.27 (d, J=7.58 Hz, 1H), 5.74 (s, 2H),
3.63 - 3.82 (m, 4H), 3.05 - 3.21 (m, 4H), 2.52 (br. 5., 3H). MS(ES+) m/c 488 [M+H]".

15 Example 48

Os__OMe

N
S,
N

Preparation of methyl 6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-2-(trifluoromethy)-1H-

20  benzimidazole-4-carboxylate

A mixture of methyl 5-(4-morpholinyl)-2-(trifluoromethyl)-1H-benzimidazole-7-carboxylate
prepared as described in Example 45 (1.5 g, 4.56 mmol) and potassium carbonate (1.889 g,
13.67 mmol) in N,N-Dimethylformamide (DMF) (10 mL) was stirred at rt for 10 min. After
addition of 1-(bromomethyl)naphthalene (1.511 g, 6.83 mmol), the mixture was warmed to
25  80° C and stirred for 3 h at this temperature. The resulting mixture was cooled to rt and
poured over ice. The precipitate formed was collected by filtration and air dried (2.4 g total).
The crude material was purified on silica gel (ISCO, 0-5% Me¢OH in DCM) to give methyl 6-
(4-morpholinyl)-1-(1-naphthalenylmethyl)-2-(trifluoromethyl)-1H-benzimidazole-4-
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and 2 MIlithium hydroxide (0.096 g, 3.99 mmol) in Tetrahydrofuran (THF) was
stirred at 50 C for 3 h. The reaction was cooled to roomtenperature, the

or gani ¢ swbwverfo4wis8 r enoved under reduced pressure and POE/BquUens28sT esi due
was acidified (pH 4) by the addition of 1N HCl. A gunmy preci pitate f or med.

After standin rt overni it turned into a solid. The
2012/ OM@W@% sz B/ 1@5"28153 692 6i e e hepariien ebihismrigral (\lé%ﬁ@dwmst h wat er

and dri g ﬁ%g b Aé/&‘ers%rp%%e- ibr ?to% s éqlxﬁ glﬁxggtelgrg)h% 081%%15‘%1 g? cfpyield) as
a gray tron o s url by reverse
phase- Hl%hl@({}ilﬁd&&%@%@l‘g ()r19\‘5vaxﬁrﬁdsl 9128&% @161L%a'§EAr)hlte'Edef NMRr(SO(l:Dﬂ{zal ni ng
product_were was reduced to about 1/3 of the

ori gi nddM S@n@)@ P@’ﬁé%lzél(@ a’r§ %dﬂ%ﬂﬁ)%@l thréés &, s dni/ThObizetHhnd

dried i Sjhe r 8, 8 4.57 %
i erd) 00 TRRAT0b MR Bk e D G o g R8s S50,
1H), 7.612H)Xa4. 95{§8H)83 64 - 3G 3Kim, 4Hb))3. 067 3149 (6, 4R F2MBTESH), m/BH)70 [MI+24] (t,
J=8.08 Hz, 1H), 6.26 (dd, J=7.83, 1.26 Hz, 1H), 5.77 (s, 2H), 3.66 - 3.81
(m 4H), 3.12 - 3.25 (m 4H). MS(ESt+) me 474 [M+rH '. 10 Exanmple 53 C 15
Preparation of

1- [ ( 3- dinample A9 et hyl phenyl ) met hy1] - 6- (4- nor phol i ny1) - 2-(trifl uoronet hyl ) -
1H1benzi m dazol e- 4-carboxylic acid A suspension of methyl

1-[ (3-chl or o-R- pembyl phenyl ) net hy1] - 6- (4- nor phol i ny1) - 2-
(trifluoronethyl)-1H benzi m dazol e-4-carboxyl ate, prepared as described in

Exanple 49 20 A1 .09 g, 2.330 mmol) in Methanol (12 nlL) and Tetrahydrof uran
(THF) (4 nl) tegd with 1 Maqg. sodium hydroxide (12 niL, 12.00 mmol )
and stir, 0 lﬂ: for 1.5 h (m xture turned honbgeneous). The reaction

was coog\?rto roomitenperature, the volume reduced to half and the residue
was aci ed (p

col | ected, was h water and dried to give crude desired product (918.6
ng, 2.024 mmol, %6y|eld) as a yellow solid. A portion of it (140 ng)
was suspended in g5 nL of DMSO After sonication and heating, the solid
went into solution but it crashed out. The precipitate was collected and
washed with DVBO, but it still showed inpurities by LC MS. Anot her

Preparation of methyl 1-[(3-chloro-2-methylphenyl)methyl]-6-(4-morpholinyl)-2-

(trifluoromethyl)-1H-benzimidazole-4-carboxylate

15 A mixture of methyl 5-(4-morpholinyl)-2-(trifluoromethyl)-1H-benzimidazole-7-carboxylate,
prepared as described in Example 45 (1.5 g, 4.56 mmol) and potassium carbonate (1.889 g,
13.67 mmol) in N,N-Dimethylformamide (DMF) (10 mL) was stirred at rt for 10 min. After
addition of 1-(bromomethyl)-3-chloro-2-methylbenzene (1.500 g, 6.83 mmol), the mixture
was warmed to 80° C and stirred for 3 h at this temperature. The resulting mixture was cooled

20  to rt and poured over ice. The precipitate formed was collected by filtration and air dried (2.4
g total). Purification on a silica gel column (10-50% EtOAc in hexane) failed to produce pure
material. The fractions containing product were combined and the solvent was removed
under reduced pressure to afford methyl 1-[(3-chloro-2-methylphenyl)methyl]-6-(4-
morpholinyl)-2-(trifluoromethyl)-1H-benzimidazole-4-carboxylate (2.03 g, 4.34 mmol, 95 %

25  yield) (only 87% pure). A portion of this material (165 mg) was purified by RP-HPLC (25 to
95% AcCN in water, plus 0.1% TFA) to give pure desired product (92.3 mg, 0.193 mmol,
4.24 % yield). "H NMR (400 MHz, DMSO-ds) 5 ppm 7.64 (d, J=2.27 Hz, 1H), 7.28 - 7.43
(m, 2H), 7.04 (t, /=7.96 Hz, 1H), 5.97 (d, J/=7.83 Hz, 1H), 5.71 (s, 2H), 3.93 (s, 3H), 3.66 -
3.80 (m, 4H), 3.06 - 3.25 (m, 4H), 2.46 (s, 3H). MS(ES+) m/e 468 [M+H]"

30
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aliquot (132 ng) was dissolved with heating in 5 nL of DMSO and purified by
reverse phase-HPLC (15 to 95% AcCN in water plus 0.1% TFA). The desired
product wae 200l42338d 30by evaporati on of the organi c solP¢EAIS201I082857
precipitate was collected by filtration, washed with WO

2012/ 047538PCT/ US2011/ 052857 water and dried in a vacuumoven to afford
pure desired product (89 ng, 0.192 mml, 8.25 %yield). 1H NWVR (400 MHz,
DVSO- dxagnplpi¥P13. 09 (s, 1H), 7.63 (d, J=2.27 Hz, 1H), 7.36 (d, J=7.83 Hz,
1H), 7.30 (d, J=2.27 Hz, 1H), 7.05 (t, J=7.96 Hz, 1H), 5.98 (d, J=7.58 Hz,
1H), 5.70 (s PW 3.66 - 3.83 (m 4H), 3.08 - 3.24 (m 4H), 2.47 (s, 3H).

MS(ES+) mle 453. 5[NHFU ". Exanple 54 10CF3 Preparation of 1-

{1-2- et hyl - |§_ or onet hyl ) phenyl | met hy1} - 6- (4- nor phol i nv1) - 2-

ktriflu Benzi m dazol e- 4- car boxam de Oxalyl chloride (0.251
m., 2. g:gyn added to a suspension of 1- {[2-nethyl-3-

15(tr|f r one ) phenyl ] net hyl }

- 6- (4- nor phol i -(trifluoromethyl)-1H b enzi m dazol e-4- carboxylic
acid, prepared a scribed in Exanple 47 (350 ng, 0.718 mmol) in

Di chl or onmet hane (6 mL). The reaction mxture was stirred at rt for 10

mnytes (turned into a solution) and then the sol vent was evaporated. The
resi‘due (crude acid chloride), was dissolved in Tetrahydrofuran (THF) (6
) . NH&e@astionast PdUbRbaholify1{-l 1e-ndPhtfhish Wit MANgedueRIntthygllHow t o white,
and a preC|p|tate formed); the mxture was stirred at rt for 10 m nutes and
t hen pdicnginii ﬂhi%ﬁmﬁéﬁﬂKHWMhe (15 mL) and Et0Ac (20 nL) The aqueous phase

wer o connrmeiah b AR AP Rl A Ml AR RN FIPES

rle gibn%/ﬁj}{dz&btb)él céﬂHok\WRe( ﬁh@@arMHas dd@hﬁ@dﬁﬁ)Ex@niptHﬂ@(l% 4, ((12 73Jrj1217o5)2181 HZHz 1H),
1H)10 7 Mgthpgp! (h&@l% ?nqi& M ﬂlﬂlumﬁlyz@xeée (1§417L 8135 Qszme)vvaS@tlafGﬂ eyernighyaisg” 1y |

%/ED( Est )r? ﬁ}}e(nsat ggHF foll?’_‘f ﬁOThe a8fbr(Was &dled 88 ’cen‘?‘pega%ul(ergnd%wmﬁe% (ﬁﬁl 4)%51 3H) .

the addition of 1 N HCI. The precipitate formed was collected by filtration, washed with

water and dried to give the desired product (1.13 g, 2.233 mmol, 82 % yield). A portion of
this material (132 mg) was purified by reverse phase-HPLC (15-95% AcCN in water plus

15 0.1% TFA). The fractions containing product were combined and the volume was reduced to
about 1/3 of the original. The precipitate formed was collected, washed with water and dried
in a vacuum oven (50° C, overnight) to give the desired product (88.4 mg, 0.194 mmol, 7.12
% yield). "H NMR (400 MHz, DMSO-ds) & ppm 13.11 (br. s., 1H), 8.26 (d, J=8.59 Hz, 1H),
8.01 (d, J=7.33 Hz, 1H), 7.85 (d, /=8.34 Hz, 1H), 7.57 - 7.73 (m, 3H), 7.35 (d, /=2.53 Hz,

20  1H), 7.29 - 7.34 (m, 1H), 6.24 (d, J/=7.07 Hz, 1H), 6.22 (s, 2H), 3.64 - 3.72 (m, 4H), 3.06 -
3.18 (m, 4H). MS(ES+) m/e 456 [M+H]+.

Example 51
25
Os_OMe
N
\>_CF3
NI
o/
Cl

Cl
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30 Exanple 55 WD 2012/ 047538PCT/ US2011/ 052857 CF3 Preparation of 1-
{[2-met hyl-3-(trifluoronethyl)phenyl]nethyl}

- 6- (4- norwbabizng133s4- (1H1, 2, 4-triazol -3-y1) - 2- (trifl uor ecEtusgdioizgsbenzi m d
azole 5A mxture of 1- {[2-Methyl-3-(trifluoronethyl)phenyl]nethyl}

- 6- (4-norpholinyl)-2- (trifluoronmethyl)-1H benzi m dazol e-4-carboxan de,
prepared as descrlbed in Exanple 54 (250 ng, 0.514 nmmol) and

N, N- di ngt AT, et 9 v D

C for I 5 ‘ S

pr essurle{-amhmhﬁzdslesu-chnbome suspended in Acetl c ACI d (5 m.) . After t he
addition of hyd hydrate (0.113 ) the reaction

i xt ur o UGl Be b %40@0@ oyl r%%fﬁuormethgbr%h?n% agQIRTerrbapEdc-under
vacyumpthiced AU ERZAA terzer@% sty hiloHERE pbBXnmIAbohlie (1 88 due was
di ssol ve n DVMSO and purif by reverse p ase-HPLC (20-95% AcCN i"'n wat er
pl us OJB%ﬂﬁﬁﬁmD11mékﬁmamﬂkﬁﬁsmemmkainﬂﬁgﬂpnmﬂhwasMemdamddbrh@dmndﬁhﬂral|zed

by the diti f a at. sol and or orated. The

ot eci pieattniod T GoritueBuE e TRboieiits 651 Rl L it A RIS washed
W th wax;efneamd 8o eﬁid btﬁre’t‘i f6RS UL IRY BhpeftRure) T@/&@ﬂtlﬂgmtar&wsecobtee tdesi red
product (157.1 ng, .302 mol, 58.7 %yield) as a |tem£omder 1H NWVR (400

M—Iz CHL@]RQF@MVQI) 1ce merqepmse faymed gvas cqllgcteddmﬁltt(dgon and) air grigbto(glye J=2. 27

: 1H) G 7,83 Hz . %F .. J=7.83
ri 107y gerodk 5012 3252 35 mifol, 490 vidtad il pusbyya Baror R R ifima s 0°.
3.30 ( m/as‘ﬂﬂhﬁea b9 fevdBse(phasesSHPLONBS &593% M &M inlivMeHlplus. 0. Bsarml)ao §6ve MO
2012/ 047538PCT/ US2011/ 052857

desired product (137.4 mg, 0.276 mmol, 6.05 % yield). 'H NMR (400 MHz, DMSO-ds) &
ppm 7.65 (d, J=2.27 Hz, 1H), 7.61 (dd, J=8.08, 1.26 Hz, 1H), 7.48 (d, /=2.27 Hz, 1H), 7.24
(t, J/=7.96 Hz, 1H), 6.25 (dd, J=7.83, 1.26 Hz, 1H), 5.77 (s, 2H), 3.93 (s, 3H), 3.68 - 3.81 (m,

15 4H), 3.13 - 3.24 (m, 4H). MS(ES+) m/e 488 [M+H]".

Example 52
Os_OH
N
d—cF,
& \
o/
o]
cl

20

Preparation of 1-[(2,3-dichlorophenylmethyl]-6-(4-morpholiny])-2-(trifluoromethyl)-1H-

benzimidazole-4-carboxylic acid

A mixture of methyl 1-[(2,3-dichlorophenyl)methyl]-6-(4-morpholinyl)-2-(trifluoromethyl)-
25  1H-benzimidazole-4-carboxylate prepared as described in Example 51 (1.95 g, 3.99 mmol)
and 2 M lithium hydroxide (0.096 g, 3.99 mmol) in Tetrahydrofuran (THF) was stirred at 50°
C for 3 h. The reaction was cooled to room temperature, the organic solvent was removed
under reduced pressure and the aqueous residue was acidified (pH 4) by the addition of 1N

HCIL. A gummy precipitate formed. After standing at rt overnight, it turned into a solid. The
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Cl Preparation of

1- 112, 3-di chl or ophenyl ) net hy11- 6- (4- nor pholinvl)-4-(1H1, 2,4-triazol -3-yl)-
2- ktriflworomsuhnss) - 1H benzi m dazole 5 a) PCT/US2011/052857

1-[ (2, 3-Oi chl or ophenyl ) met hy1] - 6- (4- mor phol i nyl ) -2-(trifl uoronethyl)-1H ben
zi m dazol e4-carboxam de. ClI 10 Oxalyl chloride (0.332 nL, 3.80 mol) was
added tmecaplgqygp@ﬁg@ llpstegs Wg&b@é w3th Water and dried to give crude desired product (1.83 g,

di chl 0V id
1 chlor om0 L RARIS ) 20 SIS iR e
rrrml ) Ir@dﬁ;&ﬁﬂa@é-ﬂﬁ@@ﬁ@f@@&'ﬁ\(ﬁ Wdtér plﬂ’sh@l%éﬂ@k)' Qhe Milaxtiotseonaming i rred at

rt for m nut es and t hen the sol vent was eva rat ed. Th r S|due (crude
aci d cmrawcamere Iy ﬁb%&o PWe?@SF%EHVSﬁiEﬁ%hO&h ﬂ%ﬁ}e vglm) F\IHS gas was
bubll e g@&g I It e was

sti lrér e?rbd’ipﬁét@?og??e E:{L?%n%?\%t es gﬁs@ Vgirrflh %gﬂre%%%lﬁegjm be"t%v\%%%lag?llmr?gl {(%15 m.) and
Et OAc (RBiredprodih€8@duen0d 8phasel, ha3 %yteﬂcBCfHd\INﬁRt(hOEﬂ\m IMS©-29onl) and

h mbi ned, d d d
concentiat bhOY b 20t ¢ORHThe: HESTHEG G GauE (SO5oHs. B80S a2 280 %

yi el d) Q1S 00y 6) 6
AN 51%‘? (1513 nag( g%@ogﬁﬁzﬁj 925’38‘2 cf%’ 83 ﬁ@g Hzl'rhT'\ﬁ?(@ %6 qvgpgﬂ?

1H), 7.4D,8dd- SMmgH)lmEﬂz)nﬂd-BM YMArH](d J=2. 27 Hz, 7.25 (t,

J= l096Hz, 1H), 6.33 (dd, J=7.83, 1.26 Hz, 1H), 5.80 (s, 2H) 3.68 - 3.83
(m™Y4H), 3. 14 . WD 2012/ 047538PCT/ US2011/ 052857 3. 24 (m 4H). MS(ES+) me
473.1 [MtH '. b) 1- [(2,3 -Di chl orophenyl) nethyl]-6-(4-norpho
liny1)-Example$32 4-triazol-3 -y1)-2- (trifluoronethyl)-1H benzinidazole. 5
A suspensi on of

1-[ (2, 3-di chig opHenyl ) met hy1] - 6- (4- mor phol i ny1)-2-(trifluoronethyl)-1Hbenz
i m dazol e- 4- cal boxam de, prepared as described in Exanple 56, step a (389
ng, 0.822 mmp ONN, N- di et hyl f or mam de di net hyl acetal (9 nL, 67.2 mmmol)
5‘}8— f 1 hour. The reaction was concentrated under

aNd t he residue was

15
Preparation of 1-[(3-chloro-2-methylphenyl)methyl]-6-(4-morpholinyl)-2-(trifluoromethyl)-

1H-benzimidazole-4-carboxylic acid

A suspension of methyl 1-[(3-chloro-2-methylphenyl)methyl]-6-(4-morpholinyl)-2-
(trifluoromethyl)-1H-benzimidazole-4-carboxylate, prepared as described in Example 49

20 (1.09 g, 2.330 mmol) in Methanol (12 mL) and Tetrahydrofuran (THF) (4 mL) was treated
with 1 M aq. sodium hydroxide (12 mL, 12.00 mmol) and stirred at 70° C for 1.5 h (mixture
turned homogeneous). The reaction was cooled to room temperature, the volume reduced to
half and the residue was acidified (pH 4) by the addition of 1 N HCI. The precipitate was
collected, washed with water and dried to give crude desired product (918.6 mg, 2.024 mmol,

25 87 % yield) as a yellow solid. A portion of it (140 mg) was suspended in 3.5 mL of DMSO.
After sonication and heating, the solid went into solution but it crashed out. The precipitate
was collected and washed with DMSQO, but it still showed impurities by LC/MS. Another
aliquot (132 mg) was dissolved with heating in 5 mL of DMSO and purified by reverse
phase-HPLC (15 to 95% AcCN in water plus 0.1% TFA). The desired product was isolated

30 by evaporation of the organic solvent: the precipitate was collected by filtration, washed with
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10 suspended in Acetic Acid (7 nL). After the addition of hydrazine
nonohydrate (0.181 nm., 5.75 mmol) the reaction m xture was heated at 100 C
for 1 houwoO 20te433Bvent was concentrated under vacuum amdTiuseomaesisdue was
di ssolved in DVSO and purified by reverse phase-HPLC (20-95% AcCN i n wat er

plus 0.1% TFA) (sone residual solid filtered off). The fractions coq}aining
pr oductWatetr @ ddsieliim a yacuyaueyea! tp 28erdagure Hesitgd dredush(83imad. NEHomel. $a45 %5sol

and t he .gr,gan] r 0 (e} i er)pm Al

oreci ptdr e T MR EORIEh M S HRE 1 3k ) e e R T O Bhed wi e
wat er gad/-dr3xedz,| IHR780¢dUrR 7, (145, TS ay&sNo@AL, 119), 9i9RedL e shelir ed
product (115 ng, 0.227 mol, 27.6 %yield) as a white powder. 1H NMR (400
Mz, CHE OvI2EY), H6ppMmBIIMeaH).HY.08 $3.24 {1y 4HB 247 (6 3HN YISES0m/e 453.9=2. 27
Hz, s1H) _ﬁgf7 (dd, J=8.08, 1.26 Hz, 1H), 7.10 (t, J=7.96 Hz, 1H), 6.59 (d,
20J=2.£y1 , 1H), 6.37 (dd, J=7.83, 1.01 Hz, 1H), 5.62 (s, 2H), 3.79 - 3.92
(m 4H), 3.17 - 3.30 (m 4H). MS(ES+) me 497 [ M+H]'. Exanple 57 25 c
Preparation of
1-11341§$ﬁﬁmg4nethylphenyl)nethy11-6-(4-nnrpholinvl)-4-(1FL1,2,4-triazol3-

yl)-2-(trifluoromethyl)-1H benzi m dazole WD 2012/ 047538PCT/ US2011/ 052857
Oxal yl chlorige ﬁg.347 m., 3.97 mmol) was added to a suspension of
2

1-[ (3-chl oro-
met hyl phenyl) =thy&]-6-(4-nnrpho|inyl)-2-(trif|uoronethyl)-lH—benzinidazole
- 4- car boxyl i ¢ d, E%pared as described in Exanple 53 (450 ng, 0.992
nmol ) ig/Elc- dagt hané (DCM (8 nl). The reaction mxture was stirred at
rt for 10 nutes and then the solvent was 5 evaporated. The residue
(crude 8eid chloride), was suspended in Tetrahydrofuran (THF) (8 niL). NH3
gas was bubbl ed (the m xture changed color yellow to white) and the
m xture was stitrgdMe rt for 15 minutes and then partitioned between brine
(15 nmL) and Et OAc %20 m.). The aqueous phase was extracted with Et0OAc (2 x
20 L) and CH2C12CF10 m.). The organi c phases were conbi ned, dried over
Na2SO4 and concentrated. The crude product was 10 suspended in
N, N- di gt b d 3 ST [d 6t P8 - udfot @by HphBnyTimet 13 J6- (I RbiphanAyigoi rred at 105
C for Z h. The excesSs solvent was evaporated and the resi due was suspended
i n Acet(trefluaeg ihtderole aglvbdiamiide
m., 3.9 ot | xture was stirr t 100 C for 1.5 h. The, sol vent was
ovapor A antprich 16281 e N lBhaD eutiogte o Ypsiotates T B2s Ry pur i 11 ed
by 15eveustuRhiasay! (1BRHY0% AT N rpib M@ ET-(tRFIUSTo ARy A Hhzitd&bles-t he

d A R O R T O b By

desired product-é ng _mo ;§¥Ie|d) as a white
carboxylic acid, prepared as described in Example 47 (350 mg, 0.718 mmol) in

Dichloromethane (DCM) (6 mL). The reaction mixture was stirred at rt for 10 minutes
(turned into a solution) and then the solvent was evaporated. The residue (crude acid
chloride), was dissolved in Tetrahydrofuran (THF) (6 mL). NHs gas was bubbled in (the

20  mixture changed color yellow to white, and a precipitate formed); the mixture was stirred at rt
for 10 minutes and then partitioned between brine (15 mL) and EtOAc (20 mL). The aqueous
phase was extracted with another aliquot of EtOAc (20 mL). The organic phases were
combined and concentrated to afford desired product (297 mg, 0.580 mmol, 81 % yield). 'H
NMR (400 MHz, DMSO-ds) & ppm 8.59 (d, J=2.53 Hz, 1H), 7.99 (d, /=2.78 Hz, 1H), 7.77

25 (d,J=2.27 Hz, 1H), 7.62 (d, J=7.58 Hz, 1H), 7.31 (d, J=2.27 Hz, 1H), 7.25 (t, J=7.83 Hz,
1H), 6.36 (d, J=7.58 Hz, 1H), 5.78 (s, 2H), 3.60 - 3.80 (m, 4H), 3.09 - 3.22 (m, 4H), 2.53 (s,
3H). MS(ES+) m/c 487 [M+H]"

30 Example 55
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powder. 1H NWMR (400 MHz, CHLOROFORMd) 6 ppm 13.08 (br. s., 1H), 8.11 (s,

1H), 7.98 (d, J=2.27 Hz, 1H), 7.36 (d, J=8.08 Hz, 1H), 7.01 (t, J=7.96 Hz,

1H), 6.5wW0ad0120425382 Hz, 1H), 6.32 (d, J=7.83 Hz, 1H), PBCPLS&1/0228F), 3.73

- 3.97 (m 4H, 3.12 - 3.30 (m 4H), 2.50 (s, 3H. MS(ES+) me 476.9

[ MEH] ' . 20 Exanple 58 25Preparation of 2-nethyl-6-(4-norpho

linvl)-1-(1- ngphbhal enyl net hyl ) -4-(1Htetrazol -5 -yl)- 1H benzi i dazol e

In a two 5 nHNMYNi al was added in

2- met hy1- 6- (4- npr phol i nyl) - 1- (1- napht hal enyl net hyl ) -

1H benzi m dazol -4 Qgarbonitrile, prepared as described in Exanple 24 (80

azide (109 ng, 1.673 mmol) and amoni um chl ori de
7 Nan N, NDi net hyl f ormani de (DMF) (2 nl). The reaction

mxture wastubj ected to MWirradiation for 15 mn at 180 C, then 80 mn at

185 C. < analys¥s only showed 30% conversi on; however, heating for

| onger tine cauged { he deconposition of the product. The two reaction 5

' medle The conbi ned m xture was added in water (10 nL) and

extracted with DCM (30 nL x 4). The conbi ned organi c phases were washed

with saturated NH4CE,sol ution, dried, and concentrated. The reaction was

subj ected to purification on a silica colum (20 60% Et OAc/ Hexane) and t hen

(1-5%veQH to ve e pr. duct 2 30 OP O d6) 6

ppm 2. 53¢ fl ethyl-3 tr h nyl 1 (- o)

6.40 (d, 241&&2%@ 3'-_@) 2-’\‘{?’)ﬂu%r(?rﬁethvﬁ-'lialgbe(tﬁlmlaﬁaolg 56 - 7.74 (m 3H) 7. 88 (d,

J=8.34 Fz, IH) 8.03 (d, J= TH 8.26 (d, 1 H. MS(ES+) mie 426.0

[ M+B] A nExtanpdfel -§Q- MEthyCB (@rfhpmmtthﬂhplwhyl]methyl} -6-(4-morpholinyl)-2- o

; OlléB 4C(g‘lg?%)69<1§}?tge f)-ﬁﬁ-ﬁgnezﬂx d)agqt q c]ar 10x%mrrc?et g}lei%alr%d(a4 deSCI‘IBQ {nl ﬂyal p_lél E‘P enzim da
(250 mg, 0.514 mmol) and N,N-dimethylformamide dimethyl acetal (7 mL, 52.3 mmol) was

stirred at 105° C for 1.5 hour. The reaction mixture was concentrated under reduced pressure
and the residue was suspended in Acetic Acid (5 mL). After the addition of hydrazine

10 monohydrate (0.113 mL, 3.60 mmol) the reaction mixture was heated at 100° C for 1 hour.
The solvent was concentrated under vacuum, the residue was azeotroped with toluene (2x),
and the residue was dissolved in DMSO and purified by reverse phase-HPLC (20-95% AcCN
in water plus 0.1% TFA). The fractions containing product were combined, neutralized by the
addition of aq NaHCOj3 sat sol and the organic evaporated. The precipitate in the aqueous

15  residue was collected by filtration, washed with water and dried in a vacuum oven (45° C)
overnight to give the desired product (157.1 mg, 0.302 mmol, 58.7 % yield) as a white
powder. 'HNMR (400 MHz, CHLOROFORM-d) § ppm 13.05 (br. s., 1H), 8.12 (s, 1H),
8.00 (d, J=2.27 Hz, 1H), 7.63 (d, /=7.83 Hz, 1H), 7.18 (t, J/=7.83 Hz, 1H), 6.56 (d, J=7.83
Hz, 1H), 6.51 (d, J=2.27 Hz, 1H), 5.54 (s, 2H), 3.71 - 3.95 (m, 4H), 3.09 - 3.30 (m, 4H), 2.57

20 (s, 3H). MS(ES+) m/e 511[M+H]".

Example 56
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20To a solution of nethyl

2- met hyl - 5- (4- nor phol i nyl) - 1H benzi m dazol e- 7- car boxyl at e, prepared as
descri bedwpnoanpBe 26, step d (0.2 g, 0.726 mmol) in PCT/US2011/052857

N, N- Di et hyl f ormam de (DVF) (10 nL) was added

1- (br omonet hyl ) - 3- chl or o- 2- net hyl benzene (0.239 g, 1.090 nmol) and

pot assi um car ygttite (0.301 g, 2.179 mmol). The resulting reaction mixture
was stirred HiMr Bl h at 80 C. The solution was cooled to roomtenperature
and poured intol water 25 and extracted with EtOAc. The conbi ned organic
phase was washed WN h brine and concentrated. The residue was purified on a
Bi ot age Isole f+cRlion systemusing a Biotage | Oy SNAP silica gel
cartrid ed with a gradient of DCMto 5% MeOH DCM over 10 col umm
vol unes he/P expect:d conmpound was col l ected and evaporated to yield a tan
solid. P tan geki’d was di ssolved in tetrahydrofuran (THF) (10.00 nl)
followed by th 't on of 1M Ilithium hydroxide solution (10 nL, 10 nmol).
The reaction was—¢fi rfed at 50 C for 2 h. The reaction was cool ed to room
tenperature and t organlc sol vent was renoved i n-vacuo. The solution was

diluted with mater‘(zo m.) and acidified with 1 N HC1L. The m xture was then
filtered and the yellow solid mas purified by 5 reversed phase mnth a

t he deshﬂhdm@haﬁubﬂ}fmﬁénﬂMEQHGO 253 nnDI 34 9 @6y|eld) 1H NNR (400 VHz,
CHLOROFORMd) 6 ppm 2.48 (s, 3H) 2.85 (s, 3H) 3.13 (d, J=4.04 Hz, 4H) 3. 78
- 3290 (m 4H) 5.58 (s, 2H) 6.37 (d, J=7.83 Hz, 1H) 6.89 (d, J=1.52 Hz, 1H)
7.04 (t N 19 +) m e
399. 8 alz/hl l_u]ffS Qﬁclﬁéropiigﬁgl)zne’i i)r@ e(garﬁiplﬁglhﬂﬁ) -2 %ﬂfﬁlu@)fb&é@ylﬁ AH- Pk imiVBORS
2-nethy&cab@®®ndethylphenyl)nethyll 6- (4- nor phol i nyl) - 1H benzi m dazol e4- car
boxylic acid To a solution of nethyl

2- met hyl - 5- noyrphol i nyl) - 1H benzi m dazol e- 7- car boxyl ate, 20 prepared as
descri bed i le 26, step d (0.2 g, 0.726 nmmol) in

N, N- Di nethylfornanlde (DMF) (10 nL) was added 2-net hyl benzyl brom de (0. 145
m., 1.090 : H\pota33|un1carbonate (0.301 g, 2.179 nmmol). The

resultin , ure was stirred for 3 h at 80 C The solution was
cool ed {o MbomTenperature and poured into water and was extracted with

Et OAc. O®he ‘conbi ned’ organi ¢ phase was washed with Brine and concentrat ed.
The residue 25¢@s purified on a Biotage Isolera purification systemusing a
Bi otage | Oy SNAP giticca gel cartridge and eluted with a gradient of DCMto
5% MeOH DCM over 10 col um vol unmes. The expected conpound was coll ected and
evaporated to yield a tan solid. The tan solid was dissolved in

t etipahydrof uran (THF) (10.00 niL) followed by the addition of 1M Iithium
hydr oxi bl P Qhride70.639 nill 3.8bAnAlD Was adB& fotAkkp@RionT 15k2,8r ed at 50 C for 2

h. The reaction
dichlorophenyl)methyl]-6-(4-morpholinyl)-2-(trifluoromethyl)-1H-benzimidazole-4-

carboxylic acid, prepared as described in Example 52 (450 mg, 0.949 mmol) in
Dichloromethane (DCM) (7 mL). The reaction mixture was stirred at rt for 10 minutes and
15  then the solvent was evaporated. The residue (crude acid chloride), was suspended in
Tetrahydrofuran (THF) (7 mL). NH3 gas was bubbled in (the mixture changed color yellow
to white), the mixture was stirred at rt for 15 minutes and then partitioned between brine (15
mL) and EtOAc (20 mL). The aqueous phase was extracted with EtOAc (2 x 20 mL) and
CH,Cl; (10 mL). The organic phases were combined, dried over Na,SO4 and concentrated to
20  afford the desired product (395 mg, 0.835 mmol, 88 % yield) which was used as is in the next
step. '"H NMR (400 MHz, DMSO-d) 8 ppm 8.56 (d, /=227 Hz, 1H), 7.98 (d, /=2.53 Hz,
1H), 7.76 (d, J/=2.27 Hz, 1H), 7.62 (dd, /=8.08, 1.26 Hz, 1H), 7.42 (d, /=2.27 Hz, 1H), 7.25
(t, J=7.96 Hz, 1H), 6.33 (dd, /=7.83, 1.26 Hz, 1H), 5.80 (s, 2H), 3.68 - 3.83 (m, 4H), 3.14 -
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WO 2012/ 047538PCT/ US2011/ 052857 was cooled to roomtenperature and the
organi ¢ solvent was renoved in-vacuo. The solution was diluted with water
(20 nmL) awo20acydir$B8ed with 1 N HCL. The m xture was themrcfriust@nassand t he
grey solid was purified by reversed phase HPLC with a gradi ent of
acetonitrile (0.1%FA) and water (0,1%FA v/v)(10-40% over 10 minutes. The
appr opri-2 en4the (NSES Bwwde 4736 IMedtled and evaporated to yield the desired
product (152.6 ng, 0.418 nmmol, 57.5 %yield). 1H NVR (400 MHz,

CHLOROFORM d) 6 ppm 2.45 (s, BFD 2.87 (s, 3H) 3.00 (br. s., 4FD 3.72 - 3.81
(m 4H)b)5 [53,3(Blphlaf@thnyﬂﬁneﬁtﬁyl]@r(ﬂfrﬁ&phﬁlinylﬁﬂ-(BHJISZ,(ldr,iaz\b:l:Bf}aﬁsz, 1H) 7.14
(t, 7,23 - ;6 éfﬁé} WB(ES+) me 365.8 [MtH] '. 10 15Preparati on of
ethyl IH%FHVPGZY il ZHV@ag) €trifluoronethyl)phenyl]nethyl} -6-(4-

mor ghol i ny1) - 1H-benzi m dazol e- 4- carboxyl ate To a mi xture of

2-met hyl - 1-{[ 2-met hy1- 3- (tri fl uoronet hyl ) phenyl ] net hyl } - 6- (4-

nmor phol A sysppasieh bERE2(B- dia]z]ot@hdn}dhnebb}xl?%i(é-ramipdolirgd)amnrﬁhhomdhaﬂbs -iHbed in

Exanmpl e 31 (.0.2 , 577. i i chl.or.anet han i) added

- oAl BT R CHgo TS BpTRrass ST EEABRIOY RS T MEWNEEE ops. o

DVF. ThembBpag N, QI iMesy Bbimdrside a{méthylfa@étall@ LN 2 flwaofaentfapsdct o give
the acid chloride. To the crude acid | ori de, was added Ethanol (20.00

m_) THer I bawert Tbareactienwves walgersttatfrdﬂerdieatedncedfmssm@ amdrtm @slduErM@Sr eaction

concentra he, ¢ r fied.on a o (0-10%

o oo Aa sl AT B S8 dhs PRI R e R B T
The or gars MinfUlpke raRto Miviaehed hatel a8 a00rr@ired MYaHA®R ssBkbtwan (20 nl),
Brine (20 nmL), dried (MgSO4) and concentrated tg&l%l ve the product as a

white sonFantpdipder vasuom and thauerdpcrpes dsolvENsIdS Ogind prrificdBy reversg=7. 07

a5 (2P 9%, £ecR i St lysd. BR T A9 il Bightlof iliegtgfPphen 41
J=7. 96 fkiztioddHonTaididg @cbdudt:\ﬂelﬁzoiﬂbmeﬂil-heuﬁaﬁﬁed(@ thd #ddibiadn baq WEHCO; 64t ( d,

1H) . MS(ES+) me 462. 2[ MtH| Pr epar ati on of
4- dPo nﬁpga‘ﬁ%[ﬁlﬁ QreagLe ey aﬂ‘{{ﬁ'ﬁﬁ&qmﬁ,%mmq_ngm Fiﬁql%ti%ﬂsge . The precipitate in the

aqueous residue was collected by filtration, washed with water and dried in a vacuum oven
(45° C) overnight to give the desired product (115 mg, 0.227 mmol, 27.6 % yield) as a white
powder. 'HNMR (400 MHz, CHLOROFORM-d) § ppm 13.05 (br. s., 1H), 8.12 (s, 1H),
8.00 (d, J/=2.27 Hz, 1H), 7.47 (dd, J=8.08, 1.26 Hz, 1H), 7.10 (t, /=7.96 Hz, 1H), 6.59 (d,

20 J=2.27Hz, 1H), 6.37 (dd, J/=7.83, 1.01 Hz, 1H), 5.62 (s, 2H), 3.79 - 3.92 (m, 4H), 3.17 - 3.30
(m, 4H). MS(ES+) m/e 497 [M+H]".

Example 57
25
=N
HN_ N

N
e
o/

Me

Preparation of 1-[(3-chloro-2-methylphenyl)methyl]-6-(4-morpholinyl)-4-(1H-1.2.4-triazol-

3-y1)-2-(trifluoromethvyl)-1H-benzimidazole

-07-



a) 6-brono-2-nethyl -4-nitro-1-(phenyl met hyl)-1H benzi m dazole 10 A m xture
of 6-brono-2-nethyl-4-nitro-1H benzo[d]im dazole, prepared as described in
Exanpl e wQ2812¢47538br omonet hyl ) benzene (15 g) and K2CO3P(3aisg)itiomsbivF ( 250
m.) was stirred at 60 C for 2 h. The reaction m xture was cooled to room
tenperature and filtered. The filtrate was then poured into water. It was

t hen fiQtadylelarigleddF mla 395 mapohgstaddedsol 4 wsprasionmidéhedlod-2h wat er and

Mo T BB o ga Rhd 1 R RGP R fhiq @8-y R (390
7. 29_73a2§1 bfﬁpa&tﬂ?&s d8sbciJBe(¢ th Exldrhpld 33 439 1hig,)0.98 @zho()dn Dlithlotbmethade (LML C- M5
2- (raret hy® ﬂe{) ) L?rfﬁaﬁ‘%} infypare-wasifipred a4 (TGP intiss APd fhertpaeatyintidazol e 20 WO

201%/ 0442 2@&5@/ ﬁﬁ%@é&ﬁ@@?ﬂ%{% acid clﬁ\? t\’vjﬁsesu ended in Tetrahzdrlogur?% gTIéli) (8

brono-2-net hyl -4-nitr ’hyI benzi m da ,
m)r pholmhe NI‘EJgag)WaS mdbldbdajxﬂ(tmeqmﬁct@e ch@sg@@@@lo@ 5211w &) white) &d Phomixt@e9 g) in

di oxane (2 asse with.nitrogen and then stir 2 Cfor

o T prsial ude Eoeret aad Muthrrtumoet BRet Bt HRanEbmLED et enoved

i n-vacygr). The af&ud %as\e@@asteta@auwwﬁ iFedARY2 £DbirkR) AR CIE IOt A0y amBy el ut ed
with EtOAc : petroleumether = 1: to afford the desired product as a

yel | ow asganigiplasgs wy,ere@@%bmeﬂkdmmx(esmzmandms@n@@ed th)WdQPEﬂthSNaSSH)
(i Oy 5 SaPalifitigide gt ek Syl 727 Rn S Py -
b) 2- metivet 2 &: THe eephlveaywis évab@ﬁ@dﬂ%nﬁﬂhé'lﬁé'slhué kb mbﬁaddaﬂ Acetic Ali’ﬂdne
(10 mL). After the addition of hydrazine monohydrate (0.194 mL, 3.97 mmol), the mixture
was stirred at 100° C for 1.5 h. The solvent was evaporated and the residue was dissolved in
warm DMSO (8 mL) and purified by reverse phase-HPLC (20-90% AcCN in water plus
15 0.1% TFA) to give the desired product (96 mg, 0.197 mmol, 19.90 % yield) as a white
powder. '"H NMR (400 MHz, CHLOROFORM-d) § ppm 13.08 (br. s., 1H), 8.11 (s, 1H), 7.98
(d, /=2.27 Hz, 1H), 7.36 (d, /=8.08 Hz, 1H), 7.01 (t, J/=7.96 Hz, 1H), 6.51 (d, /=2.02 Hz,
1H), 6.32 (d, J=7.83 Hz, 1H), 5.51 (s, 2 H), 3.73 - 3.97 (m, 4H), 3.12 - 3.30 (m, 4H), 2.50 (s,
3H). MS(ES+) m/e 476.9 [M+H]'".

20
Example 58
N=N
/ \
HN__N
N
\>—Me

25  Preparation of 2-methyl-6-(4-morpholinvyl)-1-(1-naphthalenylmethyl)-4-(1H-tetrazol-5-y1)-

1H-benzimidazole

In a two 5 mL MW vial was added in 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-
1H-benzimidazole-4-carbonitrile, prepared as described in Example 24 (80 mg, 0.209 mmol),

-08-



15 To a sol ution of

2- met hyl - 6- (4- nor phol i nyl) -4-nitro-1-(phenyl net hyl)-1H benzi m dazole (17 Q)
in Et OH (80Qoml4738as added watery Pd/C (8.7 g) and the mCItuse@unaxssstirred

at 60 C for 50h under H2 atnosphere (4 atn). The m xture was cooled to room
tenperature and filtered, the filtrate was concentrated in-vacuo. The

r esi duesodas #udq f108angsy 63 Imimal) gad ariosR elfeEn(P0Ing.cl GfeamaDandB.0Ac t o

fford 7 00 MHz ,
SIGERI e R O
Hz), 4I.f91411 biin st, 18DMC, then @9 -nfin ki 1§5MC. 21d)-M SLdnabykis(darly Shovﬂdd)SO%EthstMﬁ e 233
LIS b R LY SR

2- et h%lxﬁlréfw%rcgﬁﬁllﬂe'ayiﬂe éon(ll%m %%Jsﬁd&&f %ﬂ%@tbmlg?ﬁ@ anfl &%&Qd (2.3 g,

10 mol ) 1 n agueous HBr solution o 20 ng, 10.5
mol ) iwitmBCM (F0LBLm,J). ?Hh@pwmblaethbrg@nﬁ pBascAfitese wamtdmltjmatmaedrwﬁaﬂe was

ti d at. 0 C.f 5 h |Luti 30 |
o oo gtiopefridSindaonciuBiis Tne Rl g e PurRERlan 4 1iftR o xture
was t h%hﬁl@l@(@d60% ]ﬁ@A@/ItI&{angpaﬂ@tﬂéﬁ @&SWGGHWM‘?% e iR Pro®ubt Km rature.

It was neutrallzed wi th aqueous 2N NaOH and extracted with EtOAc (100 m . x
3) Thel 3¢onbi N&R CAO@(MHZ, IDBASEN-gs )\Werren 0B e 3t t @d- 3.hS (ractiing.a®e3t7hdény; esi due

e 940 b o bR SR TIGERK Feth 6 s RPN S0 o
%WTW*% R BRI A N P GO0 02 170 vy

12.20 (br s, 1H); LC—I\/S rrle:296[MH] " Exanple 63 15 CF3

Example 59
15
HO_ O
N
\>—Me
NN
ot
Me
Cl

Preparation of 1-[(3-chloro-2-methylphenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-

benzimidazole-4-carboxylic acid

20  To a solution of methyl 2-methyl-5-(4-morpholinyl)-1H-benzimidazole-7-carboxylate,
prepared as described in Example 26, step d (0.2 g, 0.726 mmol) in N,N-Dimethylformamide
(DMF) (10 mL) was added 1-(bromomethyl)-3-chloro-2-methylbenzene (0.239 g, 1.090
mmol) and potassium carbonate (0.301 g, 2.179 mmol). The resulting reaction mixture was
stirred for 3 h at 80° C. The solution was cooled to room temperature and poured into water

25  and extracted with EtOAc. The combined organic phase was washed with brine and
concentrated. The residue was purified on a Biotage Isolera purification system using a
Biotage 10g SNAP silica gel cartridge and eluted with a gradient of DCM to 5%
MeOH/DCM over 10 column volumes. The expected compound was collected and

evaporated to yield a tan solid. The tan solid was dissolved in tetrahydrofuran (THF) (10.00

-90.



Preparati on of 4-brono-2-nethyl -
I[2-nmethyl -3-(trifluoronethyl)phenyllnethyll -6-(4-

nmor phol i ny@)2e4b88zi m dazol e 20 A suspensi on of PCT/US2011/052857
4- br ono- 2- net hyl - 6- (4- m)r phol i nyl) 1H benzi m dazol e, prepared as descri bed
in Exarrpl e 62 (500 ny, and potassi um carbonate (700 ng, 5.06

nol ) iTALNoNoprdby A %dértmrﬁfdé/létbmu)lh(yér%qe spigios (1@ mée 1@mmel).flde 15 i n.

1- (b t I

was addoioh W kAR K e il rhe YOLARF LN b RENER0G Pfertire e I 4

C It mgamrlanvm&{aledem@éeﬂgmv?aiﬁ dirp eslatior @aﬁmmtaﬂ)wmhdvateﬁt(m hﬂg/an?,t er .m_Thef

recipitat s callecte iltratio she ter en few nms o

Eexangsacadﬁg @Q@rhm Hrr-‘em%r%raév eélrfrié?lr gar/rﬂ q%\g'ﬁtsin%ﬁ @rrrfneé&yger

col lﬁrm k6 phgselaglﬂ’l Er%aa%ﬁeﬂt _r hEXARERS (d pﬁ%%%ﬁ%@g@[%qygv/gﬁ@? 559 1.182
70.0 %'yield). NVR (400 MHz,  CHL ORM d) ppm 7.59 °(d, J=7.83

Hz, 1H)qvel7 1A 6rifudes. The aﬂﬁopﬁate fialtiong wide eollectkl aprhevdpdratedtodydeld the 5@1r©dn 2H) ,

5.25 04 538PCT/ US2011/ 052857 3 89 3.05 -
3 Ta (mrodig (106} Gee e 23 Sumot et odelis o Kok ey e R SROPRRR[Y) 8 Exanpi

64 5 7] RLat | f I

(2 et L 3P Ty P Sty s Sk ke i 3 7863 O.rﬁﬁrrza-%gnwﬂ> 037

4- (1, 3-(dx&Z083 HzylH - Aa$P Gedz] .02 daz bHe7.040t, A—?ri)&ﬂzr eHp7.37 (d, /=8.08 Hz, 1H)

4- Qrono; 2 | - 1- - met - 3- i fluoronet hyl ) phenyl ] net hyl } - 6- (4-
mﬁ&hgﬁ%gﬁgﬁ%@ﬂ%ﬁ%&z%‘%ﬁ%ﬁ]m 0.320 mml ), prepared as descri bed
in Exanple 63, 2-(tributylstannanyl)-1, 3-oxazole (195 ng, 0.545 nmmol) and
Pd(Ph3P) 2C12 (11.27 ng, 0.016 mmol) in Tetrahydrofuran (THF) (5 nlL) was
stirredgat, oélg%hux tenperature for 19 h. Conversion to the desired product

i s observe LC/ M5 anal ysi's, but the mpjority of the 15m xture is still
SM The reaction mxture was transferred in a mcrowavabl e vial and
irradiated il rowave reactor at 120 C for 90 mn. The reaction m xture
was diluted with Et OAc and CHCl13, washed with ag sat sol NH4Cl, brine,
dried over Na2504.angythe sol vent was evaporated under reduced pressure.
The residue wa§ 1 T Ned a silica gel colum (1SCO, 0-70% EtOAc in
Hexanes -_40 } ENZEk Observed- then 0-10% MeOH in CH2C12) 20 to give
desired ﬁg 0.204 mml, 63.5 %yield) as a yell ow powder. 1H
NMR (40Q) d 6 ppm 7.87 (s, 1H, 7.71 (d, J=2.27 Hz, 1H),
7.58 (d, J=7.83 7.37 (s, 1H, 7.11 (t, J=7.83 Hz, 1H), 6.66 (d,
J=2.27 Hz, 1H), J 7.83 Hz, 1H), 5.31 (s, 2 H, 3.81 -3.92 (m 4H),
3. 11% -3.24 (m 4

€(s, 3H), 2, 56 (s, 3H). MS(ES+) nle 457.1 [MtH 1

Preparation of 2-methyl-1-[(2-methylphenyl)methyl]-6-(4-morpholinyl)-1H-benzimidazole-

4-carboxylic acid

To a solution of methyl 2-methyl-5-(4-morpholinyl)-1H-benzimidazole-7-carboxylate,

20  prepared as described in Example 26, step d (0.2 g, 0.726 mmol) in N,N-Dimethylformamide
(DMF) (10 mL) was added 2-methylbenzyl bromide (0.145 mL, 1.090 mmol) and potassium
carbonate (0.301 g, 2.179 mmol). The resulting reaction mixture was stirred for 3 h at 80° C.
The solution was cooled to room temperature and poured into water and was extracted with
EtOAc. The combined organic phase was washed with Brine and concentrated. The residue

25  was purified on a Biotage Isolera purification system using a Biotage 10g SNAP silica gel
cartridge and eluted with a gradient of DCM to 5% MecOH/DCM over 10 column volumes.
The expected compound was collected and evaporated to yield a tan solid. The tan solid was
dissolved in tetrahydrofuran (THF) (10.00 mL) followed by the addition of 1M lithium

hydroxide solution (10 mL, 10 mmol). The reaction was stirred at 50° C for 2 h. The reaction
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25 Exanple 65 WD 2012/ 047538PCT/ US2011/ 052857 Preparati on of nethyl
2-chl or o- 5- (4- nor phol i nyl) - 1H benzi m dazol e- 7- car boxyl at e 5a) net hyl

6- (4- nor pNol201eylys38- oxo- 2, 3- di hydr o- 1H benzi m dazol e- 4- earhszyhasmss?  To a
sol ution of nethyl 2,3-diam no-5-(4-norpholinyl)benzoate, prepared as
described in 10 Exanple 45, step a (11.0 g, 4.0 mmol) in DVF (50 nlL) was
added urasgopleddo r@mn%mwr)e agfl dha oreat seltiend Wisscnewrdda-vasuor A eolugpn 4 h.

When anal.ysi T . i a @i i ng., Ixture was
ool cd 1 Pt YiThaRE AL, ARy RyAfk) MRt BERL A PR alfudi 1

wat er (dnd thid 2y selitiway pieificavss reasrhyddsans HRAZSGO a bddicar eflacetuaiteiencent r at ed

i n-vacuQ. The residue was, then Sﬁri fied by chromat ﬁ‘gl‘rzaphy on silica (eluted

15 wi t HOgPolA) and vateidPd e HeA qeaf 100 p) ot 4P miRutgs. J&e RppPTIg fRshions (690
ny, 5629 ( Q)MSQ . 46 &b, () I )50,3- 74 (t,
4H, szﬁ?f%%dz"‘%gﬁdﬁggv%ﬁat%m, ggigazle ? %@?H@@%ug?(zl_s%%fz}@,o%r_gggm%!éﬁisH,/ J= 2.1
Hz), 10:d8).('s NMVH (4000MB2, CHLORQEOR-NSS ppeh@.45 R78H) MFLs, 3RO 310D (beshy!
2-chl or0-5-(4-mrphol i ny1) - 141 benzi m dazol e- 7- car box(%ll ate To a sol ution of
2 O O P! %,9% (5. 2H) 6.60 (4. JOF 5K iz, T 6. 78 (. /21 6 Hy, THY 714,

6- (4- noyn {n - - i r him dazol e- 4- carboxyl ate (6.8 g,
24.5 %Fp;‘p%jn %&1‘%‘ %)Péig %S@%%dg%%yﬁﬁﬁl@ met hyl aniline (8.8 g, 73.5mmol)
and the m xture was heated to 103 C for 12h. \Wen TLC 25anal ysis showed no
stadoting material remaining, the m xture was cooled to roomtenperature,
puri fi egkdayplelgn omat ogr aphy (el uted with petrol eum ether/EtOAc = 1/1) on
silicato afford the desired product as a off-white solid (1.6 g, 23 % . 1H
NVR (300 M—izE.tODMS@dG): 6 ppm 3.11 (t, 4H, J= 4.5 Hz), 3.77 (t, 4H, J= 4.5
Hz), 3.93 (s, . 7.43 (d, 1H, J= 1.8 Hz), 7.50

N
(\N N\>—Me
N

Me

CF,

15  Preparation of ethyl 2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenylImethyl}-6-(4-

morpholinyl)-1H-benzimidazole-4-carboxylate

To a mixture of 2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenylJmethyl }-6-(4-
morpholinyl)-1H-benzimidazole-4-carboxylic acid, prepared as described in Example 31
(0.25 g, 0.577 mmol) in Dichloromethane (DCM) (20 mL) was added in oxalyl chloride

20 (0.202 mL, 2.307 mmol) then followed by ten drops of DMF. The reaction was stirred at rt
for 10 minutes and concentrated to give the acid chloride. To the crude acid chloride, was
added Ethanol (20.00 mL). The reaction mixture was stirred at rt for 10 minutes. The reaction
was concentrated. The crude product was purified on a silica column (0~10% MeOH/DCM).
The fractions were concentrated and DCM (50 mL) was added in. The organic phase was

25  washed with saturated NaHCOj3 solution (20 mL), Brine (20 mL), dried (MgS0O,) and
concentrated to give the product as a white solid (0.18 g, 64%). "H NMR (400 MHz, DMSO-
ds) O ppm 1.38 (t, /=7.07 Hz, 3H) 2.56 (s, 3 H) 2.59 (s, 3H) 3.10 - 3.18 (m, 4H) 3.70 - 3.78
(m, 4H) 4.45 (q, J/=7.07 Hz, 2H) 5.71 (s, 2H) 6.49 (d, J=7.58 Hz, 1H) 7.26 (t, /=7.96 Hz, 1H)
7.43 (d, /=2.02 Hz, 1H) 7.55 (d, J=1.52 Hz, 1H) 7.64 (d, 1H). MS(ES+) m/e 462.2[M+H] .
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WO 2012/ 047538PCT/ US2011/ 052857 (d, 1H, J= 1.8 Hz), 12.97 (s, 1H). LC Ms:

me = 296 [ Mtl]. Exanpl e 66 5 CF3 Preparation of nethyl 2-chloro-1-

{1- 2- met hyD-281(a4r3i3B| uor onmet hyl ) phenyl | et hyl {- 6- ( 4- PCT/US2011/052857

nor phol i nyl) - 1H benzi m dazol e- 4-carboxylate To the m xture of methyl

2-chl or 0- 5- (4- nor phol i nyl) - 1H benzi m dazol e- 7- car boxyl ate, 10 prepared as

described in Exanple 65 (0.5 g, 1.691 mol) in N, N-D net hyl for mam de (DVF)

(10 m)g ,yﬁ? ?ed i n potassium carbonate (0.467 g, 3.38 nmol) and

1- (bronomne 2- nmethyl1-3-(trifluoronethyl)benzene (0.428 g, 1.691 mmol).

The reactlon mxture was stirred at 80 Cfor 1 h. The reaction was cool ed

down. Water (100 ) was added in. The solid precipitated. Filtration gave

the solid which s purified on a silica colum (20-60% 15 Et OAc/ Hexane) to

gi ve the produc e solid(0.66 g, 83% . 11-1NWR (400 MHz, DVBO d6) 6

ppm254(53 7 -D3-Me (m 4H) 3.68 - 3.78 (m 4H) 3.91 (s, 3H) 5.63

(s, dﬁ/A\lN( Hz, 1H) 7.28 (t, J=7.83 Hz, 1H) 7.39 (d, J=2.27 Hz,

1H) 75 (d 253Hz|—|1H) 7.63 (d, 1H). MS(ES+) me 468.0 [M+FI] '. 20

Exanp 3 Preparation of 2-chloro-1-

{[2- rret hyl 3-(trifluoronethyl)phenyl]nmethyl} -6-(4-norpholinyl)-

25113 benzi m dazol e-4-carboxylic acid WD 2012/ 047538PCT/ US2011/ 052857
Preparation of 4-bromo-2-methyl-6-(4-morpholinyl)-1H-benzimidazole

a) 6-bromo-2-methyl-4-nitro-1-(phenylmethyl)-1H-benzimidazole

NO,

N
\>—Me
N

Br

10
A mixture of 6-bromo-2-methyl-4-nitro-1H-benzo[d]imidazole, prepared as described in

Example 1 (22 g), (bromomethyl)benzene (15 g) and K,CO; (35 g) in DMF (250 mL) was
stirred at 60° C for 2 h. The reaction mixture was cooled to room temperature and filtered.
The filtrate was then poured into water. It was then filtered to afford a solid and the solid was

15  washed with water and then dried in-vacuo to afford the desired product (28 g, 93%). 'H
NMR (300 MHz, DMSO-de): 6 ppm 2.60 (s, 3H), 5.62 (s, 2H), 7.12-7.15 (m, 2H), 7.29-7.39
(m, 3H), 8.12 (d, 1H, J = 1.8 Hz), 8.32 (d, 1H, J = 1.8 Hz); LC-MS: m/e = 346 [M+1]".

b) 2-methyl-6-(4-morpholinyl)-4-nitro-1-(phenylmethyl)-1H-benzimidazole
20
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A m xture of nmethyl 2-chloro-1-
{[2-met hyl-3-(trifluoronethyl)phenyl]nethyl} -6-(4-
nor phol i ny@)2e4b88zi m dazol e- 4- car boxyl ate, prepared a®CuaAseEiloe857 N
Exanple 66 (0.6 g, 1.282 mml) in Tetrahydrofuran (THF) (10 nlL) was added
in 2 NIlithiumhydroxide (6.41 nL, 12.82 mmol). The reaction m xture was
stirred at 50C N&, 70 nin. The reaction was 5 cool ed down. The organic
sol vent was reng vacuo. The aqueous mi xture was acidified using 1 N
'\13)7 ted. Filtration and washing with water gave the
.55 g, 90% . 1H NWR (400 MHz, DWVSO-d6) d ppm 2.54
(s, 3H) . m 4H) 3.67 - 3.78 (m 4H) 5.63 (s, 2H) 6.43 (d,
J=7.83 Uz, H 7.28 £t, J=7.83 Hz, 1H) 7.36 (d, J=2.27 Hz, 1H) 7.49 (d,
J=2.53 Hz;” 1H) 53{ (d, J=8.08 Hz, 1H) 12.90 (s, 1H). MS(ES+) 10m e 453.9
[ MEH] " . Exarrpl Preparati on of nethyl
2- (di fl uor omet hyTy*% 5- (4- nor phol i nyl') - 1H benzi m dazol e-7- carboxyl ate a)
met hyl 2, 3-di am no- 5- nor phol i nobenzoate To a mixture of internediate

Beampl ¢ TR -6 R B Gt BRGSO op R RRALE (B8ebay (o ag, |

2510% m@hom (Qegwﬁd(aﬁ@)mm O €5 (FR8M) ahd KrRithsaB.9re dimlioramea46 ul® under
4 atm atm) re. After stirring it was filtered and

con%ent%ﬁdéaass W&g&‘&Fﬁ&% aaii@@ntSngdvb‘&z&léf 6&7@@3%%@92999 $B99Mcr ude

F{ Oduﬁttelglgé]lzfﬁge at&@t?ﬁt s@l%er?t v%rr5m§94d 1ﬁ-va$% %rés%@% \Mﬂzther%@@iéagey(stl)@c gm §H)85

5:1 86 (t235e12 cl@pn@td)grap?ay@mijltthOAc Eet?olbizt)l eth@r 611 (o affidyd the d2siTedHrpdudt G- NS

e = y]

o (i 11 arsnevtigls 15 e Aok dhoMR 190 M2 BYS s S0 35L& BB AT & A

m xt ur f d n i6b HNnl1e-Q. | ) and

2. 2 i FPior Shebt & a0t & a0 0a g as ety TPn Fotiend (209 TR

st i10r ed. 5t-7 6&f(hy HY:drprdM Stroviee= 353 [M51 |h. Then t he mxture was cooled to room

tenperature and the solvent was renoved in 10 vacuum The residue was

purified by silica gel chromatography eluted with petroleumether : Et0Ac =

2: dl t @)atfethdl-6nentRshdIRGPI- QYA Imeli@P1 Hien ¥BSdSbEsahied Wi th EtOAc (2 L)
an

NH,

N
(\N N\>—Me
o

15
To a solution of 2-methyl-6-(4-morpholinyl)-4-nitro-1-(phenylmethyl)-1H-benzimidazole (17
g) in EtOH (300 mL) was added watery Pd/C (8.7 g) and the mixture was stirred at 60° C for
50h under H, atmosphere (4 atm). The mixture was cooled to room temperature and filtered;
the filtrate was concentrated in-vacuo. The residue was purified by silica gel chromatography

20 eluted with EtOAc to afford the desired product as a white solid (7.4 g, 66%). 'H NMR (300
MHz, DMSO-ds): & ppm 2.37 (s, 3H), 2.96 (t, 4H, J = 4.8 Hz), 3.72 (t, 4H, /= 4.8 Hz), 4.94
(br s, 2H), 6.04-6.11 (m, 2H), 11.57 (br s, 1H); LC-MS: m/e = 233 [M+1]"

¢) 4-bromo-2-methyl-6-(4-morpholinyl)-1H-benzimidazole
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washed wi th aqueous NaHCO3 (1 L) and brine (1 L). The organic |ayer was
dried over anhydrous Na2SO4 and concentrated to give the desired product
(40.9 g, woW12z87888yel | ow solid. 1H NVMR showed this compom$2013/05285a f or m
of tautoneric mxture (mgjor 15 tautonmer/m nor tautonmer = 5/1)1H NMR of the
maj or tautoner (300 MHz, DVMSO-d6): 6 ppm 3.14 (t, 4H, J = 4.8 Hz), 3.78 (t,
4H,J-48Hz)396(s 3H), 7.21 (t, 1H, J= 52.8 Hz) 755(d 1H, J= 2.4
EX arrpl 61%6 gog%tlojngjrf eZJ rélregl?rf% K‘é)ngor%gol%l)( i (plljehgllmelrlgﬂjvﬁ{ %ﬁmld%? 4IaM|'}1J

2- (di f (QGrgmdnhyibl) ﬂﬁac(L&om)HBh(ﬁ(] my 1 vad addednaphitioalof NaNGBI( 30 g lH&Nnzi m dazo
| e-4-carboxylic aC|d 25a) nethyl .. , , o
2- (di f ITBPHHRM3HAr 3{%{@% 013 a5t pdditign theymigire ey stied at 07 C for

benzo[ Cg ﬁlfﬂu@é%zﬁ’[{o?he‘} sSl%ﬁQﬁ%YN@E?(S VO RPhA{oPrAA 238G HER 294 1193283 4de A M xture

of nmeth
2-(dif Idmp\mmeaﬂ*m X Fh¢ desniving malkfuny dps thiein heatzd i {18 £ofoe 37 noautboanyd thte,

P o At 16 B [y IR SR PR 8T Aoy INNBO M R 18 )

was st ipoad @bo £, 35, The %&nﬁmea— B%ah%alﬁ§1dr9@fef@ é&hb’étﬁra%ﬁn%@&lﬁﬁi ah@the00m
t enperature and filtered. The liquid Eméjre into water (100 nlL) and

filter erdmdmehwas purtfmd ttyesklecaméchmmla@@r@diya dowith prieelcwy etdier i EDyer 1 :

a0 e BrBli e Sy e gb b BB P VA wiiet AP NHR (i o PRI G-dN'S

DVSO- d t 454 z A1 3.94
(531 q)p)énzz??p,r&g @&g 4H: J'IF,4~]81HH )435711%?)4}1 9;334 gﬁl §1_6 8344, (1111 F %?le?ée 3. 94

(m 3H)7.047(d84H¢ 4= 11$-lHZ)1ﬂ2904b1-B)1H)81@131\4(Sdm/6_H29@@@”@ Hz) 8.24 (d, 1H J =
8.7 Hz); LCMs: nme = 452 [MH ]

2-(dif I]iiororye gyl )-6-(4-norpholinyl)-1- (1 napht hal enyl net hyl ) - 1H benzi m daz
oIe4 éylicacid

Br

et

Me

CF,

Preparation of 4-bromo-2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenyllmethyl}-6-(4-

morpholiny])-1H-benzimidazole

20 A suspension of 4-bromo-2-methyl-6-(4-morpholinyl)-1H-benzimidazole, prepared as
described in Example 62 (500 mg, 1.688 mmol) and potassium carbonate (700 mg, 5.06
mmol) in N,N-Dimethylformamide (DMF) (6 mL) was stirred at rt for 15 min. 1-
(bromomethyl)-2-methyl-3-(trifluoromethyl)benzene (641 mg, 2.53 mmol) was added in and
the resulting reaction mixture was stirred for 3 h at 80° C. It was then cooled to room

25  temperature and poured into ice/water. The precipitate was collected by filtration, washed
with water, then few mLs of hexanes and air dried. The crude material was purified on a
silica gel column (ISCO, 0-80% EtOAc in hexanes) to the desired product (565 mg, 1.182
mmol, 70.0 % yield). 'H NMR (400 MHz, CHLOROFORM-d) & ppm 7.59 (d, /=7.83 Hz,
1H), 7.16 (d, J=2.02 Hz, 1H), 7.10 - 7.15 (m, 1H), 6.46 - 6.52 (m, 2H), 5.25 (s, 2H), 3.75 -
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A m xture nethyl
2- (di fl uoronet hyl) - 6- nor phol i no- 1- ( napht hal en- 1-yl net hyl ) - 1H

benzo[ d] iwDadaral4es3g- car boxyl ate (700 ng, 1.55 nmol) andP2NVUSR@HOEBSTL) in
THF (10 nL) was stirred at 45 Cfor 4 h. It was filtered, the filter cake
was dissolved in water (10 nml) 20 and formc acid was added to adjust pHto
3 - 4. gt B0 asi g mwdED pedt 6% ABY Zahld(st Hid).f MIS(ES Pdnlect M@ M ] ect ed,
dri ed under vacuumto give the product (450 ng, 66% as a white solid. 1H
NVR (300 WHz, DVMSO-d6,): 6 ppm 3.07 (s, 4H), 3.68 (s, 4H, s), 6.20 (s, 2H),
6.30 (d, 1H J = 7.2 Hz), 7.20-7.72 (m 6H, 7.85 (d, 1H J = 8.1 Hz), 8.01
(d, 1HExpmplo6d ) " g8 54 (d, 1H, J= 7.5 HzZ): LCMS. me = 438 [Mrl]' 25
Exafpl e 70 WD 2012/ 047538PCT/ US2011/ 052857 CF3 Preparation of

2- (di fluoronet hys\-1- {[2-nethyl-3-(trifluoromethyl)phenyl]nethyl} -6-(4-
mor phol i ny1) - 1- beqzi m dazol e- 4-carboxylic acid 5 a) nethyl

2-(di fluoroneth -1-(2-nmethyl-3-(trifluoronethyl)benzyl)-6-norphol i no-1Hbe
nzo[ d] i m dazol e- 4- carboxylate CF3 10 A m xture of nethyl

2- (di fluoromet [ 4- mor phol i nyl) - 1H benzi m dazol e- 7- car boxyl at e,
prepared as defcriled AnMBanple 68 (500 ng, 1.6 nmol), K2COB (442 ngy, 3.2
mmol) a *N e
mol ) i, DVH (15 nl)
cool ed om t eny
water (100 nl) of

yas stirred at 70 C for 18 h. The reaction m xture was
ature and 15 filtered. The filtrate was poured into
|tered, the filter cake was collected and purified by
silica gel chromitogfapg eluted with petroleumether : EtOAc = 1: 1 to
give the desired product (710 ng, 98% as a yellow solid. 1H NWVR (300 MHz,
DMSO-d6): 6 ppm 2. 58Ks, 3H), 3.14 (t, 4H J= 4.5 Hz), 3.73 (t, 4H J = 4.5
Hz), 3.93 (s, 3H), 5.75 (s, 2H), 6.27 (d, 1H, J= 7.8 Hz), 7.22 (t, 1H J=

7.8 Hz), 7.30 (d, . 1H, J= 2.1 Hz), 7.36 (t, 1H J=51.6 )
Preparation of 2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenylJmethyl} -6-(4-morpholinyl)-

4-(1,3-oxazol-2-y1)-1H-benzimidazole

10 A mixture of 4-bromo-2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenylmethyl} -6-(4-
morpholinyl)-1H-benzimidazole (150 mg, 0.320 mmol), prepared as described in Example
63, 2-(tributylstannanyl)-1,3-oxazole (195 mg, 0.545 mmol) and Pd(Ph;P),Cl, (11.27 mg,
0.016 mmol) in Tetrahydrofuran (THF) (5 mL) was stirred at reflux temperature for 19 h.
Conversion to the desired product is observed by LC/MS analysis, but the majority of the

15  mixture is still SM. The reaction mixture was transferred in a microwavable vial and
irradiated in a microwave reactor at 120 °C for 90 min. The reaction mixture was diluted with
EtOAc and CHCI;, washed with aq sat sol NH4Cl, brine, dried over Na,SO4 and the solvent
was evaporated under reduced pressure. The residue was purified on a silica gel column
(ISCO, 0-70% EtOAc in Hexanes - no product peak observed- then 0-10% MeOH in CH,Cl,)

20 to give desired product (94.8 mg, 0.204 mmol, 63.5 % yicld) as a yellow powder. '"H NMR
(400 MHz, CHLOROFORM-d) & ppm 7.87 (s, 1H), 7.71 (d, J=2.27 Hz, 1H), 7.58 (d, J=7.83
Hz, 1H), 7.37 (s, 1H), 7.11 (t, J/=7.83 Hz, 1H), 6.66 (d, J=2.27 Hz, 1H), 6.47 (d, J=7.83 Hz,
1H), 5.31 (s, 2 H), 3.81 - 3.92 (m, 4H), 3.11 - 3.24 (m, 4H), 2.58 (s, 3H), 2.56 (s, 3H).
MS(ES+) m/e 457.1 [M+H]"

25
Example 65
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20 Hz), 7.58-7.61 (m 2H); LCMS: me = 484 [MH] ' WD

2012/ 047538PCT/ US2011/ 052857 1H benzi m dazol e-4-carboxylic acid A m xture
of net hylw@-20vdsraser onet hyl ) - 1- (2- net hyl- 3- (tri f | uor omePhyiUshenyzB57 6-

nmor phol i no- 1H benzo[ d] i m dazol e- 4-carboxylate (700 ng, 1.45 mmol) and 2 N
LiOH (5 5nL) in THF (10 nL) was stirred at 45C for 4 h. It was filtered,
the filter cake GfagViei ssolved in water (10 nL) and formic acid was added to
adjust pH =3 - 4. Then a filtration was perforned and the filter cake was
dried under va \ gi e the desired product (400 ng, 59% as a white
solid. 1HNWR , O-d6): 6 ppm2.53 (s, 3H), 3.13 (s, 4H), 3.73
(s, 4H 5. (37 2H), 6.29 (d, 1H, J= 7.5 Hz), 7.19-7.61 (m 5H), 12.97
(br s, HJ); LC—IVB 10 me = 470 [ M1]' Exanple 71 Cl 15Preparation of
1-1(2, 3- hl or ophenyl ) net hy1] - 2- (di f | uor onet hyl ) - 6- (4- nor phol i nyl ) - 1H
benzi m dazol e- 4-carboxylic acid a) nethyl

L (2. Sdbahlahahonaii)- dnbdl 4 Wﬁ{o%%thﬁ%'))l}ﬁbéﬁﬁrﬂﬁ%dlé"? ibRengol dl i m dazol e
-4- carboxylare Z m xture of of

2- (di fl uoronethyl)-5- (4 nmor phol inyl)-1H ben2| m dazol e- 7- car boxyl ate,

pr e%ar ea(} n?e%hyq%g(%[rlngr% 0 1nyl)E§ n‘g 2.3 Q%ygh}oqﬁg bngmmldazo{éﬂ)-czrbogg‘%egg (884 ny, 6.4

CO,Me

B

To a solution of methyl 2,3-diamino-5-(4-morpholinyl)benzoate, prepared as described in

10 Example 45, step a (11.0 g, 4.0 mmol) in DMF (50 mL) was added urea (720 mg, 12 mmol)
and the mixture was heated to 170° C for 4 h. When analysis by TLC showed no starting
material remaining, the mixture was cooled to room temperature then diluted with DCM (200
mL), washed with water (50 mLx2) and dried over anhydrous Na,SOy, filtered and
concentrated in-vacuo. The residue was then purified by chromatography on silica (eluted

15  with EtOAc) to afford the desired product as a dark-yellow solid (690 mg, 62%). '"H NMR
(300 MHz, DMSO-de):  ppm 3.02 (t, 4H, .J = 4.8 Hz), 3.74 (t, 4H, J= 4.8 Hz), 3.86 (s, 3H),
6.82 (d, 1H,J=2.1 Hz), 6.99 (d, 1H, J=2.1 Hz), 10.48 (s, 1H), 10.82 (s, IH). LC-MS: m/e =
278 [M+17".

20 b) methyl 2-chloro-5-(4-morpholinyl)-1H-benzimidazole-7-carboxylate

To a solution of combined batches of methyl 6-(4-morpholinyl)-2-ox0-2,3-dihydro-1H-
benzimidazole-4-carboxylate (6.8 g, 24.5 mmol) in POCl; (25 mL) was added N,N-
Dimethylaniline (8.8 g, 73.5mmol) and the mixture was heated to 103° C for 12h. When TLC
25  analysis showed no starting material remaining, the mixture was cooled to room temperature,
purified by chromatography (cluted with petroleum ether/EtOAc = 1/1) on silica to afford the
desired product as a off-white solid (1.6 g, 23 %). '"H NMR (300 MHz, DMSO-ds): & ppm
3.11 (t,4H,J=4.5 Hz), 3.77 (t, 4H, J= 4.5 Hz), 3.93 (s, 3H), 7.43 (d, 1H, J= 1.8 Hz), 7.50

-106-



WD 2012/ 047538PCT/ US2011/ 052857 mmol ) and

1- (brononet hyl ) -2, 3-di chl orobenzene (926 ng, 3.8 mmol) in DMF (30 nL) was
stirred avo201204f38 18h. The reaction m xture was cool e®CraSe@om52857
tenperature and filtered. The filtrate was poured into water (100 niL) and
filtered, the filter cake was collected and purified by silica gel

chr omat(@gHaphy | & Hoed2 &7 (1 1t oINS merhdto IMEI0Ac = 1° 1 to give 5 the
desired product (1.4 g, 93% as a yellow solid. 1H NVR (300 MHz, DMSO d6):
6 ppm 3.16(s, 4H), 3.74 (s, 4H), 3.92 (s, 3H), 5.77 (s, 2H), 6. 21 (d, 1H,
J= 7.5 E&ymplé680-7.58 (m 5H); LGMS me = 470 [ M ] ' b

1-[ (2, 3-di chl orophenyl ) net hy1] - 2- (di f | uor onet hyl ) - 6- ( 4- nor phol i nyl ) - 1H benz
i m dazol el04-carboxylic acid A m xture of nethyl

1- (2, 3-dichlor Mey 1) - 2- (di f | uor onet hyl ) - 6- nor phol i no- 1Hbenzo[ d] i mi dazol e-
4-carboxylate (435Q ng, 2.88 mmol) and 2 N LiOH (10 mL) in THF (2 0 nL) was

stirred at 45 orvA d. It was filtered, the filter cake was dissolved in
wat er (W R0 formc acid was added to adjust pH = 3- 4. Then a
filtratilo s perfprnmed and the filter cake was dried under vacuumto give
the desP pro (600 ng, 46% as a white solid. 1H NVR (300 MHz,
DVSO-d6): 6 pp 5 (s, 4H, 3.73 (s, 4H), 5.76 (s, 2H), 6.22 (d, 1H, J=

7.5 Hz), 7.20-7% (Me sH), 12.98 (br s, 1H); LC-Ms: me = 456 [MH] ' 20
Exampl e 72 CO2H CI\, Preparation of

1-[ 3-chl or o- 2- methyl phenyl ) net hy1] - 2- (di f | uor onet hyl ) - 6- (4- nor phol i nyl ) -
1H benzi m dazol e- 4-carboxylic acid 25 a) nethyl

1- (2, 3-Mighhmarenanl)>-arné@L f- pomenst- bx{r)ﬂ&rm&tﬁﬂ%ﬂeﬁeﬂébﬁmﬂ@@{ -d] i m dazol e

-4- car bOXXI ate WD 2012/ 04/538PCIT/ US2011/ 052857
morpholinyl)-1H-benzimidazole-4-carboxylate

To the mixture of methyl 2-chloro-5-(4-morpholinyl)-1H-benzimidazole-7-carboxylate,

10 prepared as described in Example 65 (0.5 g, 1.691 mmol) in N,N-Dimethylformamide (DMF)
(10 ml) was added in potassium carbonate (0.467 g, 3.38 mmol) and 1-(bromomethyl)-2-
methyl-3-(trifluoromethyl)benzene (0.428 g, 1.691 mmol). The reaction mixture was stirred
at 80 °C for 1 h. The reaction was cooled down. Water (100 mL) was added in. The solid
precipitated. Filtration gave the solid which was purified on a silica column (20~60%

15  EtOAc/Hexane) to give the product as white solid(0.66 g, 83%). 'H NMR (400 MHz,
DMSO-ds) & ppm 2.54 (s, 3H) 3.07 - 3.16 (m, 4H) 3.68 - 3.78 (m, 4H) 3.91 (s, 3H) 5.63 (s,
2H) 6.41 (d, /=7.83 Hz, 1H) 7.28 (t, J=7.83 Hz, 1H) 7.39 (d, /=2.27 Hz, 1H) 7.50 (d, /=2.53
Hz, 1H) 7.63 (d, 1H). MS(ES+) m/e 468.0 [M+H]".

20  Example 67

COH

N
S—ci
N
9

Me

CF,

Preparation of 2-chloro-1-{[2-methyl-3-(trifluoromethyphenyl]methyl } -6-(4-morpholinyl)-

25 1H-benzimidazole-4-carboxylic acid
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A m xture of nethyl

2- (di fluoronethyl)-5-(4-norpholinyl)-1H benzi m dazol e- 7- car boxyl at e,

pr epar ed W 20e29arisdged i n Exanpl e 68 (1.18 g, 3.8 mmol ), PK2ATSR01125288y, 7.6
mml) and 1- 5 (bronnnethyl) chloro 2- nethylbenzene (19, 4.6 mol) in

DMF (40 nmL) was stirred at 70 . The reaction m xture was cool ed

to room DBRYEY @ftrn@tbyla?hahlmq 1@[%@eth7hé (mﬂltqr%m@thwa@hea&sﬂmé@ﬂ}n%%vat er (100
nL |
I e AR L PPt SALL RSB @ o°

desi r ed.pg2o@ot) i T eﬂr8h§giroiﬁ%ﬁ("ﬂliﬂ3) al Q/ﬁﬂU) (NNS adddddin 21|IH'111NMRn(H§rGﬂ)XMdZ(6 4DVSO- d6) :
6 ppm 2.46 10 (s, I,I% t, 4H J= 4 I-|()Z/e373 J = 4.8 Hz),
3.92 ( SrnL, 1_2682 gmlpé) e re?pﬁlon gmgl;re(%as Silﬂ‘ed gt.S : ﬁarﬁ?)mln7Tbﬁ‘4re@@tlonlws J=7.5
Hz) 5 7 c%gle giowliHThe] org%m% sm)ent Wastmbbed thtbacds Thegtdus nfixdre (hs adilfiified= S1- 6
He) | ). LG VB nle = 450 | MeL b)

1-[(3- atshrgr IoNHGkeThy Isqdhi—:‘ptwipimedhﬂl]traﬁela aind wasdioneithwajer gayeithepretuot anyl ) - 1H

1O R Ip a3 2o 0108 RpIR Lt PR, DM I LET P i 8% i dazol -

4- car baxy ugih e d710%4% (18, 4H) 363100 6'213'(41*5]:(7‘8@ H%)le&Sa@@&d S3N0 18N 3¢ OH
(20 mL) and the m xture was stirred at 45 was filtered, the
filter (daJ«éZ Wbz A0 aitiedl, vo2 adter 11063 ML)] 8198 Haorl i) d246i(s WhsMEdBSY) t o
athstlgri %QQQ% a filtration was perforned, the filter cake was

coll"ect i d wth water (200 nmL), dried under vacuumto give the
desired product (800 ng, 80% as a yellow solid. 1H NVR (300 MHz, DMSO- d6):
6 ppm 2.46 (s, 3H), 3.13 (t, 4H, J= 4.8 Hz), 3.73 (t, 4H, J= 4.8 Hz),
3.92(s,Eomples870 (s, 2H), 6.00 (d, 1H, J= 7.5 Hz), 7.04 (t, 1H, J= 7.5
Hz), 7.23 (d, 1H, J= 1.8 Hz), 257.34 (t, 1H, J= 7.5 Hz), 7.36 (t, 1H, J=
51.9 Hz), 7.57 ad@%t J=1.8 Hz), 12.96 (br s, 1H); LGMs me = 436 [ M+l ]
' Exanple 73 y / 047538PCT/ US2011/ 052857 Preparation of

1- (1- benzot hie < YLNet hyF) - 2- net hy1- 6- (4- nor phol i nyl) - 1H benzi m dazol e54-c
arboxylic acid ion of nethyl

2- et hyl / 2 - 1H benzi m dazol e- 7- car boxyl ate, prepared as
describéﬁST Exanpl eq26, Step d (0.2 g, 0.726 mol) in

N, N-Di hyJf or mam de (DVF) (10 nL) was added

7- (bronmongt hyl ) - 1- benzot hi ophene (0.247 g, 1.090 nmmol) and potassi um
carlbonate (0.301 g, 2.179 mmol). The resulting reaction m xture was stirred
for 3 IPrdghrationSF rheth AR -@liltidrombehly])advembrhiblinyl)- 1H-benzimidazole-7-

7-(bronnneth | ) - 1- benzot hi ophene (0.247 g, 1.090 mmol) was added and

m xt ur rred for 3 h at 80 C. The solution was cooled to room
tenperature and poured into water and extracted with Et0Ac. The conbi ned
organi ¢ phase was washed with brine and concentrated. The residue was

puri fi ed noahyBi2ot-digeincs dinenrphgdinobénzoatei on system using a Biotage | Oy SNAP
siljca gel cartridge and eluted with a gradient 15 of DCMto 5% MeOH DCM
ovgp 10 colum vol unmes. The expected conpound was col | ected and evaporat ed
to yield a tan sod@. nge tan solid was dissolved in tetrahydrofuran (THF)
(10.00 L) followgd By the addition of 1M Iithium hydroxide solution (10
m., 10 nmmol). ThEEeact'pp was found to be inconplete so the solution was

neutralized W t aRd evaporated. The residue was dissolved in 5 nL
of met hanol_ and ed with 1IN 20 NaOH for 2h at 50 C, which resulted in a
conplet?/féépjlo > hefﬂb@ction was cooled to roomtenperature and the

or gani c Isol vgnt was renoved in vacuo. The solution was diluted with water
(20 nL)Cth/jcidified with 1 N HCL. The mxture was then filtered and the
yel l ow sol1d was isolated. The aqueous | ayer was found to contain a
significant anmount of product and was evaporated. Both solid and residue
were purified by reversed phase chromatography 25 with a gradient of

acet oni Ty a mext( . cf%YelteAne dard muettyd B-anfind-BaA(BAnypYd iyl D2 45gbcax@ite, poepatadulses .

The approprlate fractions were caoll ected and evaEFrated to the desired

pr oductdepaibed ingxamplggs, s f (9%, 49235%119 Pdn &icOH (.2l ves eddagred/ C (REB®- de) 6
2.7 2
?po@g ( dlcb é)ia?d%hé_pesﬁtlﬁél %IX% ezxéas(tm} 4tlr'r_9(d ngﬁ T%(;lnll&en%pezﬁul(erﬂndér HQ (46at1q’1§r (s,

atmosphere. After stirring for 16 h, it was filtered and concentrated in vacuum to give the
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WD 2012/ 047538PCT/ US2011/ 052857 7.56 - 7.62 (m 2 H 7.71 (d, J=2.27 Hz, 1
H 7.83 (d, J=5.31 Hz, 1 H 7.92 (d, 1 H. M(ES+) me 408.1 [ MtFI] '

Exanpl e ™MO02012d4P338par ati on of PCT/US2011/052857

1-[ (2, 3-di met hyl phenyl ) et hy1] - 2- net hy1- 6- ( 4- nor phol i nyl ) - 1Hbenzi m dazol e- 4
-carboxylic acid 10 To a solution of methyl

22 et hydruds: radues (i, DAY s 2 aBowkAri NN 600 MEkzbBAMAGHe); SprepkB e, as

Nor b T AR St Wiy SR ad e Tl el BT AL RO MR AID: 68 de
(0. 289 (g, 14, A53 7m®) y.cand PRUESSTHR)CBCMBahe € 05BM+g} 2. 179 mol ). The

resulting reaction mxture was stirred for 3 h 15 at 80 C. The sol uti on was
cooled to roomtenperature and poured into water and was extracted with

Et OAc. i i h . [ oncentr at ed.
The%r esb}%eéﬁﬁaligdd%%rﬁlg%%%'%@? ﬁg\éﬁﬁ%%ﬁg?%%ﬁﬁf}l?%@%?TQgﬁ)%gglg emusing a
Biotage | Oy SNAP silica gel cartridge and eluted with a gradient of DCMto

5% MeOH DCM over 10 col um vol unmes. The expected conpound was, col |l ected and
evapor &t 4XuE 95 1a¢tay 2. $-dhnaigpdgmorphglip nzmtesépi 14 %"go gl hirdee’i n

tetrahy : . f: ! Lthium
hydr oxi(gg&tsrgﬁﬁp f%ﬁhﬂ(@l‘%bﬁg jPélborlj‘[ﬂ-n)01 Ilg&élgﬁ*e‘ectrsggg%h%a%\%gggggﬁ re ?Ié’é%ﬂe%%mé for 2
h. The foehthi Bhenvwhs mixdoteedastcoted dordoamparetraiure aad thea Jodvent ganiemametl wvent was

re ed in 0. .The solutio diluted with water, (20 nlL), and .acidified
R S e eresifis p s e orgReartel Fb ey bt bR enro g RaeREur 11 og
by revetipad phase Htb@ Mé blkiRd PrRIIE TheRfit waaGigioRRidtWitH BtdLe M and

wat er (0.1%FA v/v) (20-50% over 10 minutes. The appropriate fractions
wer e covisbed withandcony MNabICRdd 1D ang behel(lt he The srgant Ipyadpstdric8®yer g, 0. 145

536, ( amngpg ¥t el o S oty b BRI ol 6 4

- 5. 61 somi. '21 WMEstdved tﬁis%&néafﬁmdlis iVOfdhlef Qdiéh3 8 Pk tue?@da}6:052857 H) 6. 94
- 6.9 (m 1H 7.00 - 7.07 (m 1H 7.14 - 7.23 (m 1 H 7.72 (m_ 1 H).
VS(IES+)taytpeegmmag tquippgr = 5/ 1EXEAPYIR of she major tautomer (300 MHz, DMSO-de): 5

ppm 3.14 (t, 4H, J = 4.8 Hz), 3.78 (t, 4H, J = 4.8 Hz), 3.96 (s, 3H), 7.21 (t, 1H, J = 52.8 Hz),
7.55(d, 1H, J=2.4 Hz), 7.65 (d, 1H, J= 2.4 Hz), 12.92 (s, 1H); LC-MS: m/e = 312 [M+1]"

Example 69
20
CO,H

O
o/ C
v

Preparation of 2-(difluoromethyl)-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-

benzimidazole-4-carboxylic acid

25  a) methyl 2-(difluoromethyl)-6-morpholino-1-(naphthalen-1-ylmethyl)-1H-

benzo[d]imidazole-4-carboxylate
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5 Preparation of

1-[ (3-fluoro-2-net hyl phenyl ) nmet hyl] - 2- met hyl- 6- (4- nor phol i nyl ) - 1Hbenzi m daz
ol e- 4- carwoxyim@7s8i d 10To a sol ution of nethyl PCT/US2011/052857

2-met hyl - 5- (4- nor phol i ny1) - 1H benzi m dazol e- 7- car boxyl ate, prepared as
described in Exanple 26, step d (0.2 g, 0.726 nmol) in

N, N- Di met hyl f ofp¥kiféde (DMF) (10 nl) was added

1- (br ononet hy -Nl uorm- 2- et hyl benzene (0.295 g, 1.453 mmol) and

pot assi um carte\>(—9<301 g, 2.179 mmol ). The resulting reaction m xture
was stir N at B0 C. The solution was cooled to roomtenperature
and poufed Jinto wat
phase wa3-Wwashed
Bi ot age |sol er3g

er 15 and was extracted with Et 0Ac. The conbi ned organic
{th Brine and concentrated. The residue was purified on
ication systemusing a Biotage | Og SNAP silica gel
cartridge and e Wi th a gradient of DCMto 5% MeOH DCM over 10 col umm
vol unmes. The expe d conpound was coll ected and evaporated to yield a tan
solid. The tan solid was dissolved in tetrahydrofuran (THF) (10.00 ni)

foll owed by the 20 addition of 1Mlithi um hydr oxi de solution (10 m, 10

| h h | ed
oo t ehartian s HiMurgisine Do T Vusotaie b drbbar T el doe el ut i on
was di | &ﬁa@ed/\ast&és&@aearm @;Qmﬁile)%geﬁb Bl @'6%1%613%&0;(4% Rel3 2 ThRoMakliyte was

then fi I tered and t sol i urif reversed phase HPLC with a
gr adi er(bromrﬁoraﬁztbﬂbimphihlaleee (426K%’ HA) nmml) D MIE (16 H]JQ/)SFWS 81111‘1\¢91 a 10-Gfwyl8over 10

m nut e he 2 ropriate f tions were coll oratedto yleld
Che dedl A4 Ty BARBEA ™ ogl A0 1 S8 e Tyl RSN SRSttt
CHL OROF RISy £t OOBﬂ] Zina@iltéﬁed thetiite? c£ké Wi, coledtldd ﬁlcpﬁurrﬁea bgr(bll(dﬁlgeiﬂr H 3. 81 -
3.92 (m 4 H) s, 2H 6.29 - 6.38 (m 1 H 6.85 - 7.03
- 7.17 Oélmmazowplw ggtedryithipasplcupsether) EtRiAs 383 180 pivieihe demr@(awéu@t (7 CF3 5
mg, 98%) as a yellow solid. 'H NMR (300 MHz, DMSO-de,): 3 ppm 3.08 (t, 4H, J = 4.5 Hz),
10 3.68 (t, 4H, J = 4.5 Hz), 3.94 (s 3H), 6.21 (s, 2H), 6.27 (d, 1H, J =6.9 Hz), 7.21-7.38 (m,
3H), 7.56-7.69 (m, 3H), 7.84 (d, 1H, J = 8.4 Hz), 8.00 (d, 1H, J = 8.4 Hz), 8.24 (d, 1H, J =

8.7 Hz); LC-MS: m/e = 452 [M+1]"

b) 2-(difluoromethyl)-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole-4-

15  carboxylic acid

A mixture methyl 2-(difluoromethyl)-6-morpholino-1-(naphthalen-1-ylmethyl)-1H-
benzo[d]imidazole-4-carboxylate (700 mg, 1.55 mmol) and 2N LiOH (5 mL) in THF (10
mL) was stirred at 45° C for 4 h. It was filtered, the filter cake was dissolved in water (10 mL)
20  and formic acid was added to adjust pH to 3 - 4. Then a filtration was performed and the filter
cake was collected, dried under vacuum to give the product (450 mg, 66%) as a white solid.
'H NMR (300 MHz, DMSO-ds,): 8 ppm 3.07 (s, 4H), 3.68 (s, 4H, s), 6.20 (s, 2H), 6.30 (d,
1H, J = 7.2 Hz), 7.20-7.72 (m, 6H), 7.85 (d, 1H, /= 8.1 Hz), 8.01 (d, 1H, J = 7.8 Hz), 8.24
(d, 1H, J = 7.5 Hz); LC-MS: m/ec = 438 [M+1]"
25
Example 70
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Preparation of 2,4-dinethyl-1-

{1-2- et hyl- 3- (trlfluoronethyl)phenyllnethyl{ 6- (4-

nmor phol i nvO@)2e4b%88zi m dazole A m xture of PCT/US2011/052857

4- br ono- 2- net hyl - 1-{[ 2-met hyl- 3- (tri fl uoronet hyl ) phenyl ] met hyl} -644-

nor phol i nyl) - 1H benzi m dazol e, prepared as described in Exanple 62 (200 ny,
0.427 10 mmol ), G@jhhet hyl boroxi ne (0.239 ni, 1.708 mmol), Pd(Ph3P)4 (49.4
ng, 0.043 mmol) .nd ﬁotas§|un1carbonate (118 ngy, 0.854 mmol) in 1, 4-Di oxane
(2.5 mL)/ water was irradiated at 120 Cin a mcrowave synthesizer
for 40 m t e -oI d and poured into water. The m xture was extracted
wth etHhyl he ektracts were washed with brine, dried (Na2SO™4) and
evapor ated under red,ced pressure. The residue was purified by RP- 15 HPLC
(25-45% ACCN i n &r plus 0.1% TFA) to give the desired compound (77 nyg,
0.181 mmol, 42.5 ,'-M%Ptas a white solid (contains 3-5%of the 4-H
conpound). 1H N CHLOROFORMd) 6 ppm 7.58 (d, J=8.08 Hz, 1 H),
7.12 (t, J=7.83 Hz,¢ E&FD 6.80 (d, J=1.01 Hz, 1 H), 6.51 (d, J=7.83 Hz, 1
H, 6.40 (d, J=1.77 5.26 (s, 2 H, 3.78 - 3.91 (m 4 H, 3.01 -
3.15 (m 4 H, 2.67 (s, 3 FD, 2.56 (s, 3 H, 2.50 (s, 3 H. M(ES+) nle
404. 1 2Qcpdvitidn of.2- @dm%maﬁhenrleﬁgtm@tnvMmmrfﬁpﬁﬂﬁeeldvlmbﬂﬂhﬁam(@lmf) as

catal yst. Less (to negligible) reduction was observed). Exanple 77 25C
WO 201 G DD 0SD AN A Gy =pd on Of
1-[%-(3- chloro 2- nethylphenyl)ethyl] 2- met hyl - 6- (4- nor phol i nyl) - 1Hbenzi m da

zol e-4-carboxylic acid 5To a solution of nethyl

2- met hyd) nfeti{yd 2n@ifhlood et d)-113-ethygi- Bn(tﬂﬂlmfcene?fhyi)hebmydyhanﬁph@m)pmed as
descrihed i e 26, step d (0.2 g, 0.726 nol) in
N,hLExﬁﬁPHﬂHPBW%ﬁﬁkd%C?ﬁﬁﬁﬂmf10 nm.) was added

1- (1- bronoet hyl)-3-chl or o- 2- net hyl benzene (0.339 g, 1.453 mmol) and

pot assi um carbonate (0.301 g, 2.179 mmol ), The resulting reaction m xture

was stirred forC®,Meat 80 C. The solution was cooled to roomtenperature
and poured i nt glyat 10and was extracted with EtOAc. The conbi ned organic
i% B%

phase was was i ne and concentrated. The residue was purified on
Bi ot age | sol esa pu aIlca ion systemusing a Biotage | Og SNAP silica gel
cartri dge alNd elute K a gradient of DCMto 5% MeOH DCM over 10 col um
voluneso\vbé expect conmpound was col |l ected and evaporated to yield a tan

S—

Me
CF,

10
A mixture of methyl 2-(difluoromethyl)-5-(4-morpholinyl)-1H-benzimidazole-7-carboxylate,
prepared as described in Example 68 (500 mg, 1.6 mmol), K,CO; (442 mg, 3.2 mmol) and 1-
(bromomethyl)-2-methyl-3-(trifluoromethyl)benzene (480 mg, 1.9 mmol) in DMF (15 mL)
was stirred at 70° C for 18 h. The reaction mixture was cooled to room temperature and

15  filtered. The filtrate was poured into water (100 mL) and filtered, the filter cake was collected
and purified by silica gel chromatography eluted with petroleum ether : EtOAc=1 : 1 to give
the desired product (710 mg, 98%) as a yellow solid. "H NMR (300 MHz, DMSO-dg): 8 ppm
2.53 (s, 3H), 3.14 (t, 4H, J = 4.5 Hz), 3.73 (t, 4H, J = 4.5 Hz), 3.93 (s, 3H), 5.75 (s, 2H), 6.27
(d, 1H,J=7.8Hz), 7.22 (t, 1H, J=7.8 Hz), 7.30 (d, 1H, J=2.1 Hz), 7.36 (t, IH, J=51.6

20 Hz), 7.58-7.61 (m, 2H); LC-MS: m/e = 484 [M+1]"

b) 2-(difluoromethyl)-1-{[2-methyl-3-(trifluoromethyl)phenylJmethyl} -6-(4-morpholinyl)-
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solid. The tan solid was dissolved in tetrahydrofuran (THF) (10.00 nL)

foll owed by the 15addition of 1M Iithium hydroxide solution (10 nL, 10
nmol ). Thworeeourss was stirred at 50 C for 2 h. The rea&criusaomas2ssvol ed to
roomtenperature and the organic solvent was renoved in vacuo. The sol ution
was diluted with water (20 nmL) and acidified wwth 1 N HC1l. The m xture was
t hen filH-epwzdmiglygoletfecagpasylis8fidd was purified by reversed phase HPLC with a
gradi ent of acetonitrile (0.1%FA) and water (0.1%FA v/v) (20-50% over 10
m nut es. The 20appropriate fractions were collected and evaporated to yield
t he desA heghtupr efuethyl(BadiflusrgmethyD8I-(2miethyl-3A triXludtonict@l henziH-NVR (400 MHz,

CHLCRG:(RI\/%d 6 m2.04 - 2.10 ( 6 H 288 (s, 3 2.98 -3.17 (m 4 H)
3. 87 (dnomp 116%51ﬁ%@n@[ghm(wolf-ﬁa%@%@te 67.097m%’n11-451mpl)|_0|)')7a.n§52NL70512(5(m 1 H
7.55 - nZLE’iJZl ik &ﬂo ) &faEQtiﬁeJat@G"é%r dnH} whs Eitefed%@ﬁlt}mak%v&d)s-diéé/&(vgc?’f) e
41378 [MrH] '. 25 Exanple 78 WD 2012/ 047538PCT/ US2011/ 052857 CF3

Pr epar abivaterdt 0 g ehthyorade adifl 2-apeddodite 3dfust pH For o ridieh yif)lpitemvdsret hyl }
-6-(4-nmorphol | n - ..4-(1,3-thiazol -2-y1)-1H henzi mj dazpl e A m xture of
4°br ongsbiRh I he fireodehi e 38 Bnddtodibind g Meokaagt gt ordd fe (&

mor phol Soayla: | hiRABFLIMEIREAL L00MERADERAAA IS BHR DSt BHRRAMMeaf? 30200 Mo,
0.427 mol’), 2-thazolylzinc bromde (1.708 'nL, 0.854 mmol’) and Pd( Ph3P) 4
(49. 4 g, 41D, 643 (snbl)) 6.29 (At dyd s ofayratd-7 pHkn, 6H),5 2rH7) (bnaslHy E@dvidt ed in a
méroma‘ﬁﬁ{f}e—@i I at 110 C for 2.5h. The reaction m xture was diluted with
Et 0Ac (i ; Washed with NH4CL aq sat 10sol, brine, dried over Na2SO4
and evapor ated under reduced pressure. The residue was purified on silica

gel (1SCO, 0-70% Et OAc i n Hexanes, then 0-10% MeOH in CH2C12) to give the
desi r edExmapledd (127 ng, 0.255 mmol, 59.8 % yield) as a yell ow powder. 1H

NVR (400 Mz, CHLOROFCRM d) 6 ppm7.97 (d, J=3.28 Hz, 1 H), 7.55 (d, J=3.54
Hz, 1 H), 7.45 ¥d¢"J=7.83 Hz, 1 H), 7.32 (d, J=2.02 Hz, 1 H), 7.03 (t,
J=7.83 Hz, 1 N4 (¢ J=1.77 15Hz, 1 H), 6.35 (d, J=7.83 Hz, 1 H), 5.32
(s, 2 H, 3.6 B—Km 4 H, 2.95- 3.07 (m 4H,
N N F
o/
Cl

15 Preparation of 1-[(2.3-dichlorophenylYmethyl]-2-(difluoromethy)-6-(4-morpholiny])-1H-

benzimidazole-4-carboxylic acid

a) methyl 1-(2,3-dichlorobenzyl)-2-(difluoromethyl)-6-morpholino-1H-benzo[d]imidazole-4-

carboxylate
20
CO,Me
N F
(\N N F
o/
Cl
Cl

A mixture of of methyl 2-(difluoromethyl)-5-(4-morpholinyl)-1H-benzimidazole-7-
carboxylate, prepared as described in Example 68 (1000 mg, 3.2 mmol), K,CO; (884 mg, 6.4
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2.60 (s, 3 H, 2.55 (s, 3 H. MS(ES+) me 473.1 [ MtH 1. Exanple 79 20CF3
WO 2012/ 047538PCT/ US2011/ 052857 Preparation of 4-(2-furanyl)-2-nethyl -

{1- 2- met hyD-281(a4r3i3B| uor onmet hyl ) phenyl | et hyl } - 6- ( 4- PCT/US2011/052857

nmor phol i nyl) - 1H benzi mi dazole A m xture of

4- br ono- 2- et hyl - 1-{[ 2- th13(tr|fluororrethyI¥3phe met h (4-
nor pho|rmﬁl9h))aniH(bmzqwthﬂiét%dwblpéﬁ@nmeé% Gegct mmo %yé@én}a)zwe&oo Ny,

0.427

c (SRR at Be L AT R ARl Eon il s Codh (ool ol and fitered. o)
ng, O. 8H143fﬂtfﬁ)ﬂe)waslpoilreﬂi-iﬁltmalﬂﬂ)()m()hlﬁID)E‘ar(cDNE):re(dZtlfe filtyr @akd Wit @1lec@edd )
was irradi atr%&fién Lé)wave reactor for at 10%ﬁc The mxture was

poured angt Ry y s w hr%ef@aramﬁu@@owéhpq%ews T cEtSHise lwddo®iéhed

r r a p i ed by

R Pt B o e R A YRR T MR OB M ISR PHBbS Ve (e
deS| r ed. pi(eduDyt 3.048s, B,H)m 9D (s] BH), Dl (s, 2H), @l%dylléjﬂ:} 7esHa), M0t espamder
(separation frominpuri was difficult. The head of the peak was discarded
decr easitigLENYSo e a0 %é’llb) 1H NVR (400 MHz, CHLOROFORM d) 6 ppm 7.51 -
7.63 (m 3 H, 7.42 (d, J=2.02 Hz, 1 H), 7.12 (t, J=7.83 Hz, 1 H), 6.60
(dd, J=3.28, 1.77 Hz, 1 H, 6.51 (d, J=7.83 Hz, 1 H), 6.49 (d, J=2.02 Hz, 1
H), 1551)218[(2 §;di¢hléfpphSryBtnethyd]-24diflopromathyl)-G-(4-2norpldl @R 1) FH-bdnZinjda20l66 (s, 3

10 fca(rgoxyiflc g MS(ES+) mle 456.0 [ MtH]'. Exanple 80 20

A mixture of methyl 1-(2,3-dichlorobenzyl)-2-(difluoromethyl)-6-morpholino-1H-
benzo[d]imidazole-4-carboxylate (1350 mg, 2.88 mmol) and 2 N LiOH (10 mL) in THF (2 0
mL) was stirred at 45° C for 4 h. It was filtered, the filter cake was dissolved in water (10

15 mL) and formic acid was added to adjust pH = 3- 4. Then a filtration was performed and the
filter cake was dried under vacuum to give the desried product (600 mg, 46%) as a white
solid. "H NMR (300 MHz, DMSO-d): 8 ppm 3.15 (s, 4H), 3.73 (s, 4H), 5.76 (s, 2H), 6.22 (d,
1H, J = 7.5 Hz), 7.20-7.60 (m, 5H), 12.98 (br s, 1H); LC-MS: m/e = 456 [M+1]"

20  Example 72

Me

Preparation of 1-[(3-chloro-2-methylphenyl)methyl]-2-(difluoromethyl)-6-(4-morpholinyl)-

1H-benzimidazole-4-carboxylic acid

25
a) methyl 1-(2,3-dichlorobenzyl)-2-(difluoromethyl)-6-morpholino-1H-benzo[d]imidazole-4-

carboxylate
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CF3 Preparation of 2-nethyl-4-[(nethyloxy)nethyl]-1-{[2-nethyl -3-

ktrifluoronethyl)phenyl]nethyl} -6-(4-norpholinyl)-1H benzimdazole 25To

t he m xt W@ 20f2/047538 PCT/US2011/052857

[2-met hyl - 1-{[ 2-met hy1-3-(trifluoronethyl)phenyl]methyl}-6-(4-

nor phol i ny1) - 14 benzi m dazol - 4-yl ] met hanol , prepared as described in

Exanpl e 43 (160@@2 ©.381 Mol ) in N, N-Di methylformamde (DMF) (15 nl),

sodi um hydri de 5Nrrg, . 763 mmol ) was added in and followed by the

addi tion of n#d o?_g (0.048 nL, 0.763 mmol ). The reaction was stirred

at rt for bf e sodi um hydride (30.5 ng, 0.763 WO

2012/ 04T7538MCT/ US201/ 052857 nmol ) and net hyl iodide (0.048 ni, 0.763 mmol)

was added ind. The regction was stirred at rt for another 2 hours then \Water

(70 m) s added=™\. The m xture was extracted with Et0OAc (100 niL). The

or gani ¢ phase with Brine (100 nL), dried (MgSO4) and

concentrated. Th de was subjected to | SCO purification (0-2% MeOH DCM

[ . 1H NWR (400 MHz, DMSO-d6) 6 ppm 2.36 (s, 3 H) 2.54

(s, 3H 3.00 - 33.07(m 4H 3.37 (s, 3H 3.68 - 3.75 (m 4 H 4.76 (s, 2

H 552 (s, 2 H 6.32 (d, J=7.83 Hz, 1 H 6.8 (m 2 H 7.25 (s, 1 H 7.60

(d, 1 H. MS5(ES+) me 434.4 [MWH] '. Exanple 81 10 CF3 Preparation of
4-(3-fuk amytmye-(ﬁf mﬂhﬁy&édiﬂuqrpmeﬂwt)Ifﬁfﬂél—@o(nhloliﬁjdmd Hebezhyidyphedydaitoay lad, }

-6-(4- I -1HDb i xt
25 by omr S0l A Hefi3h Fé%ﬁﬁf%ﬁagugﬁ?@&? Ryt Opreti 7-6evmgh png -
nor Bh0|(bfb‘x’ﬂ&méthbl%%’ldfb@%@ﬂh?lbeﬁie%@%[ amﬁsﬁ{mﬁd(mor}nﬁmapk@rr@@ af 200 ny,
0. 427 g
nmo -furanyl boronic acid 0. 427 mrol ), sodi um carbonat e

(91 ny, 706C)8f911 1&%olmeamnm@lmgp@p\ms)wgl@@gzommmer@m agdrﬁéterqgl ®43 mMmol) in
1,2-Di rﬁ{rat%Wa%tp%%P?e ﬁlgv@atérz(lﬁggntl)e a@r?gfli{t\g}e%r tlge flﬁer Sl WO L] c‘ije(fl { ecfj ina

m crowave react m Xt ure was oure 0 water
and extguaigice dywiich gt @bematdpRphy SRACY I P& |NES ciias hEUd)AM £ :breb pee tis i ed

over Na2SO4 and evaporated. Only partial conversion (ca. 50% was
desired product (1.18 g, 69%) as a yellow solid. 'H NMR (300 MHz, DMSO-ds): 6 ppm 2.46
10  (s,3H),3.13 (t, 4H, J = 4.8 Hz), 3.73 (t, 4H, J = 4.8 Hz), 3.92 (s, 3H), 5.70 (s, 2H), 5.97 (d,
1H,J=7.5Hz), 7.04 (t, 1H, J=7.5 Hz), 7.26 (d, 1H, J= 1.8 Hz), 7.34 (t, 1H, J= 7.5 Hz),

7.35(t, 1H, J = 51.6 Hz), 7.58 (d, 1H, J = 1.8 Hz); LC-MS: m/e = 450 [M+1]"

b) 1-[(3-chloro-2-methylphenyl)methyl]-2-(difluoromethyl)-6-(4-morpholinyl)-1H-

15  benzimidazole-4-carboxylic acid

A solution of methyl 1-(2,3-dichlorobenzyl)-2-(difluoromethyl)-6-morpholino-1H-
benzo[d]imidazole-4-carboxylate (1045 mg, 2.3 mmol) in THF (40 mL) was added into 2 N
LiOH (20 mL) and the mixture was stirred at 45° C for 4 h. It was filtered, the filter cake was

20  added to water (100 mL) and formic acid was added to adjust pH = 3. Then a filtration was
performed, the filter cake was collected and washed with water (200 mL), dried under
vacuum to give the desired product (800 mg, 80%) as a yellow solid. 'H NMR (300 MHz,
DMSO-ds): & ppm 2.46 (s, 3H), 3.13 (t, 4H,J = 4.8 Hz), 3.73 (t,4H, J = 4.8 Hz), 3.92 (s,
3H), 5.70 (s, 2H), 6.00 (d, 1H, J = 7.5 Hz), 7.04 (t, 1H,J=7.5 Hz), 7.23 (d, 1H, /= 1.8 Hz),

25 734 (, 1H,J="7.5Hz), 7.36 (t, 1H,J=51.9 Hz), 7.57 (d, 1H, J = 1.8 Hz), 12.96 (br s, 1H);
LC-MS: m/e =436 [M+1]"

Example 73
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observed by LC/ M5 anal ysis. The residue was purified by RP-HPLC (G | son,
25-65% Acetonitrile in water plus 0.1% TFA) to the desired product (28 ng,
0. 060 mMoOWO 201/0815380 yi el d) as a white powder (separati oRCTruspolomssity was
difficult. The head of the peak was 25di scarded decreasing the overall
yield, in addition to the partial conversion observed). 1H NWVR (400 MHz,
CHLOROFORMd) 6 ppm 8.57 (s, 1 H, 7.58 (d, J=7.58 Hz, 1 H), 7.55 (t,
J=1.52 Hz, 1 ®),_©0KA9 - 7.15 (m 2 H), 7.02 (d, J=1.26 Hz, 1 H), 6.52 (d,
J=7.83 Hz, 1 H),] 6.48 (d J=2.02 Hz, 1 H, 529 (s, 2 H, 3.80- 3.97 (m 4

H) , 3.07 - 3.21 m dH, 257 (s, 3 H, 2.52 (s, 3 H. M(ES+) me 456.0
[ MMH " Exanpl e S 42‘)_ ération of 2-nmethyl -
I [ 2- met hy)<5- onet hyl) phenyl | met hyl } - 6- (4- mor phol i nyl ) -

1H benzifm d&%ol e-4-c rboxyl ic acid 10To a solution of nethyl

2- met hylp 5- ¢4- nor phol/i nyl) - 1H benzi m dazol e- 7- car boxyl ate, prepared as
descri bed™ n Exar 26, step d (0.3 g, 1.090 nmol ) in

N, N- Di et hyl f or n@ e (DMF) (10 mL) was added

2-met hyl -5- (triflFudf omet hyl ) benzyl brom de (0.552 g, 2.179 mmol ) and

pot assi um car bonat e\&8! 452 g, 3.27 mmol ). The resulting reaction m xture
was stirred for 3 h at 80 C. The solution was cooled to roomtenperature
and poured into water 15 and was extracted with Et OAc. The conbi ned organic
phase vas washedf Wllth Brl ne 7and concentratled The reS| dule was pur| f| ed on

car%rl d&g ﬁ@x 11%Iagltjed W t h a gradient of DCMto 5% IVEOI—V DCM over 10 col um

vol anme ed conpound was coll ected and evaporated to yield a tan

sol i d. ”ﬂa’lzesdlﬁiﬁblﬁéﬂm&hy\laanﬁtl@SB-Gl-(wadoﬂpholﬁtf;ﬂ) aﬂmﬂmﬁudi&me@bi&boﬁﬂ&eoo 20 )
foll owed by the addition of 1M I roxide solution (10 pli, 10 mmol).

The r ed¥endsed %&@s‘gﬁheﬁﬁ%axwmw%st%fi (@2@, Of‘ﬁé mraQly 1 AN %@e@agpwmlée room
5 1o e D) G0 S N SARRY SoR oty MR hamRE Rt 37 4] 030 monf] dlid 00 1R

f i I ter q@taﬂidnt duebapaey( 03011 igd 2 Wd3 npuoiwl). f]ihedeslmj{turga‘eaxrtmdmphas evakiRtir@dafot B ha

ToT nu o8 cTRE Db fiabat g1 At uaE WD e b Pt B SPERaoDo
y| e' d the Lasd hrﬁf’mﬁ&ﬁ’r@% s(n]rg@ fok SnIQat 8@ %7 7TH§"§Blutlo§5va§ 06{6%&% f@om 1H NMR (400

MHz, METHANOL-d4) 6 ppm 2.53 (s, 3 H) 8 (s, 3 H .23 (m 4 H)
3. 79 - tSrnB@a‘(um argl purds 18113 Wgter @nd—@xtr?nct@a v\(rgh EtD A4 Tite QG'rnbmed Qr@n@zﬁhmze 1 H)
oL - &8 Wj’[h If)'}lne anc? concentref]ieé Phe reskgue was puﬁﬁl’ed onlﬂlotagsfso%rg me 433.8

[ IVH_Fl ] WaS WaS
purification system using a Biotage 10g SNAP silica gel cartridge and cluted with a gradient

15 of DCM to 5% MeOH/DCM over 10 column volumes. The expected compound was
collected and evaporated to yield a tan solid. The tan solid was dissolved in tetrahydrofuran
(THF) (10.00 mL) followed by the addition of 1M lithium hydroxide solution (10 mL, 10
mmol). The reaction was found to be incomplete so the solution was neutralized with 1M
HCI and evaporated. The residue was dissolved in 5 mL of methanol and treated with 1IN

20  NaOH for 2h at 50° C, which resulted in a complete reaction. The reaction was cooled to
room temperature and the organic solvent was removed in vacuo. The solution was diluted
with water (20 mL) and acidified with 1 N HCI. The mixture was then filtered and the yellow
solid was isolated. The aqueous layer was found to contain a significant amount of product
and was evaporated. Both solid and residue were purified by reversed phase chromatography

25  with a gradient of acetonitrile (0.1%TFA) and water (0.1%TFA v/v) (10-45%) over 10
minutes. The appropriate fractions were collected and evaporated to the desired product (27.9
mg, 0.068 mmol, 9.42 % yield). "H NMR (400 MHz, DMSO-ds) 8 ppm 2.76 (s, 3 H) 3.14 -
3.21 (m,4 H)3.71-3.76 (m, 4 H) 6.01 (s, 2 H) 7.06 (d, /=7.07 Hz, 1 H) 7.36 - 7.44 (m, 1 H)
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30 WD 2012/ 047538PCT/ US2011/ 052857 Exanple 83 5 Preparation of

1-112, 5-di net hyl phenyl ) net hy11- 2- net hy1- 6- (4- nor phol i nvl) - 1Hbenzi m dazol e- 4
- car boxylwo 2a0id75B8 a sol uti on of net hyl PCT/US2011/052857

2- met hyl - 5- (4- nor phol [ nyl) 1H benzi m dazol e- 7- car boxyl ate, prepared as
described in Exa 0.726 mml) in

N, N D ﬂe@w ot a6 200 OV H401 .5 add. aadud iz 19107 ARy Benzy! br o de
(0.289 g §§I?/ nm%ll) dPpot assi um carbonate (0.301 g, 2.179 mmol ). The
resultlng on r'n&turé'was stirred for 3 h at 80 C. The solution was
cooled to roomtenperature and poured into water and was extracted with

Et OAc. The conbi ned organi c phase was washed with Brine and concentrat ed.
The r esi¥mePIe purified on Biotage Isolera purification systemusing a

Bi oPage | Og SNAP 15 silica gel cartridge and eluted with a gradi ent of DCM
to 5% MeOH DCMD@yetOHl0 col um vol unes. The expected conpound was col | ected

t et rahydr of ur an

(10.00 ni) fol | owed by the addition of 1M Iithium
hydr oxi de sol ut %l\

rrL 10 mmol ). The reaction was stirred at 50 C for 2
h. The reacti ol QO roomtenperature and the organic sol vent was
r enmoved (1 he 20 soI ution was diluted with water (20 nL) and
acidifigd with 1 N HCIY The mixture was then filtered and the grey solid

} ed phase HPLC with a gradient of acetonitrile

0. 190FA v/v) (15-50% over 10 m nutes. The appropriate
fractions were co e@/land evaporated to yield the desired product (96.4
ng, 0.254 mol, 350 %yield). 1H NVWVR (400 MHz, METHANOL-d4) 6 ppm 2.19 (s,
3 H 2.40 (s, 3 H 284 25(s, 3 H 3.13 -3.27 (m 4 H 3.78 -3.86 (m 4 H
5.70 (s, 2 H 6.54 (s, 1 H 7.09 (d, J=7.83 Hz, 1 H 7.20 (d, J=7.58 Hz, 1
H 7.25 (d, J=2.27 Hz, 1 H 7.83 (d, 1 H. M(ES+) me 379.8 [MtH '. 30

Exanpl e 8garat 4174 84 R38R HHeHAAdE{ 92288ty 1-&(4-morpholinyl)-1H-

benzimidazole-4-carboxylic acid

10
To a solution of methyl 2-methyl-5-(4-morpholinyl)-1H-benzimidazole-7-carboxylate,
prepared as described in Example 26, step d (0.2 g, 0.726 mmol) in N,N-Dimethylformamide
(DMF) (10 mL) was added 2,3-dimethylbenzyl bromide (0.289 g, 1.453 mmol) and
potassium carbonate (0.301 g, 2.179 mmol). The resulting reaction mixture was stirred for 3 h

15  at 80° C. The solution was cooled to room temperature and poured into water and was
extracted with EtOAc. The combined organic phase was washed with Brine and concentrated.
The residue was purified on Biotage Isolera purification system using a Biotage 10g SNAP
silica gel cartridge and eluted with a gradient of DCM to 5% MeOH/DCM over 10 column
volumes. The expected compound was collected and evaporated to yield a tan solid. The tan

20  solid was dissolved in tetrahydrofuran (THF) (10.00 mL) followed by the addition of 1M
lithium hydroxide solution (10 mL, 10 mmol). The reaction was stirred at 50° C for 2 h. The
reaction was cooled to room temperature and the organic solvent was removed in vacuo. The
solution was diluted with water (20 mL) and acidified with 1 N HCI. The mixture was then
filtered and the grey solid was purified by reversed phase HPLC with a gradient of

25  acetonitrile (0.1%TFA) and water (0.1%TFA v/v) (20-50%) over 10 minutes. The appropriate
fractions were collected and evaporated to yield the desired product (55.2 mg, 0.145 mmol,
20.02 % yield). "H NMR (400 MHz, CHLOROFORM-d) & ppm 2.31 (s, 3 H) 2.36 (s, 3 H)
2.85(s,3H)3.13-3.24(m,4 H)3.80-3.96 (m,4 H) 549 -5.61 (m, 2 H) 6.29 - 6.38 (m, 1
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Preparation of

1-1-1-(3-chl orophenyl )et hyll- 2- net hyl- 6- ( 4- nor phol i nvl) - 1H benzi m dazol e- 4-
car boxyl iwoaei2h43B8 a sol uti on of nethyl PCT/US2011/052857

2- met hyl - 5- (4- nor phol i nyl) - 1H benzi m dazol e- 7- car boxyl at e, prepared as
described in Exanple 26, step d (0.2 g, 0.726 mml)7 in

N, N D kO £ GO AED(ENE) 701 Omer 1) el -abdibeim. | ) 7.72 (m, 1 H). MS(ES+) me

1-(1- brﬁ@%e[%\;%ﬂa - 3-chl or obenzene (0.203 nL, 1.453 nmol) and potassium
carbonate (0. ‘g, 2.179 mmol). The resulting reaction m xture was stirred
for 3 h at 80 C. The solution was cooled to roomtenperature and poured
into water and _was 10 extracted with Et0OAc. The conbi ned organi c phase was
washed K¥aPPI8/Pne and concentrated. The residue was purified on Biotage

| soPera purification systemusing a Biotage | Oy SNAP silica gel cartridge
and el uted wi t@@ ¢Hdi ent of DCMto 5% MeOH DCM over 10 col unmm vol umes.
The tan solid

the addition o 'th'MJm hydr oxi de sol ution (10 nL, 10 mmol). The
reaction S sf eld a¥ 50'¢C for 2 h. The reaction was cooled to room
terrperatﬂ%gmnd e oNgani c solvent was rempved in vacuo. The sol ution was
dilutedw thjwater (20ynmL) and acidified with 1 N HCL. The mixture was then
fiItereQ the grey'solid was purified by reversed phase HPLC with a
gradi ent of acet¢fitnile (0.1%FA) and water (0.1%FA v/v) (10-40% over 10
m nutes. The appr at@1@0f racti ons were col |l ected and evaporated to

provi de the desired{product (70.5 ng, 0.176 mmol, 24.27 %yield). 1H NWR
(400 MHz, CHLOROFORMEd) 6 ppm 2.04 (d, J=6.82 Hz, 3 H 2.78 (br. s., 4 H
3.02 (s, 3 H 3.78 (br. s., 4H 595- 6.06(m 1 H 6.49 (br. s., 1 H
7.35 - 7.51 (m 3 H 7.57 (m 1 H. M(ES+) nle 399.8 [MtH '. 25 Exanple
85 VO RO 4h (IS HuLR2 O APARRM (1 nfeth T ERARIAN A Bbrpholinyl)- 1H-

1- 113- chior ophenyl ) met hyI1-Z- met hy1l- 6- (4-nor phol 1 nvI) - IH benzi m dazol e- 4-
car boxyiengingd ibn of net hyl

1 arho
2-nmet hyl - 5- (4-norpholinyl)-1H._benzi m dazol e~ 7-car box e repared as
o0t | Hh TSR e M o 6o B0 TRty | cernBLTRE
N, N- Di rpeépuvdd @rdwerit it Biimhple D, sk d\@s g2dded mmol) in N,N-Dimethylformamide
1- (brononet hyl ) - 3-chl or obenzene (0.190 nl, 1.453 nmol) and pot assi um
car bona(DMf)cfiQ@rlL)gf/aszadﬂv@1ﬁh@mqmeﬁné)-ﬁéh@m-ﬁﬁgethﬁéh@nzem((}ﬁ girletSdas stirred

f 3 j - - d
it o el BP0 IR Pt AR R 36 Pl TREMLLAER TR UD Bufife BRCSC s
washed stitiict f@Br3 het €. abvsehtioaivas coolbtorresmdu@pyatirgad foveet @ Bhet age

| solera purification, systemusing a Bjotage | Oy SNAP silica _gel cartridge
and el WOddvarickHagdeqVHEEEAAC of hagammbipeGarEo PRSI as vErshabw b BiiRs 2081 unes.

The ex : : rat: ' : id.
The XAV AR LA o PR Al R YRR BN S,
t he addiOgiSOMABESilitdel cartridge and eluted with a gradient of DCM to 5% MeOH/DCM over

10 column volumes. The expected compound was collected and evaporated to yield a tan
solid. The tan solid was dissolved in tetrahydrofuran (THF) (10.00 mL) followed by the

20  addition of 1M lithium hydroxide solution (10 mL, 10 mmol). The reaction was stirred at 50°
C for 2 h. The reaction was cooled to room temperature and the organic solvent was removed
in vacuo. The solution was diluted with water (20 mL) and acidified with 1 N HCI. The
mixture was then filtered and the grey solid was purified by reversed phase HPLC with a
gradient of acetonitrile (0.1%TFA) and water (0.1%TFA v/v) (10-40%) over 10 minutes. The

25  appropriate fractions were collected and evaporated to yield the desired product (62.7 mg,
0.164 mmol, 22.51 % yield). '"H NMR (400 MHz, CHLOROFORM-d) § ppm 2.36 (s, 3 H)
2.87(s,3H)3.07-3.20 (m,4 H) 3.81-3.92 (m,4 H) 5.55(s,2 H) 6.29 - 6.38 (m, 1 H) 6.85
-6.90 (m, 1 H) 7.03 - 7.17 (m, 2 H) 7.55 (m, 1 H). MS(ES+) m/e 383.8 [M+H]".
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15 l'ithium hydroxide solution (10 nL, 10 mmol ). The reaction was stirred at
50 Cfor 2 h. The reaction was cooled to roomtenperature and the organic
sol vent wa® 20e2m@vBd i n vacuo. The solution was dil uted wcrhiseatas28620 i)
and acidified with 1 N HCL. The m xture was then filtered and a gray solid
was isol ated. The aqueous | ayer was found to contain a significant anount
of product and was evaporated. Both solid and residue were purified by
reversle__'%‘agﬁ)l I} se HPLC with a gradi ent of acetonitrile (0.1%FA) and water
(0. 19 %? ?5 5099 over 10 m nutes. The appropriate fractions were
col | ected and ﬁvaporated to procide the desired product (37.5 ng, 0.097

mol , 13.38 % |eId) 1H NI\/R(400 MHz, CHLOROFORM-d) 6 ppm 2.93 (br. s., 3
H 3.05 (br. &54NH 3.77 - 3.85 (m 4 H) 5.55 (br. s., 2 H 6.88 (s, 1 H)
7.09 (br._s. \>7-M9 (s, 1H 7.31 - 7.39 (m 3 H). MS(ES+) nie 25385.8
[ MEH] 3% WO 2012/ 047538PCT/ US2011/ 052857 Preparation of

2- met hy, \;J
{1-2-met hyl - 3- A r\fl uor onmet hyl ) phenyl | met hyl {- 6- ( 4- nor phol i nv1) -
1H benzi m dazo ag boxylic acid
2- am no- 2- (hydroXynet hyl ) -1, 3- propanedi ol salt 5Seed crystal preparation -
Batch 1: To the ZCﬁfthyl-l-{[Z-nEthy1-3-
(trgfluoronethyl)phenyl]nethyl}-6 (4-norphol i nyl) - 1H benzi m dazol e- 4- car box
ylic acid (52.9 ng, 0.122 mol), nethanol (2 0 nL) was added. To the
s| ur ry, Prepasatimiefi? hdint@bylal empthy b3 cmndihyphengimethpdeeti-ol ) (3.0 M
sol utian i maﬁe 1.0 equi val ent) was added. The slurry was heated to 60C
and keﬁgm?EQPP?Fgﬂé¥—€€%&¥8& 3 hours. The slurry was then 10 cooled slowy
(0. 1C m mjixfuke chOOoromcg;nidﬂeylilegp?ﬁahﬂtﬁ(@ﬂubmﬂ&ﬂﬂyprhynﬂﬁa&hﬁ@ -2QC, the

or i

slurry was kept stirring at hours. The crystalline solids were

i sol at ggotpholmd i Uitrbentiprdazolen prepiied b desgribed tn@aaagfr p2209ang. %2& 57.2 ny
( 8 %0 y'rﬁﬂng?) trf?i?e‘?ﬁylﬁér&ﬁl@'(o RESRAT 08 Tamo BB S Pn.$), (49.411E PoBhmeYyaha

potassium carbonate (118 mg, 0.854 mmol) in 1,4-Dioxane (2.5 mL)/Water (0.25 mL) was

irradiated at 120 °C in a microwave synthesizer for 40 min, then cooled and poured into
water. The mixture was extracted with ethyl acetate. The extracts were washed with brine,
dried (Na,;SO4) and evaporated under reduced pressure. The residue was purified by RP-

15 HPLC (25-45% AcCN in water plus 0.1% TFA) to give the desired compound (77 mg, 0.181
mmol, 42.5 % yield) as a white solid (contains 3-5% of the 4-H compound). '"H NMR (400
MHz, CHLOROFORM-d) & ppm 7.58 (d, J=8.08 Hz, 1 H), 7.12 (t, J/=7.83 Hz, 1 H), 6.80 (d,
J=1.01 Hz, 1 H), 6.51 (d, /=7.83 Hz, 1 H), 6.40 (d, J=1.77 Hz, 1 H), 5.26 (s, 2 H), 3.78 - 3.91
(m, 4 H), 3.01 - 3.15 (m, 4 H), 2.67 (s, 3 H), 2.56 (s, 3 H), 2.50 (s, 3 H). MS(ES+) m/e 404.1

20 [M+H]'. (NOTE: The reaction was repeated using PdCl(dppf) as catalyst. Less (to

negligible) reduction was observed).

Example 77
O+ OH

N

\>—Me

25 Cl
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15(trifluoronethyl)phenyl]nethyl}-6-(4-norpholinyl)-1H benzi m dazol e-4-carb
oxylic acid (353.0 ng), nethanol (14.0 nL) was added. The slurry was heated
to 60C amlotznvarisani ne (3.0 M solution in water, 1.0 equirask@enty28das added
in four aliquots over 15 mnutes followed by the addition of crystalline
seeds of crystalline trometham ne salt frombatch 1. The slurry was stirred
at 60C for 3 hours, cooled (1C nmn) to 20C, and stlrred at 20C for 8 hours.
3 2.6 U J e QCunder vacuum

yi el d) beBﬁhﬁﬂ)azBle-@cmfbbkmiodbid{ [2 met hyI 3 (t ri fI uor orret hyl )phenyl ] met hyl }
-6- (4- nor phol i nyl) - 1Hbenzi m dazol e-4-carboxylic acid (40.0 g, 92 mmol) was
suspended in Methanol (1.6 L) in a 253L rounded-bottom flask. The resulting
S| UTY HRe JERECE han OGB4 BHOUEN. | HIRhARYGLIRPREALGL L e bath
and tri s(h§/dr oxyrretﬂ ?I am n%ﬂm?(hanoe@ 3M’solution I n water) ?)EC?’ 031 L, 92
mol ) vmspaadﬂze;diesm‘tfedum Eahmgl@c%sstep'ér(o 2%, mmﬁmnolp mNMmbt;hytfhﬂneaMdBtl on

above. (PRHYS o HRG F Gy Pes  preag et iy 3acnt 1> of ovap)
at 60 Gni@l) add PetsSumicBRdnseed.801 &2 1BOmEHIN. The &@uﬁfﬁg%a(ch@@m&ﬁ@@a@t ure),
then finally magnetically stirred at 20 C (room

20 12/ 045715@8 ey us2tf 1. he geintior mpe cealed @)rof)mrtelapmtwr@ andprairedeinifl witdy white

h OUIQ s ta 6}%%\%;{%%&? H{é{lﬁxf n}‘l%elzl J:l}xél%qt vfiorgarglg Ip gsel{)vna%e\x;asﬁg({: Wit rltne Easuold Cfor 8
(trifl ugnesmiateyl Tm%@m Rt PyrdficBor( Brdmgenmaarpmrcémb@@tém @Bﬁmfg-ec ar box

ylic acid - 2- am no-2-(hydroxynethyl)-1, 3- anedlol &4 47.76 g, 86
ol ,  9PESNAP al)hcagelacavmrig%arsi f‘d@qed awthaogrhdlﬁﬂm MR 53 e@&:}@ ever

7°61 (o7 plih ol fies FYHRRARESe IR S HEUORR G allRca YRGS PP
(d, J=%083. Hr, tadlsdt)d waHdsfobyed2n ttraBy &6 furaB3(HF) (10.00 ntl)) B1188ecd bBthtS (m H)

2. - 2 1 .4 oL =434. 1 | 7
Pr 33 ar aﬁdﬁS%n( Pth|i_2rn %ydr?o)m(dse ’sol%tilgir)l (10 an\J/S 1 6d mino ). The rgactlgn wag stlizl’)1§éjl R's6° 8

1-(3-( C(F'k&rmhla%a)chgn 1421 @g*lp@ﬂ)zﬁb@n mBELAX aft MROLPARL RPrchbvas removed

benzordl 1 m dazol e- 4-carboxylic acid
2- ami naaadivy dhoxglmesrhwhy dilyted prtb patedR®mlgahd acidified with 1 N HCL. The

mixture was then filtered and the grey solid was purified by reversed phase HPLC with a
gradient of acetonitrile (0.1%TFA) and water (0.1%TFA v/v) (20-50%) over 10 minutes. The

20  appropriate fractions were collected and evaporated to yield the desired product (36.1 mg,
0.087 mmol, 12.01 % yield). "H NMR (400 MHz, CHLOROFORM-d) & ppm 2.04 - 2.10 (m,
6H)2.88(s,3H)2.98-3.17 (m,4 H) 3.87 (s, 4H) 5.95-6.06 (m, 1 H) 6.70 - 6.77 (m, 1 H)
7.35-7.42 (m, 1 H) 7.51-7.57 (m, 1 H) 7.60 - 7.67 (m, 1 H) 7.71 - 7.77 (m, 1 H). MS(ES+)
m/e 413.8 [M+H]'".

25
Example 78
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15

1- (3-chl oro- 2- et hyl benzy1l) - 2- net hy1- 6- nor phol i no- 1H benzo[ d] i m dazol e- 4-ca
rboxyl i c woi2012#@53g§, 25.01 mml ) was suspended in Met hamroll/uS4@0/061857i n a 1L
rounded-bottom fl ask. The resulting slurry was heated to 60C using a Buchii
rotary evaporator water bath (no vacuun) and

tris(hydroxynme ) am nonet hane (3M solution in water) (8.34 nL, 25.01 20
mol ) was add i/Nfour aliquots over 15 mnutes. This slurry was stirred
(flask rotate Buchii rotovap) at 60 C for 3 hours, then cooled (-1
Cmn) to 20 C oomterrperature) then finally magnetically stirred at 20
C (room tenperg dor 15 hours. The resulting white solid was isolated

i tMed under vacuum at 65 C for 18 hours to provide
1- ( 3- chlor o\ yT'Nenzy1) - 2- met hy1- 6- nor phol i no- 1H benzo[ d]i m dazol e- 4-
25car boxyl i ¢ acid, 2-)m no-2-(hydroxynethyl)-1, 3-propanedi ol salt (11.1g,
21. 09 - 84 Y%ytefd) as a white solid. M5 (ESt+) nfe: 400.0, 402.0

[ MFH] +. 1H NMR ( DMSO d6) 6 ppm 7.32 - 7.39 (m 2 H) 7.16 (d,
J=2.27 Hz, 1 H) (Me J=7.96 Hz, 1 H 6.05 (d, J=7.58 Hz, 1 H 5.52 (s,
2 H 3.68 - 3.77 (my 4 H 3.36 (s, 6 H 3.02 - 3.11 (m 4 H 2.47 (s, 3 H)
2.42 (s, 3 H). 30 Brbkogical Assays WO 2012/047538PCT/ US2011/ 052857
Conmpounds of the present invention were tested according to the follow ng
assays Pamd ftoun i . : 1 i Pl 3 |3. The
acti vi e PEE=, = OpBURYS RGeS OIgN about

10 [i Mpagas ﬂﬁ&zoﬂz&}ﬁ 3Hb‘5hglrﬁm42@[d ty of the corrpounds wer e under 500 nM the
nost active conpounds were under 10 nM The 5| C50val ue can be converted and

pr eSentAdisgrqefcsbroms- &@ethln‘ﬂF{[Qﬁneﬁhylrir(tpﬂ@ﬂtm%@'l)q@g@)ﬂhnﬁbﬂ}Fﬂ -G

hi bi
e oS neiny s R FRRRE D2 PRl LhRRAEREYSIRL b2 BANGhERER o Toasure
i sof or mamef), Pti3iblylm: bromidd (10708ahk)] (/8 34manspand Pli@PH;P94S(4asaﬂg s devel oped

and optimzed froma kit Eroduced by Upstate (M1 Iipore catal og # 33 017).
Bri ef | ynmehiig Teirefdafpendd HE) £bs ml)pras lfr'ewhﬁ@é IWWTPP{@%@%‘% sl 1

e S g S LA ST DRI
dorm@i n soB)brlﬁel,rdmmdwveﬂ HbSOgcnd ey apoBHdd nwdeo cddmned pasturd iy resadud wids
Strepta urlq'leg on sﬂlca ?g%llc(?gégnb r}O‘(/A]E)QAC qu—?exggésl }c/heenl(a)l F%A) R/IeO(SH 8Fp¥lzfto 3
give the desired product (127 mg, 0.255 mmol, 59.8 % yicld) as a yellow powder. 'H NMR
(400 MHz, CHLOROFORM-d) & ppm 7.97 (d, J/=3.28 Hz, 1 H), 7.55 (d, /=3.54 Hz, 1 H),
7.45 (d, J=7.83 Hz, 1 H), 7.32 (d, J/=2.02 Hz, 1 H), 7.03 (t,/=7.83 Hz, 1 H), 6.74 (d, J=1.77
15 Hz 1H),6.35(d,/=7.83 Hz, 1 H), 5.32 (s, 2 H), 3.60 - 3.76 (m, 4 H), 2.95 - 3.07 (m, 4 H),
2.60 (s, 3 H), 2.55 (s, 3 H). MS(ES+) m/e 473.1 [M+H]".

Example 79

N

20 3
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15Ki nase activity displaces biotin-PIP3 fromthe PH domain, resulting in
t he di ssociation of the HTRF conpl ex and a decrease in the fluorescence
signal. TWe 2bowvasgi3sof this assay is the sanme for all 4 ipsofuseomm/0sf85PI 3K;
the differences lie in the concentration of enzyne used to achi eve the nost

robust signal. The al pha and delta assays are run at 400pM enz%/ ; the bet a
assay iRreparatmmpfi-@nivanyDatmethyd 1od dvpeth h(iriflyotomethyl)phenw! kgt Bik-6-(n

addi ti phe - ta and del ta assays are run with 150mM NaCl whi | e
the g %0 Bg'ﬁn Pﬁaﬂ@ﬁ%&lﬁ)&.—%e absence of NaCl. The ATP concentration is
100uM IAilntlkltﬁr@(bﬁﬂ?Bronbﬁl-@;etl@rld {J[ehhahﬁlsWﬁuafmdleﬂ@UMh&Tﬁ]ﬂmhyﬂ}l% ganmma assay.
reacti ﬁ re run at 10E6M Pl P2 ounds wer er| aI IZ)(':/7 di | uted
9 t

prepged g FiFSCHB?‘{/Tp %empé%@

(3fo|dn?1ii? Bideyzigudase e from
col ym
cone@ent r atBPo%gM#g%l %ﬁ%ﬁ@? %§?#€2% ogn6t4@ “ﬁﬁ{)l?} @Séi %d%ﬁ coa(raflltd g?t?%% n;l/g’ DVSO.

Once t i@ 04X inows) andrsedimaderbdha@S 1 was 0t&Sd msthel) rire ¢l 2EI01nwtlﬁﬁ4€t\hehd (DM vol umre

assa 16 Thi.s gssa ate cont ai.n

har adorogh I BBt (R SORvERSR S Al BRRere foRRar a6l st (1)
Enzyme ﬂ’l\!x‘hﬁ@ Was bOtMeBiidt® Wwatdr 2hd Brkkd@dd WItREEO LD ZMfé'Q)rgaﬁf"éjFl{a% wal Wa@ﬁedm nus
enzynme plus native PIP3. DMSO was stanped into al colums 6 30and

18. Pl Paithwbrneadtiediowar N30k ad WamwareeiaEh¢ mldbgwae puifiediby BP-I200Q L1 M PI P3)

1B AR AR AP RSBl Rk pll | 5 b el dhe affirelpreguc{las Drng, G
( 0 1i uto. oj4 thHRYL2IM30O), ylem)easal@hlk% Pveder le’e@ﬁﬂahbﬂﬂ ﬁoﬁﬁ&@ﬁrfﬁ@&a@@fﬂidﬂli e[dleUS| ng

the HTRF kit provided by Upstate (M]I1i pore) he assaé@klt cont ai ned seven
r eagenthsad of theperewas dlé@ﬁrwr qosFoasipg thﬁawewél wvle) 2611159@4 98dF/ US2011/ 052857

Pl P2 t R 5 tecti

v x A (SR oROITHRMRD A 7 Bt b i e b el B AR b "
GST- t aggEyl Rt dane+3ns, 17)7 ietiagy, bon (M)&?CMHEM H),15.4ddi y:tzom thhIer) ol I OWI ng
itens were obtai ned or purchased:. Pl 3Kinase pr epared by GSK BR&AD),

di tlRi otﬁq%%(%%ﬁ)(%ﬁ@;nw“me&@ﬂ lgAée?ﬁc{m,ﬁéi)a SOr(p, éhfdb&%’n(é 1Hrp, Teknova

cat. ]@86-1250% I}ﬁs (1, 2-di oct anoyl - sn-
gl ycero- osph0| n sitil-3,4,5-triphosphate] tetraanmonium salt (Avanti

pol ar 1ipids, 850186P), DWVSO (Sigma, 472301). Pl 3Ki nase Reacti on
Buf fer was prepared by diluting the stock 1:4 wth de-ionized water.
FreshIMEﬂg aggd DTT was added at a final concentration of 5 nmMon the day
gse. nzyme additi on and conpound pre-incubation were initiated by
the addltlon of 2.5iut of PI3K (at twice its final concentration) in Ix
reaction buffer td all wells using a Multidrop Combi. Plates were incubated
at room tenperatuPe for 15 minutes. Reactions were initiated by addition of
2.5iat of 2X subpstrate solution (PIP2 and ATP in Ix reaction buffer) using
a Multidrop Rl ates were incubated at roomtenperature for one hour.
Reacti ons wer uéﬁtﬂ%@ by the addition of 2.5iut of stop solution (Stop
A and S%Gﬁ\ﬁ precmiKed at a ratio of

Me

CF,

Preparation of 2-methyl-4-[(methyloxy)methyl]-1-{[2-methyl-3-

(trifluoromethyl)phenylImethyl}-6-(4-morpholinyl)-1H-benzimidazole

25  To the mixture of [2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenyl Jmethyl } -6-(4-
morpholinyl)-1H-benzimidazol-4-ylJmethanol, prepared as described in Example 43 (160
mg, 0.381 mmol) in N,N-Dimethylformamide (DMF) (15 mL), sodium hydride (30.5 mg,
0.763 mmol) was added in and followed by the addition of methyl iodide (0.048 mL, 0.763
mmol). The reaction was stirred at rt for 3 hours. More sodium hydride (30.5 mg, 0.763
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5:1, respectively) to all wells using the Multidrop Conbi. The quenched
reactions were then processed to detect product fornmation by adding 2.5 ut
of Det ectworzofal4zis8on to all wells using the Mulitdrop @omhiS2¢IDe®s®STi on m X
C, Detection mx A and Detection mx B conbined together in an 18:1:1

ratio, i.e.: for a 6000 iut total volume, mx 5400 jut Detection 20 mx C,
300i ut mEPbent sethil odide ORf830b. 6763 mErabbyaoides x. Bhe xeacsion wap stitsesd ait | on

shoul d 1JPFor|%8 Eﬂ%&ﬂ%&{r@a@{ Qgrmfﬁg b.‘ssa?&d '1:19 'fhﬁ%lg&ré‘wﬂé‘&t Qi Jiffubati on

in the dark, asured nvi si on ate reader set
for 3301&(1)/3&)((1 00 ﬁth)dﬂheamgan:iu @ham masswashecﬂ@tta Birino1 Gt m6.2Qinivd ((HgB(b,)‘nahd%S nm
(APC). The | oss Oﬁq HTRF si i.s due to th&k%kgﬁ@acenent of

bi ot i nylPRFEYAsIRE PR Sue feéﬁgphp leptin PERREM) tegiNrdPSi on of
PI P2 t rg’&ﬁ H-ﬁh}\/ﬁ{ g@émﬁ ﬁm@b@'sgwﬂ%hs@@%mw 5N d @%%%C(?o t@o@grt% 4 ccur acy

i ncreasing product and tinme. This'n | TTnear "det'ect 1 6n

of | C5MH)RBE M, atH)n6R - 3.A&(mf ©He 4. 16Her2H) §.53 (sléeld) 6.02 (& Je@rSBél:zt,ﬂdih) G.8tor to
obt ai n nor e r is derived fromthe assay
standaﬁaéz%ﬂefgiEﬁiipégg} g#ﬁﬁ@Sgﬁthﬂf 4%f21 rﬂgssay pl ate. 30All data
wer e calculated using the ratio of acceptor (APC) to donor (Europium
quorqu&&@? each well of the assay plate. The percent inhibition for
eagb conpo concentration was cal cul ated as follows: % nhibition =

(fluorescencg ratio - CGr1B)/(CrlA - Cri1B) where Crl A= (-) PI3Kinase
reaction and ' itti

(typically 09
H 1l slope (t

axNi s the signal in the (-) Enzyne control, and n is the
Me Finally, the 1C50 was converted to pl C50 (pl C50 =
-Iog(ICiQTiN A pl C50 val ue was corrected by using plate controls and
the equ tiog bel ow. \5pl C50 (corrected) = pl C50 (observed) +

| 0g10( ( Cr (CGr1B-Ctr1C)), where Ctrl A and Ctr1B are as defined
above and Ct1l AM PI (3, 4,5)P3, 100% di spl acenent of biotinyl ated
Pl (3, 4,5)P3. NMee conpounds listed in Table 1 were tested generally

according to the assays described herein. Table 1 lists the plC50 val ues
for either an expe€Fgental run or an average 10 of two or nore experinental
runs with the exanples shown. Table 1 Exampl e #

Preparation of 4-(3-furanyl)-2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenylImethyl }-6-(4-

morpholinyl)-1H-benzimidazole

15 A mixture of 4-bromo-2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenylJmethyl} -6-(4-
morpholinyl)-1H-benzimidazole, prepared as described in Example 62 (200 mg, 0.427
mmol), 3-furanyl boronic acid (47.8 mg, 0.427 mmol), sodium carbonate (91 mg, 0.854
mmol) and PdCly(dppf)-CH,Cl, adduct (34.9 mg, 0.043 mmol) in 1,2-Dimethoxyethane
(DME) (2.5 mL) and Water (0.5 mL) was irradiated in a microwave reactor for 1 h at 100° C.

20  The mixture was poured into water and extracted with EtOAc. The organic phase was washed
with brine, dried over Na,SO4 and evaporated. Only partial conversion (ca. 50%) was
observed by LC/MS analysis. The residue was purified by RP-HPLC (Gilson, 25-65%
Acetonitrile in water plus 0.1% TFA) to the desired product (28 mg, 0.060 mmol, 14.11 %
yield) as a white powder (separation from impurity was difficult. The head of the peak was

25  discarded decreasing the overall yield, in addition to the partial conversion observed). 'H
NMR (400 MHz, CHLOROFORM-d) & ppm 8.57 (s, 1 H), 7.58 (d, J/=7.58 Hz, 1 H), 7.55 (t,
J=1.52 Hz, 1 H), 7.09 - 7.15 (m, 2 H), 7.02 (d, /=1.26 Hz, 1 H), 6.52 (d, J/=7.83 Hz, 1 H),
6.48 (d, /=2.02 Hz, 1 H), 5.29 (s, 2 H), 3.80 - 3.97 (m, 4 H), 3.07 - 3.21 (m, 4 H), 2.57 (s, 3
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MN Pl 3KB PI 050 MEAN 3 414.51 6.7 5 373.46 8.8 11 401.51 8.7 13 420.34 8.1
14 406.32 8.5 15
WO 2012/047538 PCT/US2011/052857

H), 2.52 (s, 3 H). MS(ES+) m/e 456.0 [M+H]"

Example 82
5
CO,H
N
N\
N

/@E >—Me
ojﬁ
CF;
Me

Preparation of 2-methyl-1-{[2-methyl-5-(trifluoromethyphenylImethyl}-6-(4-morpholinyl)-

1H-benzimidazole-4-carboxylic acid

10 To a solution of methyl 2-methyl-5-(4-morpholinyl)-1H-benzimidazole-7-carboxylate,
prepared as described in Example 26, step d (0.3 g, 1.090 mmol) in N,N-Dimethylformamide
(DMF) (10 mL) was added 2-methyl-5-(trifluoromethyl)benzyl bromide (0.552 g, 2.179
mmol) and potassium carbonate (0.452 g, 3.27 mmol). The resulting reaction mixture was
stirred for 3 h at 80° C. The solution was cooled to room temperature and poured into water

15  and was extracted with EtOAc. The combined organic phase was washed with Brine and
concentrated. The residue was purified on Biotage Isolera purification system using a
Biotage 10g SNAP silica gel cartridge and eluted with a gradient of DCM to 5%
MeOH/DCM over 10 column volumes. The expected compound was collected and
evaporated to yield a tan solid. The tan solid was dissolved in tetrahydrofuran (THF) (10.00

20 mL) followed by the addition of 1M lithium hydroxide solution (10 mL, 10 mmol). The
reaction was stirred at 50° C for 2 h. The reaction was cooled to room temperature and the
organic solvent was removed in vacuo. The solution was diluted with water (20 mL) and
acidified with 1 N HCl. The mixture was then filtered and the grey solid was purified by
reversed phase HPLC with a gradient of acetonitrile (0.1%TFA) and water (0.1%TFA v/v)

25  (25-55%) over 10 minutes. The appropriate fractions were collected and evaporated to yield
the desried product (120.1 mg, 0.277 mmol, 25.4 % yield). "H NMR (400 MHz,
METHANOL-d4) 6 ppm 2.53 (s, 3 H) 2.88 (s, 3H) 3.15-3.23 (m, 4 H) 3.79 - 3.88 (m, 4 H)
5.84(s,2H)7.06 (s,1 H)7.27 (d, /=2.27 Hz, 1 H) 7.51 - 7.58 (m, 1 H) 7.59 - 7.64 (m, 1 H)
7.86 (d, 1 H). MS(ES+) m/e 433.8 [M+H]".

30
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375.45 9.0 17 389.48 8.6 18 408.31 8.0 20 401.47 8.2 22 420.30 7.8 25
424.51 9.6 31

10

15

20

25

30
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Example 83

CO_H

Me

Preparation of 1-[(2,5-dimethylphenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-

benzimidazole-4-carboxylic acid

To a solution of methyl 2-methyl-5-(4-morpholinyl)-1H-benzimidazole-7-carboxylate,
prepared as described in Example 26, step d (0.2 g, 0.726 mmol) in N,N-Dimethylformamide
(DMF) (10 mL) was added 2,5-dimethylbenzyl bromide (0.289 g, 1.453 mmol) and
potassium carbonate (0.301 g, 2.179 mmol). The resulting reaction mixture was stirred for 3 h
at 80° C. The solution was cooled to room temperature and poured into water and was
extracted with EtOAc. The combined organic phase was washed with Brine and concentrated.
The residue was purified on Biotage Isolera purification system using a Biotage 10g SNAP
silica gel cartridge and eluted with a gradient of DCM to 5% MeOH/DCM over 10 column
volumes. The expected compound was collected and evaporated to yield a tan solid. The tan
solid was dissolved in tetrahydrofuran (THF) (10.00 mL) followed by the addition of 1M
lithium hydroxide solution (10 mL, 10 mmol). The reaction was stirred at 50° C for 2 h. The
reaction was cooled to room temperature and the organic solvent was removed in vacuo. The
solution was diluted with water (20 mL) and acidified with 1 N HCI. The mixture was then
filtered and the grey solid was purified by reversed phase HPLC with a gradient of
acetonitrile (0.1%TFA) and water (0.1%TFA v/v) (15-50%) over 10 minutes. The appropriate
fractions were collected and evaporated to yield the desired product (96.4 mg, 0.254 mmol,
35.0 % yield). "H NMR (400 MHz, METHANOL-d,) 8 ppm 2.19 (s, 3 H) 2.40 (s, 3 H) 2.84
(s,3H)3.13-3.27(m,4 H) 3.78 - 3.86 (m, 4 H) 5.70 (s, 2 H) 6.54 (s, 1 H) 7.09 (d, J=7.83
Hz, 1 H) 7.20 (d, /=7.58 Hz, 1 H) 7.25 (d, J/=2.27 Hz, 1 H) 7.83 (d, 1 H). MS(ES+) m/e
379.8 [M+H]".

Example 84
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Preparation of 1-[1-(3-chlorophenylethyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-

carboxvylic acid

To a solution of methyl 2-methyl-5-(4-morpholinyl)-1H-benzimidazole-7-carboxylate,
prepared as described in Example 26, step d (0.2 g, 0.726 mmol) in N,N-Dimethylformamide
(DMF) (10 mL) was added 1-(1-bromoethyl)-3-chlorobenzene (0.203 mL, 1.453 mmol) and
potassium carbonate (0.301 g, 2.179 mmol). The resulting reaction mixture was stirred for 3 h
at 80° C. The solution was cooled to room temperature and poured into water and was
extracted with EtOAc. The combined organic phase was washed with Brine and concentrated.
The residue was purified on Biotage Isolera purification system using a Biotage 10g SNAP
silica gel cartridge and eluted with a gradient of DCM to 5% MeOH/DCM over 10 column
volumes. The expected compound was collected and evaporated to yield a tan solid. The tan
solid was dissolved in tetrahydrofuran (THF) (10.00 mL) followed by the addition of 1M
lithium hydroxide solution (10 mL, 10 mmol). The reaction was stirred at 50° C for 2 h. The
reaction was cooled to room temperature and the organic solvent was removed in vacuo. The
solution was diluted with water (20 mL) and acidified with 1 N HCI. The mixture was then
filtered and the grey solid was purified by reversed phase HPLC with a gradient of
acetonitrile (0.1%TFA) and water (0.1%TFA v/v) (10-40%) over 10 minutes. The appropriate
fractions were collected and evaporated to provide the desired product (70.5 mg, 0.176 mmol,
24.27 % yield). "H NMR (400 MHz, CHLOROFORM-d) & ppm 2.04 (d, J/=6.82 Hz, 3 H)
2.78 (br.s., 4 H) 3.02 (s,3H) 3.78 (br. s.,4 H) 5.95-6.06 (m, 1 H) 6.49 (br. s., 1 H) 7.35 -
7.51 (m, 3 H) 7.57 (m, 1 H). MS(ES+) m/e 399.8 [M+H]'".

Example 85
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Preparation of 1-[(3-chlorophenyimethyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-

carboxvylic acid

5  To a solution of methyl 2-methyl-5-(4-morpholinyl)-1H-benzimidazole-7-carboxylate,
prepared as described in Example 26, step d (0.2 g, 0.726 mmol) in N,N-Dimethylformamide
(DMF) (10 mL) was added 1-(bromomethyl)-3-chlorobenzene (0.190 mL, 1.453 mmol) and
potassium carbonate (0.301 g, 2.179 mmol). The resulting reaction mixture was stirred for 3 h
at 80° C. The solution was cooled to room temperature and poured into water and was

10 extracted with EtOAc. The combined organic phase was washed with Brine and concentrated.
The residue was purified on Biotage Isolera purification system using a Biotage 10g SNAP
silica gel cartridge and eluted with a gradient of DCM to 5% MeOH/DCM over 10 column
volumes. The expected compound was collected and evaporated to yield a tan solid. The tan
solid was dissolved in tetrahydrofuran (THF) (10.00 mL) followed by the addition of 1M

15  lithium hydroxide solution (10 mL, 10 mmol). The reaction was stirred at 50° C for 2 h. The
reaction was cooled to room temperature and the organic solvent was removed in vacuo. The
solution was diluted with water (20 mL) and acidified with 1 N HCI. The mixture was then
filtered and a gray solid was isolated. The aqueous layer was found to contain a significant
amount of product and was evaporated. Both solid and residue were purified by reversed

20  phase HPLC with a gradient of acetonitrile (0.1%TFA) and water (0.1%TFA v/v) (5-50%)
over 10 minutes. The appropriate fractions were collected and evaporated to procide the
desired product (37.5 mg, 0.097 mmol, 13.38 % yield). "H NMR (400 MHz,
CHLOROFORM-d) & ppm 2.93 (br. s., 3 H) 3.05 (br. s., 4 H) 3.77 - 3.85 (m, 4 H) 5.55 (br.
s.,2H) 6.88 (s, 1 H) 7.09 (br. s., 1 H) 7.20 (s, 1 H) 7.31 - 7.39 (m, 3 H). MS(ES+) m/e

25  385.8 [M+H].

Example 86
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468.32 9.0 WD 2012/ 047538PCT/ US2011/ 052857 70 469.42 9.7 72 435.86 8.8 73
407.50 7.6 Cellular Assays - Cell Gowth Inhibition Assay in PTEN

wi | d-t ypewonoRIENMN3defi ci ent tunmor cell lines 5Twenty-t wROTRIsSoGpsIsase and
Tensin Honol og (PTEN) wild-type or PTEN deficient tunor cell |lines were
cultured generally according to instructions supplied by cell culture
suppl i er Anmerican Type Culture Collection, Mah&ssas, VA, with 10% fetal
bovi ne serum at 5% CO2 and 37C. Cells were see@gﬁb@ either a T-75 or a
T-175 flask SxgHays prior to 96-wel | aSsey’l ati such that the flasks
were approxi mat el y 70-80% confluent of the tije 10 of harvest. Cells were
har vest ed usi \350_/0 trypsi n- EDTA (I nvi e #25200056). Trypan Bl ue
ywas used to det erripe N numnber .

excl usi %:x\%t s
» N

o)

CF, CF;

Preparation of 2-methyl-1-{[2-methyl-3-(trifluoromethyphenylImethyl}-6-(4-morpholinyl)-

1H-benzimidazole-4-carboxylic acid 2-amino-2-(hydroxymethyl)-1.3-propanediol salt

5  Seed crystal preparation - Batch 1: To the 2-methyl-1-{[2-methyl-3-
(trifluoromethyl)phenylmethyl}-6-(4-morpholinyl)-1H-benzimidazole-4-carboxylic acid
(52.9 mg, 0.122 mmol), methanol (2.0 mL) was added. To the slurry, tromethamine (2-
amino-2-(hydroxymethyl)-1,3-propanediol) (3.0 M solution in water, 1.0 equivalent) was

added. The slurry was heated to 60C and kept stirring at 60C for 3 hours. The slurry was then

10 cooled slowly (0.1C/min) to 20C. Once the temperature of the slurry reached 20C, the slurry
was kept stirring at 20C for 8 hours. The crystalline solids were isolated by vacuum filtration.
The yield of the desired salt was 57.2 mg (85% yield).

Seed crystal preparation - Batch 2: To the 2-methyl-1-{[2-methyl-3-
15 (trifluoromethyl)phenyl]methyl}-6-(4-morpholinyl)-1H-benzimidazole-4-carboxylic acid
(353.0 mg), methanol (14.0 mL) was added. The slurry was heated to 60C and tromethamine

(3.0 M solution in water, 1.0 equivalent) was added in four aliquots over 15 minutes followed

by the addition of crystalline seeds of crystalline tromethamine salt from batch 1. The slurry
was stirred at 60C for 3 hours, cooled (1C/min) to 20C, and stirred at 20C for 8 hours. The

20  solids were isolated by vacuum filtration, dried at 60C under vacuum for 5 hours. The yield
of the tromethamine salt was 401.5 mg (~88.9% yield).

Batch 3: 2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenylJmethyl} -6-(4-morpholinyl)-1H-
benzimidazole-4-carboxylic acid (40.0 g, 92 mmol) was suspended in Methanol (1.6 L) in a

25 3L rounded-bottom flask. The resulting slurry was heated to 60°C mixing on a buchii rotary
evaporator water bath and tris(hydroxymethyl)aminomethane (3M solution in water) (0.031
L, 92 mmol) was added in four aliquots over 15 minutes followed by the addition of seed
crystals as produced by method analogous to Example 86, Batch 2, above (108 mg). This
slurry was stirred (flask rotated on buchii rotovap) at 60 °C for 3 hours, then cooled (~1

30 °C/min) to 20 °C (room temperature), then finally magnetically stirred at 20 °C (room
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Viable cells were plated in clear, flat bottom 96-well plates (BD #353075)
under anchorage i ndependent conditions at 2,000-10,000 cells per well
dependi ngworzotg7338l | | i ne. To generate anchorage i ndep@eqaarstoigos2esh
conditions, a 5% agar stock solution in water was 15 nmade and autocl aved to
melt and sterilize. Fromthe 5% agar solution, a 0.6% agar/nmedia + 10%
fetal Bewreratusdfons hmes) Therasuitivg whals sphdiavas solpésteharasumydiratinn. dged | ayer

in the pl v t 1 ove y fiiye mcroliters per well
of 1 he BB FEylR RHEE T F Bours B e R A 3 ™ ot Cer

sol i di f(trtfidr@ncthal)siednk1]sethyt i-644-afor@edin§ 70l H-bcdzimaB401022cbdAysic @dependi ng
on the cell line) in 10 ni_of 0.3%agar/ nedia + 10% FBS was made and 75 20
gl of t%n%-érdhﬁ{@amfégarl%—aw&a@@ﬂ%&é“%&%&qranlpﬁe%rfﬁ éﬁeéi). as AWRIEC t he
cells | aygh ﬁ&hg%%ﬁ RAR 30 9V aTehsinORA ﬁ@?r%ﬁc@gﬂﬁ%&ﬂﬁ Rangop of the
cells. A0.3%Brij 35 (Sigma B4184) solution | ra + 10% FBS was added

t o col ur0 ViHa DMSOatk Grppund 63 (dtI=A&BiHM) 1 dbrit.3'd(d, JFh27 ekl | 81)Welr7e- 7.38c ubat ed
overni ght at 5% and 37C. The éext day one plate of cells was processed

at t he (A Ddt3tshdoRd Had D Pol? Eor HAambi-BAG 6 HR?OF ng- IndrbétotoCel | s
(T =0 _ . g M}?g und titration plates, 15 gl of
a 2 nv %5%@51)0 %%2'33 &SO-gg{h)l’ ggﬁj?lhgzn 0 tﬁ%ﬂ?%orrpound of exanple 31 was
diluted in clear bottom pol ypropyl ene 96-well plate (BD #351190) using a 10
poilot , Bxanypld§7i tration or a 20 point 2-fold titration, respectively. Three
hundred mcroliters of nedia was added to the-conpound dilutions. Ten
30mcroliters per well of the serial diluti Q@%@dded to the cells and
the plates iaagupated for 6 days at 5%Q*tand 3YC. The final concentration
of DMBO in al 2012/ 047538PCT/ US2011/ 052857 t he

O d\of exanple 31 was 3.7i uM or
30.7 iu
(1 nvitrt’;//SEH #DA

cupatyon, 20 ul of Al amar Bl ue
L1100) was—added tlo the cell§, incubated at 5% CO2 and 37C
for 6 hM a
(excitation) &

e plates read of Speectxamax (Gem ni EM at 530nm
90nm (em ssion) with auto cut-off 5 disabled. For
grow h inhibition dose Tgsponse curves, the data was
plotted as the percent of the DVMSO treatedCcontrol sanples (DVBO sanpl es
set to 100% . The cellular response was determ ned for the conpound of

exanpl &3, a0 T GRbALIPN T esponse with

p . C ng- . . .
concentbearo[dhmidegolerhpdrboxdicmionh dfamine-2yhpdroxymethyl)ddhpropmrril salthe EC50 i s
t hg510 midpoint of active conpound effect w ndow (between Ynmax pl ateau and

Ym n pl ateay of_co und) and represents. the concentration of the conpound
of exanlp{%g’gqr%g}egg’g@%ﬂ?'zr@@hﬁhwh We@'%P%ZOE‘H%‘%%Qi?"‘\?éFQ?&h‘F rom
vveLI S (H@ftld (a? I, ngolﬁJlna%lﬁimiaj; s&?elﬁdbﬂdﬁ y@mho(mﬁind%mﬁﬂe@mm‘ H@gkﬁ ) were
subtract,ed from sa s, for..packground..correction. The results shown in
Tabi o FidsuErE Qe FRRRCRR (oL AR BRI pEBor o ey oo
supres mpu@ﬁﬂﬁ%s(éyémsﬂtthvéammnedlane I(3Vli sobitypn fiewatwir] G-34ympk, BIEN t unor
Ce|2|0 ! 'Iﬂﬁ%l)Wsedda&f'ﬁ' ft){nvﬁiquots over 15 minutes. This slurry was stirred (flask rotated on

Buchii rotovap) at 60 °C for 3 hours, then cooled (~1 °C/min) to 20 °C (room temperature),

1D
2
7]
oo
S5l

then finally magnetically stirred at 20 °C (room temperature) for 15 hours. The resulting
white solid was isolated by vacuum filtration, dried under vacuum at 65 °C for 18 hours to
provide 1-(3-chloro-2-methylbenzyl)-2-methyl-6-morpholino-1H-benzo[d]imidazole-4-

25  carboxylic acid, 2-Amino-2-(hydroxymethyl)-1,3-propanediol salt (11.1g, 21.09 mmol, 84 %
yield) as a white solid. MS (ES+) m/e: 400.0, 402.0 [M+H]+. '"H NMR (400 MHz, DMSO-
ds) O ppm 7.32 -7.39 (m, 2 H) 7.16 (d, /=2.27 Hz, 1 H) 7.05 (t, J/=7.96 Hz, 1 H) 6.05 (d,
J=7.58 Hz, 1 H) 5.52 (s,2H) 3.68 - 3.77 (m, 4 H) 3.36 (s, 6 H) 3.02 - 3.11 (m, 4 H) 2.47 (s, 3

H) 2.42 (s, 3 H).
30

Biological Assavs
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WO 2012/ 047538PCT/ US2011/ 052857 M ce bearing PC- 3 xenografts were
random zed i nto dosing groups of n=8 based on tunor volune 29 (100, 30, and
10 ng/ kg)wono2®4(B8 3, 10 ng/ kg) days after tunor cell sPaErusS201mpbmat ed.
Treatment of m ce commenced the next day and continued for 21 days. M ce
recei ved once daily oral gavage with conpound or vehicle at 10 ni/kg.
5Tunor gr owtFPREMARaEhe dEsewlilpecnfies meyen@ﬁtetiwoadlﬁé istheAallewing agsayhi er

cal |l i pers; l. i i i a . (1), and the

i dth” (o o RRARE oFbTERRLRS, e A5 SR Pt AT ARSI res (1) ver e
cal cul afxeghpliiedgprifintiotangavfiog abguat hbhto aboe (0UM)akuidist INBEPSTId mhjoeity unor
vol unmes were used to conpare treatnent groups Stable disease for this study
i s def i9ide cpmpoupdnppredBdemdAmYlcthe deast AgivEREMPBIRSaVSS UadRE dRpdfindhe

tregt mypt, AARScaH P coHRHeAME Plds¥nibdI&! HRSEvAllfic decr ease but stays similar to
t he vol S{Srr(%a prigr tc? drug tregtrsrel}\t co @gored eto vehicle treated in which the
tunmor volune continues to increase during the course of the study. Tunor

growth delay is fL.pned,as t | upe. that is reduced during the course
of the ¢oh ‘iigngo?ffrg l?rgeﬁ?sa?’%.ogﬂ{léléq?hd YHicle treated tunor volune. 15The

results den'ﬂfl&tf'lgil@ﬁasteﬁéf}_%ﬂgeﬁﬁéﬁ Wer@ﬁe&e‘l‘tﬁﬁ/ﬂﬁo Hiégﬁlrmlﬁ%o%@ﬁﬁdl%ﬂ%gdé}t
ngy

prostate xenografts wt , 30, and 100 t he conmpound of exanple 31
for 21 ideipyioned tha aphd, hetet dadlecandi gauseisafarms OhBI3Kiard iBving/Ripldssssay.

5, 50 WAl 10 a5 P Y6 DRASHLEL S O SRR

of exampl@l 731 Bty aURlpiedeatrel uliliveyPpRUBIMES HPRFIHoRI0RSHRIS Taas-Riefslv@l cel |
| i ne encodi ng a deficient PTEN protein) xenp%r aft nouse nodel. Fenal e nude
m ce (dHBeIcESN eperey tEsioa erndex befveen foyt bindinpmartgeisa] ybigimylatebRH3, -6

c i iS| s co
br ost atd T2 kel RpOLTERHOISHORH TERE 3 Fidri Blcd BCST BB,
wer e aldnabedly, tod 4y Steerftoridiapiliaphiyomdyehiv (B P@RBERs. native PIP\brodudeddiyiRig- PC- 3

ft €. i ni st d_3 np/kg of th nd  of le 31 10
el e e AR S O R TR A S e
atter IyTRp c&%@x,aﬁd aHerc@idn At MRAHER AL TR, Cee U SRk BB Hid 5§s£§ﬁﬂ%<ﬂt); an

additional 3 m ce bearing PC-3 xenografts were adm nistered vehicle and
eut hanisamd faf dlbe4 is2fdrog 0§ PI3Kaeh¢ diferenseslie@mchs echceiadtionaff cezpohe tseddo was

Rl RS LN SE N R R R N S
. 5385 g oo S 102 041 i g By e
Eppgé@nddrcfa andistelfa aggpeare run with 150mM NaCl while the gamma assay is run in the absence
of NaCl. The ATP concentration is 100uM in the alpha, beta, and delta assays and 15uM
ATP in the gamma assay. All reactions are run at 10uM PIP2
Compounds were serially diluted (3-fold in 100% DMSO) across a 384-well
polypropylene mother plate from column 1 to column 12 and column 13 to column 24, to
25  yield 11 concentrations for each test compound. Columns 6 and 18 contain only DMSO.
Once titrations were made, 0.05uL was transferred to a 384-well low-volume assay plate
(Greiner 784076). This assay plate contained three pharmacological controls (known PI3K
inhibitors) and 3 assay controls: (1) Enzyme without inhibitor; (2) Buffer minus enzyme, and
(3) Buffer minus enzyme plus native PIP3. DMSO was stamped into all wells of columns 6
30 and 18. PIP3 was added at 40 uM in 1X Reaction buffer (1uL of 200 uM PIP3) to
alternating rows of column 18 (wells 18 B, D, F, H, J, L, N, P). The no-enzyme control
reactions were run in wells 18 A, C, E, G, I, K, M, O (0.1uL of 100% DMSO).
The PI3-Kinase profiling assay was optimized using the HTRF kit provided by
Upstate (Millipore). The assay kit contained seven reagents: 1) 4X Reaction Buffer; 2) native
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WD 2012/ 047538PCT/ US2011/ 052857 remai ned on wet ice until they were
centrifuged for 10 m nutes at 4C at maxi nrum speed in a tabletop

refri geravedoenrsssf uge. Tunor | ysates were serially dilParas20m/o9Bsnel |
pol ypropyl ene plates on wet ice. Lysates (150 iut) were |loaded in row 1;

rows 2-12 were |oaded with 75 iut of conplete Meso 5Scal e Di scovery (MSD)
| ysi s BUPZ &subptsaiphp) 8@1’%(%%“0 Stgp Ri%@@@fﬂ@) 5ERsisraen ¥Bx & serial ly

di I'ut ects%eﬁot% PKPER c%ﬁ‘ﬁ\fﬁxtﬁ’ BH&Q@ hah I\fégf‘%g{ %Sf;{a(%é?d pyt through

wel | 11 con alne ySi's bu assay pl ates

(whol e dbﬁiahn)t y)s]aétecti@liPﬁc(KﬁbloIma&rdMo&) th‘écfbb(bwmtheﬁ@s;@eye obtainali og #

K15100D- 3) were blocked with 150 jut of 3% t%l ockerh@ overni 9‘535 at 4C with
! f

shaki ndUsdreid PhHtRgselashag W%K@%@DP Mispete fer. Fifty
m crol i £ &8iak st lrf\gplﬁ%ﬂa@é (AT IR day, %A@@O%{aﬁvpl’ﬁ%tgezdgg%ﬂo ihg. bl ocked

MSD pl ates, cove and i ncubat ed over ni ght "at aking Plates were
washed ghideho-F¥[pkosphébihesitias,4etriphesphBe] ethammoantm dtd\A vaas pakidbplids,

(25i ut/ inal c tration of 10 nMin 1 nL Bl ocker A and 2
mL.Tri s %i%ﬁp@a}})}\@ééﬂ %Qbed for 1 hour at roomtenperature with
shaki ng Pl atigsK WREER¥RSDE BudSr %%feb@t%é b?lél‘il‘dﬁng BefsscR 1th&itaddiibigqy of 150
15 iut of MSD read buffer and read Iinmmediately on a 6000 MSD pl ate reader.

Al wo rVkatWa§r95élll§f men%réd DA Tawevrdiiad eba ihalivonepstiation pohaiM an |tlmllay@ef m@e and Use

Commi t t t | s PA0O79

conPr olGy e Ad ibn M8 S AER M ARn R S e by ORI LB act. 1 om
al | welpISK (BY tvid¥iTs ﬂm c6@lchtth @i th 8% redeavh buﬁah@%nmczellélﬁlﬁéarm%mp
20si gnal )/ [ (phospho AKT(5er473) signal) + (total AKT signal)]. Values from

three feimbis quﬁeSe\a@ﬁ ip@Ratsl afroomt @alp%iﬁbypé@ liSdBHutosi B@a%nﬁé\ieﬁ‘gmitwt%e
| i near ;\P;dgqaﬁlo%f /g%%ﬁ&%fﬁ@ {rgte% Rﬂh gﬁpﬁ%na%ﬁ"f%%& hegé‘twlg@’ i le's

P/IT AK ages an st an viations of 't e for
each grMupidedp Gombic Plaves @eﬁeﬁmhﬂeﬂ@drodﬁetmtatumﬁommi lonr. WRsactiahcwk@t ed f or

h f 100- le P/T AKT val h P/ T AKT
vl ey 18R by en elopiunber “RipHINOE BN deF o Bt
i nhi bi tg. pheQlechiigyRBAI ng%mg@ﬁ&mﬁfdf@g CBABT TRARENHIE T actiofsiveictRal

ref erences
processed to detect product formation by adding 2.5uL of Detection Solution to all wells

using the Mulitdrop Combi (Detection mix C, Detection mix A, and Detection mix B
combined together in an 18:1:1 ratio, i.e.: for a 6000 uL total volume, mix 5400 uL. Detection

20  mix C, 300uL Detection mix A, and 300 uL Detection mix B. Note: this solution should be
prepared 2 hours prior to use). Following a one hour incubation in the dark, the HTRF signal
was measured on the Envision plate reader set for 330nm excitation and dual emission
detection at 620nm (Eu) and 665nm (APC).

The loss of the HTRF signal is due to the displacement of biotinylated-PIP3 from the

25  PH domain by the PI3K-dependent conversion of PIP2 to PIP3. This loss of signal is
nonlinear with respect to both increasing product and time. This non-linear detection will
impact accuracy of ICsy calculations; therefore, there is a need for a correction factor to
obtain more accurate 1Csy values. This correction is derived from the assay standards in the
wells of column 6 and 18 of the assay plate.

30 All data were calculated using the ratio of acceptor (APC) to donor (Europium)
fluorescence in each well of the assay plate. The percent inhibition for each compound
concentration was calculated as follows: %inhibition = 100*(fluorescence ratio —
CtrIB)/(CtrlA — CtrlB) where CtrlA= (-) PI3Kinase reaction and CrtIB= PI3Kinase + DMSO.

An ICs, was then calculated fitting the %inhibition data to the equation: %inhibition =
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The conpounds of the present invention can also be tested to determ ne
their 30inhibitory activity at Pl 3Ka, PI3K6, PI3KI3 and Pl 3Ky according to
i nt er nat iwoab1zparsat publicati on No. W2009/ 039140. PCT/NI$2011/052857
pharmaceutically active conmpounds within the scope of this invention are
useful as PI3 Kinase inhibitors in mamuals, particularly humans, in need

t her eofminhe(prxeiahi(1 itriliahtbiter)/ T yarofvdreEe minipthie Yizhibiion sdthgro inhibger ng

di seas b At ' - Pl 3 ki jnhi bi i.C , i_mmune
i sor dapgaa g L El bt 4 sebhitn OCTERLRN MrkdoP Ana B CHIPGbe (S

neur odelge Fafadly) te [di,seasesyerellte piis, (Esteog@ansy;, ead thtipsC s, vahicivaisgan
failure, Ki dngy di seases, pl atel et alg]gre tion, cancer, spermnotility,

t r anspl RRESES 8% UpaR Bcs entrogy adithe equEON BHloXAd | ung injuries and ot her
condi ti i LA I i 4! i P\ ok T Qb i i ses
ad mgni sﬁtjP g?()i (Egl%aeﬁéd E?pé?go%éé coﬁgoﬁﬁgﬂgwté%r %{B@?ﬂ(@}t I;?B tcgrtﬁg))bwgrh%g:tg&ngi?@al |y
accept ditklB maht defimedrboe amsldlvi&=el OpiM BH(B:4c)B3, 100+ displaddmeent ofrppiotinyglstedf

For rmul ZPIQ%Y ﬂ;]so provi de for a nethod of treating the above indicated

di seas 4P 8S- because of their ability to act as PI3 inhibitors. The drug

may be adm nit@bRdub® 1BtREhiTeBle 1 ReRasdcd %‘@"e%‘} aRBYordMy t& avRRisonal route
of adm nistration, including, but not limted to, 10i ntravenous,

i nt r amssewribed hersim| Tabde b dists deplGS0 viahics &deither an cxperipantehuaoakn akagml ary
caqgul e V(3rrp%)si0ti on_An 91&1?' noslos,lalgt%egggnrplfsor adm ni stering the present

i nvent iOn"P S PrRSatEsd 5y Mg a UPSHEY ™ two piece hard gel atin
capsule with the ingredients in the proportions shown in 15Table 3, bel ow
Tabl e 3 | NGREDI ENTSAMOUNTS Conpound of exanple 125 ng Lactose55 ng Tal c16

Ny Table 1

Example # MW PI3KB PIC50 MEAN
3 41451 | 6.7
5 373.46 | 8.8
11 401.51 | 8.7
13 420.34 | 8.1
14 406.32 | 8.5
15 375.45 | 9.0
17 389.48 | 8.6
18 408.31 | 8.0
20 40147 | 8.2
22 420.30 | 7.8
25 424.51 | 9.6
31 43343 | 8.2
32 401.30 (7.9
35 402.46 | 7.2
38 420.30 | 7.0
39 456.48 | 9.2
41 399.50 | 8.8
43 41945 | 8.3
50 45544 | 8.9
53 453.85 | 9.3
54 486.42 | 8.6
58 425.50 | 8.2
59 399.88 | 8.2
63 468.32 | 9.0
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Magnesi um St earate4 ng 20 Exenplary |Injectable Parenteral Conposition An

I njectable formfor admnistering the present invention is produced by
stirring WOR0dns788i ght of conmpound of exanple 1 in 10%Pby/usedime285T opyl ene
glycol in water. Exenplary Tabl et Conposition 25 The sucrose, cal cium
sul fate di hydrate and an Pl 3K inhibitor as shown in Table 4 below, are

m xed and granul ated in Phe prop()f“??'%s;gghovm with a 10%gelatin sol ution.
The wet granules are scneened di 48sige rns)eed W|th the starch, talc and
stearic acid; screened 3u cofpresseaipto—atabltet—30 Table 4

| NGREDI ENTSAMOUNTS \/\?C)’I 2012/ 047 %%@C’J S2011/ 052857| Conmpound of exanpl e
120 ng cal cium sul fate dehydrate30 ng Sucrose4 ng Starch2 ng Talcl ng

Cellular Assavs — Cell Growth Inhibition Assay in PTEN wild-tvype or PTEN deficient

tumor cell lines

5 Twenty-two Phosphatase and Tensin Homolog (PTEN) wild-type or PTEN deficient
tumor cell lines were cultured generally according to instructions supplied by cell culture
supplier American Type Culture Collection, Manassas, VA, with 10% fetal bovine serum at
5% CO; and 37°C. Cells were seeded into either a T-75 or a T-175 flask 3-4 days prior to
96-well assay plating such that the flasks were approximately 70-80% confluent of the time

10 of harvest. Cells were harvested using 0.25% trypsin-EDTA (Invitrogen #25200056).
Trypan Blue exclusion staining was used to determine cell number.

Viable cells were plated in clear, flat bottom 96-well plates (BD #353075) under
anchorage independent conditions at 2,000-10,000 cells per well depending on the cell line.
To generate anchorage independent growth conditions, a 5% agar stock solution in water was

15  made and autoclaved to melt and sterilize. From the 5% agar solution, a 0.6% agar/media +
10% fetal bovine serum (FBS) solution was made to generate a bottom agar layer in the
plates to prevent cell attachment. Seventy five microliters per well of the 0.6% agar-media
solution was added to the plates. After solidification, a cell solution of 266,870 to 1, 334,022
cells (depending on the cell line) in 10 ml of 0.3% agar/ media + 10% FBS was made and 75

20 ul of the cell/media/agar suspension was added to the plates. After the cell layer solidified,
50 ul of media + 10% FBS was added to the top of the cells. A 0.3% Brij 35 (Sigma B4184)
solution in media + 10% FBS was added to column 12 as a background subtraction control.
The cells were incubated overnight at 5% CO, and 37°C. The next day one plate of cells was
processed at the time of compound addition to quantify the starting number of cells (T = 0 or

25  TO).

To generate the compound titration plates, 15 ul of a 2 mM or 20 ul of a 20 mM
solution of the compound of example 31 was diluted in clear bottom polypropylene 96-well
plate (BD #351190) using a 10 point, 3-fold titration or a 20 point 2-fold titration,
respectively. Three hundred microliters of media was added to the compound dilutions. Ten

30 microliters per well of the serial dilutions was added to the cells and the plates incubated for

6 days at 5% CO; and 37°C. The final concentration of DMSO in all wells was 0.15% and
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stearic acid0.5 ny VWil e the preferred enbodi nents of the invention
are illustrated by the above, it is to be understood that the invention is
not |im two 20/MhB8preci se i nstructions herein di scl ose@Carus2aihas2sshe ri ght
to all nodifications comng wthin the scope of the following clains is
reserved. \Wat_ is clained is: 1. A conpound of fornula (I): Rll\gil) wher ein
Rl i s db¢ bighey fipplosanepntiatiopaf réwcom@pwaﬁ@f Xtk wahki a@éﬁr 30.EmM- NH2,

- NHC( 0) Ra, %R? g:g\lhlﬁg %:@E\]lug
het er oar yl V\Ihogill‘_'gll ﬁe (}%gzg’:rugg%? e su s]% rtute Oﬁel%gﬂérlé@\%oas
G _3al layduecgfoahasellsRﬁlculsat&EhteS% elﬂ)zfalhd r317‘H: forNHRars ﬁidﬁhe&platd’sabﬂgﬁm - CF3,

- CHF2, and G 6 kyI i s. sel cted f aryl and heteroaryl, wherein said
aryl orSHReF¥PEy %é alﬁaé@nﬁ)eﬂﬂ) %eﬁrﬁf%@%t h kg apte cyspHct ed

from H peapRa; P%?Sﬁhlﬁ?s bﬁce‘ll{%‘?@@ﬁﬂﬂ%‘%ﬁt oh c%gé REP&He LLRAL Hhe £ak WL go%& QT(Ra s

i ndependently sel ec I's selected from
and SOZh@pereatttmf Re EM&Oadeq:tedwtemrtoll yamldbsa(dIMGOfsampie@seGalllop%) hat othar - CF3
and hydr oxy;

2 The TEHBUNE SRrET AL R RRaRBI EHEHEY Gy bl Fourol PSSR AT £ r om
lt &edg; 8}435/) c&RBStr&lonespehse With 84 aYdmetér duddOfitilsing BL FifPhbre aRik@EQhihingnd
the concentration that inhibits 50% of the Ymax-Ymin window (ECsp). The ECsg is the
10 midpoint of active compound effect window (between Ymax plateau and Ymin plateau of
compound) and represents the concentration of the compound of example 31 where 50% of
its maximal effect is observed. Values from wells containing 0.3% Brij 35 (under anchorage
independent conditions) were subtracted from all samples for background correction.
The results shown in Table 2 demonstrate that multiple cell lines with loss of the
15  tumor supressor PTEN were sensitive, while relatively few wild-type PTEN tumor cell lines

were sensitive.
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3. The compound of clains 1 or 2, wherein the aryl or heteroaryl of R3 are
sel ected from phenyl, naphthyl, benzothienyl, quinolinyl, isoquinolinyl,
and qui nawol2nreyd47538WWO 2012/ 047538PCT/ US2011/ 052857 4. TPhe/useoiposasd? of
claims 1 - 3, wherein each Rc is independently G _3alkyl, For A, and nis
O 5. The compound of clains 1 - 4, wherein each Rc is independently CF3
or F, able2is O 6. The conpound of clains 1 - 5, having the Fornul a

(1) (OO0

sel ect i ne

to for

bi - cyc t he

For mul
BT549 breast carcinoma p.V275fs*1 No protein 7 2 52 7
WM-115 skin melanoma p.165fs* No protein 8 + 3 54 + 14
C32 skin melanoma p.55fs* No protein 8 + 2 20 + 14
SW1783 CNS glioblastoma p.R233* No protein 10 + 3 69 + 4
UM-UC-3 bladder transitional Loss No protein 10 + 8 83 + 29
SW1088 CNS glioblastoma Loss No protein 12 + 6 36 + 8
H4 CNS glioblastoma Loss No protein 12 + 8 55 + 18
CHL-1 skin melanoma Wild-type Protein 14 + 6 82 + 2
UACC-62 skin melanoma p.P248fs*5 No protein 23 + 27 76 + 18
HCC19377 breast carcinoma Loss No protein 24 + 8 67 + 8
PC-3 prostate carcinoma Loss No protein 27 + 12 82 + 13
HCC70 breast carcinoma p.F90fs*9 No protein 53 + 21 27 + 8
MDA-MB-468 | breast carcinoma p.?, L70Fs*7 No protein 89 + 55 44 + 6
HCC1395 breast carcinoma p.N212fs*3 No protein 114 + 53 26 + 9
U-87TMG CNS glioblastoma p.? No protein | 2975 + 27 34 + 18
BT474 breast carcinoma Wild-type Protein 3360 =+ 868 75 + 3
U251 CNS glioblastoma p.E242fs*15 Noprotein [ 18996 + 8625 80 + 17
HCC1954 breast carcinoma Wild-type Protein >30722 >80
Colo205 colon carcinoma Wild-type ND >30722 >80
HCT-116 colon carcinoma Wild-type ND >30722 >80
SKOV-3 ovary adenocarcinoma | Wild-type ND >30722 >80
LOXIMVI skin melanoma Wild-type Protein >30722 >90

p.? indicates a splice site mutation

In Vivo Experiments

5  Dose dependent tumor inhibition

The activity of the compound of example 31 was evaluated in vivo against PC-3
(prostate carcinoma cell line encoding a deficient PTEN protein) xenograft mouse model.
The PC-3 tumor bearing mice were generated by injecting 2.5 x 10° PC-3 cells suspended 1:1
in Matrigel subcutaneously in the flank of female nude mice (Charles River — Wilmington;
10 strain Crl: CD-1-Foxnl). One set of mice, each approximately 19 weeks of age, were
implanted with the cells for the 100, 30, and 10 mg/kg doses and another set of mice, each
approximately 11 weeks of age, were implanted with the cells for the 10, 3, and 1 mg/kg

doses.
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(1) (D). NO (lI)(E) wherein each of R6 and R7 is independently

sel ected from G _3al kyl, hal ogen, -CF3, and hydroxyl. 9. A conpound

sel ect ed WO@M?2/047538 PCT/US2011/052857

2- (1- et hyl et hyl ) - 6- (4- nor phol i nyl) - 1- (1- napht hal enyl net hyl ) - 1H benzi m dazo
| - 4-o0l,

2- et hyl - 6- ( Migsheriong RG-B)xepografth sk 19BIQRPdER Joging gropanef trikdhesed om- of |

L (2 3o O405B07N0 SELYH nadef o 1Y h el by PR BRI dodb peni

1-[ (2, 3rmpiamhddorTrpdieiayd Jfireichydhménéddine aed-dapthy dorBin(idd fvrphiaks. nylide- 1H benzi
nidazole
1- [ ( 2, FoERad e gaibngte) gaagy vithrompayad e YRickortofoni-4@ ) - 14 benzi mi dazol - 4-
O ’
4-f

Tumor rowth was rneasured twice weekl in two dimensions with vernier callipers;
g % f»na ht h afeny | met hyl )-1H—H%n2|n1dazo

e, the longest dimension was defined as the length (D, and the Wldth (w) was measured
ethy perpendlcu{ar to thg?enm[)h ppurnor \yo:Brnes é\;) v&?earg Q;EIIQ ate lsﬁgtﬂ?ey tlollox:)l'vll_lll_gbenZI m dazol

et hyd u@nc(n4 ver Rk Wdans bf (he-(GRABRTABEOWLFRISBY to cobihdre fgdteAeg8hss 4- carb

I
2-
e
2-
oxylic aC|
1-
[
2-
e

| uor o- 2- met hyl™ 6- (4- nor phol 1 ny1

[(2 Stahle Hiserse forcthisl syudtib fafinedas rrymonvalime vdridh qwingshppaitsagfi ) - 1H benzi m
ﬂét hffng’ot‘ﬂd HETPSBI ‘?Or?i} gt Sllbftinthaé%’ﬁ??{ﬁ?sgr% |dﬁ%“F%3§|b)ut §fa5(sﬁ-¥pbl Y95 . 5. y1) - 1Hb

nzim d@l&h@{)rlor to drug treatment compared to vehicle treated in which the tumor volume

1-[ (2, 3-di.chl orophenyl ) met hy1] - 2- net hy1- 6- (r4 nmor phol i nyl ) - 1H benzi m dazol e-

4-  car BORYNyes teEjcgpase during the course of the study umor growth delay 1s defined as tumor
volume that is reduced during the course of the compound treatment relative to vehicle
treated tumor volume.

15 The results demonstrated that treatment of female nude mice bearing PC-3 prostate

xenografts with 10, 30, and 100 mg/kg the compound of example 31 for 21 days resulted in
stable disease with the 1 and 3 mg/kg doses resulting in tumor growth delay relative to

vehicle during the dosing period.

20  B) Pharmacodynamic effects

The activity of the compound of example 31 was evaluated in vivo against PC-3
(prostate carcinoma cell line encoding a deficient PTEN protein) xenograft mouse model.
Female nude mice (Charles River Laboratories, Wilmington, DE; strain CD-1-Foxnl1, ~6
weeks of age) were injected subcutaneously with 2 million PC-3 (human prostate carcinoma)

25  cells mixed 1:1 with Matrigel in the flank. Tumors were allowed to grow for approximately
5 weeks.

Mice bearing PC-3 xenografts were administered 3 mg/kg of the compound of
example 31 or 10 mg/kg of the compound of example 31 and euthanized using carbon
dioxide after 1, 2, 4, 6, 8, 10, and 24 hours (n=3 mice/treatment/timepoint); an additional 3

30  mice bearing PC-3 xenografts were administered vehicle and euthanized after 2 hours. The
tumor was excised. Half of each tumor was immediately processed by Medicon (BD Catalog
#340592) in 1 mL Meso-Scale Discovery (MSD) lysis buffer with protease inhibitors (Roche
complete protease cocktail, cat# 04 693 116 001) and phosphatase inhibitors (Sigma, cat #
P2850 and P-5726) for 30-60 seconds and transferred to 1.5 mL Eppendorf tubes. Tubes
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1-[ (2, 3-di chl orophenyl ) net hy1] - 2- net hy1- 6- (4- nor phol i nyl ) - 4- ( 1H- pyr azol - 5-y
1) - 1Hbenzi m dazol e, 2-nethyl -6-(4-norpholinyl)- 1 -(1

- napht halwoybrmauhisB) -4-( 1 H 1 ,2,4-triazol-3 -yl)- 1 Pogns2otaszsst e,

met hyl

2- met hyl - 6- (4 nDrphollnﬁl) 1- (1- napht hal enyl met hyl ) - 1H benzi m dazol e- 4-

car boxyFag@cd gn wet gregmti th@mmr%iﬁmér ggt‘r@mé@}lmztewt%ﬁal@lw%rsaw ingy| ) -

1H ben met hyl 1- [(2-fluoro-3

- met hylZtL1 @?@?Wc C%ét?w | - 6- (4- mor phol i nyl ) -

1Hbenzi m daZDirﬁorllyslesbﬁny hc&t&ly dursdtih Pb-veel golymopyiond plytts on Wet {ct.
- napht hal enyl net hyl ) - 1FLbenz|n1dazoIe 4- carbﬁnltrl

- di chl driopkehl0) Rt HRF Jadedrit 1oy Loy s 2rigrpsi gadsd ywit ﬂnirﬁeﬂéqur&%fﬁ Mgso4-
car Bonid Igl?ccméhhéﬁlis nggfsmﬁkfe} %su lied in M§D kit; # K15 100D-3). Sam }iles were

[ 2- met hyl - trifluoro met hyl } - (4-nor phol i ny1)
1Hbenzi Sﬁl‘ld&l(hlh&edﬁd@ldtaomd; &Ieep,lat@ byred:qujbht-ldl-tra{lsfer of 75 uL through well 11; row

2 A BT R ERL L G AR R
- met hy | pjagsho( aem;ig;vrlala A;@?A@%Er @mﬂé% gfq?mgbbmf J&e—fe bidcleng it S@a el g 345

carboxylic acid

- gapm rﬁlp@kﬁy lﬁn@\tehﬂylgyltalﬂﬁﬁemm &ha@agbb@mb@ag W@méa@wnmzog) (2, M SD Tris -~
- 3
- ylf?’ B Ogrli’%‘% Zﬁ% wﬂor%etr% ”f%%%aﬁwf il lgsaﬁ%sr‘?s%S%plpr?%iﬁlomf jfh? é'bélked“ a0

'2 qui ?ﬁ'l‘}/lﬂw ﬁlﬁb@kﬁb‘)’ehrecll Hnb%’tllbﬁltbdi av&thighélat @@r\bﬂ%waﬁrﬁg Plates were washed with
met hy olin - -
- qui nol Tﬁﬂ/b”&?@f H%/bf)fo@l—l- Béfﬁﬁmqa SLE @dﬁéwas added %y nLoveliaga fipal qopgentration of

, 4-di to*l}iv[glg I? 5%“ g%k@%«;;]ané ZEHjIE"PMs’LWEs'hI( ﬁ’uf%g LR %Ichﬁla}féa for HioRERELBIdazol e- 4-

carboxy I C nor pho
-(2- napbrhba’aelm/bvn’etshaklﬂg 1]Hatee et adhzolhe déhcﬂb.ﬂfcbaboyh,l ef@citle additidn(& 150
y1] met hy 1- 6- ( 4- H benzi m dazol e- 4-

di chl I |
cgr ééﬁw el J%Qr%agzgﬁé%wﬁ rpad l{nn[l il o W@%? EthyMy Wﬁélﬁwf’j met hy! }
- 6- (4- ;p%ffgl‘rﬁ@d fnrb)éé% dﬂfﬁke]vlf'ﬂh In%hﬁh%ﬁdl%ﬁllnaﬁCal% %)1%1 Ué@(d%ﬁﬁﬂﬂtt gl v D) -

2- ne th 4-triazol - -(4-norp
-naphthub@n@hﬁé&ﬂ??ﬁndﬂA@bEMZ|n1dazo|e

The non-lysate controls in column 12 were averaged and used as background to
subtract from all wells. P/T AKT was calculated as shown: (phospho AKT(Ser473)
20  signal)/[(phospho AKT(Ser473) signal) + (total AKT signal)]. Values from three points in

_(1

cach row of diluted samples identified as being in the linear range of detection were averaged
to represent each tumor sample’s P/T AKT value. Averages and standard deviations of the
P/T AKT value for each group of 3 mice were determined. Percent inhibition was calculated
for each group as follows: 100-[(sample P/T AKT value)/(vehicle P/T AKT value)]*100.

25 The the compound of example 31 exhibited dose dependent inhibition of the
pharmacodynamic marker pAKT (pAKT/tAKT).

Additional references:
The compounds of the present invention can also be tested to determine their
30  inhibitory activity at PI3Ka, PI3K6, PI3KP and PI3KYy according to international patent
publication No. W02009/039140.
The pharmaceutically active compounds within the scope of this invention are useful
as PI3 Kinase inhibitors in mammals, particularly humans, in need thereof.

The present invention therefore provides a method of treating diseases associated with
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1- [2-nethyl-6-(4-nmorpholinyl)- 1 -(1

- napht hal enyl net hyl ) - 1H benzi m dazol - 4-yl ] et hanone,

[ 2- met hylwe-20/mns3phol i nyl)- 1 -(1 PCT/US2011/052857

- napht hal enyl met hyl ) - 1H benzi mi dazol - 4-yl ] met hanol ,

2-met hyl - N- (et hyl sul fonyli{1 6- (4-nor pholinyl)- 1 -( -nap hthal enyl net hyl ) -
1H b2 ikinagabrtation, partiseslyi ssoinyayneydisazders, inflammatory diseases,

4- -
R N e (Ao R L
| |2 ny 1% hﬂjlulélkldl{léyu?f@ﬁ@t pidtelet Iaggrlﬁghlala]nzaﬁldlag@nﬂ Igekﬂlztgaﬂththatlam 1-
nme - - ril uqQr one en nme nor
|[ i ny1) r%/leetm, £raforeissaon g '%g 1151}"6%%){?2%‘1&“%?&2811‘%“9, NSISAKERY J%klaﬁed
6- (4- mﬁ@&f?atidnﬂﬁﬂ'l)oltloli w(njch ceﬁ@lf‘i%&aédﬁﬂﬂlsﬁﬁh@ﬁh %ffgctﬁvte 'ofnlpHﬁ)ﬁ(%IﬁtMu)a (I)l H-b

enzim dazo l'e-4- carboxylic a

- chl or @r2-pietriadeptieily lapoaptdbyd alt; Byc(rdtenmiyzﬂﬂ@oﬂ proydiyg thefdofi Theiooropatody| ) - 1

Hb en2| dazo car. di.chl o met h

o (o T eRR R O Fnator b DR £ Bt L SRR boxy i ¢

aci d, Isecdusk &f PRI to 4dtfak i’t%ﬁ%ffsh)’ﬁlﬂem@bfﬂa} BB Liniskerc8 1d élpﬁ‘%npﬁp

I|ny1) Zé}trlfluorome hyl ) - H b enzim dazo | e-4-carboxam de, hyl

6 (4- morep &eréw)f by-any coqwntlm e eadmirstragen, iclyding, fhuumtdmrttehi;ﬁp) 1 Hb
enapm 4362 Garhox %’m""%%g1 TR cof: i%azdyzﬁ’ 1 and pagenssral

- dichl oPé%‘F?&ﬂ%} TRV @62t FHHECH Iy 1) f‘?%r.‘% Ri6¥ S8t hyl )- 1 Hb

enzi m dazo | e-4-carboxylate, 1- { [2-nethyl-

(trifl oromethXI henyl ] net hyl 1 -6-(4- m)rpho linyl)-4-( 1 H 1
24tr$§-?@—”é—@%—ﬁﬂfﬁ9£%—ﬂc | uoronmethyl)- 1 Hb enzindazo le, 1- [(3
- chl or o- 2- neAmytapevayt foret foy m]mﬁus(tehng:thpbtdsd:myﬂ\)enﬁelﬁ tsrprbdlumd (bmfﬂihgla) - 1HDb
enzim [

6. ds%‘a#detw%rﬁ*%e R M g R L L S
H g enzT Qj%ui@q\’e , 1- [(3 -chl oro-2-net hyl phenyl)rrethyl] - 6- (4- or pho
linyl)-4 -( 1 H 1 ,2,4-triazol-3 -y1)-2- (trifluoromethyl)- 1 HDb
enzi m da e , 2-nmethyl-6-(4-norpholinyl)- 1 -(1 -naphthal enyl net hyl)-4-(
1 Htet -yl)- 1 Hbenzi m dazole, [2-nethyl- 1- {[2-methyl-3

-(trifl uoronethyl)phenyl]nethyl 1 -6-(4-nmorpho linyl)- 1 Hb
enzi m thanol 1- 3 -chloro-2-neth met hyl] -2
- et hy?’cﬁo@%%%‘g qyl) 1 I[—Igb enzi m dazo | e-@@;ﬁﬁt&yl i cyaLi d,

of exarnple

25 mg
Lactose 55 mg
Talc 16 mg
Magnesium Stearate 4 mg

20  Exemplary Injectable Parenteral Composition

An injectable form for administering the present invention is produced by stirring

1.5% by weight of compound of example 1 in 10% by volume propylene glycol in water.

Exemplary Tablet Composition

25
The sucrose, calcium sulfate dihydrate and an PI3K inhibitor as shown in Table 4
below, are mixed and granulated in the proportions shown with a 10% gelatin solution. The
wet granules are screened, dried, mixed with the starch, talc and stearic acid; screened and
compressed into a tablet.
30 Table4

INGREDIENTS AMOUNTS
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2-methyl - 1- [(2-nmethyl phenyl)nethyl] -6-(4-norpho linyl)- 1 H b enzimdazo
| e-4-carboxylic acid, ethyl 2-nmethyl-1- {

[ 2- met hylwB-20tva4f3380r onmet hyl ) phenyl ] met hyl } - 6- ( 4- nor ph®Cirrug2)14/052857

1Hbenzi m dazol e- 4- car boxyl at e,

4- br ono- 2- net hyl - 6- (4- nor phol i nyl) - 1H benzi m dazol e, 4-brono-2-nethyl- 1- {
[ 2- met ydmpountirdf Ekataleret hyl ) phenyl [ met hyl } - 6- C4-n@r phol i ny1) -
1H—benzipidazqh %%pe%hyl-l- { [2-nethy|-3-(triBIuoronethyl)phenyl]nethyl}
- 6- (4- motrPHBPY %ﬁf@ ATHCS  oxazol - 2-y1) - 1H benZPfW%lazol e,  met hyl

2- chl orSucBes¢4- nor phol i nyl) - 1H benzi mi dazol e- 7- cad mgxyl at e, net hyl

2-chl orgQ;/1 {[2-nethy1-3-(trif|uoronethyl)phenyljggthyl}
-6-(4-n0rpﬂo|inyl)-leenzinidazole-4-carboxy|ate, -chloro- 1- {

[ 2- met WRAlC 3- (trifluoronet hyl)phenyl ] et hyl} -6- (4mgor phol i ny1) -
1Hbenzigddazagije- 4- car boxylic acid nethyl 05m
2-(dif|uoronethyl)-S-(4-nDrphoIinyl)-lFLbenzinidazo?e-?-carboxylate,

2- (di fluoronet hyl)-6-(4-norpholinyl)-1-(1-naphthal enyl et hyl)-1H benzi m daz
ol e-4- car bowillé thegetfdire@ eptlodimeatrs@feichiyil gntioh-ard illustrated by the above, it is to

g.lz-l: g‘;;gylelr#nggr%éqrogﬂlﬁf glge?iggé(r{ﬁ/o:nz:ig Igogtiqﬁvlﬁler}ﬁto oy ﬁreéifssé A MRIRIBL LY closed and

1- [ ( 2, 3hditkehtightdp b myddietioys foring dvifhlinthe spetenflthe ®llodimmel piolis reseved.H- benz
i m dazol e4-car boxylic acid,

1-[ (3-chl oro- 2- met hyl phenyl ) met hy1] - 2- (di f| uor onet hyl ) - 6- (4- nor phol i nyl ) -1H
benzi m dazol e- 4- carboxylic acid,

1- (1- benzot hi en-7-yl net hyl ) - 2- met hy1l- 6- (4- nor phol i nyl) - 1H benzi m dazol e- 4-c
ar boxylic acid,

1-[ (2, 3-di net hyl phenyl ) net hy1] - 2- net hy1- 6- (4- nor phol i nyl ) - 1H benzi m dazol e-
4- carboxylic acid,

1-[ (3-fluoro-2-net hyl phenyl ) met hyl] - 2- met hy1- 6- ( 4- nor phol i nyl) - 1H benzi m da
zol e-4- carboxylic acid, 2,4-dinmethyl- 1- {

[2-met hyl -3-(trifluoronethyl)phenyl]nmethyl} -6-(4-norpholinyl)- 1
Hbenzi m dazol e,
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1-[ 1- (3-chl oro- 2- net hyl phenyl ) et hy1] - 2- et hyl - 6- (4- nor phol i nyl) - 1H benzi m d
azol e-4- carboxylic acid, 2-nethyl-I-

[ 2- met hylwe-20twvi4f4380r onet hyl ) phenyl ] met hyl } - 6- (4- nor ph®Cirrugt) 11482857 3 -

t hi azol - 2-y1) - 1H benzi m dazol e, 4-(2-furanyl)-2-nethyl-1- {

[2-met hyl -3-(trifluoromethyl)phenyl]methyl} -6-(4-

nmor phol i nyl) - 1H benzi m dazol e and 2-nethyl -4- [(nethyl oxy)nmethyl] -1- {

[ 2-met hyls3-.(trjfl upronethyl)phenyl]nmethyl} -6-(4-

nor phol i n ?ﬁiﬁbﬁgﬁg§nidazole, or a pharmaceutically acceptable salt
thereof 10. A nethod for treating a susceptible neoplasmin a manmal in
need thereof ouild BeFRMILANPri sing adm nistering to the mammal a
therapeutically effective anmbunt of a compound according to any of clains
1-9. 11. The method Be¢cording to claim 10, wherein said susceptible
neopl asmis a PTENdef jci ent neopl asm selected frombrain (glioms),

gl i obl ast omas, | eukehi as; nnayanZonana syndronme, Cowden di sease,

Lherm tte-Ducl os di , bpeal, cancer, inflammatory breast cancer,
fjunor, Ew ng's sarconma, Rhabdonyosarcons,

colorectal c N NP2
ependynoma, [medu IoblastozaLa%%Ion cancer, head and neck cancer, ki dney

cancer, lung@capeer, liver /A er, nelanoma, squanous cell carcinong,
ovari an cancery (R creatR§ cancer, prostate cancer, sarcoma, cancer,
osteosarcoma, girant cell tunor of bone, thyroid cancer, |ynphoblastic T

cell, leukema, chronic nyel ogenous | eukem a, chronic | ynphocytic |eukem a,
hai ry-cel | ukem a, acute |ynphoblastic | eukem a, acute nyel ogenous

| eukem a, chherirc neutrophilic | eukem a, acute |ynphoblastic T cel

| eukem a, Pl asmacytoma, | munobl astic |arge cell |eukem a, Mntle cel

| eukeni a, RMsIseiepicd fiopeHofraca vl glkamy Birasy.ifelogetu &N, aNHa NH QR Ay el ong,
Acut e negak i ke _PONeh Q i | i m a,

mal i gnant Iynpﬁ&#%iqﬁ% dk?gg ’ygphonaf E%%@%%Jg§?§§]%?ﬁgﬁ%ﬁ%?p%gﬁg obl astic
T cel |l | ynphereter@uykndy bssubgnfphmlty, orfealr twae @l aslkylygrplysma, neur obl ast oma

bl adder cer, uraqthel.l ancer, vyl val nc ceryi cal ,cancer,
endonet r i &4 1SS5keEd %Of“éhaﬁ\lnégﬁ O,Xynjéé%% r‘f@m&&@@ 8‘&?51 §@é@f‘ylb ancer, salivary

gl and CaﬂQﬁﬁsd@&@é%@%ﬁ&?P&ﬁﬁxﬁﬁB [, wH3RSH 546 afABE RterodR ARYV-ANBRRcFaANCET
buccal cancer, cancer of the nouth, QG ST (gastrointesti'nal "stronmal tunor),

and testicubmpnegttbeme Rc12. The nmet hod according to claim 11, wherein said
PTEN-defthent neS@!as i S selected fromhornone refractory prostate
cancer, §§ﬁEF?- M 1UNY° cancer, endometrial -145- cancer, gastric
cancer, nRtRREMMindBgRdedRdscNR e fe@nCBLalkPr east cancer, i ncl uding
trip-negative breast cancer, and glioma. 13. The nethod according to
cl ai ms 1¢ach Ra is ipdepcadentlyaieepcipdriraan Gisalleylhuman. 14. A conpound according to
any of Cgi - sg | r - 15. A compound according to any of
1 Foeitd Rip HRE - e e

clainms 1- ruse in a PTENdefi cient susceptible neopl asm
sel ect ed dacioRy by adepchdtitbneirieddgtdn bl adkdmedogdne vk mmashydBaanaydin- Zonana
syndrone, Cowden di sease, Lhermtte-Duclos di sease, breast cancer,
inflannaﬂb§§”%reast cancer, colorectal cancer, WIms tunor, Ew ng' s
sarcona,(ﬁnﬁplgﬂygﬁg&ggq@mz@QﬁpggﬂﬁagofnedulIoblastona, col on cancer, head
and neck cancer, kidney cancer, |lung cancer, |iver cancer, nelanons,
squanous cell carcinoma, ovarian cancer, pancreatic cancer, prostate
cancer, rcong, cancer t eosarconm,, gji ant cel uno f. bone, thyroid
cancer 1 monopiAStroand bR T atkam b TEHE SO LIRS E Doy
chroni ¢ lsARbREYSt fyragdlke MiBolynabidotel dxakQyka ibidasHie | ynphobl astic

| eukem a, acute nye¥ogenous | éukem a,” chronic neutrophilic | eukem a, acute
| ynphobl astic T cell |eukem a, Plasnacytomm, |nmunoblastic |arge cel

| eukem a,, Mant).e cell | eukem a, tiple nyel oma, Megakaryobl astic
Ieukenia}‘nul{hgﬁ@nﬁng%ﬂéamﬂEh%%?%egakaryocytic | eukem a, pronyel ocytic

| eukem a,wlehyih iicodr@ldsettoa ﬂma@tseﬂeyte@ﬁ@ﬁpphdﬂﬁmmmﬁyu YRRy,

non- hodgki ns | ynphoma, |ynphoblastic T cell |ynphoma, Burkitt's Fynphona,
fol I'i cul gruinglimghdiequinabinylopddtienraling| adder cancer, urothelial cancer,

vul val cancer, cervical cancer, endonetrial cancer, renal cancer,
nmesot hel i oma, esophageal cancer, salivary gland cancer, hepatocellular
cancer, gastric cancer, nasopharangeal!¥ancer, buccal cancer, cancer of the
nmouth, QG ST (gastrointestinal stromal tunor), and testicular cancer. 16.
The use of a conpound according to any of clains 1-9 for the preparation of
a nedi canent for the treatnent of a PTEN-deficient susceptible neoplasm
selected frombrain (glionmas), glioblastoms, |eukenm as, Bannayan-Zonana
syndronme, Cowden di sease, Lherm tte-Duclos di sease, breast cancer,

i nfl ammat ory breast cancer, colorectal cancer, Wlms tunor, Ewing's
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4. The compound of claims 1 — 3, wherein each Rc is independently C, salkyl, F or
Cl,and nis 0.

5. The compound of claims 1 — 4, wherein each Rc is independently CFs or F, and n
1s 0.

6. The compound of claims 1 - 5, having the Formula (I)(C)

° A (MC)

wherein

cach of R6, R7, and RS is independently selected from C,_zalkyl, halogen, -CF3, and
hydroxyl, or R6 and R7 combine to form a bi-cyclic aryl or heteroaryl, or R7 and

R8 combine to form a bi-cyclic aryl or heteroaryl;

7. The compound of claims 1 — 6, having the Formula (I)(D)

(DD).

8. The compound of claims 1 — 5, having the Formula (I)(E)
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o om

wherein

cach of R6 and R7 is independently selected from Cj_zalkyl, halogen, -CF3, and hydroxyl.

9. A compound selected from
2-(1-methylethyl)-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazol-4-ol,
2-ethyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazol-4-ol,
1-[(2,3-dichlorophenyl)methyl]-2-(1-methylethyl)-6-(4-morpholinyl)-1H-benzimidazol-4-
ol,
1-[(2,3-dichlorophenyl)methyl]-4-fluoro-2-methyl-6-(4-morpholinyl)-1H-benzimidazole,
1-[(2,3-dichlorophenyl)methyl]-2-ethyl-6-(4-morpholinyl)-1H-benzimidazol-4-ol,
4-fluoro-2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole,
2-ethyl-4-fluoro-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole,
2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole-4-carboxylic
acid,
1-[(2,3-dichlorophenyl)methyl]-2-ethyl-4-fluoro-6-(4-morpholinyl)-1H-benzimidazole,
2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-4-(1H-pyrazol-5-yl)-1H-
benzimidazole,
1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-
carboxylic acid,
1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-4-(1H-pyrazol-5-yl)-1H-
benzimidazole,
2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-4-(1H-1,2,4-triazol-3-yl)-1H-
benzimidazole,

methyl 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole-4-
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carboxylate,
1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-
carboxamide,
methyl 1-[(2-fluoro-3-methylphenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-
benzimidazole-4-carboxylate,
2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole-4-carbonitrile,
1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-
carbonitrile,
methyl 2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenyl|methyl } -6-(4-morpholinyl)-1H-
benzimidazole-4-carboxylate,
2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenyl|methyl} -6-(4-morpholinyl)-1H-
benzimidazole-4-carboxylic acid,
1-[(2-fluoro-3-methylphenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-
carboxylic acid,
2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole-4-carboxamide,
1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-yl)-1H-
benzimidazole,
methyl 2-methyl-6-(4-morpholinyl)-1-(5-quinolinylmethyl)-1H-benzimidazole-4-
carboxylate,
2-methyl-6-(4-morpholinyl)-1-(5-quinolinylmethyl)-1H-benzimidazole-4-carboxylic acid,
1-[(3,4-dimethylphenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-
carboxylic acid,
2-methyl-6-(4-morpholinyl)-1-(2-naphthalenylmethyl)-1H-benzimidazole-4-carboxylic
acid,
1-[(3,4-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-
carboxylic acid,
2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenyl|methyl } -6-(4-morpholinyl)-4-(1H-
1,2,4-triazol-3-yl)-1H-benzimidazole,
2-methyl-4-(3-methyl-1H-1,2,4-triazol-5-yl)-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-
1H-benzimidazole,
1-[2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazol-4-yl]ethanone,
[2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazol-4-ylJmethanol,
2-methyl-N-(methylsulfonyl)-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-
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benzimidazole-4-carboxamide,
methyl 5-(4-morpholinyl)-2-(trifluoromethyl)-1H-benzimidazole-7-carboxylate,
methyl 1-{[2-methyl-3-(trifluoromethyl)phenylJmethyl } -6-(4-morpholinyl)-2-
(trifluoromethyl)-1H-benzimidazole-4-carboxylate,
1-{[2-methyl-3-(trifluoromethyl)phenyl|methyl } -6-(4-morpholinyl)-2-(trifluoromethyl)-
1H-benzimidazole-4-carboxylic acid,
6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-2-(trifluoromethyl)-1H-benzimidazole-4-
carboxylic acid,
methyl 1-[(3-chloro-2-methylphenyl)methyl]-6-(4-morpholinyl)-2-(trifluoromethyl)-1H-
benzimidazole-4-carboxylate,
1-[(2,3-dichlorophenyl)methyl]-6-(4-morpholinyl)-2-(trifluoromethyl)-1H-benzimidazole-
4-carboxylic acid,
1-{[2-methyl-3-(trifluoromethyl)phenyl|methyl } -6-(4-morpholinyl)-2-(trifluoromethyl)-
1H-benzimidazole-4-carboxamide,
methyl 6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-2-(trifluoromethyl)-1H-
benzimidazole-4-carboxylate,
methyl 1-[(2,3-dichlorophenyl)methyl]-6-(4-morpholinyl)-2-(trifluoromethyl)-1H-
benzimidazole-4-carboxylate,
1-{[2-methyl-3-(trifluoromethyl)phenyl|methyl} -6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-
yl)-2-(trifluoromethyl)-1H-benzimidazole,
1-[(3-chloro-2-methylphenyl)methyl]-6-(4-morpholinyl)-2-(trifluoromethyl)-1H-
benzimidazole-4-carboxylic acid,
1-[(2,3-dichlorophenyl)methyl]-6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-yl)-2-
(trifluoromethyl)-1H-benzimidazole,
1-[(3-chloro-2-methylphenyl)methyl]-6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-yl)-2-
(trifluoromethyl)-1H-benzimidazole,
2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-4-(1H-tetrazol-5-yl)-1H-
benzimidazole,
[2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenyl]methyl } -6-(4-morpholinyl)-1H-
benzimidazol-4-yllmethanol,
1-[(3-chloro-2-methylphenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-
carboxylic acid,
2-methyl-1-[(2-methylphenyl)methyl]-6-(4-morpholinyl)-1H-benzimidazole-4-carboxylic
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acid,

ethyl 2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenyl|methyl } -6-(4-morpholinyl)-1H-

benzimidazole-4-carboxylate,

4-bromo-2-methyl-6-(4-morpholinyl)-1H-benzimidazole,

4-bromo-2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenyl methyl } -6-(4-morpholinyl)-

1H-benzimidazole,

2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenyl|methyl} -6-(4-morpholinyl)-4-(1,3-

oxazol-2-yl)-1H-benzimidazole,

methyl 2-chloro-5-(4-morpholinyl)-1H-benzimidazole-7-carboxylate,

methyl 2-chloro-1-{[2-methyl-3-(trifluoromethyl)phenylJmethyl } -6-(4-morpholinyl)-1H-

benzimidazole-4-carboxylate,

2-chloro-1-{[2-methyl-3-(trifluoromethyl)phenylJmethyl}-6-(4-morpholinyl)-1H-

benzimidazole-4-carboxylic acid

methyl 2-(difluoromethyl)-5-(4-morpholinyl)-1H-benzimidazole-7-carboxylate,

2-(difluoromethyl)-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole-4-

carboxylic acid,

2-(difluoromethyl)-1-{[2-methyl-3-(trifluoromethyl)phenylJmethyl} -6-(4-morpholinyl)-

1H-benzimidazole-4-carboxylic acid,

1-[(2,3-dichlorophenyl)methyl]-2-(difluoromethyl)-6-(4-morpholinyl)- 1H-benzimidazole-

4-carboxylic acid,

1-[(3-chloro-2-methylphenyl)methyl]-2-(difluoromethyl)-6-(4-morpholinyl)-1H-

benzimidazole-4-carboxylic acid,

1-(1-benzothien-7-ylmethyl)-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-carboxylic

acid,

1-[(2,3-dimethylphenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-

carboxylic acid,

1-[(3-fluoro-2-methylphenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-

carboxylic acid,

2,4-dimethyl-1-{[2-methyl-3-(trifluoromethyl)phenyl|methyl} -6-(4-morpholinyl)-1H-

benzimidazole,

1-[1-(3-chloro-2-methylphenyl)ethyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-

carboxylic acid,

2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenyl|methyl} -6-(4-morpholinyl)-4-(1,3-
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thiazol-2-yl)-1H-benzimidazole,
4-(2-furanyl)-2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenylmethyl } -6-(4-
morpholinyl)-1H-benzimidazole and

2-methyl-4-[ (methyloxy)methyl]-1-{[2-methyl-3-(trifluoromethyl)phenyl Jmethyl } -6-(4-
morpholinyl)-1H-benzimidazole,

or a pharmaceutically acceptable salt thereof.

10. A method for treating a susceptible neoplasm in a mammal in need thereof, said
method comprising administering to the mammal a therapeutically effective amount of a

compound according to any of claims 1-9.

11.  The method according to claim 10, wherein said susceptible neoplasm is a PTEN-
deficient neoplasm selected from brain (gliomas), glioblastomas, leukemias, Bannayan-
Zonana syndrome, Cowden disease, Lhermitte-Duclos disease, breast cancer,
inflammatory breast cancer, colorectal cancer, Wilm's tumor, Ewing's sarcoma,
Rhabdomyosarcoma, ependymoma, medulloblastoma, colon cancer, head and neck cancer,
kidney cancer, lung cancer, liver cancer, melanoma, squamous cell carcinoma, ovarian
cancer, pancreatic cancer, prostate cancer, sarcoma, cancer, osteosarcoma, giant cell tumor
of bone, thyroid cancer, lymphoblastic T cell, leukemia, chronic myelogenous leukemia,
chronic lymphocytic leukemia, hairy-cell leukemia, acute lymphoblastic leukemia, acute
myelogenous leukemia, chronic neutrophilic leukemia, acute lymphoblastic T cell
leukemia, Plasmacytoma, Immunoblastic large cell leukemia, Mantle cell leukemia,
Multiple myeloma, Megakaryoblastic leukemia, multiple myeloma, Acute megakaryocytic
leukemia, promyelocytic leukemia, Erythroleukemia, malignant lymphoma, hodgkins
lymphoma, non-hodgkins lymphoma, lymphoblastic T cell lymphoma, Burkitt’s
lymphoma, follicular lymphoma, neuroblastoma, bladder cancer, urothelial cancer, vulval
cancer, cervical cancer, endometrial cancer, renal cancer, mesothelioma, esophageal
cancer, salivary gland cancer, hepatocellular cancer, gastric cancer, nasopharangeal
cancer, buccal cancer, cancer of the mouth, GIST (gastrointestinal stromal tumor), and

testicular cancer.

12.  The method according to claim 11, wherein said PTEN-deficient neoplasm is
selected from hormone refractory prostate cancer, non-small-cell lung cancer, endometrial
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cancer, gastric cancer, melanoma, head and neck cancer, breast cancer, including trip-

negative breast cancer, and glioma.

13.  The method according to claims 10 - 12, wherein said mammal is a human.
14. A compound according to any of Claims 1-9 for use in therapy.
15. A compound according to any of claims 1-9 for use in the treatment of a PTEN-

deficient susceptible neoplasm selected from brain (gliomas), glioblastomas, leukemias,
Bannayan-Zonana syndrome, Cowden disease, Lhermitte-Duclos disease, breast cancer,
inflammatory breast cancer, colorectal cancer, Wilm's tumor, Ewing's sarcoma,
Rhabdomyosarcoma, ependymoma, medulloblastoma, colon cancer, head and neck cancer,
kidney cancer, lung cancer, liver cancer, melanoma, squamous cell carcinoma, ovarian
cancer, pancreatic cancer, prostate cancer, sarcoma, cancer, osteosarcoma, giant cell tumor
of bone, thyroid cancer, lymphoblastic T cell, leukemia, chronic myelogenous leukemia,
chronic lymphocytic leukemia, hairy-cell leukemia, acute lymphoblastic leukemia, acute
myelogenous leukemia, chronic neutrophilic leukemia, acute lymphoblastic T cell
leukemia, Plasmacytoma, Immunoblastic large cell leukemia, Mantle cell leukemia,
Multiple myeloma, Megakaryoblastic leukemia, multiple myeloma, Acute megakaryocytic
leukemia, promyelocytic leukemia, Erythroleukemia, malignant lymphoma, hodgkins
lymphoma, non-hodgkins lymphoma, lymphoblastic T cell lymphoma, Burkitt’s
lymphoma, follicular lymphoma, neuroblastoma, bladder cancer, urothelial cancer, vulval
cancer, cervical cancer, endometrial cancer, renal cancer, mesothelioma, esophageal
cancer, salivary gland cancer, hepatocellular cancer, gastric cancer, nasopharangeal
cancer, buccal cancer, cancer of the mouth, GIST (gastrointestinal stromal tumor), and

testicular cancer.

16.  The use of a compound according to any of claims 1-9 for the preparation of a
medicament for the treatment of a PTEN-deficient susceptible neoplasm selected from
brain (gliomas), glioblastomas, leukemias, Bannayan-Zonana syndrome, Cowden disease,
Lhermitte-Duclos disease, breast cancer, inflammatory breast cancer, colorectal cancer,
Wilm's tumor, Ewing's sarcoma, Rhabdomyosarcoma, ependymoma, medulloblastoma,
colon cancer, head and neck cancer, kidney cancer, lung cancer, liver cancer, melanoma,
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squamous cell carcinoma, ovarian cancer, pancreatic cancer, prostate cancer, sarcoma,
cancer, osteosarcoma, giant cell tumor of bone, thyroid cancer, lymphoblastic T cell,
leukemia, chronic myelogenous leukemia, chronic lymphocytic leukemia, hairy-cell
leukemia, acute lymphoblastic leukemia, acute myelogenous leukemia, chronic
neutrophilic leukemia, acute lymphoblastic T cell leukemia, Plasmacytoma,
Immunoblastic large cell leukemia, Mantle cell leukemia, Multiple myeloma,
Megakaryoblastic leukemia, multiple myeloma, Acute megakaryocytic leukemia,
promyelocytic leukemia, Erythroleukemia, malignant lymphoma, hodgkins lymphoma,
non-hodgkins lymphoma, lymphoblastic T cell lymphoma, Burkitt’s lymphoma, follicular
lymphoma, neuroblastoma, bladder cancer, urothelial cancer, vulval cancer, cervical
cancer, endometrial cancer, renal cancer, mesothelioma, esophageal cancer, salivary gland
cancer, hepatocellular cancer, gastric cancer, nasopharangeal cancer, buccal cancer, cancer
of the mouth, GIST (gastrointestinal stromal tumor), and testicular cancer in a mammal

(e.g., human) in need thereof.
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