BENZI M DAZOLE DERI VATI VES AS PI 3 KINASE | NHI Bl TORS Field of the invention
5This invention relates to the use of benzi m dazol e derivatives for the
nodul ati on, notably the inhibition of the activity or function of the
phosphoi nositide 3' OH kinase famly (hereinafter PI3 kinases), suitably,
Pl 3Ka, PI31(6, P131(f3, and/or PI3K7. Suitably, the present invention
relates to the use of benzim dazoles in the treatnment of one or nore

di sease states sel ected from aut oi nmune di sorders, inflammtory di seases,

car di ovascul %Eﬁkmgz()]_flfgpﬁwlggqq_ Qrad i&t.égggi‘g%ﬁﬁﬁﬁg%@:&?é gy, asthnma,

pancreatitis, nultiorgan ure, kidney et aggregation,

cancer, spermnotility, transplantation rejection, graft rejection and | ung

i nj uri esFlelbtfehe inventity,  t he present invention relates to Pl 31CP sel ective
J
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i nvention The phosphoi nositide 3-Kkinase athway 1's anon e nost
common| yneely thetieidbitian pithe Activity oe fungiieh ¢fitke phoprhwimsitide B NOHa&icsnbgeiyesi s i s

wel | est | PAMEY Sus i end+&.- Pl nd,its role in
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si gnal i nprefrmtinvsntiohtrélatehie thhosplbendimidamriesaf. th2 Grhioephetond vt mpasdideask- 4,

5- bi sphosphat PI.P2) to.produce phosphatidylinositol-3, 4, 5-P3 (PIP3).
Pl P3 !Os %ﬁgsf T %Cgeglfrog)e'%tﬁaﬁ%%es‘gﬁoég S’\)\fﬁf?agﬁn%é%'rdﬁﬁe?sgs’ﬁ?@ioé’ﬁ?gmf ﬁ‘é‘fasé:“ont ai) n
pl eckst risurdtegaienniye diseamts) slldrgy, ahma ghancraBith] anltiomas Falutd) RMngy @sasdsi vat ed.
The nost Sti.lgl ed of. these proteins.is AKT whjch pronotes cell survival,
growt h, BAGhPETFERHPYL RN SHER: AL ML n g iatioR sisqtienoxali risstion anddung hat

share sefjjieiesvMbREDIMYY thefRédchtGbyehtibl ek th PIIKF RRIAvIdAAREILOERI NS, but
have di stinct Ssugstrate specificities and nodes of regulation (Vivanco |

and Sawy&H&POEPIs PHECIIRGEHITEE i dyl i nosi tol 3- ki nase- AKT pat hway in human
cancer. Nature Reviews Cancer, 2002;2:489-501). Cass | PI3Ks are
het er odi ners consi sting of a pl10 catal ytic subunit conplexed to one of
sevelal Pagigronmntsf themypntion col | ectively referred to as p85 and have been

the most ext eng phelphoflobiaSsLklnasd (P IOPARNY i 0dm RS &gﬁ%ﬁf-nﬁronly

activated i 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 (P1P2) 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 pl10 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, p1 10, and p1103 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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30 The class I A PI3K catal ytic subunits conprise the pllCGcc, pl1103, and
pl1106 isofornms, which associate with one of five different regulatory
subunits encoded by three separate genes. A single class 1B PI3K catal ytic
isoformpll Oy interacts with one of two associated regul atory subunits
(Crabbe T, Wel ham MJ, Ward SG The PI 3k inhibitor arsenal: choose your
weapon Trends in Bi ochem Sci , 2007;32:450-456). Class 1 PI3ICs are
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cuases skin fibrosis. J. nvestigative Dernma vance online
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syndromes” Ferara Rt EEREPSRN ) BRRAL MOGehE At RS Renfha G deon
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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 pl110 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



conti nuum of comon cancers, rare syndronmes and nouse nodels. Nature

Revi ews/ Cancer 2011; 11: 289-301). It is therefore desirable to create a
potent, selective inhibitor of PI3K-p. Summary 5According to one aspect,
there is provided a conpound of forrmula (I): (1) wherein R1L is selected
fromH, Cl_6al kyl, al koxy, hydrox hal ogen, -- -NH2, -NHC(0) Ra,

- NHSCRRatinTga@{ cammon CandRas, r@:@mr%ome Ouse@l&fbh Ngfige ﬁéfléwf ayg¢eraher ei n
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selected fromaryl and het eroaryl wherein said aryl or heteroaryl may be
substituted by one to three Rc; R4 is selected fromH or Ra; each R5 is
i ndepehgamary sel ected from Cl_6alkyl; each Ra is independently sel ected

fag)mpgﬁdgﬁlt%)%%s% gl?? f?ﬁ cﬁic%ga Isl??{;% E%d %ogeﬁédngééfogﬁ‘g ﬁ dr oxy,eagng(r:\ :2

0-2, or a pharnmaceutically acceptable salt thereof In one enbodinent, there
is provided conpounds of forrmula (I): o

Yo,
T

Ren Re

wherein

R1isselected from H, C,_alkyl, alkoxy, hydroxy, halogen,
—CN., —NH,, —NHC(O)Ra, —NHSO,Ra, —CO,H,
~—CO,Ra, —CONHRb, —CONH,, —CH,0H, and
heteroar)l wherein the heteroaryl may be substltuted by
one or two C, _,alkyl groups;

R2 is selected from H, —NHRa, alkoxy, halogen, —CF,,
—CHF,, and C,_,alkyl;

R3 is 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;

each R5 is independently selected fiom C, _galkyl,
each Ra is independently selected from C,_jalkyl;
Rb is selected from H, C, ;alkyl, and SO,Me;

each Rc is independently selected from C,_;alkyl, halogen,
—LCF;, and hydroxy; and

nis 0-2,
or a pharmaceutically acceptable salt thereof.

In one embodiment, there is provided compounds of formula (I):



wherein RL is selected fromH, G _6al kyl, al koxy, hydroxy, hal ogen,

-CN, - NHC(0) Ra, -NHS0212a, -CO2H, -CO2Ra, -CONHRb, -CONH2, -CH2OH, and

het eroaryl wherein4he heteroaryl may be substituted by one or two

Ci _3alkyl groups; R is selected fromH, -NHRa, al koxy, hal ogen, -CF3,
-CHF2, and G _oal kyl, R} is selected fromaryl and heteroaryl, wherein said
aryl or heteroar %?_ﬂgstltuted by one to three Re; R4 is selected
fromH or Ra; eaoh\ pendently selected from Cl_6al kyl; each Ra is
i ndependentl y~qél € d ﬁion1C1 _3alkyl; Rb is selected fromCl 3a|ky| and
SO2Me; eagh Re|is indepe deﬁhly sel ected from CL _3al kyl, hal ogen, CF3, and
hydr oxy; is 0-2 phar maceutically acceptable salt thereof
According to fRpfrher g%pect there is provided a conmpound sel ected from
2-(1 -nethylethyl) 6-(4-mo rpholi nyl)-1 -(1 -na p hthal enylnethyl)-1

H benzi m@azol -4-ol, 2-ethyl -6-(4 -nmorpholinyl)- 1 -(1

- napht hal enyl net hyl ) -1 Hbenzi m dazol -4-ol, 1 4(2, 3-

di chl or opHess§i®r net hyl ]-2- (1 - net hyl et hyl) - 6- ( 4-

nnrpho

o SRy RS ELRERS Rk 7k nudrosy 2olersny 1O, R -NHC(O)Ra,

mor phol i nWHSOLRb&nZjH)Ldazi, e 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;

R4 is selected from H or Ra;

each R5 is independently selected from C;_galkyl;

each Ra is independently selected from C;.;alkyl;

Rb is selected from C,_salkyl, and SO, Me;

each Rc is independently selected from C,salkyl, halogen, -CF3, and hydroxy; and

nis 0-2,

or a pharmaceutically acceptable salt thereof.

According to another aspect, there is provided a compound selected from
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1

-[ (2, 3-di.chl or ophenyQOnret rlell) 2-et hyl - 6-(4- m)rphol 1) 1H benzi m dazol - 4- ol
. 4-f | uogdlomathyiethyd)-04( mrph@hnmﬂy(llnapbt mhgpﬂ enyl - methyl)-1
H benzi mi dershgl)- PHettdmrimad fAoldrol, 6- (4- nmor phol i ny1) - 1 - (1 -napht hal enyl m

et hyl ) - 1B-dtbpritr{4lazebiolidy yet-ty-naph(ddemiplechy yiH- 1 - (1
- napht hal eaghﬁ;gg}@é@,r 4341+ b}ézgl E1 dagol e-4-car boxyl ic acid, 1

(23 dic egyaah ggggtﬁ;nezw'méh; HRYH-E144
S e -+
-[(2, 3-di ch )|— 1) Hebenzimidazede,hy| - 6- (4- mor phol i ny1)-1 H benzi m dazol

e-4 -car be[>(9]3—d1cdﬂ0§bphbn§l)methyl] 2-ethyl-6-(4-morpholi-
(2, 3-di Ch|ﬁ pl‘Hﬂb’é i&ldglzb pet hyl-6-(4- rmrphol4| - Eyll) 415(i (1
H- pyrazo az mor phol i ny -na
pht hal e%y HI%J)FEH{E V L }W?ﬁobnﬁ)t]} @%ﬁ‘ﬁl‘v H benzi mi dazol e, net hyl
2- met hyl - napht hal enyl rret hyI )-1
H benzi m‘ch 1< ﬁu@w-ﬁ ymarr@)olmyl) 1-(1-naphthalenylm-

-[ (2, 3- di chtoylpAfbbehymmidayble; 2- met hyl - 6- (4- nor phol i ny1) - 1H benzi m dazol e- 4
- car boxapiget L Q Qﬁﬂbf Jmethyl] -2-nmethyl -6-
(4 nmor phol fl % n%fw %r%(ﬂg jllqul nﬁ)lﬁgﬁrg%}ﬂgte j

ac
-met hyl 16[( % ~dic orophe ?IP tt{lﬂho —GIIFA{-hyl )-
morpholinyl)- lH-bemzmldazole

2-methyl-6-(4-morpholiny)-1-(1 -naphthalénylmethyl)—4-
(1H-pyrazol-5-yl}-1H-benzimidazole,
1-{(2,3~-dichlorophenyl)methyl]-2-methyl-6-(4-morpholi-
nyl)-1H-benzimidazole-4 carboxylic acid,
1-{(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholi-
nyl)-4-(1H-pyrazol-5-y1)-1H-benzimidazole,
2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-4-
(1H-1,2,4-triazol-3-y1)-1H-benzimidazole,
methyl 2-methyi-6-(4-morpholinyl)-1-(1-naphthalenylm-
ethyl)-1H-benzimidazole-4-carboxylate,
1-[(2,3-dichlorophenyl)methyi}-2-methyl-6-(4-morpholi-
nyl)-1H-benzimidazole-4-carboxamide,
methyl 1-[(2-fluoro-3-methylphenyDmethyl]-2-methyl-6-
(4-morpholinyl)-1H-benzimidazole-4-carboxylate,
2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethy)-
1H-benzimidazole-4-carbonitrile,
1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholi-
nyl)-1H-benzimidazole-4-carbonitrile,
methyl  2-methyl-1-{[2-methyl-3-(triffuoromethyl)phe-
nyl}methy1}-6-(4-morpholinyl)- 1H-benzimidazole-4-
carboxylate,
2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenyljme-
thyl}-6-(4-morpholiny!)-1H-benzimidazole-4-car-
boxylic acid,
1-[(2-fluoro-3-methylphenymethyl}-2-methyl-6-(4-
morpholinyl}-1H-benzimidazole-4-carboxylic acid,
2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-
1H-benzimidazole-4-carboxamide,
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1H ber uhni dazol e-4-carbonitrile, -[(2, 3- dlchlorophenyl)nethyl] 2-methyl-6
-(4- nnrpholln%ﬁé 1 FLbenZ|n1dazoIe 4-carbonitrile,

2-met hy1- 14[ 2 Bk@aphk@r@phermilmetbﬁﬁtlmmhﬁln%(?mw}ap}l-6 (4 mor phol i ny1) - 11-
1- benzi m dazol ayB-4-Cdd HoXx y-aiago]-2-yipd Rlrbenzifnidazole,

P- met hy1- 3- (&ﬁétﬁ}lUOVQIiﬁétﬁyi Br{ae@mmﬁm)q -(5-quinolinylm-

- 6- (4-norphol i g oxyllc acid, 1

1y %ﬁff% ik
2-fluoro-3-ne
rrE)E phol i ny1l) 51 ?P&f ﬁ@“ﬁ% é %?qoﬁlng@?é]ﬁyl) 1H-
2- met hyl - 6- (4- fia X | enyl et hyl ) -

1H benzi ni daZol{(8,44digaath methyl] 2-111€th ~6-(4-mor-

1-[(2, 3-dichl oph@hﬂjﬂ?ﬂﬁlbbgiﬁmﬁaﬂdb@baﬁeﬁﬁhmcﬂhoI inyl)-4-(1H1,2,4-triazo
| -3-y1)-1H bQﬂﬁllefﬂyql%ZQJ-ﬁlorﬁﬁéP 1)-1 (2-naphthalen Imethyl)-

2- met hyl- 6- (4- mg@@lwdajz)oléﬁt %&ﬂ%é&ﬁ met hyl ) - 1H— bennm dazol e- 4- car box-

gl ﬁé?hyl 6- (4} % ﬁ%% %g L@ﬁywké'%ﬁ?%enm m dazol e- 4- car boxy
lic acid, 1- My thyI 6- (4- nor -

phol i nyl) 1 romeghyljphenyl jme-

2- net hyl - 6- (4- m‘tquﬁ)%(tl motphdhﬁjﬂ)da@lﬁﬂal ériyiamk—Ml)-lH-

1H benzi m dazoben#Anddaksixy! i c acid,

1-[ (3, 4- di chlnpppRam|3. ﬁétﬁyj 182t 7ed hydrof-Sn (4l ny 1) - 1H benzi ni dazol e-

4-carboxylic a R
2-met hyl-1- 1[2%}19 1%12 lS“(P??lﬁh& mﬁlyl%p e?]ey r%ledat hy11l- 6- ( 4- nor phol i nyl) -

4- (1H-1, 2, 4- tr _me ok é’](l-morp a9 QoS hithalenylon-

ethyl) 1H-benzimidazol-4-yl]ethanone,
{2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl})-
1H-benzimidazol-4-yi]Jmethanol,
2-methyl-N-(methylsulfonyl)-6-(4-morpholinyl)-1-(1-
naphthalenylmethyl)-1H-benzimidazole-4-carboxam-
ide,
methyl 5-(4-morpholinyl)-2-(trifluoromethyl)-1H-benz-
imidazole-7carboxylate,
methyl 1-{[2-methyl-3-(trifluoromethyl)phenyljmethyl}-
6-(4-morpholinyl)-2-(trifiucromethyl)-1 H-benzimida-
zole-4-carboxylate,
1-{[2-methyl-3-(trifluoromethyl)phenyl]methyl }-6-(4-
morpholinyl)-2-(trifluoromethyl)- lH-benzimldazole»
4-carboxylic acid,
6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-2-(trifluo-
romethyl)-1H-benzimidazole-4-carboxylic acid,
methyl 1-{(3-chloro-2-méthylphenyl)methyl}-6-(4-mor-
pholinyl}-2-(trifinvoromethyl)-1H-benzimidazole-4-
carboxylate,
1-{(2,3-dichiorophenyl)methyl}-6-(4-morpholinyl)-2-(tr-
fluoromethyl)-1H-benzimidazole-4-carboxylic acid,
1-{[2-methyl-3-(trifluoromethyl)phenyl]methyl }-6-(4-
morpholinyl)-2-(trifluvoromethyl)-1H-benzimidazole-
4-carboxamide,
methyl  6-(4-morpholiny])-1-(1-naphthalenylmethyl)-2-
(trifluoromethyl)-1H-benzimidazole-4-carboxylate,
methyl  1-{(2,3-dichlorophenyl)methyl}-6-(4-morpholi-
nyl)-2-(triffuoromethyl)-1H-benzimidazole-4-carboxy-
late,
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2-met hyl-4-(3-nmethyl-1H1, 2, 4-triazol - 5-y1)-6-(4-nor-pholinyl)-1-(1-naphtha
| enyl met hyl ) - 1H benzi m da- zol e,

142- et hy1- 6- (14 DDARREILA - (mg)mgmﬁe{h 9‘?{{@ g{st (@y!) - 1H benzi m dazol - 4- yfi
2

et hanone, [2- rrent@, Rk p enyl net hyl ) -

1H benzim dazol )‘A 0?6 'p%‘%z‘ej

2- et hyl - 7 I

napht hal enyl mat@yi g'}q%tﬁylﬂ é' yl)mat hyl

5- (4- nor phol i ny “Pfqm? Y < f ¥z ol e- 7- car boxyl at e,
met hyl 14[2n‘% | - 3- trlfluororreth enI]rrethyII -

6- (4- mor phol i r%y[izfvziﬂ{hl@ﬁoph%ﬁ}m@hﬂ 10y 411H058W§1F11iﬁ Jdazol e- 4- car boxyl at e,

14[ 2- met hy 1- 3- ( (I £ 2btriarel-Byil)-BHerck ety i Lid-beaz-

mor phol i ny1) - 2- {tidefdlelor onet hyl ) - 1H- benzi m dazol e4- car boxyli ¢ aci d,

6- (4- nor phol i dy{{}-cltofd-2naphi iphbeyiyhety]yd-j4-gotptidlinDor onet hyl ) - 1H- benzi nai d
azol e- 4- car boxyhi(¢HaGc? d,tria®dl B 1)-2-(triflucromethyl)-1 H-benz-

1-[ (3-chl oro- 2- mgﬁq@henym\et yl]-6-(4-norpholinyl)-2-(trifluoronethyl)-1H

-b d |

! [e ?EI g\ d?é?\l %Aeth %&}éﬂé@mﬁm va‘_""(l-ﬂa lﬂaleny 1?et121yl

fl uor onet hyl ) r]le gﬂr @ gg a

1-1[ 2- met hy1- ¥ P

nor |[ohoIn?ny>1/) 2- g\l } 'I(ué’fl (?‘ ‘E é&%{&lr boxami de, met hyl

4- mor phol i ny, gal (1- naphthalen Irreth ) - 2-

i f1 uor omet AyiK3- h‘ﬂf%grﬂéﬂhmpéﬁlﬂd e@)’ﬂa?‘ﬂ’@igmleﬁ’@ net hyl

(2, 3-dichl or@ﬁﬂéﬂﬂpﬂﬁtlﬁ*}rmﬁ@mdﬁmﬁ%@mwmbﬁmér(tr|fI uor orret hyl ) - 1H ben
d

I m dazol e- 4- QanbBxy1 {8l Sethvi
1[ 2- met hy1- 3- (ﬁﬁ [@L . lf;% 0y 6(4%}]0%11?121 mor phol inyl)-4 (1H1
, 2, enzi m dazol e,

2-
4-triazol - §ﬂ1¥fil —mét}lyf ?nre?h - -k’m uoromethyl)phenyi}
methyl}-6- (4-m0rphohnyl) 1H-benzimidazole-4-car-
boxylate,
4-bromo-2-methyl-6-(4-morpholinyl)-1H-benzimidazole,
4-bromo-2-methyl-1-{{2-methyi-3- -(triflucromethyl)phe-
nylJmethyl}-6-(4-morpholinyl)- 1 H-benzimidazole,
2-methyl-1-{[2-methyl-3-(tri fluoromethyl)phenyl jme-
thyl}-6-(4-morpholinyl)-4-(1,3-oxazol-2-yl)-1H-benz-
imidazole,
methyl 2-chloro-5-(4-morpholinyl)-1H-benzimidazole-7-
carboxylate,
methyl 2-chloro-1-{{2-methyl-3-(trifluoromethyl)phenyl]
methyl}-6-(4-morpholinyl)-1H-benzimidazole-4-car-
boxylate, -
2-chloro-1-{[2-methyl-3-(triftuoromethyl)phenyljme-
thyl}-6-(4-morpholinyl)-1H-benzimidazole-4-car-
boxylic acid
methyl 2- (d:ﬁuoromethyl) 5-(4-morpholinyl)-1H-benz-
imidazole-7-carboxylate,
2-(difluoromethy!)-6-(4-morpholinyl)-1- -(1-naphthalenyl-
methyl)-1H-benzimidazole-4-carboxylic acid,
2-(difiuoromethyl)-1-{{2-methy!-3-(trifluoromethyl)phe-
nyl]methyl}-6-(4-morpholinyl)-1H-benzimidazole-4-
carboxylic acid,
1-[(2.3-dichlorophenyl)methyl]-2- -(difluoromethyl)-6-(4-
morpholinyl)-1 H-benzimidazole-4-carboxylic acid,

6- (
(tri
1-[
z

3d



1 -[(3-chloro-2-nethyl phenyl)methyl] -6-(4 -norpholinyl)- 2-(tri fl
uoronet hyl)- 1 H benzi m dazol e-4-carbo xyl ic acid, 1

-[ (2, 3-di chl &H%ﬁé&?@%@ﬁwl]phemwlmd} pHdifluprept) -4 - (1 H

1, 2, 4-tri azol - Sthyl)6-i-forpliolingl) debdnzipiddzdleB-@nzi mi dazol e, 1

(3 chl or o- 2- rextiy gghknyl )met hyl ] -6-(4 -norphol inyl)- 4 -(1 H1,2,4
»

i azol - 3- y 1)-¢12bdrizbinfdnin Qﬁ@flﬁ{@méh -pengmidazol e,

2-met hyl - 6- (4-¢ ni? ﬂlei)élﬂ‘YrJn dag dle £haly, enyli net hyl’) - 4-
(1H-tetrazol -5

| c? ?
s A prmeanti
rre[thyll % (4 ﬁﬁi&ﬁiﬂf”&‘%l ] met ha-nol , 1
-[(3-chl oro- 21‘% dmyDmetigd @ miephyl 6-(44-
mor phol i ny1) - 1W%@lﬁﬁ)d&kbb@mdaaolbébewrb@(yac|ad1;i
2- et hy1- 1- [ (24-dieéthyll phRldyiny eiiidvordindtiyiimeniio 1i nyl ) - 1H- benzi m dazol e- 4-
car boxylic aci meﬂgﬂpﬁl(z;gnds@h&]ydﬁj 1H{1{egz,§mm}% ?t ri fluoromethypplienyl]

met hyl } - 6- (4r_fm ny/ carboxyl ate,

4- br ono- 2- Bt { é’]&gé[ﬂo@’ %’I’dﬁe belé%h%é ol e, 4-bronp-2-nethyl-1
-{[2-nmethyl -3- VHHEE iy 11- 6- (4- nor phol i nye- |
H benzi nmi dazdt® th.!) henyllm¥or onet hyl ) phenyl ] met hy*
- 6- (4- nor phol i ﬁ‘}ﬂ 1{49110:3}1@;@[ (23 PZQJI% -pordH-bédazol e, net hyl

2- chl or o- 5- (4- #BIBEIEI ny1) - 1H benzi m dazol e- 7- carboxyl ate, nethyl

2- chl or o- 1- { [@¢itrmgl ) Brfettiyl l1ufieanehity \wifesyskdenygy hyl }

- 6- (4- mor phol i pidgyiThiddBe sl @idanabEnyl)-¢ BrhaxiaiRle

and

2-methyl-4-[(methyloxy)methyl]-1-{[2-methyl-3-(trif-
leoromethyl)phenyljmethyl}-6-(4-morpbolinyl)-1H-
benzimidazole,

or a pharmaceutically acceptable salt thereof.

0
-t

According to another aspect, there is provided a compound of formula

O OH

Me
CFy

or a pharmaceutically acceptable salt thereof.

According to another aspect, there is provided a compound of formula

3e



2-chl oro-1-1[ 2-nmet hy1-3- (trifl uoronet hyl ) phenyl ] me-t hyl}-6-(4-norpholinyl)-
1H benzi m dnol e-4-car-boxylic acid nethyl

2- (di fluoronet hyl)-5-(4-norpholinyl)-1H benzi m dazol e- 7- car boxyl at e,

2- (di fluoronet hyl)-6-(4-norphol inyl)-1 -(1

- napht hal enyl net hyl ) - 1H benzi m d@gzol e<0H - car boxylic acid,

H benzi m dazol e- 4- carboxylic aci ¢
1-[ (3-chl oro-2-inet hyl phenyDr net |
1H benzi m dazol e- 4- car - bg 3
- benzot hi en-7-yl met hyl ) - - met Ry 1- 6- (4- nor phol i nydX)- 1H benzi m dazol e- 4-car bo
xylic acid, 1 -[(2,3-dinethylghenyOret hy1l] - e 6- (4- nor -
phol i nyl) - 1H benzi m dazo car boxylic acid,
1-[ (3-fluoro-2-net hyl phenyl ) nmet hyl ] - 2- met hy1- 644
mot phol i nyl1) - 1H-benzi m dazol e- 4- carboxylic gegfd, 4-di net hyl - 1-
[2-met hyl -3-(trifluoronethyl)phenyl) CF;.
nmet hy11- 6- (4- no/ phol i nyl) - 1H benzi m dazol e,
1-11-(3 = j: =
ror phol {5 10 T Br RS BBl BoVie: SPhiphacgedty accoptablesalt of
2- met hy1- 1- kbspoehépiitcdm@lar i f | uor omet hypphenyli ne-t hyl | - 6- (4- nor phol i nyl) -4
-(1, 3-thiazol -2-yl1)-1H benz-i m dazol e,

0 _OH

Me
CF3.

According to another aspect, there is provided the Tris salt of compound of formula

o OH

Me
CF3.

According to another aspect, there is provided a pharmaceutical composition for use as a
PI3K inhibitor which comprises a compound as disclosed herein and a
pharmaceutically acceptable carrier.

In one embodiment, there is provided a method of treating a susceptible neoplasm in a

mammal in need thereof, comprising administering to

3f



4-(2-furanyl)-2-methyl-1-{[2-nethyl -3-(trifluoronethyl) phenyl]nethyll

- 6- (4- nor phol i nyl) - 1H benzi m dazol e and

2- met hik-fladigt btﬂa&}&ﬁﬁﬁ%n?xéﬁféct&ze(ah%uﬁ’ﬁ&mam@duha lof fdrﬁﬂ[ﬂﬂfﬁﬁﬁﬁb{udlﬁﬁiﬁr@” | met hy
| I - 6-(4-norpholinyl)-1H benzi m dazol e, or har maceuti cal | y acceptabl e

sal t t hatiewlr Abegandiin fpriyiagrseiizad hesgielar 2 Rhaen@ceuﬁcqblmwmftbl%ﬁ%b nmpound of
fornulﬁ1 CE3 or a pharmaceutically acceptable salt thereof According to
anot het"™*§€pect, there is provided a conpound of formula CF3. According to
anot her  aspecine diRfEmbiS, MR gediddphanmoesd bt ftaml (8¢ gegudibpansal t of
conpound of forrmula CF3. According to another asPect there is provided

t he Tr patigulpr s@*g@gﬁgmlwesp@qu%em)@r@ pharmaceutically acceptable salt thereof

for use in therapy.

In one embodiment, there is provided a compound of formula (I) (including any



Accordi ng to another aspect, there is provided a pharmaceutical conposition
for use as a PI3K inhibitor which conprises a conpound as di scl osed herein
and a pharnaceutically acceptable carrier. I n one enbodi nent, there is

P comh R H e el RES e e gy B o
effectfaf%s@fme&remnegt %gﬂﬁﬁgn&%ﬁ%ﬂiﬂa% G gy ﬂlg{efagy particul ar

sub-generic fornmula de erei r a pharmaceuti ca accept abl e salt
t her eof In oderenuimelieeripticroamprovidedriee s qfrovhgpedndotimpoiar(t) (ofclddrgrul a

1), (includi a artjcul ar. sub-generi.c fornul a descri bed herein) or a
biar B R R B b B B FEb s FGEn ROy apFPatr SHfe.
enbodi fRRbf, ih AR KepatatSrOVt A86di8at QTRIOURE i fheltRa IR of A buERMISHEREsANY
particul ar sub-generic fornula described herein) or a pharmaceutically

accept uod magatal 1t ieeddlofredfor use in the treatment of a susceptible neoplasm

in a manmal .| n need there%f l.n there i. rovi ded the use of
7 Pasifory

nbqdi .
a conpound BFORGTMACH It et P{cj))(?( i‘e%g aéﬁ?h’ﬂn%r%hl%a& g EHERT S Br mul a

descri bafphipdeiffdmila ) GRALIRE Y pedilchMr AALLMHeAD i@ niM Jesbribdieiegh) od 1 t he

preparation of a medicanment for use in the treatnent of a susceptible
neopl aBiarmacetisalimedeeptablsseld therad defuse in the treatnggns ot arbedentibie neaplrsmeini s

prayid %aﬁnﬁﬁ%ﬁ@&ﬁﬂ&%ﬁ?l conposition conprising a conpound of formula (1)
(including any particular sub-generic fornula described herein) or a

pharmaceutically acceptable salt thereof for use in the treatnent of a
suscepti bl e neopllasmin 10 a mamual in need thereof Detail ed Description of
t he | nDetpiled Despription gbtheilgyentiony; r ect ed to conpounds of Formula (1).

According te q?\tepl%n%@%{egqgggmb&glcﬂswg%ﬁﬁgd)_ncl udes conpounds of
Formul a 15(| ?{?A :

According to another embodiment, the invention includes compounds of Formula

15 (D(A),

I
O R
(Rgn
(I(A)
wherein
R1 is selected from H, C;_salkyl, alkoxy, hydroxy, halogen, -CN, -NH;, -NHC(O)Ra, -

20 NHSO;Ra, -CO,H, -CO;Ra, -CONHRb, -CONH,, -CH,OH, and heteroaryl wherein the
heteroaryl may be substituted by one or two Cy_salkyl groups, wherein the heteroaryl is
selected from the group consisting of: pyrazolyl, triazolyl, tetrazolyl, oxazolyl and
imidazolyli;

R2 is selected from H, -NHRa, alkoxy, halogen, -CF3, -CHF,, and Cy4alkyl;

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

one to three Re;
R4 is selected from H or Ra;
each R5 is independently selected from Cy.galkyl;
each Ra is independently selected from C,_salkyl;



(I'Y(A) wherein RI is selected fromH, C _oal kyl, al koxy, hydroxy, hal ogen,
-CN, -NH2, -NHC(0)Ra, - 20NHSQ2Ra, -CO2H, -CO2Ra, - CONHRb, - CONH2, - CH2CH,
and heteroaryl wherein the heteroaryl nmay be substituted by one or two
Cl_3alkyl groups, wherein the heteroaryl is selected fromthe group
consisting of: pyrazolyl, triazolyl, tetrazolyl, oxazolyl and im dazolyl;
R2 is selected fromH, -NHRa, al koxy, halogen, -CF3, -CHF2, and Cl.6alkyl;

25R3 is &84 F:6Q8. A bayer oaryl, wherein said aryl or heteroaryl
may be su sst%lgtuteﬁlg l31}6{’[0 tﬁr%g ‘Rc; R4 is selected fromH or Ra; each R5

i s i ndepaodBnid lydwelh@uﬁxeatlerct@rfr@lcﬁﬁmwIhﬁlﬂé%m HCRaandshydrgspaddent | y sel ect ed
fromCl 3a|0kéll Ro is selected from Cl3al kyl, and -S02Me; each Re is

[ ndepen&"er%t Iy sel ected from Ch3al kyl, hal ogen, -CF3, and hydroxy; and n is
0-2, or a@hammaﬂmhlﬂ;cadckgﬁa‘t&maétphamfe salt thereof 5According to another

© nbOdSI ment, t c%orld?nvgetg taﬁ%ﬂer em%oc'illgn%rslt R RRH c(}jnsmc?[{xde%%g%ounds of Formula

(M®B),

O R,
(Rgin

(D(B)

wherein
10 Rl is selected from H, Cjsalkyl, alkoxy, hydroxy, halogen, -CN, -NH2, -NHC(O)Ra,
-NHSO.Ra, -CO,H, -COsRa, -CONHRD, -CONH,, -CH;OH, and heteroaryl wherein the
heteroaryl may be substituted by one or two C,.salkyl groups;
R2 is selected from H, -NHRa, alkoxy, halogen, -CFs, -CHF,, and C,_salkyl;
R3 is selected from aryl and heteroaryl, wherein said aryl or heteroaryl may be substituted by
15 one to three Re, and wherein the aryl or heteroaryl are selected from phenyl, naphthyl,
benzothienyl, quinolinyl, isoquinolinyl, and quinazolinyl;
R4 is selected from H or Ra,;
each R5 is independently selected from Cy.ealkyl;
each Ra is independently selected from Cisalkyl;
20 Rb is selected from Ci.zalkyl, and -SO;Me;
each Rc is independently selected from Cy.alkyl, halogen, -CFs, 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 Re is independently Cj.salkyl, F or Cl, and nis 0.
According to another embodiment, the invention includes compounds of Formula
(D(B) wherein each Re is independently CFs or F, and nis 0.

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

M)



(1)y(B), (R5) (1)(B) wherein 10 R1 is selected fromH, Ch6al kyl, al koxy,
hydr oxy, hal ogen, -CN, -NH2, -NHC(0)Ra, -NHSO2Ra, -CO2H, -CO2Ra, - CONHRb,
-CONH2, -CH2OH, and heteroaryl wherein the heteroaryl may be substituted by
one or two Ch3al kyl groups; R2 is selected fromH, -NHRa, allwxy, hal ogen,
-CF3, -CHF2, and Chisallw; R3 is selected fromaw and heteroaryl,
wherein said awl or heteroaryl may be substituted by 15 one to three Rc,
and wherein the aryl or heteroaryl are selected from phenyl, naphthyl,
benzot hi enyl, quigolinyl, isoquinolinyl, and quinazolinyl; R4 is selected
fromH or Ra; each'R5 is independently selected from Chal kyl; each Ra is

i ndependent |y selsc NfromCh3allw; 20 Ro is selected from Ch3al kyl, and
- S02Me; each Re penglent | y sel ected from Cl3allkyl, hal ogen, -CF3,
and hydr oxy.. aps s..@-2, or a pharmaceutically acceptable salt thereof.
Accor di n§ t oMNanotHer eRpodi ment, the invention includes conmpounds of

For mul a 5&%#(8) whereih each Rc is independently Cl3alkyl, F or C, and n
is O. ccordi ag={ 0 anot her enbodi nent, the invention includes
conmpounds of For () wherein each Rc is independently CF3 or F, and
nis 0. According\\ Anot her enbodi ment, the invention includes the
conpounds of For 1)(O

B oo
wherein
R1 is selected from H, Cyealkyl, alkoxy, hydroxy, halogen, -CN, -NHC(O)Ra, -NHSO:Ra, -
5 CO,H, -CO;Ra, -CONHRD, -CONHj,, -CH,OH, and heteroaryl wherein the heteroaryl

may be substituted by one or two C)zalky! groups;
R2 is selected from H, -NHRa, alkoxy or Cysalkyl;
each of R6, R7, and R8 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 R8
10 combing to form a bi-cyclic ary! or heteroaryl;
cach Ra is independently sclected from Cy.aalkyl; and
Rb is selected from Csalkyl or -SO,Me;
or a pharmaceutically acceptable salt thereof.

According to another embodiment, the invention includes the compounds of Formula
15 (HD)

(D)

wherein

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

-6-



(1))(C wherein R is selected fromH, Ch6al kyl, al koxy, hydroxy, hal ogen,
-CN, -NHC(0)Ra, -NHSQ2Ra, - 5CO2H, -COQ2Ra, -CONHRb, - CONH2, -CH2OH, and
het eroaryl wherein the heteroaryl may be substituted by one or two CL3al kyl
groups; R2 is selected fromH, -NHRa, al koxy or Cl6alkyl; each of R6, R7,
and R8 is independently selected from Ch3al kyl, hal ogen, -CF3, and
hydroxyl, or R6 and R7 conbine to forma bi-cyclic aryl or heteroaryl, or

ndapendentty oS aaned v ATb At GrdBt Salle ro ! eel coted 1rom Ciaal kyl or
- S02Me; R isaclpbrad framdiiNIERd, lalkoag 6ePlatikyl salt thereof According to another
embodi MmNty kRS poeRblip b s HI5R, L cqpounds of Formula 15(1) (D)
Rb is selected from C).zalkyl or SO;Me;
5  or a pharmaceutically acceptable salt thereof.

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

((E)

" om

10 wherein
R1 is selected from H, Cysalkyl, alkoxy, hydroxy, halogen, -CN, -NHC{O)Ra,- NHSO;Ra,
-CO;H, -CO,Ra, -CONHRD, -CONH;, -CH,0H, and heteroaryl wherein the heteroaryl
may be substituted by one or two Cy.salkyl groups;
R2 is H, NHRa, alkoxy or C;_salkyl;
15  each of R6 and R7 is independently selected from Ci.alkyl, halogen, -CF3, and hydroxyl;
each Ra is independently C,.salkyl; and
Rb is Ciaalkyl or SO;Me;
or a pharmaceutically acceptable salt thereof.
According to another embodiment, the invention includes compounds:
20 2-(1-methylethy!)-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-dichlorophenylymethyl]-2-(1-methylethyl)-6-(4-morpholinyl)- tH-benzimidazol-4-ol,
1-{(2,3-dichlorophenyl)methyl]-4-fluoro-2-methyl-6-(4-morpholinyl)- 1H-benzimidazole,
1-[(2,3-dichlorophenyl)methyl}-2-cthyl-6-(4-morpholinyl)- 1 H-benzimidazol-4-ol,
25  4-fluoro-2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethy!)-1H-benzimidazole,
2-ethyl-4-fluoro-6-(4-morpholinyf)-1-(1-naphthalenylmethyl)-1H-benzimidazole,
2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)- 1H-benzimidazole-4-carboxylic acid,

-7-



wherein Rl is selected fromH, Cl6allcyl, alkoxy, hydroxy, hal ogen,
-CN, -NHC(0)Ra, - NHSQ2Ra, - 20CO2H, -CO2Ra, -CONHRb, -CONH2, -CH2OH, and
het eroaryl wherein the heteroaryl nay be substituted by one or two

Ch3al kyl groups; R2 is selected fromH, NHRa, al koxy or C _oal kyl; each Ra
I's independently selected from Cl3allkyl; and Rb is sel ected from Ch3al kyl
or SO2Me; 5or a pharnmaceutically acceptable salt thereof According to

anot her lel{b3diightmephenylméthyieRtethyh4finotoudesmotpboloyhpdithersinflazeby nul a (1) (E)

OoxpP 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

5 acid,

1-f(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-4-( 1 H-pyrazol-5-yl)-1H-
benzimidazole,
2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-4-(1H-1,2 4-triazol-3-yi)-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,
methy! 1-[(2-fluoro-3-methylphenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-

15  4-carboxylate, _
2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)- I H-benzimidazole-4-carbonitrile,
1-[(2,3-dichlorophenyl)methyl}-2-methyl-6-(4-morpholinyt)-1H-benzimidazole-4-
carbomitrile,
methyl 2-methyl-1-{[2-methyi-3-(trifluoromethy!)phenyl jmethylt} -6-(4-morpholinyl)- 1 H-

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-methylphenyDmethyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-
carboxylic acid,

25  2-methyl-6-(4-morpholinyl)-I-(1-naphthalenylmethyl)- 1 H-benzimidazole-4-carboxamide,
1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-4-(1H-1,2 4-triazol-3-y1)-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-dimethylphenylymethyl}-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-carboxylic
acid,
2-methyl-6-(4-morpholinyl)-1-(2-naphthalenylmethyl)-1 H-benzimidazole-4-carboxylic acid,
1-[(3,4-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-carboxylic

acid,



10 wherein Rl is selected fromH, Cpsal kyl, al koxy, hydroxy, hal ogen, -CN,
-NHC(0) Ra, - NHSQ2Ra, -CO2H, -CO2Ra, -CONHRb, -CONH2, -CH2CH, and heteroaryl
wherein the heteroaryl may be substituted by one or two Ch3al kyl groups; R2
is H NHRa, al koxy or Cpsal kyl; 15each of R6 and R7 is independently
selected from C _3al kyl, hal ogen, -CF3, and hydroxyl; each Ra is

I ndependent |y Ch3al kyI; and Rb is Cl3al kyl or SQ2Me; or a pharmaceutically

acoeptanl e el Lher 80l 3 ARSR A1 0n )AL R A RRGL RBhay if A o0 01

202- ( 1- nefabiil2y1p H)}befzitAdazpicphol i ny1) - 1- ( 1- napht hal enyl net hyl') - 1H benzi m da
| - 4- ol

5- et hyl - STEHHArGrietiviy Bkl ERTARENSY ) CrrRTI T - of

142, 3- di ¢hlehaRiReet hyl ] -2- (1-net hyl et hyl ) - 6- (4- nor phol i nyl ) - 1H ben2| m d

azol 4- ol ,

1-[ (2 3- &[%memybéﬁémqrgh@émwwj(lﬂaphtwrwhgethvél Wﬂaﬂmlmﬁﬁﬂpﬂaﬂthaﬁgm 1H benzi m

i dazol e,

- - liny{)-1-(1-naphth lmet IH—b d 1-4-ylimethanol,
1-1(2, 3-& cﬁtlh dro ﬁhf)rlrrg'[% (ﬁ e aﬁ’n?m%attyze e | ?123? R mebeaﬁ%l m dazol -
ol , -methyl-N-(methyisulfonyl) -6- (4—morphohnyl) 1- (l-naphthalenylmethyl -1H-

334 fl uoi'wmm1 azolpe\q_cgbéé%n[mrphol I nyl) - 1- (1- napht hal enyl net hyl ) - 1H benzi m da

2-e hy! - thefhiyLB{bmBrrhating)- Pl iiethyh) H- bagphtiladokriearbosydts, - 1H benzi mi dazol
2 mel“P]yI msthyly - A rBY i {fluoromsthyohepr ety (e rpqpholiny@a i i dazol e- 4- carb

oxyl'i ¢ agtiftuoromethyl)-1H-benzimidazole-4- carboxyiate
L-[( I2e3 O P e L b e i 11 90 O S AR R ). 1 4+ benzi mi

2- met hylbgm(lﬂldggyldom&rba%l;)wgmgl napht hal enyl net hyl ) - 4- (1H pyrazol -5-y1)-1Hb
enzi m dazol e,

1- (2, 3- Biltmaspholineiy Sheepyhgleny lmebry P-CaifarmsityholH-hyrgimidirlset
m da49I exfte&:aiRaxy) 1 ¢ Sacid,
1-[(2, 3-dichl orophenyFOEret hyI ]-2- et hyl - 6_ (4- nmor phol i ﬁll) 4- (1H— p_yrazol 5-y1
) - 1Hbenz msiterh Fd(3echloro-2-methylphenylymethyl]-6-(4-morpholinyl)-2-{tri uoromethyl)-1H
benzimidazole-4-carboxylate,
1-[(2,3-dichloropheny!)methyl]-6-(4-morpholinyl)-2-(trifluoromethyl)-1H-benzimidazole-4-
carboxylic acid,

20 1-{[2-methyl-3-(trifluoromethyl)phenyi]methyl }-6-(4-morpholinyl)-2-(trifluoromethyl)-1H-
benzimidazole-4-carboxamide,
methy! 6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-2-(triftuoromethyl)- 1H-benzimidazole-
4-carboxylate,
methyl 1-[(2,3-dichloropheny!)methyl]-6-(4-morpholinyl)-2-(trifluoromethyl)-1H-

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

30  1-[(2,3-dichlorophenyl)ymethyl]-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-



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, 10 nethyl 2-nmethyl-6-(4-norpholinyl)-1-0

- napht hal enyl et hyl ) - 1H benzi m dazol e- 4- car boxyl at e,

142, 3-di chl or ophenyl ) net hyl ] - 2- met hy1- 6- (4- nor phol i nye- 1H benzi m dazol e- 4-
car boxam de, net hyl

1-[(2-fl uoro-3-net hyl phenyl ) net hyl ] - 2- met hyl - 6- (4- nor phol i nyl ) - 1H benzi m da
zol e- 13apmidsesly] at e,

2 et Iy TR BARUy s ook AR OB B8 B b h iR m dazol e- 4-carb

1-[ (2, 3-Hénﬂhi1d}s|201p4”+§lr]ky1€ﬂmtohyl ] - 2- et hyl - 6- (4- nor phol i nyl ) - 1H benzi m dazol e- 4
- carbonj
{12 et i sbiBto PR wqﬁm%%-myhsﬁﬁmmho@wurlﬁoqsﬁﬁmlqaﬁw 1 20
benzism dﬁmkgﬁmﬁar boxyl ate, 2-nethyl -
[ 2- net ](t rifl uoronet hylggphenyl ] met hyl . .
6- (4- rmiﬁlﬁ%w hy@ymathiaheny i 21&)16e(4zm%19%36y§11?cheaémasiazole-4-carboxyltc

(2- f I 0 0- 3- net hyl phenyprret hyl | - 2- net hyl - 6- (4- nor phol i nyl) - 1H benzi m daz

4- carboxylic acid

(
1-1
ol e-
252- et ] 8-pethyioi HRehdthy-B)triflnotomesiyiiphenydimpthyBi frf4-mombobeny I i dazol e- 4- ca
r boxami i A-car

1 [(2, 3d‘§f"éﬁ“%ar281§#e%ay Xty 1 ] - 2- met hyl - 6- (4- mor phol i ny1) - 4- (1H 1, 2, 4- tri az
- 3y 1)4whﬂdb®ﬂ&-mﬂhdhéﬁ4-morphet1M] 1H-benzimidazole,

§| met hy'4 Brobit-IRERYLY ! Y hdihd 4 Rt DR MR Rty ASRGHIGIAGE Qe 4- carbox
2- rret hylbeﬁzﬁﬁdam]ephol i ny0- 1- (5-qui nolinyl net hyl ) - 1H benzi m dazol e- 4- car boxy
lic aci

301- [ (3. 26 HA BREEOR P Pe Sy RV B U P RRB YR - L BERY i dazol

- 4 car baxyl1el chnzﬁkndazole
OxyI H]yl ?th§r16 gﬁm%— -J4-m ?1011nyf)21ﬁqg£ng}rrﬁ Lz%PeyJ/—car o llz?te 1H-benzi m dazol e-4-carb
1- [ (3, 4-diafl petopbany Omsiy 3 rdtusedohay hédd pretsiiot (anbiphdlihipai m dazol e- 4
sear boxyllelnglm%gazgIe-4-carboxylate,
2-chloro-1-{[2-methyl-3-(trifluoromethyl)phenyllmethyl} -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)- 1 H-benzimidazole-4-
carboxylic acid,
2-(difluoromethyl)-1-{[2-methyl-3-(trifluoromethyl)phenylimethyl} -6-(4-morpholinyl}-1H-
benzimidazole-4-carboxylic acid,
25 1-[(2,3-dichlorophenyl)methyl]-2-(difluoromethyi)-6-(4-morpholinyl)-1H-benzimidazole-4-
carboxylic acid,
1-[(3-chloro-2-methylphenyl)ymethyl}-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-methylphenyDmethyl]-2-methyl-6-(4-morpholinyl}- | H-benzimidazole-4-

carboxylic acid,
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2-met hyl - 1-{[ 2- et hyl - 3- (tri fl uoronet hyl ) phenyl ] net hyl ) - 6- (4- nor phol i nyl) -4
-(1H1,2,4- triazol-3-yl)-1H benzi m dazol e,

2-met hyl -4-(3-nethyl-1H 1, 2, 4-triazol -5-y1)-6-(4-norpholinyl)-1-(1-naphtha
enyl met hyl )- 1H benzi m dazol e,

5142- et hy1- 6- (4- nor phol i nyl) - 1- (1- napht hal enyl net hyl ) - 1H benzi m dazol - 4- yf
| et hanone, . .

)[”2; g{ Eg %1? ii f%'t'h%i-'? &ernletrﬂ%]—'g-(t]ﬁﬁ{l&rbrr}l%&lh )Eheny r].%etHElE r%yd4)1:m:)rp ot?myl% lﬁ-dazm )
2-nethy|b&b@mﬁmﬁuésulfonyl)-6-(4-nDrphoI|nyI)-l-(l-naphthaIenyInethyl)-lee

nzi m daz arb 1 de, t hyl . -

5- (4- mor Er{iﬁ’ Ailpge3n Yfﬁﬁﬁﬂf@&h}fﬁrmﬁhy&ﬁ%gwmhml@d&-bﬁl@m@mw ate, 10

met hyl  lz{besymtabml- 3 (trifIuoronethyl)phenyl]nethyl} 6- (4- nor phol i nyl ) - 2-
(trifluoronethy I% 1H benzi m dazol e- 4- car boxy

1- { [ 25 mettiyethy: 1( [?qut%ﬁcﬁ%ﬁim%h}é?ﬂblm}mwu 6~é4 merpbgbpHbthy4yiezl-(t ri f 1 uo
ronethylkg& ée 4- carboxylic acid, 6- (4- nor pholinyl)-1

- 0- napht hal ‘eny Ineth 0 2 (trlfluoronethyl)-lH—ben2|n1dazo|e 4- 15carboxylic
aci d, neﬁf(gdfuranyl) 2~methy1 1-{[2-methyl-3-(trifluoromethyl)phenyllmethyl} -6-(4-morpholinyl)-

1- [(3 chl,gro- 2= met byl phenyl ) met hyl ] - 6- (4- mor phol i ny1) - 2-(trifluoronethyl)-1
Hbenzi m dazol e-'4- carboxyl at e,

1-[ ( 2, 3- Gimdthyleofmethylorpiestiy]}- 5 Ranetbylshotifleyaetdy hens!romsns} 6ty | ) - 1H benz

I m dazol e- 4- -2 ? ﬁ vilic a*‘%@

201- ? g‘? CFFHB 5 t hyl ) phenyli net hyl | - 6- (4- norphol i nyl)-2-(trifl
uoronethyl) 1H benzi m dazol e- 4- car boxam de, net hyl

6- (4- nor phal | ny0- 1- (1- napht hal enyl net hyl )-2-(trifl uoronmet hyl)-1H benzi m daz
ol e4-car , et hyl

1-1(2, 3-dichl B&@lﬁﬂ‘temy@i‘ﬁt’layhded@m(eﬁr Blepetlcrmyd Jefded lis inbidi afoatmat,hyl ) - 1H 25
benzi m dazol e- 4- car box s

1- 42- et RY4ORPY, Fipg %*?%é RS BT TRRBE RY19eY8iq o Thist BRBFYHS {584- (

1H-1,2, 4btdgzb1@ez@hcy8hc ¥th)) B~vakibusl it aRRmRishink hrohbtyRBO &y ikt @156:10, or C5-
1-[(3-chl oro- phenyOnret hyl ] - 6- (4- nor phol.i nyl) - 2- (trlfluoronethyl) 1H
benzi n d 52701)%(:&5@8.‘?‘%?5? g}qeq;eccagtpindmm ers refer to the number Of carbon atoms that form the
301-[(2, %n@'sfé@érﬁﬁ@@@?ﬂ% hitlel 2 Eheéﬁl'ﬂiﬁgﬁ@Q@ﬁﬂaﬂbé]a}ylﬁc(u%&nlwagmfs triazol-3-yl)

- 2- (trlfluoronethﬁ en2|n1dazo
embodiments, the polycyclic ring is a blcychc aryl group, where suitable bicyclic aryl groups

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 I 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, 1sothiazole, 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(CHz3)3 where alkyl is as described herein.
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1-[ (3-chl oro- 2- met hyl phenyOnret hyl ] - 6- (4- nor phol i ny1)-4-(1H 1, 2, 4-tri azol - 3-

34)-2- (trifluoronethyl)-1H benzi m dazol e,

2-met hyl- 6- (4- nor phol i nyl) - 1- (1- napht halenyl net hyl )-4-(1Htetrazol -5-y1)-1H

- benzi m dazole, [2-methyl- 1-

([2-methyl-3-(trifluoronethypphenyl]inethyll-6-(4-norpholinyl)-1Hbenzi m daz
ol - 4-yl ] met hanol ,

1-[(3-chl orom%mmlmwmmwbqh@emmw@cxgmmrng@ptwyfny 1H b

enzi m dazol e
1-[(2-nmethylp etlﬁe?%m?ﬁg%%%ebés?%wherg'ﬂo [ nyh? Suflgf-tl%eenr%iq’?l?ﬁte azo lér%n Car boxylic
aci d, etibdile, 2hloatidad-flnorid€.[ 2- net hyl - 3- (t rifluoromnethyl)phenyl]nethyll

-6- (4-nor pholj nyl)-1H Zi L

4<br oo 2. et K ALkl BT HerBERD P RaS et heioosp gied D5ty - 1.

[ 2- mat hytheladifig sl du@mm&tnla& by pleeayd 1-(GHNYT, Y -(CB- |47 amlrthhiokd, nig jeantla
Hoenzi m dazol e, 2-nethyl -

112- et Hyﬂea@rcnranphdduwymfe@ hylppﬁemddlhyémwbqn ehaing andomise pihaspige defipad, 3- oxazol
2-y1)-1

2- )éhl) or gbg&(%&nr@h%%% l%ont%?'r}ﬁ%ﬁ]gléonlz% Cr%rb gzaé - 7- car boxyl ate, nethyl

2-chl oro- 1- (E[yZhﬂBtmyto—air@mStehhgfbmﬂmanlppﬂﬁﬂy¢f]asmsddylietem is meant either

i FZ( f're,[m h]%| a)'hl:n?j 8. ﬁé% ler ein%lzgl(h)zlmeierﬁojf %%aﬁa g eql?etn%al AL 8n b 2 pi3

- 6- (KB nsipd’e inhjttyﬂl)g&l-ﬂ@;emzd a3 daziied- Mmaﬂn:ba&:hhe- aatvaling@diettor|

-

2- (di fluoroneth (4- hal i nyl)-1H Db mdaz e-7-¢ xyl at e,
2-(difl dB%TBWB’Etﬁxyﬂtl*%e %“H%FE% 1P$F§§‘ I)‘ffr “ﬁf bt R b‘?@&t%@f‘& St benzi ni daz
ol e-4- caipoxyd d)x&hét@pedtm agent known to or that demonstrates advantageous properties when

administered to a patient in need of treatment. Suitably, if the administration 1s 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 1somers 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 diastereoisomers.

25  Accordingly, the compounds of this invention include mixtures of
enantiomers/diastercoisomers as well as purified enantiomers/diastereoisomers or
enantiomerically/diastercoisomerically 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
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2-(difluoronethyl)-1-{[2-nethyl-3-(trifluoronethyl)phenyl]nethyll

- 6- (4- nor phol i nyl) - 1Hbenzi m dazol e- 4- car boxyl i ¢ aci d,

251-[ (2, 3-di chl orophenypnet hyl ] - 2- (di f| uor onet hyl ) - 6- (4- nor phol i nyl) - 1H ben
zi m dazol e-4- carboxylic acid,

-[ (3-chl or o- 2- net hyl phenypnet hy1] - 2- (di fl uor onet hyl ) - 6- (4- nor phol i nyl ) - 1Hbe
nzi m dazol e- 4- carboxylic acid,

1-(1-b | 1) - | e- 4-
ar boxy! HEvesguts i e o EoREE b O Bolleniesetts PRORRAULOING ke babipRaLTaRZ0! o 4- ¢
i nyﬁ) I ]ZIHd-dﬁ@)IItZerdJ ﬁﬁ@ﬁhﬁpie&nﬁhﬂb@kﬂ% plezﬁafb@méth)[l,(agldftﬂle?jﬁcregeﬁﬂﬁﬁig-h)ah}bheny "
pnet hy n - zi mi dazol e oxylic

2, 4- di neCRYE- QH%/ ?/{lrlge?fp déf%ﬂ#ﬁﬁ%#ﬂ@% 31Fe]aﬁfefpﬁ9lf g 4ym)rpﬁg: inyl
) - 1Hbe nzsbfﬁbﬂ@? ot l(ﬂjdrolysm characteristics, for use as sustained release or prodrug formulations.

141- (3-chl oro- 2- net hyl p hen%Heth 11 2- met hyl - 6- (4- nor phol i ny1) - 14 benzi m daz
ol e-4- car bo)@,m ]Cbeag@p@ma‘gg wé]{quwkﬂied in the drt that the compounds of formula (I) may

P-nmeth § fal ion ther e pharmaceutic
T

4- ( 2- f urasespiblosalieofife campqupdsedt fhgpuls melwiﬁ cvertismplsalipieansd fremt hyl |

‘ -26m§:1hy| l-rat}x([a(ceﬁ't}/ ay¥ Oécg? abl: ﬁl'ﬁ[}ng%%&h«% ﬁlﬂgamc or organic acids or bases as well as

{[ 2- met hynbteBraty anmbuiomcwais. tﬁdp}qsmmwe]smingﬁude the fqllpwingp acetate,

mor p Ol | ltj:ﬁ%e?é'lggul_‘fb{l%n Zoexrpzo%? ZBljfgrbo%a €, lblsuffatg %%tartr%i/e %(t)rgtet ]Z?I'HII‘F cfir a([:EIYéI as used

her e & W o8 bcar ring
syst em certe; cangsyhays cabonary chieridy) nlamyleﬂlate; cnmtet dﬁg&opiﬂcbmdeyeﬂetane ( e g.

edisylate, estolate, esylate, ethanol amine, fumarate, 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 (1) is in the form of the free base. In one embodiment, the compound
of formula (1) is in the form of the tris salt, i.e. 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 sait
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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15bicyclic, tricyclic, etc.). In various enbodi nents, the nonocyclic aw
ring is C5-C10, or CS- C7, or C5-C6, where these carbon nunbers refer to

t he nunber of carbon atons that formthe ring system A C6 ring system
i.e. a phenyl ring is a suitable aw group. In various enbodi ments, the
polycyclic ring is a bicyclic awl group, where suitable bicyclic aryl
groups are C8-Cl2, or C9-Cl10. A naphthyl ring, which has 10 carbon atons,

i s a suiinedpkien prglthersfoteiugeRDiathe tregineanpot autoimmupgy disprders. apfigntpderr oaryl " as
used hergjn,..u i i j r i LNg:. . System
cont ai ni cﬁégea%:eg’r ‘%%ﬁ(?gf&ga@n ?sﬁ%s%ﬁ eas {)aegg%mﬁfgt% ggg%? % %ﬁ&gg’ta%% %a’rp;% F&{rﬁr%gls’b e

nonocy clringtiorgap Glilyey kiklngy. digkases poasied dggrebstonr crarer] spgmowmptiitey have 1 to 4
het er oat,ons iqtt he .ritng, \Mﬁ"li l.e .a EI?L{AXC%CH c _heteroaryl may contain 1 to 10
hetero alBNEFIBIPIGHPE) A FdTErd "SB¥YYY may contain fused, spiro or
bridged ring Jotipthddnscorfiiag wekafpladg]) abi ciytable forhiet resdudatiph, nosabéy thel ycycl i c
heteroary] .. Bicyclic. heteroaryl ring co in from8 to 12 nenber

at ons. NB*‘FBEVBIO ﬁleﬁ‘étﬂ‘@‘ﬁ’d’gpwsl’gart‘i’@%“%%%%%8@’@?@@%@ er atons

( car bons;RBEvd1aLIBHASbOINE beta BORITRI EbNospRitEIhOME L 3HIRUPEIIG| Tdeefodenzof ur an,
benzot hi ene, benzot hi ophene, furan, im dazole, indole, jsothiazole,

oxazol e, thpgempquads ofihg pressnbinvawiay areglseusul faythe grepaentnf disprdgisydichyy 1 ol e,

qui nol i ng, niem&uibp@hme,sam&éamk inR8lvetHL ROYALHE ndthilpEelithibiddort hi ophene.
According to an alternative enbodi nent, heteroaryls nay be substituted with

one b tthe dewmrdgylation oolibe pPByphdineseides 3-&IMRepsy" as used herein is neant
~0(al kyl) i nGldielpohe flthocu AP, afthoRdd dFd G Ger@bi e abtivedd

descri bed here#%sgaﬁft & rerm 'T%g?%ro 061”5?-;( as u@gggﬁﬁ_ef%ﬁh %_{gamegn? oxygen,
ni t r ogenPIdrkirsed nbibitors, particuBylyttkeecomponmds adt ogént PIAK Bisiber salsetavely ¢rdn neant a
substitue e fr LA, prh@di ri s .de..
By the tceor%i'r'%nE @411 "gj?/lf&leaoﬁ Oége)ét?é\;fg ?’v%%le%ﬁggjggfﬁgﬁﬂeh?}ﬁe%“ﬁt t&%ﬂ%ge(rl)lhggﬁ%' ns as
used heriitreatnisnhef sustieptiplatdoplasaob pansuiddy ihvecindwplasing thaeedmbit-a(ROMR - n" |

" ( )rn". and the like, is nmeant a |inear or branched, saturated or
unsatur a¥E§“Rr ocar bon’ chain, and unl ess ot herwi se defined, the carbon
chain wi |l coxd@kthérei@mhd phase 2TEaY dedidical’@nEPTRY dtfidericeT shall describe

R BT B ol SR SRR oo DGR R
adm ni st Hainb®A). Huch dEliclency 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 “ireatment” 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 (¢.g., human) in need thereof.

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

30  aPI3Kp 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 PI3K kinase or overexpression of an upstream
activator of PI3Kp kinase, and are therefore susceptible to treatment with an PI3KJ inhibitor

are known in the art, and include both primary and metastatic tumors and cancers. According
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10 ki nase inhibiting conpound, as described herein, and a further active
ingredient or ingredients. The term further active ingredient or

i ngredi ents, as used herein, includes any conpound or therapeutic agent
known to or that denonstrates advantageous properties when admnistered to
a patient in need of treatnent. Suitably, if the admnistration is not

si mul t aneous, the conpounds are admnistered in a close tine proximty to
each ot her. S,. NQ tter ..f thﬁsco unds, are

15. Furt her nor i t.,,doe .
S ni st BroagemRomAeidEiion of (eARSRRl o TIRhtie ncodfiaB ARBNS T1° 1 o) o
t opi cal | ytepshdngoablylvdth desariptivndf thayreh@emtdiib pimmter ed oral | y. The term

"conpound" as, used herein jngludes all . isonmers of. th onpound. anpl es of
such i soner s PHETYRE? oéﬁﬁlﬁb?cﬁlﬁ@?ts,Suﬁcﬁmb(ger%‘?ogi,’asm%tlﬁﬂlé‘%gbgg‘ler’foﬂB'P‘r’E)ﬁ?l as where
a "dott ed"Pripongefictict ¥R Ne@nstydwal ons, it i s nmeant that such bond can
be either single or double bond. A ring system containing such bonds can be
ar omet i cbrain (glemashomati c. Certain conpounds described herein may contain
one or [®lSRLal atoms, or may otherw se be capable of existing as two
enantioners, or two or nore diastereoisoners. 25 Accordingly, the conpounds
of this lenkesritd,on include mixtures of enantiomers/di astereoi soners as wel |

as purify ant | j.ast ereoi soners or

enant i on%%?%g% %dglf}{a@{rlg{rogigfsoneri cally enriched m xtures. Also included

wi t hi n t@Gewdmapseassf t he invention are the individual isoners of the

conppun re ented by Fornula (1) above as well as any wholly or
partﬂgl?gh%%ﬁﬁ$§%ﬁgﬁ¢§fﬁéixtures t hereof The present invention also 30
covers tireadt oahicwd, dual i soners of the conpounds represented by the fornul as
above as. nixtures . with i somers thereof in which one or nore chiral centers
are i nvelPflEmapREISBLEHGPT | hvention al so i ncl udes i sotoporers of the
conpoundspigkctkiasantdra (1) . Exanpl es of such isotoponers include but not
limted ﬁp gonpounds with one of nore deuterium atons. Conpounds of Formula
(1) are At %Eﬁnin t he pharnmaceutical conpositions of the invention.
Wher g5 a & sticom&H group is present, pharmaceutically acceptable esters
can be enpl oyed, for exanple nethyl, ethyl, pival oyl oxynethyl, and the |ike
for -CxxiaﬁhQW@YﬁﬁﬁPﬁﬁe mal eate and the like for -OH and those esters known
in the a&kn& ofidi fying solubility or hydrolysis characteristics, for use
as sustained release or prodrug formulations. 5It will be appreciated by

t hose skiefdlgblapiomise art that the compounds of fornula (1) may be utilized
as a phaﬁﬁag tically acceptable salt version thereof. The pharnmaceutically
acceptable salts” of the conpounds of fornula (1) include conventional salts
f or ne@ f hewhapdhagokeerast.i cal |y acceptable (i.e., non-toxic) inorganic or
organi c %ﬁhggm@%xbases as well as quaternary ammonium salts. Representative
salts include e follow ng. acetate, 10 benzenesul fonate, benzoate,

bi car bonhmecagesul fate, bitartrate, borate, brom de, cal cium edetate,
cansylatF carbonate, chloride, clavulanate, citrate, dihydrochloride,
edetate,lgﬁfgyFéte, estol ate, esylate, ethanol am ne, fumarate, gl uceptate,
gl uconat eiclagbmat,amat e, gl ycol I yl arsanil ate, hexylresorcinate, hydrabam ne,
hydr ?ronide, h grochloride, hydr oxynapht hoat e, i odi de, i sethionate,

Iactg e,gPﬁE?WH% A8 Paur ate, nml ate, mal eate, 15 nmandel ate, nesylate
(et hanegwpaice),, nmet hyl brom de, nmethylnitrate, nethylsulfate,
nonopot assi um mal eat e, nucate, napsylate, nitrate, N nethylglucam ne,

oxal at e, PH4FBHE €C&nbonat e), pal mtate, pantothenate,

phosphat gf.dizRh@sRhat e, pol ygal acturonate, potassium salicylate, sodium
stearate, subacetate, succinate, tannate, tartrate, teoclate, tosylate

(et hyl b&ngeredidffonate), triethiodide, trinmethylamonium and val erate.

Q heggs al)§t§osar%9ﬁ5',

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

chronic myelogenous leukemia,
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20 as oxalic and trifluoroacetic, which are not thensel ves pharmaceutically
acceptabl e, may be useful in the preparation of salts useful as

i nternedi ates in obtaining conpounds of this invention and these forma
further aspect of the invention. In one enbodi ment, the conpound of fornula
(I') isinthe formof the free base. In one enbodi nent, the conpound of
formula (1) is in the formof the tris salt, i.e.

t ri s( hy dhoowyelynipboytinianbemezhane. | n one 25 enbodi nent, the conpound of
formul a (d!lj%, |@%¥3 the formof the sulfate salt. In one enbodi nent, the
corrpounc}1 ¥ |l ?Iﬁla(l) isin the formof the hydrochloride salt. In one
enbodi meRtte HmghabbrRpolgnickndd, fornmula (1) is in the formof the sodiumsalt.
Certain salt version f the conpounds may be solvates, particularly

hydr at eseuien %ge’é‘?i'ﬁi‘?ﬁ“%?fﬂﬁt t he conpound of formula (1) or a

phar macegtdit@hdrogiiteRtRRhiE salt thereof is in the formof a 30 nono-, di-,
tri- or hem- hydrate. It has now been found that conpounds of the present
i nvent i cﬂﬁu‘&rlﬁmpgﬂwq(a‘i“tgﬁ%“ lsrkante, Phosphat oi nosi ti des 3-ki nases (Pl 3Ks). Wen
the phosphaiRipgsi tides 3-kinase (PI3K) enzyme is inhibited by a conpound
of the present invention, PIBK is unable to exert its enzymatic, biological
and/ or phunynebbsioyeealkclefepleais, The conpounds of the present invention are
t her ef org, isef il iaikBmine treatment of autoi rmune disorders, inflammatory

di seases, cardi ovascul ar di seases, neurodegenerative di seases, allergy,

ast hite, Mahipteeaydéloms, nultiorgan failure, kidney diseases, platelet
aggregatj,on, ¢c f, eemnotility, transplantation rejection, graft
rejecti oIlr/lle “rlf&ryﬁﬁfég‘lﬁ‘%‘,ﬁ‘ﬁﬁaes. 5Conpounds according to Fornula (1) are

sui t abl em@iloiplettheelomxgul ati on, notably the inhibition of the activity of
phosphat pi nosi ti.des 3:kinases (PlI3K) and, nore particularly, selective

i nhi bi to‘g%uq%Flegﬂ‘@Jyl?@ftglﬁF@SWb%m of phosphat oi nositides 3-ki nase (Pl 3K13).
Ther ef orgoinfelocpitnaikaas, of the present invention are also useful for the
treat ne[}]lg q{ d{ﬂ;sor.ders whi ch are nmedi ated by PI3Ks. Said treatnent involves
t he Fodubatrelfkemidt abl y the inhibition or .10 the down regul ation - of the
phosphat @hl httliyﬂggon%,ki nases. Because the pharmaceutically active
conpounds of.  the present invention are active as PI3 kinase inhibitors,
part i cul 2deying hamh8B8ounds that inhibit PlI3Kf3, either selectively or in
conj uncti@nddickids ASHeMaOr € of Pl 3K8, PI3Ka, and/or PI3K7, they exhibit
therapeutic utility in treatnent of susceptible neoplasns, particularly

t hose nelypiphebtasticHagelldxmplivine. a PTEN 15defi ci ency. As used herein, the
phrage "BLEN d8fikbent * or "PTEN deficiency” shall describe tumors with
deficiencies of the tunor suppressor function of PTEN (Phosphatase and
Tensi n HoHslubgympbgets. defi ci ency includes nutation in the PTEN gene,

reducti o&u%bl%l&ﬁ@ce of PTEN proteins when conpared to PTEN wild-type, or
mut ati on or absenée of other genes 20 that cause suppression of PTEN

f unct i onbladder cancer,

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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As used herein, the term"treatnent" or "treating" in the context of
therapeutic nethods, refers to alleviating the specified condition,
elimnating or reducing the synptons of the condition, slow ng or
elimnating the progression, invasion, or nmetastatic spread of the
condition and preventing or delaying the reoccurrence of the condition in a
previously 25afflicted subject. The present invention further provides use
of the Oﬁgﬁunds of the invention for the preparation of a nmedi canent for
the tre “several conditions in a namal (e.g., human) in need

t her eof .cancer of the Qum@ept i bl e neopl asnm' as used herein refers to neopl asns

whi ch are susceptible to trleat rrrsnt by a kinase inhibitor and particularly
neopl asrféST K&?Str&}"éesg’é?éé'é‘ff?‘i‘ H¥B9%:0 treat ment by 30 a Pl 3KP inhibitor.

Neopl asng,itehiahaagebeen associated with inappropriate activity of the
PTEN phosphat ase and partlcularl neopl asnms which are exhibjt nHtatlon of
PTENS or nut diqcesdingrto apaligsaative s a@frﬁevta%rtef@r syspepf{bieneRplyse emﬁlt“

OVEr eXPI655] i 1o MBS AT Blos Rl Qced noR R NS GunctfdndiRiter of or &

susceptibl'e to treatnent th ah PI3KP inhibitor are RKnown in the art, and
i ncl ude deotdn, gasmmm}ceamlamemashead prd neghpensen hrgas sancer. iclydgedrii ng to one

erbod! M s AeREH gf%h& Afeibhe. PEERIWR Y hedb Rt 360RMERIMDPORLASH MY be

used i nt'6Fchangea descr i ption o treat nent of a cancer
Accor di rr@ntonstmnei mmbmmbﬂmftppbﬂﬁlaérﬁemuc&sl eg.neopChisfethol. 380%Udes, but are not

P G TSI BRI S 5 o s SRl o)
10Lher m mitaGdaec 2o® Maﬁeb(spfwl%flée@sdstmmw), Bir i {0aneane008 Pcb2 1620(8): L‘Zélﬁc er,
col or eCtL’?Ol 1 (g%gt%teercax\gelr)n}nt J tCua ncer. 202)’1}:' I\Fr 19 QZ(?(6)S ﬁS&cHEB(proah%%ggc%of flsem
Dermatol. 2006 Jan;126(1):154-60 (melanoma), J Clin Oncol. 2006 Jan 10;24(2):288-95
(melanoma), Am J Clin Pathol. 2005 Oct;124(4):528-36 (melanoma), Int J Oncol. 2009
15 Apr;34(4):983-93 (breast cancer), Epigenetics. 2011 May 1;6(5):638-49 (breast cancer),
Gynecol Oncol. 2009 Feb;112(2):307-13 (ovarian cancer), Mod Pathol. 2010
Oct;23(10):1316-24 (ovarian cancer), J Pathol. 2010 Feb;220(3):392-400 (ovarian cancer),
Lung. 2009 Mar-Apr;187(2):104-9 (lung cancer), Anticancer Res. 2007 Jan-Feb;27(1B).575-
81 (lung cancer), Am J Surg. 2008 Jun;195(6):719-25 (colon cancer), J Clin Oncol. 2009 Dec
20 10;27(35):5924-30 (colon cancer), Gynecol Oncol. 2004 Jun;93(3):621-7 (cervical cancer),
and J Oral Pathol Med. 2002 Aug;31(7):379-84 (head and neck cancer).
In another aspect of the present invention, there is provided a method of treating a
susceptible neoplasm in a2 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 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 thereof. 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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ependynmoma, nedul | obl astoma, col on cancer, 20 head and neck cancer, ki dney
cancer, lung cancer, liver cancer, nelanoma, 25 squanous cell carcinom,
ovarian cancer, pancreatic cancer, prostate cancer, sarcoma cancer, 30
osteosarcoma, giant cell tunor of bone, thyroid cancer, |ynphoblastic T

cell | eukem a, chronic nyel ogenous | eukem a, chronic |ynphocytic |eukem a,
hai ry-cell | eukem a, acute |ynphoblastic | eukem a, acute nyel ogenous
| eukeni aartbolar eubi-generéaforroywh idescgbddehekeam)i ca @ pharmaceutically acceptable salt

thereof.

In another aspect of the present invention, there 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, comprisimg 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 mamral 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 2 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 mvention, 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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acute lynphoblastic T cell |eukem a, Plasmacytonma, |nmmunoblastic |arge cel
| eukem a, Mantle cell |eukem a, 10 Multiple nyel oma, Megakaryobl astic

| eukemi a, multiple nmyel onma, Acute nmegakaryocytic | eukem a, pronyel ocytic

| eukem a, 15 Erythrol eukem a, malignant | ynphoma, hodgki ns | ynphonsa,

non- hodgki ns | ynphoma, | ynphoblastic T cell |ynphoma, 20 Burkitt's

| ymphoma, follicular |ynphona, neurobl astona, bl adder cancer, urothelial

o RS S-S e kB RO BTSN SR B8 P
cancer, fgasdelih theGRAGRN oMARERPATIaAGsmOA AGeImmal iueedtheeatficer, cancer of
the mouth, In a another aspect of the present invention, there is provided the use of a compound
of formula (1} (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 ncoplasm in a marmmal in need thereof.

In another aspect of the present invention, there is provided a pharmaceutical
composition comprising a compound of formula (1) (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 ()} 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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G ST (gastrointestinal stromal tunor), and testicul ar cancer. 5According to
an alternative enbodi nent, the term "susceptible neoplasnt includes and is

limted to hornone refractory prostate cancer, non-small-cell |ung cancer,

endonetrial cancer, gastric cancer, nelanoma, head and neck cancer, breast

cancer, including trip-negative breast cancer, and glioma. PTEN deficiency

has been correlated to such cancers as denonstrated in a nunber of

publ i shettansdustion patkwayenbibitgysy nhndessrPatyhesine kKgeoanpgmetesIuhiPiore57- 63

Gonet - 2000 RhyAse BehE ARGl Sl RO G A B 0008 ot 21

99(8) : 1296- Mm@hzsoﬁ&Memnc@mg:edﬂeMOrjng‘Ealm@form@ﬂcdvﬁnnaﬂénﬂ)ﬂﬂ( 6) : 1284- 92

(prost at cancer r 2006 Jan:. 126 nel anoma), J
T oncBPREoR v BYSH BITEE Shvifaramaiie SRshdnaiiapinid f5re 005
Cct ; 124( 4) . 526t Bfnicedrebudneni)i;mikaic a@er{mﬁe bhas2 882ifitasgats @bd(<dlga8BhO3 (br east
cancer), Epigenetics 1 May 1;6(5):638-49 ea t can necol

Oncol .~ 2869 eSff*zt%we‘é@ﬂufgg Phohy FHoRsplss §fbt geh ralgpéa%

23(110) : 1a3dibmidtorl VR de B iehIde Sul archoPahid to, dfkpenbRI an?Qﬁé’a)all&ﬂﬁds"roo (ovarI an
cancer), Lunq%‘ 2009, Mar - Apr; 187(2) 104-9 (I ung cancer), Anticancer Res.

2007 Jan- Feb:itenemypids pehictpare derined Tormasiy! sowgss) argphese SRYTE anti neancer

195(6) : 7b2nt thak G@rﬂ@aﬁﬁ@@& phaéesgfm ENee, 12@%%1%@ tRPHE dddpaRlds5924- 30
(col on cancer), 2004 Jun; 93(3):621-7 (cervical cancer), and
J OHl Peggthlote tMaﬁHubm)@Qub&ug OBf.b(B Ticrapdulss) by h@dmgafn‘dl th@@mt@anﬁanssembly In
another ASpeGbicl b, LESCNlh BXEN PR SIGNS, iRl O £19%cR, ot hod of
treating a s sceif e neoplasmin a nama i ereot conpri sing
adm ni st fatlowglgt @xtﬂlﬂemﬁ‘rmﬁipeamﬂdmmﬂa@fe bt arahdtymefeﬂacmdmaxamum andlog@
corrpound(illomf;It e3nnu| a (1) (including any particul ar 25sub-generic fornula

descri be in) or a pharmaceutically acceptable salt thereof I n
anot her aspegtachfaxdlhsp maﬁ)@m Do ENL0pOTB0- KR @ h@droSytpx-OMbfle@na4 et hod of
treating fibrosis in a i n need thereof, conprising admnlsterlngto

the h%mﬂﬁceéat% %éﬁrgﬁéfﬁé?’@mvﬂ%ﬁzﬁe’&)rNréel&ﬁb‘cﬁwhe@V ST BRDSARSE formula (1)

(i ncl udi BgprRRY pRAGEH SIME rSH PR icyew Qe M#ha H8%6H4 ARds ARkBLBRIPr a
phar maceut i caI Ipy acceptabl e salt théreof Fibrosis 30includes, alternatively

or col | evailglds s ansipiseiebl @oigmne%@@@( 356 p megptichpf the @Xﬁﬂ@égﬁﬂbp@h@n&}and
pr ovi dedt & e isgtest i 1D R R el B P e e
manmal i chareetedizédier @lmttpredurqhbmsmk@daﬂmymtaéipgnaghlt methh$ rimemadchanism
;2? EIPeult“oir Ctglatl,t ﬂgfrgla (e:st tlo\f)zelcl%an)%vy ct;apggitya}o b Ll'l'ﬁg tgérelgyolln 1t1ng ar)cer( celﬂCI udi ng
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 areview of
synthesis and anticancer activity of some paclitaxel derivatives see: D. G. 1. Kingston ef 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 ncoplasms 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

(muitiple cell lincages, Ignoff, R.J. ct. al, Cancer Chemotherapy Pocket Guide, 1998) related
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particul ar sub-generic formula described herein) or a pharnmaceutically
accept abl e salt thereof I n anot her aspect of the present invention,
there is provided a nethod of treating nonsnmall-cell lung cancer in a
manmal in need thereof, conprising admnistering to the mammal 5a

t herapeutically effective anmount of a conpound of formula (I) (including
any particular sub-generic formula described herein) or a pharnmaceutically

accept ab p t i nvention,
there i sLogtP?)@"%u%A](g{aﬁg?ﬁggovgfa tt.}% %Ogl%enr?%ﬁ {SE)P%T) (I%%ﬁnésé?%?nqlal ‘mammal in
need theSemfnarscmmncmlsgygg(@q}mérmsl%) ng to the mamual a therapeutically

ef fective anount of of f ) | u ar. ul ar

sub- 10 gener ECWHE?%?%SD&?M“ Errfll’Jl e%‘r“ §( gﬁuﬂg %t?fgét‘& lg‘c@ept abl e
sal t thepgafo bt 80A7R0RAIRGEahGirolkiiex- @!%ﬁ@mnelz;ra\é@c@felmnz&ak@ kisugPr ovi ded
a method of treating gastric cancer in a mamml In need thereo?f corrprl si ng

adm nj st mrqongndr@alﬂmaﬁdﬁww ananjtebtelulaptdumm ITIAKQTE%E@ Dex:eaarmlum tndohted

d.of f I t.
Gomoey baa el S ot ek P RS P bl el SRR Rel P
anot her gfpael usihg b haupl p;&angorj Tv@datdt@irbactdnang, dx&aﬁé@ﬂbﬁ&lﬁb weiiebhthd of

treating_nel an need thereo r|S|ng adm nistering to
the manmEFTOR4M V&Hs%??*teéif)ﬁ 1@@?@&%&}@@2{4{3%6&@ "OBRidund of fornula (1)

(i ncludi ng anyiRakikhlidsafe b GEARE hti-hMpiHicadas @6iRadroReihe plwiaklca
pharmaceutical | y acceptable salt thereof. In another aspect of the present

i nven®i omlant h\élrﬁéa ‘Pl%al%‘%%t abihe M phosh Geitass) ?ﬁtb%lﬁqﬂffgdﬁé)a&l@@lwaoﬁ@élx i ancer

in a mamgRlyh nc&%%guehhfrtﬁ@ﬁomaﬁmm %o[&ul@‘i‘i%bﬁtt@ﬁélﬁ?ﬂeﬁé} ihige manmal a
t herapeutically effective anount of a conpound of formula (1) (including

any part rdapabulsy bMiesieisibeligved tabeareaisd i Betaphses @%yelbieaﬁl fpbawingceutical | y
accept ablg, 3 @Jeé o%xhﬁéa%‘ﬂiahm%s 18?lude| BuHROh R $inidd &?%b&éuﬁeh%n%sﬁﬁg%d' nvention,

there is provided a net treating trip-négative breast cancer in a
manmal |Num3ﬁdn¢hereof conpri sing admni ni stering to the mamal 25 a

t her eutlcal ectlv t of ound. cl udi ng
any rt| cul a{y}’% ﬁlél ﬁgﬁﬁ‘%gir%%{ﬂegug%g E% I{:}erﬁmﬁ I ?Tgf\%\fa@;eutl cally
accept ablag irféddbid Mﬁ@ﬁ]‘ Although, it his RR¢bIE erlid1@slmeast a Qf’:oﬂd"lﬁlepli@s;ﬁ/ﬂif vhfisent i on,
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Myelosuppression is the dose limiting side effect of vinblastine.

20 Vincristine, vincaleukoblastine, 22-o0xo0-, 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 commeon 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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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-chloroethyi)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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Dactinomycin, also know as Actinomycin D, is commercially available in injectable
form as COSMEGEN®. Dactinomycin is 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-f(3-amino-2,3,6-trideoxy-a-L-lyxo-
hexopyranosyljoxy]-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, 108)-10-[(3-amino-2,3,6-trideoxy-a-L-lyxo-hexopyranosyljoxy]-8-
glycoloyl, 7,8,9,10-tetrahydro-6,8,1 1 -trihydroxy-1-methoxy-5,12 naphthacenedione
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251986", Attaur-Rahman, P.W Le Quesne, Eds. (Elsevier, Ansterdam 1986) pp
219-235. Pacl i t axel has been approved for clinical use in the
treatment of refractory ovarian cancer in the United States (Mrknan et

al ., Yale Journal of Biology and Medicine, 64:583, 1991; MCuire et al.,
Ann. Intern, Med., 111:273,1989) and for the treatnent of breast cancer
(Holnmes et al., J. Nat. Cancer Inst., 83:1797,1991.) It is a potential
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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

tnclude, but are not limited to, fluorouracil, methotrexate, cytarabine, mecaptopurine,
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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.
Myelosuppressiorn, 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 (-isomer), is
commercially available as GEMZAR®. Gemgitabine exhibits cell phase specificity at S-
phase and by blocking progression of cells through the G1/S boundary. Gemcitabine is
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Di sease. Nausea, vomting, cf anoreX| a are the nost 15common dose |imting

side effects Qﬁﬂlim&@mbamplnémgmﬂmbﬁmnn@ndnunptn‘é@tph deiviatisesarenvaisblpirase
spec Sf' CurdBEgE Vo TR Rhask Phi& bcft%l ab Gt CIfiS cytotT7Y1 (:1al | Yo such action
PBBRA" E3R BPlskep S AT

results In sta exes. or st ran rupts ordinary
f unct i orbebfvedive berldted iiac'ﬂod&sdmaherﬁgﬂnlmtocﬁhdtlvdﬁaﬁiumpﬁas&lfpdmlﬂomémmt ibiotic

Z‘Qt i - neo%iﬁéet Ib t aal’eg rl hrm{eﬁcf\l H‘lqlgtecan opo eganngtgd tLE: \%r'{o%s optmal t%Ct I 4(—:I ns such

methylpiperazino-methylene)-10,11-ethylenedioxy-20-camptothecin described below.

Irinotecan HCI, (48)-4,11-diethyl-4-hydroxy-9-[{(4-piperidinopiperidino)

20  carbonyloxy]-1H-pyrano[3°,4’,6,7Jindolizino[ 1,2-blquinoline-3,14(4H,12H)-dione

hydrochloride, is commercially available as the injectable solution CAMPTOSAR®.

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 HCl 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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20 dactinonycin, anthrocyclins such as daunorubicin and doxorubicin; and

bl eonyci ns. Dactinonycin, also know as Actinonycin D, is commercially
available in injectable formas COSMEGEN(r). Dactinonycin is indicated for
the treatment of WIms tunor and rhabdonyosarcoma. Nausea, vomiting, and
anorexia are the nost common dose |imting side effects of dactinonycin.
25Daunor ubi ci n, (88—cis )-8-acetyl-10-[(3-am no-2, 3, 6-trideoxy-a-L-1yxo-
hexopyr apg; gﬂr)dogg rof find okl OHIARK iR Grut 4 Jtoh KibRarHCITet hoxy- 5, 12
naphthacen di one l'oride, 15 comerc al ava e as a |iposona
|njectabhgdbmmpnﬂsommhhﬁﬁﬂwﬁﬁmmmnas an |njectable as CERUBI DI NEa

Dat t nor ubi ci n Lhdi ¢ for nt of

acut e nonl yr’rp’h%ﬁ?hngeﬁfsg g‘ﬁlc%{n%ﬂ eCI v%lnnvceoﬁn Wgégl&o}:ﬁ?a egﬁ%ﬂgg

sar cona. uﬂ\téeha&m@pfeﬁ@&icmﬂmgshdﬂaeemanmmm fetosas wdllnis tlicRyarsi e effect of
daunor ubi ci n. Doxor ubi cin, (8S,

10S) -210- $P8UARERo- 2, 3, 6-t 1 | deoxy a- L- | yxo- hexopyr anosypoxy] - 8- gl ycol oyl ,
7,8,9, 10- tetrahydrofAS 11-tri hydroxy- 1-nmet hoxy-5, 12 napht hacenedi one
hydrochl oride, is c W ) | y available as an injectable formas RUBEX(r)
or ADRI AMYCI N RDFQO.-N rub| cinis primarily indicated for the treatnent of
acute | yrrphobl astl c |l eukem a and acute nyel oblastic | eukema, but is also a
useful ¢ s e treatnment of sonme solid tumors and | ynphomas.

Myel osuppr ess '
doxor ubi crn:
antibiotics isolated fromMa strain of Streptonyces verticillus, is

comerci al ly avail abl e as-BLKENOXANEO. Bl eomycin is indicated as a

pal liative treatnment, s a sbngl e agent or in conbination w th other
agents, of squanous cell carcinoma, |ynphomas, and testicul ar carci nonas.
Pul nonary and cutaneous 10 toxicities are the nost common dose |limting
side eff cts I [ t ¢ _but are not
i mi ted th@ ﬁaﬂ%’ﬁf‘g ox.ﬁghﬁ&%&%ﬁb’# m!éfﬂ%h‘mi lgtlgxe% sfé“g?‘gx Yphase
specific za(rm,$)—mqapithmtn (wwmﬁnhsude)rqr \iw-medlmptlmeazmrrdqttbjdene@-llﬁ,dﬂ-

col | 8y erEvsg B R B b i R TR IRRS o,

causi ng DOIA1 2thyionedidoy-DI(B pksaptdthesis (S eauanhdmm}al&xchcmpmmdaewahat releted deat h

et opos, d6TRRGDLR ot Tk et eahal gk g i §ES dPH1 R s 8 ephyi 1 ot oxi n
9[ 4, 6- 0- R42987; Iy Iopepes5,48; 1371 aue pryia 0S| phednt ApplicadomBo 0807172 1avikidl abl e as
an inject abl e sol uf | on or capsules as VePESID(r) and is commonly known as

VP- 16. EOWEEPHEE4 Y¥ndi cated as a single agent or in 20 conbination with

ot herjschenot h?foﬁﬁune@gﬁd\ﬁ&nbﬂaltahﬁo@ee&%rﬁemﬂ défnpbﬁlﬁtslf&lﬂeaﬁng%hﬂcdﬂ@iﬂ smal | cel |
| ung cancers. l\/yel osuppressi on i s the nost c nmon Sld?qe{é%(pﬁm of ﬁiopom de.

The i nci ddvidebere iy eiskgpehinbetesad 9(‘%5’“5‘8“@@8 Bpeni a.
Teni posi dencef’ EARMRERY hotRinBOgRRY LR Maldiusd dheft Rrdafitet nbdipotlindiene- | 3- D-

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; progestring 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, bicalutammde, cyproterone

25  acetate and 5a-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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gl ucopyranoside], is commercially available as an injectable solution as
VUMON(r) and is 25 comonly known as VM 26. Teni poside is indicated as a
single agent or in conbination with other chenotherapy agents in the
treatment of acute | eukema in children. Myel osuppression is the nost
common dose |imting side effect of teniposide. Teniposide can induce both
| eucopeni a and t hronbocyt openi a. Antinetabolite neoplastic agents are phase
speci f i O.2At110nesehl Bsh¢ weaggenios hetmene derendant Beg0 cypiagma pENthagynt hesi s)  of

h ] . S ) e O .
pyr i i i B ETe Bkl ebhidg B SR B R R A Bl U2 et 1y,
S phase vdodsstmatlatp theceede afilduitetihg deatdne fI0H) ador fdikaapinadatok hamhemeet abol i t e

anti-ne i ents.include, .but are not lim.ted to, fluorouracil,

ot hot r oAb o B bASa Cuciduthe, Mrdn Mot L FRonle® g GERER B8 e
5-f | or autlass doserdhd hadtatconnd Iprol{dkH, 3H) pyri m di nedi one, is comercially
avail able as fluorouracil. Adm nistration of 5-fluorouracil leads to

i nhi bi tion of&w@mrawaelépﬁgmmﬁgoraﬁEF theseptdtars, o1 %@alq%?hﬂ(f both RNA
and DNA.chdhgral §6tdsé whitRiebkel ¥n infradefibilar SRaEY . ADusedhérbialiay bkt isiceil | ndi cat ed
as a single agent or in_conbipation with_other chenptherapy agents in the

t r eat nerittolgeragign ey ¢ifpegatiatient Bignd teadyctiop gihgptorsuseiul i thetressBidAVAHED pancr eas

My el 0s URREIRESHRMItGE df AUGAS thiosin@kRad9SRnlrk dhiot Reostledenasdsf ect s of
5-fluorouracil. OQher fluoropyrimdine anal ogs i nclude 5-fluoro

deoxhur i FH3eH} f#qr@tmblpdierﬁe?e@ﬁéﬂgmmq liogsed phosphetidy] inesitebd plasssphz-e.

10Cyt ar ahi ey o 4=.a0) - d3- bi nof uranosyl1-2 (1H)-pyri m di none, is
comercﬁgﬁﬂ@l%é%a?lﬁ%gﬁgi{g%&é%% \R-U(r) and is comonly known as Ara-C. It
is believed tSvatralgyotamdiviosiae kinhich c4tslysethe plphyplyaylstipmaifispasifiotymsylS- phase by

i nhi bi ti VA ' i . t jnal ci rati;on of t arabi ne
into therggcri oW ngg}%k&p%keg%%go(@%ﬁégg}birﬁélrﬂ%t{sa%iorf]%é‘g% §gk%&§%hng e S%Sent or in
conbi natkimascswantbe btdadly otdssfred moreagpior agent-sceptortkives¢sr eat mrent of acute

| eu ia. 15Q her. cytidine anal ogs include 5-azacytidine and, ..

o S0t 1 uorsaabey e e®R S eaare e PA PR Rl fetndopen a,

t hr ombochihdipe dbrazin anehnbideaiahé domain, and a Mrogaitioge domain. Receptor tyrosine

1, 7-di hydr o- 6H pur ne-6-t hi one nonohydrate, ,is co rcially avail able as
PURI NETHEFCPS ¢ RSP R bt FHER ek B G {5 SR U SdEP T Py 6. phace by
i nhi bi timRegpldNA BypdrbgBiteSoryic@itrodlsd Sftiviein dfigRe of fheediiReah adiabéfrant

Mer capt opuri ne iE 20 i ndicated as. a single agent or, in conbination with

ot her cHERSE BEPYP Aol E3FERI0T 3t ite 1ph Ry oyFr-SiRrston iRwAtioq, has been
My el Bs UpdbRe %6 ABultRdmB@sioled MlBsbiihal Adbaasly, e aBétune¥PRa} 8fsghde ef fects

of mercaptopurine at high doses. A useful mercaptopurine analog. is
azat hi Oplf‘lp"}‘?é&:' has been hnked fo 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 (VEGFT), tyrosine kinase with
25  immunoglobulin-like and epidermal growth factor homology domains (TIE-2}), insulin
growth factor -1 (IGFI) receptor, macrophage colony stimulating factor (cfims), 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. I. 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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Thi oguani ne, 2-am no-1, 7-di hydro-6H purine-6-thione, is commercially
avai l abl e as TABLO D(r). Thi oguani ne exhibits cell phase specificity at
S-phase by inhibiting DNA 25synt hesis by an as of yet unspecified
mechani sm Thi oguanine is indicated as a single agent or in conbination
wi th ot her chenotherapy agents in the treatnment of acute | eukem a.

Myel osuppressi on, including |eucopenia, thronbocytopenia, and anema, is

t he nost co n dose |im#ti S| ef i i 1 nj stration.
Hovever . oaa B agieh PRl Broflh flor Rl ARHEN DRI T2

O her putédperayratingsinases. | Notlerqpepbiagioaink kina8 usfyitih thehyaeoiywronigd, adeni ne,

f 1 udar abi ne phosphat e, and, cl adri.bi ne. CGenci, t abi ne ' -deoxy-2',
R N i S Oy i L v o o

avai | abl g CEWEAR ddhesidzEiBist R Briiensopidisiat kihagehdd Pliase. Speaiohi city at

5- phase and by bl ocki ng progression of cells thrqugh the A/S boundary.
Gencit adieprPtar&inasgsding 380 which PP ERSDIRF BROSEiedTast Fction armdesey ment of

local l'y iﬁg‘,\ﬁﬁf,‘g.eﬂldr@?éﬁ 181, (1998} Jouktin 6f QanfehedPHaii Q88 dell Reb@rdn@@l.nent  of
| ocal | y advanced Bancr eati c cancer. I\% el osuppressi on, incl udi n%s eucopeni a,

t hr onboc4aSopehaed Belaw JdhePivage. IS (K9 Trmspuad snitnoldesmnplogy + i5hd7ls#lfe ef f ect
of gentitabi REE Bh Rk | , o hindine i

N-[4[[(2, 4- dirsg{m no- gbr%%lé?lld(ﬁ?ér%fl?‘%%ﬁ@ﬁﬁfﬁnﬁﬁyﬁ}gﬁ?ﬁﬁg' dtg)é%aénptg}lm!hfl 111agl utam c
aci d, i svatistyndreozyandsyr adeaior atitensiochrémp s & pidsubai, Sra fanlly kivesesxat e
exhipits cell a f i 4\ I t ] nhi bl L DNA

synt nesi ,aptiplé EF?%\@?‘ %f(?r?(g%ﬁ?lgg%g)éﬁg a%g%ghggﬁzﬁ?ﬁ%%ﬁ%%r@g%g’;hydr ofolic
aci d r edamit@asecr\ihigs lare discussgd i Srdithigat!, §.¥n(198%), uofal piRliarreacologicabaniddes and

thym dyl ate. Methojrexate J5,.Lndicated as a single agent or in conbination

loyvvi t% Jﬁ?’ﬂ“eql%??é%%‘*}?é%’%@)ié%ﬁ?s in the treat mgnt 019 chori ocar ci nona,

Eeni]I ngeal kI e Ul Bilsiters oﬂsaﬁﬁgg@dnm@sﬁ?mhemngm kimae casndsblotketdwehibl east
ead, neck, ovary a adder . el osuppressi eu ia

t hr orrboc?ﬁ@ﬂ%h@é‘?er%m%@ﬁfeé)(mgﬂd“dﬁﬁ%ﬁ?gqeﬁx & ﬁ@%ﬁ%@#@fﬁé@éct of

met hod r exat B naedliultr Ref@hic® RinatRNBREGN Q6 Pdteit Kighdddl fahilyGaitepblaciedrn and

canptothecin derivatives are available or 15 under gevel op %@%S

Topoi son&@ckdiazplqckers B PioFs (alrhanbats SRBER APPSR Bitolemb %;d?tﬁ»\ﬁegs 8% eved to

be rel at gehik Ik s Iiiglaya IPRIBRAAS KirlasdsNAK Kifisy radilyl ddribbrs, EXENRE @8taOf

canpt ot heci ns i ncl ude, but are not f,i mted to irinotecan, tqpotecan, and
t he vari @G@t@ﬁﬁ"@@ﬁ- Sugh Wt@fﬂqec,‘(lme kinases and inhibitors thereof are described in

et hy! Pl RERATHAOT IR SRRk, R R9DY haRRALPKRANSAIILG )00 Rodlescr | bed
(4S) 20, 1Brafit.d}, Ryman. Ay edoNgvab, R (A04)p Biachemiey iFaimagplagy, 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 Phosphotidy! 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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20car bonyl oxy] - 1H pyrano[ 3 ', 4’

, 6, 7] i ndol i zi no[ 1, 2- b] qui nol i ne- 3, 14(4H, 12H) - di one hydrochl oride, is
comercially available as the injectable solution CAMPTOSARO. Irinotecan is
a derivative of canptothecin which binds, along with its active netabolite
SN-38, to the topoisonerase | - DNA conplex. It is believed that
cytotoxicity occurs as a result of irreparable double strand breaks caused
by interacti dvnodfr gioup obsigrapbinsduasion pathivay inbiiiitors afg inmbsoranf Bes SN-38 ternary
conpl ex A eRl,cat i 2 sl 1 | Se.lndi d for treatnment of
nmet ast at%&g%%b g I?l&hogﬂtbﬁe SE%%%J%?%PMI%%%%%% e gose” Iglglgéﬁigﬁbangli de effects of
i ri not ecansfeikaic, aneCAPN poieprs esetld as antirehedlipgnuekutideopézanessand G ef f ect s,
i ncl udi ng_di arrhea. . Topat.ecan, HCl, . ..

(9) - 10- [PHIRBRYPL S50 HERYY P8 Dbt va ol pgiguopip cells containing
30pyrsancifd tyfe miatati famn gibkieBy foing a2 arbipﬂﬂifét@ﬂidnr@tﬁs.lﬁhs 6ﬂ<l‘(kg&12el’ihlz)iléiti@ﬂ @l

nmonohydr gchl ori d Is comercially_avail able as the injectable solution
HYCAMT NIt 20319 O GoRoTPaes Ve oPeaitpt St UeRh Fuki0BM. Lot o ¢ he

t 0poi SONBbASEcA] SciePNA7QY NP -8XAMBY, MINE Y BIV8F, Culehdfihioh ilpiipﬁibm%y.eﬁ(ﬁt rand
breaks caused by Topoi sonerase | in resgﬁto;gse to torsional strain of the DNA
nol ecul &9 THRo tstRiRChem | Bigphyat Aef2 /(P88 HEABNIPHE- treat ment of netastatic

car ci noma of AdGentiON&S oA AnSHHRY lante Srlistd MNYcHaR &ilase JARd IRIH. |ni1a§1:a‘s.bn9 si de
effect of topotecan HCl is el oOsuppression, primarily neutr(%pe i a.

Al sollof serveas aignal tiagsduptiondalpiters.nEib arote of signal ransghctioo pathivay mhbitbisowi ng,
tl; -t ' ' ' RS formas

vl | a5 THANRe SEKPLARIRRN bRl B iR f 36 e TRl io]

" 7- ( 4- meeteplapitpesivzkinesenFohsdacpls) lnke®ng €285 F@FRspchidxy@D6d; (S Gaampt ot heci n
' ' y - | RI perazi no- met hyl - 115

(e T AL el AR R ) 2005, Cfp et cont)

" 7- (4- meadig)l pigpEscaAiarcephin (BytbBR egtiboliQ (skd Tedokivit Bhvedd Sixyal REY iD)Breanpt ot heci n

(S epant | ARl e sl KRS odte Wiltes Brenst bk S Res., 2000, 2(3), 176-183);
and 2CB VEGFR2 specific antibody (see Brekken, R.A. et al, Selective Inhibition of
VEGFR2 Activity by a monoclonal Anti-VEGF antibody blocks tumor growth in mice,
Cancer Res. (2000} 60, 5117-5124).

Non-receptor kinase angiogenesis inhibitors may also find use in the present
20  invention. Inhibitors of angiogenesis related VEGFR and TIE?2 are discussed above in regard
to signal transduction inhibitors (both receptors are receptor tyrosine kinases). Accordingly,
non-receptor tyrosine kinase inhibitors may be used in 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 (alpha,
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 immunotogic 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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conpounds are described, including nmethods 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 Novenber 24, 1997. 15Hornones and hor nonal
anal ogues are useful conpounds for treating cancers in which there is a

rel ati onshi p between the hornone(s) and grow h and/or |lack of growmh of the
cancer. Exanples of hornones and hornonal anal ogues useful in cancer

L eat Mebuh ! i R 13080010 LahdoPREE AL S560af76NA0 hEA 90 B Bliflepgich as
predni soné and predni sol one’which are usetul in the treatnment of nalignant

| ymphoneR@béhsdcantdeKipp/KE (1 988), rCanhér|Rbs £38: ;1989 18(Hi nogl ut et hi mi de and ot her

aronmat ase inhjbitors,such as anastrozel e, tr . VOr d

exenmest ane u e&f‘g Lis?ld Wﬁéo@?%g?%ﬁ'tmeg? 83 rbe‘:%gg%rf% I?Jgg)flg%nglf%l&ﬁ%%m%d hor none
dependendlsdiseansd inCthé conitsinaiot @Nthaiprdstry iv@htiag denbes @ptheBe]-2 famifiest r i ns such
as megestrol etate useful in.the.t t nent . of. hor. ependent breast
canc ﬁategﬁ%g@?&t@ﬁ’p&?m% PreghiateR Ofeb§['$ gﬁqgtﬁg?foé%llf% B&%B%O &W%'oé?ﬂsfa}l%dr ogens
such as $iuitanivd8hovil Inuf tBebAGrmbl GokuliadbEGFS tRditey MficapdfoAcet at e and
5a-reduct ases such as finasteride and dutasterjde, useful I n the treatnent

of prostmembers at b helrdafaay (rerndrl) prisetere; watepiseiesiedphtp, dogmrssrigtitio gens

such as &Lamxhi 6fcl DAk G- ERNRe dEAbAYLES Bnicd bolpXidionenod syl @e, as wel |
as selective estrogen receptor nodul ators (SERMS) such those described in

U.S. Patleials, masecly Gemgy G139 bak2 gntsepseapligappgleotido Bncly papqpéaticgirategics he
t . - ' bl
reajqre nﬁsn%f dthg gtlri] 15 0% oﬂ%&%@ggtF&e sﬁ‘ﬁt%?t?rl arL4 o 9{6%113%%111 g%géﬁs %{-’QC@@@(}) e

cancers; a tropin-releasin ol ui one ) anal ogues 't her eof
whi ch stl. fliha®ecdlhid: t&l2ek888; anfl Kitda § ni di (189490 Anbsease(Ras) Dend/ @L-7Pol i cl e

stinmul ating [,J7ON F for, .t he t.reat £ i | JFBeyf OF
i nst ance, LHg%lg%SﬁﬁSg%n %ﬁlﬂé H’?‘ g)rllttmésgué%l%%%gggg%séﬁl%ﬁ%%@%é}ges%rﬁ%ﬁ n acgpate and
| upr ol i deycle. A fam8y gfipdoteiir lanseueltled oy clia tibpumytent kinades (CPKs)ané tltefrose

i nhibitors, ich block or inhibit chem cal, process i ch . evokes an

i ntracel ]I“?ﬁr%#\{gﬁﬁ'étﬁﬁefgmﬁéo Qiging er“@]e%c)f"”ﬂflsscoé‘%glﬁﬁéogregs%%w&uﬁg S feration or
di f f &5 en&ikatyodd celStygRaiThd dodntised dctiRationhund idactivtions ef differem ciytie/PDESs ent

i nvention ilﬂcl ude inhibitors qf recegtﬂ{z t rl?Si e éi nases .nﬁg)n-regeptor
tyr osi neYERISHEs IS negepsasysor REASEESHPD ERetel heqellicnd? + PR ashiiR RIS PAses,
phosphot idlydycieRsitiad a@ kidasfSepriBn0 iR Sistatide, Siagipik oNgycliadehenasmtoncogenes.
Sever al {(),r otein tci{r osi ne ki nases catéall yse the Fhosphor yl alﬂti on ‘ﬂf ?Opeci fic
tyrosyl Fasieadaduding GRR2GRKA BE&IHS pRlBhibLers {9 thesamp g lesiriogh Mo forcel |

gr owt . Syl RalAldL kY0P idHh khaapass mRobRdmEshbyocl assi fied as recept or
or non-receptor kinases. 15Receptor tyrosine kinases are transpenbrane

prot & ns havi Wgnasmésdimaetetie Giger Fagasmd mstiedion e gbirastinvertior Mskiehbr ane
donei n, gRdoaak¥li9RtibEa KhRRRAd ORI 1 BROSRE fHarhab@RbMLadcERAE SalRT ©

involved in the regulation of cell growth and are generally terned growth
factor rbubpeoelateoiappiog theeobanst at [agsiome aefi-neaplagtie 1828k Fesh 28P%rany of t hese

ki nases, _| ' : FMAdyn foOr exanple
* sdlecBed RAE IHeR0up oRARS OF AR SAGEGE 2deRE R BInAGdthd¥n np
by over-Sei%;reélsm one%?éuﬁuf)a 1 of, %g[s een l% %ﬁo%ﬁ_t or esuo}{t_ in uncontroll ed
cel | gr ovarhplextscadkydatinglagents, atitadieregonts,donoispireyaso il ighiiterk entimetsbdlises. been
i nk to malignant. 1SS rowt h, C%rrﬁ e ldg%’;\é# I AhRLIRLS 86 daich Kinases
coul ggprg’\pf)ﬁ%mgrﬁ%c%}?m ﬁ%g’?ﬁ%ﬁ?ﬂ%n% c}11(1:)0 s.8 ac(i} 0 ?’astgpor r ecgp oS T RCl ude,
f or exanihéhitoesphaersgitorgyovhdkihaetaogiop@esp tnbibitoEGRmuynofleapebtetagdms.i ved
growt h factor recegtor P r?, e e
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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erbB2, erbB4, vascular endothelial growh factor receptor (VEG-r), tyrosine
ki nase with 25 i mmunogl obulin-1like and epi dermal growth factor honol ogy
domains (TIE-2), insulin growh factor -1 (IGFl) receptor, macrophage
colony stinulating factor (cfns), BTK, ckit, cmet, fibroblast growth factor
(FGF) receptors, Trk receptors (TrkA, TrkB, and TrkC), ephrin (eph)
receptors, and the RET protooncogene. Several inhibitors of growh

r ecept or¥idglydut peréerallvell de dont abanich 5i g forbeud J @mdoallgt: agjbrWaerss lignd | bodi es,
tyrosine, | i owt h factor
r ecept ors%é%gssﬁaaegltms&%a?{tﬁm |B?8‘atﬁ \@%@g%@ﬁ &ggtee S%n g&? ag:;)n are
descr i berpsulgsterikshjactelds liguid Kahhs an] anhpou:, or E)(zmue@molﬂnoﬁﬁhﬁﬁ’ous Rati¢ént s (2000)
10(6): 808%3%&1ggibn8hawer et al DDT Vol 2, No. 2 February 1997; and Lofts, F.
J. et al®*E%GWth factor receptors as targets”, New Ml ecul ar Targets for

Cancexr Ch e nmotTemagyhacadical \ModpliEtns d?amhd@fndod@g comRWiichal (cfaiQeesss 1994,
London. 03| ne é}enases whi ch. are n(? growt h factor receptor kinases are

t er med %08‘&%06 nys FYevig RixRgsgant ‘NH‘& FECOPPEPS Y MOSE AeRAaSEs usef ul

in the pt&lﬂétefﬂhns! BY @DGhD Allingfahg Bis@And Bt Gk &idHs, 9@5 Fpkigde, h@naehs of
anti - cancer drugs mc%)ude\é?Src Lcké F?%tr Yes, I% plﬂ e1 %FAK (Focal

adhesi o eﬁ'ir‘?ijdérél)orpﬁeﬂfte ErGElW%S| ne kinase, and Bcr AbI Such non- 5

receptor ki ngsfss émpk ﬁﬁ%ﬂﬂ?m%&{t&l%pﬂaﬁhééahtﬁcan?Qctfv%%&%&fndé ¥r0sine kinase
function are described in Sinh (1999) Journal of

Hermalbt HRherpareating! dasasn uias deerkedrabhvewilige: aw@amem, nemekiBgquatity J. B.
Br ugge, bli]:ef%rab sz%%%tza ﬁémuﬂan%ﬁ/ﬂmloflg? %Ae%ﬁﬁggo&% é%ff H2/ SH

donmi n ockers are ents t di'sru bln I‘'ng in a
vari ety &00lendymeke oWhaebgatiog aprosepaisni mmleectimfwg‘f’l319113ub(top85e sldotedi t, Src

famly ki é‘ﬁ%ﬁmﬂi&ex?%?%&?éblfg%ﬁg% gl%es( (ﬁhl orgﬁjher e entera yb%}‘eferre iRa ny GAP

SH2/ 5H3 domal ns as I -canc are di scusseg
Sni t hgal df pafenteral (acltgﬁlEs)rﬁtiQh)imlned tombai@hmcmﬂgﬂkmgdmhllﬁhﬁm]&mmaﬂdog| cal

Met hpds. i bi.t of Serine/ Thr eoni Ki hases

el G res Bl A% iion. QuabadsPeR s B Pin SRR e O BB Oh R e ki nases
(rack), I Mm 0@6 no efooﬁng gmaw tdr@’ouﬁﬂg&ld:c@t’(ﬁﬁ% 16 dnasmbéd\/fbﬁst}le o&5?@agb i
Extrace ar Ki nase ER and, Pr i.nase C menber
b ockor ot Nt S SRR T BaOR i o Ure e b S ey

| anbda, memosz@ts &) prefek 8. Kianas@al atimifidtyation, KRigh ldlfdﬁ@a& hdWBed, alRd ban tel nases,
AKT ki nase nenber s G- .beta receptor kinases. Such

apnd TGF
Seri nel/ T‘H‘F%B’ﬁ%? ?(?W&fé’@%enéﬁ’i‘ﬂ oF HiiPBii"6r s t hereof are described in Yamanot o,

T., Faya, S. ,o;iﬁamdmu@dages the adxﬂﬁ&&}ed rﬂ@lﬁ&e&m@fdeﬁhﬁﬁ@@w Sbfeskilibd 6 1(h5)
799- 803; ZOVPr odt, P, Navab, "R (2000), Bi ochem cal

Phar mac gbgyd WBbvary vist ﬂ?ﬂ@‘?“c“’l%ggd‘@%?ée mjibitogys) use,thg BicBth pf the 1996) Cancer
Surveys. rgﬂarﬁﬂen%e i3k bi élimlﬁstﬁmon ahd tﬁ‘?&d&h&em@nt‘ef HelBak cof@hiGer Tr eat ment

and Research 78. 3-27, Lacke K et al Bioorganic and Medicinal Chenistry

Let t er s, Afditgnal fagtyes deporslineg: the pasticubetatient Reing GegeBwidlgesultine need to
Mar ti nezj@cagdsagds, inclBing 'pat1e|n{'arige, v}elgﬁ‘?@ﬁﬁ bnd 2098} adnffitdion? ﬁxgigplary

25  dosages include oral formulations equivalent to 10 mg, 25 mg, and 100 mg 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)phenyljmethyl}-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)phenyljmethyl} -6-(4-morpholinyl)- 1H-benzimidazole-4-

carboxylic acid.

The method of this invention of inducing P13 kinase inhibitory activity in mammals,
inchuding humans, comprises administering to a subject in need of such activity an effective

P13 kinase modulating/inhibiting amount of a pharmaceutically active compound of the
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251 nhi bitors of Phosphotidyl inositol-3 Kinase fam |y nmenbers including

bl ockers of P13-kinase, ATM DNA-PK, and Ku are al so useful in the present
i nvention. Such kinases are discussed in Abraham R T. (1996), Current
Qpinion in Immunology. 8 (3) 412-8; Cannman, C E., Lim D.S. (1998),
Oncogene 17 (25) 3301-3308; Jackson, S.P. (1997), International Journal of
Bi ochem stry and Cell Biology. 29 (7):935-8; and Zhong, H et al, Cancer
res, 30(20 . , 1541-1545, Al so useful in the present invention
are Myo- rr?geg%{ng%tg?ngnal ing inhibitors such as phospholi pase C bl ockers and
Myoi nosi t ol ahled iogentien alSoproveiegfoalhel ushd i tcoonwued of Mescki(Bedthen Powi s, G,

and Kozi kowski, A. 1994 w Mol ec . Targets for Cancer Chenot herapy
ed., Paumawjﬁmr‘?fﬁﬁfbe%ﬁ&%%%@ﬁ? %@%ﬁ‘%@%l@ 8" London. Anot her
group of si gnahe hvamisa et bRRideaidndayuse 8fd dinippisd af Borinnhi(hiit okes of Ras

Oncogene. Such inhibitors include inhibitors of farnesyltransferase,
ger any| -Q@P‘gﬁwero?%‘?ﬁ%’é&o‘h‘ﬁﬂwp%rot eases as well as anti-sense

ol i gonucl eOtiT’%véﬂﬁ@ﬂébé@?ﬁwﬁ!&@fdrM@bh@é@@bun&ﬁbﬂnﬂfaggiiﬁ fHes have been
shown to block ras activation in cells containing 5 wild type nutant ras ,

t her eby senvaguesof amedipempntilan ye inkeaiige Artgimmune dedsie HELIRRIBY t i on i s
di scussed;] : , i LIV ithmaphncrddiigr . P
giséﬁeéem%:o%ls%ﬁlﬁr difeals; néﬁﬂ%ﬁ@éﬁ%&%{z jﬂseza,s% 81;5@%%%% > I%}l noréddit

(2000), Journal of Bi omedi cal Science. M N. (1998),
Current Gpitivirgan faiture,ikidngp diseapes, @latedst agmregation; captes SBFETNEHHLYBi ophys. Act a,
(19899) 142 ::19- 30 .. i.one qB&v- gt i body ant agoni sts to receptor
Ki nazg I ?Targ’ﬁggi)aflﬁlgfei%nﬁd nglg%c%gls%rdve a@ st gnal transduction inhibitors.
Thi s group of Thd igraitiot rkn pehyixtes &or aphedmeaguticallviobipeotien fonvlewde £ he use of

h i zed i bodi h | ul ' i ndi ' f
Lyt as no aini SRRnERpb AP ERo R AT ket dba) LR ha B ERERME (22Ot

G een, Mc&rieet al, Monocl onal Antibody Therapy for Solid Tunors, Cancer

Treat. Rev., 000),. 26(4 269-.286); Herceptin er.pB2.anti.bgd

Tyr osi ne Ki naiﬁe ﬁvé"ﬁ’é’ﬁ ﬂéf‘?‘?&%foéﬁ%mﬁag%'ﬁ%@r@&p %8 Lo Iy ]ﬁ%c%trﬁ% i(§)1r%%1ryr osi ne
Ki nages, oBaaistmaReefdeRemiflamaQiy didéadgs, cakdiovasBa)r disvasks MeBrodbganbidtiepeci fi c
anti body (see Brekken, R A et al, Selective Lnhibition of VEGFR2 Activity
by a nonéb“F%?ﬁ%llaH?{ﬁﬁaﬁﬁ}@@pa&ﬁ??tﬁﬁdvugﬂoﬁ%ﬁ%gmwﬁ& fdieatcs Petlle, cancer Res.

(2000) 6Qggé%ahzn,ﬁcbﬁée},-spwmbﬂﬁ?m@splkﬂtﬂmeejaawnpgaﬂe@écsioh afd hihgors may al so
find use 1n the present 20 inventign. Inhjibitor %gof angi]f)genesi 7 rel ated
VEGFR andniwigspwhich Compscs & sempmygyd &' Formpdfd) rdegphasmpqaticplaacssRiEh's on

i nhi bi torg.poth receptors are receptor tyrosine kinases). Accordingly,
non-receptor tyrosine kinase inhibitors may be used in conbination with the
i nhi B0t or s of It #iiditipmethe pharmaceafieallyrctivroromprands ob thegreseutypysptioyeandsdi es,

whi ch do cg%nﬁrﬁﬁwa\%ﬁ AR L BRrd SGRD IR uding b Sk khA&Eb habsihtihy nd to
the ligand; sma mol ecul e 1 nhibitors of integrin (al pha,
when used in combination with a PI3 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 - V11, as described

below.
Scheme I (R2 = Me)
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25 betal3) that will inhibit angi ogenesis; endostatin and angi ostatin
(non- RTK) may al so prove useful in conbination with the disclosed famly
inhibitors. (See Bruns CJ et al (2000), Cancer Res., 60: 2926-2935;
Schrei ber AB, Wnkler Mg, and Derynck R (1986), Science, 232: 1250-1253;
Yen Let al. (2000), Oncogene 19: 3460-3469). Agents used in

i nmunot her apeuti c regi nens may al so be useful in conbination with 30 the

conmpounds qf, fornula (I)z There ar eéta nunber of i mrunol ogike strategies to
gener at epap\ LwTuRe gl VbBZ T EGER__These at egi are
general ly thq{keal t r va nat’i The efdsl ca Qf“?nﬁunmlogic

appr oaches fray be greatéy enhanced t hyough conblned i nHf bi t Hon of
er bB2/ EGFR 'si gnal i ng pathmays using a small nol ecul e i nhibttor Discussion
of the i munol ogig/tunor vacci ne approach against erbB2/EGFRuare found in

Reilly RT gt, al . {(2000),  80: 3569 3576; @and Chep\Yy Hu D, Eling
DJ, Robbi ns—3, Kippsy 1. : cer |REsYM58—1965- 1 ?“Mgents used
i n proapoptoti edi nens g., &chk-2 anfz?e sé& ol i‘gonuc -ot des) may al so
be used in the conggi®ation of the presentu nfeqton. M ! he Bcl-2

famly of 5proteins block apoptosis. ggregﬁiatlon of bcl- has therefore
been linked to chenoresistance. Studig ave shown that the epidernal

grow h factor (EGF) stinulates anti- ic nenbers of the bcl-2 famly
(i.e., ncl-1). Therefore, strategi®€s8

expression of bcl-2 in tunors h ve_gde ; ed clinical benefit and are
now i n Phase trials, Ghanely hta' s 3139 bcl- anti serfse ol i gonucl eoti de.
i sen

pIp

Such proapoptotic s Ne i &§ 10usi ng the ant ol i GlLeotide strategy
for bcl-2 are di Water JS et al .\ (2000), Cncol 18:
1812-1823; and K?iada $.gt al. (1994), Antisense Rgs) EEV}R§ 71-79.

Cell cycle signa ﬂbﬁfnhlbltOQﬁ |nh|b|t nol gcul es |ny6V%ed in the control
of the cell cycle. A fanily of sprotein kinasks called ¢&Fin dependent

ki nases (CDKs) and their inter ion with af Iy of proteins terned
cyclins.controls progression t t he 15e ptic cell cycle. The
coordi nate activation and i |on ofgd ent cyclin/ CDK conpl exes is
necessary for normnal progresgyog t ugh \QE ceDchycIe Several inhibitors

of

2,6-dinitro aniline 1 can be brominated with bromine in acetic acid to provide 4-bromo-2,6-

5  dinitroaniline 2 that can be reduced to the di-amino nitro benzene 3 with (NH,)S.
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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cell cycle signalling are under devel opnent. For instance, exanples of

cyclin dependent kinases, including CDK2, CDK4, and CDK6 and inhibitors for

the sane are described in, for instance, Rosania et al, Exp. Opin. Ther.

Pat ents (2000) 10(2):215-230. 20l n one enbodi nent, the cancer treatnent

met hod of the clained invention includes the co-admnistration a conpound

of fornmula | and/or a pharnmaceutically acceptable salt, hydrate, solvate or

pro-drug thereof and at J east one an |-neoplast|c agent ch as one

selected fr t he grggpNéqBS|st| rnl-r@crotubule ag pl atinum

coordlnaﬂﬁ npfgxe k%Nﬁﬁl - aht i bi-et--e igfngFR;opoﬁ§dﬁerase
i nhi bit anbinet akol i tgs, p0|soﬁﬁr§se g, nhi s, hornoges and

hornonal analogues si gmab transducu;qn pat hway i nhi bitorss non-receptor
tyrosi ne ki hase angi ogenesi s i nhi bitors, immunotherapeutic agents

proapoptotic agengs, and cell cycle S|gnaI|ngN¥nh|b|tors
?Eigzﬂcorporated

pharnaceutiggjly \Cli ve C o] sFhe pre |nv t|on
into convenreﬁt doe f \QB %mﬁidﬁi su e q

preparations. dior | i quisd BOpHaMnaceu i arrlers e enplioyed. Solid
carriers includepg ch, lactose, calci uP '8 dlhydra.@,7ﬁ@rra al ba,
sucrose, talc, gelatin, agar, pectin, aC|a magnesi um st earate, and
stearic acid. Liquid carriers include rup, peanut oil, olive oil, saline,
and water. Simlarly, the carrier or wert may i nclude any prol onged

rel ease material, such as glyceryl earate or glyceryl distearate,

al one or wwth a wax. The anount wrier varies wdely but,
preferably, will be ron1about 5 ngRto ahout per d¥sage unit. Wen a
liquid carrier is u N the reparat on w be My the m of a syrup,
elixir, enulsion >'g“%zlatln caps e, S?§&I|e i nj ect >f?qU|d such as
an anpoule or a(\ qu;gqg or nonaqugous |iqui d suspén |on)\ The
pharmaceutical p arations arejnade follomnqg conv® omal 't echni ques of a
phar maceut i cal chem st i nvol vi ng m xing, granul ating, afffconpressing, when
necessary, for tablet forms, orghtxing, filli and di ssol ving the

ingredients, as appropriate, to e the desi Noral or parenteral
products. Doses of the present] &ht ed eﬁtlcally active compounds
in a 10 pharnmaceuti cal dosagéL nit Jag, descliped ve will be an

ef fi caci ous, nontoxic quantitYepPetterably e@kted fromthe range of 0.001

- 100 ng/ kg of active conpound, preferably 0.001 - 50 ng/kg. Wen treating
a human patient in need of a PI3K inhibitor, the selected dose is
adm ni stered preferably from1-6 times daily, orally or parenterally.

Preferregag rns of. parengeral . ni,.stration i |, | ctally,
transder '&9@”ﬁ§ﬂWEqé@T Ao e @%W?Fﬁﬁdﬁ§ﬁlcﬁ§9%’ ugﬁo%b“%Pa?%dosage
uni t s5f olidieRANinadrhalicst bk teued py & di-abinyg n&mueamet;mm ®IDH.8.0 3500 ng of
active co ound. Accnﬁgl to one enbodi t he ora do f or, human
e i st RRDTORT BACSEMAS 21081 1 GoaBG HGL R By OB P AC o wni ch
uses | OWREmElORAEESMfor8s MEEbREaazoRar. mtym@h 1ot d ssstititddbanzimidabolg B
dosages, however, also can be used when safe and conveni ent qu t he
patient. can be accomplished with a suitably substituted alkyl halide with a base, such as K,CO3, ma

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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200pti mal dosages to be adm nistered may be readily determ ned by those
skilled in the art, and will vary with the particular PI3 kinase inhibitor
in use, the strength of the preparation, the node of admnistration, and

t he advancement of the di sease condition. Additional factors depending on
the particular patient being treated wll result in a need to adjust
dosages, including patient age, weight, diet, and tinme of adm nistration.
Exenpl ary dosages i ndflude oral fa#ul ati ons eqyk ent to 10 ny, 25 ny,

and 100 t e Vit dNf. fo I ) be adpi ni r%@%ﬁn
mul tiples, -n—%b | on_%not h exe I-Bﬂcy e n
formul ati of tire trisfhydpgxynmet Ryl ) amugyret sal 2- gpdphyl 1-

{[2-methyl-3-(trifluorongthyl)phenyl t hyl }- 6-H 4- phol i'hyl) - 1H benzi m da
zol e-4- car Hoxyl ic acid equival ent t 0 ng, 25 ny¥ or 100 ng of the free
base of 2-methyl:X{-4[2- 30 nethylgg-(trifluoronethyl)pheny®gmet hyl }

- 6- (4- nor phol i nyl")/- 1H benzi m dazo] e-4- carboxylic acid. The net hod of
this invention ' ndgehng Pl 3 kfndse i nhiRiE orjeoasg | vity
i ncl udi ng hu i /el ng tlo a—subject A
activity an ve PI3 kinadg podul ati ndPi nhi biti nq%?)munt}\%f a

phar maceut i | ys active corrpé%qu ©f the present inven '|%n?.' R The

i nvention al sg& provides for thé®use of a conpound of Forrula (1) in the
manuf acture of a nedi canment for use as a PI3 kinase inhibitor. The

invention also provides for the use of a conpound of Formula (1) in the
manuf act irA@ingf3-sitrepkfinelaheantbementhyiated with Med pripli.COie OME traffoshmathexy provi des
for the 4168 oRlind2 SRORAMAGH. Alin RGN, & Ldelic hila [RIERMIBGLS Bn AucllEd! cament
for use in treating autolmune disorders, Inflammatory di seases,

car di%ovaandydade inketiageid antsulfinid egdnengrivide idicsealiasd. Ballhdugycatasedng,

pancr eat j. I fail.ure i;dne i_.seases | at el
aggr egat dlhgﬁr%?cerélgrﬁtcoef rt Mg%)%lgr{{ncﬂ) %{&)I{ul i“fly ,mirﬁtforhélﬁ S pnf %ﬁ EVR RO ﬁﬂt?%}eglg% SgFrllr,O I"'g raft
r ej ect i andemrd nittorgductipu fallesed Bheng nloant canthal movide batizigigadoby 6 that can

: _ hat movide Daizitdob' dat
Comound oHERur R Sl ol hE i alinieding * ke feakt ki A Gros ©

aprotic solvent such as DMF, to afford final products 7.

10
Scheme IV
N Br Het
(\N/ij::\ o BB m/@ © — ﬁ/@l:\ h
a H Fi(cbe), RERLY,
© F'51 m)\m ngmz A 00, Doerg, 10C O\)JRSS m)\Ra

Aminobenzimidazole 1 can be converted to bromobenzimidazole 2 using sodium nitrite with
15 NaBrin 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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The invention al so provides for a pharmaceutical conposition for use in the
treatnent 15 of autoi mmune disorders, inflamuatory di seases, cardi ovascul ar
di seases, neurodegenerative diseases, allergy, asthma, pancreatitis,
mul ti organ failure, kidney diseases, platelet aggregation, cancer, sperm
notility, transplantation rejection, graft rejection and lung injuries,

whi ch conprises a conpound of Fornula (I) and a pharmaceutically acceptable
carrier. 20ln addition, the pharnaceutically active conpounds of the
present invention can be co-adm nistered with further active ingredients,

i ncl udi rgehemepounds known to have utility when used in conbination with a
Pl 3 ki nase i nhi bi | aboration, it is belleved t hat one
skilled in the art can, using the pr di ng descrlptlon 1 i ze the

present inveAti¥n to est ex The fghl owi ng 25-8xanpl es are,
t herefore @'& @OM mer el I}'u tr_aLLue_and not IR tation of
G : i Procedures 30
Conmpound8_sof ﬁ%_ﬁﬁla ( may be Rusi ng t he geongyald getrenes I -VII
as descri b8d bel ow. Schene | (R2 FMe)  2,6-dinitro anilkne ™1 can be
brom nated with bromne in acetic acid to provide 4-brono-2, 6-
S5dinitroaniline 2 that can be reduced to the di-amno nitro benzene 3 with
(NH4)2S. a§% m}ze&%ﬁ& oPdf bRoth %&z%nﬂaﬂﬂé‘i@dh%@a@%nﬂlﬁhédhﬁr presence of
strong acl ux te ratures, in an al coholic solvent, affords
ni trobe n‘tzublbim@mb@l monoemdecgas atmethanob with frinthylanise td pravideime@mbasiet dazol e 5 can
be acc d t se, such
as Ciggk&ﬁgﬁgﬁwﬁ(ﬂngmiﬁtlc h%légﬂﬁﬁhﬂﬂ%ﬁgg§h§%¥¥QE&F?RN%&%?lgyg?yzed 10
di spl acefimtprogiictttieezisvidaselt kodBr omi ne wi t h nor phol i ne can then afford
substituted nitrobenzi m dazole 6 which can then be reduced to the am no
benzi m dazole 7. Am no benzi m dazole 7 can then be converted into hydroxyl
anal gg 8sciRulefvnam de 9, am de 10, and hal o anal og 11, using standard
organi c mani gyl ations. 15 Schene 1|

CN HMN. .0
N Zn(CN), Pd(PPhy) 9
3 2 4 N 30% H,0,, KOH |
D THF N
o 1 R3 -
Rs T4 o\,\) }\ o 3 RA_)‘RB
R5
! . =N
AN O HN__N
H;NNH, H,0
Rz ACOH R
(N [N |
o 4 TR o 5  ma
s s R4

Palladium catalyzed cyanation of bromo-benzimidazole 1 can be accomplished with zine
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 5 with hydrazine in acetic acid.

20
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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 benzene 3 with (NH44)2S. Subsequent reaction of 3 with a carboxylic
acid in the presence of strong acid at el evated tenperatures affords

ni trobenzirni dazole 4. Alkylation to afford substituted benzim dazole 5 can
be acconplished with a suitably substituted al kyl halide with a base, such
as K2cosdchemedXbol ar aprotic sol vent, such as OVR Pal | adi um cat al yzed

di spl acenent of the aromatic 10 brom ne with norpholi ne can then afford
substi t ut edopi tr obenzi m dazaote 6 which can n belrgduced to %BMe am no
benzi m daz 7 BN benA Modazolieo7 can ApEn be verted /w8 hydr oxyl

anal og 8, | f on gg ™9, de 6;—and hal nal Si ndard

or gani ¢ fariipul a?air“géns. 18" Sgheme 111 (R1% : %;O%*Dkfe) & . e

2-am no-3-nitrophenol 1 can be nethylated with Mel and Kzg&ﬁi n DMF to
afford nethoxy nitr@Maniline 2. Bromoadion, with bronfhe in acetic acid,

fol | owed bypacet yl anSh wi cetic ydriidgudid acetyssacid and sul furic
aci d, can-proevi me 4. Pdl ljadrem.catal yz Bcenent of the
aromatic brom \)Jwitsh rpholineﬁ:\nthﬂan afzfveed i nt grne e 5.

| ron-induced nittg reduction fol P deﬁby ring closu ga® then provide
benzi m dazole 6 that can be al kylated with a suitably substituted al kyl
brom de using a base, such as K2CO3, in a polar aprotic solvent such as

DVF, to afdmakien 6f fakloRproaitebszdic adi@ with ARicHSDE 1 ea#elid he&idde
converted to brorrgbenzi m-dazol e 2 using sodiumnitrite with 15 NaBr in

aqueous PRPICSPSP PLUAPATH CHRIGICHY e Vids Ay O wHCH - ZitwbsHzoK3Fdi ¢ acid in the

pr esencep@frifafish dadlte AcRAPBRYIRNEHWhitRardNard BN At B35&idd n@hAR@RI 3 .
non-protic solvent can then provide final substituted benzi mdazol es 3. Het

i ncl udesthgt.cange rqva&tfa(éwp gnorpheding indOMEvghgLa4O; to provide phenyl morpholine
analog 4. Nitro reduction can be accomplished using a variety of metal reductions to provide
diamine 5. Condensation of S 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

2
N
\>—Me
Br ﬁ

15
Preparation of 5-bromo-2-methyl-7-nitro-1H-benzimidazole
a) 4-bromo-2,6-dinitrobenzenamine
20
I\iH:2
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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5 Pal | adi um cat al yzed car bonyl at on of brono-benzi m dazole 1 can be
acconpl i shed by bubbling carbon-nonoxide gas in nethanol wth triethylam ne
to provide nethyl ester 2. Ester hydrolysis can then be acconplished with

| ithium hydroxide in THF/ water to provide final product benzim dazole acid
3. 10 Schene Vi Pal | adi um cat al yzed cyanati on of brono-benzi m dazole 1
can be acconplished with zinc 15 cyanide in DVMF to provide benzi m dazol e

trile 2 t th KCH
and. per bl i B4 SO RRL MG B0 el {oRIC KR, SREAIARAR ' 5"

DVF- DIVA aﬁblemrtampdetutenmemfmhlammxtéretmmomam uitdnwatebé()mﬂc)l Theptetipitata | azol e

S~ et or o BN BNHEOPCT S S HOS PRI By i AR PBboxi de i

g the pr &%@iﬁb@ lﬂﬁﬂﬂgmisgaﬂﬁﬁﬁﬁv@teﬁaddd slg,ﬁﬁie\td:diﬁ'mef The organic layer was collected i shed
am no-5-chl or o- nitrobenzol ¢ acl Est i fi C 1 on n conp i she
W et ROPCTALSd-Hisp i Get thereisAatne (b ay T e SerRE iBEEn he

react ed CIB to provide phenyl norpholine
anal og 4. t?@éﬂﬁﬁt%??iﬁecﬁ%FE@BSCCOHpI|shed using a variety of netal
reducti ons to provi de diam ne 5. Condensation of 5 with a variety of
carboxylé CIdS n%Pb?rQX'P§4hTQ %nidazole 10 nethyl ester 6 that can be
further ver‘-l% PeoF T Ra ducts 7 (RL = CO2Me, CORH, CONH2, CN,
triazole, tetN&zole) after alkylation with an al kyl halide, followed by
st andar d g L.C-NHni pul ati ons as previously described. 15

Br

10
4-bromo-2,6-dinitrobenzenamine was dissolved in EtOH (50 mL) and (NH,4),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
(NH;):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, 19, J= 1.8 Hz), 7.87 (d, 14, J = 1.8 Hz); LC-MS: m/e = 232 {M+1]".

20  ¢) 6-bromo-2-methyl-4-nitro- 1H-benzo{dJimidazole

NO

2

N
\>——Me
N

Br H

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 refluzed 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 NaHCO; solution and brine. The organic layer was

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

CDCls) 8 ppm 2.73 (5, 3H), 8.11 (d, 1H, J= 1.8 Hz), 8.24 (d, 1H, /= 1.8 Hz), 10.20 (s, 1H,
30 8); LC-MS: m/e = 256 [M+1]"
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Preparation of 5-brono-2-nethyl-7-nitro-1H benzi m dazole a)

4- br onp- 2, 6-di ni trobenzenam ne 20 A stirred suspension of
2,6-dinitroaniline (5 g, 27.3 mol) in glacial acetic acid (50 nL) was
added bromne (1.5 nm., 30 mml) dropw se and heated at 120C for 2h. After
cooling to anbient tenperature, the resultant m xture was poured into water
(50 nmL). The precipitate solid was collected by filtration and washed with
water then dried in-vacuo. The solid was redissolved in Et OAC, washed with

water a e i gapi.c | ayer was collected 5 and
concent %ag@ﬁg%%acﬁgﬁd@gﬁmﬁg%ﬁ% ?gés)i red product (6.88 g, 95%. Ili NWR
(300 MHz, DVpERT6) 6 ppm 8.37 (br s, 2H), 8.58 (s, 2H). b)

5- br ono- 3- ni t fobgnzene- 1, 2- di am ne NH, 10
\>—Me
N

O
Lo

5  Preparation of 2-methyl-6-(4-morpholinvl)- 1-{1-naphthalenylmethvl)-1H-benzimidazol-4-

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

acetamide

a) 6-bromo-2-methyl-1-(naphthalen-1-ylmethy!)-4-nitro- | H-benzofd]imidazole

10

NO,

N
\>—Me
N

v

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 K2CO5(3.23 g) in
15  DMF (100 mL) was stirred at 80° C overnight. It was cooled to room temperature and

Br

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, /=75

20 Hz),8.14(d, 1H,J=1.8Hz),8.19(d, IH, J= 7.5 Hz), 828 (d, |H, /= 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-ylymorpholine
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4- br ono- 2, 6-di ni trobenzenam ne was dissolved in EtOH (50 nL) and (NH4)2S
(2.2 m.) was added to the m xture. The reaction m xture was heated to 90 C
for I h. TLC showed a new conpound and sone renmi hing starting materi al

remai ned. Additionally, another batch (1\1144)2S (2 5 nlL) was added. After

| h, TLC analysis showed little starting material 15 remained. The reaction
m xture was concentrated to give a deep red solid. It was then purified by
silica gel chgematography eluted with DCMto afford the desired product as
aredsolid v, 50% . NWR (300 MHz, CDC13) 5 ppm 3.50 (br s, 2H), 5.93
(br s, 2%;), 04¢de 1H, J= 1.8 Hz), 7.87 (d, 1H, J= 1.8 Hz); LCGMS mle =
232 [ Mr1f” N20 ¢ 6.y onp- 2- et hyl - 4- ni tro- 1H benzo[ d] i mi dazole A mixture
of 5-bro 3-nitro ene-1, 2-di am ne (464 ny) and pentane-2, 4-di one (400
ng) 25 in EtOH (27 ) and 5 NHCL (7.4 nL) was refluxed for 3h. The

m xture was cool ed room tenperature and the solvent was renoved

I n-vacuo. The residue was dissolved in Et0Ac and washed w th agueous NaHCO3

sol uti 0“A%ﬁQtu¥HdﬂE%roﬂib@~zﬁétﬁﬁm abmaén-m@mamﬂpmwoatMemmﬁmmw he
deS|red(%roduct as a so 13) 6 ppm

5055 (o Bifoe Sporpholgig () %éthbaes@zow 016 et R P L5 B g 20 (o

1H, ?50 SdioxdnS(1B: mﬂj@as‘deéé@eciw%fh HitroFtAR iR n ikl & 80) CaRdnizkamt e 3 (R = Ac)
HN-1 R 5Preparation of

2- met hyl merrqraw pqsHest to mgon) temperriuse itk the PR VRRE it Teyioyed i vsewn: (The et - 4-
am ne a fied by silica gel chromato luted with EtOAc : Petrolium ether = 1: ] to
N- (2- Met r1eﬁ VFlwig%f onm ﬁﬁ%ﬁ%egﬁ fn netﬁyl?l$ﬁ%%%z%]n1dazol 4-y1)
- acet amfﬂﬁd the desired product as a yellow solid (2.8 g, 60%). lH NMR (300 MHz, DMSO-d6) &
ppm 2.46 (s, 3H), 3.12 (t, 4H, ] = 4.8 Hz). 3.70 (1, 4H, ] = 4.8 Hz), 6.09 (s, 2H), 6.31 (d, 114, J
10  =7.5Hz), 7.34 (, 1H, J=7.5 Hz), 7.53 (d, 1H, T = 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, 111, 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[dJimidazol-5-y1)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; solution. It was extracted with DCM and the organic layer was washed
with brine, dried over anhydrous Na,;SOs, 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%). Exampie 2 '"H NMR (300 MHz,
DMSO-ds) 8 ppm 2.33 (s, 3H), 2.91 (t, 4H I = 4.8 Hz), 3.64 (t, dH I = 4.8 Hz), 5.15 (br s,

25  2H),5.83 (s, 2H), 6.10 (4, 1H, J=2.1 Hz), 6.12 (d, 1H, J=2.1 Hz), 6.38 (d, 1H, ¥ = 7.5 Hz),
7.34 (t, 1H, I = 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, 5),2.96 (t, 4H,J =4.8 Hz), 3.67 (t, 4H, 1= 4.8
Hz), 5.95 (s, 2H), 6.34 (d, 1H, J = 7.5 Hz), 6.68 (s, 1H), 7.34 (t, 1H, ] = 7.5 Hz), 7.59-7.70

30 (m, 2H),7.76 (s, 1H), 785 (d, 1H, J=7.5Hz), 8.01 (d, 1H,T=7.5Hz), 823 (d, 1H,J=7.5
Hz), 9.81 (s, 1H); LC-MS: mfe = 415 (M+1]+
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a) 6-brono-2-nethyl -1- (napht hal en-1-yl net hyl ) -4-nitro-1H benzo[d] i m dazol e
10 A mxture of 6-brono-2-nethyl-4-nitro-1H benzo[d]i m dazole (prepared
foll owi ng the same procedure as Exanple 1) (3 g),

1- (bronmonet hyl ) napht hal ene (2.85 g) and K2CO3 (3.23 g) in 15 DVF (100 nL)
was stirred at 80C overnight. It was cooled to roomtenperature 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 affoqg?_ §c fesi red product (4.63 g, 100% . 1HNWVR (300 MHz, DVSO-d4 5 ppm
2.54 (s, , 6.16 (s, 2H), 6.32 (d, 1H, J= 7.5 Hz), 7.33 (t, 1H, J=7.5

Hz), 7.61-7.72 (¢ 2H), 7.87 (d, 1H, J= 7.5 Hz), 8.01 (d, 1H, J= 7.5 20Hz),

8.14 (d, 1H, Jz-378 Hz), 8.19 (d, 1H, J= 7.5 Hz), 8.28 (d, 1H, J= 1.8 Hz);
LC-Ms: ink = PM-11+ . b)

4-(2-methyl-3 tﬁ&len-l-ylnethyl)-7-nitro-3H—benzo[d]inidazol-5-ndDrph
ol i ne A

6- br ono- - 14(napht hal en-1 -yl met hyl ) - 4-ni t ro- 1K benzo[ d] i m dazol e
(4.63 g)9 r pheime (3.05 g), Pd2(dba)3 (1.05 g), Cs2CO3 (5.72 g) and
X-Phos (1.09 g) 5 di oxane (100 nL) was degassed with nitrogen and then
stirred at 80 ight. The m xture was cooled to roomtenperature and
t he solvent was r ed in-vacuo. The residue was then purified by silica
gel chromatography eluted with EtOAc : Petroliumether = 1: 1 to afford the
desi red L adigh ofR. 0.4 -ma&gzmm@m de) 8
ppm 2. 46 (s, 3H), . L 3. : , 6.09
, 2H) th—eﬂl—eﬂ!mﬁﬂ@ 10= 7.5 Hz), 7.34 (t, 1H, J = 7.5 Hz) 7. 53 (d, 1H,
= 2.1 Hz), 7.62-7.70 (n1 3H), 7.86 (d, 1H, J =8.1 Hz), 8.01 (d, 1H, J =
5 Hz), 8.23 (d, 1H, J = 8.1 Hz); LCMs: nie = 403 [ M+l] +. c)

met hy 1&)6 mﬁhxilfﬁelmnpbeljmehapphthdbreﬂm-ﬂmqthﬁbﬂHytje)lzolcﬁarbdmﬁda}mm dazol - 4- am ne
and
N( 2- Met hy1- 6- nggphol i n-4-y1-1-napht hal en- 1-yl et hyl - 1H-benzoi nmi dazol - 4-y1) -

acet anmi de 15 Tg %NrefIUX|ng m xture of
4-(2-nmet hyl-3 hal en-1-yl met hyl )-7-nitro-3Hbenzo[ d] i m dazol - 5-y1) nor ph

ol i ne (8?4\ c (50 m.) was added iron powder (336 ng) and the

m xt ure @as conti ed to reflux for 3h. The m xture was cooled to room
tenperature an c was renoved in-vacuo. The residue was then neutralized
W th

(s
J
7.
2-

10

A muxture of 4-(2-methyl-3-(naphthalen-1-ylmethyl)-7-nitro-3H-benzo[d]imidazol-5-
yDmorpholine (804 mg), prepared as described in Example 2, iron powder (168 mg) and
FeSO4 (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,;SQy, 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, 4H J =48 Hz), 3.64 (t,4H J = 4.8 Hz), 5.15 (br s, 2H), 5.83 (s, 2H), 6.10 (d, 1H, I =2.1

20 Hz),6.12(d, 1H,J=2.1Hz), 6.38 (d, 1H,J=7.5Hz), 7.34 (t, 1H, § = 7.5 Hz), 7.58-7.68 (m,
2H),7.84 (d, I1H, ] =84 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  yDmethanesulfonamide



20 aqueous NaHCOB3 solution. It was extracted with DCM and the organic |ayer
was washed with brine, dried over anhydrous Na2SO4, filtered and
concentrated in-vacuo. The residue was purified by silica gel
chromat ogr aphy eluted with MeOH : DCM= 1: 30 to afford Exanple 2 (350 ng,
47% and Exanple 3 (350 ng, 42% . Exanple 2 1HNMR (300 MHz, DVBO46) 8 ppm
2.33 (s, 3H, 2.91 (t, 4HJ = 4.8 Hz), 3.64 (t, 4HJ = 4.8 Hz), 5.15 (br s,
252H), 5.83 (s, 2H), 6.10 (d, 1H, J = 2.1 Hz), 6.12 (d, 1H, J = 2.1 Hz),
6.38 (d, 1H, J = 7.5 Hz), 7.34 (t, 1H, J = 7.5 Hz), 7.58-7.68 (m 2H), 7.84
(d, 1H 1o a—scﬁutfbnhﬁ“)Zrm@hﬁ% fodrphdiiho- I-(mpHth At Jyim8h @ B 1 HebendfljinfidazoB44 Hz) ;

2 18(s, S <1§3 ><£4§§£945 o EFlafhplo0 g ol gt S Syl

4 8 Hz) 1ch§)rﬁi% oPHDCH 286 °Cdnd ﬁk{a thJ: mxﬁr&v&d?s)mecﬁat@&rﬁ%mpbfd}ure for34 (t lH,
= 7.5 H .70 30 = 7.5 Hz),

.01 Xd, 1111%qhe gnx—tur;z vgls p@yte(g #&ith @?bé anq_]qashgd w1t]'1 bgmﬂii)‘leg L in}(ygr()ui H: LC Ms:

me = 41 ated i 5/5J$@ﬁé%&h9@w9§th fiod by silica gel
N-12- et azfsw]f%ﬁ&fercrio%ggg&:é%y ‘3-‘? (al napht hal eny en%un Y ) 18?1%? m dazol -

y Het handserhdtograptiyoduted with MgOB - ideMhy |l - Zgltﬁ@ﬁ"plfqidhe des1re product as a solid

A (2- v P 1 FRALNTR Ry PRSP kP 20T 0TI gl e

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
10  1H, 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 (d,
18, J=8.1Hz), 9.49 (br s, 1H); LC-MS: m/e =451 [M+1]+.

Example 5
oH

15

Preparation of 2-methvl-6-{4-morpholinyD-1-(1-naphthalenylmethyl)-1H-benzimidazol-4-ol

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

20
NH

2

N
\>—Me
N

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

3H-benzo[dJimidazol-5-yl)morpholine (1.82 g), prepared following the same procedure as in
25  Example 4, and NH;OAc (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;COs solution. The solvent was removed under reduced pressure
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yl ) mor phol i ne (804 ny), prepared as described in Exanple 2, iron powder
(168 ng) and FeSMM (84 ng) in ethanol (30 nmL) and H20 (30 nL) was stirred
at reflux tenperature 15 overnight. The m xture was cooled to room
tenperature and the solvent was renoved i nvacuo. The residue was dissol ved
in DCM and filtered. The filtrate was then washed wth brine, dried over
anhydrous Na2SO4, filtered and concentrated in-vacuo to afford the desired
product and the resfiycovgs ZRQaatyl wigyDEM (B0 MVR2{. 3B6 civkbineNBOiaByers Feppm 2. 33 (s,

5 83 (28 %} (}éd w@hl_‘li%n %ned8 ver %nhyg'rgu %%Owﬁegeg aﬁ}é ccen&eHzt%‘grfd 15—v§cu%qi &Ef 6 38

(d, 1H, tBe d‘es%e&pt’dﬁﬂct as7 a '3’141te( 5011d3(H52 é % %) 5{ HEAR. (360 M-IZZ leli) mppﬁi‘ﬁ 47 7.84 (d,

%He i _fg 2 %12(1; 4H J ﬁSI—Iz) 378(t 4H, J~48212) 430? &H} 568(s 2H) 605(d ) LCME:
N- (2smetiiy 3= G- phod (m@ﬂl;r=( n@aa} Rl 1“H yk sty 92746 Benz ofsdidym skazol - 4-
25yl ) met hanesul f onani de  To lution

2- et hy 1. (s 2ol THE- lLH(Jrraﬁpthﬁ)ai?%(di-lﬂ Fna? hy129).-8103- BehEdrd) i Fpdbgol - 4-

am ne (38 fR)= 3 BRI GP. 15 nl) and DCM (20 nmi) was added a sol ution of

met hanesul f onyl chI oride (69 ng) in DCMat 0 C and then the mixture was
stirred at roomtenperature for 5 1 h. The m xture was diluted with DCM and

nashed WlBhinEnalbbES PYAbLANDYA NS A2ARk, flhAkadand concent rat ed

i n-vacuo eS| uri fi hr omat ography el uted
wi t HOMEOH : =1 30 to afford the desired product as a solid (180 nyg,

gy H@wl%t“’%%gﬁome ROt BB RurD) el ey lnadih ™ |,

. 1-= 8. e (882 8() (itSHg(?{ﬂ)) mﬂ) BEOH (1 AD) ddd cope I-ESGJ'(B)mL)RN@QdEfeﬂahuéduﬁ 2H) ,

7. 85 (d, % d & 1H_ J= 8 1Hz),

0. 49 (bNE0xGH Pie]tion G- PG Iﬁiﬁmﬁm Sfﬁﬂe 15 8 fopefs g and

Pr epar atthéistidfed at reﬂux temperature for 1h. Thﬁ nﬁxtlure was cooled to room tgmperaturedand tlie | a)

2rrethIPg§4- r.phagl nant envl met ‘Fz 1H benzi m dazol -4-ol a

2- me’hy P E?F(S‘I"i’l qfe IS%]H“‘in 3 ‘%“tel’fﬁfil‘)te‘%_{ Uhehdb ? 4P 24 Zd¢ - 4- ani ne
combined organic layers were washed with brine, dried over anhydrous Na;SQO,, filtered and
concentrated in-vacuo. The residue was then purified by silica gel chromatography eluted
with MeOH : DCM =1 : 60 and then by Prep-HPLC to afford crude desired product LC-MS:
m/e = 374 [M+1]+ containing an impurity that was removed by the two-step sequence

20  described below.

¢} 4-{[(1,1-dimethylethyl)(diphenyl)silyljoxy}-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-
4-0l (200 mg), imidazole (73 mg) and TBDPSCI (162 mg) in dry DCM (30 mL) was stirred
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20 TiCl3 (19.7 nL) was added to a sol ution of

4- (2-met hyl- 3- (napht hal en- 1-yl net hyl ) - 7-ni t r o3H benzo[ d] i m dazol - 5-y1) nor ph
oline (1.82 g), prepared followi ng the same procedure as in 25 Exanple 4,
and NH40Ac (4.85 g) in MeOH (150 nL). After stirring for 7 mn at room
tenperature, TLC showed no starting material remaining. The pH of the

m xture was nade basic by addi ng aqueous Na2CQO3 sol uti on. The sol vent was

d d d d d. i s jth DCM (250
e62) - THEORB T REETS BE AT LM APl P RN IR B AL o ¢
anhydr ougenha28@vachb) Trerresikduenehs porifiety sii@del chromcogaghy cafiédwih Etdesi r ed
Cs0%5y . Tempoun ebory | bRyt TEbPde bR cls § gy STt o PP
5.68 (s, 7 .11@%@9103.@112"'(3%378%1)& 1) s, 02558 9,56 1, 7HF7 3558, 48 )1=4& 56 (d,
1H, J= 7.5 Fz), 7.2 gt, iH J= 7.5 Fz), 7.55- 7.66 gn% 2H), 7,77 (d, 1H,
J= 8.1 HHg), 509598, A1, 5-93(d, JH, & 1.8 Hz), 6.12 (051 H.d= 1 8{12)9& %dllﬂzkrf-f;ﬁz}x/s: me =

373 [ MF1h+. g =3 84.7. 4H), 7.94 (d, 1H
ekt TS D, 7.56-7.67 () 178 (4, IFL S 87 H) T840 87 am i, T4 @ IH. o

To a sol G:i7oH0f 8.06 (d, 1H, J= 8.7 Hz); LC-MS: m/e = 612 {M+1]+.

2- et hyl - 6- nor phol i no- 1- (napht hal en- 1-yl net hyl ) - 1H benzo[ d] i m dazol - 4-
amne (842 ng) in H0 (20 nm.), MeOH (1 nmL) and conc. H2SO4 (3 nlL) was added
aqueous NahaR:tf344nomholiol Linapithden pyinakylpl B®Enzoldlenidizol-dreé was stirred at
OC for 15 mn and then stirred at reflux tenperature for Ih. The m xture
was ¢Boled to roomtenperature and the 15 pH neutralized w th aqueous

NaHCOB s qlotit dofisioh bf MR 1 8XdimatGyethyhdifheIMil(1160G } LB 3hy!-cFemophblimded -or gani ¢

| ayers were washed with brine, d ied,overéﬁ‘nh dr ous ’\‘%ﬁ;’% %‘lal e[ed and
concent r At-eaphthalspyioghyDriid-bepdmylzeelG gs THE "Er%’r'f"?ﬁ adfe (G- m&je

chr omat ogxkARlY: Bbmltedpdhtit A¥B MUY mixBledMyzs skirre8 GoraRdTLO Sy BBtk 6 to
afford crude desired product LGMS: me = 374 [ Mr1l1l+ cont ing.an inmpurity

. . ng
that was Seainsreteny). Thesolvap vasspneet ibreao 2o the Sestdup 83 BT, by Stica 4.

1,,1- di ' ory! bexyk 1+ . ldsRy1) - 1- (1 -
{[( 1%a| gg!ﬁ}w&lﬁ&%}xﬂjr)l,@ﬁtw@ﬂu RECOH | hexy 1~ 80 MRV the dbdtrelprdaaeddsay 1) - 1- (

napht net hyT) benzi m dazol e

white solid (150 mg, 94%). 'H NMR (300 MHz, DMSO-ds) 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, 14, J= 7.5 Hz), 7.35 (t, 111, I= 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

e

Cl
Cl

Preparation of 1-[(2,3-dichlorophenyDmethyl]-2-methyl-4-(methyloxy)-6-(4-morpholinyl)-

25  1H-benzimidazole

a) 2-methoxy-6-nitrobenzenamine

NH,
MeO NGO,



A m xture of crude

2- et hyl - 6- nor phol i no- 1- (napht hal en-1 -yl net hyl ) - 1H benzo[ d] i m dazol 4- ol
(200 ny), imdazole (73 ng) and TBDPSCl (162 ng) in dry DCM (30 nL) was
stirred at roomtenperature for Ib. LCV5 anal ysis showed desired product
so the solvent was renoved in-vacuo. The residue was purified by silica gel
chromat ography eluted with EtOAc : petroleumether = 1. 2 to afford the
TBDP et her desired product as a white solid (260 nmg, 79%9. 1H NWVR (300 MHz,

CDC13 m 1 24.4s..911). 2 53 5 = 4. 8 5Hz),
5 60 (s TPy dch fpinditharofnciEdod? of flaglichy b th bdligo g% 207
1H, | = dBedzie] (17 125 robh imperdide and (ifmikn6d whentir2Hpyer highBafdtherdlH, J= 8. 7
Eé) |vs7 ?B%’ r7e;_181%t9 gy@fq%m'dﬂltf _p_,zs'ugfflg(pge’oipjftlgfe was collextad filtiran aldne tohd was & )

2- metshy | v £n80% PR QhicNQ-alfotd@p Btdhal gRdhc Y1 MR idovd) ) ‘Hikbipepa®i gz obdage! - 4-ol 10
To a solution of

4- {[ (1, Toan #82 (hy LdL Byl o pH 9y ild.y B dxy) 3 2 O3 @d( Y. dorbhotd ny1) - 1-
(1- naphtal .'?ytdﬁ?iﬂi‘yﬁoé,"é.@ﬁ%i@ﬁ@.z&y& &y MEIJ(LSO m.) was added TBAF (0. 64

m., 1 nol/L) at foomtenperattire and the mxture was stirred for I h. TLC
showed consunption of starting material. The solvent was renoved in-vacuo

and t%\%)%g%g&ggyﬁéh%%%gﬁ%%g%ﬁibé ca 15 gel chronatography eluted with

MeOH esired product as a white solid (150 ng,
94910 1H NMR (300 MHz, DMSO-c16) 5 ppm 2.36 (s, 3H), 2.94 (t, 4H, J= 4.8
Hz), 3.65 (t, M#, J= 4.8 Hz), 5.87 (s, 2H), 6.30 (d, 1H, J= 1.8 Hz), 6.35
(d, 1H, Weol. 8 HzNo,6.39 (d, 1H, J= 7.5 Hz), 7.35 (t, 1H, J= 7.5 Hz),
7.60-7.71 ( : 7. 86 (d, 1H, J= 8.4 Hz), 8.01 (d, 1H, J= 7.5 Hz), 8.23
(d, 1H, J= 8. ); LCGMs: in/le = 374 M+11+ 20 Exanple 6 Owve C
Preparati on of
1- 112, 3- di chl of'ophenyl ) met hy11- 2- net hy1- 4- ( met hyl oxy) - 6- (4- nor phol i nv1) -
251H benzi m dazol e a) 2-nethoxy-6-nitrobenzenam ne NH2

NaQOAc (17.6 g) and Br; (6.76 mL) was added to a solution of 2-methoxy-6-

nitrobenzenamine (21.74g) 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 Miz, DMSO-ds)

5391 (s,3H),7.18(d, 1H,J=1.8Hz), 7.70 (d, 1H, J = 1.8 Hz); LC-MS: m/e = 247 [M+11}+

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

O
i

MeO NO,

Br

To a solution of 4-bromo-2-methoxy-6-nitrobenzenamine (27.85 g) in HOAc (150 mL) and
25  Ac;O (17 mL) was added conc. H;S0, 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, DMSQO-d6) & 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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MO NO2 To a mxture of 2-am no-3-nitrophenol (19.25 g) and K2CO3 (19 g)
in DVF (100 nL) was added Mel (11 nL) at roomtenperature and the m xture
was stirred over night and then poured into water. The resulting
precipitate was collected by filtration and the solid was 5 washed with
water to afford the desired product (19 g, 90% . IFINWVR (300 MHz, CDC13) 8
ppm 3.92 (s, 1H), 6.43 (hr s, 6.61 (dd, 1H, J = 7.5, 9.0 Hz), 6.89

(dd, 1H, %7 73 J =0.9, 9.0 Hz); LCMs me = 169
[ k1] + b} gﬁlzb%oqﬁé éHﬁéﬁ Qﬂg ?;]zenam ne 10 NaOAc (17.6 g) and Br2
(6.76 nL) was added to a sol ut| on of 2-methoxy-6- nitrobenzenam ne (21.74Q)

in HOAc (250 nL). The m xture was stirred roomtenperature 15for 20 mm
The resuﬂs)tmwﬁ%rmﬁﬁé’é)’ﬁr@%wg oliggb-pirpphenglpce ‘#?ed with water and dried
in-vacuo to afford the desired product as a yellow solid (26.43 g, 83%.
ill NVR (300 MHp, DMSO-c15) 63.91 (s, 3H), 7.18 (d, 1H, J = 1.8 Hz), 7.70
(d, 1H, J = 1.8liHz); LCGMS: nle = 247 [M1]+ 20 c)
N- (4- br onp- 2+#ket hoxy- 6- ni t r ophenyl ) acet am de

MeQ NO,

®
0O

A mixture of N-(4-bromo-2-methoxy-6-nitrophenyl)acetamide (2.89 g), morpholine (2.61 g),
BINAP (1.21 g) and t+-BuOK (1.53 g) in dioxane (50 mL) was degassed with N; and the
mixture was stirred at 110°C in a sealed tube overnight. It was cooled to room temperature
10 and filtered. The filtrate was concentrated in-vacuo. The residue was purified by silica gel
chromatography eluted with MeOH/DCM=1/50 to afford the desired product (1.03 g, 35%)
'"H NMR (300 MHz, CDCl3) 8 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, 14, J=2.7 Hz), 6.96 (d, 1H, ] = 2.7 Hz).

15  €)4-(7-methoxy-2-methyl-3H-benzo[d]imidazol-5-ylymorpholine

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 filirate was concentrated in-vacuo and the residue was washed with EtOAc :
petroleum ether = 1 : 1 {o afford crude product as a solid (1.73 g, 100%). 'H NMR (300 MHz,
DMSOQ-dg) 8 ppm 2.56 (s, 3H), 3.12 (t, 4H, J = 4.8 Hz), 3.88 (1, 41, ] = 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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HN) C To a solution of 4-brono-2-mnmethoxy-6-nitrobenzenamne (27.85 g) in
HOAc (150 nmL) and 25 Ac20 (17 nmL) was added conc. H2804 at 70C and the

m xture was stirred at 70C for 30 mn and kept at rt overnight. The forned
precipitate was collected by filtration and washed with hexane to afford
the desired product as a light yellow solid (24.45 g, 75% . |IHNVR (300 MHz,
DVSO-d6) 8, ppm 2.01 (s, 3H), 3.92 (s, 3H), 7.61 (d, 1H J = 1.8 Hz), 7.65
(d, IH bynanufiazeleHz), 9.91(s, 1H); LC-MS: mle = 289 [ M+1l+ d)

N- ( 2- met hoxy- 4- nor phol i no- 6-ni trophenyCacetamide 0 HNC 5 Me0O NO2 A

m xture of N-(4-brono-2-nethoxy-6-nitrophenyl)acetamde (2.89 g),

nmor phol i Aeuftredt 1§Y1.73 g), 1-(bromomethyl)-2,3-dichlorobenzene (1.68 g) and K,CO; (1.93 g)

in DMF (50 mL) was stirred at 80°C for 72 h. The mixture was cooled to room temperature
5  and poured into water. It was extracted with EtOAc and the organic layer was washed with

brine, dried over anhydrous Na;SQ,, filtered and concentrated in vacuo. The residue was then
purified by silica gel chromatography eluted with 100% EtOAc and then MeOH : DCM =
1:30 to afford the desired product as a white solid (360 mg, 9%) '"H NMR (CDCls, TMS, 300
MHz) 6 ppm 2.48 (s, 3H), 3.11 (t, 4H, J = 4.8 Hz), 3.85 (t, 41, J = 4.8 Hz), 4.02 (s, 3H), 5.31

10 (s,2H), 6.19 (d,1H,J = 1.8 Hz), 6.30 (d, 1H,J = 7.5 Hz), 6.42 (d, 1H, J = 1.8 Hz), 7.03 (t,
1H, J="7.5Hz), 741 (d, 1H, J = 7.5 Hz); LC-MS: m/e = 406 [M+1]+

Example 7

NH,

N
(\N N>—Me
o

Cl

Cl
15
Preparation of 1-[(2,3-dichlorophenyllmethyl]-2-methyl-6-(4-morpholinvl)-1/-

benzimidazol-4-amine

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

20
NO

2

N
\>—~lVIe
N

Br
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,CO5 (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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BINAP (1.21 g) and t-BuCK (1.53 g) in dioxane (50 nL) was degassed with N2
and the m xture was stirred at 110C in a seal ed tube overnight. It was
cooled to roomtenperature 10 and filtered. The filtrate was concentrated

i n-vacuo. The residue was purified by silica gel chromatography eluted with
MeOH DCMF1/ 50 to afford the desired product (1 03 g, 35% NVR (300 MHz,
CDCI3)5ppm215(s 1H), 3.18 (t, 4H J =4 3.85 (t, 4H, J-48

e) 4 ?78%0‘%'%%%(1 é%mreamﬁ%lhg%ﬂi-%dén%%fta] i'm ﬁiﬁ%’) e@ gr%%pﬁ% tﬁen‘ﬁ{_t%rea r efI UXI ng

sol ut i omffokd ¢ esihi anddhdxalid nes washellwid-wastrhaosk Adrmct phakuoto -afferdabe

) and R R Ul 57 @Mﬁ(?@%&%ﬁf‘r’%ﬂ% BP0 s cr o B

cool ed t@zmomt]em?t urle(tam Jfaisg&)ed 47£ @HfJAisﬂtzwmdqqmemtsr at ed
i n-vacuo and the residue washed wth EtOAc : petroleumether = 1: 1 to

af fordd cHud®2pfbdie!= 4S8 H%)M%S (e 731§ [Miblug . IHNI\/R (300 Mz, DVBO-d6) 5
ppm 2.56 (s, 3H), 312(t 4H, J-48Hz)388(t 4H, J 4.8 Hz), 3.94
(s, 3H), 256.39 1H), 662& H); LC M5 n1e—248[|\/Hr1]+f)
1-[ (2, 3-DideBH@Er bﬂém@ml);zﬂpe yh%nﬁvi benreldlipidnzgly S-ghmaphelinshol i ny1) - 114-
benzi rni dazole A m xture of 18(1.73 g), 1-(brononethyl)-2,3-dichlorobenzene
(1.68 g) and K38 (1.93 g) in DMF (50 nL) was stirred at 80C for 72 h. The
m xture was cool €d to roomtenperature 5 and poured into water. It was
extracted wt d the organic | ayer was washed with brine, dried
over anhy , filtered and concentrated in vacuo. The residue was
then puriifiagd by siVica gel chronmatography eluted with 100% Et 0OAc and t hen
MeOH : o afford the desired product as a white solid (360 nyg,
999 11-1 NIVR( c TM5, 300 MHz) 8 ppm 2.48 (s, 3H), 3.11 (t, 4H J = 4.8
Hz), 3.85 (t, 4 = 4.8 Hz), 4.02 (s, 3H), 5.31 10(s, 2H), 6.19 (d,1H, J
= 1.8 Hz), 6.30 (@' 1H, J = 7.5 Hz), 6.42 (d, 1H, J = 1.8 Hz), 7.03 (t, 1H,
J=®mW5 Hz), 7.41 (d, 1H, J = 7.5 Hz); LCMS: me = 406 [M1]-i- Exanple 7
A mixture of 6-bromo-1-(2,3-dichlorobenzyl)-2-methyl-4-nitro-1H-benzo[d]imidazote (1.69

g), morpholing (1.07 g), Pdx(dba); (376 mg), Cs;COs (2 g) and X-Phos (383 mg) in dioxane
(80 mL) was degassed with nitrogen and then stirred at 80° C for 3h. When TL.C 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;SO,, 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 (1, 41, J=48 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-
ylymorpholine (210 mg), iron powder (56 mg) and FeSO4 (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 filirate was
concentrated in-vacuo and the residue was then purified by silica gel chromatography cluted

30 with MeOH: DCM: NH3.H;0 = 1: 60 : 0.5% to afford the desired product as a yellow solid

-40.



Cl Pre aration of 1- 2 3-chcMom henh_pa_tell _nynil-6- 4-mo Wn
benzi m dazol - 4-am ne a)
6- br ono- 1- (2, 3-di chl orobenzyl) - 2- net hyl- 4-nitro- 1H benzo[ d] i m dazole CI A
m xture of Exanple 1 (1.17 g) (prepared as described previously described),
1- (brononet hyl ) - 2, 3-di chl or obenzene (1.19 g) and K2CG3 (1.27 g) in
DVF (80 nmL) was 25stirred at 80 C for 3h. Wien TLC showed no starting
mat er i al (137 g, 7% (H 8IMR 630006 DNMFO- dﬁ)ﬁ)mﬁﬂéﬁ‘ﬁé? AHh2P4hdH I+ 48480, The
filtrat n e Lo, en filt d fford a solid
and thees’swﬁd‘h\?\gs 4%963%15 tn” %ﬁ gr :%Hy%: @hﬁg |1n§1\[1/ tgtcl)g) %1%}?,? ord the
desired hsg (BIiMcStSZ((ﬂld 89, ¢= 18376 H’z‘};lNMR((,?tHOFNF—.IZ HzEDCBIId, SHpprrl 2, BY Heg, 3H),
5.45 (m élf\%ﬁ 43§gt[ J[ Jr-- 7.8 Hz), 7.10 (t, 1H, J= 7.8 Hz), 7.47 (t,
1H, J= ) W 1H J-= 1.8 5Hz), 8.24(d, 1H, J= 1.8 Hz); LC ME:
me -3416 [ MF1] - 1-.
4-(3-(2, ﬁxdjhﬂalgorobenzyl) 2-met hyl -7-nitro-3H benzo[ d] i
dazol - 5- yHnor phol | ne 10 A m xture of
6- brono- 1- (2, 3- hi orobenzyl) 2-methyl-4-nitro-1H benzo[ d]i m dazole (1.69
g), norpholine (zlsﬁﬂ g), Pd2(dba)3 (376 ng), Cs2CO3 (2 g) and X-Phos (383
ng) in dioxane (80 nml.) was degassed with nitrogen and then stirred at 80 C
for 3h. Wen T V\Bl\q conpl ete consunption of starting material, the
m xture VP&C {0 r%omterrperature and

N

Cl
Cl

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

10  benzimidazol-4-vlimethanesulfonamide

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 (° 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 ml.x2) and the combined organic layers were
concentrated in-vacuo. The residue was purified by silica gel chromatography eluted with
MeOH: DCM: NH3.H,O = 1: 60: 0.5% to afford the desired product as a yellow solid (25 mg,

20 26%). 'H NMR (300 MHz, DMSO-ds) § 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 (1n, 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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15 the sol vent was renoved in-vacuo. The remai ning residue was extracted
with EtOAc. The organic | ayer was washed with brine, dried over anhydrous
Na2SO4, filtered and concentrated in-vacuo. The residue was then purified
by silica gel chromatography eluted with Et0Ac Petroliumether = 1: 1 to
afford the desired product as a yellow solid (831 ng, 48% . 11-1 NWR (300
MHz, CDC13) 8 ppm 2.62 (s, 3H), 3.18 (t, 4H, j= 4.8 Hz), 3.87 (t, 4H, J=
4.8 Hz), E205 14;5 (s, 2H), 6.28 (d, 1H, J= 7.8 Hz), 6.86 (d, IH J= 2.4 Hz),

7.08 (t, 7.8 Hz), 7.46 (d, 1H, J= 7.8 Hz), 7.79 (d, 1H J= 2.4 Hz);
LC ME: rﬂe 421 M+1] + ¢)
1-[(2, 3-dichl o nyOnet hyl ] - 2- net hyl - 6- (4- nor phol i nyl) - 1H benzi m dazol - 4-

am ne 25A mxt e of

4-(3-(2,3-dic zyl)-2-met hyl -7-nitro- 3H benzo[ d] i m dazol - 5-

yl) nor ph ©iron powder (56 ng) and FeSO4 (152 ng) in ethanol

(25 n) q#d\ 20 (2 rrL) was stirred at reflux tenperature for 3h. Wen TLC

showed c t| an Of all starting material, the m xture was cooled to room

terrperature and tered. The filtrate was concentrat ed in-vacuo and the

resi due was the ridied by silica gel chromatography eluted 30 with MeOH:

DCM NH3.H20 = 1: g0 : 0.5% to afford the desired product as a yellow solid

(137 ng, 70% 111 NIVR (300 M—Iz DI\/BOdG) 6 ppm2 32 (s, IH) 2.94 (t, 4H
4, ] ‘ 2H), 6.09

: ‘ iny : g, ] = 1.5 7.5 Hz),
.25 {t, béldzhm1d&o?45fﬂlalzétarm3658 (dd 1H J= 1.5, 7.5 Hz) LG MB: nfe = 391

I\/H +. Pr.e

L Chi or SpASRYR TRk Ry (e FEREEN. @@W&M%PW (L) wes added a

beng m d@c?@tkonzbm) choed dhag)eﬁm(mmamcdmdﬁﬁaltaes@;gmteumlsﬁxfrecﬁcme 7 (82 ny)
and Et 3N (42 nyg) .an ed a solu

met hanes tFOBPSTRATE &5 Izgrﬂlfémf‘%e H8) thF‘h t%aé‘fe%% EPSHpTE PL% eL%fWﬁfie was
stirred g sth@RBi-QHRAE THE HigufeGlas36ol8d b rodt e aﬁ@dﬁdtai withpcvat er i al
remai ni n%égnd sonme di-nesyl ated 0product was detected by LCM5, me = 547

[ MH11G g and pashod vithdiing & 00 ml x2). The organic layer was concentrated in-vacuo
and the residuc 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, CDCl3) 8 ppm 2.28 (s, 3H), 2.48 (s, 3H), 3.14 (t, 4H, J= 4.8 Hz), 3.84 (,

4H, J= 4.8 Hz), 5.33 (s, 2H), 6.28-6.30 {m, 2H), 7.05 (t, 1H, J=8.1 Hz), 742 (dd, 1H,J=1.2
15 Hz J=8.1Hz), 8.08 (d, 1H, J= 1.8 Hz), 8.27 (br s, 1H); LC-MS: m/e = 433 [M+1]+.

Example 10
OH

N

swﬂMe
S
oS
Cl
Ci

20  Preparation of 1-[(2,3-dichlotophenyl)methyl]-2-methyl-6-(4-morpholinyl}- 15~

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-ds) 8 ppm 2.35 (s, 3H), 2.97 (1, 4H, J= 4.8 Hz), 3.68 (1, 4H, J=4.8
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15 in vacuo, THF (10 nmL) and 2N aqueous NaOH solution (10 nL) was added.
The m xture was stirred at roomtenperature for 2h. The desired product was
detected as the main product on LG-MS. It was extracted with DCM (75 nlx2)
and the conbi ned organic | ayers were concentrated in-vacuo. The residue was
purified by silica gel chromatography eluted with MeOH DCM NH3.H20 = 1:
60: 0.5%to afford the desired product as a yellow solid (25 ng, 20 26%.
1H NVR (EB005- s, 2HDnB@¢ 66 )L H5 2~ 20 Hepoh-3is(dd 14, 1—3 2038320 18nﬁd WpI=23 09 (s,

3. ( 4 3 3 6. 80-6. 82 (m
7 307 s, ’589”’@69" PP P e M P o 246

[NH1]+ ZE&BWtHé 9 0 HVIC Preparatlon of
N—1-14(2,3-dichlorophenyl)nethyll 2-met hyl- 6- (4- nor phol i nyl) - 1H5
benzi m dazol -4-yl |l acetamide To a solution of Exanple 7 (78 ng) and Et3N
(30 my) Exangply1DCM (30 L) was added a solution of Ac20 (20 ng) in DCM at O
C and then the g xture was stirred at roomtenperature for 2h. The m xture
was then stirr at reflux tenperature for until TLC showed no starting
material. Th Wre’was cooled to roomtenperature and diluted with DCM
10 (150 h with brine (100 nL x2). The organic |ayer was

concentr ;gﬁ i n-vacu
chr omat ogrdphy el ut ey

d the residue was purified by silica gel

wth MeOH : DCM = 1: 60 and then by Prep-HPLC to
afford the desired groguct as a yellow solid (21 ng, 24% . NWR (300 MHz,
CDC13) S ppn12.28 ( 3H), 2.48 (s, 3H), 3.14 (t, 4H J= 4.8 Hz), 3.84 (t,
4H, .1= 4.8 Hz), 5.33 (s, ZFD 6.28-6.30 (m 2H), 7.05 (t, 1H, J= 8.1 Hz),

7.42 (d s J=c3 , 8.27 (b ,
1H) (chbre to‘élof%— Lk I IIIT'—Z) (br s

benzmlidazoltél-ol

10

a) 6-bromo-2-isopropyl-4-nitro-1H-benzo|dimidazole

NO,
QNH
\
Br E

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 NayCOs solution. It was then extracted with EtOAc and the organic
layer was washed with water and brine, dried over anhydrous MgSOs,, 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, CDCl5) & 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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Cl 20 Preparation of

1- 112, 3-di chl or ophenyl ) net hyl ] - 2- net hy1- 6- (4- nor phol i nyl) - 1Hbenzi m dazol - 4-
ol The titled conpound was prepared followi ng the sane procedure as Exanpl e
5 replacing 1- (brononet hyl)naphthal ene with

1- (bromonet hyl ) - 2, 3-di chl or obenzene. (130 ng, 69% . Ili NVR (300 MHz,
DMSO-d6) S ppm 2.35 (s, 3H), 2.97 (t, 4H, J= 4.8 Hz), 3.68 (t, 4H, J= 4.8
Hz), 5.44 (syp2H), 6.24 (d, 1H J= 2.1 Hz), 6.31 (dd, 1H, J= 1.2, 7.8 Hz),
6.38 (d, 1H 135 2.1 Hz), 7.26 (t, 1H, J= 7.8 Hz), 7.59 (dd, 1H, J= 1.2, 7.8
Hz), 9. 61‘  ACGMS: role = 392[ M1]-fr . 5 Exanple 11 OH Preparation
of N

2-(1-net ﬁ§/| et hyl) - 6- (4- nor phol i nvl) - 1- (1- napht hal enyl nmet hy1l) - 1Hbenzi m dazol
-4-0l 10 a) p=ronp-2-isopropyl-4-nitro-1H benzo[d]i m dazole N2

A mixture of 6-bromo-2-isopropy!-4-nitro-1H-benzo[d]imidazole (4.7 g), 1-
(bromomethyl)naphthalene (4.01 g) and K,CO;3 (4.55 g) in DMF (150 mL) was stirred at 80°

5  Cfor 2h. It was cooled to room temperature and filtered. The filtrate was then poured into
water (1 L). It was then filtered to afford a solid that was washed with water and then dried
in-vacuo to afford the crude product (7.2 g). LC-MS: m/e =425 [M+1]+

¢) 2-(1-methylethyl)-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-4-nitro-1H-benzimidazole

10
NO,

e

|

o/

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 : petroleurn 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)-1 H-benzimidazol-4-amine

NH,

<
\
N \

0

TiCls (16.3 mL) was added to a solution of 2-(1-methylethyl)-6-(4-morpholinyl)-1-(1-
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15 A m xture of 5-brono-3-nitrobenzene-1, 2-dianm ne (prepared follow ng the
sane procedure as for Exanple I, 5.0 g) in isobutyric acid (20 nL) was
stirred at 120C overni ght. The m xture was cooled to roomtenperature and
poured into water (100 mL.). The pH was neutralized with agqueous Na2CQO3
solution. It was then extracted with Et0OAc and the organic |ayer was washed
with water and brine, dried over anhydrous MySO4, filtered and 20

C(ﬁncent r apbthelenylpstiub4-ike- 1Hckanagudazgls (1. ﬁéhmpm‘ﬂ#@@d@tﬁ} HSMIEDHe(4@é1LC)i )
o5t ol AR M Sfcbbind ok fifuce, M SOWEYIR SLARE el BB nta) 5

pp m 1. 51m{xfyre G4ds mpdebBichyrdiing Hag20 aguedisisoldtion. Fh@sotiznt was épreted 4, J= 1.5

2 5 b) 8. %?nd%greda‘é_e'd pllessujre gndl_t%g 1‘es1]d é wgs éxtgractgd WltijI\lI' ESWSmL% ®rhe cgr%ﬁmLM 11+

6- br ohD- &gtufie gt pleet Wadhyd drith mﬁmﬂhédtaaleemtﬂydmhhwg)sm -filietadant H benzi m dazol e

(or ononet Ry BHAACRAT L TE IR S bt (o Baoty (7 BB REOIHT) s

stirred afc-80@ paA}For 2h. It was cooled to roomterrperature and flltered.
The filtrate was then poured into water (1 L). It was then filtered to
afford a solid that was washed with water and then dried in-vacuo to afford

the crud 21310@létﬁiet(hl% JnorpBetMPD) - 10 ShaphtfadSnylideihy - H-tehzimidazol-4-ol
2-(1- n'etﬁyl(ret hyl }84 (%Drogho i|}¢{E?/1;](ﬂ ; 1- nar?{[u ha }eny rre?rﬁyl/la5294 ?u tro- 1H- ben

zimHhzole 10 A nixture of

6-b I b d I
o) (r)gmg))ioﬁ;o;gﬁ%rrtlwnzg@t}xé@glé@%g@%mé%ﬁhﬁﬁ{mtna%dtﬁaéh [Z}hétﬁ?ﬁ) %ﬂﬂsgn; i dazol e

X- Phos 1%ngingdazgi- 41aﬁnrcn (é&(hwe) 03e0 Qyi\ae@d@egaﬁs mlhwwaddﬁglen and then
stirred ?cﬁt%&mz Qh%%clutmedr%&;&&%é#t%" ¥e¥h rﬂ%ﬁgw&lﬁst{n%%lé%‘?r ture and

t he sol ve was re I n-vacu r esi ue was then purified by silica
gel chr orrit angrtbgsrheated tot mfluxvfor b ('lEle@mEture \@@tqooleé trmoemttemperatice ahyl tHeqtaf f or d

tzge %Si ﬁe%ﬂaﬁieﬁ%&taqggougl\%ﬁbl 3 solu Q‘hé soh?txogr was e}{?racted w%%cm (350_ 431 [Mr11+

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 eluted 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 (1, 4H, J= 7.5 Hz), 5.89 (s, 211), 6.27-6.34 (m,
3H), 732 (t, 1H, J= 7.5 Hz), 7.59-7.70 (m, 2H), 7.83 (d, 1H, J=7.5 Hz), 8.00 (d, 1H, ]=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-morpholinyD)-1-(1-naphthalenylmethy)-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-de) & ppm 1.20 (t, 3H, J= 7.5
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d
2- (1- et hyl et hyl ) - 6- (4- nor phol i nyl) - 1- ( 1- napht hal enyl net hyl ) - 1H benzi m dazo
| -4-amine NH2 TiCl3 (16.3 nmL) was added to a solution of

2- (1- met hyl et hyl ) - 6- (4- nor phol i ny1)-1-(1-

napht hal enyl net hyl ) -4-ni tro- 1H benzi m dazole (1.6 g) and NH40Ac (4 g) in
MeOH (40 nlL). After stirring for 4h at roomterrperature TLC showed no

starti NGY h Xt Ur b di Na2CC3
aqueous s %t%?(g(i”inlrge%s?o \)ggn%ﬂ:va%fnejvggol? §4 gﬂﬁ é%%éélg b@p:gessure and
t he resiéloe(snal),&x33ra84 @d 28H)F h3 DEMH,250. 5@19;@;7 7.'Bﬁém(;2flﬂai7 BKedd,3Hofgani c

| ayers e 't_ ine ri VEr ) L, filtered and
concent r'at S Tohide 5 £ ShRoR A% s o aB S AEC T i 881 (a (1. 2
g, 81%. W;QIVB me = 401 [ Mr1] +. e)

2- (1- ret hyl et hyl ) - 6- (4- nor phol i ny1)-1-0

-napht hal enyl et hyl ) - 1H benzi mi dazol -4-o0l 10 To a sol ution of

2-(1- metﬁyirglgig)ih) 6- (4- nor phol i nyl) - 1- 0- napht hal enyl nmet hy0- 1Hbenzi m dazol -
-amine (300 ng) in H20 (20 nL), and conc. H2SO4 (1 nL) was added aqueous
NaNC2 (78 mg) s@Hution dropwise at 0 C. The mixture was stirred at 0 C for
15 min and the , oreflux for Ih. The m xture was cooled to room
tenperature a e )pH15 neutralized with agueous NaHCO3 sol ution. The
sol ution e ; ith DCM (250 nmLx3). The conbi ned organic |ayers
wer e wash;e\d/l/vith bri i ed over anhydrous Na2SO4, filtered and
concentrated in-vacuo. Tk i i fi ili
chromat ography eluted”w th EtOAc : petroleumether = 1: 1 to afford the
desired product as a solid (80 ngy, 27% . II| NVR (300 MHz, DWVSO d6) 8 ppm
1.21 (d, % L3 . J= 6.6
Hz), 3. it ByLgnCty ' 04 =32 (t, 1H,
J= 71§ Hgglmnzld@%ﬂoio (m 2H) 7.83 (d 1H, J- 7. 5 Hz) 8. 00 (d 1H, . 1=
7.5 Hz), 8.27 (d, 1 J-75sz) 9.55 (s, 1H); LCGM: nle = 402[|\/Hr1]+.
Exanpl e The @lq:dzcgmpound was prepared foll

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

CDCl3) 8 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]+ .

G

owing the same procedure as Example 11 replacing 1-

Example 14

Cl cl

20 2.3-dichlorophenymethyl]-2-ethyl-6-(4-morpholiny)-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 (t,
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, J=7.8 Hz), 7.4 (dd, 1H, J =1.5, 7.8 Hz); LC-MS: m/e = 406
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Preparation of

2-et hyl-6-(4-norpholinyl)-1-(1-naphthal enyl net hyl ) - 1H benzi m dazol - 4- ol

The titled conmpound was prepared follow ng the same procedure as Exanple ||

replacing 30 isobutyric acid with propionic acid. 1H NVR (300 MHz, DMSO- d5)

6 ppm11.20 (t, 3H, J 7.5 Hz), 2.67 (q, 2H, J= 7.5 Hz), 2.93 (t, 4H, J= 4.5

Hz), 3.64 (t, 4H, J= 4.5 Hz), 5.86 (s, 2H), 6.26 (s, 1H), 6.33-6.34 (m

2H), 7.dM4+ 1H J= 7.5 Hz), 7.57-7.68 (m 2H), 7.82 (d, 1H, J= 8.1 Hz),

7.98 (d, 1H, J= 7.5 Hz), 8.23 (d, 1H, J= 8.1 Hz), 9.54 (s, 1H); LCGMs nk =

388 [M+rl]+. 5 Exanple 13 OH Preparation of

1- 112, 3-Ehamifloidphenyl ) et | p, 41- 2- (1- net hyl et hvl ) - 6- (4- nor phol i ny1) - 1H10

benzi m dazol -4-pol The titled conmpound was prepared follow ng the sane

procedure as Expnple 11 repl acing 1- (brononethypnaphthal ene with

1- (br ononet hyl di chl orobenzene. 11- INVR (300 MHz, CDC13) 6 ppm 1.20 (d,
2-_55,".806 (m 2H), 3.67 (t, 4H, J= 4.5 Hz), 5.45 (s, 2H),

: 1H), 7.23 (d, 1H, J= 7.8 Hz), 7.56 (d, 1H, J=

M5: nk = 420 [ M+1l] +. Exanple 14

Preparation of 4-fluoro-2-methyl-6-(4-morpholinyl)-1-{1-naphthalenylmethy)- 1H-

benzimidazole
To a solution of 2-methy!-6-morpholino-1-(naphthalen- I -ylmethyl)- 1 H-benzo[d]imidazol-4-
amine (prepared following the same procedure used for Example 2) (200 mg) in 70% HE/

10 pyridine (2 mL) in a Teflon reactor was added NaNOQ; (56 mg) at -50 °C and the mixture was
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;COj 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, CDCl;) & 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 (4, 1H, J= 1.8 Hz), 6.53 (d,
1H, J= 7.5 Hz), 6.66-6.71 (m, 1H), 7.30 (t, 1H, J=7.5 Hz), 7.59-7.69 (m, 2H), 7.81 (d, i1H, 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

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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OH 20Preparation of

1-[(2, 3-di chl orophenyl ) netl rs4l- 2-et hyl - 644- nor phol i nv11l- 1H benzi m dazol -
4-0l The titled conmpound was prepared follow ng the sane procedure as
Exanmpl e 12 repl acing 1- (brononethyl)naphthal ene with

1- (bromonet hyl) - 2, 3- dichlorobenzene 1H NMR (300 MHz, 25CDCl13) 6 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 (t,

4H, J=4. . AP H J=1.5,
7% voy 0 f@%ﬂg’ﬁﬁ@f@a Tﬁ?&ﬁi%a%%aﬁ%ddgiﬁﬁé (B oy S0 £ gl 01 S
=1. 5, 7. Bt wdsGrivist atni(0°=€ %@60 il the riEhearep tee7(E 5 foBlPﬂézpannamlrmsof

g fl-l)ug‘r 28‘?2%%F X%ﬁl ?e erature n % ¥Il\)/as nelgtrahzg'cp mt}?g'({u%gﬁlslﬁé%EBy glutlolﬁlbﬁnm m dazol

2- et h)(/I was {Heh gﬂﬁicﬁfl@ﬂ&l mtme;ﬁmodnaﬂen}) Trh¢lcombiayd b)rg&ﬁﬂc b@&m\[@e ?dﬁb%e«mtziog- )
am ne prepare oW Nng t he. sane oce ure_ us or e ny
in 70% HEFVare M*ﬁam@uﬁ zfaw}ﬂfﬁ Tlo d?@&@?@ﬁl%@%dg’ﬁ ?56 ng)

at -50 C,and ddsiladbict X\éa@scﬁtd'(ﬁ(f g Rbs): FPRMEOR 06 iR, TIRAY o] ptPr?at ed to

70C for [h. The m xture was cool'ed to roomtenpératuré and the
neutral i ﬁSeélH)m3tq’r?(ta'éﬁidﬁu’s5 NaR 388 (s dHut vh Hz), t53Ms 2He 2R 6B Gt B0, 6\/56 h DCM

100 niL dth
eor dus (Ehe FOFIORN B 1B 92D RV E B WEUE AOREERLUASE e Tagifco andl Lhe
1: 1 to @ffbyd the

10

Example 17
focy

S

9

Preparation of 2-ethyl-4-fluoro-6-(4-morpholinyl)-1-(1-naphthalenylmethy}-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;SQs, 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-dg) dppm 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, 411, 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+17".
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15desired product as a solid (10 ng, 5% . " 11NWR (300 MHz, CDC13) 8 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= 7.5 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: me = 376 [M1]4. 20
Exanpl e 16 Preparation of
14( 2, 3- dixsme dphenyl ) net hy11- 4-f | uor o- 2- et hy1- 6- ( 4- nor phot
nyl) - 1Hbenzi m dazol e 25To a sol ution of
1-[ (2, 3-di chl or pphenyl ) met hyl ] - 2- met hyl - 6- (4- nor phol i ny1) - 1H
benzi m dazol - 4 amng_(prepared foll owi ng the same procedure as for Exanple
7, 200 n'%),\l , F/' pyridine (4 nL) in a Teflon reactor was added NaNO2
(53 ny) OCan t m xture was stirred at -50 C for 30 mm and t hen
heat ed t@\ZGJ C for m xture was cooled to roomtenperature and the
pH was neutralized vm aqueous Na2CO3 solution. It was then extracted with
DCM (100 nL x 2). T4 cogbi ned organi c |l ayers were concentrated 5 in-vacuo
and the residue was purified by Prep-TLC devel oped with MeOH : DCMEL @ 30
to afforgl, [ BoroHtindn MR (300 MHz,
CDC13) . S, . , , j= 4.5

, B. S@EEQI_EZE@@ 6. 29- 6. 33 (m 2H) 6.66 (d, 1H, .1= 7.8 Hz), 7.06 (t,
1H J—78Hz) 7.42 (d, 1H, J= 7.8 Hz); LCMS: nle = 394 [M1.]+ 10
Exanpl e 17 Preparation of
2- et hy1-Te # balotian 8- 1([42 Micphmphmyl)nelb}(lm athpht-framerphb it i -bedAbtsiazol-
benzi m d 201% TI% al"etff%lo n r.'h me edur, asfo le 14,203 m 1n70°/ HF/
2- et hyl - I(% r% Bzh |ny‘T) Eft e(% ;Ep?ﬁ% Feny %"R%/F)l fl(—)l- e%%m m’dazol - 4- anine
( pr epar elridirel (@mlr)gn b Mefl@amect@rvasaddsdaN 80 £ (62 mig) atnd0 8C 4] the GOxtomg,wal. 49

and the R 100 APl BFn iaet PRSP TREY AR PR rmeio B ol ir e vas
heat ed t®@mperafird &1d the H ndit@liBeIUH fucous 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 cther=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, }= 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, }=7.8 Hz), 7.43 (d, 1H, J=7.8
Hz); LC-MS: m/e = 408 [M+1]".

Example 19

!\I_
HN. 2

20

Preparation of 2-methvl-6-(4-morpholinyl)-1-(1-naphthalenylmethv}-4-(1H-pyrazol-5-y13-

1H-benzimidazole

25  a)4-bromo-2-methyl-6-(4-morpholinyl)- I1-(1-naphthalenylmethyl)- 1H-benzirmdazole
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20 was cooled to rt and extracted with DCM (30 nL x 3). The conbi ned
organic |layers were dried over Na2SO4, concentrated in-vacuo. The resulting
residue was purified by Prep-TLC to give the product (20 ng, 10%, as a
white solid. NWVR (300 MHz, DMSO- d6) 5 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 2 » 257.85 (d, 1H, J=8.4 Hz), 8.00 (d, 1H, J=7.8 Hz), 8.24
(d, 1H, J=7.8 H); LC—I\/S me = 390 [M+1l]+ . Exanple 18 Pre aration
of 1- 2 3-c_x[ N or ohennet hyl -4-fluoro-6- 4-nmo holin 1 -1H5
benzi m dazagl e 8 on of
1-[ (2, 3- di"'chiNor o7 e“ hyl ] - 2- et hyl - 6- (4- nor phol i ny1) - 1H benzi m dazol -
4-am ne (prepared fo g the sane procedure as for Exanple 14, 203 np)
in 70% HF/ “pyridine ( ¥ in a Teflon reactor was added NaNOQ2 (52 ng) at
-50 C and the m xture 10 stin-ed at -50 C for 30 nmand then heated to
70 Cfor Ih. The m xtu as cooled to roomtenperature and the pH
neutralized with agqueous Na2CO3 solution. It was then extracted with DCM
(100 mLxT3g.sofilien cfitvhictheHo-¢-garptolihydy-é+&-nuphtielapnoeint)- Hi-dndimidemddo and t he
resi due was purifi by. Prep-TLC de eIo d MAt t . ergliumether =
1. 1to QWUSRHYQPHE‘?%&JQ%}“&E g papceire 4% fop Eaym 85 P ZL%“P’“’EPP IR 300 Mz,
E:DCliH) E@r lSCB&L]Di)%HB 4dded Sdqteods NANO /(294 hig) 3. 1&1&9} i(mtmaldrop%ﬁrse?ai B-5H1). , 343 10
t = (m

&. e fiehpiditoy th?]mlxim"S(WaiQmBedI%? ¢ fOTéén%’FwS mfas ded%‘%ﬂ%%“ S°‘}*ga (d, 1H,
Jr - 7.8 HFN&B img, O il FinAgGeoiMiBE 50 ML pRapwisE 1600, The resulting mixture

2- met hyl - rphollnv%) 1-( 1- napht hal enyl met hyl ) -4- (1H pyrazol - 5-y1) -
1H benzi mag g|hgatec§lg or 30 mmutes and then cooted to room temperature. The solution

4- br ono- %Hf@&s%huﬁlzédlw{m hipReld R¥doldod naRhg bal.ery WimtoN)sddHnb&rs.

m dazol e
The combmed organic layers were concentrated in vacuum and the residue was purified by

10 silica gel chromatography eluted with petroleum ether : EtQAc = 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 (1, 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+1T".

b) 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-4-(1H-pyrazol-5-yl1)-1H-

benzimidazole

20 A mixture of 4-bromo-2-methyl-6-(4-morpholinyl)-1-(1-naphthalenyimethyl)-1H-
benzimidazole (200 mg, 0.46 mmol), 1H-pyrazol-5-yiboronic acid (100 mg, 0.92 mmotl),
Pd(dba), (40 mg, 0.046 mmol), Cs;CO3 (300 mg, 0.92 mmol) and P(t-Bu)s (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) & ppm 2.45 (s, 3H), 3.08 (s, 4H). 3.71 (s, 4H), 6.00 (s, 2H), 6.37 (d,
14, J=72Hz), 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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To a sol ution of

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

am ne (prepared followi ng the sane procedure as for Exanple 2, 1.1 g, 3
mol ) in aqueous HBr (50 nL) was added aqueous NaNQ2 (214 ng, 3.1 nmol)
solution dropwise at 0-5 C 5 After 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 8—%(01(5@ It §-2db2dpdi2édbng, 18D LE-Mfhas ed2d INMhY ni xt ure was t hen heat ed
to 80 Cfor 30 mnutes and then cooled to roomtenperature The solution pH
was neutralized with aqueous NaHCO3 (600 nmL) and extracted with DCM (500 niL
X 3). ThHexaogitbRéied organic |ayers were concentrated in vacuum and the
residue was purdfjed by 10 silica gel chromatography eluted with petrol eum
et her : EtOAc £ | to give the desired product (725 ng, 55% as a white
solid. NWR (3 13) 5 2.55 ppm (s, 3H), 3.05 (t, 4H, J=4.8 Hz),
3.79 (t, fLHN :T—Tz 5.73 (s, 2H), 6.50 (dd, 1H, J = 1.2, 7.5 Hz), 6.53
(d, 1H, 8Hz) .(d, 1H, J=1.8 Hz), 7.28 (t, 1H, J = 7.5 Hz),
7.60-7.69 \(IJ*n 2H), 7.% d 1H J =8.4 Hz), 7.96 (d, 1H J = 7.5 Hz), 8.06
(d, 1H, J 8.4 Hz); XMS: nmfe = 15436 [M+l]- . b)

2- met hyl- 6-(4- nor pho 1)-1-(1-napht hal enyl nmet hyl ) -4- (1H pyrazol -5-y1)-1Hb

enzi m dazol e
(200 mg CEO A ARpdals Oy dg Haggnzimidarolers) ) |

Pd( dba) 203{51,913{1“@&01@ 046 mml) CsZCCB(300 ng, O. 92 mml) and P(t Bu)3 (10 wt
% in hexane, 20 ng, 0.092 mmol) in dioxane (20 nL) and water (10 nli), was
stirred at 1000 C for 18h under a nitrogen atnosphere. The reaction m xture
was cool g¢,ap4d Qtrﬂélﬁrlf@@%&bﬁﬁh?gal @%aﬁﬁ&aﬁeﬁﬁﬂi&h‘yﬁg}f G&iztiuBaMRsqpuri fied by
silica gel chr omat ography elutéd wth OAc to give the product (140 ny
729910 ascagbogpilatee sol i d. NVR showed t hi s corrpound isin a formof tautoneric
m xture (nmajor tautoner/mnor tautoner 5/3) 'FINVMR of the major tautoner
(300 MHz, UVBOc@Q)e8 ppm 2.45 (s, 3H), 3.08 (s, 4H), 3.71 (s, 4H), 6.00 (s, -
2H), 6. 37 (d, oy = 7.2 Hz) 6.96 (s, 1H), 7.24-7.72 (m 6H), 7.83-7.87
(m 1H, 8. 01 PHme = 7.2 Hz), 8.25 (d, 1H J = 4.2 Hz), 13.24 (br s,
1H); LC ME>NMTe”=M24 [ MH11' Preparati on of

2- met hyl OQ(/A- mor phot ) - 1- (1- napht hal enyl net hyl | - 1H- benzi m dazol e- 4-
carboxylic acid ) net hyl

2- met hyl - 6- (4- nor phd y1) - 1- (1- napht hal enyl net hyl ) - 1H benzi m dazol e- 4-
10car boxylate A m xture of internediate

4- br ono- 2- et hyl - 6- (4- nor phol i ny1)-1-0 -napht hal enyl net h

151H- be némrmsmf | netermpadiatt -t nicotmsitivhg- (ﬂm@relmh@yl@flc{éeﬁm%ﬂqylmﬁhylw anple 19

tmol }2 an i e o808 (TR 43,02 plEiBlule TGRS, (700 il 08 0°2
d eg as S edmymoi)hdiitfﬁ((@l) mg, Thea? mmd),r%tﬁ)b 2Gé mgu@ 89 vmgoftangd I'I&ﬂh)é?tml@@ Glior 18h
under a 9 %tl rsq)s Fr)rri]e%lanol r%ﬂ;)ie 2‘% Abggss w}tﬁ' b%éw %é%ﬂ% egictlo% nct% t rat ed.

The resulti ngmre due was Icag rona ograp eluted with
EA 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)
O ppm 2.42 (s, 3H), 3.05 (1, 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, ] = 8.4 Hz), 8.24 (d, 1H, J = 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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20 to give the desired product (170 ng, 45%, as a white solid. 11-1 NWR
(300 MHz, DVMSO-d6) 8 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, I H J = 8A 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 J = 8.4 Hz); LCGMs me = 416 [ 11" 25b)

2- met hy1- 6- (4- nor phol | nyl) 1- (1- napht hal enyl net hyl ) - 1H benzi m dazol e-4-carb

[ t
et hy 5 E D BN g T (o orm AR AR R Py e -
THE WYM@(WH@ s nﬁ%@m F D Cror L h Than the pH of
in an er a or n the 0
t he reac(tlﬁ'éﬂ’rg mdovile lgléifgﬂ)n‘@%?tﬁngﬁl Q’e@% ﬁh} %hﬁrhthe RELf theegptpp at ’%‘?turepms

stirred gfs I{ehtrél%dw N4 ﬁt@@h&ﬁ)ﬂ@ﬁﬁ@u&&ﬁa@tﬂ% hﬂ@ﬂ)rﬂh@twédtékﬁﬁ tﬁ@ 91%
as a white solid. 11-1 NVR (300 MHz, d6r%\ ppm 7 (t,
4H JS:4 <8>Sifﬂ3)pr0@u07015@tfngsﬁﬁ-%),ﬁ&4V@“P{Z‘)hd §3002yIpt I@/l?,@ Ct6é|5 pmqZ 5J1 =7.8

g iﬂ)@?ﬂﬁ’ﬁz5*1?1%42831{%8?-%1i&?ﬂ‘lﬁ’%“éﬁ@&?ﬁ%%%QH‘J‘ 283 TRk 1o

Exémpl e ”232—/74$ImFB}HD, N.6PF EJRaa RV 857 (d, 1H, J = 7.8 Hz), 8.02 (d, 1H, J = 8.4 Hz), 8.23

LS Ay R+l (2

4- br ono- 1-[ (2, 3-di chl orophenyl ) et hyd- 2- net hyl - 6- (4- nor phol i nyl) - 1H benzi m
dazole Br 20 A solution of NaNO2 (0.37g, 5.4 mol) in water (0.5 nm) was
addelf t ofzampedd on of 14(2, 3-

di chl or ophenyl ):El’ﬂt hyl ] - 2- net hy1- 6- (4- nor phol i nyl) - 1H benzi m dazol - 4- am ne
(prepared folg.h\pvymg the sane procedure as for Exanple 7, 2.0 g, 5 mmol) in
HBr (60 nmL) at §-5 C and stirred for 15 mn. The m xture was added

dropwi se to a jtnon of NaBr (1.5 g, 15 mml) in HBr (60 m) at 60C, and
then heated tqg C¥-ove 30 nin. The mixture was cooled 25 to rt and poured

into a grutfon (200 nll). The mi xture was extracted with DCM (100
. o]
cCl '

Cl

Preparation of 1-[(2.3~dichlorophenylymethyl]-2-methyl-6-(4-morpholinyt)-4-(1H-1,2.4-

triazol-3-v1)-1H-benzimidazole

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

Br

Cl

20 A solution of NaNO; (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 tort and poured into a NayCOj5 solution (200 ml). The mixture was extracted with DCM (100
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~m. x 3). The conbined organic |ayers were dried over Na2SO4, filtered,
concentrated. The residue was purified by silica gel chromatography el uted
with EtOAc to give the product (1 g, 44%, as a white solid. 1H NWR (300
MHz, DMSO-d6) 6 ppm 2.39 (s, 3H), 3.06 (t, 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), 7.02 (d, 1H, 5J=2.1
Hz), 7.09 (d, 1H, J=2.1 Hz), 7.26 (t, 1H, J=7.8 Hz), 7.60 (dd, 1H, J=1.2
Hz, 7.8 thk);3)}| TheNBmbmEé OEgaﬂiESayEaMMﬂ@}’ekdﬁdd)over Na;S0y, filtered, concentrated. The
1-1(2, 3-di, hl o 0;81 %@IQ s1 m chrom togn%f)[hy ehgted %ﬁ%@z&c x)'e tgie pr%Suc%l(fTédazm e-4

- carbonlf

al brFm(ﬂ%x&ﬁgm@d@h@r&Elgwtmge?ﬂ;ylﬂmgerml% 830 4s, 0EY, ghml((t _ayl) - 1Hbenzi mi
azol e nmol ) , 244 ng, O0.44
ol )+ SO 30 (250 B, ot O a1 S HAGARE 1a0% g, 1.1
mol )s anﬂzamgowd@(d (11412%2@{42) 766 (0 1= B HNF7 @iy, es el g el at 100C
under howed no starting material remaining, the
reactlonL@ﬂ&$G®@‘W§§[Hﬁéhehed with water and extracted with Et0Ac (100 mlL x
3). The organic |ayer was washed with brine, dried over MySO4,

concentrated. The resulting residue was purified by silica gel

chr onat ogrlajihg-dethinreghe2d)mithil]-En@ Ay - 64 grorphding) d Hroeimidaz0e-4ny, 45%, as a
white SO%‘Q§¢§ INVR (300 MHz, DVMBO-d6) 6 ppm 2.43 (s, 3H), 3.11 (t, 4H,
J=4.8 Hz 4H, J=4.8 Hz), 5.60 (s, 2H), 6.30 (dd, 1H, J=1.2, 8.1
Hz) ,107. 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, ©N, J=1.2, 8.1 Hz); LCMs inie = 401 [M11+ . 25c) 1

aphepy! ) met hyl ] - 2- met hyl - 6- (4- nor phol i nyl ) - 1H benz

m dazol e-4- ca amydere

N

o] kQ

Cl .

A mixture of 4-bromo-1-[(2,3-dichlorophenyl}methyl]-2-methyl-6-(4-morpholinyl)-1H-
benzimidazole (1 g, 2.2 mmol), Pd(dba), (161 mg, 0.22 mmol), dppf (244 mg, 0.44 mmol),

15 Za(CN); (1030 mg, 8.8 mmol), water (1 mL), Fe(OAc); (191 mg, 1.1 mmol) and Zn powder
(429 mg, 6.6 mmol) in DMF (50 mL) was stirred at 100° C under N, for 20 h. When TL.C
showed no starting material remaining, the reaction mixture was quenched with water and
extracted with EtOAc (100 mL x 3). The organic layer was washed with brine, dried over
MgSQy, concentrated. The resulting residue was purified by silica gel chromatography eluted

20 with EtOAc to give the product (400 mg, 45%), as a white solid. ‘H NMR (300 MHz,
DMSO0-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,
1=2.1 Hz), 7.60 (dd, 1H, J=1.2, 8.1 Hz); LC-MS: m/e = 401 [M+17".

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

carboxamide



A solution of KOH (78 nmg, 1 4 mmol) in water (10 nL) was added dropw se to
solution of 1-

[ (2, 3-di chl orophenyl ) met hyl | - 2- net hy1- 644- nor phol i nyl) - 1H benzi m dazol e- 4-c
arbonitrile 5 (280 ng, 0.7 mmol) and 30% 11202 (3 nL) in THF (10 nL) at rt.
The m xture was heated at 50 C for 2 h. When TLC showed no starting
material left, the pH of the mxture was acidified to pH ca. 5 and
extracted wt Et(@gh(SO m. x 3). The organic |ayer was washed with brine,
dried over MySOX centrated. The resulting residue was purified by
silica gel chro togNaphy eluted with EtOAc to give the product (150 ny,
51%, as a whi e 11 10 NWR (300 Whz, DVSO-d6) 8 ppm 2.44 (s, 3H),

3.11 (t, J4./8Hz E’371(t 411, J 48Hz), 5.60 (s, 211), 6.31 (d,

1H 1= 8 S 7.25 (t, 1H, J=8.1 Hz), 7.35 (d, 1H, J=1.8
@m Jl 7.60 (d, 1H J=8.1 Hz): LC-MS: ink = 419 [MI]

1 [ (2, 3-di chl or ophenyf)ret I ]-N-[(1E) - (di et hyl am no) net hyl i dene] - 2- et hy1l

-6-(4- 15 norpholinyl)- 1H— nzi m dazol e- 4- carboxam de 0 NN A sol ution of

conbi ned batches of 1 1-[(2, 3-dichl orophenyl)nethyl]-2-nethyl-6-(4-

nor phol i A)étil)mdﬂ-bﬂle@ﬁi(m fhaz D enrdol piardeoorg b0 tie) (220%gd dpbde mtmmlh)tiohrtnf DVF- DVA

(Lo ) B8 Gkl S R R AR b T

unders r edyo et ov%ﬁ&? @%dsmt/%ﬂy@z (BhEL i UeE" (0 ﬁdj)@trt(TlﬁZﬂ;&ﬁlﬁelwdﬁfw&d a220 ny,
| -

899 I
1- [/% 2, gséﬂadﬁ%? g\r/)v S%&@ﬁh@md@ #ﬁéﬁ%@@ate%algyﬁt?ﬂﬁ%ﬁtﬁwi’smﬁm 1,2,4-triazo
| -3-y1)- ééfhlﬁe&)t%% &, g@ﬁc@éﬁralfbégRﬁtﬁ'E@@AHMHQrﬁt'ﬂw(@gMﬁw&a@%Qﬁdt 0 a

sol uti on of

1- [ (2, 3- Witk hties: dperbonrORSRYy) Joreqrpraeyl- Trairprsttpgresdus oyarprnled lyevlisp ol net hy1- 6
- (4-nor paﬁ%ﬂn%}éér)dngwm@ﬁtﬁwlgﬂoegﬁe th@fgﬁfdg&K%U &lg il%%oasrmwmﬂ: shBd."mpol ) in

acetic acl and stirred at The reaction mxture
was thol BVR (300M1azmﬂl\¢8mdé@ fpnt D446t whﬁédl (NéHGB? &chﬁﬂdr{t 6@51'11{% The

m xture S t ( T n yers
wer e drlg%) 8$§ %&g%l\l\fp ﬂ?ere Ho,ﬂ’d coﬁ) thr)a?g%&O{FI%ej ?gs t| ng(ﬁ’r ePZl due was
puri fi edJay8 Hi), 7da (geH, & OHRY, GEOZRNIF, a+a11 &idd); WG-RLSDEKE = 4MBMFH" 300 1 to
give the desired product (110 ng, 10 53%, as a white solid. | HNWR (300
MHz, DMSO-d5) 8 ppm 2.50 (s, 3H), 3.12 (t, 4H, J=4.8 Hz), 3.75 (t, 4H,
j g ? ﬁ%i 1g(z@Zdlftﬂoroﬁﬁéhyl)ﬁetaﬁuw[(%ﬁdugaﬁylaml iﬂaHzgmeﬂZylg%neE]sa mﬂl 6-(;132;0('2 1H,

S S S,
1H); i werphﬂmé) IHzP&QTlm&M Caﬁ”éﬂaﬂdﬁu on of
1-1(2, 3-di chl oropheny| ) net hy11- 2- net hyl - 6- (4- nor phol i nyl) - 1Hbenzi m dazol e- 4
-carboxylic achd @) ngthyl
1-[ (2, 3-di chl or he\r(ypﬁet hyl ] - 2- net hyl - 6- (4- nor phol i ny1) - 1H benzi i dazol e- 4
- carboxyl ate

\>—Me

N N

o/

Cl ol

A solution of combined batches of 1 1-[(2,3-dichloropheny!)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 (J8211561-105A1, 220 mg, 89%), as a yellow solid. LC-MS: m/e = 474 M+1T
¢) 1-[(2,3-dichlorophenyl)methyl]-2-methyi-6-(4-morpholinyl}-4-(1H-1,2,4-triazol-3-yl)-1H-
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A m xture of

4- brono- 1-[ (2, 3-di chl or ophenyenet hyl] - 2- net hy1- 6- (4- nor phol i nyl) - 1Hbenzi m d
azol c (prepared followi ng the sane procedure as for Exanple 21, 150 ng,
0.33 mml), dppf (18 ng, 0.033 mmol), Pd(Ac0)2 (14.8 ny, 0.066 mmol) and
triethylamne (37 ng, 0.363 nmmol) in nethanol (30 nlL), was degassed with
CAg). Then the reaction mxture was stirred at 60 C for 4h under a CQ(Q)
at nosphéerzinithgoleeact i on mi xture was cool ed, concentrated. The resulting
residue was purified by silica gel chromatography eluted with 5 petrol eum
ether : EtOAc = 1: 1 to give the desired product (65 ng, 45%, as a white
solid. T -dio(:8QMdhiMzate (TRC) as 5RicBB ppotut{cm,of 342, 3-Bichl6rophenylethll= 4. 8 Hz),
3.86 (t, 3 H J=17.8
oy, 6, P ety Rripedyident i o 2Bl nate Ao 7 ) 7,7
7.8 HZ) , carbo@dmide (220hhg, D .48 rdmél) hﬁZe)c,eud.&dl\/S mL)addetmfe(ﬂﬁélﬂ) R/Eilﬂ)rﬂ(ﬂ.zﬁmb)

1-[ (2, 3-di chl or ophenyOret hyI(L 2- et hyl - 6- (4- m)rﬁhol i Pen2| m dazol e- 4
- car box’g}}eireacgelil HUXAUTS Was ﬁ?(ge o precl mto saturate NaHC solutlon 1

1-[(2, 3- ﬂi&ﬁ&ﬁfr@ﬂbﬁé&&&@f@d wﬂbfﬁvx Rty k01 cﬂﬁbﬁg@bﬂgﬁﬁﬁéla’yéﬁbb\%?@&rﬁ@ddazm e-4-
carboxylate(65r’t§q 15 mmol) and LiOH (19 ng, 0.5 |) in THE (5 15 m)
and wat etvey Bles0y. liged 2a¢ poncapfrasde L A thelting reﬁlfiue W?ﬁéﬁ‘“ﬁﬁ%b)pﬂhﬁafgeﬂ he reaction
m Xt ure WasnAeH dﬁt@'e‘l&&ﬂwi@ﬁ b&Ml\M%@H H@b 1T$1§10e tﬂa%emeatp% 2% b irred at rt
for Ih, filtere ive the product (47 ny, 74% wth about 10%

rmonoéhl o‘IrBi"/@DeasanWhlltﬁeSOhderNMﬁ)(ﬁ@@w@MS@dél&nﬁm 2.301(sNNER, 3 30t ﬂHlZJ‘4|§|VBO- de)

S ppm 2 3 7 5

5. 66 (s,ﬁéré',% s (%'?Jf%i Sz, 8m)] ggﬁlz}? EIH;%?G ’(%%) %flﬁ—f(s flagh o ﬁzﬁy i (s,
1H,), 7.¥%8.1(8z), 264) |HY 762 (d dH, 1#8.1 1), B.(8 (L)), BEONE: LH)NKC-ME2MVeFMH | +

25Pr epar%% &][]+§)J

1-1(2, 3 dAt'd ophenvOret hy11- 2- met hy1- 6- (4- nor phol i ny1) - 4- (1H pyrazol - 5-
y1l) - 1H benzi m dazole A m xture of

4-bronmo-1-[(2, 2-di chl or ophenyl ) net hy1] - 2- met hy1- 6- (4- nor phol i nyl1) - 1Hbenzi m
dazole (%*%’é@? & foll owi ng the sane procedure as for Exanple 21, 250 ng,
0.55 mmol), nbt pyrazol -5-yl boronic acid (64 ng, 0.57 mol ), Pd(dba)2 (32
ng, 0.055 mmol )} Cs2CO3 (358 ng, 1.1 nmmol) and P(t-Bu)3 (10 wt % i n hexane,
110 ng, 0. 055 4™y 91 in dioxane (16 nL) and water (8 nL), was stirred at at
80C for 3h_un ¢ ogen at nosphere. The reaction mxture was cool ed and
t hen congentY atéd. NTh esulting residue 5was purified by silica gel

chr omat ogr\aﬁhy el ut ed bh petroleumether : EtOAc = 1. | to give the crude
product (122 ng). The ude product was purified by Prep-HPLC to the pure
product (72 ny, 300/& agya white solid. Il NVR showed this compound is in
a formof tautoneric mxture (major tautoner/nainor tautonmer = 5/3) | HNWVR

Zf the nBjOtrdAraNes 3 ﬁ%ﬂngEnvI%@ﬁ%ﬂ@)meﬁwpﬁqh Inddidyndd.) . 3.12-3.14 (m

H, 3.73-3.76 (m 4H
benzumdazole 4-cay oxvhc ac1d

20
a) methyl 1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholinyl)-1H-benzimidazole-4-
carboxylate
CO,Me
N
\>—Me
N
o \\Q
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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102H), 6.36 (d, 1H, J = 7.8 Hz), 6.97 (s, 1H, 7.20-7.28 (m 2H), 7.37 (s,
1H), 7.53-7.61 (m 2H), 13.17 (s, 1H); LCM5: me = 442 [ MHlr Exanple 24 ON
15 Preparation of

2- met hyl - 6- (4- nor phol i nyl) - 1- ( 1- napht hal enyl i net hyl ) - 1H benzi m dazol e- 4-
carbonitrile 20 A m xture of

4- br onp- 2- met hy1- 6- (4- nor phol i nyl) - 1- 0. - napht hal enyl net hyl ) - 1H

benzi m dazol.e repar oII e 19, 300
o 0 i, 967 b Bera e EaRA LI B e R SO R A AR 1o
nmol ) i N3 4338me1) Jin etharsil |(3ﬂ'lﬁﬂ) atasaega@edmdmrcoqg) fTben th8 eactifnt mixtueol i ng t o
rt, the mxtur ur.ed i nt ter filtered. The filter ,cake was
purifi edWWt’é"e& aﬁ@%&pefp T 4hgeeg g@@ﬁﬁ?"s@ﬁ?ﬁ';&eﬁ%ﬁmﬁ?‘%ﬁﬁ Ea?ﬁ"é’%f’& her : EtOAc
=101 t&ngéﬁfﬁterdhﬁhdqregmwgtre&&&% unﬁ&%y s1ﬁ§a g@l mmﬁogxe;bnycautacﬂ,wﬂm NVR (300
M—lz DVSO- db) : 2.44 4H, J=4.5

, . Glpflpéeun'gq-tl}er &t Cfd Ii?tq:gwgth;e dzsq:q-éi)prodpcts{fs 7“&16;%}11&5 H)Ll(te %01@0 7071 (m
21 S g s Sl el S Gk e

2- met hy | He), 447 (5 8phd.38(5,12H)16.24 (h AHN haI8dMm)) 0ET @y 1H, U= 2.4 Hz), 70t t1H, azol -
3 =78 Hz), 7.42 (d, 111, I = 7.8 Hz), 7.67 (d, 1H, J = 2.4 Hz); LC-MS: m/e = 434 [M+1]"

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

carboxylic acid

A mixture of methyl 1-[(2,3-dichlorophenylymethyl]-2-methyl-6-(4-morpholinyl)-1H-
benzimidazole-4-carboxylate (65 mg, 0.15 mmol) and LiOH (19 mg, 0.5 mmol) in THF (5

15  mlL) and water (5 mL), was stirred overnight at rt. Then the pH of the reaction mixture was
neutralized with 1N aq. HCL Then the mixture was stirred at rt for 1h, filtered to give the
product (47 mg, 74%, with about 10% monochloride as the impurity) as a white solid. 'H
NMR (300 MHz, DMSO-dg) & ppm 2.53 (s, 3H), 3.12 (t, 4H, ] = 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
S—Me
(N
o ﬁ
Cl ol

725  Preparation of 1-](2.3-dichlorophenvyDmethyl}-2-methyl-6-(4-morpholinyl}-4-(1H-pyrazol-5-

v)-1H-benzimidazole

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

benzimidazole (prepared following the same procedure as for Example 21, 250 mg, 0.55
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v11l- 1H benzi m dazole a)

2- et hyl - 6- (4- nor phol i nyl) - 1- ( 1- napht hal enyl net hyl ) - 1H benzi m dazol e-4-carb
oxam de 10 A solution of KOH (45 ng, 0.8 mmol) in water (10 nL) was added
dropwi se to solution of 2- nethyl-6-(4-norpholinyl)-1-0

- napht hal enyl net hyl ) - 1H benzi m dazol e-4-carbonitrile (prepared using the
sane procedyre as Exanple 24, 150 , 0.4 mmol) and 30% H202 (3 m) 15 in
THF (15 #platH -Pﬁazqirﬁeylhvrkﬂlﬁ@@d\ﬁ%maéhi7e@m8 B2 g, 09HERIPDC showed no
startin I s filtered.
The 111 1aroeake s Taarmpl S BERSh (R« T e et 0y Bk 3" 1

pet r ol eutiPEnh o mL g Apater (§ mlD, W@ stjiredbattah 80° [ﬁﬁ)dﬁhtmc(eﬂ_&ﬁltmgen 72% , as a

325 ri g Sonhbico M el ol AR BB B PR Byl T gl Y

7. 25 20(das pllﬁﬁedl hSZsMcd—ge) chrém3ug@adhy dided d3tR p8irdlizym cfReibF t0de =1IH,1 td5Red4 Hz),

7.63-7.7 J=8.1 Hz 8.01
(d, 1H g %rr‘r‘g gd‘ézzfdn%)d?h‘i deﬁ‘%‘?“f?\’—“&?)g"‘“@eﬁgy E éfp Pﬁ]lr% tpLhe ?Pfﬂz)) LC MB:
inie 4;ﬁﬂxdt[cl\/(12]rﬂg 3b¥s), as awhlte solid. "H NMR showed this compound is in a form of

RlE) (dinmeth Iamn%gﬁl lldene 2- met hy 16:53‘(#1 rmrphollnyl) 1-( 1-
napht hal BHGTHE Wﬂﬂt‘}m J5eH 1i"FF'ie’Ef f Epuipmes 15 NMRQ! fleanapdrd@itometon of
conbi nectab@mk@@mo&)rmﬁﬂm 4@(3} ﬁﬂgty phoh QMJA)H)13 Gzl W@%%@? gsmet hyl )

1H benzi ni dazol e- 4- car boxani de 0 n) wa
stirted 40 ﬁéé(@lﬁ@ﬁ =7 WZ)W}@?](STU@ g v@e%ﬁ(ﬁbzﬁt),éf'rﬂ (ﬁglﬂ)a't' 8¥-7 &l (memai ni ng,
the m Xtapne) yes C pay; @Mg ~so| vent was renoved under reduced
pressure to give thé crude produc 30 ng, 76%, as a yellow solid. 1H NWR
(300 MHz, DMBO-do). 6 ppm 2.39 (s, 3H) 3.02 (t, 4H, J=4.5 Hz ), 3.13 (s,

3. %ﬁ’ﬁ 1e3f), 3.69 (t, 4H J=4.5 Hz), 5.99 (s, 2H), 6.30 (d, IH J=7.8
10Hz) . 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, | H JGY.8 Hz), 8.54 (s, 1H; LGMS: me = 456 [ Mr114- c)
2- met hyl - 6- (4- i nyl)-1-(1-napht hal enyl nethyl)-4-(1
H1,2, 4-triaz - yP-MeH15 benzi mi dazol e

N N

o
&

Preparation of 2-methyl-6-(4-morpholiny]}-1-{1-naphthalenylmethyl)-1H-benzimidazole-4-

15

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), Pd(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 :1 to give the product (180 mg, 68%), as a white solid. '"H NMR (300
MHz, DMSO-ds): 8 2.44 (s, 3H), 3.07 (t, 4H, J=4.5 Hz), 3.68 (t, 4H, ]=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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Hydrazi ne hydrate (3 nL) was added to a sol ution of

N-[ (1E) - (di net hyl am no) net hyl i dene] -

2- met hyl - 6- (4- nor phol i nyl) - 1- (1- napht hal enyl net hyl ) - 1H benzi m dazol e-4-carb
oxam de (130 ng, 0.29 mmol) in acetic acid (10 nL) and stirred at 130 C for
30 min. The reaction 20 m xture was cooled to rt and poured into saturated
Na2CO3 solution (20 nL) A filtration was perforned, and the filter cake was
purified, b ﬁi ica gel chromatography eluted with Et0OAc to give the product
(88 ny, kﬁéa,e a white solid. 11-1 NWR (300 MHz, DMBO-do): 6 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 ﬁEN 1H, J=7.8 Hz), 7.54 (s, 1H), 7.61-7.72 (m 2H,), 7.86 (d,
1H, J=8.4 Hz}yn 8,102 (d, 1H, 25J=7.8 Hz), 8.09 (s, 1H), 8.25 (d, 1H, J=8.4
Hz), 13.85 (s, fH); LCGMS: me = 425 [MW1]+ Exanple 26 5 Preparation of
met hyl
2-met hyl-6- (4-

;hN Ligl) - 1- (1- napht hal enyl nmet hyl ) - 1Hbenzi m dazol e- 4- car bo
xyl at e - -chl oro-2-nitrobenzoic acid 10 Under nitrogen, to a
sqution?éEjﬁ-BuCK 15 g) and Cu(OAc)2 (3.6 g) in DWW (1.2 L) was added
a sol uti®s.of 5-chloro i trobenzoic acid (40.0 g) and MeONH211Cl (33.2 Q)
in DVF (300 nL) at OC. ter 3h the reaction was quenched by addition of
H20 (2.5 L) and 15 aC| ed with 10% HCL solution to pH= 1. The m xture was
extracted with EA (2 L™ 2) and the conbined organic | ayers were then
washed with brine, dried over anhydrous Na2804 f||tered and concentrated

i N- vag UopeParatidnaifd-rhét @01 meth 4 - & d 100%) .
I1i NWVR (300 Mz 13) : 6 ppn16 88 (s, 1H, . 1= 2.4Hz), 6.91 (d 1H |I=

2. 4Hz) MMQ&%&%@ LG MS: me = 217 [MH11'. 20 b) methyl

3-am no-5-chl oro-2-ni trobenzoate

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

H,N._0

N
\>—Me
N N

o/
&

A solution of KOH (45 mg, 0.8 mmol) in water (10 mL) was added dropwise to solution of 2-

10

methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazo le-4-carbonitrile
(prepared using the same procedure as Example 24, 150 mg, 0.4 mmol) and 30% H,O» (3 mil)

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 petroleumn ether : EtOAc=1:2 to give the
product (115 mg, 72%), as a white solid. 'H NMR (300 MHz, DMSO-ds): 5 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, }=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, 18, 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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A m xture of 3-am no-5-chloro-2-nitrobenzoic acid (43.2 g) and HATU
(2-(1H7- Azabenzotriazol-1-y1)--1,1, 3, 3-tetranethyl uronium

hexaf | uor ophosphat e Met hanam nium conmercially available) (76 g) in MeOH
(81 m.), Et3N (83 nL) and THF (300 nL) was stirred at roomtenperature for
3h. When TLC showed no starting material, the solvent was 5 renoved

i n-vacuo and the residue was then diluted with EtOAc (2 L). It was then
washed wiaphthblenplmethyDiiBYenainaidaholeeticoberamadehydr ous Na2SO4, filtered and
concentrated in-vacuo. The residue was then purified by silica gel
chromatogr%phy eluted with EtOAc . petroleumether = 1: 8 to afford the
desired produet-a¥ a yellow solid (29.5 g, yield 64%. 1H NVR (300 MHz,
CDC13): S ppm 3. o0 (s 3H, s), 5.85 (br s, 2H), 6.80 (d, 1H J = 2.4 Hz),
6.90 (d, 1H, J ~MN 10 Hz); LCGCMS: me = 231 [Mrl]+ . c) nethyl

3-am no-5- (4- B §-2-nitrobenzoate 15 A mi xture of conbi ned batches
of net hyl¢”3-®im no- 5 chl gro- 2-ni trobenzoate (39 g), norpholine (29.5 g) and
)

K2CO8 (4 }g)vvas st @ DMVF (200ml) at 1100 C for 5 h. The ni xture was
cool ed to room tenperatWurg/and poured into water (1 L). It was extracted
with Et0Ac (500 nL x

% he conbi ned organic | ayers were washed with
brine, dried over 20 alhygdrous Na2SO4, filtered and concentrated in-vacuo
to afford the desired product as a yellow solid (22 g, yield 46% . |HNWR
(300 MHz, CDC13): S ppm 3.31 (t, 4H, J= 4.8 Hz), 3.82 (t, 4H, J= 4.8 Hz),

3.89 (s e e 1H,n LC-Ms: me
3 282( : Méisbﬂ'utlogg@éﬁnnébgjnhdﬂakﬁzoh ﬁelo?zanéhéﬁzél@ ﬁox%ﬂol(rﬁi,ri) LHhnaphihSleflyiéthy !

ny1) -3 H Babeparmiiszele-d- catb@awdsz 9{5&1@% % 3‘Bdnraolém AMFdpMef (1Ratlnyyas stirred
3- ani no- il@ﬁ°@?&r@W'WﬁBﬁ@LC\%ﬁ%&ﬁQ%ﬁﬁ@%t %ﬁ)ga n%&g Inla i gpfgbtéé i n HOAC

(400 nL) was added iron po In portrons irtron, the
m xt ur e ® rivarsl the palyastiwas remef¢dndeoredaeer .prﬂswrmlwmi elmdtt Bfodmﬁﬁoem;er ature

aqueous esbons R YR CHE N, DN 48T R el 66T ey e
conbi _nngﬂr.ngga:)ics 13ay.ath, W20 6, fﬂg}aﬂ @Qgéﬂlnﬁzlaiﬂﬁb 5.89 s 2Hy mddt@eiﬁegbdgg was
DT ol T Y ddaidf frbnlieh 728 G TER ¥ frbr 8% g i urh By SR (300

:\/Hz4 gDClB) ,7.86 (POIH, 1@28@61%) (78502 4(31(-%1—1, Jﬁﬂijzgt&lzsg(tﬂ, ler)i 1]‘;4 ;1&)23334, (iﬁl%glica 84Ez ).
o e M el (8 TR R R e

¢) 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-4-(1H-1,2 4-triazol-3-yl)-1H1-

15  benzimidazole

Hydrazine hydrate (3 mL) was added to a solution of N-{(1E)-(dimethylaminoc)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 NayCO; solution (20 mL). A filtration was
performed, and the filter cake was purified by silica gel chromatography eluted with FtOAc
to give the product (88 mg, 72%), as a white solid. '"H NMR (300 MHz, DMSO-de): § 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, {H),
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, IH,
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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e) net hyl
2- et hyl - 6- (4- nmor phol i nyl) - 1- ( 1- napht hal enyl net hyl ) - 1H benzi m dazol e- 4-
carboxylate 15 A m xture of nethyl
2- met hy1- 5- (4- nor phol i nyl) - 1H benzi m dazol e- 7- car boxyl ate (4.125 @),
1- (br omomet hyDnapht hal ene (5 g) and K2CO3 (6.2 g) was stirred at 80 C for 3
h. When TLC showed no starting material renmaining, the mxture was cool ed
to roo 0{5@ %%%ure and then poured into water (500 nL). It was extracted
with Et q?% mL x 3) and the conbined 20 organic | ayers were washed with
brine (500 nL x 3) and then concentrated in-vacuo. The residue was purified
by silica gelle@hromat ography eluted with MeOH : DCM= 1: 100 to afford the
desired product fas a yellow solid (4.6 g, 749 . |IHNVR (300 MHz, DVSO-d6): 8
ppm 2.42 (s, 3 NO4 (t, 4H, J= 4.8 Hz), 3.68 (t, 4H, J= 4.8 Hz), 3.90
(s, 3H,), 6.02 34Me 6.28 (d, 1H, J= 7.5 Hz), 7.29 (d, 1H .1= 2.4 Hz),
7.32 (d, '8 Hz), 7.39 (d, IH .1= 2.4), 257.60-7.71 (m 2H), 7.84
(d, 1H, ﬁ4 Hz) , d, 1H, J= 7.5 Hz), 8.24 (d, 1H, .1= 7.5 Hz);
LC ME: 416 [I\/H] anpl e 27 Preparation of 1
1-[ (2, 3-di chl orophenv yl 1 -2-nmethyl - 6-(4-norpholinyl)-1Hoenzi m dazol e- 4-
carboxanmide 5 The titl¥ onpound was prepared from
1-[ (2, 3-di chl orophenyl ) met hyl ] - 2- net hyl - 6- (4-

I

mor phol i nyl) - 14 benz ; ] B, procedure

descri beHlRaEomLoLMY e LNV W2 S 6y —5 ppm 2. 44 (s,
3H), 3. 1@6&11111&@13-4.@&1,&; e), 3.71 (t 4H, J=4. 8 Hz) 5.60 (s, 2H), 6.31
(d, 1H, J=8.1 Hz), 7.16 (br s, 2H), 7.25 (t, 1H J=8.1 Hz), 7.35 (d, 1H,

J=1.8 Hz), 7.41 (d, 1H, J=1.8 Hz), 7.60 (d, 1H, J=8.1 Hz): LC-MS: 10 me =
419 | M*'V\éﬁ(-ﬁﬁﬁﬁe&aﬁoro@rﬁtmbenzoic acid

CO,H
NO

2

Cl NH,

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; HCI (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;SO,,
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+11".

20

b) methyl 3-amino-5-chloro-2-nitrobenzoate

CO,Me
NO,

Cl NH,
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Preparati on of nethyl

1-[12-fl uoro- 3-net hyl phenyl | net hyl ] - 2- met hyl - 6- (4- nor phol i nvl) - 1Hbenzi m daz
ol e-4-carboxylate A m xture of nethyl

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 (500 ng, 1.82 mml), K2CA3 (502 ng, 3.64
nmmol ) and 1- 20 (brononet hyl)-2-fl uoro- 3-net hyl benzene (389 ng, 1.91 nmol)
in DVF (2ixtije ofdsimste-febldra-nB@Gedzore atBH43. TigpanrdddsTUER-(HH-Ht ure was cool ed,

poured i (1 d ex cted t haEt OAC The

R R R RS SR S R R

resul ti rrg;mmudﬂgeam&l@um §) iaMdnyH gallnmﬂEgNI(SEhﬂx)mibIgF amaynle)lwﬁsed with

Et OAc : MeOH = 100 : 1 to giye red roduct as a red

solid. RO PSP RO R S BErT RO o B ttoe meiend. ¥ iolntpd 247 s,

3H), 53. G8mbled ﬁHﬁClﬂe-fﬂid &dﬂégldue vaasl&n(tﬁlmeﬁlﬂmb]E%QA% (He). I @as&ﬁen(\ﬁashéﬁ) 5.51

(S 2H) 6.62 700&8 1H, J = 7.5 Hz), 7.22 1H, J
7.5 HZ‘)'lth 1711@2(1(1_53) g_q.q dn‘yd gvg agh}qigus Na, 4,( ereq_p:pd gpncenfa’;gd Leryacup.cL : rrile

398 [ Miliaw: Jxann lﬁm%@d b}QihEz[ %‘e@@ﬁl‘aﬁﬂa@@r ?ﬁy eluted w1th EtOAc : petroleum ether =

1-112-f1 uor o- 3- net hyl pheny 1-2-me - -rmrgho i nvl) - 1Hbenzi m daz
ol e- 4- cal b%mffoed%ae|d@slmdm0;dt1@rraeadcllqmqh§i|(29Sg, Yleld 64%). H NMR (300 MHz,

142-f1 uo nydy ) ( Y 1 dbepnzi m dazol
e- 4-car b%@?ﬁ%t IH%# g‘g§ e g?%@%r%ﬁ@?w&a?%nﬁ?%?%;fgxn%{]jgb%pmml) and
2 N 14 G—H@;LLB‘FMS ﬁ/e&lﬂh{l\/ﬁlﬂ*n THF (20 nL), was stirred at 45 C for 16 h.
The solution 15 was filtered; the filter cake was then dissolved in water
(20 nmL) and added into formc acid to adjust the pH of the solution to 3 -
4. Then @ nidihytl Badniam s\@snopstioliayredhittabepsoarei de t he product (160 ng, 70%, as
a white solid. 1HNVR (300 MJz, DVMSO-ds): 5 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 =- €¢B,Me), 7.03 (t, 1H J = 7.5 Hz), 7.24 (t, 1H J = 7.5
Hz), 7.40 (d, 1H ] = 2yhHz), 7.42 (d, 20 1H J = 2.4 H); LCMs nie =
384 [ M+11l+ Exanp 2 :

NH

N 2
0.

A mixture of combined batches of methyl 3-amino-5-chloro-2-nitrobenzoate (39 g),
motpholine (29.5 g) and K,COs (47 g) was stirred in DMF (200ml) at 110 ° C for 5 h. The

mixture was cooled to room temperature and poured into water (1 L). It was extracted with

15

EtOAc (500 mL x 3). The combined organic layers were washed with brine, dried over

20  anhydrous Na;SQO,, 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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Preparation of nmethyl 2-methyl- |-
{1-2-nmethyl1l-3-(trifluoronethyl)phenyllnethyll -644-

nor phol i nyl) - 1H benzi m dazol e- 4- carboxyl ate A sol ution of methyl

2- met hyl - 5- (4- nor phol i nyl) - 1H benzi m dazol e- 7- car boxyl at e prepared as
descri bed in Exanpl e 26, step d (500ng, 1.8 mmmol),

1- (brononet hyl)-2-nethyl1l-3- 5 (trifluoronethyDoenzene (483 ng, 1.9 mol)
and K2CO3 (497 ny, éi\gmml) in DM (50 nL) was stirred at 80C for 3 h. The
reaction mxture wg Bled to rt and poured into water (50 ni), extracted
wi th EtO0Ac (30 ) The conbi ned organic |ayers were washed with brine,
dried over Na2SC 1lfe Mﬁrat ed. The resulting residue was purified by
silica gel chrong h§ ed with DCM: MeOH = 50: 1 to give the crude

product ( 1|| d NO 29% , as a white solid. 114 NWVR (300 MHz,
DVBO-d6) 1 5 ppm 2.39 (sH 3H), 2.54 (s, 3H), 3.08 (t, 4H, J=4.8 Hz), 3.72
(t, 4H, . Hz) 3.89 (s, 3H), 5.57 (s, 2H), 6.27 (d, 1H J=7.5 Hz), 7.22

(t, 1H, J=7. Hz) 7 27 (d 1H, J=2.4 Hz), 7.38 (d, 1H, J=2.4 Hz) 7.60 (d,

1H, J=7.5 Hz) = 44 M-1] .1 le 3 Pr epar at+d. on of

2- et hyl Tas eemtl%qfwwhlé 3(*’?&1?‘? Pﬁ%%ﬁé{"ﬁﬁﬂﬁ 'Eﬁ’gtr%mr%‘% ﬁ#% aa%geﬁdﬁgm inyD)-
1H benzi Mgz Q| M04I0A RN d ifordfoder iR paﬂm.ous 3 A fidritlerndditioR, the toix@ie (1. 2 nl)
was added to a sol uti on of mthﬂflélﬁiz/ nmet h

([ 2- réet hyhs girged o weflye Fos et FyYas S Mfﬁ@?ﬁ%{mﬂ%“f(’&n‘?rﬁlf’ﬁﬂ%‘r“}t 015 b enzi mi da

zol e- 4- kRN, 00 AL el B I{4B8QxmEsted. 4 mol )
in THF (%%%ﬁ?%h@}%ﬂu@?@?ﬁ%%hiﬁ?ﬁaﬁ% for 1d2h V\hen $LCps We(}:l{ noe starting

mat er i al wite BeDA¢ (90 mlhs3nThe enmebiadorgsist lagFr Berethea fanePpiE G Y- P &dd under
reduced pr eessﬁijle%\?als }er eﬁﬁfsghda%%l é{é R e1@ed Witk VMROH DO 31 : I

suspensi trate was col | ected, and washed with
water ( 19fwbsH tﬁd)degire@rbdhetmmudﬁlﬁi@gawl.thﬁ%) JHINMR(ABMEG, CDCB)@ resyy . 1H

A T e LT
7.26 (t, pifly. SJl‘{Z B1,h2),8 ﬁz)SBC(MS thid~ WeIMEIHZ) , 7.44 (d, - 1H, J=2.4 Hz),
7.62 (d, 1H, J= 8HZ) LG Ms: ink = 434 [W11 . Exar’rple 325
) methyl 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyi)-1H-benzimidazole-4-
carboxylate '
15
A mixture of methyl 2-methyl-5-(4-morpholinyl)-1H-benzimidazole-7-carboxylate (4.125 £),
L@mmmﬂ@ﬁmﬁMbwﬁQmﬂ&&h@l@wwmmwmﬁWChﬁh“%mﬂﬂ
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-dg): 8
ppm 2.42 (s, 3H), 3.04 (t, 4H, J= 4.8 Hz), 3.68 (1, 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, ]=7.5 Hz), 7.39 (d, 1H, J=24),
25 7.60-7.71 (m, 2H), 7.84 (d, 1€, 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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CN Pre aration of2 3-dichloro shen | neth 1 -2-nmethsholin 1 -1H

benzi m dazol e-4-carbonitrile 10 The titled conpound was prepared from

4- br onmo- 1-[ (2, 3-di chl orophenyl ) net hyl ] - 2- net hy1-

6- (4- nor phol i nyl) - 1H benzi m dazol e usi ng the sane procedure as described in
Exanpl e 21, step b. I NVR (300 MHz, DVBO-d6) 8 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), 7.250& -NHiH, J=8.1 Hz), 7.35 (d, 1H, J=2.1 Hz), 7.42 (d, 1H, J=2.1
Hz), 7.60 (dd, [LH, J 1.2, 8.1 Hz); LCMs: me = 401 [ M+1] . 15 Exanple 33
20 Preparatio nethyl 6- (4- nor phol

nyl)-1-(1 Np %k_ t hyl)-1H benzi m dazol e- 4- carboxam de To a
solutlonr/Q

2- met hyl 06/é4 nmor ph) -1- (1- napht hal enyl net hyl ) - 1H benzi m dazol e- 4-

car boxylic acid, pr&f ¢d as described in Exanple 20 (100 ng) in DCM (20
m.) was added a 25 op @ DMF. The solution was then cooled to O C and
then Oxalyl chloride (64 ng) was then added. The mixture was stirred at
roon1tenperature for 30 mn. The solvent was reaned in-yacuo to afford a
' i eths pylsoHt d di ssol ved in

t hy DCNH%ZO Eémzhﬂgmﬂp gglgd in NH3 at O‘C for 5 mn The.nlxture was t hen

concentr ford the desired product as a white solid (79
Ny, B69% TheltEledMRnpE00 wkiprepikbOod6l)-[(2,3-dighior@pédylfsethi B HR-mBhyd6-(@t , 4H, Jr-
4. 5Hz), morpl?olgnyl) lﬁlbenmméazoﬁzal-carbommle using the same procedure described in
Example 21, step c. 'H NMR (300 Mhz, DMSO-de) 8 ppm 2.44 (s, 3H), 3.11 (t, 4H, J=4. 8 Hz
), 3.71 (t, 4H, J=4.8 Hz), 5.60 (s, 2H), 6.31 (d, 1H, J=8.1 Hz), 7.16 (br s, 2H), 7.25 (¢, 1H,
J=8.1 Hz), 7.35 (d, 1H, J=1.8 Hz), 7.41 (d, 1H, J=1.8 Hz), 7.60 (d, 1H, J=8.1 Hz); LC-MS:
10  m/e=419 [M+1]"

Example 28
O._-OMe
N
S—Me
W
0. \\Q
F

15

Preparation of methyi 1-[(2-fluoro-3-methylphenvlimethyl]-2-methyl-6-(4-morpholinvi)-1H-

benzimidazole-4-carboxylate
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, DMSQ-dg): 8 ppm 2.24 (d, 3H, J = 1.8 Hz), 2.47 (s, 3H), 3.09 (1, 4H, J=4.8 Hz),

79



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 = 9.0 Hz), 8.24 (d, 1H J = 9.0 Hz), 9.22 (s, 1H; LC M nle = 401

[ MF1] +. 10 Exanple 34 Preparati on of nethyl

2- met hy1- 6- (4- nor phol i nyl)-1-(8-cm nol i nyl net hyl ) - 1H15benzi m dazol e- 4- car bo
xylate A nlxture of nmet hyl

Gescr b br ERAEPEb 2y8%)<% TR A R R ofe S

mol )  ark)57. 2:((1mmjrm hyaz), quzn(6) e (A2 Bz)yg,361d.9H, drdl.4 Ben LONES (258 nl) was
stirred %ﬁﬁggéiior 18h. The reaction m xture was cool ed, poured into water
(100 niL)” Iracted with EtOAc (50 20 nL x 3). The conbi ned organic

| ayers were dried by Na2SO4 and concentrated. The resulting residue was
purifsied by silica gel chromatography eluted with EtOAc : MeOH = 100: 1 to
gi ve thqh&hHQ@zyroduct (350 ng, 46%, finally it was purified by Prep-HPLC
to give the product (180 ng, 24% as a red solid. 11-1NWVR (300 Mz,
DVSO-d6): 8 ppn 2082 (s, 3H), 3.03 (t, 4H, J=4.8 Hz), 3.70 (t, 4H, J=4.8

Hz), 3.88 (s, , 6.08 (s, 2H), 6.87 (d, 1H, J = 7.5 25 Hz), 7.31 (d, 1H,
J=21Hz), 7 o, 1H, J = 2.1 Hz), 7.48 (t, 1H, J=7.5 Hz), 7.66 (dd,
1H, J=4.2, 8. ‘V—la (d, 1H, J = 7.5 Hz), 8.44 (dd, 1H, J=1.8, 8.4 Hz),
9.05 (dd i 4.2 Hz); LC-Ms: rule = 417 [Ww1l]' 30 Exanple 35 Pre
aration gf 2-nmeth 1- sholin 1 8 uinol nlmeth 1 -1H benzi m dazol e- 4-
carboxylrc”acid 5 A m e of nethyl

2-met hy1l- 6- (4- nor pholg'nyd) - 1- (8- qui nol i nyl met hyp- | H benzi m dazol e4- car boxyl
ate, prepared as descrlbdﬂaln Exanple 34 (300 ng, 0.72 mmol) and 2 N Li OH
(2.2 m, 4.3 mol) in THE (10nL), was stirred at 45C for 16 h. It was
flltered and theffllter cake maa dISSO|V?d |n wat er (20 nL) and t hen added

filtration rﬁgg ive the product'(200 ng,-_9@© as a 10 white
sol i d. Qgﬂﬂﬁﬁ&aﬁ%{}% ; he%ﬁ‘%) 8 ppm2.61 (s, 31 306 4H, J=4.8

Hz), 3.74 dmmremmm 1(HBgroB-mahyisheryBnethyll#3metyl-G:-(4-mg om@ By, 7.41

( S ZH) }?_?flmlga(zgg ﬁ% gddbdjxiflg‘te Ek%)n‘gd Zl%g% r{i_%(a’m %k%‘gp’le(* g%g%%%lg, O%Zr)méqolz a &3 (d, H2) 11H

LC— IVB ni B IHOM0@ gV B imihbl) Eix AHP (20 B36), was stirred at 45° C for 16 h, The solutlon
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-dg): 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, 1H,J=7.5 Hz), 7.24 (t, 1H, J = 7.5 Hz), 740 (d, 1H, J = 2.4 Hz), 7.42 (d,
20 1H,J =2.4 Hz); LC-MS: m/e = 384 [M+17"

Example 30
0._0OMe
N
\>—Me
(NI
o @
Me

CF
25 3
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20Pr epar ati on of

1-[ (3, 4-di net hyl phenyl) net hyl ] - 2- net hyl - 6- (4- nor phol i nyl) - 1H

benzi m dazol e- 4-carboxylic acid a) nethyl

1-[ (3, 4-di met hyl phenyl ) net hyl ] - 2- met hyl - 6- (4- nor phol i nyl ) - 1H benz m
dazol e-4- carboxylate 25 To a solution of nethyl

2- et hyl - 5- (4- m)rphol i nyl) - 1K benzi m dazol e- 7- car boxyl ate prepared as
descri bed '-zvm ' 7P -methvdd - {{2-a@tind 3 f trifinopaethyhphenyl metkyikE6-&

Di met hyl T ded in
4- (chl orlgr18 1!1 = i W Car\e@? 1 0.185 g, 1.199 mmol) and potassium

car bonats s()lﬁlnaﬁsdf lgethﬁ Bﬁéthyﬂm)@mofphelmyé)suﬂiﬁnemgnMMT oarbmyiatmpmpams stirred

at 8OCfor t-was. C Ied roo ure a nto water (30
Rerrtrd MR RIS ER A o B REN T g o PR i nedt or gan ¢

phase$ V\(@ﬂiﬂudmétﬁﬁl)h@nidﬁe lp<r83rrﬁg (150mirb)) aammm;\(@enmrgm eehmomﬁ DVBds mat eri al

was 10 sub ect ed to nqrn)]% hase purification q 40%Et OAc/ Hexane) then

(0- 19ve0ml stirgpd gt $@ GtiRe3 Br%&?“‘(’@@’ﬁf‘”ﬁ wag gogled to 488 pputed IO WL 0 [ MrH)|

b) (50 mL), extracted with EtOAc (30 mL x 3) The combmed orgamc layers were washed with

1-[(3, 4-di met hyI phenyQret h - 2- met ¥ hol i nyl) - 1H benzi m dazol e-4

- car boxk}‘]“?ec digd qyen NazPg4 gn W@nt@tegf ng I‘eSl ue was puri ied by silica gel

1-[(3, 4- @r@%&tﬂ%ﬂaﬁlﬂeaﬂt%ﬁtﬁﬂdl\n 2neefrhy 3o 61 tdsi 0@&19'8@1':1!: Eﬁé@iﬁct%i‘%‘?ﬂ% i fazol e- 4-

4 nmol I'n

car boxyl ate(0 in Tetrahydr of uran Y was added
in 11&hi Zﬂ%hy@la mbltd@ll@5 HQEMILGOQMI@Q D0 s): %Bmﬂéﬁc{s,ﬁbﬂ ZAl'aﬂs(sztH)a red at 50

C for he . r t I r QoM h c sol vent
was rem)gg%&f %vagﬁoﬁzg%?gTﬁgﬁpﬁ?? I{ g 3V\%3 cﬁﬁ ectéﬁﬁaﬁ? ;F(f ?T)afr? Wat er
(20 nlL) Has72ddedHi h=751Hirx3 TRX{UnH, wast Bf), 268 i, flHedF2wi HE) 716(1‘{d]—|[H,.J—Tlie
resultin S igtl . and washed with water and dried to give the

pr oduct %6) Y‘glg’ [ﬁﬁﬁ (400 MHz, DVMsO-d6) 8 ppm 2.18 (s, 6H), 2.58 -
2.75 (s, 3H, 306-322(m 4H), 3.71 - 3.82 (m 4H), 5.55 (s, 2H), 6.94
(m i3), 7.04 (s, I H, 7.11 (d, 1H, 1=7.83 Hz), 7.52 (m 2H). MS(ES+) nile

380. 2[ Mtikampgk 3txanpl e 37

O, _OH

N
S>—Me
N

YR

CF

3

20  Preparation of 2-methyl-1-{[2-methv]-3-(irifluoromethylphenylImethyl}-6~(4-morpholinyi)-

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)phenyljmethyl } -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-de): & 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 (1, 1H, J=7.8 Hz), 7.35 (d, 1H, J=2.4 Hz), 7.44 (d,
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Pre aration of 2-meth 1-6- 4-n_pnzinVS carboxylic acid 5 The titled

conpound was prepared follow ng the sane procedure as Exanple 36 repl aci ng
4- (chl oronet hy0- 1, 2-di net hyl benzene wi th 2-(brononet hyDnapht hal ene in the
first step. 11-1 NMR NWR (400 MHz, DVMSO-d6) 8 ppm 2.73 (br. s., 3H), 3.11
-3.21 (m 4H), 3.70 - 3.78 (m 4H), 5.82 (br. s., 2H), 7.40 (d, J=7.83 Hz,
1H), 7.48 -7.63 (m 4H), 7.72 (s, 1H), 7.82 - 7.97 (in, 3H . MS(ES+) rate

401.9 [ t e _ X . Lab) [+

14(3, 4- WHT%%W@dn&}?’ﬁjﬂf@%‘?ﬁ%?@?( ?i'?%@?‘gﬁ%n ny1) - 1Hbenzi ni dazol e- 4-
carboxylic acid The titled conmpound was prepared follow ng the sane
procedure as Exanple 36 replacing 4- (chloronethyl)-1, 2-di net hyl benzene
with 4- (m%q\%gmhyl )-1, 2-di chl orobenzene in the first 20 step. 1H NVR NWR
(400 gVHz, O-d6) S ppm 2.55 (s, 3H), 3.00 - 3.18 (m 4H), 3.61 - 3.83 (m
4H), 5.56 (s, 2HyN 7.02 (dd, J=8.34, 2.02 Hz, 1H), 7.44 (s, 2H), 7.50 (d,
J=2.02 Hz, 1H), J.60 (d, 1H). MS(ES+) ink 420.2 [M1-1]-1 25 Exanple 39
Preparation of N

2-nmet hyl - 1-{1- A h
4- (1H 1, ,\4)Nria ol -

O

\zTyle(t'ri fl uor onet hyl ) phenvi | net hyl | - 6- (4- nor phol i nyl) -

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

benzimidazole-4-carbonitrile

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) 8 ppm 2.43 (s, 3H), 3.11 (t, 4H, J=4.8 Hz), 3.72 (1,
4H, J=4 .8 Hz), 5.60 (s, 2H), 6.30 (dd, 1H, J=1.2, 8.1 Hz), 7.25 (1, 1H, J=8.1 Hz), 7.35 (d, IH,
J=2.1 Hz), 7.42 (d, 1H, J=2.1 Hz), 7.60 (dd, 1H, J=1.2, 8.1 Hz); L.LC-MS: m/e =401 [M+17".

15
Example 33
OxNH,
N
| \>—Me
(‘“N’ N
SR
20

-naphthalenylmethyl)-1H-benzimidazole-4-

Preparation of 2-methyl-6-(4-morpholinyl}-1-(1

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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5 a) 2-nethyl- I- ([2-methyl-3-(trifluoromnethyl)phenyl]nethyll

-6- (4-nor phol i nyl) - 1Hbenzi m dazol e- 4- carboxam de 10 To the m xture of
2-methyl-1- { [2-nmethyl-3-(trifluoronethyl)phenyl]nethyl}-6-(4-

nmor phol i nyl) - 1H benzi m dazol e- 4- carboxylic acid, prepared as described in
Example 31(0.6 g, 1.384 mml) in D chloronmethane (DCM (60 nm) was added in
oxalyl chloride (0.485 nL, 5.54 nmol) and followed by the addition of ten
dr ops ofremifed ifFvecup daiefford p whitetsolidthstasedl@seily imglie agxt step.florthed ®lidi nut es and

el or 1 adtra s BT PR A0 i AR By & QORISR S U e

react i orconsatrsied fnl’-‘e!du(ﬁto afford the d&sﬁkeﬁrpmdﬁﬁas a Bihitaeolid209 mig) 7%6)d 'HENGAT (60 )
was adde n ueous ase s extracted with EtQAC 0.m). The
or gani ¢ GHLUEE B a0 (o SHb e DAL bB9: G0 godl. - hetr e

prodyct évmstﬁﬁdé le(d hﬁ nexts Pﬂ)ep% MB(ERST4 W eg4B373 }%9 ié‘é*(%ll(ﬂ)b)
2- et hyl trifl uoromethy Ié pheny

I

“o- (4 nﬂrqwh%mﬁm A RN N (Y0 A
rnxture t hyl

([ 2- netﬁp% % 1 r??ﬁﬂ%ﬁ%ﬁefﬁgﬁyﬁhéhyl]nethyl}-6-(4-nDrphoIinyl)-
1H—ben2|n1dazole 4-carboxam de (0.52 g, 1.202 nmol) in
N, N- di et hyl f or mam de di net hyl acetal (30 ml, 224 mmol) was stirred at 105C
for @ hdimasnpded4 t he reaction is conplete. The 5 reaction was concentrated
under reduced pressure. To the crude material was added Acetic Acid (30 ni)

and hydrazi neO drate (0.264 nL, 8.42 mmol) The reaction m xture was
stirred at 100 for 1 h and concentrated. The crude was purified using
silica gel (O DCM to give the product(0.245 g, 42% . 1HNMR (400

MHz, DNBO(Q é"e(s, 3H), 2.56 (s, 3H), 3.10- 3.15 (m 4H), 3.67 -
3.79 (m 5 62 ( -1), 6.37 (d, 10J=7.83 Hz, 1H), 7.19 (d, J=2.02
Hz, 1H),0%.26 (t, Hz, 1H), 7.55 (d, J=1.77 Hz, 1H), 7.62 (d, J=7.58
Hz, 1H), 8.09 (s, .83 (s, 1H). MS(ES+) rn/e 457.1[ MtrHt 15

Preparation of methyl 2-methyl-6-{4-morpholinyl)-1-(8-quinolinvlmethvl)-1H-

15  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 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, DMSO0-de): 8 ppm 2.52 (s, 3H),
3.03 (t, 4H, J=4.8 Hz), 3.70 (1, 4H, }=4.8 Hz), 3.88 (s, 3H), 6.08 (s, 2H), 6.87 (d, I1H, J=7.5

25 Hz),731(d, 1H,1=2.1Hz), 7.36(d, 1H,J =21 Hz), 7.48 (t, lH, J=7.5 Hz), 7.66 (dd, 1H,
J=4.2, 8.4 Hz), 7.93 (d, 1H, T =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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Exampl e 40 Me )=1;1 HN Preparation of

2-nmet hyl -4-(3-nmethyl-1H 1, 2,4-triazol-5-v11-6-(4-norpholinvl)-1-(1-

napht hal enyl net hyl ) - 1H benzi m dazol 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 CN To the m xture of

2-met hyl- 6- (4- nor phol i nyl) - 1- (1- napht hat enyl net hyl ) - 1H benzi m dazol e-
4-carboxanideT)pr red as described in Exanple 33 (0.4 g, 0.999 mmol) in
Di chl or onet hang (50 m.) was added in POCI3 (0.931 m., 9.99 mmol) and
followed by the addijion of ten drops of DMF. The reaction was stirred at
ft for 1 h. Th Xtyr g has quenched with aqueous sodi um bi carbonate

sol uti on. e phase was extracted with 5 DCM (100 nlL). The conbi ned
or gani ¢ phas d={th Brine then dried (MgSO™4), filtered and the
sol vent © ed in-va fhe crude was purified on silica (20-50%

Et OAc/ Hexane) to give product (0.246 g, 64% . 111 NVR (400 MHz, DMSO46)
5 ppm 2.45 (s, 3H), 2. y 3.15 (m 4H), 3.62 - 3.72 (m 4H), 6.05 (s, 2H
6. 32 (d, J=7.07 Hz, 1 .29- 7.44 (m 3H), 7.57 -7.74 (m 2H), 7.86
(d,1=8.08 Hz, 1H), 8.02 (d, J=7.83 Hz, 1FD 10 8.22 (d, 1H),. MS(ES+) niz
383.2 [N%Fﬂt b) ) ) -
2- et hy| RigparatiopegfRomethy 2 1N ALY S Siiimidagole 4 1- napht hal

enyl met hyl g ﬁg+93n2|nldazole 15To the suspenS|on of
2- met hy1-6- (4-nor phol i ny1) - 1- él naphthalg&&lneth

benziim dazukewaofrasthd Rimethyles-(4morphglinyd)- ql?%lnylm‘?‘ihlﬁl b tbspramideadden ) was
added 1 1, 368h %ﬁat?. AR b2 bed M Eximpf 1T mAnhRGhaAShaTNGORADAL & (434

ng, 3.14 e reaction was stir | ux tenperature for 4 days.
DCM (50 nil) 4amatnmwne’l’1~i]£ mn@)wmlaeédu@a G far 167hdt wasgalieiras @ﬁé@eﬁlt%s washed

wth Bri niﬁ& fhs%oév%l 1}1 ’Wager ﬁ@%@ﬁgm adft mlﬁohi%rrﬁgla&ﬁ% 0(\?}(93& é/ ed. The

crude wa¥ y RV (e phase purification to pr e5|red
pr oduct éc&ﬁmmgo 325%hsnaﬁmaﬂw\a(a4@a-fmdtmmhd@yod5¢t (BPrmg, Yo)( ib‘»ra. s., 3H),

5. 7410 d whgiop i NREEpO0 R o ) B o et s 06V STt B 20
-6.95 ( =4 % I@f} 4 &sb{&) 083 kiz, 11l i)=,7.5762)7 7.4 d (s, JHB.708 (H2H, 149).5 HZ), 43 ( d,

1H). MS( ES- me 439. 1] M F
i (766(dd 1HJ42 84Hz)795(d 1H, J=7.5Hz), 8.45 (dd, 1H, J=1.8, 8.4 Hz), 9.05 (dd,

1H, J=1.8 , 4.2 11z); LC-MS: m/e = 403 [M+1]"

15
Example 36
O+ OH
N
\>—Me
NI
o] KQMG

Me

20  Preparation of 1-[(3.4-dimethyIphenymethyl]-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

-77-



25 Exanple 41 30 Preparation of
142- met hy1l- 6- ( 4- nor phol i nyl) - 1- 0- napht hal enyl net hyl ) - 1H benzi m dazol - 4-
yl | et hanone a)
N, 2- di et hyl - N- (et hyl oxy) - 6- (4- nor phol i ny0- 1- ( 1- napht hal enyl net hyl ) - 1H ben
zi m dazol e-4- 5 carboxam de To the suspension of
2- met hyl- 6- (4- nor phol i nyl) - 1- ( 1- napht hal enyl net hyl ) - 1Hbenzi m dazol e- 4- car bo
xylic acid, pr@par@das described in Exanple 20 (200 ng, 0.498 10 mol) in
di chl oronet hane {DCM (30 nL) was added in oxalyl chloride (0.218 nL, 2.491
mmol ) and foll ] ten drops of DMF. The reaction m xture was stirred at
rt for 10 m n. reacMeon m xture was concentrated under reduced pressure
to give trhe i i To the m xture of the acid chloride in
di chl or oget hane (DCM ) was added in N, O- dinethylhydroxylanine
hydrochl ori'de (97 ng, O0) bl ) and TEA (0.694 rnL, 4.98 15 mmol ). The
reaction mxture was stirried at it for 18 h. Water (50 nL) was added in and
t he agueous phase was ext M&ted with DCM (50 mL x 2). The conbi ned organic
phase was washed with Brine (50 m.), dried (MgSO) and concentrat ed under
reduced pressure. The crude was purified on a silica colum purification

0- 4% Ve OF¢ DENytianoofghailey] heethyl Sddengrpbdinyd); | i Bedzimid4toMVRe rh@ﬁfldw-lz DMSO- d6)

(0

8 2. 3.56 -3.75
(. 7ry, P g dehospe Epdpubi b S agbil o deitublbande \ 200,707 1
7.04 5d, Dh—ﬂﬁtﬂyﬁfoh'inamiﬂHXDW) 2B) mLYwdadded 1n14-{)ch10?0115@4h)d) V2 ﬁ&ntﬁthylbaizl):ne 7.86 (d,
J=8. 34 8% 1. 1§9 )and p0t7assmm carbonal_g (0. 3%] , 2. §§I7 mme The gs% t-{ g e

445. 2] MY

14ﬁ met me%ctﬁyn(némw ?mtmy &28016 for-3nta pihi ixadoesy komebhyénpctituRand poirdazol - 4-yl |
et hanone, 25 To S ion o ; ;

N 2 i mebiy VR Ceny Pt pas RO M PIPAL LT 3o Fil mited: hy! ) -

1H benzi fhgatae phRedwea asheatitheorin8 ¢SEIL) Shdld@dcdiimicd. The chefe naldtdl Rbdir an ( THF)

(10 nL) was added a 3.0 Msolution of nethyl magnesi um chl oride &P 123 i,
0369! qu:fuj)J gcted fpormpal phase purification (0~40%EtOA¢/Hexane) then (0~1%McOH/DC

give the product (0.24 g, 76%). MS(ES+H) m/e 394.0 [M-+H]".

b) 1-[(3,4-dimethylphenyl)methyl]-2-methyl-6-{4-morpholinyl)- 1 H-benzimidazole-4-
carboxylic acid

15  To a mixture of methyl 1-{(3,4-dimethylphenyl)methyl]-2-methyl-6-(4-morpholinyl)-1F-
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, DMSO0-d¢) 8 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, /=7.83 Hz), 7.52 (m, 2H). MS(ES+) m/e 380.2[M+H]"

25
Example 37



O C. The resulting reaction mxture was stirred at 0 C for 2 h and then
quenched very carefully with saturated aqueous ammoni um chl ori de. The

m xture was diluted with ethyl acetate (50 nL) and the aqueous phase was
extracted with ethyl acetate (50 nmL x 2). The conbi ned organi c phases were
washed with brine (50 nlL), dried over (MgSO4), and filtered. 5 The sol ution
was concentrated under reduced pressure. The crude product was purified on
a silica colupgn (#p-60% Et OAc/ Hexane) to give the product (46 ng, 599%.

| FI NMR (400 MHZ{ DvBO-d6) 8 ppm 2.47 (s, 3H), 3.00 (s, 3H), 3.02 -3.10 (m
4H), 3.59 - 3. 4H), 6.06 (s, 2H), 6.33 (d, J=6.82 Hz, 1H), 7.21 -7.42
(m 3H), 7.52 L 70—y 2H), 7.86 (d, J=8.34 Hz, 1H), 8.02 (d, J=7.33 Hz,
1H), 8.ZZ/Cm1 S(ES+) nmle 399. 9] MtH]t 10 Exanple 42 15 Preparation of
[ 2- met hy (4- nDrp S 1) - 1- (1- napht hal enyl net hy1) - 1H benzi m dazol -

yl I met hanol To the m xt f

2-met hyl-6- (4- nDrphollny' [- (1- napht hal enyl net hyl ) - 1H benzi m dazol e4- car bo
xylic acid, prepared as described in Exanple 20 (70 ng, 0.174 mmol) in 20
Tetrahydrofuran (THF) (5 nL) was added in Li AlH4 (19.85 ng, 0.523 mmol) at
0 C and the reactlon nlxture mas.stlrred .t r t for Then Li Al (19.85
ny, Erepasati] _y thyd, ; 1 & | at rt
for anotaﬁ&m_gyﬁdehe reactlon nlxture was cooled to 0C and quenched with
wat er (0. OH (15% 0.04 m) then water 12 rrfL?? After the

r esul ¥ anThetitledwompouanst ‘E@Smf@r@tﬁdé‘?ﬂqu@&ﬂleéﬁlﬁép@%ﬁ”ée gsdixanipls 304pedngirs
MySOHAwa eéglite and
B R S L G e e T F N
crude prNMRNM/FaéflOﬁlMHi iISOnlspd pith 2 (oob.udhh), 801 432VE0HIDCRY0t-8.78i ve t he

solid (1 % . 3 91 -3.05
(m 4H§ (i . 55 %%Mlé’@(dw?g“?ayﬁiﬂ@%% f@ﬂ“}ﬁ%’% 15210} ﬁ%y 7?5 81 Hz,
I'H, 5. 95912'&11,3’1[5)1\/{5@88)&1/6 AN, 1H), 6.81 (d, J=2.02 Hz, 6. 97
(d, J=1.77 Hz, 1H), 7.34 (t, J=7.71 Hz. 1H), 7.54- 7.74 (m 2H) 7. 85 (d,
J=8. 88 Hz, 1H), 8.01 (d, J=7.58 Hz, 1H), 8.25 (d, 1H). MBS(ES+)- iz 388.0

Mr111+. 5 Exanpl e 43
[ Exampl eng

0. _-OH

N
\>——Me
NN
o @
Cl

15
Preparation of 1-{(3.4-dichlorophenylymethyl]-2-methyl-6-(4-morpholinyl)-11-

henzimidazole-4-carboxvlic acid

The titled compound was prepared following the same procedure as Example 36 replacing 4-
(chloromethyt)-1,2-dimethylbenzene with 4-(bromomethyl)-1,2-dichlorobenzene in the first

20 step. "H NMR NMR (400 MHz, DMSO-de) & 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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Preparation off2-methyl-1- 0-2-methyl-3-(trifluoromethyfinhenyl 1nethyl |

-6- (410 norpholinvll-1H benzi m dazol -4-yl | nmethanol A solution of nethyl
2-met hyl - 14[ 2- net hyl - 3-(tri fl uoromet hyl ) phenyl ] net hyl} - 6- (4-

nmor phol i nyl) - 1H benzi m dazol e- 4- car boxyl ate, prepared as described in
Exanple 30 (0.37 g, 0.827 mml) in Tetrahydrofuran (THF) (10 nL) was cool ed
to 0 C LiAlH4 (0.038 g, 1 mml) in THF (3 nL) was added in and the
reaction mxtur/eNnvas stirred at 0 C for 30 min. 15 The reaction mxture was
guenched w t rer (0.04 int), NaOH (15% 0.04 inL) then water (0.12 ni).

celite and washed wNth Et OAc. Evaporation of the solvent gave the crude
product. The ¢ e prodact was purified on a silica cohmin (1-4% MeOH DCM)

: 88% . 11-1 NWR (400 MHz, DMSO-d6) 8 ppm 2.35 (s,
.07 (m 4H), 3.67 - 20 3.76 (m 4H), 4.87 (d,
J=5.81 Hz, "2H), 511( :=5.68 Hz, 1H), 5.51 (s, 2H), 6.30 (d, J=7.83 Hz,
1H),681(d J=2. 27\ H)697(d J=2.02 Hz, 1H), 7.24 (t, J=7.83 Hz,
1H), 7.60 (d, 1H). MS(ESSFsniz 420.1 [ MeH] . Exanpl e 44 25 Preparation of
2- met hyl - N- (et hyl sul f ony1) - 6- (4- nor phol i ny1) - 1- ( 1- napht hal enyl net hyl ) -
1H benzi m dazol e- 4-carboxam de 5 To the m xture of
2- et hyl Px@m(réndmmhﬁéthﬂmlbfzh&&nna(ﬂm&edw )}%éﬁvmkﬁethlvh-mﬁiofﬁhdm-e4: carbo
xylic acid preoared as_described in Exanmple 20 (100 ng, 0.249 mmol) in
N, NDi net dfdH-d2daiiagal-3erhigthl-benzippidazels 3 20 nl vial was added EDC (57.3 ng, O
299 ngrol ), nmet hane sul fonam de (47.4 ng, 0.498 mmol) and DVAP (21. 30 ny,

0.174 rrm)l). The mixture was stirred at 60 C and nonitored by LC/ M5, After

stirri nga)fQOmetByldhw—mﬁbylMiﬂmom@hymmhnﬁthﬁd}rédﬂr@mlmﬂé1?'/Ie mai ni ng

resi due I | V. J1L of DMSO and purified by reverse phase

chr omat o%@gmﬂg&\?\n%t%g%béﬁr%}né:tl ons eluting with a 27%to 57% AcCN H20

gradi ent over 12 mnutes. The fractions containing the desired conpound, as

det erm ned b%‘ C/I\/B wer e conbi ned and concentrated in-vacuo to provide the
@an

to give themgolM

3H) 2.5@ 3H),

desired conp Pa7 ny, 0.097 mml, 39.0 %yield) as bright yellow solid.
| HNMR (400 MHz, |DVSB d6) S ppm 15 2.52 (s, 311), 3.12 (t, 4H), 3.50 (s,
3H), 3.73 (t, (s 211), 6.38 (d, 1H), 7.35 (t, aH), 7.50 (s. 1H),
7.51-7.75 111), 8.05 (d, 111), 8.25 (2, 1H), 8.35 (s,
111), 128 @QNB me = 480 [ Mt1] + 20 Exanpl e 45

10

To the mixture of 2-methyl-1-{[2-methy!-3-(trifluoromethyl)phenyt|methyl }-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 oxaly! 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 m1) was bubbled with NHs 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)pheny!Jmethyl }-6-(4-morpholinyl)-4-(1H-1,2,4-

trizazol-3-y1)-1H-benzimidazole



Preparati on of nethyl

5-(4-norpholinyl)-2-(trifluoronethyl)-1H benzi m dazol e-7- carboxylate a)
met hyl 2, 3-di am no- 5- (4- nor phol i nyl ) benzoate MeO CN o 5 A m xture of nethyl
3- am no- 5- noi phol i no- 2- ni t robenzoate, prepared as described in Exanple 26,
step ¢ (19.2 g, 68.3 nmol) and Pd/C (1.9 g) in MeOH (500 L) in an

aut ocl ave under an atnosphere of H2 (4 atn) were stirred at room
tenperature for 3 h, When TLC 10 anal ysis indicated conplete consunption of
starting material, the mxture was filtered and the filtrate was

concent rAtzﬁJdnir@oﬁ/BmamyI-D{@f inethel-3 ttﬁﬂd@'einethyll)phenﬂﬂxn¢th3d$ -6(4bropiwlispli d (13. 9

, 80.19%. ' H_ N\ d 6. 54
Ca, "1t Ve bgnaimigsodie e efopiamids Ry 6,258 rpEOD S g omagpife gl ¢
J= 4.8 Hgdetal B30BaAL (124 n‘ﬁhbl% 4a8stirzed. at L@"@/ﬁn‘ T s aﬁdﬂﬁZ’reécnles]cbmpleﬂ&Tbé mst hyI
5- (4-nor phol inyl)-2-(tritluoronethyl)-1H bepzi m dazol.e-7- cg%laoxcyl.ate A
mi xt uf e wctmwwoacestrﬁpwq%re@u@é pﬁﬁ?tﬁﬁ&qt ydenssatlavas 49494) 1 cr3coH
(20 n) BEAS Qn@fayd"ré‘zﬁde%oﬁoﬁ%{e% D6£ef 08, 4;8mB101)Wf'Eé‘reIdt@n%ﬂ§tbbéSvlf@

i ndi cate onsug)tlon of 20 staftin _ghmaterla the m xture was cooled to
room ten‘ptarfaita@rl “Grier & handsesingeniratedaEhercatdsverd PRHDSAsIS SiFAEE) esi due was

gi)lntl;;[ ﬁgd rganl c | ayejr\%%hgé\&gdﬁ&@rﬁgfghﬁbrl ne%@&mggﬂﬂsgrﬁd-@\?er
anhydr ougphi228@Q4.3Hf 1.86 (sf 3HY, 8A0i-6r15 (mhéH}p 616Ve6t79ms4ﬂhﬁtﬁaési 2By, Gi?t(drﬁ
ol ot b e hs A T Do A2k e B 720 U ¥  HpPP i A P pr oauct

as a pal ¢ ¢90k, Iﬂ? séﬁz?»m) 8%@{3%{) ﬂ%lzﬂl‘(ﬁi 1E30As Mz VB 63H+H]8, ppm 13. 47 (s,
IH), 7.71 (s, 6 (s (s, 3H), 3.79 (t, 4H, J= 4.5 Hz),
3.17 (s, 4H). LC—IVB: r|Ie 330 1 [NHr

Example 40
15
Me

I

HN, _N

E;r“‘we
S

S )
9

Preparation of 2-methyl-4-(3-methyl-1H-1.2 4-triazo}-5-y)-6-(4-morpholinyi)-1-(1-

naphthalenvimethyD)-1H-benzimidazole

20  a) 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyD)-1H-benzimidazole-4-carbonitrile
CN

‘>—Me

o3

To the mixture of 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)- 1H-benzimidazole-

_81-



Exanpl e 46 30 CF3 Preparation of nethyl 1-

{1-2-nmethyl -3-(trifluoronethyl)phenyllnethyll -6-(4-norpholinvl)-2-
(trifluoromethyl)-1H benzi m dazol e-4-carboxylate 5 A suspension of nethyl
5- (4- nor phol i nyl)-2-(trifluoronethyl)-1H benzi m dazol e-7- carboxyl ate,
prepared as described in Exanple 45 (1.5 g, 4.56 mmol) and potassi um
carbonate (1.889 g, 13.67 mol) in N, N-Di nethyl formam de (DVF) (10 nlL) was
St i rred datarpaxafmate, iSparidas described in Example 33 (0.4 g, 0.999 mmol) in

1- (Br oMol vl ) 2o TS Yl (0L LI HBLOTBIY] ARBIZENG o6 159 o ol )

was added TR oan g Pactd on m xrure wag gty at 80
C. The mynhejacmm&fl@l drésf ©OoF Sthe rexncti@Dwad seinpé atat for @ halkk qnomrredrai nto

ice/water. Th |tate s coll ec filtratjon, hvvater
en hesdrnd T g et B et R on S phS Lt ST e Pk e
| ost )s. Tihem u@maltr@rcbmbmwsrgwe bhse ha®Washes Mmmngmen@abwmgmqﬁco
el uti ng vmth 0-5% MeOH i n give the desired productes%580 ng, 1.099

mol , 241lepedndithy %}V@{%@W@Y%@i mﬁ?‘)‘&’é’dﬂﬁer duds BrPugbehethatcalé? ©Vk scar ded) . 1H
'\"VR (40%%71{&%@@1@@% &e%%@u&ﬁ?{? 2 £P (s@% J‘H%ﬂ?{ﬁ Azkﬁo M) DM7S-d53‘68 §dpmI=7. 83 Hz,

7. 37 J=2.27"Hz d, " J=7.58 Hz,
H), 5.2745 (ss3HR RIS - 319:3m(4;H) 3140 - 33*21@1, 4H236m(s( @ﬁ)mz(dsfﬂw HRIER (m 4H),

I
oA SR A R R T o o

tri¥0 udt.2ihél hd),) MEEESSenra mmaimém carboxylic acid

b) 2-methyl-4-(3-methyl-1H-1,2 4-triazol-5-yl)-6-(4-morpholinyl)-1-(1-naphthatenylmethyl)-

1H-benzimidazole

15  To the suspension of 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-
benzimidazole-4-carbonitrile (120 mg, 0.314 mmol) in n-butanol (15 mL) was added 1n acetic
hydrazide (232 mg, 3.14 mmol) and potassium carbonate (434 mg, 3.14 mmol). The reaction
was stirred at reflux temperature for 4 days. DCM (50 mL) and water (50 mL) were added
in. The organic phase was washed with Brine (50 mL x 3), dried (MgSQOy), and the solvent

20  was removed. The crude was purified by reverse phase purification to provide the desired
product (36 mg, 25%). '"H NMR (400 MHz, DMSO-ds) 8 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, /=7.33 Hz, 1H), 6.17 (br.
s., 1H), 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
\>—Me
N \
N ()
30
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A m xture of nethyl 1-

{[2-met hyl-3-(trifluoronethyl)phenyl!| nethyl}-6-(4-norpholinyl)-2-
(trifluoronethyl)-1H benzi m dazol e-4-carboxyl ate, prepared as described in
Exanple 46 (510 ng, 1.017 nmol) and 2 M Ilithium hydroxide (6 nL, 12.00
mmol) in THF (12 m) was stirred at 50 C for 2 h. The reaction was cool ed
to roomtenperature The organic solvent 5 was rempved under reduced
pressure and the L ‘ 1ed. .
additio rghgn g PHa : L Forat i on.
The sol |g]mom@shed W|th et her and tur ned |nto a gumy residue. The

resi due was washed with MeOH until all the material was transferred into
the collection flask. The organics were evaporated and a white solid forned
upon sta NRM GG £m¥R8otnoh1 € CheMmB¥nyihddtyatH- RRzimkasied 10 wi th
wat er ang)q{drl ed-ilﬂt}g g. v?tﬁ%%es?@ed gllr)oguci@@l 438y ng,yl[)o 881 mmol, 87 %

yiel d) aghexiidte powder. 11-1 NWVR (400 MHz, DVSO d6) 8 ppm 7. 68 (d, J=2.02
Hz, 1H), 7.61 (d, j\{S 08 Hz, 1H), 7.23 (t, J=7.83 Hz, 1H), 7.08 (d, J=2.02

Hz, 1H), 6.27 , 4F7.58 Hz, 1H), 5.74 (s, 2H), 3.63 - 3.82 (m 4H), 3.05 -
3.21 (m 4H), 82 (o~ s., 3H). MS(ES+) tnie 488 [MrH|t 15 Exanpl e 48
Preparati on of
6- (4- nor phol i nvd &- nanht hal enyl net hyl | - 2- (trifl uoronet hyl)-1H20

benzi m dazg| e- 4 e A mixture of nethyl

5- (4- nor pfiol iINiy1)<"2- ™ ri f | uor onet hyl ) - 1H benzi m dazol e- 7- car boxyl at e
prepared s described/in Exanple 45 (1.5 g, 4.56 nmol) and potassium

car bonat e . 889 ¢ 3.67 mml) in N NDinethylformanide (DMF) (10 ni) was
stirred at rt fo After addition of 1-(brononethyl)naphthal ene
(1.511 g, 6.83 Ne m xture was warnmed to 2580 C and stirred for 3 h
at this tenperature. resulting mxture was cooled to it and poured over
ice. The precipitate formed was collected by filtration and air dried (2.4
g total). The crude rraterial was purified on silica gel (1SCO 0-5% MeOH in

t i :
?S—V’ nor gthPi\{‘%/ 18 ?Lonabxﬁpﬁzlipé Hllor%t{ollumyl)) lz(lﬁaPhtPaflengllmoﬁle 1?1_31/1{5 - 1H benzi m dazo
| e-4- caémmhmleét(chbdﬁyl@,acﬁi flsparndhs de6@itRe0y Extmgle 200200 mgi dAYDf t hi s

SR S e e

4.28 % ylneh@l) ar&isfoaom By&elsﬂﬂopdofﬂ]ﬂﬁ? TR cbARA nitkinre RNBOrakb)t rSfop pOmBn.26 (d
J=8. 34 57.60 -
7.73 (m T§F|}reac‘eyor3@ud15 wgs_czonﬁen 'd'zufgﬁr%d}lcgciprﬁs{ue {0 gwgéhel_?zcl_ézc‘ﬂl_ﬁnld)e T(Q 4 (hr.

s., 1H), & B&ulrsof Bkheid 3h188dd & dichkdromethfire (DCA30 (il) wakBdded iDB,0- 3. 19 (m

4 MS(ES+) rn/e 470
. ( dlmgthylhydroxylarmnelzvﬁ;(_grochlorlde (97 mg, 0.996 mmol) and TEA (0.694 mL, 498 .

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 (MgS0Q,) and concentrated under reduced pressure. The
crude was purified on a silica column purification (0~4%MeOH/DCM) to give the
product(100 mg, 43%). "H NMR (400 MHz, DMSO-ds) 8 ppm 2.39 (s, 3H), 2.92 - 3.10 (m,
20 4H), 3.26 (br. 5., 3H), 3.56 - 3.75 (m, 7H), 5.99 (s, 2H), 6.35 (d, /=6.57 Hz, 1H) 6.86 (d,
J=2.02 Hz, 1H), 7.04 (d,./=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 4452[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

-R3-



Exanple 49 10 C Preparation of nethyl

14( 3- chl or o- 2- et hyl nhenyl ) net hy11- 6- ( 4- nor phol i nv11- 2-
(trifluoromethyl)-1H benzi m dazol e-4-carboxylate 15A m xture of nethyl

5- (4- nor phol i nyl)-2-(trifluoronethyl)-1H benzi m dazol e- 7- car boxyl at e,
prepared as described in Exanple 45 (1.5 g, 4.56 mmol) and potassi um
carbonate (1.889 g, 13.67 mml) in N N-D nethyl formam de (DMF) (10 nL) was
stirred BC. The repliingregstipn mf{{u@q—ww@rrpqi air° & for 2 h and then quenched very

1- (brombg% ]ggedié]% he m xture
was war me hhy%%lg%ﬁg%\tg&g irre Arﬁﬁ@%ﬁgﬁdé d ?g%t%’e “girsgfrﬁ?ae% %‘ egdr esul ting
m xture amtste(fﬂbméd akDhe aqueomldlamswtrw@rmﬂcghyl'ﬁheatp {Hompixt2at Bref or med was

i ca qarEst bhhR ph s BB Bhbed WioRuteta i fotes (oL E-AREAR, &1 i

The f5r acﬂthecmmuomm@acomnmgramdmddmtredmeepreﬂnﬂ&i Tiedcradehrohet $ad peeified vas renoved

‘i”?‘(ag L%%ﬁ%g@%ﬁg(ﬁﬁﬁo%ﬁ %ﬁ%ﬁ@ﬁ?é@g g product (46 mg, 59%). 'H NMR (400

nor phol iNMpE) DRISOLE b rzmmhm 3.84¢shem Bmﬂzdamlﬁa 30 keal@. 03 g,

4. 34 mol )95 %256l)y|h)ig|\lfad¥3ﬂ_£_I 8%;58 ur)é or(tlﬁi:\mof:;bt Erﬂgqrratlg)r?l al (165
my) was ey G55 FHDeI6 B (RP-$i ?819 %?A@d\lﬂ) Shat/ dp (mptills 76 {86 TFA) to
ive pur r C ; + 1H NMR (400
R/Hz 1 p ﬁs%@fﬂzf @Igl)o %@QH }=7(39,3-Iz3%i31g82@(&%%)”W%ES@&@%Q’%{@%@] o L,
J71®6Hz 1H) 5.97 (d, J=7.83 Hz, 1H), 5.71 (s, 2H), 393(5, 3H), 3.66 -
3.80 (m 4H), 3.06 - 3.25 (m 4H), 2.46 (s, 3H). MS(ES+) me 468 [ MFI ]+ 30
Exanpl e B@me #2 epar at i on of

6- (4- nor phol i nv11- 1- 0- nanht hal enyl net hyl )-2-(trifl uoronethyl)-1Hbenzi m dazo
| e- 4- car boxyl i c acOd

N\>—Me
S
L

Preparation of [2-methvi-6-(4-morpholiny]}-1-(1-naphihalenylmethy)-1H-benzimidazol-4-

yllmethanol
To the mixture of 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-benzimidazole-

15

4-carboxylic acid, prepared as described in Example 20 (70 mg, 0.174 mmol) in

20  Tetrahydrofuran (THF) (5 mL) was added in LiAlH, (19.85 mg, 0.523 mmol) at 0° C and the
reaction mixture was stirred at rt for 1 h. Then LiAlH,4 (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 m]) then water (0.12 ml). After
the resultant mixture was stirred at room temperature for 2 h, anhydrous Mg80, 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 (mn, 4H), 4.89 (d, J=5.56 Hz, 2H), 5.12 (t, J=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),
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A suspensi on of nethyl

6- (4- nor phol i nyl) - 1- (1- napht hal enyl net 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 (18 nL) and 1 M sodi um hydroxide (15 ni, 15.00 nmol) was
stirred overnight at rt, then at 50 Cfor 5 h. The reaction was cooled to
roomtenperature and acidified (pH 4) by the addition of 1 N HCL. The

precipitate f II f||t ; and dried
o gt ve THE gy 88 Bodadr T (st 15 sl BN gty 4RI PO Nt
this HHH&DIahsQﬂ$ﬁ)m@8&m&$nmm8880§d+HM-reverse phase- HPLC (15-95% AcCN i n
wat er plus 15 0.1% TFA). The fractions contai ning product were conbi ned and
the volune was reduced to about 1/3 of the original. The precipitate forned
was col |l ected, washed with water and dried in a vacuum oven (50 C,

over i gHBpmMie 43 ve the desired product (88.4 ng, 0.194 mmol, 7 12 %yiel d).
"11NWMR (400 MHz, DMSO-4) 8 ppm 13.11 (br. s., 1H), 8.26 (d, .T=8.59 Hz,

1H), 20 3.18 (ipm%H4H). MS(ES+) mile 456 [ M+11]+. Exanple 51 25 C Pre
aration of nethyl 1 2dam hen 1 netlifluoronmeftil

1H—benzinidaz ;;r oxylate A m xture of nethyl

5-(4-norp trifluoronethyl)-1H benzi m dazol e- 7- car boxyl ate, 5

pr epar ed descrl Exanple 45(1.5 g, 4.56 muol) and pot assi um
carbonatg\(f 889 g, mmol) in N, ND nmet hyl formam de (DVF) (10 nL) was
stirred at rt for 1&@ After addition of _

1- (brononet hyl) - 2, dlcﬁﬁorobenzene (1.639 g, 6.83 mmol ), the m xture was
warmed to 80 C and stlrred for 3 hat this tenperature. The resulting

m xture was cooled to rt and poured over ice. The precipitate fornmed was
col | ect eﬂewattdnl&fmmeﬂm @ﬂdZ-ﬁiethvﬂB-'(tﬁﬂuéx@nﬂth\ﬁﬁnﬂdﬂvﬂmuﬂel}R’f(@dUCt (2.2 g, 4.51
nmol , 99%vVyield) (91% A portion of this material (230 ng) was
pur|¥Qeo pipholinyglr i - 20503088 9506 ACCN in water, plus 0.1% TFA) to
gi ve thea golution of methyl 2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenyl]methyl}-6-(4-

morpholmyl)—1H—benz1m1dazole-4-carboxylate, prepared as described in Example 30 (0.37 g,
0.827 mmol) in Tetrahydrofuran (THF) (10 mL) was cooled to 0° C. LiAlH,4 (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 MgSO, was added and the reaction mixture was filtered through celite

and washed with EtQAc. 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, /=5.81 Hz, 2H), 5.11 (t, J=5.68 Hz, 1H), 5.51 (s, 2H), 6.30 (d, J=7.83
Hz, 1H), 6.81 (d, J=2.27 Hz, 1H), 6.97 (d, /=2.02 Hz, 1H), 7.24 (, /=7.83 Hz, 1H), 7.60 (d,
1H). MS(ES+) m/z 420.1 [M+H]".

Example 44
25
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desired product (137.4 ng, 0.276 mmol, 6.05 %yield). '1-1NVR (400 MHz,
DVMS0-4) ppm 7.65 (d, J=2.27 Hz, 1H), 7.61 (dd, J=8.08, 1.26 Hz, 1H), 7.48
(d, J=2.27 Hz, 1H), 7.24 (t, J=7.96 Hz, 1H), 6.25 (dd, J=7.83, 1.26 Hz,
IH), 5.77 (s, 2H), 3.93 (s, 3H), 3.68 - 3.81 (m 15 4H), 3.13 -3.24 (m
4H) . MS(ESt+) me 488 [ MtH|t. Exanple 52 20CI Preparation of 1-f

(2, 3-di chl orophenyl ) net hyl1- 6- (4- nor pholinvl)-2-(trifluoronethyl)-1Hoenzim
dazol e- 4-car, QXMI|C acid A mxture of nethyl

1-[ (2, 3-di chlI’§ ophenyl ) met hyl ] - 6- (4- nor phol i ny1) - 2- (trifluoronethyl)-

251H benzi m G- 4-carboxyl ate prepared as described in Exanple 51(1.95
g, 3.99 mmol) apd 2 MIithium hydroxide (0.096 g, 3.99 mmol) in
Tetrahydrofur ) was stirred at 50 C for 3 h. The reaction was cool ed
to roomt / e organi c sol vent was renoved under reduced pressure
and the dquébus resydue=yas acidified (pH 4) by the addition of 1IN HC. A
gunmy pr itate forfe After standing at rt overnight, it turned into a

solid. The precipita as collected, washed with water and dried to give
crude desired product »83 g, 3.86 mmol, 97 %yield) as a gray solid. A
portion of this material (148 ng) was purified by reverse phase-HPLC
(15-95% AcCN in water plus 0.1% TFA). The fractions containing product were
conbi ned and the vol une was reduced to about 1/3 of the original. The 5
preci pi tBiparfitiinned-mesylddhebyiedfonyhshddnwbhdiinybtiell rapthaeiybdethyl)}-a vacuum
oven to e desi] N q‘product 488 3 ng, 0.182 nmmol, 4 57 %yield). NVR (400
HL 13 111), 7.64 (d, J=2. 53 Hz, 1H), 7.61 (dd,

J=8. 08, Toie nlﬂzmreld'ﬂ)zrmgthﬁ% (ddenorpERlid/T)- H{Zl-nabh%aleﬂy]ﬁéth@r) 1 Bhz8dddale- 1H) ,
626(dd J75§)B .26 Hz, 111), 5,77 i 366-381(mN4H) 3.12 -
3. 25 (m 4EHporees remifqdeﬁsalmﬂmﬂﬁxa% D49 B4 minol) in Nt

Dimethylformamide (DMF) (2 mL}) in a 20 mL vial was added EDC (57.3 mg, 0.299 mmol),

methane sulfonamide (47.4 mg, 0.498 mmol) and DMAP (21.30 mg, 0.174 mmol). The

mixture was stirred at 60° C and monitored by LC/MS. After stirring for 5 days the DMF was

10 removed in-vacuo and the remaining residue was dissolved in 2 mL of DMSO and purified
by reverse phase chromatography with 2 injections eluting with a 27% to 57% AcCN/H,0
gradient over 12 minutes. The fractions containing the desired compound, as determined by
LC/MS, were combined and concentrated in-vacuo to provide the desired compound (47 mg,
0.097 mmol, 39.0 % yield) as bright yellow solid. 'H NMR (400 MHz, DMSO-dg) 8 ppm

15 2.52(s, 3H), 3.12 (1, 4H), 3.50 (s, 3H), 3.73 (t, 4H), 6.15 (s, 2H), 6.38 (d, 1H), 7.35 (t, aH),
7.50 (s. 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
(br. s, 1H); LC-MS: m/e = 480 [M+1]"

20 Example 45

MeQ O

N
>—CF
NI
o

Preparation of methyl 5-(4-morpholinyD)-2-(triflucromethvl)- LlH-benzimidazole-7-




Cl 15 Pr aration of 1 3-chloro-2-meth 1 hen meth 1 -6- 4-mo ho in 1 2-
trifluoronmeth 1H benzi m dazol e-4-carboxylic acid A suspension of nethyl

1-[ (3-chl oro- 2- net hyl phenyl ) net hyl ] - 6- (4- nor phol i nyl) - 2-
(trifluoromethyl)-1H benzi m dazol e- 4- carboxyl ate, prepared as described in
Example 49 20 (1.09 g, 2.330 mmol ) in Methanol (12 nlL) and Tetrahydrof uran
(THF) (4 nmL) was treated with 1 Maq. sodium hydroxide (12 nm., 12.00 mmol)
and stirred at .70 Cfor 1.5 h (m xture turned honogeneous). The reaction
was cool%@m¥3b¥%on1tenperature, t he vol une reduced to half and the residue
was acidified (pH 4) by the addition of 1 N HCL. The precipitate was

coIIecte i ed to gi ve crude desired product (918.6
Ny, Zair?r‘lrl\’r%ﬁt}eg%la%“fm}l\% @%G%F Fow solid. A portion of it (140 ng)
was suspended in 3.5 nL of DI\/SO. After sonication and heating, the solid
went into solykion gyt it crashed out. The precipitate was col |l ected and
washed with DVMSO fout it still showed inpurities by LC/MS. Anot her aliquot
(132 ng) was dissg ved Hyth heating in 5 nth of DMSO and purified by
reverse phase- HpLC 95% AcCN in water plus 0.1% TFA). The desired
product was i sol 0 30by evaporation of the organic solvent: the
precipit ecNéY, by filtration, washed with water and dried in a

vacuumo afford pure desired product (89 nmg, 0.192 mmol, 8.25 %
y| el dg] (400 MHz, DI\/SOdG) 8 ppm 13.09 (s, 1H), 7.63 (d, J=2.27 Hz,
36 (d, J=7.83 Hz, 7.30 (d, J=2.27 Hz, 1H), 7.05 (t, J=7.96 Hz,

(m 4H) Rf‘(“ﬁ'}“%] ogmgﬁallizmgl@g (I)Srlpﬁcg oS- %I-S%engé} %&: ptaégxgg%%sp}ébeg&z% 3.08 -3.24

Example 26, step ¢ (19.2 g, 68.3 mmol) and Pd/C (19¢) in MeOH (500 mL) in an autoclave
under an atmosphere of Hy (4 atm) were stirred at room temperature for 3 h, When TLC

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 (13.9g,
80.1%). 'H NMR (300 MHz, DMSO-de): & ppm 6.62 (d, 1H, J=2.4 Hz), 6.54 (d, I1H,J=2.4
Hz), 5.84 (s, 2H), 4.75 (s, 2H), 3.76 (s, 3H), 3.70 (1, 4H, J = 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 CF:COOH (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 NaHCO3 and extracted with EtOAc (250 mL
x 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 :4+o afford the desired product as a pale solid. (4.3 g, 82.7%)). 'H NMR (300 MHz,
DMSO-de): & ppm 13.47 (s, 1H), 7.71 (s, 1H), 7.56 (s, 1H), 3.96 (s, 3H), 3.79 (t, 4H, S =4.5
Hz), 3.17 (s, 4H). LC-MS: m/e = 330.1 [M+1]".

Example 46
30
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10CF3 Preparation of 1-

{[2-methyl -3-(trifluoronethyl)phenyl!|nethyll-6-(4-nornholinvl)-2-
(trifluoromethyl)-1H benzi m dazol e-4-carboxan de Oxalyl chloride (0.251
m., 2.87 mmot) was added to a suspension of 1- {[2-nethyl-3-
15(trifluoronethyl)phenyl]nethyll

-6- (4-norpholinyl)-2-(trifluoronethyl)-1H benzi m dazol e-4- carboxylic acid,
prepared as bed in Exanple 47 (350 ng, 0.718 mmol) in D chl oronet hane
(DCM) (6 nL). The reaction mxture was stirred at rt for 10 m nutes (turned
into a soluti then the solvent was evaporated. The residue (crude
acid chl oride 7S&ol ved in Tetrahydrofuran (THF) (6 nL). NH3 gas was
bubbl ed im ("t he~20 'Iyi xture changed color yellowto white, and a precipitate
formed) ; Otbé m xture was stirred at rt for 10 mnutes and then partitioned

bet ween brine ( ) and EtO0Ac (20 nL). The aqueous phase was extracted

wi th anot her ali M EtOAc (20 nlL). The organi ¢ phases were conbi ned and
concentrated to afford desired product (297 ng, 0.580 nmol, 81 %yield).
114 NWVR (400 MHz, O-d6) S ppm 8.59 (d, 1=2.53 Hz, 1H), 7.99 (d, 1=2.78

Hz, I'H), 77725(d J=2.27 Hz, 1H),762(d 1758Hz 15, 7.31 (d,
=hyB Ry eth i F-65@-thirphdl i)

_ 4H) 2.53 (s, 3H). MB(ES+) nfe 487
‘ S5 Pref 1- 2-me 1-3 trlfluoroneth 1 phen 1
meth sl -8 sﬂspmlﬁf@mdﬁh}fl 5= (4-morph0hnyl) 2-(trifluoromethyl)-1H-benzimidazole-7-

1H1, 2, 4- trlaz | - 3- v11 2 trifl uorone zim da m Xt ure of
T o VRGPS, PEPHE] Gutestrenyt SRRBI 1 (et b 18P0 SHEREHR Ty ) - 2-
(trifl uogewmbRyl Bssitwgmmquamh\ebﬁn&mﬂ@mmae@m enahEwasstideser i bed in
Exanpl e 54 (250 np 0. 514 mol ) neth acet al

)

| di
(7 mL, 5Bie 1%9 {Bremepeityid Ia@fﬁsilo%(teﬂwpmi*hsg o ﬁ#ﬂg‘r’eg mi xtur e

was CONCRR Jqab@th A A refuEHIGEL BN BSEIN: Qvad BEkrdd Br B @St S, %@M@wed in
Acetic Acid (5 nL). After the addition of hydrazine 10 nonohydrate (0.113

m, B eothemercjed theoqmetaireahread ravEdBe isrbutied The Propitderss callesdby The
sol vent  JasGRNGeRkAedUARE bR BmddErofCRbEMPNARAABAL (AR Wi LD

tol uene (2x), and the residue was dissolved in and gurlfled by reverse
phase- HPR@CTiZOvSos)AE TNTide Watews! vsis puriBedion, wl,nea geinaféurﬂm detPorlntingvithi ni ng

product weseveoh wkg) B iRl &R d&J‘%S@QﬁE 41099 nRfio1 254 PRYGEERnsat sol and
t he or gani c evapor at ed. e precipitate |nt e aqueous
(several mixed fractions obtained were discarded). "H NMR (400 MHz, DMSO-ds) & ppm
15 7.65(d,/~2.53 Hz, 1H), 7.61 (d, /~7.83 Hz, 1H), 7.37(d, /=2.27 Hz, 1H), 7.23 (t, /=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
HG. O
N
\>_—CF3
& \
o/
Me

CF

3

Preparation of 1-{[2-methvl-3-{trifluoromethyDphenylimethyl}-6-(4-morpholinyl)-2-

trifluoromethyl)-1H-benzimidazole-4-carboxylic acid

-38-



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 ng, 0.302
nmol, 58.7 %yield) as a white powder. 1H NVR (400 MHz, CHLOROFORMd) 5 ppm
13.05 (br. s., 1H), 8.12 (s, 1H), 8.00 (d, 1=2.27 Hz, 1H), 7.63 (d, 1=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,

2.7 20 oy A ek R SRR STe FPrsaata el
i: : E t2 r |31j dtﬁ%ﬁmétwﬁﬁHW@?afmﬁmﬁ) priepared afs d_esctrib;ecfl in Example 46 N o1mn
! darol @108 bakaRD o gt fyRGRE Bhan Y A s THE PERE ol ) vae

g'ddﬁld t Ost%reﬁldiglrgilﬁfolﬁ? hg’i’i%e}lre[iit%nﬁvals cooiec% to roo(m temperature. The organic solvent
i chl or opheny thyl)-6-(4-nmorpholinyl)-2-(trifluoropmethyl)-1H benzi m dazol
e- 4- Tar BenagmpredEider rediogd greappreand dasaqup s v as Hﬂﬁﬁgwge ais% a%%%il 530, 949

mol ) i gDl glie sme pane ThOMipfiafe Brhed WhScdlBASA bPRILALXE Uhe siRiSw&t i rred at
rt for 10 mnutes and 15 then Phe sol vent was evaporated. The residue

(crude aehsdhed withethgrgnd typasd Bispemaenresidusdieappdnesraspashed PMeQHm ) | NH3
gas was : : ; i 1 Xt
oo ot ¢ PHERER chdtcdl Bt FhakholoR RORRASHecGh Ahy he i ML eabpralede T 1)
and Et 0Amd(2@hitesplid fiveeduprctandplgatie mespite wascrlected yhfilpome washed 20 i)

d CH2C12, (10 m) .. Th ' ' o
concthe r it ooy Mohrich A el AU GrAbARE W £orOBRLBREL $95) SEFUALARTEC) anc
yi el d) Whdveder WHNMREDOESIHZSDMS(-Hg S 7.68 @p/=2102 KiyRH) 4061 (A8 BNBL- d5) 6

ppm 8.56_(d, J=2.27 Hz, 1 9 J=2 .53 Hz, 7. Jz2. 27 Hz,
Do O S0t 103 6o b bl of i€ e 02 w2 0 6t Bt e v 10,5 71 630

g t 9%2(7' 9@.2%23.8%@2415@), 385(dd1 F=A83.52 16126, 3, MSES+PmBMUsRSiM-2H), 3. 68 -

. m , . -

15  Example 48

O~ __OMe

N
Yo,
N

L5

Preparation of methvl 6-(4-morpholinyD)-1-( 1-naphthalenylmethv])-2-(trifluoromethyl)-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 1t 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% MeOH in DCM) to give methyl 6-
(4-morpholinyl)-1-(1-naphthalenylmethyl)-2-(trifluoromethyl)-1H-benzimidazole-4-

-89-



3.24 (m 4H). MS(ES+) rde 473.1 [ MtH . b)

1-[(2, 3-Di chl or ophenyenet hyl | - 6- (4- nor pholi ny0-4-(1H 1, 2, 4-tri azol -3-y1)-2-
( f1uoronet hyl)-1H benzi m dazole. 5 A suspension of

1-[ (2, 3-di chl or ophenyOnet hyl | - 6- (4- nor phol i ny1) - 2- (trifl uoromethyl) - 1Hoenzi
m dazol e- 4- car boxam de, prepared as described in Exanple 56, step a (389
ng, 0.822 mmol) in N, N-di rret(%lfornamde di nret hyl acetal (9 nL, 67.2 mmol)

vvazI st Id reaekpxaiate (D88 @ 3.bF mmob 32 % Tirdd)r Adertionf thasmetonal Srmgedsunder
7 m).
Ao s ARS8 S BROLAE T, (4%, KAE ALENHIRERIFE 0 0 AFD) Lkt (7 OV

t he
react i ondagired pIoGUChEDS 4hag.t(bk95anmd10@2€%‘ wield) asrroudhite sBHé S‘bm@l@mm&{z

pur 11 ecoby O arer SRRtk S S R s NI (some

resi dual 7.60! 7.d3 {h) 38y egl9 QI L@cz 27he, 1fH)a¢31 erﬁ=7C8Qlea|1HD régzmw@lum) wa!ze
conbi ned neut raI i zed by t addi t
organi ¢ @vHPos P &3 g @omuﬁﬁ)ﬁd%ét %m@héﬂﬂr%@%ﬂ)‘ﬂe’?’%[%T%h pi tate in
t he aqueous residue was collected by filtration, washed with water and
dried in a vacuumoven (45 C) overnight to give the desired product (115
ng 0. 2213X k4927.6 %yield) as a white powder. II-1 NVR (400 Mz,
ﬂg? S ppm 13.05 (br. s., 1H), 8.12 (s, 1H), 8.00 (d, J=2.27 Hz,

_8O'\g§ 1.26 Hz, 1H), 7.10 (t, 1=7.96 Hz, 1H), 6.59 (d,

37 (dd, J=7.83, 1.01 Hz, 1H), 5.62 (s, 2H), 3.79 - 3.92

201=2. 27 Hz,
(m 4H), 3. 17 - 39 (m 4H). MS(ES+) i nk 497 [ MMFHr . Exanpl e 57 25 /=11 HN
Df 2

N Cl Prepar ati'
[

1-113-ch]]m
yl)-2-(tryflporonet

2
[
tri
[
d

1H) 7 47 (dd

InhenylInethy11-6-(4-nnrpholinvl)-4-(1FL1,2,4-triazol3-
myl ) - 1H- benzi m dazol e Oxal yl chloride (0.347 nL, 3.97
nmol ) was ded f~={a suspension of 1-[(3-chloro-2-

met hyl phenyQOret ] o(4-norphol inyl)-2-(trifluoronethyl)-1H benzinm dazol e-
4- carboxylic aci®; prepared as described in Exanple 53 (450 ng, 0.992 mmol)
in Dichloromethanec( DCM (8 m ). The reaction mxture was stirred at rt for
10 m nutes and then the sol vent was

Preparation of methy! 1-[(3-chloro-2-methylphenylimethvli-6-(4-morpholiny}-2-

irifluoromethvl)-1H-benzimidazole-4-carboxvlate

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  tortand 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)- 1 H-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 1n 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) § 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, 11}, 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]
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5 evaporated. The residue (crude acid chloride), was suspended in
Tetrahydrofuran (THE) (8 m ). NH3 gas was bubbled in (the m xture changed
color yellowto white) and the m xture was stirred at rt for 15 mnutes and
then partitioned between brine (15 nL) and EtOAc (20 niL). The aqueous phase
was extracted wth EtOAc (2 x 20 nL) and CH2C12 (10 nmL). The organi c phases
were conbi ned, dried over Na2SO4 and concentrated. The crude product was 10
suspended in N, N-di net hyl formam de di nethyl acetal (10 nL, 74.7 mol) and
stirred at 105 for 2 h. The excess solvent was evaporated and the residue
was sus €Ph Acetic Acid (10 ). After the addition of hydrazine
nonohydrate ( .1(?H4 m., 3.97 mmol), the mxture was stirred at 100 C for 1.5
h. The sol ven as evaporated and the residue was dissolved in warm DVMBO (8
m.) and purified by reverse phase-HPLC (20-90% AcCN in water plus 150.1%
i%Fed product (96 ng, 0 197 mmol, 19.90%vyield) as a

WR (400 MHz, CHLOROFORMd) S ppm 13.08 (br. s., 1H), 8.11
r-2.27 Hz, 1H), 7.36 (d, J=8.08 Hz, 1H), 7.01 (t, J=7.96
=2.02 Hz, IH), 6.32 (d, J=7.83 Hz, 1H), 5.51 (s, 2 H),
3.73 -3.97 (m .12 - 3.30 (m 4H), 2.50 (s, 3H). MS(ES+) me 476.9
[M-H . 20 Exanp 58 25Preparation of

2- met hyl - 6- (4- nor phol i nvl) - 1- (1- napht hal enyl net hyl ) -4- (1Htetrazol - 5-y1) -
1H benzinidazole In atw 5 nL MVvial was added in

2- met hy| pGpdréidiyrBhalmdiyiolindh)( 11 Aaphhilahy@myth B0 i uoromethyl)-1H-

1H benzi m dazol e-4-carbonitrile, prepared as described in Exanple 24 (80
ng, 0. 20eenzimidazole-deaboryliasdide (109 ny, 1.673 nmmol) and anmmoni um chl ori de
(90 ngy, £. : NGRS Ly 101 DRl @ ey BBty 162 - (L fluorobliehyTp HEL | on

m xture éﬁ%ﬁ%ﬁ@%ﬁ%ﬂwf?ﬁ%?&%n ?lér 15 m nygt (180 % th}’l); 80 mn at
185C. LChavBimifiarolest-earbanylates pespaigd 39 deseidhpdan Exapple A (etie® 24 é%&l?ﬁ& f or

longgy t4 ARGy drR e1p. 1) wad \@iredBvdraighid on 5

m xtgesm\/\glraeaggﬁglﬁg@ pl‘?’ﬁ% corrlil)i neédfn(fli?{t}r’ép\?\ggﬂ?d)ded i n water %?10 m.) and
ext r act ed, thétt 4 SOOMfe3Dh.fhexeattion Whrcooknditd rrown tomperaiues sndasidicddpd 4hehed

W th sat yrat | it s [ tion was
subj ect e%etagﬁgﬁlpwﬁa |b¥1ﬁéolﬁgcéplg‘:ié[ ﬁgge%%u%%%%%ﬁ%%/&ﬁg%gﬁe and t hen
( 1- 5%VveOWAROMd drizd ¢p giee theaegired pomtucy (24 3rgg2-23B94mol 8274 Vi) (A DOrtiRpie!

50 1 ol o e e S o0t €1
7. 8814 d, 0.1%8TRA). e fridtpnBedBifity prbdbetG&ré-mmblidl 18 ie(vdlunte wis.redseES+) nl e

426.0 [ M;bl_clrrui 1/3 of the original. The precipitate formed was collected, washed with water and dried

whi t N7
(sl, iHI)O?@8 (g
Hz, 1H), 6.51

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, DMSQ-ds) 8 ppm 13.11 (br. s., 1H), 8.26 (d, /=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, J=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
S*_CFs
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o}
Cl

Cl
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Exanmple 59 15 Cl Preparation of

1-113-chl oro- 2- net hyl phenvl | net hyl1- 2- met hyl - 644- nor phol i nv11- 1Hbenzi m dazo
| e-4-carboxylic acid 20 To a sol ution of methyl

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 nmol) in

N, N- Di net hyl f ormam de (DVMF) (10 nL) was added

1- (bronomet hyl ) - 3- chl or o- 2- et hyl benzene (0.239 g, 1.090 nmol) and

\?\gts a:tSI L‘le‘]e‘[)a%atl%% ?Ea%thwl f&l_’,ﬁchlgm%ﬁe%vﬂﬁ?%%ﬁ V-Eilar}g -y nz' Ohh{/ﬁ'-g (LIu bu(rnzf;lLL mt:rLrLb\g )a(.: 3:: g
and pourHﬂbmnﬁanmmeﬁcﬁﬁoa@ﬂ_extracted w th EtOAc. The conbined organic

phase shed wiith_ brine a trat re5|du urlfled on a
Bi ot age *ﬁgﬁ% o1 SR #Pgéﬁoﬁp 5{}&?22% Olr'?&legr‘y@’ﬁgag E MY gel
cartri dgecrnsl B|ddiceiledintMxampBriadi 61 466 niXIY) 4nd pBBéssMaﬁbﬂraﬁwmﬂw %0 col um
vol unmes._ The expected conpound was col | ected and ev por$}ég OX%%Id a tan

solid. THehmmoS s NN-wimetay éarpppids (PMIDLQ By wrbiimed At ¢

foll O\Aedadamohfeﬁﬁ&%bh@ﬂlygfz ﬂ-Mchlede%h@M%B@@ 683 sRhal, tRMnikdi: wis, 10 mml)
The reaction was stirred a for 2 h. The reaction was cooled to room

t enper at‘ﬁ?féleéﬁﬁg‘i"r%aftﬁlrsﬁgﬁ‘i @f §(§‘{ f\‘/éWt tepas e REave SRS BEtwe weReedd ar on was
di l'ut ed it aLeL 1&&2 Qh@lﬂrﬂem@ﬂéjce arhdi Wa@ébﬂ%t%@b ki andTathﬂElPE& g€ was then

fi
filtered ah% the yellow solid was purif %lreverse hase with a
gr aditent crade preduch(d.2 i4-d rool 98 Fnyieldh@ 1\%3}121@@ 6@0MIDN1\¥S/ m?t@z@(%ﬁ%lg)over 10

The desi Vo RroRnEro Pt it MHALGI LISHE AFRN A SGRE AR BY TP & 6P oo ©
VHz, mmw&m(ﬁmpﬂg@m nfrsol, @B YRyiglg). (ﬁNmmgtocsm DWISQLdd) 804 Hz, 4H)
3.78 -3.90 7 9 1.52 Hz,
oy o7 onn Tos G s, by 75k o el Ay arBe el il 1

MS(ES+) ¢-9.983%:, 81}, Mlﬂﬂr(dd Bxa3p) €208z, 11D, PYEEATHY, B OR (HBH), 3.68 - 3.81 (m,

2-met hyl- 14 thy! nv. hyl | - 6-(4- morphol i nvl) - 1H benzi m dazol e4-car bo
e S AR B e QR e i i o P )

Example 52
04 -OH
N
S—cr,
& \
o/
Cl
Cl

20

Preparation of 1-[(2,3-dichlorophenyDmethyl]-6-(4-morpholinv}-2-(trifluoromethyl)-1H-

benzimidazole-4-carboxvlic acid

A mixture of methyl 1-[(2,3-dichlorophenyl)ymethyl]-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 IN

HCl. A gummy precipitate formed. After standing at rt overnight, it turned into a solid. The
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To a solution of nethyl

2- met hyl - 5- (4- nor phol i nyl) - 1H benzi m dazol e- 7- car boxyl ate, 20 prepared as
described in Exanple 26, step d (0.2 g, 0.726 mMmmol) in

N, N- Di met hyl f ormami de (DVF) (10 nL) was added 2-net hyl benzyl brom de (0. 145
m., 1.090 mmol) and potassium carbonate (0.301 g, 2.179 mmol). The
resulting reaction m'xture was stirred for 3 h at 80 C. The sol ution was

cooled to roomtenp n er vvlth

Et 0Ac. TRECPEHSY naéﬁgl %S% %as ew\%/ésgar\l/va&r%dgéaé\ﬁv? ﬁ&@%jfiééé’g%d ﬁé&&c‘?ﬁl &ntr at ed.
The resi di8s n2heias? %Lgmzlfi) &da@my liBi Apagien bSibisanaerpal { 148intg) twas pursfiesittem usi ng a
Bi ot age | Og SNAP si|.i artridge and it radlent of DCMto
5% MeOH/ WSB%?Se%gllc(gﬁé%%%‘&%w%ﬁ@“%%E‘Jélc‘]%rgﬁ' F\cbfbeh%a(fﬁﬂ QAR | ect ed and
evapor at 8ehduet wir€ béinBindBdhd IR +dhumcl W fedited QJ dbduvEs ofths s0fivad The
tetrahydrofuran (THE) (10.00 nmL) foll owed he .addition of 1M Ilithium
hydr oXi deresyitateifemed ¥es spllected, WF‘} WlﬂTWéteF S0 HARCUEROVETL Y 50 C for 2
h. The r%@ﬁ&hgfhdu 8. §§% 895 Bnfc? B ERIRE aﬂﬂww@@bdmgz%mm&)@ol vent was

renoved in-va ution was ute wth water (20 nL) and acidified
with | Nppsl13.0PHe lrlii)x'iﬁ#@i Wa?!sﬂﬁariff)ﬂﬁleﬁdédﬁéﬁl& i.ReHgy ), 344 (/527 purifi ed

by rever ent (0] Ll OfLF vvater
(5. toeattn VL 10 dboge Y 1D, BPRblecd 4,0 2858 el 5y & phh R e 386,
coI I ect e@t}]a,rﬁ:ilmr)fi)(ramt} MS(ESe)Ird/etétﬁe [Malﬂ{]? ed product (152.6 ng, O. 418
5 %yield). 1HNWR (400 MHz, CHLOROFORM d) 5 ppm 2.45 (s, 3H) 2.87

pl) 3.00 (br. s., 4H 3.72 - 3.81 (m 4H) 5.53 (s, 2H) 6.60 (d, J=7.58
Hz, 1H) 6.78 (d, J=1.26 Hz, 1H) 7.14 (t, 1H) 7.23 - 7.33 (m 3H). MS(ES+)
rn/e 365K F'Mafl-@ 10 Exanpl e 61 C F3 15Preparation of ethyl
2-met hyl - 1- ([ 2- rret?_gl 3-(trifluoronethyDphenyl | nethyll -644- norpholinyl)-
1H benzi m dazo arboxylate To a m xture of
2-met hyl - 1-{{2-nethyl -3-(trifluoronethyl)phenyll nethyl}-6-(4-
nmor pholinyl)-1 m _dazol e- 4- carboxylic acid, prepared as described in
Exanpl e 31 0. 7 mol) in D chloronmethane (DCM (20 nL) was added
in oxal yI |NOI’I de

15
Preparation of 1-[(3-chloro-2-methylphenylimethy1]-6-(4-morpholinyl}-2-(trifluoromethyl)-

1H-benzimidazole-d4-carboxylic acid

A suspension of methyl 1-[(3-chloro-2-methylphenylymethyl]-6-(4-morpholinyt)-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 homogencous). 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 HC1. 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 DMSO, 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 1solated

30 by evaporation of the organic solvent: the precipitate was collected by filtration, washed with
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20 (0.202 nmL, 2.307 mmol) then followed by ten drops of DWF. The reaction
was stirred at rt for 10 mnutes and concentrated to give the acid
chloride. To the crude acid chloride, was added Ethanol (20.00 nmiL). The
reaction m xture was stirred at rt for 10 m nutes. The reaction was
concentrated. The crude product was purified on a silica colum (0-10%
MeOH DCM . The fractions were concentrated and DCM (50 nli) was added i n.

The or gamt@r apﬁ d5ed nasvapBmpaetide aliprd us diesired peeilunBome. 8. 4P4mmeh 8(230%ont) |

oni 1o sonrl-( 5 TarFq i BT RIRGER A I Re A R0 I° 1o o7

Hz, 3H) ca ﬁs' Bz, 3HN). 2. (BT FBL)HR 7106 (¢, /37 98HELMH)AFHS @1, 767.58 Bz,78 (m  4H)

4 45 (g, H) 71 H) 49 5 , 1=7. 96
1y s b, By 3693 g 338 oo by B 3 o 35S (s
mc 4562 2f#¥pil] +. Exanple 62 Preparation of
4- br onp- 2- et hyl - 6- (4- nor phol i nyl) - 1H benzi m dazol e a)
6- br ono- 2- et hyl - 4-ni tro- 1- (phenyl net hyl ) - 1H benzi m dazol e 10 A m xture
of 6-brono-2-nethyl-4-nitro-1H benzo[d]i m dazole, prepared as described in
Exanpl e Bxampgle §4  (br ononet hyl ) benzene (15 g) and K2C08(35 g) in DVF (250
m.) was stirred at 60 C for 2 h. The reaction m xture was cooled to room
tenperature afd fitltered. The filtrate was then poured into water. It was
then filtered t¢ afford a solid and the solid was 15 washed with water and
then dried in- o afford the desired product (28 g, 93%. 114 NVR (300

MHz, DMSO-4): o (s, 3H), 5.62 (s, 2H), 7.12-7.15 (m 2H),
7.29-7.397( 12 (d, 1H, J= 1.8 Hz), 8.32 (d, 1H, J= 1.8 Hz): LC NS
me = 34®

2- et hyl - 6- ( 4-

10

Preparation of 1- {{2-methyl-3-(trifluoromethyDphenvl]methvl} -6-(4-morpholinyl)-2-
(trifluoromethy])-1H-benzimidazole-4-carboxamide
Oxalyl chloride (0.251 ml., 2.87 mmotl) was added to a suspension of 1-{[2-methyl-3-

15  (trifluoromethyl)phenyl]methyl}-6-(4-morpholinyl)-2-(trifluoromethyl)-1H-benzimidazole-4-

carboxylic acid, prepared as described in Exampie 47 (350 mg, 0.718 mmol) in
Dichloromethane (DCM) (6 mL). The reaction mixture was stirred at 1t 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). NH; 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) 8 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, /=2.27 Hz, 1H), 7.25 (t, /=783 Hz,
1H), 6.36 (d, /=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/e 487 [M+H]"

30  Example 55
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A m xture of 6-brono-2-nethyl-4-nitro-1-(phenyl nmethyl)-1H benzi m dazol e (28
g), norpholine (21 g), Pd(dba)2 (4.6 g), Cs2CO3 (52.8 g) and X-Phos (3.9 Q)
i n di oxane (250 nL) 5 was degassed with nitrogen and then stirred at 82 C
for 4h. The m xture was cooled to roomtenperature and the sol vent was
renoved in-vacuo. The residue was then purified by silica gel

chromat ography eluted with EtOAc : petroleumether = 1. 1 to afford the
desi red product as a yell ow SO|Id (17 g, 60%. IFINVR (300 MHz, DVMSO d6): 8
ppm 2.51 (s, 3H=N3.17 (t, 4H = 4.8 Hz). 3.76 (t, 4H J= 4.8 Hz), 5.55 (s,
2H), 7.10-7. 1BIN N2H) 7. 28-7.37 (m 3H), 10 7.57-7.61 (m 211); LC Ms:
me = 353 [ Mt1] +.
2- met hyl - 6- (4-
a solution of 5
2- met hyl - Ni ny1)-4-nitro-1-(phenyl nethyl)-1H benzi m dazole (17 Q)
in EtOH (300 jnL) was )added watery Pd/C (8.7 g) and the m xture was stirred
at 60 C 0O Oh yrgetr H2 atnosphere (4 atm. The mixture was cooled to room
t enperature and d; the filtrate was concentrated in-vacuo. The

resi due was purif by silica gel chromatography 20 eluted with EtOAc to
afford the desired pgoduct as a white solid (7.4 g, 66%. 11-1 NWVR (300
MHz, DMSO-d6): S ppm2.37 (s, 3H), 2.96 (t, 4H J= 4.8 Hz), 3.72 (t, 4H J=
4.8 Hz), 494(br S, 2H) 604611 1111)' LC-MsS: nle

i nyl)-1-(phenyl met hyl)-1H benzi m dazol -4-anm ne 15 To
S—CF

= 233 | Sh: To a
sol ution f_- 2 . i

2- met hy1-1 4 -a2013 ;z:azoe benzi m dazol -4-am ne (2.3 g,
10 nmbl ) Amuxaqaeﬁlrs{[Zl—EbthylSﬂ(m!iﬂ)mma@thafB ydmstbyiyt6- &-rn@@hmm@ (720 mg, 10.5

Stirt ed S EbSEERT o RL AR Fhaalinioe PcpRa R LIRD 1 BRSO O

i N aqueoyEsoHiBE, (8@ nrhgl) wakN Addiecttigl fopminside dutneﬁﬁvl @etaT iemEeSU} mnmd) wdsxt ur e
was then hea 0 t es and erature.
It was né'ﬂﬁr?éqtqgégcgﬁ tlgkﬁ’&ﬁé%‘ﬁ%f Tl\}gtﬁftﬂgn C?H;E%e glgld&? ﬁ&l%?@}g% 00 nL x
3). The @@dﬂlie@ébﬁﬂu@ﬁn@ﬁ@ﬁs@eﬂtﬁ&ﬁtﬁc%&ﬂﬁn@(jﬂﬂb)ﬁﬂﬁm thd addltlmao:ﬁhymaaimd the residue
was purified si | chro .eluted. wt L mether :

e oadL monglymiees (b GamPrus SRR Pl Tt S5 phdoPRR S AEE S0y o
%H72||\/(Rt ( Q(é%% sMg?Bnt Z@b/&gﬁc&ﬁ}aéedg?ﬂ&mﬁu&ﬂ thSresidid) washzEotrdped withl toldeﬂe@)a Hg) o)
12. 20 (branéthef.;‘f)duen’és @Bsolﬁ?demmé% aPi/E‘il]ﬁe]dé%é??ﬁ%sé Pé%“%?%? (s Reln

in water plus 0.1% TFA). The fractions containing product were combined, neutralized by the

addition of aqg NaHCO5 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 % yicld) as a white
powder. 'H NMR (400 MHz, CHLOROFORM-d) 8 ppm 13.05 (br. 5., 1H), 8.12 (s, 1H),
8.00 (d, J=2.27 Hz, 1H), 7.63 (d, /=7.83 Hz, 1H), 7.18 (t, /=7.83 Hz, 1I), 6.56 (d, /=7.83
Hz, 1H), 6.51 (d, /=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 S11[M-+H]".

Example 56
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CF3 Pre_paration of 4-brono-2-nethyl -

(12-methyl -3-(trifluoronmet hvOnhenvl| nmet hyll- 6-(4-

nor ohol i nvl) - 1H benzi m dazole 20 A suspensi on of

4- br ono- 2- net hyl - 6- (4- nor phol i nyl) - 1H benzi m dazol e, prepared as descri bed
in Exanple 62 (500 ng, 1.688 nmol) and potassium carbonate (700 ng, 5.06
nmmol) in N, ND nethylformam de (DVF) (6 nmlL) was stirred at rt for 15 mn.

1- (brononet hylF=N2- met hy1-3-(trifl uoromet hyl ) benzene (641 ng, 2.53 mol)
was added in g .Nhe resulting reaction mxture was stirred for 3 h at 80
C. It was then cooled to room 25tenperature and poured into ice/water. The
preci pitate was~egl-Nected by filtration, washed wth water, then few nLs of
hexanes and ai eﬁffﬂﬁe crude material was purified on a silica gel

col um (Héfrm B0YNEL OAc i n hexanes) to the desired product (565 ng, 1.182
mol, 7000 Yyield).)11-1 NVR (400 MHz, CHLOROFORM d) 6 ppm 7.59 (d, J=7.83
Hz, 1H), 7716 (g =2.02 Hz, 1H), 7.10 - 7.15 (m 1H), 6.46 - 6.52 (m 2H)
5.25 (s, 2H), 3. c8.89 (m 4H), 3.05 -3.14 (m 411), 2.55 (s, 311),
2.51 (s, 3H). My nile 468.9 [ MtH|t Exanple 64 5 CF3 Preparation of
2-methyl -1-f [2-nmetdhyl -3-(trifluoronethyl)phenyl | et hyl f

-6-(4- nDrphoIinvl) 4- (1, 3-oxazol -2-yl)-1H benzi m dazole 10 A m xture of

4- br ono- 2- nethyl 2- nethyl 3- (trlfluoroneth_l)phen I]nethyl)-6 4-
mor phol i Qs Pri e B D EIDACTIV] e ting - O-ff-mrorphauas tr Q

in Exan%,ﬁ,@omgthélé rmg}&ﬁhgga@&@anyl) 1 3- oxazol c (195 nmg, O. 545 I) and
Pd( Ph3P) ng, O. nmol ) in Tetrahydrofuran (THF) (5 nl) was

stirred at reflux tenperature for 19 h. Conversion to the desired product
i s obser Py G} St _g_ s still
SM  The :jeg[c(;t?on mg{%)ﬁéﬁg )l¥l§s§lt]r I?&P?Oel%% %ogémo& %ﬁe Vi a a%l
i rradi atedarberamidd.cr owave reactor at 120 C for 90 m n. The reactlon m xture
was diluted with Et0Ac and CHC13, washed with agq sat sol NH4ACL, bri ne,
dried over Ng3p045and the sol vent

2

‘ﬂ:l. ez

N
N
~ N>—CF3
o]
cl

Cl

10
Oxalyl chloride (0.332 ml., 3.80 mmol) was added to a suspension of 1-{(2,3-

dichlorophenyl)methyl}-6-(4-morpholinyl)-2-(triftuoromethyl)- 1 H-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 i (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-ds) 8 ppm 8.56 (d, J=2.27 Hz, 1H), 7.98 (d, J=2.53 Hz,
1H), 7.76 (d, /=227 Hz, 1H), 7.62 (dd, /=8.08, 1.26 Hz, 1H), 7.42 (d, /=2.27 Hz, 1H), 7.25
(t, /=7.96 Hz, 1H), 6.33 (dd, J=7.83, 1.26 Hz, 1H), 5.80 (s, 2H), 3.68 - 3.83 (m, 4H), 3.14 -
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was evapor ated under reduced pressure. The residue was purified on a silica
gel colum (1SCO, 0-70% Et OAc i n Hexanes - no product peak observed- then
0-10% MeOH in CH2C12) 20 to give desired product (94.8 ng, 0.204 mmol, 63.5
%yield) as a yell ow powder. NVR (400 MHz, CHLOROFORMd) 8 ppm 7.87 (s, 1H),
7.71 (d, J=2.27 Hz, 111), 7.58 (d, J=7.83 Hz, 1H), 7.37 (s, 111), 7.11 (t,
J 7 83 Hz, 111), 6.66 (d, J=2.27 Hz, 1H), 6.47 (d, J=7.83 Hz, 1H), 5.31 (s,

.8 A (m 4H), 2.58 (s, 311), 2.56 (s, 311).
I\/S( ES+) r?}j'éuhﬁggl&{gmﬁ)twﬁéﬁ%%fl Preparation of rre% hyl ( )
2- ((:hl or 0- 5- (4- nor phol i nyl) - 1H benzi m dazol e- 7-car boxyl ate 5a) net hyl
6- (4- nor phol i nyl) - 2- gxo- -1H-. e-4- oxyl ate To a
30| ut i oﬁi’s)éf[( orgy@nﬂflaﬁvhﬂlgé rlgh?rl ﬁg |(Hn]bdla%§ 311t£alsgr e%ar ed as
escrib J@nﬁé,dg@pa(llog, 4.0 mol) in DM (50 nL) was
added uﬁfehaﬂu %O%t@%ﬁmb )a and the m xture was hea% ed to 17(() C foz 4 h.

When3anal ysi s by TLC shovved no starting material remaining, the m xture was
B e U S
i n-vac ud:enﬂhmdamisimdmmﬂermnpwandewbﬁiﬂﬂcEﬂﬁ@'ﬂ?ﬁtiﬁg-ﬁﬁpﬁ@SB s PB2Za (el ut ed
1o P NP BB SRR RUATYER, B3 Tl Sabbow a8 £ (890
(t, 4H fdr Fheur8T Ha*)aactﬁnaﬁs canceBided 1Bd8edued pagsuge &ndzhelres;@)e w@ 99 (d, 1H,
= 5 i haatd B ot D b R L 20 D
5.75 mmol) the reaction mixture was heated at 100° C for 1 hour. The solvent was
concentrated under vacuum and the residue was dissolved in DMSO and purified by reverse
phase-HPLC (20-95% AcCN in water plus 0.1% TFA) (some residual solid filtered off). The
fractions containing product were combined, neutralized by the addition of aq NaHCOj; sat
15  sol and the organic evaporated (some compound lost during transfer). The precipitate in the
aqueous residuc was collected by filiration, 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. 'H NMR (400 MHz, CHLOROFORM-d) 3 ppm 13.05 (br. 5., 1H), 8.12 (s, 1H),
8.00 (d, /=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=2.27 Hz, 1H), 6.37 (dd, /=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
N

~ N)-—CFS

N

cl

Preparation of 1-{(3-chloro-2-methylphenyDmethyl]-6-(4-morpholinyl})-4-(1H-1.2 4-triazol-

3.yD)-2-(trifluoromethyl)-1H-benzimidazole
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To a solution of conbined batches of nethyl

6- (4- nor phol i nyl) - 2- oxo- 2, 3-di hydr o- 1Hbenzi m dazol e- 4- car boxyl ate (6.8 g,
24.5 mmol) in POC13 (25 nL) was added N, NDi net hylaniline (8.8 g, 73.5nmol)
and the m xture was heated to 103C for 12h. Wen TLC 25 anal ysis showed no
starting material remaining, the mxture was cooled to roomtenperature,
purified by chromatography (eluted with petroleumether/Et0OAc = 1/1) on
silica t@xakfifcblodd¢ (0e34deli, 3T pmoliwet adisd & ofukpankion of &4Bidilofa-26 g, 23 %) .

a5 ry. mangatenmeltl tro pih 3 dhublondiy) tBediRiddle e fublylit; M=
12. ﬁ7| (Sacuﬂ-b‘t)epaﬂefadl@sczﬁ‘de& m—E%ﬁ)h{ Mb&mg&&mﬁﬁ}oﬁﬁn Duﬁllcﬁ:‘ﬁﬁetkﬁﬁmfébﬁgfgy on of

t t - -
ST S B AN R TR R SO

2- chlor axva &réremmh&hdu@x&ﬁdelddub&maa d@gglspen‘de@afmmwca@fefanx@ﬂpy(apar ed as
descrlbedln Exanpl e 65 (0. 691 mmol |nNN-D|methIformamde(D|VF)

(10 m) Whd I\&M@@j%b%teéé% [thﬂ’rﬂzxélff%é‘ilﬁ&g@i T gHOW to whited apd e iR
1- (br omopel divld adi fd?RS Wit a(rlhrtﬁe‘}1|p%lﬁﬁ1gﬂé%itﬂwée§%ﬂﬁ@ﬂe k10 Ad Bt@Ac 20691 Mol ).

The reaction m xture was stirred reacti on was cool ed

down. Wamb}. T@l@@mlents)pm%wmé'epwdwwﬂrﬁt@%@ww 09 GReChd 10 M+ Th8t i on gave

th I o t
Lhe SO | Sttt LS PUATHEL s001 @ofihiser s LR LR: BUAR Bl flexane) 10

ppm Hl 54sugmend@Hn NyNadimeBylf@namideddineBylb®eta3(19 nly, i 743H)'Loljgargij|_st1(1'gd a3l 5. 63
(5 21 & bt ity bty ol fy R el Rl s 2
Exanpl e @0 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, J=8.08 Hz, 1H), 7.01 (t, J/=7.96 Hz, 1H), 6.51 (d, /=2.02 Hz,
1H), 6.32 (d, /=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
S—Me
N

25  Preparation of 2-methvi-6-(4-morpholinyl)-1-(1-naphthalenylmethy)-4-(1H-tetrazol-5-yl}-

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),
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CF3 Preparation of 2-chloro-1- 2-nethl-3-friffilmeth 1 -6- 4-no holin
1 - 251H benzi m dazol e-4-carboxylic acid A m xture of nethyl 2-chloro-1-
([2-methyl -3-(trifluoronethyl)phenyl]nethyl)-6-(4-

nmor phol i nyl) - 1H benzi m dazol e- 4- car boxyl ate, prepared as described in
Exanple 66 (0.6 g, 1.282 mml) in Tetrahydrofuran (THF) (10 nlL) was added
in 2 N lithium hydroxide (6.41 nL 12.82 mml ). The reaction m xture was

t d at,. 50C. Th
Solvens sl asaey e Uz mobaae RestE R R e R hef B &G 1
HClOI TPeDﬁﬂlJ\f\l}]ﬂ?&hﬁﬁidB gmm(n mED |Tthléaéalcﬁc5h mmwgr%gmg:cwdummwm@ane t 2e54
roduct as i te 09
E)S 3H) for hiymin af 15@° @,rﬂ'letyﬁ_(b migp aé-}gS"@ L%M{grﬁnalxgﬁ 0@%“(5%%-‘50 %erﬁggﬁ) pm

. 1=7. 83 llf(':rzwevéxl")leazmé @or(l&ngmJ tn%e @ﬁls&’@ﬁhe Jiwon'g)os?iﬁoﬂ 8k the produc? /THdAwo H‘d):tuﬁm 49 (d,
J253Hz gs 1H). MS( ES+) 10n1€4539
[ |\/|+|-|] i E;@gqﬁppsewgg com 1;[15d |3}h§ Iggmhmpd)wngme PRI p,:yqe in water (10 mL) and extracted

'f' U&g g%‘é\w:l&mg %rﬁ% " BRSLLAY gnggmem&mlvﬁtﬂsm&ﬁsmwlat e a)

m no- ol'1 noben
solution, dried, and concentrated The reacuon was subjected to purification on a silica

column (20~60% EtOAc/Hexane) and then (1~5%MeOH/DCM) to give the product (24 mg,
13%)."H NMR (400 MHz, DMSO-ds) & ppm 2.53 (s, 3H) 3.08 - 3.15 (m, 4H) 3.68 - 3.75 (m,

10 4H)6.10 (s, 2H) 6.40 (d, J/=7.33 Hz, 1H) 7.26 - 7.39 (m, 2H) 7.56 - 7.74 (m, 3H) 7.88 (d,
J=8.34 Hz, 1H) 8.03 (d, /=8.08 Hz, 1H) 8.26 (d, 1 H). MS(ES-+) m/e 426.0 [M+H]".

Example 59
15
HO_ O
N
\>——Me
(NN
o
Me
Cl

Preparation of 1-[(3-chioro-2-methyiphenyl)methyi]-2-methyi-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-(bromomethyt)-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 etuted 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
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To a m xture of internedi ate nethyl

3-am no-5- (4-norpholinyl)-2-nitrobenzoate, prepared as described in Exanple
26, step c (98 g, 0.35 nol) in MeOH (2.2 L) was added Pd/C (9.8g, 2510%
and the resulting m xture was then stirred at roomtenperature under H2 (4
atm atnosphere. After stirring for 16 h, it was filtered and concentrated
in vacuumto give the crude product (84.4g, 96% as a dark solid. 1HNWR
(300 MHzpLDEBO~eibYy theSaqlxpmrQonM (ithjurd by drgeideqsodutien Y 10 BL7I amoD4Fe J=4.8 Hz),

o a1 (arodipon yihs Glrpdad so- g e T Ryl Pgl€ltooSin Wbl bha de 2. 7 F2)-

2- (di f | uepaieeidhyen) waémnwdphalabmyﬂ“he sotttine v dilmatwitbwzwcéaﬂbmk)ﬁndt e A

m xt ure of 5- nor lin oat mrol ) and
2 2 o rieiFoanth | S IGE AR M8 VG TEROT AR R tBrLenE TS D ns
stirred berfeafghuse ﬁﬁf@@'ﬁ@i&ﬁﬂo@’ ac@gnittife (0. WSI'llTen ahdl@aft EGI%PFM/&B/)(QMBW to room
terrperature and t he solvent. was renoved in 10 vacuum ﬁl was

purl fi edPVsy 1 &inuEss: B@IaPEWPB?Fﬁtﬁ@Eﬁ% Rpreetolipes Wdteﬁaii?ésct‘?%qo llﬁlﬁ? %F gfred Et 0AC

1 tOhat)&&'i(ilom%ng%szsﬁ?fs}n@rﬁﬂwyﬂe@emm M@@Nﬂizséﬁuﬁ%f*@m &B0AC (2 L)

and washed w th aquéeous and brine (1 Ly. The or%anl C layer was
dried ovwm&ﬁ&ywﬁﬂm%SN@%)ﬁéﬁldd dﬁﬁ@éﬁ@;ﬁi)@&-&@m‘lmé S8¢ésizHaé-3pr oduct
(40.9 g¢g,,8 I I Qe 0 naform
of taut o ‘?T@cssﬁ%(?ﬁg% %g%vﬁ?sggltaui one /"fnhnor t’gﬁ 2%@?&@ %?%1%1 1I—flll%l\/R of the
e orOtansb(deﬂHaame(mm@mamsdwﬂ]B 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); LCMs: nme = 312 [MH ]+

Exanpl en€9 20 reparati on of 2- c_himmthi-6-4-rwhoifta Inhale inmeth
AHbenzi W&?B‘Fé 4-carboxylic acid 25a) methyl

2- (difluoronet hél ) - 6- nor phol i no- 1- (napht hal en- 1-yl net hyl ) - 1H

benzo[ d]i m dazd car boxyl at e

N
|/\N N>—Me
o

Me
15

Preparation of 2-methvi-1-[{2-methylphenvlimethvl1-6-(4-morpholinvl)-1H-benzimidazole-

4-carboxvlic acid

To a solution of methyl 2-methyl-5-(4-morpholinyl)-1 H-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% 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
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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,
prepared as described in Exanple 68 (500 ng, 1.6 nmol), K2CO3 (442 ny, 3.2
mmol ) and 1- 5 (brononethyl)naphthal ene (426 ng, 1.9 mol) in DVF (15 nl)
was stirred at 70 C for 18 h. The reaction m xture was cooled to room
tenperature and filtered. The liquid was poured into water (100 mi) and
filtered, the filter cake | 25U

chr onat 0\6? ac}g)ﬁled é? Toom (Emp dtem %rﬁ nﬁ ecﬁ‘%n?%j%omqt &E{%{R‘a@&l ?Xlaélo fy A O?he
desired xpzﬁs&ﬂhmid wWithl®atemy20 ﬁﬂ%andismdlﬁy@WIthNSHCl dhe hhxtmreNkﬂtl(ﬁﬁﬂteMdz

DVSO- d6, ) 68 5 Hz), 3.94
(s 3H), %1@2&6 %Ey Sél%wasé’“’z“?‘e{‘ély fei?—ﬁsedapﬁ‘a%%z%l” Iré}"”th? %"‘%hd?t %’g"ft"m&é‘ﬁ) 7.56-7. 69
S gl 7?@2) (04 I_/?:#K;(Bphngj Tter 0. 4B FA WD) 10-B90QvEr1 0 dhituted THB.afpibiate Badibn{ d, 1H,

- e =
2-(di¥ | usrssekiesjadang efwoﬁéﬁdﬁﬂé’}eldr\@ijiesfeé PEOduA L 37 2By HERYPY 212 enzi ni daz
ol e- 4-
2-(difl leagla?reb@ﬁww(a@gmﬁgﬁ%&q (ﬁ%@haﬂ%ﬁﬁ@ Pt Byl 2y 00 (s
benzo[ d] 4k 3dZ 0B .81 fn cHNIFO/ (52318 (6000, iy, SSIH%SWBXd e{nﬁ?«@HZUH}T Mtn) in
THE (10 S 0 +was filtered, the filter cake
was di ssgllrile'g?ﬂlﬁig’/\g ’eﬁg( %S@%&?I 56538 &grﬂrﬁc acid was added to adjust pHto
3 - 4. Then a filtration was perfornmed and the filter cake was coll ected,
dri eth under vacuumto give the product (450 ng, 66% as a white solid.
NVR ( 300gMiple@YSO-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, 1H, J= 7,§OHz O 8.24 (d, 1H, J= 7.5 Hz); LC-MS: rn/e = 438 [Mr1] 4 25

Exanpl e 70 Prepar ati on of
2-(difl uororreth 2L Inf 1- 2- et hyI 3-(trifluoronethyllnhenyll nethyll-644-
nor pholinyl | -1 2| gol e-4-carboxylic acid a) nethyl
2-(difluor Y 2- met hyl- 3-(trifluoronethyl)benzyl)-6-norpholino-1Hbe
nw[d]lma - 4- car bpxyl at e
Me
CF,

15  Preparation of ethyl 2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenyljmethyl } -6-(4-

morpholinyl)-1H-benzimidazole-4-carboxylate

To a mixture of 2-methyl-1-{[2-methyl-3-(trifluoromethylphenyljmethyl }-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 NaHCO3 solution (20 mL), Brine (20 mL), dried (MgSOa) and
concentrated to give the product as a white solid (0.18 g, 64%)). 'H NMR (400 MHz, DMSO-
ds) & ppm 1.38 (t, J=7.07 Uz, 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, /=7.07 Hz, 2H) 5.71 (s, 2H) 6.49 (d, J=7.58 Hz, 1H) 7.26 (1, J=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/c 462.2[M+H]".
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CF3 10 A mi xture of nethyl

2- (di fluoronethyl)-5-(4-norpholinyl)-1H benzi m dazol e- 7- car boxyl at e,
prepared as described in Exanple 68 (500 ng, 1.6 nmol), K2CO3 (442 ny, 3.2
mol ) and 1- (brononet hyl)-2-nethyl-3-(trifluoronethyl)benzene (480 ng, 1.9
mml) in DM (15 mL) was stirred at 70 C for 18 h. The reaction m xture was
cooled to roomtenperature and 15 filtered. The filtrate was poured into
water (100 nlL) and filtered, the filter cake was collected and purified by
silica gpkambl@3et ography eluted with petroleumether : EtOAc = 1: 1 to
give the destred product (710 ng, 98% as a yellow solid. 1H NWR (300 MHz,
DMSO-d6): 6 ppm2.§3 (s, 3H, 3.14 (t, 4H, J= 4.5 Hz), 3.73 (t, 4H, J= 4.5
Hz), 3.93 (s, 3H),P5.75 (s, 2H), 6.27 (d, 1H, J= 7.8 Hz), 7.22 (t, 1H J=
7.8 Hz), 7.30 (d 2.1 Hz), 7.36 (t, 1H, J= 51.6 20Hz), 7.58-7.61 (m
211); LC-MS: e 4\]& + 1H benzi m dazol e-4-carboxylic acid A m xture
of nmethyl 2-(dif yIM€1- (2-methyl -3-(trifl uoronet hyCbenzyl ) - 6-

' iNii dazol e- 4-carboxyl ate (700 ny, 1.45 moi) and 2 N
\;{En THE (187 mL) was stirred at 45C for 4 h. It was filtered,

e was dissolved in water (10 nmL) and formc acid was added to
adjust pH=3 - 4. Then a filtration was perforned and the filter cake was
dried under vacuun Ve '
solid. | COAREL 06 VFZ : G—PPAT2-53 31 3.13 (S, 4H), 3.73
(s, 4H), 2B6-Honlos2-metlyl-4-8itetCl (Fhenyllidethd§- 1H-BenbAt)idaz61e19- 7. 61 (m 5H), 12.97
(hr s, 1H); LCMS: 10 me = 470 [1\4+1]t Exanple 71 CO2H C

NO,

N
\>—Me
N

Br

10
A mixture of 6-bromo-2-methyl-4-nitro-1H-benzo[d]inudazole, prepared as described in

Example 1 (22 g), (bromomethyl)benzene (15 g) and K>,CO3 (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-dg): 3 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)- 1 H-benzimidazole
20

-102-



15Pr eparati on of

1-1(2, 3-di chl orophenyl ) net hy11- 2- (di f | uor onet hyl ) - 6- ( 4- nor phol i ny1) - 1H
benzi m dazol e- 4- carboxylic acid a) nethyl

1- (2, 3-di chl orobenzy1l) - 2- (di f | uor onmet hyl ) - 6- nor phol i no- 1H benzokni m dazol e-
4- carboxylate 20 C A m xture of of methyl 2-(difluoronethyl)-5-(4-norpho
linyl)-1H benzi m dazol e-7- carboxyl ate, prepared as described in Exanpte 68
(1000 ng, 3.2 3%%, K2CO3 (884 ny, 6.4 nmol) and

1- (brononet hyl ) - 4 di chl orobenzene (926 ng, 3 8 nunol) in DMF (30 tril)
was stirred at Ze&nC_for 18h. The reaction m xture was cooled to room

t enper at ure andg te eThe filtrate was poured into water (100 nL) and
filtered, ncake was col lected and purified by silica gel
chronatogggg y elutedywith petroleumether : EtOAc = 1: 1 to give 5 the

desired ct ( g, 93% as a yellow solid. 1H NWVR (300 MHz, DWVSO d6):
8 ppm 3. 16(s, 4 74 (s, 4H), 3.92 (s, 3H), 5.77 (s, 2H), 6.21 (d, 1H,
J= 7.5 Hz), 7.20- 8 (m 5H); LCGM: me = 470 [MFI] b)

1-[ (2, 3-dichl or ophenyl ) et hyI ]-2-(difluoronethyl)-6-(4-norpholinyl)-1H benz

dazol e10 |
I1m( 2%%&%‘%%% %?Izzm%‘gvlr‘f bﬁé@%@ﬂ‘?‘%ﬁé%‘?ﬁ%@z@ﬁ@ﬁ%[ d] i mi dazol e-
4-car boxylbﬁﬂlgln(el(ii@%) rpg(de)z &86 gjmjs)cw(dz 8 ghardd XOEh6.G .9d) )in Hidxabf2{2m0) ML) was

stirred at 45C filtered, the filter cake wa dEillssolved in

wat er5 ( lwasl‘@gﬁﬁs)‘:d &’PTH nft@tg?ﬁ @%‘?‘bﬁ%g abiiedos 8- Zhy matturs pyas cepledto TaiRy o

Filtrati o was-Deid @6 BckneRes fehived ml@bud q‘h@ré@@ﬁe #ad @6k ﬂnﬁ@a pyaaim to give
t he desrleg product (600 ny, 46% as a white solid. 1H

DVSO- d6) gelshrop-@mggaphs efuied with) EtOBc7 peireleurg piher 174 tq afford e de%reémdérct 1H, J=
ExgrrpHIZZa a,sza%%oﬁf %ﬁd o, 3%, 'HARR & Mitz, BMSO-bS Mm 558 (3858 . 1A¢ 1] - 20
4H, J = 4.8 Hz). 3.76 (t, 4H, J = 4.8 Hz), 5.55 (s, 2H), 7.10-7.13 (m, 2H), 7.28-7.37 (m, 3H),

10 7.57-7.61 (m, 2H); LC-MS: m/e = 353 [M+1]".
b) 2-methyl-6-(4-morpholinyi)-1-(phenylmethyl)- 1H-benzimidazol-4-amine

NH,

N
S—Me
N
&

15
To a solution of 2-methyl-6-(4-morpholiny!}-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): 8 ppm 2.37 (s, 3H), 2.96 (t, 4H, J = 4.8 Hz), 3.72 (t, 41, /= 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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Cl Preparation of

1-113-chl oro- 2- net hyl phenyl ) net hy11- 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-di chl orobenzyl)-2-(difl uoronet hyl)-6-norpholino-| H benzo[d]i m dazol e
-4- carboxyl ate Cl A mxture of nethyl

2- (di fluoronethyl)-5-(4-norpholinyl)-1H benzi m dazol e- 7- car boxyl at e,
prepared as described in Exanpl e 68(1.18 g, 3.8 mmol ), K2CO3 (2 48g, 7 6
mml ) a )3 n 6 mmol ) in
DIVF (40nfirﬁ_3lsovl\‘/§§)gg ?El?ee 1 Or?ﬁc? ?6%8@ ﬁeny[ﬁﬁéﬁhyq)ggﬁ) I ngzrll&lrg]a I&Fagu Was cool ed
to room Caérméﬂatmmﬁnalqdeofus HiBe (0L ags a‘ddd:dsrahmmﬁNpNO&@dOmgt v0.svat er (100

m.) and filtered ter. col I d and purifie |ica gel
Tt ommt dgFapiy Sateef et R0 R e R Eh Bty sngfed (ot ne

desi red prois] ar(oﬂml&hgwnwmlaa@ lag)Belnhrﬁw) ﬁlc&qu@busHB%(M\&&W%d%ﬂz

DVSO-d6), S ppm 2,46 10 (s, (t, 3.73 (t, 4H, .1=
4.8 Hz),drgpgse pidl” g fhe fsswg(rgleumas therghﬁatee to ?1940 @L307m§1quf)aﬂd thema (t, 1H,
J= 7.5 Hgbledto 2Ronl t@mpélrﬁiiure]ft vaas%elkﬂ?allze@w% bousiry NQGHEn@e:hPal:fed RS (t, 1H
J=51.6 7.58 (d, 1H, J=1.8 Hz); LCGMS: me = 450 [ Mr1] + b)

1- ( 3- chB@Adl(QOQ@Lqu p Wﬁylﬂamzl%yaism'%@@ﬁ@ﬁwgﬂdynﬂawﬁﬁﬁ ﬁwm inyl)-1H1L
Sbenzi m dgad @aﬁp&%@%mileﬁg@eh@m&o hh&t b8 Qith BB ether : E10Ag =

1- (2, 3-di chl orobenzyl)-2 fl uor onet - 6- nmor phol 1 no- 1Hbenzo[d] i i dazol e-
4- cam)oxytoagmemoes&edrgmdact:el E‘ngD$8)°/o)aaawl1ﬁle(sdlﬁi HﬂNM&stdHa DMBO-2):N Li OH

(20 rrL) and.t st d 4 f Sy f t he
fiiter caRS2uAls 26 ol P St b 18 il T ot ¥ el R il s M 1o

adj ust pT-J04:(cBJH:I'ﬁeﬂ.86Hi)1 122000t Q@NENAECRERf mfcrezhs (M¥d]Ti | t er cake was

col | ect ed and washed with water (200 nL), dried under vacuumto give the
desi red ct (800 ng, 80% as a yellow SO|Id [1-1 NVR (300 MHz,

DVSO:- 5) ﬁ'ﬁ 246(s 3H), 3.13 (t, 4H, J = 4.8 Hz), 3.73 (t, 4H, J= 4.8
Hz), 13,92 (s, 3H). 5.70 (s, 2H). 6.00 (d, 1H, J= 7.5 Hz), 7.04 (t, 1H J=
7.5 Hz), 7.23 (& 1H, J= 1.8 Hz), 257.34 (t, 1H, J= 7.5 Hz), 7.36 (t, 1H,

J= 51.9 Hz), N, 1H, J= 1.8 Hz), 12.96 (br s, 1H); LC-Ms: me =436
[ Mk11+ Exanpl e N\>—Me
N
o
Me

Preparation of 4-bromo-2-methyl-1-{[2-methyl-3-(trifluvoromethvl)phenyl imethyl } -6-(4-

morpholinvD}-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-(trifluoromethylbenzene (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 % vield). 'H NMR (400 MHz, CHLOROFORM-d) & ppm 7.59 (d, ./=7.83 Hz,
1H), 7.16 (d, /=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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Preparation of

1- (1- benzot hi en-7-yl met hyll- 2- net hyl - 6- (4- nor nhol i nyl) - 1H benzi m dazol e54-c
arboxylic acid To 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
described in Exanple 26, step d (0.2 g, 0.726 nmol) in

N, N- Di net hyl f or mam de (DWVF) (10 nL) was added

7-(brono n 47 9 um

car bonat g@%M),aBg 3%4)2111”% ;2%‘? 3%%’32!.%(?#58 3%@?16%]1'%@% E?%ﬁ?ﬁgs stirred
for 3 h 10 at 80 C. An additional anmount of

7- (brononet hyl ) - 1- benzot hi ophene (0.247 g, 1.090 nmol) was added and

m xture pasmplelgyr €d for 3 h at 80 C. The solution was cooled to room
tenpegature and poured into water and extracted with EtOAc. The conbi ned
organi ¢ phase was_washed with brine and concentrated. The residue was
purified on Blouaﬁé | sol era purification systemusing a Biotage | Og SNAP
silica gel cart M and eluted with a gradient 15 of DCMto 5% MeOH DCM
over 10 col umm volunes The expected conpound was col | ected and evapor at ed
to yield a tan ] -Nlhe tan solid was dissolved in tetrahydrofuran (THF)
(10.00 nL) foll byﬁ%hmeaddltlon of 1M Iithium hydroxide solution (10
m., 10 nnEkT$N Te ¢fi on was found to be inconplete so the solution was
neutralized with 1M HCy, and evaporated. The residue was dissolved in 5 nL
of netharfd nd treategd with 1IN 20 NaOH for 2h at 50 C, which resulted in a
conpl ete reaction & reaction was cooled to roomtenperature and the

or gani ¢ sol vent mided i n vacuo. The solution was diluted with water
(20 nL) and acidified with 1 N HCL. The m xture was then filtered and the
yel l ow solid was isol&tied. The aqueous |ayer was found to contain a
significant ampunt of product and was evaporated. Both solid and resi due
wer e pur'ﬁued b
acet oni t -t o A J. 19 ) 0= 459

The appr@HﬂBanﬁmﬂﬂbﬂ}ﬂﬁﬂﬁnmmmhﬂﬂelIeCted and evaporated to the desired

pom 3076 AtintuS By« Jomp 2 T 1 g3 0&0%591%@94@%’%: o(?-v?i P

7.06 ( d mbfﬁhoﬂlﬂylb‘-ﬂﬂ-b’hnkﬁmc?azﬁ’l@ (15074 D . 20mrholi)prepdreBGs desériled if Bxar@plel) 7. 71

d, J=2.27 o L 7.8 d, J=b5. Hz, 7.9 . ES+) nile
408.1 [M61=1ﬁmb@%aéygd(%oxaﬁ"8;S]}r%é?% it rd tdipnd bl PEAGET ™
1-[(2, 3- @'0".[6Eﬂﬁélpﬁelr%@ﬂﬁ‘&fﬂa}l(?HH}?(ﬁShﬂﬂ-)'\ﬁas(sﬂrrmJﬁtﬂbmlﬂ teiyipdrathidofeni i dazol e- 4-
carboxylic acid 10 To a solution .o

2- met hy| Sonysifp qfhe fsHgd progye! M?WE%%@M%@%}P%W (hermejorty @ftheey as
descrkbedhikfirbX afPEer. 26 reﬁ@tﬁ)ﬁ rﬁxﬁ;@a was3ranSerf&bin M BiclowaRable vial and

N, N- D net hyl f or mam de ( DIVF) l was added 2, 3- dlnethylben% brom de
(0. 289 g,lﬂ@%%mmcso“aﬁarqﬂﬁpwslﬁﬁ £o1 S it The repcton migturs wey GldRG Mt The
resul tingyhgachd OACH %Eéﬁ@@w‘{’ﬁ%q §§t'851r1@iq4(fl°c§nn% &eﬁ%v@ﬂNzﬁ@O&nﬂﬁ@scﬁ@nﬂt I on was
cooled to roomtenpefature and poured into water and was extracted with
Et OAc. Tihves @mmm%mp@adnced pieasiee. Whe rogidshwes mirified Br ardica ael celyA®ent r at ed.
The resi o] f g a

Bi ot age. 100 GRS FIOACH HRal 203 Bd Ol alfLe; LRI GR MU BHEHTINE D1 o
5@6NﬁmkvBEMWGdenmd®HMDMM%h8n@L&ﬁ&%mnmhé3éﬂ@etﬁbdseadﬁvﬂnummasEtHWﬂbcted and

et anyararUNEp CrEeRTRaE) Repmit Gult b Fhe 2aines 4 ot ST Ehi um

hydr oxi deg.$ btz 3, (m) 'nu (tlfs‘=7®3[}kz) 1HTm6r(eawummmH) $ta7r(0. 08786 150 C for 2
h. The reaction was led to roon1tea£eratur and t? g gﬁ{lﬁ sol vent was
renoved ivagLE: ZII'IPIvé %101%?3%%8” 1 LD we P%Q &% &k yHand aci difi ed
with 1 Nyt ES*'m%4E?§P” mas then filtered and the grey solid was purified
by ra;ersed phase HPL a gradi ent of

Example 65
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25 acetonitrile (0.1%FA) and water (0 1% FA v/v) (20-50% over 10 m nutes.
The appropriate fractions were collected and evaporated to yield the
desired product (55.2 ng, 0.145 mmot, 20.02%yield). IHNVR (400 MHz,
CHLOROFORMd) 5 ppm 2.31 (s, 3 H 2.36 (s, 3 H 2.8 (s, 3 H 3.13 -3.24
(m 4H 3.80- 3296 (m 4H 549 - 561 (m 2H 6.29 - 6.38(m 1 H)
6.94 - 6,99 (m 1 H 7.00 - 707 (m 1 H 7.24 -7.23 (m 1 H 7.72 (m 1
H. MS(ES+) me 809M8 [ M+rHr. Exanple 75 5 Preparation of 1-
3-fitte0|i_v_n_yAL_lﬁ%f:nmﬁh. 1.-6- 4-mo holin 1

‘ b

- 1Hbenzi m dazol oxylic acid 10 To a solution of nethyl

2- et hyl - 5. (4- 1o uoI'n%%)-lH—benzinidazole-?-carboxylate, prepared as
describeq/rﬁN anpl e;26, step d (0.2 g, 0.726 mmol) in

N, N-Di megnyl for mam de (DVF) (10 nlL) was added

1- (br omomethyl ) - 3-f | uor o- 2- net hyl benzene (0.295 g, 1.453 mmol) and

pot assi um carbonate (0.301 g, 2.179 mmol). The resulting reaction m xture
was st i rfreghrdtioh oBnidthal 2-8flofG- 5-@ofBblidy PTH-bas ik daddbd 7abb 9ot t enper at ur e
and poured into water 15 and was extracted with Et OAc. The conbi ned organic
phase was washed with Brine and concentrated. The residue was purified on
Bi ot age 4 %ié'tlgr'l @(Mdgﬁﬂoﬁﬁgﬂ)@l&x@ﬁiﬁﬁydﬁllmbe%ziﬁli&izaﬂﬁi-éa%x silica gel
cartridge and eluted with a gradient of DCMto 5% MeOH over 10 col umm
vol unes. The expected conpound was col |l ected and evaporated to yield a tan
solid. The tan s
fol l owed by the 20 aﬁdition of 1M 1ithium hydroxide solution (10 nL, 10
nmol ). The reaq tirred at 50 Cfor 2 h. The reaction was cooled to
roomtenp #dyt he organic solvent was renoved in vacuo. The sol ution
was di | utied Eith watdr (20 nalL) and acidified with 1 N HCl. The m xture was
then fil and the 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

m nut es._The 25 appr jate fractions were collected and evaporated to

Vi el d t B LHiRaaY BietHlit-diassne S i) MashesAY MOFONC BOBTCORSASHINE 1 LR ( 400

VHz, 10CHL , &kkp 8 (R0, 2.BRmoB in BMP (58.080) W8 ,addedriread 700 mg, B @Bo)m 4 H)

3.81 -3.92 (m . 4 5.55 (s Z’C% 629 - 6.3? (g)] 1 l_%: 6.@&5 -6.90 (m 1 H)

7.03 - 7.%0 thgmixurgivaghasicd o)l 707 Coy 4 hyEhemsanalysisdy Jg& Sopispe stattigg anpl e 76 Me
material remaining, the mixture was cooled to room temperature then diluted with DCM (200

mL), washed with water (50 mL*2) and dried over anhydrous Na;SO,, 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-dg): & 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, /=2.1 Hz), 6.99 (d, 1H, J =2.1 Hz), 10.48 (s, 1H), 10.82 (s, 1H). 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 methy! 6-(4-morpholinyl)-2-oxo-2,3-dihydro-1H-
benzimidazole-4-carboxylate (6.8 g, 24.5 mmol) m POCla (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 (eluted 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, DMSOQ-ds): § ppm
311, 4H, J=4.5Hz),3.77 (t, 4H, J= 4.5 Hz), 3.93 (s, 3H), 7.43 (d, 1H, J= 1.8 Hz), 7.50
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CF3 5 Preparation of 2,4-dinethyl-1-f

f2-methyl -3-(trifluoronethyl)phenyl| nethyll -644-

nor phol i nyl) - 1H benzi mi dazole A m xture of

4- br ono- 2- net hyl - 1-f[ 2-met hy1-3- (trifl uoronet hypphenyl | net hyl ) - 6- (4-

nor phol i nyl) - 1H benzi m dazol e, prepared as described in Exanple 62 (200 ny,
0.427 10 mol ), trimethyl boroxine (0.239 nL, 1.708 mml), Pd(Ph3P)4 (49.4
ng, 0.043 mol) and pot assi car bgnat e 0.854 mml) in 1, 4-Di oxane
(2.5 nL)ﬁWéﬁe{=@%}§§’ﬁ{§7éa§$iF&&ﬂgé?%ﬁzé%ﬁg@g?h in a mcrowave synthesi zer
for 40 mn, then cooled and poured into water. The m xture was extracted
wth et hél acetate. The extracts were washed with brine, dried (Na2SO4) and
evapor at BEpapl¢&p r educed pressure. The residue was purified by RP- 15 HPLC
(25-45% AcCN in water plus 0.1% TFA) to give the desired conpound (77 ng,

0. 181 mmol, 42. Om%feld) as a white solid (contains 3-5%of the 4-H

conmpound) . I1i 400 MHz, CHLOROFORMd) 6 ppm 7.58 (d, J=8.08 Hz, 1 H),
7.12 (t, J=7.8 , ‘»12;0) 6.80 (d, J=1.01 Hz, 1 H), 6.51 (d, j=7.83 Hz, 1
H, 6.40 (d, J 7 W1 H), 5.26 (s, 2 H, 3.78-3.91 (m 4 H), 3.01

-3.15 (mra ™, ~Z. 6N (s, 3 H, 2.56 (s, 3 H), 2.50 (s, 3 H. M(ES+) me
404.1 20 C[\M/Hl-lr. (NOJE: The reaction was repeated using PdCl2(dppf) as

catal yst. Less ( egligible) reduction was observed). Exanple 77 25C
Preparation of Me

141- (3-chl oro-2-ne thyl phenyBet hy11l- 2- et | y1- 6- (4- nor phol i ny11- 1Hbenzi m dazo
| e- 4-%ar boxylic acidsb5To a sol ution of nethyl

2-met hyl - 5- (4- nor phol i nyl) - 1H benzi m dazol e- 7- car boxyl at e, prepared as
descr i beprehirafiPdRh@h A8 chidren - 82 (i1 (triflubafndiiWipheriyimethyl} -6-(4-

N, N- D met hyl f o1t nj am_de . .
motpholinyl)-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 so0l1d(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, /=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>—cl

N
S

Me
CF,

Preparation of 2-chloro-1-{[2-methyl-3-(rifluoromethyphenylimethyl}-6-(4-morpholinyl)-

25  1H-benzimidazole-4-carboxylic acid
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(DVF) (10 nmL) was added 1-(1-bronoethyl)-3-chloro-2-nethyl benzene (0.339 g,
1.453 mmol ) and potassium carbonate (0.301 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 10 and was extracted with Et0Ac. The
conbi ned organi ¢ phase was washed with Brine and concentrated. The residue
was purified on Biotage Isolera purification systemusing a Biotage | Oy
SNAP SI | A paxtyee! of eapthiyl Mgl@rcahd[?emma3~&mﬂhoranrgﬂxaﬂp1@ny1]rocthm\’rf(ﬂo 5% MeOH DCM

Lo yi of draniiho ote R BB BREh g STRRIA, YRR RO PRGN R (e

(10. 00 mngmbbmmetmpyammrﬂrﬁ(am(imwaswaéd mmmunmhpdmdeesmuu on (10

tnL, 10 The r ct| stirred h. The reaction was
cool ed téﬂﬁiﬁﬁ% rec O%Hﬁ§Wﬁé“%P65 55@?%‘&6“ ngrgﬁﬂQ%H'?n vacuo.
The so0l wobkd doas. 'Ihe| dngaad: sotvicht watremo{edQGnWhguoaiek RQeds inligdreWdshcillifNdHCL. The

m xture was thep fllte d and the saolid was purified by reversed phase
HPLC wi t'H% 19195{5:{ IgHte hd RiesRBHA. Fi ?ré’ﬂf(lbanﬂoyaﬂﬁm)lg Wil e &#ve(tes oAy / v)

(20- 50%wiguanlid .58 AW0SS 111&@412@@@9&139@1@3@ Jﬁj@gﬁmqrsa émms@gl hegt ed and
evaporated to yleld the de5|red roduct 01 %

el (AR 2005 SIEEORCHBHAic. 8 Ghite. B 7-38 ({1 Ho, 1) 068 (s, 3
H 2.98 1 .77 (m
D (@ {3;2 bty féiﬂlHﬁ‘ﬂaﬂi) (&3 Jgi sé ¥z, ﬁ;ﬂ 6§(d9§L8086H961H()mz 969&'%1}#?. 1\%@(]1_50& T

-7. 70 (mwﬂ4i%9{ ES+) nie 413 8 [Nhl 11+ 25 Exanple 78  CF3 Preparation
of 2-meth 1-1- 2-neth 1-3- 4-(1, 3-thiazol-2-y11-1H benzi m dazole 5 A

m xt ure of

4- br ono-Examplpg$ - 14 2- net hyl - 3- (tri f | uor onet hyl ) phenyl ] net hyl } - 6- (4-

CO,Me

o/

13
Preparation of methvl 2-{difluoromethy)-5-(4-morpholiny])- 1H-benzimidazole-7-
carboxylate
a) methyl 2,3-diamino-5-morpholinobenzoate
20
CO,Me
NH

2

To a mixture of intermediate methyl 3-amino-5-(4-morpholinyl)-2-nitrobenzoate, prepared as
described in Example 26, step ¢ (98 g, 0.35 mol) in MeOH (2.2 L) was added Pd/C (9.8g,
25  10%) and the resulting mixture was then stirred at room temperature under H, (4 atm)

atmosphere. After stirring for 16 h, it was filtered and concentrated in vacuum to give the
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nor phol i nyl) - 1H benzi m dazol e, prepared as described in Exanple 62 (200 ny,
0.427 mol ), 2-thazolylzinc bromde (1.708 nL, 0.854 mmol) and Pd(Ph3P)4
(49.4 ng, 0.043 nmol) in Tetrahydrofuran (THF) (1.5 nmL) was irradiated in a
m crowave reactor at 110 C for 2.5h. The reaction mxture was diluted with
Et 0OAc and CHC13, washed with NH4Cl aq sat 10 sol, brine, dried over Na2SO4
and evapor ated under reduced pressure. The residue was purified on silica

gel (1SCQ, ,0-70% Ef OAc,i), Hexanes,. ti - 1009 OH, | 2C12) At ive the
desi r ed W%"dﬂ(‘f‘? Eéf‘/%'raé E’b&%%:qﬁ?%lp %3‘“@‘ é%??j%ﬁ?@@'@y%ﬁ%&ﬁ%&der 'H
NVR (4004H/IdzT 4®ﬂmml\4m)ﬂz‘18ﬂm\ ¥70%, {1d), 43736128, 28D, 5. 36&& S, 2H5%.44d, J=3.54
Hz, g d,,K J=2 ? I—hz 7.03 (t,

J=7. 83 I—@ Hi["{-i'f 76‘127)46?5@ JJH=1J7? %LC-M#-{)W%?@% Mgll'5=7. 83 Hz, 1 H), 5.32
(s, 2 H, 3.60 - 3.76 (m 4H) 295- 3.07 (m 4 H, 2.60 (s, 3H) 2.55
(s, 3 H. M(ES+) me 473.1 n*ﬁ)le 79 20CF3 Preparation of

4- (2-F i naryapyl2-(d qwqmelhx{lﬂ(ﬁﬁpm}noh@dz Hibenzigidsnele-Hy8PRariye Lnet hyl | - 644-
nor phol i nyl) - 1H benzi m dazol e A m xture of

4- br ono- 2- net hyl - 14[ 2- et hyl - 3- (tri fl uor onet hyl ) phenyl ] et hyl ) - 6- ( 4-

nor phol ihmmiﬂﬁ}eﬁhilrﬁiﬂéizmh@ S-pogpalieheemagddt e dd0 mmndkamdAZ 62 (200 ny,

0.427 5 pmol fur nic

PdClZ(dpgﬁ?lgl)&ﬁ\fgﬁm g%ézgt g’?%ﬁménon%n t(g %1335(70 Wgsns 8| u%r%%xcamgera % (91
ng, O. 85fjbr rfra| ThanrthdlmPenkde et bavtgdetd ln:mm;eﬁﬁhﬁ)uré alcﬁthmsdl\)enawels Mabeed 1(10 5 rrL)
re L ST T G B S S AR e A e

Wi th briB@AC* Ded wytdrd NeelistHedgireduey Tpex, atved. disktieed ©Rh Ht@iw\(aSL)raudi ified by
RP-HPLC 10 (G I son, 25-65% getonl r_iI i n_wat er ﬂ?u % to give the
desired Prdadedthegecoys NgHCE: (loly Fme L)y Bhopropnd powder

(separ at h@l@dlfoﬁlﬁ)mhism%ﬁﬂ wnc\é@eﬁatééu th 1v<éuﬂletdes1¥éaq7rma(4of9 g, BE%?Wyél\@ﬁr di scar ded
decreasi ng t he overal l y| el I\/I% 400 ,  CHLOROFORM d ppm 7. 51 -

7. 63 (m saidpjH NpEshowgd ﬂysgomoup&ls llzaﬁarmf’ift%ém{l?mmﬂ#ﬂ%@nw 1 H, 6.60

dd, RBPalme 2.02 Hz, 1
( 1%5 5&%@ egfnzgor%or&erwﬁ_/l)gfg*l‘wl?@of tHeth 3%1?% {i{% 11(3% MI‘@Z ‘%)%/Itﬁ(gﬂfﬂ 32 E6 (s, 3
H), 2. 53pgrs 3.13 (K H, WB(ESHY), Bi7R ¢, 456/ 6 4[8\HH]39E£@aErH) é'28(1it 29, J = 52.8 Hz),

7.55(d, 1H, /=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

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

benzimidazole-4-carboxylic acid

25  a)methyl 2-{difluoromethyl}-6-morpholino-1-(naphthalen-I-ylmethyl)-1H-

benzo[d]imidazole-4-carboxylate
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CF3 Preparation of 2-nethyl-4-knethyl oxv)nmethyll-1-{1-2-nethyl-3-
(trifluoronethyl)phenyl | nethyl)-6-(4-norpholinyl)-1H benzi m dazole 25 To
the m xture of [2-methyl-1-112-nethyl-3-(trifluoronethyl)phenyl]methyll
-644- norpholinyl)-1H benzi m dazol -4-yl ] met hanol, prepared as described in
Exanpl e 43 (160 ng, 0.381 nmmol) in N, N-Dinethylformanmde (DMF) (15 ni),

sodi um hydride (30.5 ng, 0.763 mol) was added in and foll owed by the
addi ti on of net M¢ odi de (0.048 nmlL, 0.763 nmol). The reaction was stirred
at rt for 3 ho or eFsodi um hydride (30.5 ng, 0.763 mmol) and net hyl

i odi de (0.048 O.\7-G-:{ mmol ) was added in. The reaction was stirred at rt
for anot rsNt hepn Water (70 nL) was added in. The m xture was
extracteg with Et 0OA¢ (100 nL). The organi c phase was washed with Brine (100
m), driec (I\/gS and concentrated. The crude was subjected to | SCO

i MeOH DCM) to give the 5 product. NVR (400 MHz, DMSO- d6)
5 ppm 2.36 (s, 3 54 (s, 3 H 3.00 - 3.07 (m 4H 3.37 (s, 3 H 3.68 -
3.75 (m 4 H 4.76¢%, 2 H 552 (s, 2H 6.32 (d, J=7.83 Hz, 1 H 6.88 (m
2 H 7.25 (s, 1 H 7.60 (d, 1 H. M(ES+) ne 434A [ MrHt Exanple 81 10
CF3 Preparation of 4-(3-furanyl)-2-nethyl-1-

{ 12- met hyIniBtufd ¢firhdtiung QQﬂﬁlﬁlbﬁbh)eﬂ{}@W@lﬂBﬁphMﬁﬂyI} B4#Benzimidazole-7-carboxylate,

(12" mot HPERE ERF Y Brig e SHany et ol 6560 BB ig, SBmntos an 1

nor phol |®Y&&orﬁéﬂ1ﬁﬁﬁ§lﬁtﬁﬂl%z(@i@mgpfﬁﬁﬁ{ nmpl pe@b stifcEXEIPLe6R (200 ny,

0. 427 mmopl 3-furanyl boronic acid ( nmol ), sodi um carbonate
(91 my, B.'dsacacten MixgHe WM@W@M&@%@%@@%T@ hignid Baoepsradol ) in
1,2-Di WEWM@E({I@@@LQ QMEﬁltefrgd ﬁmrﬁl{&} c&@%a%l%‘éteﬁgn@pﬂ{ﬁeh b%ﬁlc!l pgiadi ated in a

m crowave reactor for 1 0 The m xture was poured into water
and ext r gEemafoggaplhy GE@tedt\mth pﬁ@l@g@gthprc HRase lwalstomﬁb@dwrﬁwfb@ch@mdr i ed

by Lo Ny S SRR SN r A (RN ER0HG) A M B8 1 R ¥

Acet wu t 68 &, £, vt Sriz)] 124 G.3106 TENs, 216), 6182 (a8, 7 ed. 9pfﬂz:)dn@1 762@nng, 0. 060

m :‘ i cul %IJI)I'F%(SYJh@a@’ 8?‘% 4V@Ea[§ gg%?j Sso%iﬁuﬁ% 2%?‘%%? S%Qﬁhfé& )gver al |

yield, if74tlitG-o18: e £R62 A1) al conversi on observed). 1H

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-yIlmethyl)-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, ), 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/e = 438 [M+1]"
25
Example 70
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NVR (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 H, 7.09 - 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,1=2.02 Hz, | H, 529 (s, 2 H, 3.80 -
3.97 (m 4 H, 3.07 - 3.21 (m 4H, 2.57 (s, 3 H, 2.52 (s, 3 H. M(ES+)
rnfe 456.0 [ MtH| Exanple 82 5 Preparation of 2-methyl -
{1-2-methyl-5-(trifluoronethyl)phenvl|nethyll -6-(4-norpholinyl)-

1H benzi m dazol e-4-carboxvlic acid 10 To a solution of nethyl

2- met hyl - 5- (4- no i nyl) - 1H benzi m dazol e- 7- car boxyl ate, prepared as
described in Ex N6, $tep d (0.3 g, 1.090 mol) in

N, N- Di et hyl f or de\)(—DIS(F) (10 m.) was added

2- et hyl - t hgpbenzyl brom de (0.552 g, 2.179 mmol ) and

pot assi unh carjponate (§.452 g, 3.27 mmol ). The resulting reaction mxture
was stirfedAfor 3 a2t 80 C. The solution was cooled to roomtenperature
and poured into 15 and was extracted with Et 0OAc. The conbi ned organic
phase was washed With Bf¢ ne and concentrated. The residue was purified on
Bi ot age |sol era pur :]é%mcati on systemusing a Biotage | Oy SNAP silica gel
cartridge and elute ith a gradient of DCMto 5% MeOH DCM over 10 col um
vol unmes. The expected conpound was col |l ected and evaporated to yield a tan

sol i d. Tﬁ%ptrettbrﬁatiglﬂt@ﬁm@é;@ﬂi }[@Ebtﬂvltﬁﬁﬁﬂﬁbfdﬁl@lﬂlﬂﬂﬁﬁnﬁﬁh_ﬁhwlt-'5Qf400 20 ni)
fol | onwed by e addition of IMTithium hydroxide solution (10 ni, 10 nmol).
The r eacmipmholigd)- Ll bepzigidazoled-carbpyylico The reaction was cooled to room
tenpeg ature and the organi c soI vent was renoved in vacuo. The sol ution was
diluted with water (20 nL) and acidified with 1 N HCL. The m xture was then
filter eda)an@hxltie(dgﬂ@yom@whl@@eﬁwtﬁ{tr@@oweﬂw@éw@a-%n@mboimpﬂélw th a
gr adi ent r Y%FA) and water (0.1%FA v/v) 25(25-55% over
10 m nuttés @ﬁgl@a%ltreg c%a?ba%; Ia#er actions were collected and evaporated to
yield the desried product (120.1 ng, 0.277 muol, 25.4%yield). 11-1 NWR
(400 MHz, I\/ETHAN@O&%) 5 ppm2.53 (s, 3 H 2.88 (s, 3 H 3.15-3.23 (m 4
H 5.84 (s, 2 H 7.06 (s, 1 H 7.27 (d, J=2.27 Hz, 1

H 3.79 - 3.88
H 7.51 -7.58 (& 7.69 - 7.64 (m 1 H 7.86 (d, 1 H. MES+) nfe
433.8 [ MHH] +. @ a 83

N N F

oS

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,CO3 (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 Miz, DMSO-ds): 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,/=7.8 Hz), 7.22 (t, 1H, /= 7.8 Hz), 7.30 (d, 1H, /=2.1 Hz), 7.36 (t, 1H, /= 51.6

20  Hz), 7.58-7.61 (m, 2H); LC-MS: nv/e = 484 [M+1]"

b) 2-(difluoromethyl)-1-{[2-methyl-3-(trifluoromethyl)phenylimethyl} -6-(4-morpholinyl)-
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5 Preparation of

1- 112, 5- di net hyl ohenyl | met hy11- 2- net hy1- 6- (4- nor nhol i nvl) - 1Hbenzi m dazol e- 4
-carboxylic acid To 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
described in Exanple 26, step d (0.2 g, 0.726 nmol) in

N, N-Di net hyl for mam de 10 (DMF) (10 nmi) was added 2, 5-di net hyl benzyl brom de
(0. 289 glH-bempigidara¢-f-carbdxyistaaslsi um car bonate (0.301 g, 2.179 nmol). The
resulting reaction mxture was stirred for 3 h at 80 C. The solution was
cooled to roomtenperature and poured into water and was extracted with

Et OAc. IhmﬁmmmhﬁhmﬂhﬁagaﬁMOmmhﬂ$®‘Masmmmghbdﬁﬁhmhmﬂmym&maﬂ¢6concentrated.

The residue r|f| i cati o sing a

B ot nge. TeneRRe T eiof it ergle 2k bR (ol afiel o il £ 22V Bt "or “oom
to 5% NE@_HA m\ﬂmmrmnpwmltmamr giess h. Theasexipest, 6d fitenpesids esieal | ect ed
and evaporateg 6 a tal SOlI%i The tan SO|Id was dissolved in

t et r ahy diPSTH" t"%il 1%’:[‘61‘3(98 35 2 R AEBSIBY T hetabsPeifFRtSR WERM 1 t hi um
hydr oxi dgerfodhed ddithé &ferake W4 dHER I del REBAS tehvQRh ARSI &t prb iR el(4ab C for

h. The reaction was cogled to roon1te£Efrature and the organic sol vent mas

removed §Holaaushiterrbd. 2H NR (M HzaRM$HO-de) i 243 Waﬁlalb 3(12(68 ). B
acidifie k I e solid
wes pur P10 7 Gl e QruTrq B Ble LB ek SHTIAS BRC I OMY:

(0. LM FANeand7Oel]” (0. 190FA v/v) (15-50% over 10 nlnutes The appropriate
fractions were coll ected and evaporated to yield the desired product (96.4
ng, 0.254 mml, 35.0%yield). IFINVR (400 MHz, METHANCL-d4) 8 ppm 2. 19 (s,
3 H 2.4Bx4mple3J1H) 2.84 25(s, 3 H 3.13 -3.27 (m 4 H 3.78 - 3.86 (m 4 H
5.70 (s, 2 H) 6. 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.% , | H 7.83 (d, 1 H. MS(ES+) rn/e 379.8 [MtHt 30
Exanpl e 84 C hr at Fon of

141- ( 3- chlorop 11- 2- net hyl - 6- (4- nor phol i nvl) - 1H benzi m dazol e- 4-
carboxyI| N a sbl ution of nethyl

2- et hyl - nmor phopi nyl) - 1H benzi m dazol e- 7- car boxyl ate, prepared as
descri be Exa 26, step d (0.2 g, 0.726 nmmol ) in
N, N-Di nethylfor dDVF) (10 nmL) was added 1-0

- br onoet hyl ) - 3- chT@r obenzene (0.203 nlL, 1.453 mmol) and potassi um car bonat e
(0.301 g, 2.179 mmuotl). The resulting reaction m xture was stirred for 3 h
at 80 C The solution was cooled to roon1tenperature and poured into water
and 10
Brlne an{

. h,ﬁfyashed with
e Ol er a

éngmidymoteatrearbengic aciBi ot age ICg SNAP S|I|ca gel cartrldge and
eluted with a gradlent of DOM to 5% MeOH DCM over 10 col unm vol umes. The
expect ed conmpound was col | ected and evaporated to yield a tan solid. The
tan a) methyl 1-(2,3-dichlorobenzyl)-2-(difluoromethyl)-6-morpholino-1H-benzo[d]imidazole-4-

carboxylate

20
CO,Me

N F
—
N F

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,COs (884 mg, 6.4
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solid was dissolved in tetrahydrofuran (THF) (10.00 niL) foll owed by the
addition of 1M 15 lithium hydroxide solution (10 nL, 10 nmol ). The reaction
was stirred at 50 C for 2 h. The reaction was cooled to roomtenperature
and the organic solvent was renoved in vacuo. The solution was diluted with
water (20 nmL) and acidified with 1 N HCL. The m xture was then filtered and
the grey solid was purified by reversed phase HPLC with a gradi ent of

tonitril /6|_ FA 19F / 10- t
The. appripPf atd 1 36orPelbl AR il e et i Oal ma s B R A o0 Bl G Y e
(éai ired Osgﬁl\‘fdlﬁ t570°((7 Q)rgl SIBiég}Tl(lgrei‘?cjﬁmm‘.giure l_\gaﬂs cBBle%c}/ﬂo?ind&ngpeﬁkHle‘dR}lf #eed. M(;lg ( ;
OROF m 2. ., J= , : r. s., : s,
H 3.78 Y (pf%te ngpwfeg g Waéefdég? mzL)lanﬁ)ﬁ%"H‘%fb%?%gltér cake fvaﬁi)c‘)"}% - 7.51
(m 3 Hané p'i’l?lﬁ@@hy dilikd gel MROR@DhrabRY SuR8 XitB pbiiklim eor EE&@W@EEI 8bto gote

Preparation of

14( 3-5chlthe deshredhpionect il iz, B3 %essiapiclley sofidyrd PHER ﬁ%l\jlﬂamﬂéﬁﬂs}n@dwm e- 4-

car boxyl VE o R

2-meth |j§“€%ﬂm~°’ 51% é\b?@bﬁ—ég@nzﬂﬁ@% - -car g)?l%Zt)eF/z%zg% 1rrned as
descri be‘ilI)r,hCEMSmpIe&%[mlép d (0.2 g, 0.726 mmol ) in

N, N- Di net hyl f ormam de (DVF) (10 nL) was added

1- (br onmonet hy0- 3- chl or obenzene (0.190 mi, 1.453 nmol) and potassium

car bonat 1¢[@2,3@ichhrophedyiPmethyil-E-(difloeromethyl)io-@emorphalinyiyrl Hybonzimidazantes stirred
for 3 h Lgt go F Tge solution was cooled to roomtenperature and poured

i nt ol lat BFTANTHA8910 extracted with Et0Ac. The conbined organic phase was
washed with Brine and concentrated. The residue was purified on Biotage

| sol era purification system using Bi ot age | SNAP silica.gel cartridge
and el utfgamwﬂfef? ﬁle&w&ér(aﬁtdwo@am%26@@%@%@%5&%@@5{’%3@0-@#11m vol unes.
The expegd et fipResEd-WasxfRlel (Erioan 28 myaIpakd@t SLIDE (10 elld ieTERR ol i d.
The tan sol%ftdﬁﬁl/as di ssol vggl |er$ t et r ahy drofﬁlg)an THF1 Oiloggg nm_) followed by

t he addi mLbwabstinefea4> "G opf Grﬁfwwr%ﬁﬁfeéethé éltﬁrtqabfhwe S%?h’ed ovHA0LY. The
reacfq Onﬂ]ﬂ?&@iﬁhﬁ%%&d%as Aac 1b %u& o= The Thepe Eln‘aﬂoﬂ\@§s $ORHA 40 theOom
tenperature a e organi ¢ solvent was renoved in vacuo. The sol ution was
di | ut ed ﬂitetrhalwat/@rdr(eQ@ndﬁz)Vam ta@ivgithg degried praduct (G0POS. 4G%basd whilf e vvas t hen
filtered d d i o The f

contain %ﬁlgi ani ?/f n?%%%%f pr%%éﬁgtlsa(gd%&h%?gv 4ﬂi$§te/rgé¥\@§gt sol | d and
resi due vey.E=poilidE2D-Dyo (reye)s 2i92®r phidhel ENET mlle1=h45é [yradi ent of
acetonitrile (0.1%9FA) and water (0.1%FA v/v) (5-50% over 10 m nutes. The
appropriate fractions were coll ected and evaporated to procide the desired
prodpgt fgdmplemy, 0.097 mmol, 13.38 %yield). 11-1NVR (400 MHz,

CHLOROFORM d 8&5m2.93 (br. s., 3 H 3.05 (br. s., 4H 3.77 - 3.85 (m 4

H 5.55 (br. s.,¢9H) 6.88 (s, 1 H 7.09 (br. s., 1 H 7.20 (s, 1. H 7.31
-7.39 (m 3 H)/.@i&&) Fn/e 25385.8 [ M+H] .. Exanpl e 86
N

S

F

Me

Ci

Preparation of 1-[(3-chloro-2-methylphenylymethyl}-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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Preparation of 2-methyl- 1-
{f2-methyl-3-(trifluoronethyll phenvil nethvll-6-(4-norpholinyll-

1H benzi m dazol e- 4-carboxylic acid

2- am no- 2- (hydroxvnet hyl ) -1, 3- propanedi ol salt 5Seed crystal preparation -
Batch 1: To the 2-nethyl-14[2-net hyl - 3-
(trifluoronethyl)phenyl]nethyll-6-(4-norpholinyl)-1H benzi m dazol e-4- car box
ylic acid (52.9 fp,M® 122 mmol ), nethanol (2.0 nalL) was added. To the
slurry, trometham 2- gm no- 2- (hydroxynet hyl ) -1, 3-propanediol) (3.0 M
solution in mat |valent) was added. The slurry was heated to 60C

and kept OC or 3 hours. The slurry was then 10 cooled slowy
(0.1C/mn) t ' e the tenperature of the slurry reached 20C, the
slurry pt stirr'ng at 20C for 8 hours. The crystalline solids were

i sol ated by vacu
(85%yvyield). See
2-met hyl - 1- {[ 2- et
15(tritluoronethyl)mienyl|tnethyll-6-(4-norpholinyl)-1H benzi m dazol e-4-car
boxylic acid (353.0 ng), nethanol (14.0 naL) was added. The slurry was
heated to 60C and tromethanmne (3.0 Msolution in water, 1.0 equivalent)
was adde il [ 4
crystal I%%ﬁggggs e@#ﬂl g@tﬁ%ﬁﬁ%{he/ib% IH ﬁ&hn%@ IH)P\&QFR E}at gﬁg&&%e slurry
was st i rprepared asg@@ribed inFERaoples8 (d:dBIgeblS @K Ot @ 48] .6 ameblsdnidrl-ed at 20C
19 o5 D oot 9 R SR RE AR P o R ELR (o atdifeg 20, o0
( 88. 9% ¥0° €l fiby J 8 BaTiodiredction mixture was cooled to room temperature and filtered. The

2- et hyl [ 2- et 3-(t.rif.luoronmethyl net I
T Can o BB B At (oY S BETRY BEE R s c51geted 3ot ) was
sus ple {1 d eldmﬂ’ed Ibptqima:m@él ﬁhrb:rﬁiadg%aphyg 8%teﬂ5v1ﬂleeﬁol¢tmd®dreb ﬁEﬂ(Dim =§ | aslo gidhe t
resultin s heated to m X 0 uchii_rotary_ evaporator
nater  batrRrotit Ty PO A1 K BrOHan B NG SPBHIFSo PO A HNBDdR). (0. 031
L, 9% @l inyassadgads L a smurs.al (tqmtﬁ- 2¥%84z) 15917@3 nsﬁ)eg 7H @, bﬁwscww the

addition of seed crystals as ro duced by nethod anal ogous Ie 86,

Bat ch 2, 1%blovéSHeod M. IHI'MS §|H¥asr7y2é/\§éslf§»th&§é12@,f7l%i’s%%tfat'f'e’inéh buchi i

r ot ovap) 7 8% (681G £ 9 6 & NOUETY, 1SR £OPLEY rrsLnAl- “ivto 20 C (room
tenperature) then final'ly nmagnéfically”’stirred at 20 C (room tenperature)
for 8 hours. The resulting white solid was isolated by vacuumfiltration,

dried u 1 pIN] 2- met hyl - 3-
(trlfluorghg %gﬁ?p%§%§ ?%%tﬂ@?ﬁmgP?iﬁﬁgﬁﬁﬁb@¥% 42&%@% %lﬁi%azole 4- car box
yl i claci benzinfidazglerhoarPoxyhiyaeidxymet hyl ) - 1, 3- propanedlol (1:1) (47.76 g, 86
mmol, 93 %yield) as a white 5 solid. Both proton NVR and LCVS are

consistent with the proposed structure. 1H NVR (400 MHz, DVMSO-d6) S ppm
7.61 (d,Addnti@Bofasthyll 1HP,37diSMorptenzy B2~ (@ifludmmethyit))6 ihoiﬂxo}iﬁo-:BH- (m 2 H 6.33

( d5 0‘] Z %Qz%@m&%i% %fa%?&ylgte%é%mg,%%}) m?(él(hgl@ g/as ac§1ed m%o % l‘:{I (m 4 H

LiOH (20 mL) and the mixture was stirred at 45° C for 4 k. 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

|tration. The yield of the desired salt was 57.2 nyg
preparation - Batch 2: To the

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 = 48 Hz), 3.73 (1, 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=75Hz), 736 (t, 1H, /=519 Hz), 7.57 (d, 1H, /= 1.8 Hz), 12.96 (br s, 1H),
LC-MS: m/e =436 [M+1]"

Example 73
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10 Exanple 87 CICl Preparation of

1- (3-(chl oronet hyl) - 2- net hvl benzyl ) - 2- net hyl - 6- nor phol i no- 1H

benzordl i m dazol e- 4- car boxyl i c acid,

2- am no- 2- (hydroxynet hyl ) -1, 3- propanedi ol salt 15

1- (3-chl oro- 2- net hyl benzy1) - 2- met hyl - 6- nor phol i no- 1H benzo[ d] i m dazol e-4-ca
rboxylic acid (10 g, 25.01 nmol) was suspended in Methanol (400 m.) in a 1L
rounded- bottom fl ask. The resulting slurry was heated to 60C using a Buchi
rotary evaporator %ﬁéer bath (no vacuunm) and tris(hydroxynet hypam nonet hane
(3M sol ution i v: ) (8.34 nL, 25.01 20 mmol ) was added in four aliquots
over 15 mnutes. [This slurry was stirred (flask rotated on Buchii rotovap)
at 60 C for 3 hgtks,~Mhen cooled (-1 Cnmin) to 20 C (roomtenperature),
then finally mag ca estirred at 20 C (roomtenperature) for 15 hours.
The resulf(ﬁg¢ﬂ’ 3¢l id was isolated by vacuumfiltration, dried under
vacuum at B/%C for 18 )hours to provide

1- (3-chl &

25car boxylic aCIl Am no- 2- (hydr oxymet hyl ) -1, 3- propanedi ol salt (11.1g,
21.09 mol, 84%y I)"@&s a white solid. M5 (ESt+) mle: 400.0, 402.0 [ MrHp-.
| FI NMR (400 MHz, Qde) S ppm7.32 - 7.39 (m 2 H 7.16 (d, J=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, 2 H 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 Blologlcau_Assayst_ i Cbnpounds of the prefent |nvent|on wer e

ki nasges Abk-Gi Ard Y Pl 3K13. The act|V|t|es (ICBO)-of exenpllfled
conpoﬁnd%grﬁﬁj%_ffﬁhlabout 1 nMto about 10 itM against PlI3K43. The

maj or i t y Tof soivtiowofrpetyi dsmetbyleS-(frnterphsldy DaNd-bettramidazote-Zetbowldonpounds wer e
under 10 pl%M.rea_ tzgsedescrlbed in Example 26, step d (0.2 g, 0.726 mimol) in N,N-Dimethylformamide
(DMF) (10 mlL) was added 7-(bromomethyl)-1-benzothiophene (0.247 g, 1.090 mmol) and
potassium carbonate (0.301 g, 2.179 mmol). The resulting reaction mixture was stirred for 3 h
10  at 80° C. An additional amount of 7-(bromomethyl)-1-benzothiophene (0.247 g, 1.090 mmol)

was added and mixture was stirred for 3 h at 80° C. The solution was cooled to room
temperature and poured into water and 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 cluted with & 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
HC! and evaporated. The residue was dissolved in 5 ml of methanol and treated with 1N

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 cvaporated. 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 -
321 (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, | H)
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5 1 C50val ue can be converted and presented as pl C50 value. HTRF In vitro
Profiling Assays for PI3K Inhibition The P13-Kinase profiling assays
wer e devel oped to neasure the conmpound-dependent inhibition of the al pha,
beta, delta, and gamm isoforns of PI3KMan in vitro catalytic assay. 10
Thi s assay was devel oped and optim zed froma kit produced by Upstate

(MIlipore catalog # 33-017). Briefly, this procedure utilizes a pre-forned
HTRF ( Hohdgeh€d (s, 2l g7 Reb 6+ 2HHE| LWidy 68% @néed - Bnlde. dyHX T 8n<f BH). conpl ex

bet ween indi ers: 1) biotinylated PIP3, 2) GST tagged
pIeckstf&%H%%ﬂﬁﬁgéggegﬁﬁ- omai n, 3) Europium | abel ed anti-GST nonocl ona
anti body, and 4) Streptavidin-Allophycocyanin (APC). The native PIP3
produced?b PI7%- 15KMase activity displaces biotin-PIP3 fromthe PH

domai n, %éﬂﬂ*i g in the dissociation of the HTRF conplex and a decrease in
the f uorescengﬁ siﬁgfl. The format of this assay is the sanme for all 4

i sof ornms of PI 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 enzyne; t AN assay is at 200pM enzyne and the ganmma assay i S run
at mM enzyne. | NpaMé& he al pha, 20 beta and delta assays are run with
150nmM Nagi/mﬂh ' gnmma assay is run in the absence of NaCl. The ATP
concentrgtionyis 100uM\i n the al pha, beta, and delta assays and 15uM ATP in
the gamm@assay. Al _réactions are run at 10uM Pl P2 Conpounds were serially
diluted (3-fold ip OQ%)DNBC» across a 384-well pol ypropyl ene nother plate
fromcolum 1 to & P-4 and colum 13 to colum 24, to 25 yield 11
concentrations for—egch test compound. Colums 6 and 18 contain only DVBO
Once titrations were de, 0.054 was transferred to a 384-well | ow vol une
assay plate (G einer 4076). This assay plate contained three

phar macol ogi cal controls (known PI3K inhibitors) and 3 assay controls: (1)
Enzyme vpilepgbiion dHL[P2, $-QimetiydpheBihhahylih Dhsh DRorpRdifyh3H-Buf f er mi nus
enzyne pl ug?nati ve [EAIPB. m@o%‘z st%rrﬂuzped i)ﬁltﬁ(z)mal Irpvvel ?,s) of colums 6 30
and 18 Prepzinidaroledtieatberyligecim i n 1X Reaction buffer (liaL of 200 p. M Pl P3)
to algernating rows of colum 18 (wells 18 B, D, F, H J, L, N, P). The
no-enzyne control reactions were run in wlls 18 A C E, G I, KK M 0

(0. 1gL of o 20gsanvED)ethyt Renpid-rmaeehglingDi iH-bepzinideeplenasarbpwia. zed usi ng
e HTRF bkl 0l Ryl ot sl bRt 2l T ipRS@bikihyf@Akaiqed seven

reagents: 4X Reaction B er
{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 for3 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 yicld 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 HCl. The mixture was then
filtered and the grey solid was purified by reversed phase HPLC with a gradient of

25  acctomnitrile (0.1%TFA) and water (0.1%TEFA 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) 8 ppm 2.31 (s, 3 H) 2.36 (s, 3 1)
2.85(s,3H)3.13-3.24 (m, 4 H) 3.80 - 3.96 (m, 4 H) 5.49 - 5.61 (m, 2 H) 6.29 - 6.38 (1, 1
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Pl P2 (substrate); 3) Stop A (EDTA); 4) Stop B (Biotin-PIP3); 5) Detection
Mx A (Streptavidin-APC); 6) Detection Mx B (Eu-I|abel ed Anti-GST plus
GST-tagged PH donmain); 7) Detection Mx C (1(F). In addition, the foll ow ng
itens were obtained or purchased: PI3Kinase (prepared by GSK BR&AD),
dithiothreitol (Sigma, D 5545), 5Adenosine-5'-triphosphate (ATP, Teknova
cat. # A0220), native PIP3 (1, 2-di oct anoyl - sn-

0o IR it ey RSB 6 AT

Buf fer weg ppapared by diluting the stock 1:4 with de-ionized water.

Freshly prepared DIT was added at a final concentration of 5 mM on the day
of use. 10 Enzyne addition and compound pre-incubation were initiated by

t he addltg Rf752.54 of PI3K (at twice its final concentration) in IX
reaction Fer to all wells using a Multidrop Conbi. Plates were incubated
at roon1tenpera§pre qr 15 m nutes. Reactions were initiated by addition of
2.54 of 2X substrate solution (PIP2 and ATP in | X reaction buffer) using a
Mul ti drop Conbi . 'Iates were incubated at roomtenperature for one hour.
Reactions were MNed by the addition of 2.5).EL of stop solution (Stop
A and Stop B pr: ed Bleratio of 5:1, respectively) to all wells using
the Mul ti THe quenched reactions were then processed to detect
product f |on by addi ng 2.54 of Detection Solution to all wells using

t he Nhliﬁa Conbi {Détection mx C, Detection mx A and Detection mx B
conbi ned t oget her ¥} 18:1:1 ratio, i.e.: for a 6000 pL total volune, mx
5400 EEL Detectio T-feC, 300gL Detection mix A and 300 j.tL Detection
mx B. Note: this soNfution should be prepared 2 hours prior to use).
Fol | owi ng a one hour Fncubation in the dark, the HTRF signal was neasured
on the Envision plate reader set for 330nm excitation and dual em ssion
detection at 620nm ( Eu) and 665nn1(APC) The Ioss of the HTRF signal is due
to the dPsphateneit-[(3 : si2e ; opphodioyiil H- by t he

Pl 3K- dependent. ¢ nyersi o ofdPIPZ to PIP3 Thi s Ioss of 5|gnal is nonlinear
with res§%¥¥Q¥%4§OtﬁLrﬂ%ﬂ%a§¥ng product and time. This non-linear detection
wi | | 10npJota sakeitis atiyiethyl 2-fasthy b 4 tlogthotimd)- 1 ienzmalaegle-Uiverbexylstea need for a
correction factor, t bt in ccC te | rrectlon is
derived PFBfct ALISE géﬁﬂgngg F Cﬁﬁ? ?éng? %Iuﬁﬂg THEIEC ¢ he
assgy pl @?PEIF) BWAKL) dﬁ ﬁd@dﬂ[-@br@ﬁbﬁlldﬂh@l)edﬂmcb—ﬁgndt]?&bdﬁlaéﬂeqo 995 g,lcnaeaat 0 rT h( APC)
to donor ro uorescence. i n of the assa ate e

per cent PRI AT caperate fhiiy 28 BE Tt O St B B SO

foll ows: s&r&hioPB hia@B0°T. TOO $dHifidton 566186 @ fodin tomper&ifel aBY pbieed Info watCk 1 1B)

where Cirl A= (-) PI3IC nase reaction and Crt]B= PI3K| se + DNBO An | C50
was ﬂﬁena%%ﬁ@%@%@@BdﬁmP@W%écfﬂﬁ‘@Fﬁﬁ?ﬁPﬁ?@ﬁp a2 yraghed vag Prinesnd

% nhi bi t i;gfeftrated. 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 colurmm 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 HCIL 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, CHLORQFORM-d) 8 ppm 2.36 (s, 3 H)
2.87 (5,3 H)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]'.

-117-



mn + (max-mn)/ (1 + ([inhibitorVIC50)"n) where mmis the % nhibition with
no inhibitor (typically 0%, max is the signal in the (-) Enzynme control,
and nis the Hill slope (typically 1). Finally, the IC50 was converted to
pl C50 (pl C50 = -10g(1C50)), and the plCso value was corrected by using

pl ate controls and the equation bel ow. 5pl C50 (corrected) = plC50
(observed) + loglOo((Cri1A-CrIB)/(CrIB-CGriIC)), where CrlA and Ctr1B are
as defined above and Crt1C= | ORM PI ( 3, 4, 5) P3, 100% di spl acenent of

bi ot i ”y|1§§a%¢plF"7&31 4,5) P3. The conpounds listed in Table 1 were
tested generally according to the assays described herein. Table 1 lists
the pl C50 val ugg, for either an experinental run or an average 10 of two or
nore experinenthAl runs with the exanples shown. Table 1 Exanpl e # MW

Pl 3KB PI 050 N&%/Iem' 6.7 5 373.46 8.8 11 401.51

O N

Me
CF,

Preparation of 2.4-dimethyl-1-{[2-methv]-3-(trifluvoromethyl)phenylimethv1}-6-(4-

morpholinyl)-1H-benzimidazole
A mixture of 4-bromo-2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenyl lmethyl } -6-(4-
morpholinyl)-1H-benzimidazole, prepared as described in Example 62 (200 mg, 0.427

10 mmol), trimethylboroxine (0.239 mL, 1.708 mmol), Pd(PhsP)4 (49.4 mg, 0.043 mmol) and
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;S04) and evaporated under reduced pressure. The residue was purified by RP-

15 HPLC (25-45% AcCN 1n 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, /=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, J/=7.83 Hz, 1 H), 6.40 (d, /=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 (8, 3 H). MS(ES+) m/e 404.1

20 [M+H]". (NOTE: The reaction was repeated using PdCly(dppf) as catalyst. Less (to

negligible) reduction was observed).

Example 77
0. _.OH

N

\>—Me
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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

Preparation of 1-[1-(3-chloro-2-methvlphenylDethyl]-2-methyl-6-(4-morpholinyl)-1H-

benzimidazole-4-carboxylic 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-(1-bromoethyl)-3-chloro-2-methylbenzene (0.339 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

10 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 dissotved in tetrahydrofuran (THF) (10.00 mL) followed by the

15  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 HC. 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 % vield). "H NMR (400 MHz, CHLOROFORM-d) & ppm 2.04 - 2.10 (m,
6 H) 2.88 (5,3 H) 2.98 - 3.17 (m, 4 H) 3.87 (s, 4 H) 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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401.47 8.2 22 420.30 7.8 25 424.51 9.6 31 433.43 8.2 32 401.30 7.9 35
402.46 7.2

10

15

20

=\

Sz
LEL\H&

Preparation of 2-methyl-1-{[2-methyl-3-(triflugromethyl)phenyl |methyl} -6-(4-morpholiny])-
4-(1.3-thiazol-2-y])-1H-benzimidazole

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), 2-thazolylzinc bromide (1.708 mL, 0.854 mmol) and Pd(PhsP)4 (49.4 mg, 0.043

mmol} in Tetrahydrofuran (THF) (1.5 mL) was irradiated in a microwave reactor at 110° C

for 2.5h. The reaction mixture was diluted with EtOAc and CHCl;, washed with NH,4Cl aq sat
sol, brine, dried over Na,SQO, and evaporated under reduced pressure. The residue was
purified on silica gel (ISCO, 0-70% EtOAc in Hexanes, then 0-10% MeOH in CH,Cly) to
give the desired product (127 mg, 0.255 mmol, 59.8 % yield) as a yellow powder. 'H NMR
(400 MHz, CHLOROFORM-d) & ppm 7.97 (d, /=3.28 Hz, 1 H), 7.55 (d, /=3.54 Hz, 1 H),
7.45(d, J=7.83 Hz, I H), 7.32 (d, /=2.02 Hz, 1 H), 7.03 (t, /=7.83 Hz, 1 H), 6.74 (d, J=1.77
Hz, 1 H), 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

O/
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38 420.30 7.0 39 456.48 9.2 41 399.50 8.8 43 419.45 8.3 50 455.44 8.9 53
453. 85

Preparation of 4-(2-furanyl)-2-methyl-1-{[2-methyl-3-(trifluoromethyl}phenyl jmethyl}-6-(4-

morpholinyl)-1/7-benzimidazole
A mixture of 4-bromo-2-methyl-1-{[2-methyl-3-(triflucromethyl)phenyljmethyl }-6-(4-

morpholinyl)-1H-benzimidazole, prepared as described in Example 62 (200 mg, 0.427
5 mmol), 2-furanyl-boronic acid (71.7 mg, 0.641 mmol), PAClLy(dppf)-CHyCl, adduct (34.9 mg,

0.043 mmol) and sodium carbonate (91 mg, 0.854 mmot) in 1,2-Dimethoxycthane (DME)
(2.5 mL) and Water (0.5 mL) was irradiated in a microwave reactor for 1 h at 100° C. The
mixture was poured into water and extracted with EtOAc. The organic phase was washed
with brine, dried over Na,;SO, and evaporated. The residue was purified by RP-HPLC

10 (Gilson, 25-65% Acetonitrile in water plus 0.1% TFA) to give the desired product (48.5 mg,
0.104 mmol, 24.43 % yield) as a white powder (separation from impurity was difficult. The
head of the peak was discarded decreasing the overall yield). 'H NMR (400 MHz,
CHLOROFORM-4) 8 ppm 7.51 - 7.63 (m, 3 H), 7.42 (d, /=2.02 Hz, 1 H), 7.12 (, /=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),

15 5.28(s,2 H), 3.80 - 3.94 (m, 4 H), 3.12 - 3.22 (m, 4 H), 2.56 (s, 3 H), 2.53 (s, 3 H).
MS(ES+) m/e 456.0 [M+H]",

Example 80
20

Preparation of 2-methyl-4-[(methyloxy)methvl]-1-{[2-methyl-3-

(trifluoromethyl)phenylimethyl}-6-(4-morpholinyl)- 1 H-benzimidazole
25  To the mixture of [2-methyl-1-{[2-methyl-3-(trifluoromethyl)phenylJmethyl}-6-(4-

morpholinyl)- IH-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

-121-



9.3 54 486.42 8.6 58 425.50 8.2 59 399.88 8.2 63 468.32 9.0 70 469.42 9.7

mmol) and methyl iodide (0.048 mL, 0.763 mmol) was added in. The reaction was stirred at
rt for another 2 hours then Water (70 mL) was added in. The mixture was extracted with
EtOAc (100 mL). The organic phase was washed with Brine (100 mL), dried (MgSQ4) and
concentrated. The crude was subjected to ISCO purification (0~2% MeOH/DCM) to give the

5 product. "HNMR (400 MHz, DMSO-ds) 8 ppm 2.36 (s, 3 H) 2.54 (s,3 H)3.00 - 3.07 (m, 4
H)3.37 (5,3 H) 3.68 - 3.75 (m, 4 H) 4.76 (s, 2 H) 5.52 (s, 2 H) 6.32 (d, /=7.83 Hz, 1 H) 6.88
(m, 2 H) 7.25 (s, 1 H) 7.60 (d, 1 H). MS(ES+) m/e 434.4 [M+H]".

Example 81
16
0]

@

Preparation of 4-(3-furanyl)-2-methyl-1- {{2-methvl-3-(trifluoromethyDphenyl Imethyi} -6-(4-

morpholinyl)-1H-benzimidazole
15 A mixture of 4-bromo-2-methyl-1- {[2-methyl-3-(trifluoromethyl)phenyl Jmethyl}-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 EtQAc. The organic phase was washed
with brine, dried over Na;SO, and evaporated. Only partial conversion (ca. 50%) was
observed by LC/MS analysis. The residue was purified by RP-HPLC (Gilson, 25-65%
Acetonttrile 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). 'l
NMR (400 MHz, CHLOROFORM-d) & ppm 8.57 (s, 1 H), 7.58 (d, /=7.58 Hz, 1 H), 7.55 (t,
J=1.52 Hz, 1 H}), 7.09 - 7.15 (m, 2 H), 7.02 (d, J=1.26 Hz, 1 H), 6.52 (d, /=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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72 435.86 8.8 73 407.50 7.6 Cellular Assays - Cell G owth Inhibition Assay

in PTEN wi | d-type or PTEN deficient tunor cell lines 5Twenty-two
Phosphat ase and Tensin Honmol og (PTEN) wild-type or PTEN deficient tunor
cell lines were cultured generally according to instructions supplied by

cell culture supplier Anerican Type Culture Collection, Manassas, VA wth
10% fetal bovine serumat 5% CO2 and 37C. Cells were seeded into either a
T-75 or f-ha to 96-wel | assay plating such that the
fl asks vve}’zsa %r‘csoﬁ %§%Si)&gy%8@r%rﬁ]l uent of the tinme 10 of harvest. Cells
wer e harvested using O. 2596tryp5|n EDTA (I nvitrogen #25200056). Trypan Bl ue
excl usion staining was used to determ ne cell nunber. Viable cells
were pl ageonplese! ear, flat bottom 96-wel| plates (BD #353075) under

anchoy age i ndependent conditions at 2,000-10,000 cells per well depending
on the cell line.cdHoHgenerate anchorage i ndependent growth conditions, a 5%
agar stock solut|-n2|n wat er was 15 made and autocl aved to nelt and
sterilize. Fro ’ agar solution, a 0.6% agar/nedia + 10% fetal bovine
serum ( FBS) sol Mede to generate a bottomagar layer in the plates
to preveqk’bq¢ : Ment. Seventy five microliters per well of the 0.6%
agar-nedkgiigjution wa$ added to the plates. After solidification, a cel

sol ution 66, 87a=t06 1, 334,022 cells (depending on the cell line) in 10
m of 0.3% aghs R + 10% FBS was nade and 75 20gl of the

cel | / medi a/ agar stspghsiMé was added to the plates. After the cell |ayer
solidified, 50 gl of nedia + 10% FBS was added to the top of the cells. A
0.3%Brij 35 (Sigm B4184) solution in nedia + 10% FBS was added to col um

12 as a h%ﬁé%gﬁ&wf‘i ﬁ@mg@&ﬁ h lorord A8y1GALIA IR} -b iReng@yer ni ght

at 5% e next day one plate of cells was processed at the
“»~=f zletioatbexylic agidant i fy the starting nunber of cells (T =

or Zﬁ)TO) To a solution of methy! 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 EtQAc. 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-d,) & ppm 2.53 (s, 3 H) 2.88 (s, 3 H) 3.15 - 3.23 (m, 4 H) 3.79 - 3.88 (i, 4 H)
584 (s,2H)7.06 (s, 1 H) 7.27 (d, /=2.27 Hz, } H) 7.51 - 7.58 (i, 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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To generate the conmpound titration plates, 15 1.d. of a 2 mMMor 20 gl of a
20 mM sol ution of the conpound of exanple 31 was diluted in clear bottom
pol ypropyl ene 96-wel| plate (BD #351190) using a 10 point, 3-fold titration
or a 20 point 2-fold titration, respectively. Three hundred mcroliters of
medi a was added to the conpound dilutions. Ten 30m croliters per well of
the serial dilutions was added to the cells and the plates incubated for 6
days at 5% CQ2 and 37C. The final concentration of DMSOin all welts was
0. 15% anBxample 88i ghest final concentration of the conpound of exanple 31
was 3.7 gMor 30.7 pM Fol |l owi ng the 6-day incubation, 20 pl of

Al amar Bl ue (Invi€fgben #DAL1100) was added to the cells, i ncubated at 5%
CO2 and 37C for 6 hou(rgjs and the plates read on a Spectramax (CGem ni EM at
530nm (excitati @ Mdwo90nm (em ssion) with the auto cut-off 5 disabled.

For anal ysis_ of 0 i nhi bition dose response curves, the data was
plotted qs/tS\ percenty of the DVSO-treated control sanples (DVSO sanpl es
set to 1@9% .} The cel lal ar response was determ ned for the conmpound of
exanpl e 31 ang, { conpounds by fitting the concentration response with
a 4 paraneter cur ing XLfit software and determ ning the
concentration that hi bits 50% of the Ymax-Ym n wi ndow (EC50). The EC50 is
the 19 m dpoint of active conpound effect w ndow (between Ymax pl ateau and
Ynmin plat eau of co ound) and reresents the concentratl on of the conpound
atignQfyL gthylphenplmetingl]-2o 6-¢ H-val ues from

wel |'s coggrgrﬁu%l@4_§3ﬁ,§{ﬂlb 2da (under anchorage [ ndependet conditions) were
subtracted fromall sanples for background correction. The results shown in

Tabl e 2 Heaselgtiomelanetid2-methyli pldemen ¢11qyﬂ)nlé§bwzmdmées7e¢rb@w&ata5 t unor
SUpress Oférgﬂﬁ%gf&‘f‘ef 5 &R Hokldnpfe 260 @ ({{F gaé bé’égllrn%ﬁoigﬁ?gg’}g Ity ‘?o Byt urmor

cell lin were sensitive. Xeno ts mer
randbdri zEMFh(16 nloisivasgddpdRupdinsthyiignpd Seenida (¢ 2490, 1463 uwml)Z@l(iloo 30, and

10 ny/ kg ) :
Tr eat rren% %luﬁcag}dggé nceggj t% nrlllggl d%yésgl&ﬁtgg%%{l?nnuedm for ngregﬁl ekive M ce
recei vedatdtit €. dd SOyutxonaslas 9‘31\1@:@9 rodh bengerpot Aok pruradsiiootaeratd #@s rrL/ kg 5Tunor
growt h wa

we di nensi 0 h vernier | ] i pers;
The"| ongelr BRSO AR BRIl o e Ra IR SRRt g FH E e ) v
measur edTb@fepxdndwesJﬂumﬁetl on Bliveadedngéh purliicanion mtmng aBiovege e0c8NaB!l at ed
usin thefollovmn e tion. V = (3/2 tuppr vol unmes were
used o Ve 8%%%3?%%’3&@ PO .racé‘?“aB% é% té’gga(g &fepgp[){:ﬂle%v% WL def med
as a tunoglumed. Qe exyec@ed celhipdung wiab €oltoitd S8d &faporated to yield a tan solid. The tan
solid was dissolved in tetrahydrofuran (THF) (10.00 mL) followed by the addition of 1M

lithtum 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

20  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
acetomnitrile (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,) & ppm 2.19 (s, 3 H) 2.40 (s, 3 H) 2.84

25 (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]".

30  Example 84
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10 conpound treatnment does not substantially increase or decrease but stays
simlar to the volunme prior to drug treatnent conpared to vehicle treated
in which the tunor volunme continues to increase during the course of the
study. Tunmor growth delay is defined as tunor volune that is reduced during
the course of the conpound treatnent relative to vehicle treated tunor

vol une. .15The results denonstrated that treatnent of femal e nude m ce
beari ng PC 3 Ry ospate xenografts with 10, 30, and 100 ng/ kg the conpound of

exanple 31 for &1 days resulted in stable disease with the 1 and 3 ny/ kg
doses resultingln funor growh delay relative to vehicle during the dosing
period. 20 B) [f rmg_Q%/éﬁan‘i c effects The activity of the conpound
of exanpl g wag~eNal uated in vivo against PC-3 (prostate carcinona cell
| i ne encodi i ent PTEN protein) xenograft nouse nodel. Fenal e nude

La¥8ratories, W1 m ngton, DE, strain CD 1-Foxnl, weeks
of age) were inj d subcutaneously with 2 mllion PC3 (human prostate
carci noma) 25cel¥s/m xed 1:1 with Matrigel in the flank. Tunors were

al lowed to grow for,approximately 5 weeks. M ce bearing PC 3
xenografts were adm ni stered 3 ng/ kg of the conpound of exanple 31 or 10
ISR S P T BRI ARG A
addi ti onglpoxvBOadili ce bearing PC-3 xenografts were adm ni stered vehicle and
eut hani zed affer 2 hours. The tunor was excised. Half of each tunor was

i medi at B9 § sqlvtinneaf secghuh ¢-mthylcol-pephatiy B 5 benzimidaagbey 7-c#baxylate, Meso- Scal e
Di scover 4}/5@5 ¥3ib8d RUELRln1 0% d. BreP 196 8356 72 ainB) i NIN-DRRCAG GRARI AL ©

pr ot eas g%c taf%, cat# 04 693 1138081)%énd phosgﬁataselinh?%itors (Si gna,
cat # P2@BAFHAA nH-)5%selddddr(13gosoctbd-dritiorabsazene HhaBark ot Banmoly apd
Eppendor S, 1T i 1 CR: i ] centgifpged for
10 ninutIg%gﬁ%ﬁﬁﬂgyggg%ﬁ%ﬁ%ﬁ%ﬁ@ggﬂgﬁwgkgéﬁﬁg#g%lr%#%@%%%ﬁ%gg centr%?uge.
Tunor | yg802€. Tershsien wak bgolet to ubwd tampeSburoend pquotdyiplooppreandwps at es on wet

ice. lysates, (15 re | oad Lnr , . r '9?95% fth 75
AL OF}Cdﬁ@?&?@“W@é%bégggFé”Eﬁgﬁg§%?§C€§¥%%mﬁ&@ﬁ%déﬂﬁﬁér (@ﬁpp e t%% MSD
kit; # Kibl@gbusdyas (Saifipd os Bimage Iseern abifycadih sptsedh Barfupd Bioaige d&sSHAB pl at e by
sequential. transfer of, 75 pi .t hrough 1; tained . lysis buffer
oni'y < et A P Sau o it At SRV bis ) PQHIPERMR T olnks
Phos pho(&@iéZs3)Thd etpatteAkImpsaad yas eéltedted gndicvhedat0 0Dy aned elid] Tiekied wi t h
0

150 pL Of 3% a6 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 HCIL. 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

20  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, /=6.82 Hz, 3 H)
2.78 (br.s., 4 H)3.02 (s, 3 H) 3.78 (br. 5., 4 H) 5.95 - 6.06 (m, 1 11) 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+HT".

25
Example 85
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Bl ocker A overnight at 4C with shaking before being washed 4X wth 200 pl
MSD Tris 10 wash buffer. Fifty mcroliters of the serially diluted |ysates
were pipetted onto the bl ocked MSD pl ates, covered, and incubated overni ght
at 4C with shaking. Plates were washed with Tris buffer as before.

Det ecti on anti body was added (25 pilwell) at a final concentration of 10 nM
in 1 nil, Blocker A and 2 nLTris wash buffer and incubated for 1 hour at
roon1tenperatdpa.'“ﬁh shaki ng. Pl ates were washed as descri bed above,

before the additijon of 150 15 i tL of MSD read buffer and read i nmedi ately
on a 6000 MSD p o-Neader wor k was perfornmed in accordance with

| nstitutional Al ?&ﬂNEaand LBe Commi ttee (1 ACUC) protocols PA0079 and
PAO271. N
backgroupd to subtra
(phospho (Ser
signal)]. Val ues
identified as bei
represent each tuno
devi ations of the P

fromall wells. P/T AKT was cal cul ated as shown:

20 signal)/[(phospho AKT(Ser473) signal) + (total AKT

three points in each row of diluted sanples

in the linear range of detection were averaged to
sanple's P/T AKT val ue. Averages and standard

* AKT val ue for each group of 3 mice were determ ned.

Per cent nh|b1t|o . 100-[ (sanpl e
PIT AKT % phengiiretyy ¢ migazalest exanpl e

31 exhlhmﬁgﬁxg@gﬁadependent |nh|b|t|on of the pharnacodynanlc mar ker pAKT

(pAKT/tAKT) Addltlonal references: The COEFOUHdS of the present invention
can al sol besqluiqneas megyd2mustilid 4rpespholsgD riki-brnewiigazater T-carbarykate. Pl 3Ka,

P1310, P é’cﬁas%%n'g&ﬁm)@%%rﬁ agga@ozgt@vmaﬁleﬂ%{ Nf?@b‘i’rﬁéthﬁ%}}nhﬁﬁﬂe' on No.

W)2009/ har maceut i cal active conpounds Wwthin the scope
of this GDME){tlp aHares a@f&éflcﬂbrcwmﬂylm ﬁhlg@bpmnm@t 160 gnli. i Afd mivad pand

particul t f.ar e

B ovi des o e (e 7 PR 10 RS Gl AR R U1 5

i nhi bi tia8®0° Galiteisolution wys canlrdoP nonm emypemibrel ardgouiedfibta water end/weli seases,

car di 1204 a&%&t@& wgt}q HERE S['he? Fn?xgc? 91% 1"?18 ﬁiﬂsg g«ag L3533 Wit ]Eglne %nn? doncdi Stgapeqa
pancreatitis, t1or ure I Seases, a gregat|on
cancer, TEhrersniwowvas putﬁ,ic,ad o Bivsqpe awﬂaa pmrﬁqaepresylstemm311graa‘31t>tag@1 (@SN@H’I and | ung
injuries i b a on/|nh|b|t|on
whi ch cosrlr%{r?il eg‘téa@%& fit ér)]r}%g l%ec?)\ra{%h a%Tq‘l (51((3/13%8 orépglals ﬁé‘%m H‘L or a
phar mac euthirogsl |'The agmefpt! abrlnpomﬂlvta,b ChN{(ﬂbtcﬂtaﬁd ceQpbwaddeo gieldor @n erlidy Thehﬁn eof . The

Coar oot ettt e St ih Lo Rub R BE N HET oo A RheS S ae B M oY o .
The 1 uglithiuyn Belraddd 9igibe { Bdnt 0l Bmpal)i Bl reidiion 8@ stirhdra@ 66° ®Yor@ny The

conventional route qI adm ni stration, .i ncludin but not limted to,
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 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) 6 ppm 2.93 (br. s., 3 H) 3.05 (br. 5., 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 (5, 1 H) 7.31 - 7.39 (m, 3 H). MS(ES+) m/e

25  385.8 [M+H].

Example 86
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10i ntravenous, intramnuscul ar, oral, subcutaneous, intradermal, and
parenteral. Exenplary capsule conposition An oral dosage formfor

adm nistering the present invention is produced by filing a standard
two piece hard gelatin capsule with the ingredients in the proportions
shown in 15Table 3, below Table 3 | NGREDI ENTSAMOUNTS Conpound of exanpl e
125 ng Lactoseb55 ng Tal cl6 ng Magnesi um Stearate4 ng 20 Exenpl ary :

I nj ectabl e Parenteral Conposition An injectablg fotn for adm nistering the
present invention is produced by stirring 1.5%0b i ght of conpound of
example 1 in 30%dy vol ume propyl ene gl ygoloni " wat e Exenpl aryn 25

The sucrose, cajciumsulfate dihydrate and an PI 3KoHnhi bitor as shown in
Tabl e 4 bel ow, enm xed and granul at ed e proportions shown with a 10%
gelatin sol uti wet granul es are engd; dried, mxed with the

starch, Wé?m t"stlearic acid; scregen onpressed into a tablet. 30
Table 4 o

d

GFy CFs

Preparation of 2-methyl-1-{[2-methyl-3-(triflucromethyDphenvlmethvl} -6-(4-morpholinyi)-
ethyl)-1.3-pro

1H-benzimidazole-4-carboxylic acid 2-amino-2-(hydrox anediol salt

5  Seed crystal preparation - Batch 1: To the 2-methyl-1-{[2-methyl-3-

(trifluoromethyl)phenyl jmethyl }-6-(4-morpholinyl}-1H-benzimidazole-4-carboxylic acid
(52.9 mg, 0.122 mmol), methanol (2.0 mI.) 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 shury
was kept stirring at 20C for § 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-methy]-3-

15 (trifluoromethy!)phenyl jmethyl}-6-(4-morphotinyl)- | H-benzimidazole-4-carboxylic acid
(353.0 mg), methanol (14.0 mL) was added. The shurry 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)phenyl jmethyl}-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 m 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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| NGREDI ENTSAMOUNTS Conpound of exanple 120 ng cal ci um sul fate dehydrat e30
nmg Sucrosed4 ng Starch2 ng Talcl ng stearic acid0.5 ny Wil e the
preferred enbodi nents of the invention are illustrated by the above, it is
to be understood that the invention is not limted to the precise

I nstructions herein disclosed and that the right to all nodifications

comng wthin the scope of the followng clains is reserved. Wat is
cl ai med tegpergtured frfhioytin d he resplipgmbie eqh%:was (gojated fysreepym fiitratian, daedct ed from

Coo1 1, R QI By TR B IR M herei n the
het er oar §iflypagmetby inhbrst Imethtydld 664 mondobny1}-Wa-benzimidayi le-groaxbpsylic acid - 2-
amino-2-(hydroxymethyl)-1,3-propanediol (1:1) (47.76 g, 86 mmol, 93 % yicld) as a white
5 solid. Both proton NMR and LCMS are consistent with the proposed structure. 1H NMR
(400 MHz, DMSO-d6) & ppm 7.61 (d, J=7.83 Hz, 1 H) 7.37 (d, J=2.27 Hz, 1 H) 7.17 - 7.33
{(m, 2 H) 6.33(d, J=7.83 Hz, 1 H) 5.59 (s, 2 H) 3.66 - 3.80 (m, 4 H) 2.98 - 3.15 (m, 4 H) 2.50
-2.58 (m, 10 H) 2.43 (s, 3 H); LCMS m/z MH+ =434.3,

10 Example 87

Preparation of 1-(3-(chloromethyl)-2-methyvlbenzv])-2-methvi-6-morpholino-1H-

benzoldlimidazole-4-carboxylic acid, 2-amino-2-(hydroxymethyl)-1.3-propanediol salt

15
1-(3-chloro-2-methylbenzyl)-2-methyl-6-morpholino-1H-benzo[d}imidazole-4-carboxylic
acid (10 g, 25.01 mmol) was suspended in Methanol (400 mL) in a 1L rounded-bottom flask.
The resulting shurry was heated to 60°C using a Buchii rotary evaporator water bath (no
vacuum) and tris(hydroxymethyl)aminomethane (3M solution in water) (8.34 mL, 25.01

20  mmol) was added in four aliquots 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),
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 carboxyhic 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-
dg) & ppm 7.32 - 7.39 (m, 2 H) 7.16 (d, J/=2.27 Hz, 1 H) 7.05 (t, J=7.96 Hz, 1 H) 6.05 (d,
J=1.58 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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R2 is selected fromH, -NHRa, al koxy, hal ogen, -CF3, -CHF2, and Cl1_6al kyl ;
R3 is selected fromaryl and heteroaryl, wherein said aryl or heteroaryl
may be substituted by one to three Rc;, R4 is selected fromH or Ra; each R5
i's independently selected from Cl_6al kyl; each Ra is independently sel ected
fromCl 3allcyl; Rois selected fromH, Cl _3allcyl, and SO2Me; each Rc is

I ndependently selected fromC, "al kyl, hal ogen, -CF3, and hydroxy; and n is

0-2, or a phatnaceuti c ble s her : he ound of
i m 1, vher TP b ARE AR ARG T bl bR s Pl a§8 one st ng
of . pyr azl fyhnd dsrinldBiedry bf P18 &trra@aaplbaﬁlmulmyaamgITharactix'riﬂﬁa'sc(Kzs,g)lqﬂ 3. The

phanyl | SEEHIR SonBASTAT st hBM P TR aqL s Ryl Mgy o0 11O

qui nazol M’t}{é compouftds WEe uﬁwrswﬂldi e r6dsBhdlivd cotdBRIned Were@agder RO nVE The

I ndependent | 3al | cy O, and nis O. 5. The compound of claim
1, wher el ‘&Fm@el%nﬁeﬁ%ﬁ@rﬂ%@le?a@ﬂ@ﬁa@ and nis 0. -139 - 6. The
conmpound of claim1, having the Forrmula (1)(C (1)(0O

HTRF Ir vitro Profiling Assays for PI3K Inhibition

The P13-Kinase profiling assays were developed to measure the compound-dependent
inhibition of the alpha, beta, delta, and gamma isoforms of P13Kin an in vitro catalytic assay.

10 This assay was developed and optimized from a kit produced by Upstate (Millipore catalog #
33-017). Briefly, this procedure utilizes a pre-formed HTRF (Homogeneous Time-Resolved
Fluorescence energy transfer) complex between four binding partners: 1) biotinylated PIP3,
2) GST tagged pleckstrin homology (PH) domain, 3) Europium labeled anti-GST monoclonal
antibody, and 4) Streptavidin-Allophycocyanin (APC). The native PIP3 produced by PI 3-

15 Kinase activity displaces biotin-PIP3 from the PH domain, resulting in the dissociation of the
HTRF complex and a decrease in the fluorescence signal. The format of this assay is the
same for all 4 isoforms of PI3K the differences lie in the concentration of enzyme used to
achieve the most robust signal. The alpha and delta assays are run at 400pM enzyme; the beta
assay is at 200pM enzyme and the gamma assay is run at 1nM enzyme. In addition, the alpha,

20  beta and delta assays are 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 pM P1P3) to
alternating rows of column 18 (wells 18 B, D, F, H, J, L, N, P). The no-enzyme control
reactions were tun in wells 18 A, C, E, G, I, K, M, O (0.1uL of 100% DMSQO).

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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wherein each of R6, R7, and R8 is independently selected from Cl_3all cyl,
hal ogen, -CF3, and hydroxyl, or R6 and R7 conbine to forma bi-cyclic aryl
or heteroaryl, or R7 and R8 conbine to forma bi-cyclic aryl or heteroaryl.
7. The conpound of claim11, having the Fornmula (1)(D) (1)(D) 8. The
compound of claim1, having the Formula (1)(E) (1)(E) R7 - 140 - wher ein
each of R6 and R7 is independently selected fromCl_3alkyl, hal ogen, CF3,
and hydrBIRY (subgrate); Ddterod fEDEA);dd Sea B (EetimPIF3); 5) Defection Mix A

;)Imat hyl f{ﬁﬂﬁ&ngﬁ?n ZléPn('gD Fﬁﬂa én%}( Bm% ((E%\ AR AR]-88Y! FEHM t)agg]e ppgnzi m dazol - 4-
- napht hadoerap )n7 ) dddisdtipa Mﬁbé)‘(ﬂfm Iharrlditiod - tbt following items were obtained or
purchased: PI3Kinase (prepared by GSK. BR&AD), dithiothreitol (Sigma, D-5545),

5  Adenosine-5’-triphosphate (ATP, Teknova cat. # A0220), native PIP3 (1,2-dioctanoyl-sn-
glycero-3-[phosphoinositil-3,4,5-triphosphate] tetraammonium salt (Avanti polar lipids,
850186P), DMSO (Sigma, 472301).

PI3Kinase Reaction Buffer was prepared by diluting the stock 1:4 with de-ionized
water. Freshly prepared DTT was added at a final concentration of 5 mM on the day of use.

10 Enzyme addition and compound pre-incubation were initiated by the addition of 2.5uLL of
PI3K (at twice its final concentration) in 1X reaction buffer to all wells using a Multidrop
Combi. Plates were incubated at room temperature for 15 minutes. Reactions were initiated
by addition of 2.5uL of 2X substrate solution (PIP2 and ATP in 1X reaction buffer) using a
Multidrop Combi. Plates were incubated at room temperature for one hour. Reactions were

15 quenched by the addition of 2.5uL of stop solution (Stop A and Stop B pre-mixed at a ratio of
5:1, respectively) to all wells using the Multidrop Combi. The quenched reactions were then
i)rocessed to detect product formation by adding 2.5pL 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 plL 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
mmpact accuracy of 1Cso calculations; therefore, there is a need for a correction factor to
obtain more accurate ICsp 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)Y/(CtrlA — CtrlB) where CtriA= (-) PI3Kinase reaction and CrtiB= PI3Kinase + DMSO.

An 1Csq was then calculated fitting the %inhibition data to the equation: %inhibition =
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1 -[(2, 3-dichl orophenyenet hyl]-2-(1 -nethyl et hyl)-6-(4-

nol phol i nyl) - 1H benzi m dazol -4-0l, 1 -[(2, 3-dichl orophenyl) nethyl]-4
fluoro-2-nmethyl-6-(4- norpholinyl)-1H benzi m dazole, 1
[ (2, 3-di chl orophenyl ) met hy11- 2- et hyl - 6- (4- nor phol i nyl) - 1H benzi m dazol -
ol

, 4 -fluoro-2-nmethyl-6-(4 -norpholinyl)-1 -(1-naphthal eny |-

net hyl ) - 1H benzi m dazol e, 2-ethyl-4-fluom 6-(4-norpholinyl)-1-0
-napht hal enyl m_ et th I -1 -(1
- napht haﬁnéth¥ (HETRY % L{&E%Eﬁorﬂgn ?}a; oneerédfmt%lar ox%lkhﬁmgﬁ“ﬁﬁng ibi¥

-[ (2, 3-di mmmeﬂmmwygﬂa{ fr the by Endynfd cootra; €ad(ndis the Hill slope (typically

hol 1 d | e
rZTE)IrTgt ﬁy: n% P%“Z{ajnﬁfoﬁ?lﬁ E@IO%%ﬂf“%ﬁ“‘(dﬁﬁ’é‘&ﬁ{ﬂ%ﬂen}?%ﬂ?}}ﬁ}“i the pICso value was
( [1|(—|-2p3?:r g@d?lfﬁc@d)f)%%usﬁi %ﬁ%lt?dﬁfﬂilg aAOIe eq dajtl_lo% be(l(zlw  dazol
i chl or ophen nor i nai dazol e-
- ca¥ borlds @Oﬁg‘it‘%ﬁﬂjﬂc{ﬂ@bSSWGii)cJ’hioé?‘ Mﬁﬁ?‘ﬁ%ﬂ‘ﬁ@%}&@%ﬁvﬁﬁ@‘% rphol i -
le) 4-( éﬁt R¥LeE neﬁ W a?xd t&ﬁmmm)@t@ag)ﬁa 800 disBlabddenbof Kotiakp! i ny1) -

-(1-nap al enyl nethyl)-4- (1H1 4-triazol -3-yl)- 1H benzi m dazol e,
met hyl  PI(3,4,5)P3.

2- met hy 1-6- (4nyipl LV a0 RRMNB BT Wh Bk Ui bbb dazol o- 4-car b

oxyl at e,
-[(2, 3- dneshhmddmmmy'rabrhei Hstd fhe DIGHY tajues Gor tharsn prpskimepta) uunar peperagEdazol e- 4
-car ?8xag} 0 or moregxperlle(lzl tfulny\%{t}cl)the engmﬂggﬁ &fﬂyl )met hy11- 2- met hy1- 6-

Table 1
Example# | MW | PI3KB PIC50 MEAN
3 41451 | 6.7
5 373.46 | 8.8
11 40151 | 8.7
13 32034 | 8.1
12 40632 |85
15 375.45 | .0
17 360.48 | 8.6
18 40831 | 8.0
20 40147 | 8.2
22 42030 | 7.8
25 42451 |96
3 43343 |63
32 401.30 | 7.9
35 402.46 | 7.2
38 42030 | 7.0
39 45648 | 9.2
# 399.50 | 6.6
43 41945 |83
50 455.44 | 8.9
53 453.85 | 5.3
54 486.42 | 66
5% 42550 | 8.2
59 399.88 | 6.2
63 46632 [ 9.0
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(4-nmor phol i nyl1) - 1H benzi m dazol e- 4- car boxyl ate, 2-nethyl - 6- (4-norpho nyl)-

1 -(1 -naphthal eny Inethyl)- 1H -benzi m dazol e-4-carbonitrile, 1

-[ (2, 3-di chl orophenyl ) met hy1] - 2- net hy1- 6- ( 4- nor phol i nyl) - 1H benzi m dazol e- 4

-carbonitrile, nethyl

2-met hyl-1-1[ 2- et hy1- 3- (trifl uoronet hyl ) phenyl ] net hyl | - 6- (4- nor phol i ny1)-1

H benzhni dazol e-4- carbpxyl ate, 2-nmethyl-1-1[2-nmethyl-3

-(trifluoromethyl)pheny T‘%Et hyl T4§9642( % for phol i nyl)|- 1H benzi m dazol e- 4

-carboxylic acid, 1 -[(R# | uoro- 43mshy$@heny0m3t hyl - 2- net hyl -6-(4 -

nmoi phol i nyl)-11-1-benzi m A ZERgPPXyT T T acid;

2-met hyl -6- (4-nmorpholinyl)- 1 -(31-naph halpnvlnpthyl)- 1H

- benzir ai dazol e- 4- car boxam de,

1-[ (2, 3-di chl orophenyl ) met hyl ] - 2- met hy1- 6- (4-rnor phol i nyl)-4-(1H1, 2, 4-t haz
ol - 3-y1) - 1H benzi nai dazol e,

met hyl 2- W@Lﬁxﬂmﬂhmmdmmy i PN wild-type or PTEN deficient

et hyl) - n%hm' zol e- 4- car boxyl at e,

2- met hyl =o=t#-1or phol i nyl) - 1- ( 5- qui nol i nyl met hyl ) - 1Hbenzi nai dazol e- 4- car box

ylic acid, 1-TySipwtvei mmtapaanymmmmmo{@(mﬁw bl8-t{b-axBTEN deficient

pholiny 1gum]6|r_|_cekiﬁmzes r\geldeacz Rured ger?e?‘al:lgr%)c(:golr&iﬁg %Cilngmctions supplied by cell culture

supplier American Type Culture Collection, Manassas, VA, with 10% fetal bovine serum at
5% COz and 37°C. Cells were seeded into either a T-75 or a T-175 flask 3-4 days prior to

A

=)

96-well assay plating such that the flasks were approximately 70-80% confluent of the time
10 ofharvest. 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 pl 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 pl 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 DMSQ in all wells was 0.15% and
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2- met hyl - 6- (4- nor phol i nyl) - 1- ( 2- napht hal enyl net hyl ) -

1H benzi m dazol e- 4- car boxyl i c aci d,

1-[ (3, 4-di chl orophenyenet hyl ] - 2- met hy1- 6- (4- mat phol i ny1) - 1H benzi m dazol e- 4
- carboxylic acid,

2-met hyl-1-1[ 2- et hy1-3- (tri fl uoronet hyl ) phenyl ] me-t hy11- 6- (4- nor phol i nyl) -
4-(1H 1, 2,4-triazol -3-yl)-1H benzi m dazole, 2-nethyl 4 (3

met hyl-1H 1,2 4-triazqgl -5-y1)-6-(4-n0nDr j - MG tﬂ@!{

enyl net %Exﬁ l}lgl%ésﬂfi%aé ﬁ%c%;lltaagl?}é ﬁfhe cgé\pg%d%l?gﬂrﬁﬁfééf was iip ot .

142- met hy1- 6 Followidg ﬂtﬁjﬂ-ﬂayﬁm)ubitic(n_laﬁlabbﬁﬂhimn@hﬂéhlwbg@nﬁﬂwﬂeﬂﬂpwwazoI -4-yl |
Do bt b riang 96 0, W b7t foPe nRPRLARL ek PRR YR -

2- met hy |gobbd i Tsemit Eomy 53@md dxsretiphodnid 59 0gm fentidsion) with the auto cut-off

napht hal ényl net hyl ) - 1H benzhni dazol e- 4- car boxam de, rretcml

5- ( 4-5nordieblerinFa) anglysis of eslLEPBREPRHIEPD §RECTEROPSTHCHE S e SRATKISPIHA 4 o

met Nyl e sercent of the DMSO-treated control samples (DMSO sam6ples setto 100%). The cellular

1-1[ 2-methy 13- Ctri fl uor omet hyl ) phenyl | net hyl | - 6- ( 4- nor phol i n 1)-2- (trifluo
r omet hyltgspbscusssiarmimed &ir shecosipoprrkdfi exprmple B1 fand control compounds by fitting

[ 2- met hyds 3 Chgikai yphdrdPetR bt hisiRz &t software and determinin:

nor phol it%/ I&éﬁ%{nw?{sﬁéoﬁr%%%)ﬁeﬁ 1H-%§nzi nll dgg%l e41- S(:Dar t?{)exanl i geaci d,g

6- ( 4- morthé cdricentiation that inhibith 60lof thel Yrewhymjn windewi(ECuwbr Gryisithel H- benzi mi da

zol e-4-carboxylic..acid | ;o :

1-[ (1?- cHP’(SiP mggtlr?@flﬁ%/ Oﬁwgﬁyc&%%cﬁwrid? ‘é(-(?e - Fr%nr%%g’f Flﬁﬁﬁ’i‘i E-irﬁi-‘frtmrrﬁ %l?ta%lroof net hyl ) - 1H
- ben7i ni gagoled)y4nd emprdsentythatcencentration of the compound of example 31 where 50% of
1-[(2,3-diclal orgphen met.h - 6z (4- mor phal.i n 220l £d

fluor one‘fsrf??’ﬁnpill-?-%%éﬁi %Heﬂgo?éjgiuﬁsl @é?’l%ex;sl ?@aué%lg ﬁ) 3% BHif 33 (ander anchorage

1- 1[ 2- mefuhepbadent tordftlou)rosre tlbyladtpd ol o inminhled for adkground correction.

64 ror phol [ HFFSuks BB aNS aRPERReHy . ot inte Sl iR WA BFnel™t 1Y
(trifd uokppehiéstorPrHreneirtdaze] ©hie @Ratibay Yvaivid-type PTEN tumor cell lines

were sensitive.
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met hyl 1

-[ (2, 3-di chl or ophenyl ) met hy1] - 6- (4- not phol i -nyl1)-2-(trifl uoromnethyl)-1H ben
zi m dazol e- 4-carboxy-l ate, |

-1[ 2-met hyl- 3-(trifluoronet hyl)phenylimethyll-6-(4-

rmrphol inyl)-4-(iH1,2,4-triazol-3-yl1)-2-(trifluoronethyl)-1H benzirnidazol
e, [ (3-chl oro-2- rret hyI phenyOrethyl] -6-(4 -norpholinyl)-

fIEE‘? 8et hyl)- 1 H benzi m dazol e-4-carboxylic acid, |

L8P8 et b herF ™ et IVIFSBL ( 4- nor phSPFHVL) 7 2 | %

- daz pikio 4- y| megsh anol p,.165|‘s* No protein 8 + 3 54 z 4

6x0- 2- npdimyl phasaying met s - 2- met hyl -[ﬁ-pr()!éln— 8 = 2 0+ 14
By 11 OETZTIGAGRG) ¢ e DXy TC e PRI w s e
e TIEREt Tl ATR" Phot Ay et ert mdazel et _car Boy
P81 i b IS 20 RSP dalZ8F e- 4- car boxV AP | 42 briomp® | ¥ 8

He 6- (4- hBBphol ¥98ET2 1 HoBenzi ni dazpedem| bRomo: 2-fref hy1-1 18

-1[ 2-met Byt -3 (b ri T ] ueewooaret hiwiy-pde- ny| framt hyl}d 6-4 4- erof p&zol Ltnyzl -
H benzi MAEE0! &} siw~ TE[ fifloma L - (o FR&FHET Ny 1= 3} chfotbin | THOT ITETHY mnemyhal Te-
thy -6- (e phpled nyhizated T —mpazot —2-yhy—higrhane - mgazphe mrethyl
2- chl or p=5-(4-nprp Nyl LH-benzim dazole—(- ¢ Lbax_)d_ai_e,z__xet.hyl'_
2-chl or 7 - -{ [ E[df’srtaefe[ hy$™% ¢ 1 i kPTor onet hyl ) W fret Kyl ) o= ®
- 6- (4- Mol i nyres 1H BENE i dep 8- 4- car bok\pPgie] 53 £ 21 [ 7 & 8
MDA-MB-468 | breast carcinoma p.?, L70Fs*7 No protein 89 + 55 4 + 8§
HCC1395 breast carcinoma p.N212f5*3 No protein 114 * 53 26 + 9
U-87MG CNS glioblastoma p.? Noprotein | 2975 + 2771 34 + 18
BT474 breast carcinoma Wild-type Protein 3360 + 868 o 3
U251 CNS glioblastoma p.E242f5*15 Noprotein | 18996 + 8625 80 oz 17
HCC1954 breast carcinoma Wild-type Protein >30722 >80
Colo205 colon carcinoma Witd-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 >80

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/ke 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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mor phol i myoy valpmb @A £140n ¢ a2d L @melkehpiiy] 3. d0 ai/kg) days after tumor cells were

1- (3- chi o5 0- ‘ (i . .
ot hyl) - oG bR ARE R AGMLAS e Aot 10BN for 21 deys. Mice

1-( é berz;&im@(;mé’ iivilljfrmalf?)gﬂﬁé)gezﬂﬂecltoﬂnpy&n@r(V@inbrapHbllllﬁggl ) - 1H benzi ni dazol e- 4-
carboxylic a - - di met - 0. -6 (- A= R n .

phol i%yl )- 1I—|—Ct)‘éﬂrl1%grrﬁv§f§§”o g‘le > c%d?/‘t%‘g%ﬁﬁé%%%y&‘l e dTels Wik fiiér offers;

1- [ ( 3- f | thedngstaizhdiyion as yibfmed tabn thE lerigthn(ll mdith€width (w) was measured

nnrpholinrég-lk+ben | m dazql e-4-carboxylic aci 4- di hy.l-1-

[ 2- met hyﬂ_g _n(d{ciu}ar Fq}é? Mh w%ﬁ%ﬁwfs 6@5 WETe ca?cu?a’tedz dsmg(%heni%ho\}fmg {

TEE gy g— :]3-' | Ao UVZ PJ'(%}Ikxﬁly Meaﬂd‘bfb@dhlﬂlmi ot Geldfbewere used to compare treatment groups.

-[ 1- (3-chl or o- 2- net hy enypet ]-2-methyl-6:(4- .

ok phol 1 S et oAy B BERSAL S R Yol Btk during tho course of

[ 2- ”?(5 hy d5d5ckihd b dtHRAIQIIBS Aot shRBEAN L] 1BE4RY br decrease but stays similar to the

}-6- 4-nDrp1|oL|ny%)-4-(1,3-th|azol-2-y1)-1FLbenanidazoIe,
volume prior to drug treatment compared to vehicle treated in which the tumor volume
continues to increase during the course of the study. Tumor growth delay is 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-Foxni, ~6
weeks of age) were injected subcutaneously with 2 million PC-3 (human prostate carcinomay

25  cells mixed 1:1 with Matrigel in the flank. Tumors were allowed to grow for approximately
5 weeks.

Mice bearing PC-3 xenografis 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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4-(2-furanyl)-2-methyl _1-1[ 2-nethyl -3-(trifl uoronethyl)

phenyl ] nmet hyl | - 6- (4- nor phol i nyl) - 1H benzi m dazol e and

2- met hyl - 4- Rmet hyl oxy) net hyl k |
-{[2-methyl-3-(trif-luoronethyl)phenyl]nethyll-6.<4-norpholinyl)-1H benzim
dazole, or a pharmaceutically acceptable salt thereof 10. A conpound of
formula CF3 or har maceut i cally, acceptable salt thereof 11, A

phar mac eGERESE OB 8 ﬁ%@g et Sheyrgricatifuecd for Klmingiss gg 76t waiﬂeﬁmb%mdr fdes g

conpound,@ikid r@grlg&;@d@agnﬁgphar maceutical ly acceptable carrier. 12. A
conmpound of formul a 13. A pharnmaceutical conposition for use as a

Pl 3K i nhi bi t oTummlzcsntee Wf@rsp%@ly daluted rip Blrtwgll @ﬂlymoaylmejmatm wet ice.
Cart of PReCeblt SRR BAERA By 212 herdl R R, P on
for use &csﬂeaDﬁttﬁ*lmi (VS Ly Ly oy budfer Cﬁhppitﬂthiﬂl MEBxkig #dorfpoUnd). ofanglla@ivard4 and a
Pg?‘rnunf‘ce%%la 3‘?‘ ld%h%e(?f $ik %.c?fct))ss%he ﬁgtg Il:)y sequen fal E%felr H’ 75 ;,Sfl’d;[rouog v;[ferﬁel 1?90@}30“ nd of
12 contained lysis buffer only. MSD Multi-Spot assay plates (whole cell lysate kit:
Phospho(serd73),Total AKT Assay, catalog # K15100D-3) were blocked with 150 uL of 3%
Blocker A overnight at 4°C with shaking before being washed 4X with 200 gL MSD Tris
10  wash buffer. Fifty microliters of the serially dituted tysates were pipetted onto the blocked
MSD plates, covered, and incubated overnight at 4°C with shaking. Plates were washed with
Tris buffer as before. Detection antibody was added (25 pL/well) at a final concentration of
10 nM in 1 mL Blocker A and 2 mLTris wash buffer and incubated for 1 hour at room
temperature with shaking. Plates were washed as described above, before the addition of 150
15  pL of MSD read buffer and read immediately on a 6000 MSD plate reader. All work was
performed in accordance with Inst‘itutional Animal Care and Use Committee (JACUC)
protocols PAOO79 and PAO271.
The non-lysate controls in column 12 were averaged and used as background to
subtract from all welis. P/T AKT was calculated as shown: (phospho AKT(Ser473)
20 signal)/[(phospho AKT(Serd473) signal) + (total AKT signal)]. Values from three points in
each 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)/(vehicie 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, PI3K3, PI3Kp and PI3Ky according to international patent
publication No. W(02009/039140.
The pharmaceutically active compounds within the scope of this invention are useful
as P13 Kinase inhibitors in mammals, particularly humans, in need thereot.

The present invention therefore provides a method of treating diseases associated with

-136-



CF3. 17 . A pharnmaceutical conposition for use as a P1:31( inhibitor

whi ch conprises a conpound of claim16 and a pharmaceutical |y acceptable
carrier.

PI3 kinase inhibition, particularly: autoimmune disorders, inflammatory discases,
cardiovascular diseases, neurodegenerative diseases, allergy, asthma, pancreatitis, multiorgan
failure, kidney diseases, platelet aggregation, cancer, sperm motility, transplantation
rejection, graft rejection and lung injuries and other conditions requiring P13 kinase

5 modulation/inhibition, which comprises administering an effective compound of Formula (1)
or a pharmaceutically acceptable salt, hydrate, solvate or pro-drug thereof. The compounds
of Formula (1) also provide for a method of treating the above indicated disease states
because of their ability to act as PI3 inhibitors. The drug may be administered to a patient in
need thereof by any conventional route of administration, including, but not limited to,

10  intravenous, intramuscular, oral, subcutancous, intradermal, and parenteral.

Exemplary capsule composition
An oral dosage form for administering the present invention is produced by filing a

standard two piece hard gelatin capsule with the ingredients in the proportions shown in
15  Table 3, below.

Table 3

INGREDIENTS AMOUNTS
Compound of example 1 25 mg
Lactose 5Smg

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 Tabled

INGREDIENTS AMOUNTS
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Compound of example ] 20 mg

calcium sulfate dehydrate 30mg
Sucrose 4 mg
Starch 2mg
Talc 1mg
stearic acid 0.5 mg

While the preferred embodiments of the invention are illustrated by the above, it is to
be understood that the invention is not limited to the precise instructions herein disclosed and
that the right to all modifications coming within the scope of the following claims is reserved.
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What is claimed is:
1. A compound of formula (I):

IO
R;

(Re)n

wherein

Rlisselected from H, C,_galkyl, alkoxy, hydroxy, halogen,
—CN, —NH,, —NHC(O)Ra, —NHSOQ,Ra, -CO,H,
—CO,Ra, —CONHRb, —CONH,, —CH,OH, and
heteroar}l wherein the heteroaryl may be substltuted by
one or two C,_;alkyl groups;

R2 is selected from H, —NHRa, alkoxy, halogen, —CF,,
—CHF,, and C,_alkyl;

R3 is selected from aryl and heteroaryl, wherein said aryl
or heteroaryl may be substituted by one to three Re;

R4 is selected from H or Ra:

each R5 1s independently selected from C,_galkyl;

each Ra is independently selected from C, alkyl;

Rb is selected from H, C,_alkyl, and SO, Me;

each Re s independently selected from C,_,alkyl, halogen,
~—CF,, and hydroxy; and

nis 0-2,
or a pharmaceutically acceptable salt thereof.

2. The compound of claim 1, wherein the heteroaryl of R1
is selected from the group consisting of: pyrazolyl, trazolyl,
tetrazolyl, oxazolyl and imidazolyl.

3. The compound of claim 1,

wherein the aryl or heteroaryl of R3 are selected from
phenyl, naphthyl, benzothienyl, quinolinyl, 1soqu1no]1-
‘nyl, and quinazolinyl.

4. The compound of claim 1, wherein each Reis indepen-
dently C, ,alkyl, F or Cl, and n is 0.

5. The compound of claim 1, wherein each Re is indepen-
dently CF; or F, and n is 0.
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6. The compound of claim 1, having the Formula (I}(C)

MH©
R,

@ N

&
7

wherein

each of R6, R7, and RS is mdependently selected from

C,_;alkyl, halogen, —CF,, 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 claim 1, having the Formula (I}D)

ﬁ

8. The compound of claim 1, having the Formula (I)(E)

_140_
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wherein '
each of R6 and R7 is independently selected from
C, _salkyl, halogen, —CF,, and hydroxyl.
9. A compound selected from
2-(1-methylethyl)-6-(4-morpholinyl)-1-(1-naphthalenyl-
methyl)-1H-benzimidazol-4-ol,
2-ethyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-1H-
benzimidazol-4-ol,
1-[(2,3-dichlorophenyl)methyi]-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-f(2,3-dichlorophenyl)methyl]-2-ethyl-6-(4-morpholi-
nyl)-1H-benzimidazol-4-ol,
4-fluoro-2-methyl-6-(4-morpholinyi}-1-(1-naphthalenyl-
methyl)-1H-benzimidazole,
2-ethyl-4-fluoro-6-(4-morpholinyl)-1-(1 -naphthalenylm-
ethyl)-1H-benzimidazole,
2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-
1H-benzimidazole-4-carboxylic acid,
1-{(2,3-dichlorophenyl)methyi]-2-ethyl-4-fluoro-6-(4-
morpholinyl)-1H-benzimidazole,
2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl}-4-
(1H-pyrazol-5-y1)-1H-benzimidazole,
1-{(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholi-
nyl)-1H-benzimidazole-4-carboxylic acid,
1-[(2,3-dichlorophenyhmethyl}-2-methyl-6-(4-morpholi-
nyl}-4-(1H-pyrazol-5-y1)-1H-benzimidazole,
2-methyl-6-(4-morpholinyl)-1-(1-nzphthalenylmethyl)-4-
(1H-1,2,4-triazol-3-yl)-1H-benzimidazole,
methyl 2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylm-
ethyl)-1H-benzimidazole-4-carboxylate,
1-[(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholi-
nyl)-1H-benzimidazole-4-carboxamide,
methyl 1-[(2-fluoro-3-methylphenyl)methyl]-2-methyl-6-
{4-morpholinyl)-1H-benzimidazole-4-carboxylate,
2-methyl-6-(4-morpboliny!)-1-(1-naphthalenyimethyl)-
1H-benzimidazole-4-carbonitrile,
1-[(2,3-dichlorophenyl)methyl}-2-methyl-6-(4-morpholi-
nyl}-1H-benzimidazole-4-carbonitrile,
methyl  2-methyl-1-{[2-methyl-3-(trifluoromethyl)phe-
nyl)methyl}-6-(4-morpholinyl)-1H-benzimidazole-4-
carboxylate,
2-methyl-1-{[2-methy!-3-(trifluoromethyl)phenyl]me-
thyl}-6-(4-morpholinyl)-1H-benzimidazole-4-car-
boxyhc acid,
1-{(2-fluoro-3-methylphenyl)methyl]-2-methyl-6-(4-
morpholmyl)-1H-benzimidazole-4-carboxylic acid,
2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-
1H-benzimidazole-4-carboxamide,
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1-{(2,3-dichlorophenyl)methyl]-2-methyl-6-(4-morpholi-
nyl)-4-(1H-1,2,4-triazol-3-y1)-1H-benzimidazole,
methyl  2-methyl-6-(4-morpholinyl)-1-(5-quinolinylm-
ethyl)-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-mor-
pholinyl)-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-morpholi-
ny})-1H-benzimidazole-4-carboxylic acid,
2-methyl-1-{f2-methyl-3-(trifluoromethyl)phenylme-
thyl}-6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-y})-1H-
benzimidazole, _
2-methyl-4-(3-methyl-1H-1,2 4-triazol-5-y1)-6-(4-mor-
pholinyl)-1-(1-naphthalenylmethyl)-1H-benzimida-
zole,
1-{2-methyl-6-(4-morpholinyl)-1-(1 -naphthalenylm-
ethyl)-1H-benzimidazol-4-yljethanone,
{2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-
1H-benzimidazol-4-yljmethanol,
2-methyl-N-(methylsulfonyl)-6-(4-morpholinyl}-1-(1-
naphthalenylmethyl)-1H-benzimidazole-4-carboxam-
ide,
methyl 5-(4-morpholinyl)-2-(triffuoromethy!)-1H-benz-
imidazole-7-carboxylate,
methyl 1-{[2-methyl-3-(trifluoromethyl)phenylmethyi}-
6-(4-morpholinyl}-2-(trifiucromethyl)-1 H-benzimida-
zole-4-carboxylate,
1-{[2-methyl-3-(trifluoromethyl)phenyl]methyl }-6-(4-
morpholinyl)-2-(trifluoromethyl)-1H-benzimidazole-
d-carboxylic acid, :
6-(4-morpholiny})-1-(1-naphthalenylmethyl)-2-(trifluo-
romethyl)-1H-benzimidazole-4-carboxylic acid,
methyl 1-[(3-chloro-2-methylphenyl)methyl]-6-(4-mor-
pholiny])-2-(trifluoromethyl)-1H-benzimidazole-4-
carboxylate,
1-{(2,3-dichlorophenylymethyl]-6-(4-morpholinyl)-2-(tri-
fluoromethyl)-1H-benzimidazole-4-carboxylic acid,
1-{[2-methyl-3-(triffuoromethyl)phenyi] methyl }-6-(4-
morpholinyl)-2-(trifivoromethyl)-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-morpholi-
nyl)-2-(trifluoromethyl}- 1 H-benzimidazole-4-carboxy-
late,
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1-{[2-methyi-3-(triftuoromethyl)phenyl]methyl }-6-(4-
morpholinyl})-4-(1H-1,2,4-triazol-3-yl)-2-(trifluorom-
ethyl}-1H-benzimidazole,

1-{(3-chloro-2-methylphenyl)methyl}-6-(4-morpholinyl)-
2-(trifluoromethyl)- 1H-benzimidazole-4-carboxylic
acid,

1-[(2,3-dichloropheny]l)methyl]-6-(4-morpholinyi)-4-
(1H-1,2,4-triazol-3-y1)-2-(trifluoromethyl)-1H-benz-
imidazole,

1-{(3-chloro-2-methylphenyl)methylj-6-(4-morpholinyl)-
4-(1H-1,2,4-triazol-3-yl)-2-(trifluoromethyl)-1 H-benz-
imidazole,

2-methyl-6-(4-morpholinyl)-1-(1-naphthalenylmethyl)-4-
{1H-tetrazol-5-y1)-1H-benzimidazole,

[2-methyl-1-{[2-methyl-3-(iriflucromethyphenyl]me-
thyl}-6-(4-morpholinyl)-1H-benzimidazol-4-y1jmetha-
nol,

1-[(3-chloro-2-methylphenyl)methyi]-2-methyl-6-(4-
morpholinyl})-1H-benzimidazole-4-carboxylic acid,

2-methyl- 1-[(2-methylphenymethy!]-6-(4-morpholi-
ayh)-1 H-benzimidazole-4-carboxylic acid,

ethyl 2-methyl-1-{[2-methyl-3-(tri fluoromethyl)phenyl]
methyl}-6-(4-morpholiny1)-1H-benzimidazole-4-car-
boxylate,

4-bromo-2-methyl-6-(4-morpholinyl)-1 H-benzimidazole,

4-bromo-2-methyl-1-{[2-methy]-3 ~(triffuoromethyl)phe-
nyl]methyl}-6-(4-morpholinyl)-1 H-benzimidazole,

2-methyl-1-{[2-methyl-3-(tzi fluoromethyl)phenyl]me-
thyl}-6-(4-morpholinyl)-4-(1,3 -0%azo0l-2-y1)-1H-benz-
imidazole,

methyl 2-chloro-5-(4-morphol inyl}-1H-benzimidazole-7-
carboxylate,

methyl 2-chloro-1-{[2-methyl -3-(trifluoromethyl)phenyl]
methyl}-6-(4-morpholinyl)-1H-benzimidazole-4-car-
boxylate, -

2-chloro-1-{]2 -methyl-3-(trifluoromethyl)phenyl]me-
thyl}-6-(4-morpholiny)-1H-benzimidazole-4-car-
boxylic acid

methyl 2-(difluoromethyl)-5-(4-morpholinyl)-1H-benz-
imidazole-7-carboxylate,

2-(difluoromethy)-6-(4-morpholinyl)-1 -(1-naphthalenyl-
methyl)-1H-benzimidazole-4-carboxylic acid,

2-(difluoromethyl)-1-{[2-methyl-3 ~(trifluoromethyl)phe-
nyl]methyl}-6-(4-morpholinyl)-1 H-benzimidazole-4-
carboxylic acid,

1 -[(2,3-dichloropheny])methyl]—2-(diﬂuoromethyl)—6-(4-
morpholinyl)-1 H-benzimidazole-4-carboxylic acid,
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1-{(3-chloro-2-methylphenyl)methyl]-2-(difluorom-
ethyl)-6-(4-morpholinyl)- 1H-benzimidazole-4-car-
boxylic acid,
1-(1-benzothien-7-ylmethyl)-2-methyl-6-(4-morpholi-
uyl)-1H-bepnzimidazole-4-carboxylic acid,
1-[(2,3-dimethylpheny])methyl]-2-methyl-6-(4-mor-
pholinyl)-1H-benzimidazole-4-carboxylic acid,
1-[(3-fluoro-2-methylphenyl )methy1]-2-methyl-6-(4-
morpholinyl)-1H-benzimidazole-4-carboxylic acid,
2,4-dimethyl-1-{[2-methyl-3-(triftuoromethyl)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 )phenylme-
thyl}-6-(4-morpholiny1)-4-(1 ,3-thiazol-2-y1)- 1 H-benz-
imidazole,
4-(2-furanyl)-2-methyl-1-{[ 2-methyl-3-(trifluoromethyl)
phenyl}methyl}-6-(4-morpholinyl)-1 H-benzimidazole
and
2-methyl-4-[(methyloxy)methyl]-1-{[2-methyl-3-(tif-
luoromethyl)phenyl]methyl }-6-(4-morpholinyl)-1H-
benzimidazole,
or a pharmaceutically acceptable salt thereof.

16. A compound of formula

Me
CF;

or a pharmaceutically acceptable salt thereof.

11. A pharmaceutical composition foruseas a PI3K inhibi-
tor which comprises a compound of claim 10 and a pharma-
ceutically acceptable carrier.
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12. A compound of formula

Me
CFs.

13. A pharmaceutical composition for use as a PI3K inhibi-
tor which comprises a compound of claim 12 and a pharma-
ceutically acceptable carrier.
 14. A pharmaceutically acceptable salt of the compound of

formula

Me
CF;.

15. A pharmaceutical composition for use as a PI3K inhibi-
tor which comprises a compound of claim 14 and a pharma-

ceutically acceptable carrier.

16. The Tris salt of the compound of formula

Me
CFs.

17. A pharmaceutical composition for useas a PI3K inkhibi-
tor which comprises a compound of claim 16 and a pharma-
ceutically acceptable carner.
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