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TITLE OF THE INVENTION
EBNAI Inhibitors and Methods Using Same

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority under 35 U.S.C. § 119{e) to U.S. Provisional Application No.

62/161,490, filed May 14, 2015, which application is incorporated by reference herein in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
This invention was made with government support under grant numbers SR43A1079928 and
2R44 AT096358803 awarded by National Institutes of Health (NTAID) and grant number
IR2INS063906 awarded by National Institutes of Health (NINDS). The government has certain

rights in the ovention.

BACKGROUND OF THE INVENTION

FEBYV is a human gamma-herpeasvirus that infects over 90% of the adult population
worldwide. In combination with known and unknown cofactors, especially immunosuppression,
EBYVY infection constitutes a high carcinogenic nisk. EBV has been classified by the World Health
Organization as a class 1 human carcinogen because of its causal association with Burkitt's
Ivmphoma, nasopharyngeal carcinoma, about 50% of all Hodgkin's lymphoma, gastric carcinoma,
angtocenince T/NK lymphoma, and lvmphoproliferative disorders of the immumosuppressed. EBV 1s
responsible for about 1% of all human cancers, worldwide. The oncogenic potential of EBV is
readily demonstrated i vifro by its capacity to iomortalize primary B-lymphocytes in culture, and in
vivo by s ability to drive infected B-cells into aggressive lvmphoblastic lvmphomas i
imnumocompromised hosts.

EBV, like other herpesviruses, has a latent and lytic replication cycle. While the EBV Ivtic
cvcle s essential for viral transmission and increases risk of EBV-associated malignancy, i1 1S the
fatent viral infection that is oncogenic. The latent virus expresses a limited set of viral genes that
stimulate cellular proliferation and survival. Clinically available inhibitors of herpesvirus DNA
poly merases, including variants of acvclovir (e g ganciclovir) and phosphonoacetic acid {e.g.
foscarnet) have at least partial inhibitory activity against EBV lytic replication. However, none of the
available herpesvirus antivirals are effective at blocking the virus from progressing to a latent
mfection or eliminating latent infection. Primary infections with EBV can evoke a robust, sometimes

debilitating immune response referred to as infectious mononucleosis (IM). Despite this robust
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immune reaction, the virus efficiently establishes latent infection in B-lymphocyies, where the virus
can reside in Jong-lived memory B-cells. In some circumstances, latent infection can also be
established in T-lymphocytes and epithelial cells. During latency, the virus does not produce
infectious particles, and viral gene exprassion is limited to a subset of franscripis with growth-
transforming and anti-apoptotic functions that contribute to EBV carcinogenesis. Thus, no existing
anti-viral drug or immunological response can block the establishment of an EBV latent infection,
which has the potential to drive lymphoid and epithelial cell oncogenic growth transformation.

Mumerous studies have demonstrated that Epstein-Barr Nuclear Antigen 1 (EBNA1)is an
ideal target for elumination of fatent mfection and treatment of EBV-associated disease. Tn one
aspect, EBNA1 15 expressed in all EBV-positive tumors. In anocther aspect, EBNA1 is required for
inwnortalization of primary B-lyrophocvtes and for the stable maintenance of the EBV genome in
latently infected cells. In vet another aspect, genetic disruption of EBNAT blocks the ability of EBY
to inwvortalize primary human B-lyrophocvtes and causes loss of cell viability in previously
established EFBY -positive cell lines. In vet another aspect, biochenical disruption of EBNA1 folding
blocks the establishment of EBV latent infection. HSP90 inhibitors cause the selective killing of
EBV™ B-cells and block lvmphomagenesis in mouse models. In vet another aspect, EBNA1 is a non-
cellular viral oncoprotein that is functionally and structurally well characterized. The three-
dimensional structure of EBNAT bound to its cognate DN A sequence has been solved by X-ray
crvstallography. Analvsis of the DNA binding domain reveals that EBNAT protein 1s druggable, with
several deep pockets and chanunels within the DNA binding domain that are predicted to disrupt DNA
binding when bound to small molecules. In vet another aspect, targeting a non-self viral-encoded
protein for inlubition mitigates the potential nisk of inherent toxicityv. EBNAT has a unuque structural
fold that 1s distinct from all known cellular DNA binding and replication proteins. Tn yet another
aspect, the EBNA1 DNA binding function is essential tor all known EBNAT functions, including
genome maintenance, DNA replication, transcription regulation, and host-cell survival. These studies
demonstrate that EBNA1-DNA binding domain is a validated target for intubition of EBV -latent
infection and treatment of EBV-associated malignancies.

EBYV plays a causative role in the tumorigenesis for a number of cancers inchuding
nasopharvngeal carcinoma, gastric carcinomas, non-hodgkin lymphoma (anaplastic large-celi
fvmphoma, angioimmunoblastic T-cell lvmphoma, hepatosplenic T-cell lymphoma, B-cell
tymphoma, Burkitt's lymphoma, reticuloendotheliosis, reticulosis, microglioma, diffuse large B-cell
tymphoma, extranodal T/NK tymphoma/angioceninc lymphoma, {ollicular lvmphora,

immunoblastic lymphoma, mucosa~-associated lvmphatic tissue lvmphoma, B-cell chronic
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lymphocytic leukenua, mantle cell lyrophoma, mediastinal large B cell lymphoma, lymphoplasmactic
hymphoma, nodal marginal zone B cell lyrophoma, splenic marginal zone lvmphoma, intravascular
farge B-cell lymphoma, primary effusion lymphoma, lyphomatoid granulomatosis,
angioimmunoblastic lymphadenopathy), leiomyosarcomas, X-linked lvmphoproliferative disease,
post-transplant lvmphoproliferative disorders, Hodgkin’s lymphoma and breast cancer. An inhibitor
of EBNAT would change current clinical practice and be valuable for therapeutic {reatment of EBV-
associated diseases. Currently, nucleoside analogues (aciclovir, ganciclovir, foscarnet) can be used (o
treat lytic EBV infection and pathologies related to Ivtic EBV infection. However, these general
antiviral drugs are not specific for Ivtic EBV mfection, and carry the risk of severe adverse effects.

EBY infection and EBNAT have also been imphicated in infectious mononucleosis, chronic
fatigue syndrome (CFS), multiple sclerosis, systemic lupus ervthematosus, and rheumatoid arthritis.
Treatrent with compounds that prevent EBV infection and/or prevent lIvtic EBVY mnfection and/or
prevent latent EBV infection and/or inhibit EBNA1T would provide therapeutic relief to patients
suffering from these diseases. To date, however, no effective specific treatments exist for Ivtic EBY
mfection and/or for pathologies related to Iyvtic EBV infection. Further, o date, no effective
treatments exist for latent EBV mfection and/or pathologies related to latent EBV infection. Further,
no effective treatments exist for the treatment of diseases associated with EBNAIL.

There is a thus long felt nead for novel compounds and methods using the same, which are
useful for treating EBNAT infection and/or diseases associated with EBNAL. Such treatments should
be useful for the treatment of subjects afflicted with diseases and conditions associated with EBV
mfection, and/or subjects that are refractory to current treatments {or infectious mononucleosis,
chronic fatigue syndrome, multiple sclerosts, svstemmc tupus erythematosus and/or rheumatoid

arthritis. The present invention addresses these needs.

BRIEF SUMMARY OF THE INVENTION

The invention provides a compound of formula (B}, or an enantiomer, diastersomer, tautomer,
salt and/or solvate thereof. The invention further provides a pharmaceutical composition comprising
at least one compound of the mvention and at least one pharmaceutically acceptable carrier. The
mnvention further provides a method of treating and/or preventing a disease or disorder caused by
EBMNAT activity in a subject. The invention further provides a method of treating and/or preventing
Epstein-Barr Virus (EBV) infection, and/or a disease or disorder associated with EBV infection, in a
subject. The imvention further provides a method of treating and/or preventing tytic and/or latent

EBV Virus infection in a subject. The invention {urther provides a method of making compounds of
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R’ is selected from the group consisting of -CO,R™, -C{=0WWH-8(=0),NR’R®, -8(=0),NHC(=0)R’,
NHS(=0)R, and 1H-tetrazol-5-y1:

R* R*™ and R* are each independently selected from the group consisting of F. CL, Br. I, and H;
R* is selected from the group consisting of H, optionally substituted C . linear alkyl, and optionally
substituted C; ¢ branched alkyl;

R® is selected from the group consisting of H, optionally substituted C . linear alkyl, and optionally
substituted 5 ¢ branched alkyl;

R is selected from the group consisting of H, optionally substituted C . linear alkyl, and optionally
substituted U branched alkyl; or R” and R® are taken together with the atoms to which they are
connecied to form a 3-, 4-, 5-, or 6-membered ring optionally containing a unit selecied from the
group consisting of oxygen, sulfur, SO, SO, CF;, NH, N(C,.s alky]), N(Ca.7 branched alky1), N(Cas
cycloalkyl), Niheteroaryl), NCO(C, s alkyvl), NCO(C, ¢ branchecd alkyl), NCO(Cs.6 cycloalkyl},
NCO{C s alkyl}, NCO{Cy ¢ branched alkyl), NCGO,{C5 ¢ cycloalkyly, NCON(C ¢ alkyl), SO:NH,,
NSO alkyl), NSOHCy.6 branched alkyl), NSO,(Cs, cycloalkyl), and NSO, Arvl;

R’ is selected from the group consisting of H, optionally substituted C linear alkyl, optionally

substituted Ca. branched alkyl, Ci.6 haloalkyl, optionally substituted phenyl, optionally substituted
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pyridyl, optionally substituted heteroarvl. and -CH{R*}R®);

R¥ R® R R¥ and R™ are each independently selected from the group consisting of H, halogen,
hydroxyl, CN, optionally substituted () ¢ hinear alkyl, optionally substituted ;¢ branched alkyl, and
C1s alkoxy;

R R R R™ and R are each independently selected from the group consisting of H, halogen,
optionally substituted C¢linear alkyl, Ci5 alkoxy, and optionally substituted U6 branched alkyl;
R and R'" are each independently selected from the group consisting of H, optionally substituted
Ciglinear alkyl, and optionally substituted € ¢ branched afkvl

L' is selected from the group consisting of -C=C-, -CH=CH- and «(CH),-;

Casgese®

L7 is selected from a group consisting of NH., (CH,},,,, and i wheremn indicates the pont
of attachment for R*;

Q' is selected from a group consisting of optionaly substituted benzyl, -COR’, -SO,R’

O(CHZ) > 9
O °S
o il {CHa) "N (CHy)
RSN T e TN o N”\r o

& ﬁ R \" (CHady ana R’

2
nisO, 1.2 or3:mis0, 1.2, 0r3;g151,2,3,or4d; andxis0, 1,2, 0r 3
» 2 » » > » 2 2 s 2 > 2

In certain embodiments, the compound is at least one compound of formula selected from the
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compound 1s at least one compound of formula selected from the group consisting of formula (VE)
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In certain embodiments, R' is at least one selected form the group consisting of 4-

acetamidophenyl; 4-(aminorethy Uphenyl; 4-anunophenyl; 4-{8-azabicyclof3 2.1 octan-3-v1} phenyl;
3-carbamoyl-5-methoxyphenyl; 4- {{{2-carboxyphenyiformamidoimethyl} phenyl; 4-{{(4-
carboxyphenvl) formamudo]methvl} phenyl: 4-(3-chloro-4-fluorobenzenesulfon amido) phenvl; 2.4~
difluorophenvl; 4-{{4,4-diftuoropiperidin-1-vymethyljphenvl; 4-{|2-(dimethyiaminolethyl]
carbamovl} phenvi; 4-(4|2-(dimethviamino)ethyvl}{methvhamino} methyphenvl; 1-{2-
{dimethylamino)ethyij-1H-pyvrrolo| 2.3-bjpynidin-3-vE, 1-|3-(dimethviaminojpropyli-1H-pyrrolof2,3-
blpyridin-3-y1; 4-[{dimethylantino)methyliphenyl; 4-[(1,1-dioxo-11°-thian-4-yDoxy |phenyl; 4-[(1.1-
dioxo-12°-thiomorpholin-4-yymethyl] phenyl; 4-{(4-ethyipiperazin-1-ymethyijphenyl; 4-fluoro-3-
{oxan-4-vloxy yphenvl; 4-fluorophenyl; 4-{{(2-Huorophenyvformanudojmethyl} phenvl; 4-[(3-
hydroxy azetidin-1-ylimethyliphenyl; 4- {{4-(2-hvdroxyethyDpiperidin-1-vijmethyi} phenyl; 4-{{4-
hydroxypiperidin-1-viymethyliphenyl, 4-methanesul{onamidophenyl; 3-(3-methanesulfonamide
phenyl)phenyi; 4-{(4-methoxybenzene- sulfonamidoiphenyl; 4- {{(2-methoxyethv{methvl)amino]
methvl} phenvl; 4-[(Z-methoxyethyD{methyhcarbamovliphenyvl; 4-methoxyphenyt; 4-{(4-
methoxypiperidin-1-ylimethy!iphenyl; 4-[(4-methyl-1,4-diazepan-1-vimethyliphenyl; 4-{(4-
methylpiperazin-1-yhmethyliphenyt; 2-methyl-4-ox0-3,4-dihvdroquinazolin-7-v1; 3-(morpholin-4-
vimethvlphenyl; 4-(morpholin-4-ylmethyiphenyl; 1-{2-(morpholin-4-yljethyl}-1H-pyrrolo{2,3-
blpyridin-3-vl 1-[3-(morpholin-4-vhpropvl]-tH-pyrrolof2,3-blpynidin-3-vl; 1-[2-(morpholin-4-
yvhethy-1H-pyrrolof 2. 3-bipyridin-5-v1; 1-{2-{dimethylaminojethyli-1H-pyrrolo]2.3-bipyridin-5-vi;
1, 8-naphthyridin-2-v1; 4-(oxan-4-vimethoxy)phenyl; 4-12-(oxan-4-yhethoxyphenyvl; 4-(oxan-4-
vioxyphenyl: 4-(oxan-4-vioxy}-3-(trifluoromethy Dphenyl; 4-oxo-3,4-dihyvdroquinazolin-7-vl;
phenyl 4-{(phenylformamidoymethyliphenvl; 4-(piperazine-1-carbonylphenyt; 4-(pyridine-3-
amidophenvi; 2-(5,6,7 8-tetrahydro-1,8-naphthvridin-3-vi; and 4-(thiophene-2-sulfonamido)phenyl.

In certain embodiments, R is selected from the group consisting of 1,3-benzothiazol-5-y1; 5~

i1
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fluoro-indol-6-vl, 7-fluocro-indol-6-v1; Indol-6-yl; 2-methyl-1,3-benzothiazol-5-vi; 1-methyl-1H-
pyrrolo{2,3-b] pyridin -6-v1; 1,8-naphthynidin-2-vl; 1, 8-naphthyridin-3-vl; and 1H-pyvrrolof2,3-
blpynidine-5-vl.

in certain emboduments, the compound 1s at least one selected from the group consisting of 2-
{(1H-mndol-6-y1}-3-{ 1 -(2-morpholin-4-vi-ethyi}- 1 H-indol-6-vlethynyl]-benzoic acid; 3-{3-
Acetvlamino-4-(tetrahv dro-pyran-4-vioxy }-phenylethynyl]-2-{ 1 H-indol-6-v1)-benzoic acid; 3-{4-{4-
Acetyl-8-aza-bicyclo]{3.2. Hoct-3-vi}-phenylethynyl]-2-(1H-indol-6-y1}-benzoic acid; 3-{1-(2-
Dimethylamino-ethyi)}- 1H-pyrrolo{2,3-blpyridin-5-ylethvayi{-2-(1H-indol-6-yi}-benzoic acid; 3-} 1-
(3-Dimethylaming-propyl)-1H-pyrrolo|2,3-blpyridin-3-ylethynvi|-2-(1 H-indol-6-vi)-benzoic acid; 2~
{(1H-mdol-6-y1}-3-{ 1-(3-morpholin-4-yvi-propyl}-1H-pyrrolof 2, 3-bpyridin-3-ylethynyi-benzoic acid;
2-(1H-~mdol-6-v1}-3-[ 1 -(3-morpholin-4-vi-propyl)}-1H-pyirolo] 2, 3-blpyridin-3-ylethvuyl]-benzoic
acid; 2-(1H-indol-6-y1}-3-] 1-(2-morpholin-4-vi-ethy - I H-pyrrolof 2.3-blpyridin-5-ylethynyii-
benzoic acid; 3-{2-{3-(3,3-dimethyl-2-oxoazetidin- 1-vI}phenyljethyuyi}-2-(1H-pyrrol-1-vibenzoic
acid; 3-[ 1-(2-Dimethylamino-ethy -1 H-pyrrolof2,3-blpyridin-3-ylethynvl}-2-{ 1H-indol-6-y1}-
benzoic acid; 2~-(1H-indol-6-y1}-3-{ 1 -{2~morpholin-4-vi-ethy}-1 H-pyrrolof 2,3-blpyridin-3-
viethynyl}-benzoic acid; 3-{1-(3-Dimethviamino-propyl}-1H-pvrrolo]2.3-blpyridin-3-viethynyl}-2-
(1H-indol-6-y1}-benzoic acid; 3-{1-[2-(1,1-Dioxo-10.°-thiomorpholin-4-y1)-ethvi |- 1H-pyrrolo{2, 3-
blpyridin-3-ylethvovl}-2-(1H-indol-6-v1}-benzoic acid; 2-(1H-indol-6-y1}-3-[ 1-(Z-morpholin-4-yvi-
ethyh~1H-mdot-5-ylethvayl]-benzoic acid; 2-(1H-ndol-6-v1}-3-[1-(3-morpholin-4-vi-propyi)-1H-
mdol-5-vlethynyl]-benzoic acid; 2-(1H-indol-6-v1)}-3- i-(3~-morpholin-4-yi-propvl)-1H-mdol-6-
viethvnyl}-benzoic acid; 2-(1H-Indol-6-y1}-3-(5,6.7 8-tetrahvdro-{ 1 8 Inaphthynidin-3-viethyny1)-
benzoic acid; 2-(1H~ndol-6-y -3 1 -(tetrahy dro~pyran-4-vimethvly~1 H-pyrrolo [2.3-blpyridin-5-
vlethvavl}-benzoic acid; 2-(1H-Indol-6-v1}-3-{ 1 -{tetrahy dro-pyran-4-yimethy!)}- 1 H-indol-5-
viethynvi}-benzoic acid; 2-(1H-Indol-6-y13-3-] 1-(1-methanesulfonyi-piperidin-4-vimethyi}-1H-indol-
S-yvlethvnyl{-benzoic acid; 2-(1H-Indol-6-y13-3-{1-{1-methanesulfonyl-piperidin-4-ylmethyi)-1H-
pyrrolo [ 2.3-blpyridin-S-yiethynyl}-benzoic acid; 3-[1-(1, 1-Dioxo-hexahy dro-11°-thiopyran-4-
vhmethvl}- tH-pvrrolo {2,3-blpyridin-5-ylethyoyl]-2-(0H-indol-6-v1}-benzoic acid; 3-{1-{2-(1,1-
Dioxo-1A°%-thiomorpholin-4-y1}-ethyi]-1H-indol-5-yl-ethyny! - 2-(1H-indol-6-v1)-benzoic acid; 3-{1-
[2-(1,1-Dyioxo-12° -thiomorpholin-4-yD-ethy1}-1H-indol-6-ylethynyl} -2-(1 H-indol-6-v1)-benzoic acid;
3-{1-[3-(1,1-Dioxo-14°-thiomorpholin-4-vi}-propyl}-1H-indol-5-yi-ethynyl} -2-{  H-indol-6-vi)-
benzoic acid; 3-{1-[3-(1,1-Bioxo-11 -thiomorpholin-d-y1}-propyl]-1 H-indol-6-yi-ethynyl }-2-( 1 H-
indol-6-y1}-benzoic acid; 3-{4-(1,1-Dioxo-hexahydro-11°-thiopyran-4-vloxymethyl)-phenyethynyl}-
2-(1H-indol-6-vI}-benzoic acid; 2-(1H-Indol-6-v1)-3-{4-{tetrahydro-pvran-4-vioxymethyl}-

12
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phenylethvnyl]-benzoic acid; 2-(1H-Indol-6-v1}-3-{4-isopropoxyrmethyl-phenylethynyl}-benzoic acid;
2-(1H-Indol-6-y1)-3-[4-(1-oxo-hexahydro-1 4 -thiopyran-4-yloxy }-phenylethynyt}-benzoic acid; 2-
(1H-indol-6-y1}-3-(3-morpholin-4-vimethyl- 1H-indol-6-viethynyl}-benzoic acid; 2-(1H-indol-6-vi)-
3-{3-{4-methanesulfonyl-piperazin-1-vimethy!}-1H-indol-6-viethynyl}-benzoic acid; 3-{3~(1,1-
Dioxo-14°-thiomorpholin-4-yimethy 1)- 1 H-indol-6-viethynyi}-2-( 1 H-indol-6-yi)-benzoic acid; 2-(1H-
indol-6-y1)-3-(2-morpholin-d-ylmethyl- 1H-indol-6-ylethynyl)-benzoic acid; 3-{2-(1,1-Dioxo-14°-
thiomorpholin-4-vimethyi}-1H-indol-6-ylethvnvi}-2-( 1 H-indol-6-v1}-benzoic acid; 3-f 1-(4-ethoxy-2-
methyl-butyl)-6-fluoro- 1H-indol-5-viethynylj-2-(1H-mndol-6-y1}-benzoic acid; 3-{7-fluoro-1-

(tetrahy dro-pyvran-4-vimethyvh)- 1H-indol-6-y lethyoyl}-2-(1H~ndol-6-v1}-benzoic acid; 3-f1-(1,1-
dioxo-hexahy dro-125-thiopyran-4-y Imethy)-7-fluoro- 1H-indol-6-y1lethyny 1]-2-( 1H-indol-D-benzoic
acid; 3-]1-(1,1-dioxo-hexahydro-12."-thiopyran-4-vimethyl)-6-fluoro- I H-indol-3-ylethyny1}-2-(1H-
mdol-6-vi}-benzoic acid; 3-(7-fluoro-3-morpholin-4-yimethyl-1H-indol-6~-vlethyny}~2-(1H-indol-6-
viy-benzoic acid; 3~(6-fluoro-3-morpholin-4-ylmethvi-1H-indol-5-ylethvny-2-( I H-indol-6-y1)-
benzoic acid; 3-({4-(2H-tetrazol-5-yliphenvliethvny1)-2-(1H-indol-6-vYbenzoic acid; 3-((3-(ZH-
tetrazol-5-yliphenyhethvnyl)-2-(1 H-indol-6-vDbenzoic acid; 2-{ 1H-indol-6-y1}-3-{{4-{oxazol-5-
yvhphenylethynylbenzoic acid; 2-(1 H-indol-6-y§)-3-({4-(6-0x0-1,6-dihydropyridazin-3-
yhphenylethynylibenzoic acid; 2-{1 H-indol-6-y1)-3-{(3-methoxy-4-{morpholinomethy Dphenyl}
ethynylibenzoic acid; 3-((3-hydroxy-4-(morpholine-4-carbonylypheny Dethynyl}-2-(1 H-indol-6-
vhbenzote acid; 2-(1H-Indol-6-y1)-3-| 3-methoxy~-4-(4-morphohn-4-y-piperidin- I ~vImethy1)-
phenylethynyl]-benzoic acid; 3-((4-({4,4-difluoropiperidin-1-ymethy!)-3-methoxyphenylethyvnyi)-
2-(1H-~imdol-6-vhbenzoic acid; 3-((4-({(4-(dimethylcarbamoypiperidin-t-yDmethyl}-3~
methoxyphenyDethyovi-2-(IH-indol-6-vibenzoic acid; 3~{((3-hydroxy-4-{(4-morpholinopiperidine-
{~carbonyDphenvhethvnyD-2-(1 H-indol~6-yhbenzoic acid; 3-{(4-(4.4-difluoropipenidine-1-
carbony!)-3-hydroxyphenyDethyovl-2-(1H-indol-6-vIybenzoic acid; 2-(1 H-indol-6-y1}-3-((4-((1-
(methyisulforyDpiperidin~-4-vhmethyDpheny Dethvoyl) benzoic acid; 2-(1H-ndol-6-v1)-3-((4-({1-
{(trifluoromethy Dsulfony hpiperidin-4-yDimethy 1) phenvijethynyibenzoic acid; 2-(1H-indol-6-y13-3-
{{(4-((1-(isopropylsulfonyhpiperidin-4-y methyDphenvi) ethynv) benrzoic acid; 3-({4-((1-
acetylpiperidin-4-viymethvi)phenyjethynvh-2-(1 H-indol-6-vbenzoic acid: 3-({2-acetvlisoindolin-3-
vhethynyl)-2-(1H-indol-6-y1}benzoic acid; 2-(1H-indol-6-v1}-3-((2-(isopropyisulfonyiisondolin-5-
vhethynylibenzoic acid; 2-(1H-indol-6-v1}-3-(2-(1-{methvisulfonylpyrrohidin-3-y1}-1,2,3 4-

tetrahy drotsoquinolin-7-vhethynyDbenzoic acid; 2-(1H-indol-6-v1)-3-((2-((1-
(methylsulfonyDpiperidin-4-vhmethvi)-1,2,3,4-tetrahy droisoquinohn-6-yHethvoyybenzoic acid; 2-

(1H-indol-6-y1}3-3-((2-(1-{methvisulfony Daretidin-3-v1)-1,2,3 4- tetrahy droisoquinolin-6-y1)
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ethynyhbenzoice acid; 2-(1H-1ndol-6-y[}-3-((2-(( I -(methylsulfonyDpyrrohdin-3-vDmethy1)-1,2.3,4-
tetrabvdroisogquinolin-6-yDethynylybenzoic acid; 2~(1H-indol-6-y1-3-((2~((1-
(methylsulfonyDpvrrolidin-3-yhmethy1)-1,2, 3, 4-tetrahy droisoquinolin-7-yhethynvhbenzoic acid; 3-
({(2~{{1-acetylpyrrolidin-3-yUmethy-1,2.3 4-tetrahydroisoquinolin-7-yethynyl}-2 - 1H-indol-6-
vibenzoic acid; 2-(1H-indol-6-v13-3-((2-((1 -(methyvisulfonyDazetidin-3-vlimethyl}-1,2,3 4-

tetrahy droisoquinclin-6-y hethynyDbenzoic acid; 2-(1H-indol-6-y1}-3-((2-{{1 {methvisulfonvi)
azetidin-3-vymethy1)-1,2.3,4-tetrahy droisoquinolin-7-viyethynvhbenzoic acid; 2-(1H-indol-6-y1}-3-
((2-(3-{methvisulfonamidobenzyl}- 1,23, 4-tetrahy drotsoquinolin-6-yhethynylbenzoic acid; 2-(1H-
mndol-6-v1}-3-((2-3~(methyisutfonamido)benzyi}-1,2,3 4-tetrahy droisoquinolin-7-yBethynyibenzoic
acid; 2-(1H-indol-6-y1)-3-({2-(1 -(methvisutfony Dpyrrolidin-3-yDisoindolin-S-vBethynybenzoic
acid; 2-(1H~indol-6-y1-3-((2-(1-tmethyisulfonyDazetidin-3-yisoindolin-5-vhethynylbenzoic acid;
2-(H-indol-6-yD)-3-((2~((1 -(methyisulfonyDpyrrolidin-3-yDmethyhisoindolin-5-yDethvoylbenzoic
acid; 2-(1H~indol-6-y-3-(2~((1 -(methvisulfonyDazetidin-3-vmethy isoindolin-5-yDethynyl)
benzoic acid; 2-{1H-indol-6-y1}-3-{(2-{{1-(methyisulfony}piperidin-4-vDmethyl}isoindolin-5-
yvhethvnyhbenzoic acid; 2-(1H-indol-6-y1}-3-{(2-(methyisulfonyl}-1.2,3 4-tetrahy droisoquinolin-7-
viethvnyhbenzoic acid; 2-(1H-indol-6-v13-3-{(2-(isopropyisulfonyl}-1,2,3 4-tetrahy droisoquinolin-7-
yhethvayhbenzoic acid; 2-(1H-mdol-6-y1)-3-{(2-proptonyl-1,2,3, 4-tetrahv droisoquinolin-7-
yhethvanyl) benzoic acid; Z-(1H-indol-6-v1}-3-((2-(methylsutfonyl}-1,2.3 4-tetrahydro-isoquinolin-6-
vhethyayhbenzoic acid; 2-(1H-indol-6-y1)-3-((2-(1sopropylsulfonyl}- 1,23 4-tetrahy drotsoquinolin-6-
vhethyuyhbenzoic acid; 3-({2-acetvl-1,2,3 4-tetrahy drotsoquinolin-6-yHethyny)-2-( 1 H-indol-6-
yvhbenzote acid; 2-(1H-indol-6-y1}-3-((Z-propionvi-1,2,3 4-tetrahvdroisoquinolin-G-y Dethyoyl)
benzoic acid; 3-[4-(4-cyvano-phenoxyrethyl}-phenylethynvi}-2-(1 H-indol-6-vi}-benzoic acid; 3-{4-
(3~cyano-phenoxyroethy)-phenvl ethynvl}-2-(1 H-indol-6-y1)-benzoic acid; 3-{4-(3-carbamoyl-
phenoxymethyi)-phenvlethvnyl]-2-(1H-indol-6-yh-benzoic acid; 2-(1H-indol-6-v1}-3-{4-(4-
irtfluoromethy l-phenoxymethvl}-phenylethynvl-benzoic acid; 2-(1H~indol-6-y1}-3-[4-(3-
trifluoromethy i-phenoxymethyl)-phenylethynyl |-benzoic acid; 2-(1H-indol-6-v1)-3-{4-{(4-methoxy-
phenoxvmethyi}-phenviethvnyl|-benzoic acid; 3-{4-(4-carbamovi-phenoxymethyi}-phenviethyvnvl}-2-
(1H-indol-6-vi}-benzoic acid; 2-{1 H-indol-6-v1)-3-[4-(3-methoxy -phenoxy methvi)-phenyiethynyij-
benzotc acid; 2-(1H-indol-6-v1}-3-(4-phenoxymethyi-phenylethvavi)-benzoic acid; 3-{4-(2-fluoro-
phenoxymethyi}-phenylethyayl]-2-(1H-indol-6-vl}-benzoic acid; 2-(1H-indol-6-y1}-3-{4-(pynidin-3-
vioxymethy-phenviethynvli-benzoic acid; 3-{4-(3-chloro-phenosymethy}-phenyiethynyij-2-(1H-
mdol-6-vi}-benzoic acid; 3-14-(3,4-dichioro-phenoxymethy D)-phenviethynyi}-2-(1 H-indol-6-y1)-

benzoic acid; 2-(1H-indol-6-v1}-3-{4-(2-triflaoromethyl-phenoxymethy-phenviethynylti-benzoic
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acid; 3-[4-(2-cyano-phenoxymethyl)-phenviethynyvl]-2-(1H~indol-6~vl}-benzoic acid; 2-(1H-indol-6-
vh-3-{4~{(4~-methanesulfonvl-phenoxymethy}-phenviethynvii-benzoic acid; 2-(1H-indol-6-y1)-3-{4-
(pyrimidin-5-vloxvmethyl}-phenylethvnyl]-benzoic acid; 2-(1H-indol-6-y1}-3-[4-(2-methanesulfonyl-
phenoxymethyi}-phenylethynyl-benzoic acid; 2-(1H-indol-6-v1}-3-{4-(3-methanesulfonyl-phenoxy
methyl)-phenylethyvnyl|-benzoic acid; 2-(1H-Indol-6-v13-3-{2-|3-(3-methanesulfonamidophenvi)
phenyl} ethynvi}benzoic acid; 2-( 1H-Indol-6-y1}-3-{2-{6-{oxan-4-yloxy)pyridin-3-yljethynyi}
benroic acid; 2-(1 H-Indol-6-y1}-3-{2-| 2-(propylcarbamovi)-1H-indol-6-y1jethvnyl} benzoic acid; 2-
(1H-Indol-6-vH-3-{2-{3-(1,2.3.4-tetrahvdroisoquinolin-2-ylmethyiiphenyl jethvnvi ; benzoic acid; 3-
12-13-Cyano-4-{oxan~-4-yloxyphenvijethynyl} -2~ 1H-imdol-6-yDbenroic acid; 3-{2-(3~-{{4-
(Ethoxycarbonyhipiperazin-1-yljmethvi} phenyDethyoyil-2-(iH-ndol-6-vIybenzoic acid; 3-(2-44-{3-
(HydroxymethyDoxetan-3-yvlphenyl} ethyny)-2~(1H-indol-6-y1}benzoic acid; 3-{2-{3-(S-Amino-1H-
pyrazol-3-yhphenviethynyl } -2-(1H-indol-6-ybenzoic acid; 2-(1H-Indol-6-y1}-3~{2-[3-(1,3-oxazol-
S-yUphenylethynyl}benzoic acid; 2-(1H-Indol-6-v1}-3-{2-{4~{oxane-4-carbonylyphenyliethyryl}
benzoic acid; 2-(7-Fluoro-1H-indol-6-y1}-3-phenylethvnyl-benzoic acid; 2-Benzothiazol-6-vi-3-
phenylethyoyl-benzoic acid; 2-Benzothiazol-5-v1-3-phenylethynyl-benzoic acid; 2-(2-Methyl-
benzothiazol-5-vi)-3-phenylethynvi-benzoic acid; 2-(5-Fluoro-1H-indol-6-y1}-3-phenylethvnyi-
benzoic acid; 2-(6-Fluoro-1H-indol-3-yvi}-3-phenylethynyl-benzoic acid; 2-{1,8[Naphthyridin-3-y1-3-
phenylethynyl-benzoic acid; 2-(1-Methyl-1H-pyrrolo {2,3-bipyridin-6-yi}-3-phenylethvnyi-benzoic
acid; 2-f 1.8 Naphthyridin-2-vl-3-phenviethynyi-benzoic acid, 3-Phenylethynyi-2-(1H-pyrrolo {2,3-
blpyridin-6-v-benzoic acid; 2-(4-methoxy-1H-indol-6-y1}-3-(2-phenylethynyl)-benzoic acid; 3-(2-
{(4-(2-hydroxy propan-2-yDphenyDethyoyi}-2-(iH-indol-6-v1}-benzoic acid; 3-(2~(4-(2-aminothiazol-
4~y Dphenyhethynyh-2-(1 H-indol-6-vl)-benzoic acid; 2~(1H-Indol-6-y1)-3-(3-sulfamovl-
phenylethynyl)-benzoic acid; 3-(4- Amino-3-sulfamoyl-phenyiethynyl)-2-(IH-indol-6-vi)-benzoic
acid; 2-(1H-indol-6-y1}-3-(Spiro| 2H-~1 -benzopyran-2, 1"~ 4-piperidine- | -t-butylcarboxylate]-4(3H)-
onelethvoylhenzoic acid; 3-2-(3-(CZ-aminothiazol-4-vlpheny Dethyny1)-2-( 1 H-indol-6-y1}-benroic
acid; 3-(2-{4-(5-(methoxycarbonyl}-2-aminothiazol-4-viphenyljethyny}-2-(1 H-indol-6-y1}-benzoic
acid; 3-(2-{4-(S-amino-1,3 4-thiadiazol-2-yliphenylethynvi)-2-(1 H-indol-6-vi)-benzoic acid; 3-(2-
(4-(3~-amino-1H-pyrazol-5-ylphenyhethynyiy-2-(1H-indol-6-y1}3-benzoic acid; 2-Amino-4-{4-{3-
carboxy-2-{ 1H-indol-6-y1}-phenviethynyl}j-phenvi} -thiazole-3-carboxyhic acid; 3-(2-(4-(2~
aminooxazol-3-ylyphenyiethynvi)-2-{1 H-indol-6-vi)-benzoic acid; 2-(1H-Indol-6-y1}-3-f4-(2~
methanesutfonylamino-thiazol-4-yi-phenvlethynyii-benzoic acid; 2-(1H-Indol-6-y1}-3-{3-(2~
methanesutfonylamno-thiazol-4-v)-phenviethynyli-benzoic acid; 3-(2-(1,4-dihydro-2-({4~

methoxy piperidin-1-vDmethy-4-oxoquinazolin-6-yDethynyt)-2-{ 1 H-indol-6-viYbenzoic acid; 3-(2-
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(1,4-dihvdro-2~({4-thiomorpholine-1,1dioxide-1 -vhimethyl}-4-oxoquinazolin-6-yhethynyl-2-(1 H-
mdol-6-yiYbenzoic acid; 3-(2-(2~(trifluoromethyl)-3.4-dihvdro-4-oxoquinazolin-6-vhethyny-2-(1 H-
mdol-6-yiYbenzoic acid; 3-(2-(3,4-dihydro-3-(2-methoxyethyl}-4-oxopyrido{ 2,3-d]pyrinudin-6-
vhethynyl-2-(1H-indol-6-vlibenzoic acid; 2-(1H-Indol-6-yH-3-| 3-(2-methoxy-6-methyl-phenyl
carbamovl}-phenylethynyll-benzoic acid; 3-{3-{4-(1,1-Dioxo-1-thiomorpholin-4-y1}-phenyl
carbamovl}-phenyiethynyi}-2-(1H-indol-6-vi}-benzoic acid; 3-Phenylethvnyl-2-(1 H-pyrrolof2,3-
bipvridin-3-y1)-benzoic acid; 3-(4-Fluoro-phenylethynvi)-2-{1 H-pyrrolof2,3-bpyridin-S-yi}-benzoic
acid; 3-(4-Methoxy-phenyiethynyi}-2-{1H-pyrrolo]2,3-bjpyridin-5-yi}-benzoic acid; 2-(1H-
Pyrrolof2,3-blpyridin-S-vi)-3-[4-(tetrahy dro-pyran-4-vioxy }-phenylethvoyt]-benzoic acid; 2-(1H-
Indol-6-vi)-3-{4-{2-(tetrabydro-pyran-4-yi}-ethoxv]-phenyiethynyl} -benzoic acid; 3-[4-(1, 1-Dioxo-
hexahydro-1-thiopyran-4-yloxy }-phenylethyvnyl-2-(1H-indol-6-yD)-benzoic acid; 2-(1H-Indol-6-vi-
3-(4-morpholin-4-vlmethyl-phenvlethynyl)-benzoic acid; 3-[4-(4-Ethyl-piperazin-1-yvimethyl)-
phenylethyoyl]-2-(1H-indol-6-v1)}-benzoic acid; 2-(1 H-Indol-6-v1)-3-[4-(4-methyvl-piperazin-1-
yvimethyl}-phenylethvnyl{-benzoic acid; 3-{4-(1.1-Dioxo-thiomorpholin-4-yimethyi}-phenyiethynyl}-
2-(1H-indol-6-vi)-benzoic acid; 3-(4-{{(2-Dimethylamino-ethyl-methyl-aminoj-methyl} -pheny!
ethynyl-2-{1H-indol-6-y1}-benzoic acid; 3-{4-{4-(2-Hydroxy-ethyl)-piperidin-1-ylmethyl}-
phenylethynyl}-2-{ 1H-indol-6-vi}-benzoic acid; 3-{4-(4-Hydroxymethyl-piperidin-1-vimethyl}-
phenylethynyl]-2-{ 1H-indol-6-y1}-benzoic acid; 2-(1H-Indol-6-v1}-3-|4-(4-methyl-| 1 4]diazepan-1-
vhmethvl}-phenylethvayvl-benzoic acid; 3-[4-(3-Hydroxy-azetidin-1-vlmethyi)-phenylethynyl]-2-
{(1H-indol-6-y)-benzoic acid; 3-{4-(4-Hydroxy-pipendin-1-vimethyl}-phenylethyny!]-2-( 1H-indol-6-
vh-benzoic acid; 2-(1H-Indol-6-v1}-3-[4-(4-methoxy -piperidin-1 -vimethy)-phenyiethynylj-benzoic
acid; 3-(4-Dimethylanminomethyl-phenylethvny-2-( 1 H~indol-6-y1}-benzoic acid; 2-(1H-Indol-6-vl}-
3-(4-1](2~methoxy-ethyD-methyl-amino}-methvi} -phenylethynyv}-benzoic acid; 3-[4-(4,4-Difluoro-
piperidin~-1-ylmethy-phenylethynyli-2-(iH-ndol-6-v1}-benzoic acid; 3-[4-(3,3-Difluoro-pipendin-
{-yvimethyl)-phenylethyovl]-2-(1H-indol-6-v1}-benzoic acid; 3-[4-(3,4-Dihvdro-1 H-1soquinolin-2-
vimethvl}-phenylethynyl}-2-(1H-indol-6-y1}-benzoic acid: 2-(1H-Indol-6-vi}-3-[4-(4-methane
sulfonyl-piperazin-1-vimethyl}-phenylethvnyl|-benzoic acid; 2-(1H-Indol-6-y1}-3-{4-(3-
trifluoromethy b-piperidin-1-yImethyly-phenylethynyli-benzoic acid; 2-(1H-Indol-6-y13-3-{4-{3-
methoxy-pyrrolidin-1-yimethyl-phenylethynyli-benzoic acid; 2-(1H-Indol-6-y1}-3-{4-{4-is0propyi-
piperazin-1-ylmethyl}-phenylethvnyli-benzoic acid; 3-{4-(4-Cyclohexyl-piperazin-1-yimethyl)-
phenylethvoyl]-2-(1H-indol-6-vi}-benzoic acid; 3-[4-(4-Cyclopropanecarbonyl-piperazin-1-yl
methyl-phenylethvayl]-2-(1H-indol-6-v1}-benzoic acid; 2-(1H-Indol-6-y1}-3-(4-piperazin-1-

vimethyl-phenviethvnyl)-benzoic acid; 3-[4-(4-Benzenesutfonyl-piperazin-t-vimethy!)-phenvi
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ethvnyl]-2-(1H-indol-6-y1)-benzoic acid; 3-14-{(1,i-Dioxo-~hexahydro-1-thiopyran-4-viamino)-
methyl}-phenylethvnyl}-2~(1H-indol-6-yl}-benzoic acid; 3-[4-(4-Cyclopentyl-piperazin-1-ylmethyl)-
phenylethvnyl]-2-(1H-indol-6-vi}-benzoic acid; 3-[4-(4-Dimethylcarbamoyvl-piperazin- I -vimethyh)-
phenylethynyi]-2-(1 H-indol-6-yi}-benzoic acid; 2-(1H-Indol-6-y1}-3-[4-(2 3,5 o-tetrahydro-{1,2"]
bipyrazinvi-4-yvlmethyl}-phenylethynyl|-benzoic acid; 2-(1H-Indol-6-v1}-3-{4-{4-thuazol-2-y1-
piperazin-1-ylmethyl}-phenylethvayl]-benzoic acid; 3-{4-{(Z-Amino-4,5,6,7-tetrahy dro-
benzothiazol-6-vlamino)-methyii-phenylethynyl} -2-(1H-indol-6-vi)-benzoic acid; 3-{4-{{2-Amino-
4,5,6,7-tetrahvdro-benzothiazol-6-ylamino)-methylf-phenylethynyt}-2-(1 H-indol-6-vl}-benzoic acid;
3-{4-(4-Methvi-piperazin- 1 ~vimethyD}-phenviethyny-2-(1 H-pyrrolof 2,3-bipy nidin-S-vi)-benzoic
acid; 3-{4-(4-Methoxy -piperidin- I -vimethyv)-phenvlethynyl]-2-( 1H-pyrrolof2,3-blpyridin-5-y1)-
benzoic acid; 2-(1H-~Indol-5-y1)-3~-{4-(4-methoxy-piperidin-1-yImethyl)-phenylethyovij-benzoic acid;
2-(1H-Indol-5-y1}-3-[4-(4~-methanesulfonvi-piperazin- 1 -vimethy I)-phenviethvnyl]-benzoic acid; 3-[4~
(4-Methanesulfonyl-piperazin- i -vimethy}-phenviethynv - 2-(1 H-pyrrolof 2,3-blpynidin-5-vi)-
benzoic acid; 3-[4-(4.4-Diflucro-piperidin-1-ylmethyi}-phenylethvnyl]-2-(1H-indol-5-v1}-benzoic
acid; 2-(1H-Indol-5-y1}-3-[4-(4-methyvl-piperazin-1-vimethyl}-phenviethvnvi]-benzoic acid; 3-{4-{4-
Ethanesulfonyl-piperazin-1-vimethyl)-phenviethynyli-2-(1H-indol-6-y1}-benzoic acid; 3-{4-(1,1~
Dioxo-hexahydro-1-thiopyran-4-yloxy)-phenviethynyl}-2-(1H-indol-5-y-benzoic acid; 3-[4-(1,1-
Dioxo-hexahydro-thiopy ran-4-vloxy }-phenylethynyl}-2-( 1H-indazol-6-vi}-benzoic acid; 3-|2-Fluoro-
4-(tetrahydro-pyran-4-vioxymethyi)}-phenviethynyl}-2-( 1 H-indol-6-y1}-benzoic acid; 3-{4-(1,1-
Dioxo-hexahydro~1-thiopyran-4-vioxymethyl)-2-fuoro-phenyiethyvoyii-2-(iH-indol-6-v1)-benzoic
acid; 2-(1H-Indol-6-y1}-3~[4-(2-methanesulfonyl-2.7-diaza~spirof 3. Sfuon-7-yimethvl}-phenyl
ethyvnyl}-benzoic acid; 2-(1H-Indol-6-y1}-3-[4-(5-methanesulfonyl-hexahvdro-pyrrolo[3,4-clpyrrol-2-
vimethvl}-phenylethvovl-benzoic acid; 3-[4-(4-Cyclopropanesulfonyl-piperazin-1-yimethy!)-phenyl
ethyvnyl}-2-(1H-indol-6-yD-benzoic acid; 2-(1H-Tndol-6-y1)-3~{4-[4-(propane-2-sulfonyl}-piperazin-
1-yvimethyl}-phenylethynyvi} -benzoic acid; 2-(1H-Indol-6-y1}-3~[4~(7-methanesulfonyl-2.7-diaza-
spirg{3.5 non-2-vimethyl}-phenviethynyil-benzoic acid; 2-(1 H-Indol-3-y1}-3-{4-(tetrahv dro-pyran-4-
vioxy}-phenylethynyl-benzoic acid, N-(IN,N-dimethyisulfamovi)-2-(1 H-indol-6-vi)}-3-({4-
{{(tetrahydro-2H-pyran-d-vijoxv imethy i iphenyethyny benzamide; 2-(i H-indol-6-vi}-N-{methyl
sulfonyl-3-((4-{{{tetrahydro-2H-pyran-4-yDoxy)methy hpheny Dethynylibenzamide; 6-{2-{4-
(Tetrahvdro-pyran-4-vioxymethyi}-phenylethynyl]-6-(1 H-tetrazol-5-y1)-phenvij-1H-indole;
3-{4~(Benzoylamino-methyi}-phenyiethynyl]-2-(1H-mdol-6-y)-benzoic acid; 2-(1H-Indol-6-v1)-3-
(4~ {[{4-oxo-cyclohexanecarbouy)-amino [-methyl} -phenviethyny-benzoic acid; 2-(1H-Indol-6-y1)~

3-[4-(4-oxo-cyclohexylcarbamovi)-phenylethyovi]-benzoic acid; 3-[4-(2-Amino-4,5,6,7-tetrahy dro-
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benzothiazol-6-vicarbaroyh-phenylethvnyl]-2-(1H-indol-6-v1}-benzoic acid; 3-[4-(2-Amine-4,5,6,7-
ietrahydro-benzothiazol-6-vlcarbamoyi)-phenylethyny-2-(1H-ndol-6-vi}-benzoic acid; 2-(1H-
Indol-6-v)-3-|4-(d-methyi-piperazine- 1 -carbonyl)-phenyiethynvij-benzoic acid; 2-(1H-Indol-6-v1})-
3-{4-{4-methoxy-piperidine- i -carbonyi}-phenyiethynyli-benzoic acid; 2-(1H-Indazoi-6-vi}-3-[4-(4-
methanesulfonyl-piperazin-1-vimethyl}-phenvlethynvl}-benzoic acid; and 2-(1H-Indol-6-vi)-3-|4-(4-
suifamovl-piperazin-1-yimethyl}-phenyiethynvii-benzoic acid.

In certain embodiments, the pharmaceutical composition further comprises at feast one
additional antiviral and/or anticancer agent.

In certain embodiments, the method comprises administering to the subject a therapeutically
effective amount of at least one compound and/or composition of the invention.

In certain embodiments, the disease or disorder is at least one selected from the group
consisiing of cancer, infectious mononucleosts, chromc fatigue syndrome, multiple sclerosis,
gystenic lupus ervthematosus, and rheumatoid arthritis,

In certain embodiments, the cancer is at least one selected from the group consisting of
nasopharyngeal carcinoma, gastric carcinomas, non-hodgkin lymphoma, anaplastic large-cell
lymphoma, angioimmumnoblastic T-cell lymphoma, hepatosplenic T-cell lvmphoma, B-cell
lvmphoma, Burkiit’s lvmphoma, reticudoendotheliosts, reticulosis, microglioma, diffuse large B-cell
lvmphoma, extranodal T/NK lvmphoma/angiocentric lvmphoma, follicular lymphoma,
immunoblastic lymphoma, mucosa-associated bymphatic tissue lymphoma, B-cell chronic
Ivmphocytic leukemia, mantle cell Ivrophoma, mediastinal large B cell lvimphoma, lymphoplasmactic
Ivmphoma, nodal marginal zone B cell lvmphoma, splenic marginal zone tymphoma, intravascular
large B-cell lymphora, primary effusion lyrophoma, lvphomatoid granuloratosis,
angioimnunoblastic lymphadenopathy, leiomyosarcomas, X-linked lymphoproliferative disease,
post-transplant Iyrophoproliferative disorders, Hodgkin’s lymphoma and breast cancer.

In certain embodiments, the compound is administered to the subject by at least one route
selected from the group consisting of oral, nasal, inhalational, topical, buccal, rectal, pleural,
peritoneal, vaginal, intramuscular, subcwaneous, transdermal, epidural, intratracheal, otic,
niraocular, intrathecal, and intravenous routes. In other embodiments, the compound is administered
as part of a pharmaceutical composition further comprising at least one pharmaceutically acceptable

carrier

DETAILED DESCRIPTION OF THE INVENTION

The present mvention relates in part (o the unexpected discovery of novel EBNAIL inhibitors,
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and compositions comprising the same. The compounds and compositions of the invention are
useful for treating and/or preventing: diseases or disorders caused by EBNAT activity, diseases or
disorders associated with EBNAT activity, EBV infections, diseases or disorders associated with
EBYV infections, Ivtic EBV infections, latent EBYV infections, diseases or disorders associated with
Iytic EBV mnfections, and diseases or disorders associated with latent EBV mfection.
Definitions

Throughout the description, where compositions are described as having, including, or
comprising specific components, or where processes are described as having, mcluding, or
comprising specific process steps, it 1s contemplated that composttions of the present teachings also
consist essentially of, or consist of, the recited components, and that the processes of the present

teachings also consist essentially of, or consist of, the recited processing stey

Py

5.

In the apphication, where an element or component is said to be mcluded 1 and/or selected
from a list of recited elements or components, it should be understood that the elerent or component
can be any one of the recited elements or components and can be selected from a group consisting of
two or more of the recited elements or components.

As used herein, unless defined otherwise, all technical and scientific terms generally have the
same meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Generally, the nomenclature psed herein and the laboratory procedures in organic chemistry,
virology, biochemistry and pharmaceuiical sciences are those well-known and commonly employed
in the art.

As used herein, the articles “a” and “an” refer to one or to more than one {i.¢. 10 al least one)
of the grammatical object of the article. By way of example, “an element” means one element or
more than one element.

As used herein, the term “about” will be undersiood by persons of ordinary skill in the art and
will vary to some extent on the context in which it 18 used. As used herein, “about” when referning to
a measurable value such as an amount, a temporal duration, and the like, is meant to encompass
variations of £209%, +10%, =5%, 1%, or £0.1% from the specified value, as such variations are
appropriate to perform the disclosed methods.

For the purposes of the present invention the terms “compound,” “analog,” and “composition
of matter” stand equally well for the prodrug agent described herein, including all enantiomeric
forms, diastergomeric forms, salts, and the hike, and the terms “compound,” “analog,” and
“composition of matter” are used interchangeably throughout the present specification.

As used herein, a “disease” is a state of health of a subject wherein the subject cannot
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maintain homeostasts, and wherein if the disease 15 not ameliorated then the subject’s health
continues to deteriorate.

As used herein, a “disorder” in a subject is a state of health in which the subject is able fo
mairriain homeostasis, but in which the subject’s state of health is less favorable than it would be in
the absence of the disorder. Left untreated, a disorder does not necessarily cause a further decrease in
the subject’s state of health.

As psed herein, the term “EBNAT inhibitor” refers a compound that inhibits EBNAT,

As used herein, the term “EBV” refers to Epstein-Barr virus.

As used herein, the term “EDs” or “ED507 refers to the effective dose of a formudation that
produces about 50% of the maximal effect i subjects that are adwimistered that formulation.

As used herein, an “effective amount,” “therapeutically effective amount” or
“pharmaceutically effective amount” of a compound 1s that amount of corapound that 1s sufficient to
provide a beneficial effect to the subject to which the compound 1s adronistered.

“Instructional material,” as that term is used herein, includes a publication, a recording, a
diagram, or any other medium of expression that can be used to communicate the usefulness of the
composttion and/or compound of the invention in a kit. The instructional material of the kit may, for
example, be affixed to a container that contains the compound and/or composition of the invention or
be shipped together with a container that contains the compound and/or composition. Alteratively,
the nstructional material may be shipped separately from the container with the intention that the
recipient uses the instructional material and the compound cooperatively. Dehivery of the
mstructional material may be, for example, by physical delivery of the publication or other medium
of expression communicating the usefulness of the kit, or may alternatively be achieved by electronic
iransnission, for example by means of a computer, such as by electronic mail, or download from a
website.

The term “low toxicity” for a compound towards a cell or tissue, as used heremn, refersfo a
CCspy {concentration that is cytotoxic to 50% cells) of 50 puM or less for that compound towards that
cell or tissue. In certain embodiments, these charactenstics ensure that these compounds do not affect
the healthy cells of the patient and permit more effective treatment.

As psed herein, the term “pharmaceutical composition” or “composition” refers to a mixture
of at least one compound useful within the invention with a pharmaceutically acceptable carrier. The
pharmaceutical composition facilitates admimstration of the compound to a subject.

As used herein, the term “pharmaceutically acceptable” refers to a material, such as a carrier

or dilaent, which does not abrogate the biological activity or properties of the compound usefud
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within the invention, and is relatively non~toxic, /. e., the material may be administered to a subject
without causing undesirable hiological effects or interacting in a deleterious manner with anv of the
components of the composition in which it is contained.

As used herein, the term “pharmaceutically acceptable carrier” means a pharmacewtically
acceptable material, composition or carrier, such ag a liquid or solid filler, stabilizer, dispersing
agent, suspending agent, diluent, excipient, thickening agent, solvent or encapsulating materiai,
involved in carrying or transporting a compound useful within the invention within or to the subject
such that it may perform its infended function. Typically, such construcis are carried or fransporied
from one organ, or portion of the body, to another organ, or portion of the body. Each carrier must be
“acceptable” 1n the sense of being compatible with the other ingredients of the formulation, mcluding
the compound useful within the invention, and not injurious to the subject. Sorue examples of
materials that may serve as pharmaceutically acceptable carriers include: sugars, such as lactose,
glucose and sucrose; starches, such as com starch and potato starch; cellulose, and its derivatives,
such as sodium carboxymethy! cellulose, ethyl cellulose and cellulose acetate; powdered tragacanth;
malt; gelatin; talc; excipients, such as cocoa butter and suppository waxes; otls, such as peanut oil,
cotionsead oil, safflower oil, sesame oil, olive ¢il, corn oil and soybean oil; glvcols, such as
propyiene glyeol: polyols, such as glycerin, sorbitol, mannitol and polyethylene glveol; esters, such
as ethvl oleate and ethyl laurate; agar; buffering agents, such as magnesium hydroxide and aluminum
hydroxide; surface active agents; alginic acid; pyrogen-free water: isolonic saline; Ringer’s solution:
ethyvl alcohol; phosphate butfer solutions; and other non-toxic compatible subsiances emploved in
pharmaceutical formudations.

As used herein, “pharmaceutically acceptable carrier” also includes any and all coatings,
antibacterial and antifungal agents, and absorption delaying agents, and the like that are compatible
with the activity of the compound useful within the invention, and are physiclogically acceptable to
the subject. Supplementary active corapounds mav also be incorporated into the compositions. The
“pharmaceutically acceptable carrier” may further include a pharmaceutically acceptable salt of the
compound useful within the invention. Other additional ingredients that may be included in the
pharmaceutical compositions used in the practice of the invention are known i the art and described,
for example in Remington’s Pharmaceutical Sciences (Genaro, Ed., Mack Publishing Co., 1985,
Faston, PA}, which is incorporated herein by reference,

As used herein, the language “pharmaceutically acceptable salt” refers to a salt of the
administered compound prepared from pharmaceutically acceptable non-ioxic acids and bases,

mncluding morganic acids, inorganic bases, organic actds, inorganic bases, solvates, hydraies, and
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clathrates thereof.

The term “prevent,” “preventing” or “prevention,” as used herein, means avoiding or
delaving the onset of symptoms associated with a disease or condition in a subject that has not
daveloped such symptoms at the time the administering of an agent or compound conumences.
Disease. condition and disorder are used interchangeably herein.

As psed herein, a “patient” or “subject” may be a homan or non-human mammal or a bird.
Non-human mammals include, for example, livestock and pets, such as ovine, bovine, porcine,
canine, feline and murine mammals. In certain embodiments, the subject is human.

The term “reat,” “trealing” or “treatment,” as used herein, means reducing the frequency or
severity with which symptoms of a disease or condition are experienced by a subject by virtue of
adrmunistening an agent or compound to the subject.

As used herein, unless otherwise noted, “alky]” and “aliphatic” whether used alone or as part
of a substituent group refers to straight and branched carbon chains having 1 to 20 carbon atoms or
any number within this range, for example 1 to 6 carbon atoms or 1 to 4 carbon atoms. Designated
numbers of carbon atoms {e.g. (.4} shall refer independentlv to the number of carbon atoms in an
alkyl moiety or to the alkyl portion of a larger alkvl-containing substituent. Non-linuting examples of
atkyl groups include methyl, ethyi, n-propvl, iso-propyl, n-butyl, sec-butyl, 1so-buivi, tert-butyl, and
the like. Alkyl groups can be optionally substituted. Non-limiting examples of substituted atkyi
groups include hydroxymethyl, chloromethyl, trifluoromethyl, aminomwethyl, 1-chloroethyl, 2-
hydroxyethvl, 1,2-difluoroethyl, 3-carboxypropyl, and the like. In substituent groups with multiple
alkyl groups such as (4 alkyamino, the alkyl groups may be the same or different.

The term “alkoxy™ refers to the group -O-alkyl, wherem the alkyl group 15 as defined above.
Alkoxy groups optionally may be substituted. The term C4-Cs cyclic alkoxy refers to aring
containing 3 to 6 carbon atoms and at least one oxygen atorm {e.g., tetrahydrofuran, tetrahydro-2H-~
pyran). Cs-Cg cyclic alkoxy groups optionally may be substituted.

The term “arvl,” wherein used alone or as part of ancther group, is defined herein as an
unsaturated, aromatic monocyclic ring of 6 carbon members or to an unsaturated, aromatic polyeyelic
ring of from 10 to 14 carbon members. Arvi rings can be, for example, phenyl or naphthyl ring each
optionally substituted with one or more moieties capable of replacing one or more hydrogen atoms.
Non-limiting examples of arvi groups include: phenyl, naphthylen-1-vl, naphthylen-2-yi, 4-
fluorophenyl, 2-hydroxyphenyl, 3-methylphenyl, 2-amino-4-tluorophenyl, 2-(N.N-
diethvlamino)phenvl, 2-cvanophenyl, 2,6-di-tert-butyviphenyl, 3-methoxyphenyl, 8-

hydroxynaphthylen-2-vl 4, 5-dimethoxynaphthylen-1-v1, and 6~cvano-naphthylen-t-vl Aryl groups

o
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also include, for example, phenyl or naphthyl tings fused with one or more saturated or partially
saturated carbon rings {e.g.. bicvclo[4.2.0locta-1,3, 5~tneny], indanyl), which can be substituted at
one or more carbon atoms of the aromatic and/or saturated or partially saturated rings.

The term “arylalkyl” or “aralkyl” refers to the group -alkyi-aryl, where the alkyl and aryl
groups are as defined herein. Aralkyl! groups of the present invention are optionally substituted.
Examples of arvialkyl groups include, for example, benzyi, 1-phenviethyl, 2-phenviethyi, 3-
phenylpropyl, 2-phenyipropyl, fluorenvimethyl and the like.

As psed herein, “cycloalkyi,” whether used alone or as part of another group, refers to a non-
aromaiic carbon-~containing ring including cychized alkyl, alkenvl, and alkynyl groups, e.g., having
from 3 to 14 ring carbon atoms, preferably from 3 to 7 or 3 to 6 ring carbon atoms, or even 3 {0 4
ring carbon atoms, and optionally contaiming one or moore (e.g., |, 2, or 3} double or triple bond.
Cycloalkyl groups can be monocycelic {e.g., cyclohexyl) or polyeyclic (e.g., contaiming fused,
bridged, and/or spiro ring systems), wherein the carbon atoms are located inside or outside of the ring
system. Any suitable ring position of the cycloalkyl group can be covalently linked to the defined
chemical structure. Cvcloalkyl rings can be optionally substituted. Nonlimiting examples of
cvcloalkyl groups include: cyclopropyl, 2-methyi-cyclopropyl. cvelopropenyi, cyclobuivl, 2.3-
dihvdroxycevelobutyl, cyclobutenyl, cyclopentyl, cyclopentenvi, cyciopentadienyl, cyclohexyl,
cvclohexenyl, cvcloheptyvi, cyclooctanyl, decalinyi, 2,5-dimethyvicyvelopentyi, 3,5-dichlorocyclohexyi,
4-hydroxyeyclohexyl, 3,3,5-trimethvicyclohex-1-vl, octahvdropentalenyl, octahydro- tH-indenvi,
3a,4,5.6,7,7a-hexahy dro-3H-nden-4-v1, decahvdroazulenyl; bicyclo]6.2.0]decanyl,
decahydronaphthaleny!, and dodecabyvdro~-1H-fluorenyl. The term “cycloalkyl” also includes
carbocychic rings which are bicyclic hydrocarbon rings, non-limiting exaroples of which mclude,
bicvclo-{2.1.1]hexanyl, bicyclo[2.2. 1 heptanyl, bicyclo{3.1. 1Theptanyl, 1,3-dimethyli2.2 1 jheptan-2-
vl, bicvclo{2 2. 2joctanyl, and bicyclof3.3 3fundecanyl.

“Haloalkyl” 1s intended to include both branched and straight-chain saturated aliphatic
hydrocarbon groups having the specified number of carbon atoms, substituted with 1 or more
halogen. Haloalky! groups include perhaloalky! groups, wherein all hydrogens of an alkyl group have
been replaced with halogens {e.g., -CF;, CF,CF3). Haloalkyl groups can optionally be substituted
with one or more substituents in addition to halogen. Examples of haloalkvi groups include, but are
not fimited to, fluoromethyi, dichloroethyi, trifluoromethyl, trichloromethyl, pentafluoroethyi, and
pentachloroethyl groups.

As used herein, the term “halogen™ shall mean chlorine, bromine, fluorine and iodine.

The term “heteroaryl,” whether used alone or as part of another group, 1s defined herein as
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one or more rings having from 5 to 20 atorns wherein at least one atom in at least one ring s a
heteroatom chosen from nitrogen (N), oxygen {0), or sulfur (8), and wherein further at least one of
the rings that includes a heteroatom is aromatic. In heteroarvl groups that include 2 or more fused
rings, the non-heteroatom bearing ring may be a carbocvcle {e.g, 6,7-dihydro-5H-
cvclopentapyrimidine) or arvi (e.g., benzoturanyl, benzothiophenvi, indolyl). Exemplary heteroaryi
groups have from 5 to 14 ning atoms and contain from 1 to 5 ring hetercatoms independently selected
from nitrogen (N), oxygen (), or suifur {S). One or more W or § atoms in a heteroaryl group can be
oxidized. Heteroaryl groups can be substituted. Non-limiting examples of heteroarvl rings containing
a single ring include: 1,2.3 4-tetrazolvl, [1,2,3tnazolvl, [1,2.41irazolyvl, tnaznyl, thiazolyl, 1H-
ridazolyl, oxazolyl, furanvi, thiopheneyl, pyvrimidinyl, 2-phenylipyvrimidinyl, pyrnidinyl, 3~
methvlpvrnidinvl, and 4-dimethylanunopyndinyl. Non-limiting examples of heteroary! rings
contairing 2 or more fused rings include: benzofuranyl, benzothiophenyl, benzoxazolyl,
benzthiazolvl, benziriazolyl. cinnolinyl, naphthyridinyl, phenanthnidinyl, 7H-punnyl, 9H-purinyl, 6-
amino-9H-puwrinyl, SH-pyrrolof3,2-dlpyrimidinyl, 7H-pyrrolo{2,3-d|pyrinudinyl, pyrido{2.3-
dipyrimidinvl, benzold[thiazolvl, 1H-indolvl, 4 5,6, 7-tetrahydro-1-H-indolvl, quinoxalinyl, 5-
methylquinoxalinyl, quinazolinyl, quinolinyl, 8-hydroxy-quinolinyl, and isoquinolinyl.

The terms “heterocyclic” and/or “heterocycle” and/or “heterocylvi,” whether used alone or as
part of another group, are defined herein as one or more ring having from 3 to 20 atoms wherein at
least one atom in at least one ring is a heteroatom selected from mitrogen (N}, oxygen (), or sulfwr
{S), and wherein further the ring that mcludes the heieroatom is non-aromatic. In heterocycle groups
that include 2 or more fused rings, the non-heteroatom bearing ring may be arvl (e.g., indohinyl,
tetrahydrogquinolinyl, chromanyl). Exeroplary heterocycle groups have from 3 to 14 ring atoms of
which from 1 to 5 are heteroatoms independently selected from nitrogen (N}, oxyvgen (O), or sulfur
{8). One or more N or 8 atoms in a heterocycle group can be oxidized. Heterocvele groups can be
optionally substituted.

Non-limiting examples of heterocyclic units having a single ring include: diaziriny,
aziridinyl, urazolyl, azetdinyl, pvrrolyl, thiophenyl, furany!, pyrazolidiny!, imidazohidinyi,
oxazolidinyl, isoxazolinvl, isoxazolyl, thiazolhidinvi, 1sothiazolyl, isothiazolinyl oxathiazolidinonyl,
oxazolidinonyl, hydantoinyi, tetrahydrofuranyl, pyvrrolidinyl, morpholinyl, piperazinyl, piperidinyl,
dihydropyranyl, tetrahvdropyranvi, piperidin-2-onyl (valerolactamy), 2,3,4,5-tetrahydro-1H-azepinyl,
2 3-dihvdro-tH-indole, and 1,2,3 4-tetrahvdro-quinoline. Non-limiting examples of heterocyclic
units having 2 or more nngs include: hexahydro-1H-pyrrolizinvl, 3a,4,5,6,7, 7Ta-hexahydro-1H-

benzoldlimidazolyvi, 3a.4,5,6,7, 7a~-hexahy dro-1H-mndolyl, 1,2,3 4-tetrahy droquinoliny], chromanyl,
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isochromanyl, indohinyl, isoindolinyl, and decahydro-1H-cyclooctalblpyrrolyl.

Unless otherwise noted, when two substituents are taken together to form a ning having a
specified number of ring atoms {e.g., R* and R’ taken together with the nitrogen (N} to which they
are attached to form a ring having from 3 to 7 ring members), the ring can have carbon atoms and
optionally one or more {(e.g., 1 to 3} additional heteroatoms independently selected from nitrogen
(N3}, oxvgen {0}, or sulfur (8). The ring can be saturated or partially saturated and can be optionally
substituted.

For the purposes of the present invention, fused ring units, as well as spirocvchic rings,
bicyclic rings and the like, which comprise a single heteroatom will be considered to belong to the

cychic family corresponding to the hetercatom containing ring. For example, 1,2,3,4~

tetrahydroquinoline having the formula; Y 15, for the purposes of the present invention,
o0
considered a heterocyclic unit. 6,7-Dihvdro-5H-cvclopentapyrimidine having the formula; E\N/

is, for the purposes of the present invention, considered a heteroarvi unit. When a fused ring unit
contains heteroatoms in both a saturated and an arvl ring, the aryl ring will predominate and
determine the type of category to which the ring is assigned. For example, 1,2.3,4-{etrahvdro-

H
Nu N
=

[ 1,8 Inaphthyridine having the formula; L/;[\J 1s, for the purposes of the present invention,
considered a heteroaryi unit.

Whenever a term or either of their prefix roots appear in a name of a substituent, the name is
1o be interpreied as including those limitations provided herein. For example, whenever the term
“alkyl” or “aryl” or either of their prefix roots appear in a name of a substituent {e.g., arvlalkyl,
alkylaming) the name is to be interpreted as including those limitations given above for “alky!l” and
“aryl

The term “substituted” 1s used throughout the specification. The term “substituted” is defined
herein as a moiety, whether acyclic or cyclic, which has one or more hvdrogen atoms replaced by a
substituent or several {e.g., | to 10) substituents as defined herein below. The substituents are capable
of replacing one or two hydrogen atoms of a single moiety at a time. In addition, these substituents
can replace two hydrogen atoms on two adjacent carbons to form said substituent, new moiety or
unit. For example. a substituted unit that requires a single hvdrogen atom replacement includes
halogen, hydroxyl, and the like. A two hvdrogen atom replacement includes carbonyl, oximino, and

the like. A two hvdrogen atom replacement from adjacent carbon atoms includes epoxy, and the like.

|\
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The term “substituted” 1s used throughout the present specification to indicate that a moiety can have
one or more of the hydrogen atoms replaced by a substituent. When a moiety is described as
“substitited” any number of the hydrogen atoms may be replaced. For example, difluoromethylis a
substituted ' alkyl; iriflucromethyl is a substituted (' alkyl; 4-hydroxyphenvl is a substituted
aromatic ring; (N, N-dimethyl-5-anunojoctanyl is a substituted (g alkyvl; 3-guanidinopropylis a
substituted 5 alkvl; and 2-carboxypyvridinyl is a substituted heteroarvl.

The variable groups defined herein, e g., alkyi, cycloalkyi, alkoxy, arvioxy, aryl, heterocvele and
heteroarvi groups defined herein, whether used alone or as part of another group, can be optionally
substituted. Optionally substituied groups will be so indicated.

The following are non-timiting examples of substituents which can substitute for hydrogen
atoms on a moiety: halogen (chlorine (C1), bromune (Br), fluorine (F) and 1odine(1}), ~-CN, -NQ,, oxo
(=0), -ORM, SR, N(R'",, NRUIC(ORM, -SORY, -SO,0RY -SONRMY,, -CORY, -
CIOYORY, -CLOWRY,, C s alkyl. Cr haloalkyl, Cis alkoxy, Cog alkenyl, Cag alkynyl, Ca.yg
cvcloalkyl, arvl, heterocycle, or heteroaryl, wherein each of the alkyl, haloalkyl, alkenyl, alkynyl,
alkoxy, cycloalkvl, arvl, heterocvcle, and heteroarvl groups is optionally substituted with 1-10 {e.g.,
1-6 or 1-4) groups selected independently from halogen, -CN. -NO,, oxo. and R''; wherein R'., at
each occurrence, independently is H, -ORY, -8R, -C{OR™, -C(OHORM, -C{ONR),, -

SO,RY, -S(ORORY, -N(R™Y,, -NRPC(ORY, C g alkyl, €6 haloalkyl, Cog alkenyl, Cog alkynyl,
cvcloalkyl {e.g.. Cs cycloalkyl), arvl, heterocycle, or heteroaryl, or two R units taken together with
the atom({s) to which they are bound form an oplionally substituted carbocycle or heterocyele
wherein said carbocvele or heterocycle has 3 to 7 ring atoms; wherein R', at each occurrence,
mdependently 1s H, C6 alkyvl, i haloalkyl, Cog alkenvl, Cyz alkynyl, cycloalkvl (e.g, Cis
cyeloalkyl), aryl, heterocycle, or heteroaryl, or two R units taken together with the atom(s} to which
they are bound form an optionallv substituted carbocycle or heterocycle wherein said carbocycle or
heterocycle preferably has 3 to 7 ning atoros.

In certain embodiments, the substituents are selected from the group consisting of' -OR"; for
example, -OH. -OCH;, -OCH,CHs, -OCH,CH,CH;: -C(O)RY; for example, -COCH;, -COCH,CH;.
-COCH,CH,CH5; -C(OYOR"; for example, -CGyCH;, -CO,CH,CH;, -COCHCHLCH:: -
C{OIN(R YY), for example, -CONH,, -<CONHCH;, -CON(CHs),; -N(R"),; for example, -NH,, -
NHCH;, -N(CHs), -NH(CH,CHs); halogen: -F, -Cl, -Br, and -I, -CH.X,; wherein X is halogen, m
is from 0o 2, e+g =3, for example, -CH.F, -CHF,, -CF, -CCla, or -CBr:; -SO,R™: for example, -
SOH; -SO,CH,: -80,CHs; Ci-C linear, branched, or cyclic alkyl, Cyano: Nitro; N(RPYC(OWR:

Oxo (=0); Heterocycle, and Heteroaryl, wherein each R™ is independently H, optionally substituted
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C1-Cg hinear or branched alky! (e g.. optionally substituted C;-C; hinear or branched alkyl), or
optionally substituted C5-Cy cycloalkyl (e.g optionally substituted Cs-C cycloalkyl): or two RY units
can be taken together to form a ring comprising 3-7 ring atoms. In certain aspects, each R is
independently H, C;-C; linear or branched alkvl optionally substituted with halogen or C;-Cq
cvcloalkyl or Cs3-Ug cvcloalkyl

When any variable occurs more than one time in any constituent or in any formula, its
definition in each occurrence is independent of its definition at every other occurrence {e.g., in
N(R'"},, each R' may be the same or different than the other). Combinations of substituents and/or
variables are permussible only if such combinations resull in stable compounds.

At various places in the present specification, substituents of compounds are disclosed in
groups or in ranges. 1t 1s specifically intended that the description include each and every individual
subcombination of the members of such groups and ranges. For example, the term “C, alkvl” 15
specifically intended to individually disclose Cy, C,, Ca. Cy, Cs, Co, C1-Cs, C1-Cs, C1-Cy, C-C5, Ci-
Cg., Cz'-(‘,(,, C“;“C; CZ"C4, Cz'C% (‘,3"{:5, C3"C5, C}"C% C4-C(,, C4'C5, and Cs'-Cs., Elﬂ(}i

Throughout this disclosure, various aspects of the invention may be presented in a range
format. It should be understood that the description in range format is merely for convenience and
brevity and should not be construed as an mflexible limitation on the scope of the invention.
Accordingly, the description of a range should be considered to have specifically disclosed all the
possible sub-ranges as well as individual numerical values within that range and, when appropriale,
partial integers of the numerical values within ranges. For example, description of arange such as
from 1 1o 6 should be considered {0 have specifically disclosed sub-ranges such as from 1 to 3, from
1to4, from i to 3, from 2 to 4, from 2 to 6, from 3 1o 6 ste., as well as individual numbers within

that range, for example, 1, 2, 2.7, 3, 4, 5, 5.3, and 6. This applies regardiess of the breadth of the

range.
Compounds
The EBM A1 inhibitors of the present invention include a compound of formula (1}, or any
RZ
N2
L 5
e SR
R E
3
X X
enantiomer, diastereomer, tautomer, salt and/or solvaie thereof’ (D , wherein:

X! is selected from the group consisting of CR™ and N;
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X is selected from the group consisting of CR™ and N;

X s selected from the group consisting of CR* and N;

Rga R(‘ > Rgd
N AR T
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\?K NP RB&
i . . ot R80 H . /
R* is selected from the group consisting of g8 pee

R R g R
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R’ is selected from the group consisting of -CO,R*, -C(=0)NH-S(=0)LNRR®, -
SEOLNHC(EOIR -NHSEO)LR, and 1H-tetrazol-S-vl;

R* R*® and R¥ are each independently selected from the group consisting of fluorine, chlorine,
bromine, iodine, and H;

R* s selected from the group consisting of H, optionally substituted C, . linear alkyl, and optionally
substituted Cs. branched alkyl;

R’ is selected from the group consisting of H, optionally substituted C, linear alkyl, and optionally
substituted Cs.¢ branched alkyl;

R° is selected from the group consisting of H. optionally substituted C . linear alky!, and optionally
substituted Cs_ branched alkvl; or R and R® are taken together with the atoms to which they are
connected to form a 3-, 4-, 5+, or 6~-membered ring optionally containing a unit selected from the
eroup consisting of oxygen, sulfur, SO, 8G,, CF,, NH, N{T ¢ alkyl), N{C;.; branched alkyl}, N{Cs
cvcloalkyl}, Neheteroaryl), NCO{C ¢ alkyly, NCO(C, 4 branchecd alkyl), NCO(Cq 4 cvcloalkyl),
NCOC g alkyl), NCO{C ¢ branched alkyl), NCO{(Ca s cycloalkyl), NCON(C4 alkyly, SONH,,
NEO{Cys alkyl), NSOHC5 branched alkyl}, NSO,(Cas cveloalkyl), and NSO, Arvl;

R’ is selected from the group consisting of H, optionally substituted C ¢ linear alkyl, optionally
substituted Cs 4 branched alkyl, C;. haloalkyl, optionally substituted phenyl, optionally substituted
pyridyl, optionally substituted heteroarvl, and -CH{R*}R®Y;

R® R¥® R* RY and R™ are each independently selected from the group consisting of H, halogen,
hydroxyl, CN, optionally substituted () ¢ hinear alkyl, optionally substituted ;¢ branched alkyl, and
C1s alkoxy;

R R™ R™ R™ and R™ are each independently selected from the group consisting of H, halogen,
optionally substituted C¢linear alkyl, Ci5 alkoxy, and optionally substituted U6 branched alkyl;

R and R'" are each independently selected from the group consisting of H, optionally substituted
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C1. hinear alkyl, and optionally substituted C,.¢ branched alkyl;

L' is selected from the group counsisting of -C=C-. -CH=CH- and ~(CH.),~;

L7 15 selected from a group consisting of NH, {(CH; ), and wherein “**” indicates the point

of attachment for R*:

3 Q' is selected from a group cousisting of optionaly substituted benzyl, COR’, 8O,R’
CH.
Lo
Yt CHy RN ??\N O (CHy)
REg-N T & ¥ RN o AT N
o 3 o 3 (CHdg gng R N :
nisO, 1, 2, or3:mis0, 1,2, 0r3;gis 1, 2,3, ord;andxis 0, 1,2, or 3.
RZ
|
L2
R‘:
: ‘ ‘ N
In certain embodiments, compeound (I) 1s compound (3} .
RZ
i
L2
R
L1 3
\\E’L’TR
. . . /
In certain embodiments, corapound (1) 1s compound (1¥i): N ,
R2
§
Lz
RL
L 23
I N R
3 , B . . N
19 In certain embodiments, compound (1) is compound (AV): .
Rz
f
L2

In certain embodiments, compound (1) is compound (V).
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RZ
!
R.} LZ
Sy, -7
In cerfain embodiments, compound (I} 1s compound (VE):
RZ
; -
R»] Lc.
R
\ \ R‘S
. . . . S ' /
In certain embodiments, compound (I} is compound (VI N
RZ
i
R.} L2
A
. | | A
In certain embodiments, compound (1) is compound (VEIE): = )
RZ
i

RI. L2

In certain embodiments, compound (1) is compound (IX):

i
LZ
1 3
R .z E o, R
In certain embodiments, compound (1} is compound (X} )

RE
b

LA

In cerfain embodiments, compound (I} 1s compound (XE):
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In certain embodiments, compound (I} i1s compound (XEE}:

In certain embodiments, compound (1} is compound (XY

E_;{Z
L2
R! Ry R
. . s -~ N _#
In certain embodiments, compound (1) is compound (XEY):

In certain embodiments, compound (I} 1s compound (XV}):

RQ
{
L2
R’ e RS
. ‘ ‘ . N
3 In certain embodiments, compound (1) is compound (XVi)

In certain embodiments, compound (I) 1s compound (XVI): .

n certain embodiments, X' is CR™. In certain embodiments, X' is N. In ceriain
embodiments, X7 is CR®™  In certain embodiments, X* is N. In certain embodiments, X is CR*™ In
certain embodiments, X is N. In certain embodirnents, R is further optionally substituted phenyl.

10

Tn certain ernbodiments, R' is further optionally substituted heteroaryl. In certain embodiments, R’ is

(o8]
W



4

WO 2016/183534 PCT/US2016/032574

further optionally substituted benzyl. In certain embodiments, R' is further optionally substituted
heteroarvi methyl.

R
O F
FJ\R%

I certain embodiments, R' is R3¢ . In certain embodiments, R' is

Rad
gt
N
Raa’&,/-
R8C

7
I
i

In certain embodiments, R'is  re®

Tn certain embodiments, R is

RS Ré%a
5 &T(CH@ L _R®
R 3 24
O RS-@
Roe _In certain embodiments, R' is O . In certain

0 roa
M gern L e
R N
H
R8C
. . . . . 1. Gl -
embodiments, R' is . In certain embodiments, R’ 1s R Jn
RSb
R?SC QS&
Rab ™~ i \
Ba E 8¢
NS N
IR i
RN A e i :
NS N e
ceriain embodiments, R'is © RS . In certain embodiments, R is H
R&a
- {CH), X R
= b i) &b
R\N’/ R 5 K82 méc
i R | ey
RO N
B¢ Pl LNE
R R o) #*
. . 1 &d . . 1.
certain embodiments, R’ is R . In certain embodiments, R’ is R
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- (CHg)
;

In certain embodiments, R’ ig RS . In certain embodiments, R' is
2 >

RT RSa

8d . . 1 .
R . In certain embodiments, R is . In certain

Rﬁb

02 (C H v-)X
/ &LF
N

P

. Y . ) - &d
embodiments, R is RY H . In certain embodiments, R' is R

Rsb

-

In certain embodimenis, R* 1s

RSb

RSC i Raa
RSCE
R7 /(CH2>X

N ) . . 1. ; . . 1.

@ In certain embodiments, R' is . {n certain embodiments, R’ is
CF,

,O RSa
R?

RBC

. In certain embodiments,



()

WO 2016/183534 PCT/US2016/032574

. In certain embodiments, R' is

g

o | 5

. ‘ .. HO = , . . .
ceriain embodimenis, R’ is . In certain embodiments, R’ is

RSa

o

. . . - 8d .
s In certain embodiments, Rlis ©Fs R In certain

%\Q/\‘\ R8a
N .

S E,N\.
ZARN

. In certain embodiments, R' is O° O

0 Raa

. In certan

Rga

4%

embodiments, R'is @° O . In certain embodiments, R' is
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Rga

RS(J

JIn

RSC

™ In certain embodiments, R is . In certamn

{CHp)

RZO X N\ RSb

. ) . ~8d . . . d
embodiments, R' is R . In certain embodiments, R is R® Cn

O RO

; 8

RE%a RSB

. . ad . . ) . 8g
embodiments, R' is R . In certain embodiments, R' is R .In
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In certain
RSH
REJ
/\?“;j
RE
embodiments, R is O
o R aa RSB Rab

R . In certain embodiments,

S (Gl =
PR N RS
Rb
Roa RS0
R N
\ o
RS e N\/)‘\\/RVC
©H)e § T,
. . . iSd N . . 1.
embodiments, R' is R . In certain embodiments, R is
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%Oiw/\,

.| N
In certain embodimenis, R’ is . In certain embodiments, R 1s
_/NHZ
P
XN
R2 de
RSb ;
E_E{BB
N*—N RS&
HN—L ]
is R . In certain

embodiments, R' is

8dl . . . .
R . In certain embodiments, R' is Red . In certain

. ) . ac . . .
embodiments, R' is R . In certain embodiments, R' is CIn
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\O//\\/N S\

_In certain embodiments, R' is o . In certain embodiments,

. In certain embodimenis, R’ is

RB& RB&

r/"\NSC

(CHa)q

(]

In certain embodiments, R' is R8d . In certain

Rﬁa

embodiments, R' is

RSB e Rﬁa
Rgb i i

\O Réc

¢

RAd . In certain embodiments, R' is REd . In certain
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N
57 N

X

embodimenis, R' is

N
W)
S N
L
. In certain embodiments, R' is

In certain embodiments, R” is further H. In certain embodiments, R is further NR'“R!™ I

certain embodiments, R is further fluorine. In certain embodiments, R” is further optionally

substituted phenyl. In certain embodiments, R’ is further optionally substituted heteroarvl. In certain

N . .
R {‘/R~ G Rﬂ\,____:/ﬁ\ﬁ/ o
Rs»a/‘\/iN}}\\Rgd ‘2 W Roc
embodiments, R” is e . In certain embodiments, R? is r%” R . Tn certain
Rga
b
N-O

RQQ‘
In certain

RJ
RQC
Rgd
embodiments, R is . In certain embodiments, R” is . In certain
R v RQe
embodimenis, R? is . Tn certain embodiments, R is . In
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=9 %
o m 29
+ i

ceriain embodiments, R is . In certain embodiments, R% is in

R = R
N . 2 .
certain embodiments, R” is

ceriain embodiments, R is o certain

embodiments, R is

in certain embodiments, R’ is CO.R™. In certain embodiments, R’ is -C(=0)NHS(=0},NR’R®.
In certain embodiments, R’ is -S(=0),NHC(=0)R'. In certain embodiments, R is -NHS(=0RR In
certain embodiments, R3 is [H-tetrazol-5-y1.

In certain embodiments, R* is H. In certain embodiments, R* is fluorine. In certain
embodiments, R* is chiorine. In certain embodiments, R* is bromine. In certain embodiments, R® is
iodine. In certain embodiments, R* is H. In certain embodiments, R* is fluorine. In certain
embodimenis, R* is chlorine. In certain embodiments, R* is bromine. In certain embodiments, R¥ s
iodine, In certain embodiments, R* is H. In certain embodiments, R* is floorine. In certain
embodiments, R* is chlorine. In certain embodiments, R* is bromine. Tn certain embodiments, R¥ is
iodine. In certain embodiments, R* is H. In certain embodiments, B* is optionally substituted C,.4
linear alkyl. In certain embodiments, R* is optionally substituted Cs., branched alkyl.

In certain embodiments, R’ is H, In certain embodiments, R’ is optionally substituted €1
linear alkyl. In certain embodiments, R’ is optionally substituted Cx.; branched alkyl.

In certain embodiments, R® is H. In certain embodiments, R® is optionally substituted C .

linear alkyl. In certain embodiments, R° is optionally substituted Ca.s branched alkyl.
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In certain embodiments, R” and R® are taken together with the atoms to which they are
connected to forma 3, 4, 3, or 6 membered ring optionally containing a unit selected from the group
consisting of oxygen, sulfur, 8O, §G,, CF,, NH, N(C; ¢ alkvl}, N(C;.» branched alkyl), N(Cs 4
cyvcloalkyl}), Ntheteroarvl), NCO(C; s alky ), NCO(C, ¢ branchecd alkyl), NCO(C.4 cvcloalkyl},
NCOYCrs alkyvl), NCO(Cy¢ branched alkyl), NCO{Cy6 cycloalkyl), NCON(C6 alkyl);, SO;NH,,
NSO ¢ atkyl), NSO»Cs branched alkvi), NSG{Ts.¢ cycloalkyi}, and WSG, Ayl

In certain embodiments, R” is H. In certain embodiments, R’ is optionally substituted C.5
linear alkyl. In certain embodiments, R is optionally substituted Cs. branched alkyl In certain
embodiments, R is C15 haloalkyl. Tn certain embodiments, R is optionally substituted phenyl. Tn
certain embodiments, R’ is optionally substituted pyridyl. In certain embodiments, R’ is optionally
substituted heteroaryl. In certain embodiments, R is ~CH(R}R).

In certain embodiments, R™ is H. In certain embodiments, R™ is optionally substituted C.4
linear alkyl. In certain embodiments, R™ is optionally substituted Cs. branched alkyl In certain
embodiments, R™ is halogen. In certain embodiments, R* is hydroxyl. In certain embodiments, R¥ is
CN. In certain embodiments, R* is ¢ alkoxy. In certain embodiments, R* is {CH;)QNRSRS. In
certain embodiments. R™ is H. In certain embodiments, R® is optionally substituted C) linear alkyl.
In certain embodiments, R* is optionally substituted Cs branched alkyl. In certain embodiments, R®
is halogen. In certain embodiments, R™ is hydroxyl. In certain embodiments, R is CN. In certain
embodiments, R® is C 4 alkoxy. In certain embodiments, RY is ~(CE—HQ)QNR5RG‘ In certain
embodiments, R™ is H. Tn certain embodiments, R¥ is optionally substituied C,4 linear alkyl. In
certain embodiments, R™ is optionally substituted Ca¢ branched alkyvl. In certain embodiments, R™ is
halogen, In certain embodiments, R™ is hydroxyl. Tn certain embodiments, R* is CN. In certain
embodiments, R* is €, alkoxy. In certain embodiments, R* is H. In certain embodiments, R™ is
optionally substituted C ¢ linear alkyvl. In certain embodiments, R™ is optionally substituted Ca.q
branched alkyl.

In certain embodiments, R™ is H. In certain embodiments, R™ is optionally substituted Cy.¢
linear alkyl. In certain embodiments, R™ is optionally substituted Cs.; branched alkyl. In certain
embodiments, R™ is halogen. In certain embodiments, R™ is C16 alkoxy. In certain embodiments, R
is H. In certain embodiments, R” is optionally substituted €, linear alkyl. In certain embodiments,
R™ is optionally substituted Cs. branched alkvl. In certain embodiments, R* is halogen. In certain
embodimenis, R™ is Ci alkoxy. In certain embodiments, R% is H. In certain embodiments, R% is
optionally substitated C ¢ linear alkyl. In certain embodiments, R% is optionally substitated Cag

branched atkyl. In certain embodiments, R™ is halogen. Tn certain embodiments, R™ is C 4 alkoxy.

b
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In certain embodiments, R™ is H. To certain embodiments, R™ is optionally substituted C,4 linear
alkyl. In certain embodiments, R’ is optionally substituted C;.¢ branched alkvl. In certain
embodiments, R is halogen. In certain embodiments. R™ is €. alkoxy. In certain embodiments,

R is H. In certain embodiments, R™ is optionally substituted C . linear alkvl. In certain

4

embodiments, R™ is optionally substituted Cs. branched atkyl. In certain embodiments, R™ is
halogen. In certain embodiments, R™ is €y alkoxy.

In certain embodiments, R'™ is H. In certain embodiments, R'™ is optionally substituted C
linear alkyl. In certain embodiments, R'™ is optionally substituted C,¢ branched alkvl. In certain
embodiments, R' is H. In certain embodiments, R'™ is optionally substituted C ¢ linear alkyl. In
19 certain embodiments, R'™ is optionally substituted C1.¢ branched alkyl.

In certain embodiments, L' is ~C=C-. In certain embodiments, L is -CH=CH-. In certain

embodiments, L' is (CH,),. In certain embodiments, L* is NH. In certain embodiments, L% is (CH ).

In certain embodiments, L is e

In certain embodiments, Q' is

S g
AN 7N
g7 Ry l\ %

7 ",
R % (CHy)

. In certain embodiments, Q' is 4 In certain embodiments, ('

[—
(]

@)

Sy
is ¥ o .

In certain embodiments, nis €. In certain embodiments, n s 1. In certain embodiments, n is

2. In certaim embodiments, n1s 3. In certain embodiments, m g 0. In certamn embodiments, mis 1. In
cerfaim embodiments, mis 2. In certain embodiments, mis 3. In certain embodiments, qis 1. In

26 certain embodiments, qis 2. In certain embodiments, g is 3. In certain embodiments, q is 4. Tn certain
embodiments, X is 0. In certain embodiments, x is 1. In certain embodiments, x is 2. In ceriain
embodiments, X is 3.

Irx certain embodiments, compound (1} is compound (XY} or a pharmaceutically
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R’ R? and m are defined in Table 1.
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(X Vi), whereimn non-limiting exarnples of

Table 1:

Entry R! R* m
1 phenyl iH-pyrrolof2.3-blpvridine-5y1 | O
2 4-fluorophenyl 1H-pysrolof2,3-bipyridine-5-v1 | 0
3 4-(oxan-4-vioxyphenyl iH-pyrrolof2.3-blpvridine-5y1 | O
4 4-methoxyphenyli 1H-pyrrolo]2,3-blpyridine-S+v1 | 0
5 3-carbamovl-5-methoxyphenyl IH-pyvrrolof2.3-bipvridine-5-y1 | O
6 2 4-difluorophenyl 1H-pysrolof2,3-bipyridine-5-v1 | 0
7 4-acetamidophenyl iH-pyrrolof2,3-blpvridine-5-y1 | O
8 4-{4-roethoxybenzene- sulfonamidojphenyl 1H-pyrrolof2,3-bipyridine-5-y1 | 0
o 4-(thiophene-2-sulfonamido)phenyl 1H-pyrrolo]2,3-bipvnidine-5-y1 | O
10 4-{pyridine-3-armido)phenyl 1H-pysrolol2,3-bipyridine-5-v1 | 0
11 4-methanesulfonamidophenvli 1H-pyrrolo} 2,3-bipyridine-5-y1 | O
12 4-aminophenyl 1H-pysrolol2,3-bipyridine-5-v1 | 0
13 4-(4-methoxybenzene- sulfonamido)phenyl Indol-6-vi 0
14 4-{thiophene-2-sulfonamidojpheny! Indol-6-v1 0
15 4-(pyridine-3-amido)phenyl Indol-6-vi 0
16 4-methanesulfonamidophenyl Indol-6-v1 0

4-(3-chloro-4-fluorobenzenesulfon amido} Indol-6-v1 '
Y pheny! !
18 3-carbamoy!-5-methoxyphenyl Indol-6-v1 0
19 4-{(2- Indol-6-yi .
methoxy ethyDi(methyicarbamoylphenyl
- 4-{{2- Indol-6-v1 X
{dirnethviaminoethyljcarbamoyl] phenyl
21 4-(piperazine- 1 -carbonylipheny! indol-6-vi 0
22 4-fluoro-3-{oxan-4-yloxy yphenyl Indol-6-y1 0




WO 2016/183534 PCT/US2016/032574
4-{[{4-carboxyphenyDformamido}methyl} Indoi-6-y1

2 phenyl !

23 4-(3-hydroxyazetidin-1-yDmethyl{phenyl indol-6-vi 0

24 3-(3-methanesulfonamidophenyphenvl Indol-6-y1 0

25 4-f{(4-methoxypipendin-1-ylmethyliphenvl indol-6-vi 0

26 4-1{4,4-difluoropiperidin-1-vDmethyiiphenyl | Indol-6-v1 0

27 4-[{(4-hydroxypipertdin-1-ylymethytiphenyl indol-6-vi 0

28 4-}{phenylformamidoymethyljphenyl Indol-6-y1 0

29 4-(oxan-4-vimethoxy)phenvi indol-6-vi 0

30 4-|2-(oxan-4-yhethoxy|phenyl Indol-6-y1 0
4-4{(2- indol-6-vi

31 0
fluorophenyhformamido]methyl} phenyi

32 4-l{dimethylaminoymethyvijphenyl Indol-6-y1 0

33 4-(aminomethyvphenyl indol-6-vi 0
4-{1(Z-methoxyethyD(methyDaminomethyl} | Indol-6-y1

4 phenyl !

15 4-{{2-carboxyphenyDformamidoimethyl} indol-6-vi o
pheny|

36 3-(morphohin-4-ylimethvhphenyl Indol-6-vy1 0

37 | 4-[(1.1-dioxo-12°-thian-4-y1)oxy Jphenyl Indol-6-vl 0

38 4-0x0-3.4-dihvdroquinazolin-7-vl Indol-6-vy1 0

39 2-methvl-4-ox0-3,4-dihydroquinazolin-7-y1 Tndol-6-vi 0

40 4-(morpholin-4-ylmethvhphenyl Indol-6-vy1 0

41 4-[{4-ethyipiperazin-1 -viynethylphenyl Tndol-6-vi 0

42 4-[{4-roethyipiperazin- 1 -vhmethyljphenyl Indol-6-vy1 0

43 4-[(1.1-dioxo-14-thiomorpholin-4-yDimethyl] | Indol-6-vl 0
pheny|

4 4-{{]2-(dimethvlamino)ethy{methyDamino} | Indol-6-y1 o
methylphenyl

45 4-{14~(2-hydroxvethy piperidin-1-vijmethyl} | Tndol-6-vi 5
pheny!

46 4-{oxan-4-yioxy}-3-(trifluoromethy!phenyl Indol-6-vy1 0
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4-[{4-methvi-1,4-diazepan-1- Indol-6-y1
Y vhmethyliphenyl v
48 phenyl S3-fluoro-indol-6-v1 0
49 phenyl 7-fluoro-indol-G-y1 0
50 phenyl 1.3-benzothiazol-5-v1 0
51 phenyl 2-methyl-1,3-benzothiazol-5vt | 0

i-methyl-1H-pyrrolo]2,3-b}
52 phenyl o 0
pyridin -6-y1

53 phenyl 1,8-naphthyridin-3-yi 0

54 pheny! i 8-naphthyridin-2-vi 0

1-[3-{morpholin-4-ybpropyl]-1H-pyrrolof2.3- | Indol-6-vi
blpyridin-3-yl

1-[2-(morpholin-4-yDethyil-1H-pvrrolo]2,3- | Indol-6-y1
blpyridin-3-vl

57 1-[2-(dimethvilamino)ethyl]-1H-pyrrolo|2,3- Indol-6-vl
0
bipynidin-3-vi

- 1-[3-(dimethylamino)propyl}-1H-pyrrolof2.3- | Indol-6-vi .
¢ Y
bipyridin-3-yi

1-{2-(dimethylamino)ethy - 1 H-pyrrolof2.3- | Indol-6-y]

59 0
blpyridin-3-yl

60 1,8-naphthyridin-2-yi Indol-6-v1 0

61 2-(5,6,7 8-tetrahvdro-1,8-naphthyridin-3-y1 Indol-6-vi 0

o 1-}2-(morpholin-4-yvhethyl}-1H-pvrrolo]2,3- | Indol-6-v1 o

62

blpyridin-5-y1

; 1-[2-(dimoethylamino)ethy -1 H-pyrrolof2,3- | Tndol-6-yi
6 0
bipyridin-S-yi

(]

64 4-{&-azabicyclo[3.2.1]octan-3-y1} phenyl Indol-6-v1 0

In certain embodiments, R is at least one selected form the group consisting of: 4-
acetamidophenyl; 4-(aminomethyphenyl; 4-aminophenvi; 4-{8-azabicvelo]3.2. 1joctan-3-y1} phenyl;
3-carbamoyl-5-methoxyphenyl; 4-{{(2-carboxyphenyDformamdoimethyl} phenvl: 4-{{{4-
carboxyphenyi} formamidolmethyl} phenvl 4-(3-chloro-4-fluorobenzenesulfon amido} phenyi; 2.4~

difluorophenyl; 4-{(4 4-difluoropipenidin-1 -y methyliphenyl; 4-{[2-
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{(dimethylamino}ethyvljcarbamoy!} phenvl; 4-({} 2-{dimethvlamino)ethyl}{methyamino}
methyliphenyl, 1-[2-(dimethylamino)ethyi]-1H-pyrrolof2,3-blpyridin-3-yl; 1-[3-{dimethylamino)
propylj-1H-pvrrolo{2,3-b]pyridin-3-y1; 4-[{dimethylammo)methyljphenyl; 4-{(1,1-dioxo-1).°-thian-
4-yDoxy|phenyl; 4-[(1,1-dioxo-11°-thiomorpholin-4-y1ymethyl] phenvl; 4-{(4-ethylpiperazin-1-
vhmethyliphenyl; 4-fluoro-3-(oxan-4-vioxy)phenyl; 4-fluorophenyl; 4-{ ij(Z—ﬂuorophenyl)
formamidojmethyl} phenvl; 4-[(3-hydroxy azetidin-1-ylimethyliphenyl, 4-{{4-(2-hvdroxyethyl)
piperidin-1-vlimethyl} phenvl; 4-[(4-hydroxvpiperidin-1-yhmethvi|phenyl; 4-
methanesulfonamidophenyl; 3-G-methanesul fonamide phenybphenyl; 4-(4-methoxybenzene-
sulfonamido)jphenvl; 4-{{{2-methoxyethy W methyDamino] methvl} phenvi; 4-[(2-
methoxyethyD{(methylicarbamovliphenvl; 4-methoxyphenvi; 4-[{4-methoxypiperidin-1-
viymethyliphenyl; 4-[(4-methyl-1,4-diazepan-1-ymethyljphenyl; 4-{{4-methvipiperazin-1-
vhmethyvljphenyl; 2-methyl-4-ox0-3,4-dihydroquinazolin-7-v1; 3-(morpholin-4-vimethyDphenyl; 4-
{morpholin-4-yimethvlphenyl; 1-[2-(morpholin-d-vlethyl]-1H-pvrrolo[2,3-blpynidin-3-y1; 1-[3-
{morpholin-4-vhpropvi|-1H-pyrrolo]2,3-bipyridin-3-y1; 1-{2-{morpholin-4-ylethyvii-1H-pyrroio{2,3-
blpynidin-3-vl; 1-[2-(direthylaminolethyl}-1H-pyrrolof2,3-blpyridin-5-v1; 1 8-naphthyridin-2-v1; 4-
{oxan-4-ylmethoxy)phenvi; 4-{Z-(oxan-4-vhethoxy {phenyl; 4-(oxan-4-vioxy yphenyl, 4-(oxan-4-

vioxy)-3-(trifluoromethy Dphenyl; 4-oxo-3,4-dihvdroquinazolin-7-vl; phenyl 4-
(phenviformamidoymethyijphenvl; 4-{piperazine-1-carbonyljphenvi; 4-{pyridine-3-amidojphenyl; 2-
(5.6,7 8-tetrahydro-1,8-naphthyridin-3-vl; and 4-(thiophene-2-sulfonanudojphenyl.

In certain embodiments, R’ is at least one selected from the group consisting of. 1,3-
benzothiazol-5-vl; 5-fluoro-indol-6-y1; 7-fluoro-indol-6-v1; Indol-6-vl; 2-methyl-1,3-benzothiazol-5-
vl T-methvi-1H-pyrrolo{2,3-b] pyridin -6-y1; 1,8-naphthyridin-2-v1; 1,8-naphthyridin-3-vi; and 1H-
pyrrolof2,3-bipyvridine~5-y1.

As defined herein, a compound depicted by the racemic formula further stands for either of
the two enantiomers or mixtures thereof, or in the case where a second chiral center is present, all
possible diastereomers,

For the purposes of demonstrating the manner in which the compounds of the present

imvention are named and referred 1o herein, the compound of formmila:

the chemical name 3-(2-phenylethyny)-2-(1H-pyrrolo2,3-blpyndin-S-vhbenzoic acid.
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For the purposes of demonstrating the manner in which the compounds of the present
1=

mnvention are named and referred to herein, the compound of formula: has
the chemical name 2-(5-fluoro-1H-1ndol-6-y1}-3-(2-phenviethynyi} benzoic acid.

As defined herein, a compound depicted by a racemuc formula further stands for either of the
two enantiomers having the formula or mixtures thereof, or in the case where a second chiral center
1s present, all possible diastereomers.

The compounds described herein may form salis with acids and/or bases, and such salis are
mcluded in the present invention. In certain embodiments, the salts are pharmaceutically acceptable
salts. The term “salts” embraces addition salts of free acids and/or bases that are useful within the
methods of the invention. The term “pharmaceutically acceptable salt” refers to salts that possess
toxicity profiles within a range that affords wtility in pharmacewtical applications. Pharmaceutically
unacceptable salts may nonetheless possess properties such as high crystallinity, which have utility in
the practice of the present invention, such as for example utility in process of synthesis, purification
or formulation of compounds useful within the methods of the invention.

Suitable pharmaceutically acceptable acid addition salts may be prepared from an inorganic
acid or from an organic acid. Examples of inorganic acids include sulfate, hydrogen sulfate,
hemisulfate, hydrochlorie, hydrobromie, hydriodic, nitric, carbonic, sulfuric, and phosphoric acids
{including hvdrogen phosphate and dihvdrogen phosphate). Appropriate organic acids may be
selected from aliphatic, cvcloaliphatic, aromatic, araliphatic, heterocyclic, carboxylic and sulfonic
classes of organic acids, examples of which include formic, acetic, propionic, succinie, glycolic,
gluconic, lactic, malic, tartaric, citric, ascorbic, glucuronic, maleic, fumaric, pyruvic, aspartic,
glutamic, benzoic, anthranilic. 4-hydroxvbenzoic, phenyiacetic, mandelic. embonic {(pamoic),
methanesulfonic, ethanesulfonic, benzenesulfonic, pantothenic, trifluoromethanesulfonic, 2-
hvdroxyethanesulfonic, p-toluenesulfonic, sulfanilic, cyclohexviaminosulfonic, stearic, alginic, B~
hvdroxybutyric, salicylic, galaciaric, galacturonic acid, glycerophosphonic acids and saccharin {e.g.,
saccharinate, saccharate).

Suitable pharmaceutically accepiable base addition salts of compounds of the invention
mchude, for example, metallic salis including atkali metal, alkaline earth metal and transition metal
salts such as, for example, calcium, magnesium, potassium, sodium and zine salts. Pharmaceutically

acceptable base addition salts also include organic salts made from basic amines such as, for
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example, anvmoniurn, NN’ ~dibenzylethylene-diarnine, chioroprocaine, choline, diethanolamine,
ethvlienediamune, meglunune (N-methylglucanune) and procaine.

All of these salts may be prepared from the corresponding compound by reacting, for
example, the appropriate acid or base with the compound. Salts may be comprised of a fraction of
fess than one, one, or more than one molar equivalent of acid or base with respect to any compound
of the invention.

In certain embodiments, the at least one compound of the invention is a component of a
pharmaceutical composition further including at least one pharmaceutically accepiable carrier.

The compounds of the invention may possess one or more stereccenters, and each
stereocenter may exist independently n either the (R) or (8) configuration. In certain embodiments,
compounds described herein are present in optically active or racernic forros. The compounds
described herein encompass racenuc, optically-active, regioisorseric and stereoisomeric forms, or
combinations thereof that possess the therapeutically useful properties described herein. Preparation
of optically active forms is achieved in any suitable manner, including by way of non-limiting
example, by resolution of the racemic form with recrystallization techniques, synthesis from
optically-active starting materials, chiral synthesis, or chromatographic separation using a chiral
stationary phase. In certain embodiments, a mixture of one or more isomer 1§ utilized as the
therapeutic compound described herein. In other embodiments, compounds described herein contain
one or more chiral centers. These compounds are prepared by anv means, inchuding stereoselective
synthesis, enantioselective synthesis and/or separation of a mixture of enantiomers and/ or
diastereomers. Resolution of compounds and isomers thereof is achieved by any means inchuding, by
way of non-limiting example, chermmcal processes, enzymatic processes, fractional crystallization,
distiliation, and chromatography.

The methods and formulations described herein include the use of N-oxides (if appropriate),
crystalline forms (also known as polvmorphs), solvaies, amorphous phases, and/or pharmaceutically
acceptable salis of compounds having the siructure of anv compound of the invention, as well as
metabolites and active metabolites of these compounds having the same type of activity. Solvates
nclude water, ether {e.g | tetrahvdrofuran, methyl reri-butyl ether) or alcohol (e g., ethanol) solvates,
acetates and the like. In certain embodiments, the compounds descnibed herein exist in solvated
forms with pharmaceutically acceptable solvents such as water, and ethanol. In other embodiments,
the compounds described herein exist in unsolvated form.

In certain embodiments, the corpounds of the invention exist as tavtomers. All tautomers are

ncluded within the scope of the compounds recited herein,
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In certain embodiments, compounds described herein are prepared as prodrugs. A “prodrug”
is an agent converted into the parent drug in vivo. In certain embodirents, upon in vive
administration, a prodrug is chemically converted to the hiologically, pharmaceutically or
therapeutically active form of the compound. In other embodiments, a prodrug is enzymatically
metabolized by one or more steps or processes to the biologically, pharmaceutically or
therapeutically active form of the compound.

In certain embodiments, sites on, for example, the aromatic ring portion of compounds of the
mvention are susceptible (o various metabolic reactions. Incorporation of appropriate substituents on
the aromatic ring structures may reduce, minimize or eliminate this metabolic pathway. In certain
embodiments, the appropriate substituent (o decrease or eliminate the susceptibility of the aromatic
ring to metabolic reactions 1s, by way of example only, a deuterium, a halogen, or an alkyl group.

Compounds described herein also include isotopically -labeled compounds wherein one or
more atons s replaced by an atom having the same atornic nurnber, but an atoric mass or mass
number different from the atomic mass or mass number usually found in nature. Examples of
isotopes suitable for inchusion in the compounds described herein include and are not limited to *H,

3 11 139 ldgs 367 180 123y 125¢ 3%
H, e, Be, e gy 8p 18y 125 Ly

y x5
i

N, 0, 0, 10, P, and S, In certain embodiments,
isotopically-labeled compounds are useful in drug and/or substrate tissue distribution studies. In other
embodiments, substitution with heavier isoiopes such as deuterium affords greater metabolic stability
{for example, increased in vivo half-life or reduced dosage requirements). In vet other embodiments,
substitution with positron emitting isotopes, such as *'C, *F, O and "N, is useful in Positron
Emission Topography (PET) studies for examining subsirate receptor occupancy. Isotopically-
fabeled compounds are prepared by any suitable method or by processes using an appropriate
isotopically-labeled reagent in place of the non-labeled reagent otherwise employed.

In certain embodiments, the compounds described herein are labeled by other means,
including, but not limuted to, the use of chromophores or fluorescent moieties, bioluminescent labels,

or chemilununescent labels.

Methods of Making

The compounds described herein, and other related compounds having different substituenis
are synthesized using technigues and malerials described herein and as desciibed, for example, in
Fieser & Fieser’s Reagents for Organie Synthesis, Vol 1-17 (John Wiley and Sons, 1991); Rodd’s
Chemustry of Carbon Compounds, Vol 1-5 and Supplementals (Elsevier Science Publishers, 19893,

roanic Reactions, Vol 1+ ohn Wisy and Sons, 1991, Larock’s Comprshensive Qrganic
Org Reactions, Vol 1-40 (John Wiley and Sons, 1991}, 1 KsC } Org
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Transformations {VCH Publishers Inc.. 1989), March, Advanced Organic Chemistry 47 Bd.. (Wiley
1992); Carey & Sundberg, Advanced Organic Chemistry, 4% Ed., Vols. A and B (Plenum
2000,2001), and Green & Wuts, Protective Groups in Organic Synthesis 3rd BEd.. (Wiley 1999} (all of
which are incorporated by reference for such disclosure). General methods for the preparation of
compound as described herein are modified by the use of appropriate reagents and conditions, for the
iroduction of the various moieties found in the formula as provided herein.

The processes described herein can be monitored according to any suitable method known in
the art. For example, product formation can be monitored by spectroscopic means, such as nuclear
magnetic resonance spectroscopy {e.g., 'H or ’C), infrared spectroscopy, spectrophotometry {e.g..
UV-visible), mass spectrometry, or by chromatography such as high pressure hiquid chromatography
(HPLC), gas chromatography {GC), gel-permeation chromatography (GPC), or thin layer
chromatography (TLC).

The reactions or the processes described herein can be carried out in sutable solvents which
can be readily selected by one skilled in the art of organic synthesis. Suitable solvents typically are
substantially nonreactive with the reactants. intermediates, and/or products at the temperatures at
which the reactions are carried out, 1.2, temperatures that can range from the solvent’s fregzing
temperature to the solvent’s boiling temperature. A given reaction can be carried out in one solven
or & mixture of more than one solvent. Depending on the particular reaction step, suitable solvents for
a particular reaction step can be selecied.

Reagents used in the preparation of the compounds of this invention can be either
commercially obtained or can be prepared by standard procedures described i the hterature. In a
non-liniting exeraphification, compounds of the mvention may be produced by one of the following

reaction schemes.

Scheme 1.
RQ'!‘J RQC
RSa R“b
MeO’X\O OMe
NH, © NH, O {4)
, i Acid
BTNJ\{)H_”’ Br O/RM catalyst
XL 1s R44.0H ' solvent !
“x \\ @ B
(1) ’// (3\ RQHW Xc‘f
TMS-CHN, @ rR® O
e —
acid
solvent

Suitably substituted compound (1) 1s reacted with suitably substituied compound (2) i the
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presence of an acid such as hvdrochloric acid, sultunic acid, trifluorcacetic acid, and the like, in an
organic solvent such as methanol, ethanol, N N-dirmethyiformamide, tetrahvdrofuran, 1.4-dioxane,
methylene chloride and the like, optionally heated, optionally heated with microwave irradiation, o

provide compound (3). Alternatively, compound (1) may be reacted with trimethyistivldiazomethane

4

in an organic solvent such as methvlene chloride, 1 2-dichloroethane, tetrahydrofuran, 1 4-dioxane,
N, N-dimethviformamide, and the like {o provide compound (3). Compound (3} is then reacted with
compound (4} in the presence of a catalyst, such as 4-chloropyridine hydrochloride, in an organic
solvent such as methylene chloride, 1,2-dichioroethane, tetrahydrofuran, 1,4-dioxane, N,N-
dimethyiformamde, and the like, optionally heated, optionally heated with microwave frradiation, o
19 provide compound (8). Alternatively, compound (3} is reacted with compound {(6), in the presence of
an acid such as hydrochloric acid, sulfuric acid, tnifluoroacetic acid, acetic acid, and the like, in an
organic solvent such as methanol, ethanol, N N-dimethylformanude, tetrahvdrofuran, 1,4-dioxane,
methvlene chloride, 1,2-dichloroethane, and the like, optionally heated, optionally heated with

microwave irradiation, to provide compound (5},

Scheme 2.
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X2 {10)
Compound (8) is reacted with compound (7}, in the presence of a base such as tniethylamine,
diisopropylethviamine, pyridine, 2.6-dimethylpvriding, and the like in the presence of a palladium
catalyst such as palladivm (IF) acetate, tetrakis(iriphenyiphosphine}palladium(0), dichlorobis
20 (triphenyiphosphine)palladiom(ll), palladium on carbon, bis(aceiomirile)dichioropalladium(il), and
the like, in an organic solvent such as N N-dimethylformamude, tetrahydrofuran, 1,4-dioxane,
methylene chlonde, 1,2-dichloroethane, and the like, optionally heated, optionally heated with

nicrowave rradiation, to provide compound (8). Alternatively, compound (8) 1s reacted with
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irnmethylsilyl acetylene in the presence of a base such as triethvlamine, diisopropylethylanune,
pyridine, 2.6-dimethylpyridine, and the like in the presence of a palladiurn catalyst such as palladium
{11y acetate, tetrakis(triphenylphosphine)palladium({0), dichlorobis (triphenylphosphinejpalladium(ii),

palladium on carbon, bis{acetonitrile)dichioropaliadium(ll}, and the hike, in an organic solvent such

4

as N, N-dimethviformamide, tetrahvdrofuran, 1 4-dioxane, methylene chloride, 1,2-dichloroethane,
and the like, optionally heated, optionally heated with microwave irradiation to provide compound
(9). Compound (9} is then deprotected by removal of the trimethylsily moiety by reacting compound
(9} with a fluoride source such as tetrabutylammonium fluoride, and the like in an organic solvent
such as tetrahvdrofuran, 1,4-dioxane, methvlene chloride, 1,2-dichloroethane, and the like to provide
19 compound (1), Compound (18} s reacted with compound (11), wherein X is a chlornide, bromide,
1odide, methanesulfonate, influoromethanesulfonate, tosvlate, and the like in the presence of a base
such as triethylamine, ditsopropylethvlamine, pyridine, 2,6~-dimethylpyridine, and the like in the
presence of a palladium catalvst such as palladiom (If) acetate, tetrakis(triphenylphosphine)

palladium{0), dichlorobis (triphenylphosphineipaliadium(l}, palladium on carbon, bis{acetonitrile)

[—
(]

dichloropaliadium(il}, and the like, in an organic solvent such as N, N-dimethviformamide,
tetrahydrofuran, 1,4-dioxane, methylene chloride, 1,2-dichloroethane, and the like, optionally heated,
optionally heated with microwave irradiation to provide compound (8. Compound (8} is reacted
with a base such as sodium hyvdroxide, lithium hvdroxide, potassium hydroxide, sodiwm carbonate,
hithium carbonate, potassium carbonate, and the hike, 1n an organic solvent such as methanol, ethanol,
20 N, N-dimethyHormamide, tetrahydrofuran, 1,4-dioxane, and the like, optionally heated, optionally

heated with microwave irradiation to provide compound (12},

Scheme 3.
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Compound (13) is reacted with compound (7) m the presence of a base such as tristhylamine,
ditsopropvlethylamine, pyridine, 2,6~dimethvipyvridine, and the like in the presence of a palladium
catalyst such as paliadium (I} acetate, tetrakis(iriphenyiphosphine)palladium(0), dichlorobis
(triphenylphosphinejpatiadium(ll}, palladium on carbon, bis{acetonutrile)dichioropalladium(ily, and
the hike, in an organic solvent such as N N-dimethylformamide, tetrahvdrofuran, 1.4-dioxane,
methylene chloride, 1,2-dichloroethane, and the like, optionally heated, optionally heated with
microwave irradiation to provide compound {(14). Alternatively, compound (13) is reacted with
trimethyisilyvl acetyiene in the presence of a base such as triethylamine, diisopropyiethylamine,
pyridine, 2,6~dimethylpyndine, and the like in the presence of a palladium catalvst such as palladium
(I} acetate, tetrakis{triphenylphosphine} palladiom(0), dichlorobis {triphenyiphosphine}
palladium(I1), palladium on carbon, bis(acetonitrile} dichloropalladium(Il}, and the like, in an organic
solvent such as N N-dimethviformamide, tetrahydrofuran, 1.4-dioxane, methvlene chlonde, 1,2-
dichloroethane, and the like, optionally heated, optionally heated with mucrowave irradiation to
provide compound (158). Compound (15) is then deprotected by removal of the trimethylsily motety
using a fluoride source such as tetrabutylammonium fluoride, the like in an organic solvent such as
tetrahydrofuran, 1,4-dioxane, methylene chlonde, 1,2-dichloroethane, and the like to provide
compound {16). Compound {16} is reacted with compound (11), wherein X is a chloride, bromide,
iodide, methanesulfonate, trifluoromethanesulfonate, tosyiate, and the like in the presence of a base
such as triethylamine, dissopropyvlethylamine, pynidine, 2,6-dimethylpyridine, and the hike in the
presence of a palladium catalyst such as palladivm (1) acetate, tetrakis{triphenyiphosphine}
palladiom(0), dichlorobis (riphenviphosphinepalladinm(l), palladium on carbon, bis{acetoniinle)
dichloropalladium(il), and the like, in an orgamnic solvent such as N N~dimethviformarmide,
ietrahydrofuran, 1,4-dioxane, methylene chlonde, 1,2-dichloroethane, and the like, optionally heated,
optionally heated with microwave irradiation to provide compound (14). Compound (14) is reacted
with a base such as sodium hydroxide, lithium hvdroxide, potassium hvdroxide, sodium carbonate,
lithium carbonate, potassium carbonate, and the like, in an organic solvent such as methanol, ethanol,
N N-dimethyiformamide, tetrahvdrofuran, 1.4-dioxane, and the like, optionally heated, optionally
heated with microwave irradiation to provide compound (17).

Scheme 4.
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Compound (18} 1s reacted with sodium nitrite in the presence of an acid such as hydrochlonc
acid, sulfuric acid, acetic acid, trifluoroacetic acid, and the like, in an organic solvent such as
methanol, ethanol, N.N-~dimethylformarmide, tetrabydrofuran, 1.4-dioxane, and the like, optionally
heated, optionally heated with microwave irradiation. Further reaction with compound (19) wherein
M is a metal such as sodium, potassium, and the like in an organic solvent such as methanol, ethanol,
N, N-dimethylformamide, tetrahydrofuran, 1,4-dioxane, and the like, optionally heated, optionally

eated with microwave trradiation to provide compound (283 Compound (20} is reacted with
suitably substituied compound (2} in the presence of an acid such as hydrochlonc acid, sulfunc acid,
trifluoroacetic acid, and the like, in an organic solvent such as methanol, ethanol, N N-dimethyl
formamde, tetrahydrofuran, 1,4-dioxane, methylene chloride and the hike, optionally heated,
optionally heated with microwave irradiation to provide compound (21). Alternatively, cornpound
(208) may be reacted with trimethvisilvldiazomethane in an organic solvent such as methviene
chloride, 1,2-dichloroethane, tetrahydrofuran, 1.4-dioxane, N, N-dimethylformamide, and the hike to
provide compound (21). Compound (21) is reacted with compound (22) in the presence of a
palladium catalyst such as paliadium (11) acetate, tetrakis{triphenylphosphine)paliadiunm(0),
dichlorobis (iriphenviphosphine)paliadium(il), paltadium on carbon, bis{acetonitrile}
dichloropalladium{il), and the like, in the presence of a base such as triethylamine, diisopropylethy!
amine, pyridine, 2,6-dimethylpyridine, sodium hydroxide, lithium hvdroxide, potassium hydroxide,
sodium carbonate, lithium carbonate, potassium carbonate, and the like, in an organic solvent such as
methanol, ethanol, N .N-dimethylformamide, ietrahvdrofuran, 1 4-dioxane, 1,2-dimethoxyethane and
the hike, optionally heated, optionally heated with microwave irradiation to provide compound (23).

Scheme 8
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Compound (24) is reacted with suitably substituted compound (2) in the presence of an acid
such as hydrochloric acid, sulfuric acid, trifluoroacetic acid, and the like, in an organic solvent such
as methanol, ethanol, N N-dimethylformamide, tetrahvdrofuran, 1,4-dioxane, methylene chloride and
the like, optionally heated, optionally heated with microwave irradiation to provide compound (25},
Alternatively, compound {24} may be reacted with trimethvisilyldiazomethane in an organic solvent
such as methviene chioride, 1,2-dichloroethane, tetrahvdrofuran, 1,4-dioxane, N N-dimethyi
formamide, and the like to provide compound (28}, Compound (25} is reacied with compound (7} 1n
the presence of a base such as trigthylamune, diisopropylethylamine, pyndine, 2,6-dimethylpyridine,
and the like in the presence of a palladiurn catalyst such as palladium (11} acetate, tetrakis
{(triphenylphosphine)palladium{0), dichlorobis (triphenyiphosphine) palladiom(I1), palladium on
carbon, bis{acetonitrile)dichloropalladium(il), and the like, 1n an organic solvent such as N N-
dimethyiformamide, tetrahydrofuran, 1,4-dioxane, methviene chloride, 1,2-dichloroethane, and the
like, optionally heated, optionally heated with nucrowave urradiation to provide compound (26).
Alternatively, compound (285} is reacted with trimethvlisilyl acetylene in the presence of a base such
as tricthviamine, dusopropyiethylamine, pyridine, 2,6-dimethylpyridine, and the like in the presence
of a palladium catalyst such as palladiom (1) acetate, teirakis{(iriphenviphosphine)paliadiom(0),
dichlorobis (iriphenyiphosphinepatiadium{il}, paliadium on carbon, bis{acetonitrile)
dichloropalladium(IT}, and the hike, i1 an organic solvent such as N N-dimethylformamide,
ietrahyvdrofuran, 1,4-diosane, methylene chlonide, 1,2-dichloroethane, and the like, optionally heated,
optionally heated with microwave trradiation to provide compound (27). Compound (27 13 then
deprotected bv removal of the trimethvlsily moiety using a fluoride source such as
tetrabutylamuimonium fluoride, and the like in an orgamic solvent such as tetrahvdrofuran, 1.4-

dioxane, methyvlene chionde, 1,2-dichlorosthane, and the like to provide compound (28). Compound
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{28} 15 reacted with compound (31) wherein X 15 a chloride, bromide, iodide, methanesulfonate,
influoromethanesulfonate, tosviate, and the like in the presence of a base such as tniethyvlamine,
ditsopropvlethylamine, pyridine, 2,6~-dimethvipyridine, and the like in the presence of a palladium
catalyst such as paliadium (I} acetate, tetrakis(iriphenyiphosphine)palladium(0), dichlorobis
(triphenylphosphinejpatiadium(ll}, palladium on carbon, bis{acetonutrile)dichioropalladium(ily, and
the hike, in an organic solvent such as N N-dimethylformamide, tetrahvdrofuran, 1.4-dioxane,
methylene chloride, 1,2-dichloroethane, and the like, optionally heated, optionally heated with

microwave irradiation to provide compound {26).

Scheme 6,
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Compound (26} is reacted with compound (22) in the presence of a palladium catalyst such
as palladium (1) acetate, tetrakis(triphenyiphosphineypalladium{0), dichlorohis{tnphenviphosphing)
palladium(il}, patladium on carbon, bis{acetonitrilejdichioropaliadium{ii}, and the ke, in the
presence of a base such as triethylamine, ditsopropylethviamine, pyridine, 2,6-dimethylpyridine,
sodium hydroxide, lithium hydroxide, potassium hydroxide, sodium carbonale, Hithium carbonate,
potassium carbonaie, and the Hike, in an organic solvent such as methanol, ethanol, W,N-
dimethyiformamide, tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane and the like, optionally
heated, optionally heated with microwave urradiation {o provide compound (29). Compound (29} 1s
reacted with a base such as sodium hydroxide, hithium hvdroxide, potassium hydroxide, sodium
carbonate, lithium carbonate, potassium carbonate, and the like, 1n an organic solvent such as
methanol, ethanol, N N-dimethyiformamide, tetrahydrofuran, 1 4-dioxane, and the like, optionally
heated, optionally heated with microwave irradiation to provide compound (36}

Scheme 7.
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Compound (31} is reacted with suitably substituted compound (2} in the presence of an acid

such as hydrochloric acid, subfuric acid, trifluoroacetic acid, and the like, in an organic solvent such
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as methanol, ethanol, N N-dimethylformamide, tetrahvdrofuran, 1,4-dioxane, methylene chlonde and
the like, optionally heated, optionally heated with nucrowave trradiation to provide compound (32).
Alternatively, compound (31) may be reacted with tnmethvisilvldiazomethane in an organic solvent
such as methviene chioride, 1,2-dichlorcethane, tetrahvdrofuran, 1.4-dioxane, N N-dimethyl
formamde, and the like to provide compound (32}, Compound (32} is reacted with compound (22) in
the presence of a palladium catalyst such as palladium (1) acetate, tetrakis{triphenviphosphine)
patiadium(0}, dichlorobis (iriphenviphosphine)paliadium(l), paliadiom on carbon, bis{acetoniirile}
dichloropaliadium(i]), and the like, in the presence of a base such as triethylamine,
diisopropvlethylamine, pyndine, 2,6-dimethvipyridine, sodium hydroxide, Hithiom hydroxide,
potassium hydroxide, sodium carbonate, lithium carbonaie, potassium carbonate, and the like, in an
organic solvent such as methanol, ethanol, N N-dimethylformanude, tetrahvdrofuran, 1,4-dioxane,

1. 2~-dimethoxyethane and the like, optionally heated, optionally heated with nucrowave wradiation to
provide compound {33).

Scheme 3.

R? R i
Rr2 Rd\ ) o \Lz o R\\\ N2 \=>
L 0 > 1.NaNO, | /lk . R g /k i
HpN R i acid . " R1-=mmy :
OzN\v//%‘, o R 2 =| \. ol | \i O (73 )'(51 e
/ - X0 MGG XU X 35 o TR (3
vt 3 vent N2 “y2” e cataiyst (35}
X\x; X sSoiv X . o "
(33) (34) TMS—==—H solvent X a
catalyst calalyst
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2
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Compound (33) is reacted with hydrogen 1 the presence of a catalvst such as paliadium (If)
acetate, tetrakis{inphenylphosphine)patiadium(0), dichlorobis (triphenviphosphine)palladium(il),
palladium on carbon, bis(acetonitrilejdichioropaliadium(ll), and the like, in an organic solvent such
as methanol, ethanol, N N-dimethylformanmide, tetrahvdrofuran, 1,4-dioxane, and the hike to provide
compound (34). Compound (34) 1s reacted with sodium nitrite in the presence of an acid such as
hydrochloric acid, sulfuric acid, acetic acid, trifluoroacetic acid, and the like in an organic solvent
such as methanol, ethanol, N, N-dimethyiformamide, tetrahydrofuran, 1,4-dioxane, and the like,
optionally heated, optionally heated with microwave irradiation. Further reaction with compound
(19) wherein M 1s a metal such as sodium, potassium, and the like in an organic solvent such as
methanol, ethanol, N \N-dimethylformamide, tetrahydrofuran, 1,4-dioxane, and the like, optionally

heated, optionally heated with microwave rradiation {o provide compound (38). Compound (38} is
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reacted with coropound (7) in the presence of a base such as triethylamine, disopropylethylanune,
pyridine, 2.6-dimethylpyridine, and the like in the presence of a palladiurn catalyst such as palladium
{11y acetate, tetrakis(triphenylphosphine)palladium({0), dichlorobis (triphenylphosphinejpalladium(ii),
palladium on carbon, bis{acetonitrile)dichioropaliadium(ll}, and the hike, in an organic solvent such
as N, N-dimethviformamide, tetrahvdrofuran, 1 4-dioxane, methylene chloride, 1,2-dichloroethane,
and the like, optionally heated, optionally heated with microwave irradiation to provide compound
(36). Alternatively, compound (38) is reacted with trimethylsily] acetviene in the presence of a bage
such as triethylamine, diisopropylethyiamine, pyridine, 2.6-dimethylpyridine, and the like in the
presence of a palladium catalvst such as palladiom (31} acetaie, tetrakis{iriphenyiphosphineg)
paliadiim(0), dichlorobis (triphenviphosphine)paliadium(ll), palladiom on carbon, bis{acetonitrile)
dichloropalladium(il), and the like, in an organic solvent such as N, N-dimethyformanude,
tetrahydrofuran, 1,4~-dioxane, methylene chloride, 1,2~-dichloroethane, and the like, optionally heated,
optionally heated with microwave wrradiation to provide compound (37). Compound (37) is then
deprotected by removal of the trimethvlsily moiety using a fluoride source such as
tetrabutylammonium fluoride, and the like in an organic solvent such as tetrahydrofuran, 1,4-
dioxane, methviene chioride, 1,2-dichloroethane, and the like to provide compound (38). Compound
{38} is reacted with compound (31) wherein X is a chioride, bromide, iodide, methanesulfonate,
irifluoromethanesulfonate, tosyiate, and the hike in the presence of a base such as iriethylamine,
ditsopropylethyvlamine, pyridine, 2,6-dimethylpyvnidine, and the like in the presence of a palladium
catalyst such as palladivm (IF) acetate, tetrakis(iriphenyiphosphine}palladium(0), dichlorobis
(triphenyiphosphine)palladiom(ll), palladium on carbon, bis(aceiomirile)dichioropalladium(il), and
the like, in an organic solvent such as N N-dimethylformanude, tetrahydrofuran, 1,4-dioxane,
methylene chlonde, 1,2-dichloroethane, and the like, optionally heated, optionally heated with
microwave irradiation to provide compound (36).

Scheme 9,
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Compound (39) is reacted with compound (40) wherein PG is tert-butvidimethylsilvl, tert-
butyldiphenvlsilyl, acetyl, benzovi and the hike, 1 the presence of a base such as triethylanine,

dusopropylethylamine, pynidine, 2.6-dimethvipyridine, and the like, in an organic solvent such as

(]

N, N-dimethylformamide, tetrahydrofuran, 1 4-dioxane, methylene chloride, 1,2-dichloroethane, and
the like, 1o provide compound (41}, Compound (41) is reacted with compound {7} in the presence of
a base such as triethylamine, ditsopropylethylamine, pyridine, 2,6-dimethylpyridine, and the like in
the presence of a palladiom catalvst such as palladium {11} acetate, tetrakis(triphenylphosphine)
palladiom((), dichlorobis (iriphenylphosphine jpaliadium(ii}, palladium on carbon, bis{acetonitrile}
10 dichloropaliadium(ii}, and the like, in an organic solvent such as N, N-dimethylformamide,
ietrahyvdrofuran, 1,4-diosane, methylene chlonide, 1,2-dichloroethane, and the like, optionally heated,
optionally heated with microwave irradiation to provide compound (42). Alternatively, compound
(41) is reacted with trimethylsilyl acetylene in the presence of a base such as inethvlamine,
ditsopropvlethylamine, pynidine, 2,6~dimethylpvnidine, and the like in the presence of a palladium
5 catalyst such as palladium (I} acetate, tetrakis(iriphenyiphosphine}palladium(0), dichlorobis
(triphenylphosphinejpatiadium(ll}, palladium on carbon, bis{acetonutrile)dichioropalladium(ily, and
the hike, in an organic solvent such as N N-dimethylformamide, tetrahvdrofuran, 1.4-dioxane,
methvlene chloride, 1,2-dichloroethane, and the like, optionally heated, optionally heated with
microwave irradiation to provide compound {(43). Compound {43} is then deprotected by removal of
20 the trimethylsily motety using a fluoride source such as tetrabutylammonium fluoride, and the like in
an organic solvent such as tetrahvdrofuran, 1,4-dioxane, methviene chioride, 1,2-dichloroethane, and
the hike to provide compound (44). Compound (44} 1 reacted with compound {11}, wherein X is a
chlornide, bromide, iodide, methanesulfonate, trifluoromethanesulfonate, tosylate, and the like in the

presence of a base such as triethvlamine, ditsopropylethyvlamine, pyridine, 2,6-dimethylpyridine, and

N2
W

the hike in the presence of a palladium catalyst such as palladium (11} acetate, tetrakis
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(triphenyliphosphine)paliadiura(0), dichlorobis (triphenyiphosphine)palladium{Il), palladium on
carbon, ms(acetorutrile)dichloropalladiom(il), and the like, in an organic solvent such as N N-
dimethviformamide, tetrahydrofuran, 1.4-dioxane, methylene chlonde, 1,2-dichloroethane, and the
like, optionally heated, optionally heated with microwave irradiation to provide compound {42).

Scheme 14.
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Compound (42} is deprotected by a fluoride source such as tetrabutylammounim fluoride and
the like or a base such as aqueous sodium carbonate, potassium carbonate, cesium carbonate and the
like, in an organic solvent such as methanol, ethanol, in an organic solvent such as tetrahydrofuran,
1,4-dioxane, and the like to provide compound (44). Compound (44) 1s reacted with
iriflucromethanesulfonic anhydnde, b an organic solvent such as tetrahydrofuran, 1,4-dioxane,
methylene chloride, 1,2-dichloroethane, N N-dimethytormamde, and the hike, optionally 1n the
presence of a base such as triethyvlamine, diisopropylethylamine, pyndine, 2,6-dimethyipyridine, and
the like, to provide compound (48). Compound (48) is reacted with compound (22} in the presence of
a palladium catalyst such as palladium (11} acetate, tetrakis(triphenviphosphme)palladium{(0),
dichlorobis (triphenviphosphinejpaliadium(il), paliadium on carbon, bis{acetoninle)
dichloropalladium{il), and the like, in the presence of a base such as triethylamine, diisopropylethy!
amine, pyridine, 2,6-dimethylpyridine, sodium hydroxide, lithium hvdroxide, potassium hydroxide,
sodium carbonate, lithium carbonate, potassium carbonate, and the like, in an organic solvent such as
methanol, ethanol, N .N-dimethylformamide, {etrahvdrofuran, 1,4-dioxane, 1,2-dimethoxyethane and
the like, optionally heated, optionally heated with microwave irradiation to provide compound (46},
Compound {46} is then reacted with an acid such as hvdrochloric acid, sulfuric acid, and the like, in a
solvent such as waler, N N-dimethyHormamide, tetrahydrofuran, 1,4-dioxane, and the like, optionally
heated, optionally heated with microwave irradiation {o provide compound (47). Alternatively,
compound (46) 1s reacted with a base such as sodium hydroxide, Hithium hydroxide, potassium

hydroxide, and the like, in a solvent such as water, methanol, ethanol, N N-dimethyiformamide,
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tetrahvdrofuran, 1,4-dioxane, and the like, optionally heated, optionally heated with microwave
irradiation o provide compound (47).

Scheme 11.
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3 Compound (48) is reacted with cornpound (22a) in the presence of a palladium catalyst such

as palladium (1) acetate, tetrakis(triphenyiphosphineypalladium{0), dichlorohis{tnphenviphosphing)
palladium(il}, paliadium on carbon, his{acetonitrile}dichioropatiadiinm(il}, and the like, in the
presence of a base such as triethylamine, diisopropylethvlamine, pyridine, 2,6-dimethylpyridine,
sodium hydroxide, lithium hydroxide, potassium hydroxide, sodium carbonate, lithitum carbonate,

10 potassium carbonaie, and the fike, in an organic solvent such as methanol, ethanol, W, N-
dimethyi{ormamide, tetrahydrofuran, 1,4-dioxane, and the hike, optionally heated, optionally heated
with microwave 1rradiation to provide compound (49). Compound (49) is reacted with a base such as
sodium hydroxide, lithium hydroxide, potassium hydroxide, sodium carbonate, Hithium carbonate,
potassium carbonate, and the tike, in an organic solvent such as methanol, ethanol, N,N-

15 dimethylformanude, tetrahvdrofuran, 1,4~dioxane, and the like, optionally heated, optionally heated
with microwave irradiation to provide compound (50},

Scheme 12,
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Compound (49} is reacted with compound (51) in the presence of a palladium catalyst such
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as palladium (11} acetate, tetrakis(triphenyiphosphine)palladiun0), dichlorobis(triphenyiphosphine)
palladium(1l), palladium on carbon, his(acetonitrilejdichioropatiadium(ll), and the like, m the
presence of a base such as triethylamine, diisopropylethvianmine, pyridine, 2,6-dimethylpyridine,
sodium hydroxide, lithium hydroxide, potassium hydroxide, sodium carbonate, Hithium carbonate,
potassium carbonate, and the fike, in an organic solvent such as methanol, ethanol, N N-
dimethyviformamide, tetrahydrofuran, 1,4-dioxane, and the like, optionally heated, optionally heated
with microwave irradiation to provide compound (82). Compound (52) is reacted with a base such as
sodium hydroxide, lithium hydroxide, potassium hvdroxide, sodium carbonate, Hithium carbonate,
potassium carbonate, and the Hike, in an organic solvent such as methanol, ethanol, N N-dimethyl
formamide, tetrahvdrofuran, 1,4-dioxane, and the like, optionally heated, optionally heated with
microwave irradiation to provide compound (83). Alternatively, compound (52} is reacted with
hydrogen in the presence of a catalyst such as palladium (11} acetate, tetrakis(triphenyiphosphine)
palladium(0), dichlorohis (triphenylphosphine)paliadiwm(il), palladium on carbon, bis{acetonitrile)
dichloropaliadium(il}, and the like, in an organic solvent such as methanol, ethanol, N N~
dimethyiformamide, tetrahydrofuran, 1,4-dioxane, and the like to provide compound (54).
Compound (84) is reacied with a base such as sodium hydroxide, lithium hvdroxide, potassium
hydroxide, sodium carbonate, lithium carbonate, potassium carbonate, and the like, in an organic

solvent such as methanol, ethanol, N, N-dimethyiformamide, tetrahvdrofuran, 1.4-dioxane, and the

like, optionally heated, optionally heated with microwave irradiation to provide compound (85).

Scheme 13.
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Compound (56) is reacted with chlorosulfonviisocyanate and tert-butanol in the presence of a
base such as triethyvlamine, diisopropylethyvlamine, pyridine, 2.6-dimethyipvridine, and the ke in a
solvent such as methylene chloride, 1,2-dichlorosthane, N N-dimethyiformanude, tetrahydrofuran,
1.4-dioxane, and the like, and then deprotected by treatment with an acid such as hvdrogen chloride,
trifluoroacetic acid, and the like in an organic solvent such as ethy! acetate, methyiene chloride and

the like 1o provide compound (87} Compound (87) is reacted with compound (88} in the presence of
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coupling agent such as |-ethyl-3-(3-dimethyiarinopropyl) carbodumide, NN -Dicvclohexyl
carboditmide, O-Benzotriazole-MN NN N’ -tetramethyl-uronium-hexafluoro-phosphate, O-(7-
azabenzotriazol-1-y1)-IN, N, N" N’ -tetramethyluronium hexafluorophosphate, Benzotriazole-1-yl-oxy-
ris-{dimethylamino)-phosphonium hexaftuorophosphate, benzotriazol-1-vi-oxviripyrroliding
phosphonmum hexafluorophosphate, and the like, in an organic solvent such as tetrahydrofuran, 1,4-
dioxane, dimethyHormamide, methviene chloride, dichloroethane, methanol, ethanol, and the like,
optionally in the presence of a base such as triethylamine, ditsopropylethylanune, pyridine, 2,6~
futidine, and the like, optionally in the presence of 4-N N-dimethylaminopyridine, to provide

compound (59).

Scheme 14,
Rgb RQ(;
RQHMRQ‘J
R‘. N O Q\\Sf}) R
= | HNTTR
| 2 OH (60}
SN ——
x1\ X3 coupling agent
(58y X° solvent X2

{61)

Alternatively, compound (88) is reacted with compound {68} in the presence of coupling
agent such as 1-ethyl-3-(3-dimethvlaminopropyl) carboditmide, NN -Dicyclohexyl carbodiimide, O-
Benzotriazole-N, N N° N -etramethyl-uronium-hexafluoro-phosphate, O-(7-azabenzotriazol-1-y1)-
NNN N -tetramethyluronium hexafluorophosphate, Benzotriarole-1-vl-oxy-tris-{dimethylamino)-
phosphonium hexafluorophosphate, benzotriazol-1-yl-oxyiripyrrohdinophosphoniom
hexafluorophosphate, and the like, in an organic solvent such as tetrahvdrofuran, 1,4-dioxane,
dimethyiformanude, methyvlene chlonde, dichloroethane, methanol, ethanol, and the like, optionally
in the presence of a base such as triethylamine, dusopropylethylanune, pynidine, 2,6-lutidine, and the
like, optionally in the presence of 4-N N-dimethylaminopyridine, to provide compound (61}

Scheme 15.
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Compound (62} 1s reacted with chiorosulfonvhisocvanate i the presence of aluminum
irichloride in nitroethane to provide compound (63). Compound (63) is reacted with an acid such as

hydrochlornic acid, sulfuric acid, triflucroacetic acid, acetic acid, and the like, optionally in an organic

(]

solvent such as tetrahydrofuran, 1,4-dioxane, dimethyHormamide, methyiene chloride,

dichloroathane, methanol, ethanol, and the like, to provide compound (64). Compound (64) 1s reacted

with compound {65} in the presence of pyridine hvdrochloride, optionally in an organic solvent such
as tetrahy drofuran, 1,4-dioxane, dimethyvHormamide, methylene chloride, 1,2-dichloroethane,
methanol, ethanol, and the like, optionally heated, optionally heated with microwave irradiation to

10 provide compound (66). Compound (66) 1s reacted with compound (73, 1n the presence of a base such
as tricthvlamine, dusopropylethylamine, pvridine, 2,6-dirnethylpynidine, and the like in the presence
of a palladium catalyst such as palladium (I1) acetate, tetrakis(iniphenviphosphingjpaliadium(0),
dichlorobis (triphenviphosphinejpaliadium(il), paliadium on carbon, bis{acetoninle)
dichloropalladium(i{), and the like, in an organic solvent such as N N-dimethyiformamide,

15 tetrahydrofuran, 1,4-dioxane, methylene chioride, 1,2-dichloroethane, and the like, optionally heated,
optionally heated with microwave irradiation to provide compound (67). Compound (67) is reacted
with compound (68) in the presence of coupling agent such as 1-ethvi-3-(3-dimethylaminopropvi)
carbodiimide, NN -Bicyclohexvicarbodiimide, O-Benzotriazole-N N, N° N -tetramethyl-uronium-
hexafluoro-phosphate, O-(7-azabenzotriazol-1-vh-N, NN’ N’ -teiramethy luronium

29 hexaftuorophosphate, Benzotriazole-1-vi-oxy-tris~{dimethylamino)-phosphonium

hexaftuorophosphate, benzotriazol-1-yl-oxyiripyvirohdinophosphonium hexafluorophosphate, and the

like, in an organic solvent such as tetrahvdrofuran, 1,4-dioxane, dimethyHormanude, moethylene
chionde, dichloroethane, methanol, ethanol, and the hike, optionally in the presence of a base such as

triethylamine, dusopropvlethvlamine, pynidine, 2,6-lutidine, and the like, optionally in the presence

N2
(]

of 4-N N-dimethyiaminopyridine, to provide compound {69).
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Scheme 16.
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Compound (78) is reacted with compound (71), wherein X is a chioride, bromide, iodide,

methanesulfonate, influoromethanesulfonate, tosylate, and the like in the presence of a base such as

(]

triethvlamine, dusopropylethviamine, pyridine, 2,6-dimethylpyridine, and the like, in an organic
solvent such as tetrahydrofuran, 1,4-dioxane, dimethyvlformamide, methvlene chioride, 1,2-
dichloroethane, and the like, to provide compound (723, Compound (72) is reacted with a base such
as sodium hydroxade, lithium hydroxide, potassium hydroxide, sodium carbonate, lithium carbonate,
potassium carbonate, and the like, 10 an organic solvent such as methanol, ethanol, N N-

10 dimethviformamide, tetrahydrofuran, 1,4-dioxane, and the like, optionally heated, optionally heated

with microwave 1rradiation to provide compound (73).

Scheme 17.
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Compound (74} is reacted with compound (78), wherein X is a chloride, bromide, iodide,

13 methanesulfonate, influoromethanesulfonate, tosvlate, and the Like in the presence of a base such as
irtethylamine, ditsopropylethylamine, pyrnidine, 2,6-dimethvlpyridine, and the like, in an organic
solvent such as tetrahyvdrofuran, 1,4-dioxane, dimethylformanude, methvlene chioride, 1,2-
dichloroethane, and the like, to provide compound (76). Compound (76) is then reacted with an acid
such as hydrochloric acid, sulfuric acids, and the like, n a solvent such as water, methanol, ethanol,

29 N N-dimethyiformamide, tetrahvdrofuran, 1.4-dioxane, and the like, optionally heated, optionally
heated with microwave irradiation io provide compound (77). Alternatively, compound (76) is
reacted with a base such as sodium hvdroxide, hithium hydroxide, potassium hydroxide, and the like,
1y a solvent such as waler, methanol, ethanol, N N-dimethyformamide, tetrahydrofuran, 1,4-dioxane,
and the hke, optionally heated, optionally heated with microwave irradiation to provide compound

25 (77}

Scheme 18,
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Compound {78} is reacted with sodium nitrite in the presence of an acid such as hydrochloric
acid, sulfuric acid, tetrafluoroboric acid, and the like, optionally in a solvent such as water, methanol,
gthanol, N N-dimethylformamide, tetrahydrofuran, 1,4-dioxane, and the like, followed by reaction
with sodium azide in a solvent such as water, methanol, ethanol, N, N-dimethyHformamide,
tetrahydrofuran, 1 4-dioxane, and the like {0 provide compound {79). Compound {79} is reacted with
compound (8%) in the presence of a catalvst such as sodivm ascorbate and copper sulfate and the like,
n an organic solvent such as methanol, ethanol, N N-dimethylformamide, tetrahydrofuran, 1,4-
dioxane, and the like, optionally heated, optionally heated with microwave irradiation fo provide
compound (81). Compound (81} is reacied with compound (7} in the presence of a base such ag
triethylamine, diisopropylethylamine, pyridine, 2,6-dimethylpyridine, and the like in the presence of
a palladium catalyst such as palladium (1) acetate, tetrakis(triphenyiphosphimejpalladium(0},
dichlorobis (triphenylphosphinepatiadium{il}, paliadivmm on carbon, bis{acetonitrile)dichloro
palladiom(il), and the like, in an organic solvent such as N, N-dimethviformamde, tetrahydrofuran,
1,4-dioxane, methviene chloride, 1,2-dichloroethane, and the like, optionally heated, optionally
heated with microwave irradiation to provide compound (82). Compound (82} 1s reacted with a base
such as sodium hydroxide, lithiom hydroxide, potassium hydroxide, sodivrm carbonate, Hithium
carbonate, potassium carbonaie, and the ike, in an organic solvent such as methanol, ethanol, N, N-
dimethviformamide, tetrahydrofuran, 1,4-dioxane, and the like, optionally heated, optionally heated
with microwave urradiation to provide compound (83).

Scheme 19.
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Compound (84} is reacted with compound (7}, in the presence of a base such as pyridine,
inethylamine, ditsopropylethviamine, 2,6-dimethyipyridine, and the like, in the presence of a
palladium catalyst such as paliadium (11) acetate, tetrakis{triphenylphosphine)paliadiunm(0),
dichlorobis (triphenviphosphinejpaliadium(il), palladium on carbon, bis{acetonitnle)dichloro
palladivm(il}, and the like, in an organic solvent such as N N-dimethylformanude, tetrahydrofuran,
1.4-dioxane, methylene chloride, 1.2-dichlorogthane, and the like. optionally heated, optionally
heated with microwave irradiation to provide compound (8%). Alternatively, compound (84) is
reacted with trimethyisilyl acetylene in the presence of a base such as triethyvlamine, diisopropylethyl
amine, pyridine, 2,6-dimethylpyridine, and the like in the presence of a palladium catalyst such as
paliadium (i) acetate, tetrakis(triphenylphosphinejpaliadium(0}, dichlorobis{triphenyiphosphine}
palladiven(11}, palladium on carbon, bis{acetonitrile}dichloropalladium(Il}, and the hike, in an organic
solvent such as N N-dimethyvHormamide, tetraby drofuran, 1.4-dioxane, methylene chloride, 1,2-
dichloroethane, and the like, optionally heated, optionally heated with mucrowave irradiation to
provide compound (86). Compound (86) is then deprotected by removal of the trimethylsily moety
using a fluoride source such as tetrabutylaromonium fluoride, and the like in an organic solvent such
as tetrahydrofuran, 1,4-dioxane, methylene chioride, 1.2-dichlorogthane, N N-dimethyiformamide,
and the like to provide compound (7). Alterantively, compound {86} is reacted with hvdrogen
fluoride in the presence of a base such as pynidine, 2, 6-dimethvipyridine, triethvl aming, and the like,
optionally in a solvent such as tetrabydrofuran, 1 4-dioxane, methylene chloride, 1,2-dichioroethans,
N, N-dimethy Hormamide, and the like to provide compound {87} Alternatively, compound (86) is
reacted with a base such as aqueous sodium hydroxide, potassium hydroxide, lithium hydroxide and
the like, in a solvent such as tetrahvdrofuran, 1,4-dioxane, methylene chloride, 1,2-dichioroethane,
N, N-dimethylformamide, and the like, optionally heated, optionally heatd with microwave irradiation

io provide compound (87). Compound {87} is reacted with compound {11}, wherein X is a leaving
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group such as chioride, bromide, 10dide, methanesuifonate, triflucromethanesultonate, tosvlate, and
the like in the presence of a base such as triethvianune, diisopropylethyvlamine, pyridine, 2.6~
dimethvipyridine, and the like in the presence of a palladium catalvst such as palladium (i) acetate,
tetrakis(triphenylphosphinejpaliadium(0}, dichlorobis {triphenviphosphine)palladium{il), palladium
on carbon, bis{acetonitrilejdichioropalladium(il}, and the like, in an organic solvent such as N N-
dimethviformamide, tetrahy drofuran, 1,4-dioxene, methylene chloride, 1,2-dichloroethane, and the
like, optionally heated, optionally heated with microwave irradiation to provide compound (85).

Scheme 24.
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Compound {88) is reacted with compound (89), in the presence of coupling agent such as -
ethvi-3-(3-dimethyiaminopropyl) carbodiimide, NN -Dicyclohexylcarbodiimide, O-Benzotnazole-
N NN N’ -tetramethvi-uronium-hexafluoro-phosphate, O-(7-azabenzotriazol-1-vH-N,N N’ N'-
tetramethyvivronium hexafluorophosphate, Benzotriazole-1-vi-oxy-tris-{dimethylamino)-
phosphonium hexaftuorophosphate, benzotriazol-1-yl-oxyiripyvrrolidinophosphoniom
hexafluorophosphate, and the like, in an organic solvent such as tetrahydrofuran, 1,4-dioxane,
dimethyi{ormamide, methylene chlonde, dichloroethane, methanol, ethanol, and the like, optionally
i the presence of a base such as triethylamine, diisopropylethylamine, pyndine, 2,6-lotidine, and the
like, optionally in the presence of 4-N N-dimethylamanopyridine, to provide compound (30).
Compound (99) is reacied with a base such as sodium hydroxide, Iithium hyvdroxide, potassium
hydroxide, sodium carbonate, lithiurn carbonate, potassium carbonate, and the like, in an organic
solvent such as methanol, ethanol, N N-dimethyiformamide, tetrahvdrofuran, 1.4-dioxane, and the
like, optionally heated, optionally heated with nucrowave urradiation to provide compound (91).
Alteratively, compound (98} is reacted with an acid such as trifluoroacetic acid, hydrochloric acid,
sulfuric acid, and the like, optionally in the presence of a solvent such as methanol, ethanol, N,N-
dimethyiformamide, tetrahydrofuran, 1,4-dioxane, methylene chloride and the like, optionally heated,
optionally heated with microwave trradiation to provide compound {91},

Scheme 21,



10

20

WO 2016/183534 PCT/US2016/032574

R! B O R3-H
= qd (92)
Ry o
| catalyst
X1 ’¢X3 (26) base X 2
™ X e solvent {93) X2

Compound {26} is reacted with compound (92), in the presence of a base such as poiassium
phosphate, cesium carbonate, potassium carbonate sodivm carbonate, sodium tert-butoxide and the
like in the presence of a copper (1) catalyst such as copper iodide and the like, or a palladium catalyst
such as palladivm (11} acetate, tetrakis{triphenyiphosphine)palladium{0), dichlorobis
(triphenylphosphine) palladium(Il), palladium on carbon, bis(acetominledichloropalladiom(ll), and
the hike, in an organic solvent such as N N-dimethylformamide, tetrahvdrofuran, 1.4-dioxane,
toluene, 1.2-dichloroethane, and the like, optionally heated, optionally heated with microwave

vradiation to provide compound (93).

Scheme 22,
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Compound (94} is reacted with compound (22) in the presence of a palladium catalyst such
as palladium (1) acetate, tetrakis(triphenyiphosphinepalladium{0), dichlorohis{tnphenviphosphing)
palladium(il}, paliadium on carbon, his{acetonitrile}dichioropatiadiinm(il}, and the like, in the
presence of a base such as triethylamine, diisopropylethvianmine, pyridine, 2,6-dimethylpyridine,
sodium hydroxide, lithium hydroxide, potassium hydroxide, sodium carbonate, lithium carbonate,
potassium carbonaie, and the fike, in an organic solvent such as methanol, ethanol, W, N-
dimethyiformamide, tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane and the like, optionally
heated, optionally heated with microwave irradiation {o provide compound (98). Compound (88} is
then deprotecied by removal of the trimethylsily motely using a fluoride source such as
tetrabutylammonium fluoride, and the like in an organic solvent such as tetrahydrofuran, 1,4-
dioxane, methvlene chionde, 1,2-dichloroethane, and the like to provide compound (86). Compound
(96) 1s reacted with compound (97), wherein X 15 a chloride, bromide, iodide, methanesultonate,

irifluoromethanesulfonate, tosylate, and the like in the presence of a base such as triethylamine,
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ditsopropvlethylamine, pyridine, 2,6~dimethvipyvridine, and the like in the presence of a palladium
catalyst such as palladium (1) acetate, tetrakis{inphenyiphosphime)palladium(0), dichlorobis
(triphenylphosphinejpatiadium(ll}, palladium on carbon, bis{acetonutrile)dichioropalladium(ily, and
the hike, in an organic solvent such as N N-dimethylformamide, tetrahvdrofuran, 1.4-dioxane,
methvlene chloride, 1,2-dichloroethane, and the like, optionally heated, optionally heated with
microwave irradiation to provide compound (98). Compound (98} is reacted with a base such as
sodium hydroxide, lithium hydroxide, potassium hvdroxide, sodium carbonaie, Hithium carbonate,
potassium carbonaie, and the fike, in an organic solvent such as methanol, ethanol, W, N-
dimethyi{ormamide, tetrahydrofuran, 1,4-dioxane, and the hike, optionally heated, optionally heated

with microwave 1rradiation to provide compound (99).

Scheme 23,
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Compound (1883) 18 reacted with compound (101}, in the presence of coupling agent such as
1-ethyl-3-(3-dimethvlamimopropyl) carboditmide, NN -Dieyclohexylcarbodiimide, O-Benzotriazole-
MNNN N ~tetramethyl-uroniurn-hexafluoro-phosphate, O~(7-azabenzotriazol-1-yh-N NN’ N’-
tetramethyluronium hexafluorophosphate, Benzotriazole-1-yvi-oxv-tris-(dirnethylamino)-
phosphonium hexaffuorophosphate, benzotriazol-1-yl-oxyiripyirolidinophosphonium
hexafluorophosphate, and the like, in an organic solvent such as tetrahydrofuran, 1,4-dioxane,
dimethviformamide, methylene chloride, dichloroethane, methanol, ethanol, and the like, optionally
1 the presence of a base such as triethylamine, diisopropylethylamine, pyvndine, 2,6-lutidine, and the
like, optionally in the presence of 4-N, N-dimethylaminopyridine, to provide compound (182).
Alternatively, a compound of formula (186) 1s reacted with acyl chioride (383) in the presence of a
base such as trimethvlamine, dusopropvlethylamine, N-methylmorpholine, pyridine and the ke ina

solvent such as dichloromethane, tetrahvdrofuran and the like to provide compound (162).
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Compound (102) 1s reacted with a base such as sodium hydroxide, lithium hydroxide, potassium
hydroxide, sodium carbonate, lithium carbonate, potassium carbonate, and the like, in an organic
solvent such as methanol, ethanol, N, N-dimethyiformamide, tetrahvdrofuran, 1 4-dioxane, and the
like, optionaily heated, optionally heated with microwave irradiation to provide compound (104).
Alteratively, compound (102) is reacted with an acid such as trifluoroacetic acid, hydrochloric acid,
sulfuric acid, end the like, optionally in the presence of a soivent such as methanol, ethanol, N,N-
dimethyiformamide, tetrahydrofuran, 1,4-dioxane, methylene chioride and the hike, optionally heated,
optionally heated with microwave irradiation o provide compound (184).

Scheme 24.

. 1 3

(108} X2 X
Compound (388} is converted to compound (186) according to Scheme 24, using appropriate

reagents, starting matenials and puorification wethods known to those skilled in the art.

Scheme 25,
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Compound (107} 1s converted to compound (108} according to Scheme 25, using appropriate
reagents, starting materials and purification methods known to those skilled in the art.

Scheme 26.
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Compound (109} 1s reacted with compound (118}, in the presence of coupling agent such as
1-~ethyl-3-(3~dimethylaminopropyl) carbodiinude, NN -Dicyclohexylcarbodiimide, O-Benzotriazole-
N NN N’ -tetramethvi-uronium-hexafluoro-phosphate, O-(7-azabenzotriazol-1-vH-N, N N> N'-

tetramethy lurontum hexafluorophosphate, Benzotriazole-1-vi-oxy-tris-{dimethylamino}-

4

phosphonium hexaffuorophosphate, benzotriazol-1-yl-oxyiripyirolidinophosphomium
hexafluorophosphate, and the like, in an organic solvent such as tetrahydrofuran, 1,4-dioxane,
dimethyviformamide, methylene chloride, dichloroethane, methanol, ethanol, and the like, optionally
1 the presence of a base such as triethylamine, diisopropylethylamine, pyvndine, 2,6-lutidine, and the
like, optionally in the presence of 4-N N-dimethylamanopyridine, o provide compound (111).

19 Compound {111} 1s reacted with a base such as sodium hyvdroxide, lithium hydroxide, potassium
hydroxide, sodium carbonate, lithiurn carbonate, potassium carbonate, and the like, in an organic
solvent such as methanol, sthanol, N, N-dimethylformamide, tetrahydrofuran, 1,4-dioxane, and the
like, optionally heated, optionally heated with nucrowave uradiation to provide compound (112).

Alteratively, compound (111) 15 reacted with an acid such as trifluorsacetic acid, hydrochioric acid,

13 sulfuric acid, and the like, optionally in the presence of a solvent such as methanol, ethanol, N,N-
dimethyiformamide, tetrahydrofuran, 1,4-dioxane, methylene chloride and the like, optionally heated,
optionally heated with microwave irradiation to provide compound {112},

Scheme 27,
Ri’»b
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26 Compound (113) 15 converted to compound (114) according to Scheme 27, using appropriate
reagents, starting materials and purification methods known to those skilled in the art.
Scheme 28,
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Compound (118) 18 converted to compound (116) according 1o Scheme 28, using appropriate
25 reagents, starting matenials and puorification wethods known to those skilled in the art.
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Scheme 29.
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Compound (117) 1s reacted with compound (118}, in the presence of a reducing agent such as

sodium cyanoborohydride, sodium triacetoxyborohvdride, and the like, in an organic solvent such as

(]

ietrahydrofuran, 1,4-dioxane, methanol, ethanol, and the hike, to provide compound (119).
Compound (119) 1s reacted with a base such as sodium hydroxide, lithiurmn hydroxide, potassium
hydroxide, sodium carbonate, lithium carbonate, potassium carbonate, and the like, in an organic
solvent such as methanol, ethanol, N N-dimethyiformamide, tetrahy droturan, 1.4-dioxane, and the
like, optionally heated, optionally heated with microwave irradiation to provide compound (128).

10 Alteratively, compound (119) is reacted with an acid such as trifluoroacetic acid, hydrochloric acid,
sulfuric acid, and the like, optionally in the presence of a solvent such as methanol, ethanol, N N-
dimethviformamide, tetrahydrofuran, 1.4-dioxane, methylene chioride and the like, optionally heated,
optionally heated with microwave irradiation to provide compound (128).

Scheme 34.
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Compound (121) 15 converted to compound (122) according to Scheme 30, using appropriate
reagents, starting materials and purification methods known to those skilled in the art.

Scheme 31.
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Compound (123) 15 converted to compound (124} according to Scheme 31, using appropriate
reagents, starting materials and purification methods known to those skilled in the art.

Scheme 32.
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Compound (125) 15 reacted with a reducing agent such as sodium borohydride lithium
alurmnum hydride and the like, in an organic solvent such as tetrahydrofuran, 1, 4-dioxane, methanol,
ethanol, and the like, {o provide compound (126). Compound (126) is reacted under Mitsunobu
conditions with compound (327}, in the presence of an agent such as diethylazodicarboxylaie,

10 diisopropylazodicarboxylate and the like, and a phosphine such as triphenyliphosphine, and the like,
in an organic solvent such as fetrahydrofuran, 1,4-dioxane, dichloromethane, and the like, to provide
compound (128). Altematively, compound (126) 1s reacted with compound (129), in which Xis a
leaving group such as a halogen, mesylate, tosylate and the like, in the presence of a base such as

irtethylamine, ditsopropvlethylamine, pyridine, sodium carbonate, potassium carbonate, sodium
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hydrnide, and the like, in a solvent such as tetrahydrofuran, dimethylformanide, and the like to
provide compound (128). Alternatively, compound (126) 1s reacted with an activating group, which
converts the hydroxy into a leaving group, such as methanesulfony| chloride, tosy! chloride, and the

like, in the presence of a base such as triethylamine, diisopropyiethvlamine, pyridine, sodium

4

carbonate, potassium carbonate, sodium hydride, and the like, in a solvent such as tetrahvdrofuran,
dimethyiformamide, and the like to provide compound (131), which is then treated with compound
(§27), in the presence of base such as triethylaming, ditsopropylethylamine, pyridine, sodium
carbonate, potassium carbonate, sodium hydride, and the like, in a solvent such as teirahy drofuran,
dimethylformamide, and the like to provide compound (128). A compound of formuda (128} is

19 reacted with a base such as sodium hydroxide, Hthium hydroxide, potassium hydroxide, sodium
carbonate, lithium carbonate, potassium carbonate, and the like, 1n an organic solvent such as
methanol, ethanol, N.N-~dimethylformarmide, tetrahydrofuran, 1.4-dioxane, and the like, optionally
heated, optionally heated with microwave wradiation {o provide compound (138). Alteratively,

compound (128) 1s reacted with an acid such as irifluorcacetic acid, hydrochloric acid, sulfuric acid,

13 and the like, optionally in the presence of a solvent such as methanol, ethanol, N N-
dimethyiformamide, tetrahydrofuran, 1,4-dioxane, methylene chloride and the like, optionally heated,
optionally heated with microwave trradiation to provide compound {13¢}.

Scheme 33,
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26 Compound (132} 15 converted to compound (133} according to Scheme 33, using appropriate

reagents, starting materials and purification methods known to those skilled in the art.

Scheme 34.
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Compound {134} is converted to compound {135} according to Scheme 34, using appropriate
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reagents, starting materials and purification methods known to those skilled 1o the art.

Scheme 35.
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Compound {136} is reacted with a sulfonyi chioride of fornmuida (137}, in the presence of base
such as triethyvlamine, dusopropylethvlamine, pyrnidine, sodivim carbonate, potassium carbonate,
sodium hydride, and the like, in a solvent such as tetrahydrofiran, dimethyHormamide, and the like
to provide compound (128}, A compound of formula (138) 1s reacted with a base such as sodium
hydroxide, hithium hvdroxide, potassium hydroxide, sodium carbonate, lithium carbonate, potassium
carbonate, and the like, in an organic solvent such as methanol, ethanol, N, N-dimethylformamuide,
tetrahydrofuran, 1,4~-dioxane, and the like, optionally heated, optionally heated with nucrowave

trradiation to provide compound {139},

Scheme 36.
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Compound (148) 15 converted to compound (141) according to Scheme 36, using appropriate

reagents, starting materials and purification methods known to those skilled in the art.

Scheme 37.
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Compound (142) 1s converted to compound (143) according to Scheme 36, using appropriate
reagents, starting materials and purification methods known to those skilled 1o the art.

Scheme 38.
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Compound {144) 15 reacted with compound (148}, wherein PG is a protecting group such as a
carboxyibenzy (Cbz), tert-butvioxycarbonyi (Boc), Fluorenylmethyloxycarbonyi (FMoc), and the
like, in the presence of coupling agent such as 1-ethyl-3-(3-dimethylaminopropyl} carbodiimide,
NN -Bieyclohexylcarbodiimide, O-Benzotriazole-N, NN’ N -tetramethy l-uronium-hexafluoro-
phosphate, O-(7-azabenzotriazol-1-y1}-N NN N -tetramethy! uronium hexafluorophosphate,
Benzotriazole-1-yl-oxy-tris-{dirmethylamino)}-phosphonium hexafluoro phosphate, benzotriazol-1-vi-
oxytripyrrolidinophosphonium hexafluorophosphate, and the like, in an organic solvent such as
tetrahydrofuran, 1,4-dioxane, dimethylformamude, methylene chloride, dichlorosthane, methanol,
ethanol, and the like, optionally in the presence of a base such as triethvlamine, ditsopropylethyl
amine, pyvridine, 2.6-lutidine, and the like, optionally with heating, optionally with nucrowave
trradiation, to provide compound (146). Compound (146) is reacted with a coupling agent such as
diethviazodicarboxvlate, diisopropylazodicarboxylate, di-tert-butyidicarboxylate and the ike and a
phoshine such as triphenyiphosphine, tri-n-butylphosphine and the like, in the presence of compound
{147}, a suitably protected silyl azide, such as trimethylsilvi azide, in an organic solvent such as
ietrahyvdrofuran, 1,4-dioxane, dimethylformamide, methylene chloride, dichloroethane, and the like,
optionally with heating, optionally with microwave irradiation, to provide compound (348).
Compound (148) is reacted with a base such as sodium hydroxide, lithiurmn hydroxide, potassium
hydroxide, sodium carbonate, fithium carbonate, potassium carbonate, triethlamine,
diisopropylethylamine, N-methyipyrrolidine (NMP), 2.6-lutidine, pyridine, and the like, in an
organic soivent such as methanol, ethanol, N, N-dimethyiformamide, tetrahyvdrofuran, 1 4-dioxane,
and the like, optionally heated, optionally heated with microwave irradiation to provide compound

(149). Alterantively, compound {148) i3 reacted with an acid such as triflucroacetic acid, acetic acid,

81
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formic acid, hvdrochloric acid, hydrobromic acid, and the hike, in a solvent such as methanol,

ethanol, M N-dimethyvlformamide, tetrabhydrofuran, 1,4-dioxane, methylene chioride, and the like,
optionally heated, optionally heated with microwave irradiation to provide compound (149).
Alternatively, compound {148} is reacted with hvdrogen in the presence of a palladium catalvst such
as palladium on carbon, palladium (3) acetate, tetrakis(triphenyiphosphine} palladium((3), dichlorobis
(tripheny lphosphine)patiadium(1l), bis(acetonitrile)dichloropalladium(ll), and the like in a solvent
such as methanol, ethanol, tetrahydrofuran, 1,4-dioxane, and the like to provide compound (149).

Scheme 39.
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Compound (158) 15 reacted with a boronate source, such as bis(pinacolatodiboron, 4,45 5-
Tetramethyl-1,3.2-dioxaborolane, and the like, in the presence of a palladium catalyst such as
palladium (1) acetate, tetrakis(iriphenviphosphine)palladiem((), dichlorobis(triphenyiphosphine)
palladiom(il), palladium on carbon, bis(acetonitrile}dichioropaliadium(il}, and the like, and a copper
catalyst, such as copper (1) iodide and the like, in the presence of a base such as triethylamine,
ditsopropylethyvlamine, pyridine, 2,6~-dimethylpyridine, sodium hydroxide, hithium hydroxide,
potassium hy droxide, sodium carbonate, lithium carbonate, potassium carbonale, and the like, in an
organic soivent such as methanol, ethanol, N N-dimethylformamide, tetrahydrofuran, 1,4-dioxane,
1,2-dimethoxyethane and the like, optionally heated, optionally heated with microwave irradiation fo
provide compound (151) wherein Y1 is selected from the group consisting of pinacolato and (OH),.
Compound (181) 1s reacted with compound (152), wherein Y is selected from the group consisting of
chlorine, bromine, iodine, and triflucromethanesulfonate. in the presence of a palladium catalyst such
as | 1,17 -bis {diphenylphosphino} ferroceneg] palladium (1) dichloride dichloromethane adduct,
paliadium (i) acetate, tetrakis(triphenylphosphinepaliadium{0), dichiorobis
(tripheny Iphosphinepatiadium(11}, palladium on carbon, bis{acetonitrile)dichioro palladium(il), and
the like, in the presence of a base such as triethylamine, diisopropylethyvlamine, pyridine, 2,6-

dimethyipyridine, sodium hydroside, lithium hydroxide, potassium hydroxide, sodium acetate,
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potassium acetate, sodium carbonate, lithium carbonate, potassium carbonate, and the like, in an
organic soivent such as methanol, ethanol, N N-dimethylformamide, tetrahydrofuran, 1,4-dioxane,
1,2-dimethoxyethane and the like, optionally heated, optionally heated with microwave irradiation {0
provide compound (183). Compound (153) is reacted with a base such as sodium hydroxide, hithium
hydroxide, potassium hvdroxide, sodium carbonate, lithium carbonate, potassium carbonate, and the
like, in an organic solvent such as methanol, ethanol, N, N-dimethy formamide, tetrahvdrofuran, 1,4~
dioxane, and the like, optionally heated, optionally heated with microwave irradiation to provide
compound {(154).

Combination Therapies

The compounds 1dentified using the methods described here are useful in the methods of the
mvention in combination with one or more additional agents useful for treating EBV infection and/or
EBV-associated cancer. These additional agents may comprise compounds identified herein or
agents, e.g., commercially available agents, known to treat, prevent, or reduce the symptoms of EBV
imfection and/or EBV-associated cancer.

Une or more compounds of the invention described herein may be adnunistered to a patient
in need thereof with one or more of these agenis. In certain embodiments, the compound of the
mvention is combined with one or more of agents, i.e., delivered to the patient concurrently. In other
embodiment, the compound of the invention is delivered to the patient concurrently therewith one or
more of these agents. In vet other embodiments, the compound of the invention 18 delivered prior to
one or more of these agents. In yet other ernbodiments, the compound of the invention 15 delivered
subseguent to one or more of these agents.

As used herein, combination of two or more compounds/agents may refer to a composition
wherein the individual compounds/agents are physically mixed or wherein the individual
compounds/agents are physically separated. A combination therapy encompasses adminustering the
components/agents separately to produce the desired additive, complementary or synergistic effects.
In certain embodiments, the compound and the agent are physically mixed in the composition. In
other embodiments, the compound and the agent are physically separated in the composition,

In certain embodiments, an agent is administered prior to, concurrenily with, or subsequent to
the compound.

In certain embodiments, the agent is a chemotherapeutic. One of skill in the art would
readily be able to select a chemotherapeutic for administration with one or more of the compound of
the invention, based on the cancer being treated, patient physical condition, among others factors. In

certain embodiment, the chemotherapeutic 1s selected from the group consisting of cisplatin,
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doxorubicin, 3-fluorouracil, cyclophosphamide, vincristine and prednisone.

In certain embodiments, the agent is an antiviral agent. In certain embodiments, the antiviral
agent is selected from the group consisting of ganciclovir, acyelovir, valganciclovir, vidarabine,
brivudine, cyiarabine, idoxuridine, penciclovir, and famciclovir. In other embodiments, the antiviral
agent is ganciclovir.

In certain embodiments, the agent is a histone deacetylase inhibitor. In certain embodiments,
the histone deactylase inhibitor is selected from the group consisting of arginine butyrate, sodium
butyrate, suberoylanilide hydroxamic acid (SAHA), and valproic acid.

In certain embodiments, the agent is a DNA methylation imbibitor. In certain embodiments,
the DNA methylation inhibttor is 57~ azacytidine.

In certain embodiments, the agent 15 a proteasome inhibitor. o certain ernbodiments, the
proteasome inhtbitor is bortezamib.

In certain embodiments, the agent 1s an immunotherapy and/or vaccine. Degsirably, the
mmmunotherapy and/or vaccines are tailored to the patient and specific disease/conditions being
treated. In certain embodiments, the immunotherapy and/or vaccine are tailored to the patient and
specific cancer being treated. In certain embodiments, the immunotherapy 15 a patient derived
{autologous) EBV specific T-cell or a non-patient derived EBV -specific T-cell (CART celis). In
certain embodiments, the agent is an immunomodulator. In certain embodiments, the
mmmunomodulator is at least one selected from Rituximab, PDT, PB-L1, CTLA4, antibodies to B-
cells and modulators of regulatory T-cells and WK cells.

In certain embodiments, chemotherapy and/or radiation therapy bolster the effects of the
EBV-activating therapy described herein. In other embodiments, immune-based therapies eradicate
residual disease and activate endogenous immune responses. In vet other embaodiments, such
combination approaches (surgery plus chemotherapy/ radiation plus immunotherapy) are anticipated
io be successtul i the treatment of many cancers along with the methods described herein.

The compounds identified using the methods described here are useful in the methods of the
nvention in combination with one or more additional treatment protocol useful for treating FBY
infection and/or EBV-associated cancer. These additional treatiment protocols may comprise
treatment protocols known to treat, prevent, or reduce the symptoms of EBV infection and/or EBV-
associated cancer.

In certatn embodiments, adjunctive therapies for use with the methods and compositions
described herein include acupuncture. In other embodiments, the non-chemical treatment protocol is

surgery. In yet other embodiments, the non~-chemical freatiment protocol is chivopractic care. Inyet
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other embodiments, the non-chenucal treatment protocol s passive or active immunotherapy. Invet
other embodiments, the non-chenucal treatment protocol includes X-ravs. In vet other embodiments,
the non-chemical treatment protocol includes ultrasounds, among others. In other embodiments,
adjunctive treatment protocols include diagnostic assessments, e.g., blood testing, to determine or
monitor the progress of the infection, the course or status of the disease, relapse or any need for
booster admunistrations of the compositions.

These additional treatment protocols may be administered prior to, concurrently with, or
subseguent to administration of the compound of the invention. In certain embodiments, radiation is
administered prior to, concurrently with, or subsequent o the compound.

Doses of the compound of the invention within the ranges described elsewhere herein may be
used when the compound of the invention 1s admimistered in combination with an additional
pharmacologically active reagent or in an additional treatroent protocol. In other embodiments,
tower doses of the compound of the invention are useful when administered 10 combination with an
additional pharmacologically active reagent. In vet other embodimenis, combination of the
compound of the invention with another pharmacological agent or treatment protocol permuts fower
than usual dosages of the additional pharmacological agent or adjustment of the additional protocol
regimen and/or lower doses of the compound of the invention to achieve the desired therapeutic
effect.

A synergistic effect may be calculated, for example, using suttable methods such as, for
example, the Sigmoid-En., equation (Holford & Scheiner, 19981, Clin. Pharmacokinet. 6: 429-453),
the equation of Loewe addifivity (Loewe & Muischnek, 1926, Arch. Exp. Pathol Pharmacol. 114;
313-326) and the median-effect equation (Chou & Talalay, 1984, Adv. Enzyvme Regul. 22: 27-35),
Fach equation referred to above may be applied to experimental data to generate a corresponding
graph fo aid in assessing the effects of the drug combination. The corresponding graphs associatec
with the equations referred to above are the concentration-effect curve, isobologram curve and
combination index curve, respectively.

Kits

Also provided are kits or packages of pharmaceutical formulations containing (1) at
least one compound of the invention; and (i) an antiviral and/or anticancer agent. In certain
embodiments, the compound of the invention and the antiviral and/or anticancer agent are formulated
for the desired delivery vehucle and route. In certain embodiments, the kit is also mcludes a
chemotherapeutic agent deseribed herein. In other embodiments, the compound and antiviral and/or

anticancer agent are formulated for any suitable route, such as for oral or parenteral, for example,
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transdermal, transmucosal (e.g., sublingual, lingual, (trans)buccal, (transyurethral, vagmal (e.g., trans-
and perivaginally}, (intrajnasal and (trans)rectal), infravesical, intrapulmonary, intraduodenal,
infragastrical, intrathecal, subcutaneous, intramuscular, intradermal, intra-arterial, intravenous,

intrabronchial, inhalation, and fopical administration. In yet other embodiments, the kit is designed

4

for delivery at home. The kit may thus include tubes or other containers, applicators, needles,
syringes, and other appropriate packaging and instructions for use.
Methods

The invention provides a method of treating and/or preventing a disease or disorder caused
by EBNAT activity in a subject. The invention further provides a method of treating and/or
190 preventing Epstein-Barr Virus (EBV) infection, and/or a disease or disorder associated with EBV
mfection, in a subject. The invention {urther provides a method of treating and/or preventing Iytic
and/or latent EBV Virus infection in g subject.

In certain embodiments, the disease or disorder is at least one selected from the group

consisting of cancer, infectious mononucleosis, chronic fatigue svndrome, multiple sclerosis,

[—
(]

systemic lupus ervthematosus, and rheumatoid arthritis.  In certain embodiments, the cancer is at
least one selected from the group consisting of nasopharyngeal carcinoma, gastric carcinomas, non-
hodgkin ymphoma, anaplastic large-cell lymphoma, angisimmunoblastic T-cell lymphoma,
hepatosplenic T-cell lvmphoma, B-cell lymphoma, Burkitt's ly mphoma, reticuloendotheliosis,
reticulosis, microglioma, diffuse large B-cell lvmphoma, extranodal T/NK lvmphoma/angiocentric
20 Ivmphoma, follicular lvimphoma, immunoblastic lvmphoma, mucosa~-associated tymphatic tissue
fvmphoma, B-cell chronic tymphocytic leukemia, mantle cell lymphoma, mediastinal large B cell
hymaphoma, lymphoplasmactic lvmphoma, nodal marginal zone B cell lymaphoma, splenic marginal
zone lymphoma, intravascular large B-cell lvmphoma, primary effusion lvmphoroa, lvphomatoid

granulomatosis, angioinununoeblastic lvmphadenopathy. letomvosarcomas, X-hnked

H

lymphoproliferative disease, post-transplant lymphoproliferative disorders, Hodgkin’s lyraphoma and

R
{

breast cancer.

In certain embodiments, the methods of the invention comprise administering a
therapeutically effective amount of a compound and/or composition of the invention to the subject in
need thereof. In other embodiments, the compound of the invention is part of a pharmaceutical

39 composition further comprising at feast one pharmaceutically acceptable carrier. In vet other
embodiments, the compound and/or composition 18 administered to the subject by at least one route
selecled from the group consisting of oral, nasal, inhalational, topical, buccal, rectal, pleural,

peritoneal, vaginal, miramuscular, subcutaneous, ransdermal, epidural, intratracheal, otic,
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mitraccular, intrathecal, and mtravenous routes. Invet other embodiments, the compound is
adrmimistered as part of a pharmmaceutical composition. In vet other embodiments, the subjectis a
manminal. i vet other embodiments, the mamimal is human.
Administration/Dosage/Formulations

The regimen of adnunistration may affect what constitutes an effective amount. The
therapeutic formulations may be administered io the subject either prior to or after the onset of a
disease or disorder coniemplated in the mmvention. Further, several divided dosages, as well as
staggered dosages may be adminisiered daily or sequentially, or the dose may be continuously
infused, or may be a bolus injection. Further, the dosages of the therapeutic formulations may be
proporiionally increased or decreased as indicated by the exigencies of the therapeutic or
prophvlactic situation.

Admanistration of the compositions of the present invention to a patient, preferably a
maromal, more preferably a human, may be carried out using known procedures, at dosages and for
periods of time effective to treat a disease or disorder contemplated in the invention. An effective
amount of the therapeutic compound necessary to achieve a therapeutic effect may vary according to
factors such as the state of the disease or disorder in the patient; the age, sex, and weight of the
patient; and the ability of the therapeutic compound 1o {reat a disease or disorder contemplated in the
mvention. Dosage regimens may be adjusted to provide the optimhum therapeutic response. For
example, several divided doses may be administered daily or the dose may be proportionally reduced
as indicated by the exigencies of the therapeutic sifuation. A non-himiting example of an effective
dose range for a therapeutic compound of the invention 1s from about 1 and 5,000 mg/kg of body
weight/per day. The pharmaceutical compositions useful for practicing the invention may be
adrmimistered to deliver a dose of from 1 ng/kg/day and 100 mg/kg/day. One of ordinary skill in the
art would be able 1o study the relevant factors and make the deternination regarding the effective
arsount of the therapeutic corapound without undue experirentation.

Actual dosage levels of the active ingredients in the pharmaceutical compositions of this
mvention may be varied 5o as to obtain an amount of the active ingredient that is effective to achieve
the desired therapeutic response for a particular patient, composition, and mode of administration,
without being toxic to the patient.

In particular, the selected dosage level depends upon a vanety of factors including the
activity of the particular compound emploved, the time of adminisiration, the rate of excretion of the
compound, the duration of the treatment, other drugs, compounds or materials used m combination

with the compound, the age, sex, weight, condition, general health and prior medical history of the
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patient being treated, and like factors well known in the medical arts.

A medical doctor, e g, physician or veterinarian, having ordinary skill in the art may readily
determine and prescribe the effective amount of the pharmaceutical composition required. For
example, the physician or veterinarian could start doses of the compounds of the invention employed
in the pharmaceutical composition at levels lower than that required in order to achieve the desired
therapeutic effect and gradually increase the dosage until the desired effect is achieved.

In particular embodiments, it is advantageous to formulate the compound in dosage umit form
for ease of administration and uniformity of dosage. Dosage unit form as used herein refers {o
physically discrete units sutted as unitary dosages for the patients {0 be treated; each unit contlaining a
predetermined quantity of therapeutic compound calculated o produce the desired therapeutic effect
n association with the required pharmaceutical vehicle. The dosage unit forms of the invention are
dictated by and directly dependent on (a) the unique characteristics of the therapeutic compound and
the particular therapeutic effect to be achieved, and (b) the limitations inherent in the art of
compounding/formulating such a therapeutic compound for the treatment of a disease or disorder
contemplated in the invention.

Irx certain embodiments, the compositions of the invention are formulated using one or more
pharmaceutically acceptable excipients or carriers. In other embodiments, the pharmaceutical
compositions of the invention comprise a therapeutically effective amount of a compound of the
mvention and a pharmaceutically acceptable carrier. In yet other embodiments, the compound of the
mvention is the only biologically active agent in the composttion. Inyet other embodiments, the
compound of the invention 1s the only biologically active agent in therapeutically effective amounts
i the composition.

The carrier may be a solvent or dispersion medium confaining, for example, water, ethanol,
polyvol (for exaraple, ghycerol, propylene glycol, and liguid polyethylene glveol, and the like),
suitable mixtures thereof, and vegetable oils. The proper fluidity may be maintained, for exarple, by
the use of a coating such as lecithin, by the maintenance of the required particle size in the case of
dispersion and by the use of surfactants. Prevention of the action of microorganisms may be
achieved by various antibactenal and antifungal agents, for example, parabens, chiorobutanol,
phenol, ascorbic acid, thimerosal, and the like. In many cases, it is preferable to inchude isotonic
agents, for example, sugars, sodium chlonde, or polyalcohols such as mannitol and sorbitol, in the
composiiion. Prolonged absorption of the injectable compositions may be brought about by
mcluding in the composition an agent which delays absorption, for example, aluminum monostearale

or gelatin,
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In certain embodiments, the compositions of the invention are adrirustered to the patient 1o
dosages that range from one to five times per day or more. In other embodiments, the compositions
of the invention are administered to the patient in range of dosages that include, but are not limited
1o, once every day, every two days, every three days 1o once a week, and once every two weeks. Itis
readily apparent to one skilled in the art that the frequency of administration of the various
combination compositions of the invention varies from mdividual {o individual depending on many
factors inchuding, but not himited to, age, disease or disorder {0 be freated, gender, overall health, and
other factors. Thus, the invention should not be construed to be limited to any particular dosage
regime and the precise dosage and composition {o be admanistered {o any patient is determined by the
attending physical taking all other factors about the patient imto account.

Compounds of the invention {or administration may be in the range of from about 1 ug to
about 10,000 mg, about 20 ug to about 9,500 mg, about 40 ug to about 9,000 mg, about 75 ug to
about 8,500 mg, about 150 pg to about 7,500 mg, about 200 pg to about 7,000 mg, about 3050 ug to
about 6,000 mg, about 500 ug to about 5,000 mg, about 750 pg to about 4,000 mg, about 1 mg to
about 3,000 mg, about 10 mg to about 2,500 mg, about 20 mg to about 2,000 mg, about 25 mg to
about 1,500 mg, about 30 mg to about 1,000 mg, about 40 mg to about 900 myg, about 50 mg 1o about
300 mg, about 60 mg to about 750 mg, about 70 mg {o about 600 mg, about 80 mg to about 500 mg,
and any and all whole or partial increments therebehween.

In certatn embodiments, the dose of a compound of the invention is from about 1 mg and
about 2,500 mg. In certain embodiments, a dose of a compound of the mnvention used in
composttions described herein 1s less than about 10,000 mg, or less than about 8,000 mg, or less than
about 6,000 mg, or less than about 5.000 mg, or less than about 3,000 mg, or less than about 2,000
mg, or less than about 1,000 mg, or less than about 500 mg, or less than about 200 mg, or less than
about 50 mg. Similarly, in certain embodiments, a dose of a second compound as described herain is
fess than about 1,000 mg, or less than about 800 mg, or less than about 600 mg, or less than about
500 mg, or less than about 400 mg, or less than about 300 mg, or less than about 200 mg, or less than
about 100 mg, or less than about 50 mg, or less than about 40 mg, or less than abowt 30 mg, or less
than about 25 mg, or less than about 20 mg, or less than about 15 mg, or less than about 10 mg, or
less than about 5 mg, or less than aboul 2 mg, or less than abowt 1 mg, or less than about 0.5 mg, and
any and all whole or partial increments thereof.

In certain embodiments, the present invention is divected to a packaged pharmaceutical
composition comprising a container holding a therapeutically effective amount of a compound of the

nvention, alone or in combination with a second pharmaceutical agent; and instructions for using the
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compound to treat, prevent, or reduce one or more symptoms of a disease or disorder contemplated in
the mvention.

Fornmulations may be emploved in admixtures with conventional excipients, 7.e.,
pharmaceutically acceptable organic or inorganic carrier substances suttable for oral. parenteral,
nasal, intravenous, subcutaneous, enteral, or any other suitable mode of administration, known to the
art. The pharmaceutical preparations may be sterilized and if desired mixed with auxiliary agents,
e.g., lubricants, preservatives, stabilizers, wetting agents, emulsifiers, salts for influencing osmotic

pressure buffers, coloring, flavoring and/or aromatic substances and the hike. They may also be

combined where desired with other active agents.

Routes of administration of any of the compositions of the invention include oral, nasal,
rectal, intravagmnal, parenteral, buccal, sublingual or topical. The corapounds for use in the mvention
mav be formulated for adroiristration by any suitable route, such as for oral or parenteral, for
example, transdermal, transmucosal {e.g., sublingual, ingual, (trans)buccal, (tfrans)urethral, vaginal
{e.g . trans- and perivaginallv}, (intraynasal and (transjrectal}, intravesical, intrapulmonary,
miraduodenal, intragastrical, intrathecal, subcutaneous, intramuscular, intradermal, infra-arterial,
miravenous, infrabronchial, inhalation, and topical admunistration.

Suitable compositions and dosage forms include, for example, tablets, capsules, caplets, pills,
gel caps, troches, dispersions, suspensions, solutions, svrups, granules, beads, transdermal patches,
gels, powders, pellets, magmas, lozenges, creams, pastes, plasters, lotions, discs, supposiiories, hiquid
sprays for nasal or oral administration, dry powder or agrosolized formulations for inhalation,
compositions and formulations for intravesical administration and the like. It should be understood
that the formulations and compositions that would be useful in the present invention are not hinuted
to the particular formulations and compositions that are described herein,

Oral Administration

For oral application, particularly suitable are tablets, dragees, liquids, drops, suppositories, or
capsules, caplets and gelcaps. The compositions intended for oral use may be prepared according o
any method known in the art and such compositions may contain one or more agents selected from
the group consisting of inert, non-toxic pharmaceutically excipients that are suitable for the
manutacture of tablets. Such excipients include, for example an inert dileent such as lactose;
granulating and disintegrating agents such as cornstarch; binding agents such as starch; and
tubricating agents such as magnesium stearate. The tablets may be uncoated or they may be coated
by known techniques for elegance or to delay the release of the active ingredients. Formudations for

oral use may also be presented as hard gelatin capsules wherein the active ingredient 1s mixed with
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an inert diluent.

For oral admanistration, the compounds of the mvention may be in the form of tablets or
capsules prepared by conventional means with pharmaceutically acceptable excipients such as
binding agents {e.g., polyvinyipvrrolidone, hydroxypropyleeliuiose or
hydroxypropylmethyicellulose), fillers {e.g, cornstarch, lactose, microcrystalline cellulose or
calcium phosphate); lubricants {e.g., magnesium stearate, talc, or silica}; disintegrates {e.g., sodium
starch glycollate}; or wetting agents (e.g., sodium lauryl sulphate}. If desired, the tablets may be
coated using suttable methods and coating materials such as OPADRY™ film coating systems
avatlable from Colorcon, West Pomnt, Pa. {e.g, OPADRY™ OY Type, OYC Type, Organic Enteric
OY-P Type, Aqueouns Enteric OY-A Type, OY-PM Type and OPADRY ™ White, 32K.18400).
Liguid preparation for oral administration may be in the form of solutions, syrups or suspensions.
The hiquid preparations may be prepared bv conventional means with pharmaceutically acceptable
additives such as suspending agents {e.g., sorbitol syrup, methyl cellulose or hydrogenated edible
fats): emulsifying agent (e.g , lecithin or acacia}; non-aqueous vehicles {2.g., almond oil, ocily esters
or ethyl alcohol); and preservatives {e.z., methy! or propy! p-hydroxy benzoates or sorbic acid).

Granulating techniques are well known in the pharmaceutical art for modifving starting
powders or other particulate materials of an active ingredient. The powders are typically mixed with
a binder material into larger permanent free-flowing agglomerates or gramies referred to as a
“grandlation”. For example, solvent-using “wet” granulation processes are generally characterized in
that the powders are combined with a binder material and moistened with water or an organic solvent
under conditions resulting in the formation of a wet granulated mass frorn which the solvent must
then be evaporated.

Melt granulation generally consists in the use of materials that are solid or semi-solid at room
temperature {i.e., having a relatively low softening or melting point range) to promote granulation of
powdered or other materials, essentially in the absence of added water or other liguid solvents. The
low melting solids, when heated 10 a temperature in the melting point range. liquefy to act as a binder
or granulating medium. The liquefied solid spreads itself over the suwrface of powdered materials
with which it is contacted, and on cooling, forms a solid granulated mass in which the initial
materials are bound together. The resulting melt granulation may then be provided to a tablet press
or be encapsulated for preparing the oral dosage form. Melt granudation improves the dissohution
raie and bioavailability of an active (L.e., drug) by forming a solid dispersion or solid solution.

U.S. Patent No. 5,169,645 discloses directly compressible wax-containing granules having

improved flow properties. The granules are oblained when waxes are admixed i the mell with
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certain flow improving additives, followed by cooling and granulation of the admixture. In certain
emnbodiments, only the wax itself melts in the melt combination of the wax({es) and additives(s), and
i1 other cases both the wax{(es) and the additives(s} melt.

The present invention also includes a multi-layer tablet comprising a layer providing for the
delayed release of one or more compounds of the invention, and a further layer providing for the
nnmediate release of a medication for {reatment of a disease or disorder contemplated in the
invention. Using a wax/pH-sensitive poly mer mix, a gastric insoluble composition may be obtained
1y which the active ingredient is entrapped, ensuring its delaved release.

Parenteral Administration

As used herein, “parenteral adminisiration” of a pharmaceutical composition includes any
route of admarustration characterized by physical breaching of a tissue of a subject and adnunistration
of the pharmaceutical composition through the breach in the tissue. Parenteral adromustration thus
mcludes, but 1s not lioted to, administration of a pharmaceutical composition by mjection of the
composttion, by application of the composition through a surgical incision, by application of the
composttion through a tissue-penetrating non-surgical wound, and the like. In particular, parenteral
adnunistration is contemplated to include, but is not imited to, subcutaneous, intravenous,
imtraperitoneal, intramuscular, intrasternal injection, and kidney dialytic infusion techniques.

Formulations of a pharmaceutical composition suitable for parenteral administration
comprise the active ingredient combined with a pharmaceutically acceptable carrier, such as sterile
water or sterile 1sotonic saline. Such formulations may be prepared, packaged, or sold 1o a form
suitable for bolus administration or for continuous admunistration. Injectable formulations may be
prepared, packaged. or sold 1 unit dosage form, such as in ampules or in multidose containers
containing a preservative. Formulations for parenteral administration include, but are not himited to,
suspensions, solutions, emulsions in oily or aqueous vehicles, pastes, and implantable sustained-
release or biodegradable formulations. Such formulations may further comprise one or more
additional ingredients including, but not limited to, suspending, stabilizing, or dispersing agents. In
one embodiment of a formulation for parenteral administration, the active ingredient is provided in
dry {(i.e., powder or granular} form for reconstitution with a suitable vehicle {e.g., stenle pyrogen-fres
water) prior o parenteral administration of the reconstituted composition.

The pharmaceutical composiiions may be prepared, packaged, or sold in the form of a sterile
mjectable aqueous or oily suspension or solution. This suspension or solution may be formulated
accordimg to the known art, and may comprise, in addition to the active mgredient, additional

ngredients such as the dispersing agents, welting agents, or suspending agents described herein.
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Such sterile injectable formoulations may be prepared using a non-toxic parenterally~-acceptable
diluent or solvent, such as water or 1,3-butanediol, for example. Other acceptable diluents and
solvents include, but are not hmited to, Ringer’s solution, isotonic sodium chioride solution, and
fixed oils such as synthetic mono- or di-glycerides. Other parentally-administrable formulations
which are useful include those which comprise the active ingredient in microcrystalline forny, in a
liposomal preparation, or as a component of a biodegradable polvmer system. Compositions for
sustained release or implantation may comprise pharmaceutically acceptable polymeric or
hvdrophobic matenials such as an emulsion, an ion exchange resin, a sparingly soluble polymer, or a
sparingly sohuble salt.

Conrrolled Release Formulations and Drug Delivery Systems

In certain embodiments, the formulations of the present invention may be, but are not limited
to, short-term, rapid-offset, as well as controlied, for example, sustained release, delaved release and
pulsatile release formulations.

The term sustained release 15 used in its conventional sense to refer 10 a drug formulation that
provides for gradual release of a drug over an extended period of time, and that may, although not
necessarily, result in substantially constant blood levels of a drug over an extended time period. The
period of time may be as long as a month or more and should be a release which is longer that the
same amount of agent administered in bolus form.

For sustained release, the compounds may be formulated with a suitable polymer or
hydrophobic material that provides sustained release properties to the compounds. As such, the
compounds useful within the methods of the invention mayv be administered in the form of
microparticles, for example by injection, or in the form of wafers or discs bv implantation.

In one embodiment of the invention, the compounds of the invention are adnunistered to a
patient, alone or in corabination with another pharmaceutical agent, using a sustained release
formulation.

The term delayed release is used herein in ifs conventional sense to refer io a drug
formulation that provides for an initial release of the drug afier some delay following drug
administration and that may, although not necessarily, includes a defay of from about 10 minutes up
to about 12 hours.

The term pulsatile release is used herein in its conventional sense to refer to a drug
formulation that provides release of the drug in such a way as to produce pulsed plasma profiles of
the drug after drug admunistration,

The term tmunediate release is used in s conventional sense to refer to a drug formulation
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that provides for release of the drug inwnediately after drug adnunistration.

As used herein, short-term refers to any pernod of time up fo and including about 8 hours,
about 7 hours, about 6 hours, about 3 howrs, about 4 hours, about 3 hours. about 2 hours, about 1
hour, about 40 minutes, about 20 minutes, about 10 minutes, or about 1 minute and any or all whole
or partial increments thereof after drug administration after drug administration.

As psed herein, rapid-offset refers to any period of fime up 1o and inciuding about 8 hours,
about 7 hours, about 6 hours, about 3 hours, about 4 hours, about 3 hours, about 2 hours, about 1
hour, about 40 minutes, about 20 minutes, about 10 minutes, or about 1 mimue and any and all whole

or partial increments thereof after drug admanistration.

Dosing

The therapeutically effective amount or dose of a compound of the present mvention depends
on the age, sex and weight of the patient, the current medical condition of the patient and the
progression of a disease or disorder contemplated in the invention. The skilled artisan is able to
determine appropriate dosages depending on these and other factors.

A suitable dose of a compound of the present invention may be in the range of from abowt
0.01 mg to about 5,000 mg per day, such as from about 0.1 mg to about 1,000 mg, for example, from
about 1 mg to about 500 mg, such as about 5 mg to about 250 mg per dav. The dose may be
administered in a single dosage or in mudtiple dosages, for example from 1 to S or more times per
day. When mulliple dosages are used, the amount of each dosage may be the same or different. For
example, a dose of 1 mg per day may be adminisiered as two 0.5 mg doses, with about a 12-hour
imterval between doses.

It 1s understood that the amount of compound dosed per day may be administered, in non-
hmiting examples, every day, everv other day, every 2 days, every 3 days, every 4 days, or every 5
davs. For exarple, with every other day administration, a 5 mg per day dose may be imitiated on
Monday with a first subsequent 5 mg per dav dose administered on Wednesdayv, a second subsequent
5 mg per day dose administered on Friday, and so on.

In the case wherein the patient’s status does improve, upon the doctor’s discretion the
administration of the inhibitor of the nvention is optionally given continuously: alternatively, the
dose of drug being administered is temporarily reduced or temporarily suspended for a certain length
of time {7.e., a “drug holiday™). The length of the drug holiday optionally varies between 2 days and
1 year, including by way of example only, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 10 days, 12
days, 15 days, 20 days, 28 days, 35 davs, 50 days, 70 days, 100 days, 120 days, 150 days, 180 days,

200 days, 250 days, 280 days, 300 days, 320 days, 350 days, or 365 days. The dose reduction during
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a drug holiday includes from 10%-100%, including, by way of exarople only, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 83%, 90%, 95%, or 100%.

Once improvement of the patient’s conditions has cccurred, a maintenance dose is
administered if necessary. Subseguently, the dosage or the frequency of administration, or both, is
reduced, as a function of the disease or disorder, to a level at which the improved disease is retained.
in certain embodiments, patients require intermittent treatment on a long-term basis upon any
recurrence of symptoms and/or infection.

The compounds for use in the method of the invention may be formulated n unit dosage
form. The term “unit dosage form™ refers to physically discrete uniis smitable as unitary dosage for
patients undergoing treatment, with each onit containing a predetermined quantity of active material
calculated to produce the desired therapeutic effect, optionally in association with a suitable
pharmaceutical carmer. The unit dosage form may be for a single daily dose or one of multiple dasly
doses {e.2., about 1 to 5 or more times per day). When multiple daily doses are used, the unit dosage
form may be the same or different for each dose.

Toxicity and therapeutic efficacy of such therapeutic regimens are optionally deternmined in
cell cultures or experimental animals, including, but not limited to, the determination of the LDs; (the
dose lethal to 50% of the population) and the EDsp (the dose therapeutically effective in 50% of the
population}. The dose ratio between the toxic and therapeutic effects is the therapeutic index, which
is expressed as the ratio between LDy and EDy,. The data obtained from cell culture assays and
amimal studies are optionally used in formulaling a range of dosage for use m human. The dosage of
such compounds lies preferably within a range of circulating concentrations that include the EDs
with rmnimal toxicity. The dosage optionally varnes within this range depending upon the dosage
form emploved and the route of admuanistration utilized.

Those skilled in the art will recognize, or be able to ascertain using no more than rouwtine
experimentation, numerous equivalents to the specific procedures, embodiments, claims, and
examples described herein. Such equivalents were considered to be within the scope of this invention
and covered by the claims appended hereto. For example, it should be understood, that modifications
1 reaction conditions, inchuding but not Himited to reaction times, reaction size/volume, and
experimental reagents, such as solvents, catalysts, pressures, atmospheric conditions, e.g., nitrogen
aimosphere, and reducing/oxidizing agents, with art-recognized alternatives and using no more than
routing experimentation, are within the scope of the present application.

It is to be understood that wherever values and ranges are provided herein, all values and

ranges encompassed by these values and ranges, are meant to be encompassed within the scope of the
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present invention. Moreover, all values that fall within these ranges, as well as the upper or lower
hiomits of a range of values, are also contemplated by the present application.
The following examples further illustrate aspects of the present invention. However, they are

i no way a limitation of the teachings or disclosure of the present invention as set forth herein.

EXAMPLES
The invention is now described with reference {o the following Examples. These Examples
are provided for the purpose of iHlustration only, and the invention is not limited to these Examples,
but rather encompasses all variations that are evident as a result of the teachings provided herein.
Materials and Methods
"H-NMR spectra were obtained on a Varian Mercury 300-MHz NMR or a Bruker 400 MHz
NMR. Purity (%) and mass spectral data were deterrined with a Waters Alliance 2695 HPLC/MS

{(Waters Synunetry C18, 4.6 x 75 yam, 3.5 un) with a 2996 diode array detector from 210~400 nm or

with an Agilent Technologies-lon-trap mass spectrometer-LC-MSD TRAPXCT PLUS.
Example 1: 2-(1 H-indol-6-yH)-3-[1-(2-morpholin-4-yi-ethyl)- L -indol-6-ylethynyll-benzoic acid
Br O

2-Bromo-3-10do-benzoic acid methyl ester: To a stirring solution of 2-bromo-3-
todobenzoic acid (50.0 g, 0.15 mol} in methanol (125 mL) was added thionyl chloride (12.2 mL,
0.168 mol} over a period of 10 minutes at ice bath temperature. The reaction mixiure was allowed {o
stir ab 60 °C over a period of 12hours. The resulting reaction mixture was allowed to reach room
temperature, diluted with ethyl acetate (5300 mL)}, washed with sodium bicarbonate (250 ml), water
(2X250 mb), brine (250 mL), dried over sodium sulfate and filiered. Sitica gel (100 g, 60-120 mesh)
was added to the filirate, stirred for 30 nunutes at 25-30 °C, filiered and concentrated under reduced
pressure to give methyl 2-bromo-3-iodobenzoate as a pale vellow liquid (50.0 g, 96%). 'H NMR
(400 MHz, DMSO-de) §8.11 (dd.J = 7.8, 1.5 Hz, 1H). 7.62 (dd, J = 7.6, 1.5 Hz, 1H), 7.23 (1, J =
7.7 He, 1H), 3.85 (s, 3H). MS m/z (M+) 340.9, (M+2) 342.9.

2-bromo-3-triethylsilanyiethynvi-benzoic acid methyl ester: A solution
of methyl 2-bromo-3-iodobenzoate (400 g, 1.176 mol} in {etrahvdrofuran and triethylamine (1.0
1.:1.0 L) was deaerated using a argon gas over a period of 15 minutes. To this solution were added

bis(triphenyiphosphine} palladium{il) dichiornide (8.24 g, 0.0117 mol), copper (I} iodide {11.23 g,
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0.058 mol} and triethvi-ethynvl-silane (253.6 ml, 1.412 mol) at ambient teroperature over a peniod of
30 munutes. The reaction mixture was allowed to stir at ambient temperature over a period of 4 houwrs,
The reaction mixture was concentrated under reduced pressure, diethyvl ether (1.5 L) was added to the
crude product, stirred for 30 minutes and filtered through celite pad. The filirate was then
concentrated under reduced pressure to give 2-bromo-3-triethyisilanylethynyvl-benzoic acid methy!
ester as a light brown liquid (372 g, 90%). "H NMR (400 MHz, DMSO-dg) § 7.70 (ddd, J = 16.6, 7.7,
1.7 Hz, 2H), 7.49 (1, J = 7.7 Hz, 1H), 3.86 (s, 3H), 1.01-1.05 (¢, J = 7.9 Hz, 9H), 0.65-0.71 (g, J =
7.7 Hz, 6H). MS m/z (M+) 353.3, (M+2) 355.2.

2-(1H-Indoi-6-vij-3-triethylsilanyvl ethynyl-benzoic acid methyl ester: A
solution of 2-bromo-3-triethylsilanyiethynyl-benzoic acid methyvl ester (300 g, 0.85 mol) in 1.4-
dioxane water (750 mL : 750 mL) was deaerated using a argon gas over a period of 15 minutes. To
this solution were added 6-(4,4,5,5-tetramethy -] 1,3,2[dioxaborolan-2-y1)- 1 H-indole (227.1 g, 0.93
moly, [1,17-Bis{diphenyl phosphino}errocene]dichloropalladium(il), complex with dichloromethane
(6.94 g, 0.0085 mol) and potassium carbonate (235 g, 1.7 mol) at ambient temperature. The reaction
mixture was heated to 90 °C over a period of 3 hours. The resultant reaction mixture was then
allowed to reach ambient temperature, diluted with ethyl acetate (2 L) and filtered through celite. The
aqueous layer was separated and organic layer was washed with water (500 mL), brine (300 mL),
dried (sodium sulfate), filtered and concentrated under reduced pressure. The resultant crude product

was suspended with 10% ethy! acetate in hexane, stirred for 30 minmutes, filtered, and dried to give 2-

{(1H-indol-6-y1)-3-triethyisilanylethynyl-benzoic acid methyl ester as a brown solid (248 g, 75%). 'H
NMR (400 MHz, DMSO-ds) & 11.08 (s, 1H), 7.68 (ddd, J = 10.9, 7.7, 1.4 Hz, 2H), 7.55-7.39 (m,
ZHY, 736, J =27 Hz, 1H), 7.32-7.25 (m, 1H), 6.84 (dd, J = 8.1, 1.3 Hz, 1H), 643 (ddd, =31,
1.9, 09 Hz, TH}, 345, 3H), 069 (1, ./ =79 Hz, 9H), 0.36{q, ./ = 7.7 Hz, 6H}. MS mz (M+H)
390.2.

3-ethynyl-2-{ { H-indol-6-yi)-benzoic acid methy! ester: To a stirring solution of 2-
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(1 H-mdol-6-y1)-3-triethyisilanylethvnyl-benzoic acid methyl ester (250 g, 0.645 mol) n
tetrabvdrofuran (1.25 L) was added 1.0 M tetrabutyvlammonium fluoride (838 mL., 0.838 mol) at 0-5
°C over a period of 30 minutes. The reaction mixture was allowed to stir at ambient temperature over
a period 60 minutes. Completion of the reaction was monitored by TLC and LC-MS. The reaction
mixture was concentrated under reduced pressure. The resultant crude product was then diluted with
gthvl acetate (2000 mL) and washed with water (2 x 500 mL}. Organic layer was washed with brine
(600 mL}, dried over sodium sulfate, filiered and concentrated under reduced pressure. The resultant
crude product was purified through silica gel cartridge eluting with ethyl acetaie/hexanes (o give 3-
gthynyl-2-(1 H-indol-6-vi)-benzoic acid ruethyl ester as pale vellow solid (124 g, 70%). 'H NMR
(400 MHz, DMSO-d¢) 8 1116 (s, 1H), 7.74 (dd, J = 7.7. 1.4 Hz, 1H), 7.68 (dd, J = 7.7, 1.4 He, 1H),
7.57-7.35 (m, 3H), 731 (d,.J = 1.7, 0.9 Hz, 1H), 6.85 (dd, J = 8.2, 1.6 Hz, 1H), 6.45 (ddd. J = 3.0,
1.9, 0.9 Hz, 1H). 4.03 (s, 3H), 3.44 (s, 1H). MS m/z (M+H) 276.3.

2-(1 H-indol-6-yi)-3-f I-£2-morpholin-4-yi-ethyli-1 H-indol-
o-ylethynyl j-benzoic acid methyl ester: To a stirting solution of 6-bromo-1-(2-morpholin-4-yl-ethyl}-
1H-indole (560 mg, 1.82 mmol) in toluenetriethylamine (5.5 mL) was added cesium carbonate (1.54
g, 4.73 mmol) and the reaction mixture was deaerated using an argon gas balioon for 15 minutes. To
this suspension was added palladium (I} acetomirile dichloride complex (5.0 mg, 0.0182 mmol}) and
2-dicyclobexylphosphino-2°,4°,6 ~triisopropylbiphenyl (26 mg, 0.055 mmol) at ambient temperature.
The resulting reaction mixture was stirred under inert atmosphere for 30 nunuies. To the above
reaction mixture, 3-ethynvi-2-(1H-indol-6-vi)-benzoic acid methyl ester {300 mg, 1.82 muinol} was
added and the reaction mass was heated to 90 °C for a period of 4 hours. The resultant reaction
mixture was then allowed 1o cool to ambient temperature and diluted with ethyl acetate (530 mL) and
filtered through celite. The orgaruc laver was washed with water (2 x 20 mL), brine (20 rol), dried
{sodium sulfate), filtered and concentrated under reduced pressure. The resultant crude product was
purified through silica gel cartridge eluting with dichloromethane/methans! to give the product 2-

{1 H-indol-6-v1)-3-{ 1-(2-morpholin-4-yi-ethy1}-1 H-indol-6-ylethynyl}-benzoic acid methvl ester as
pale yellow solid in 49% vield. 'H NMR (400 Mz, DMSO-d¢} § 11.22 (s, 1H), 7.79 (dd. /= 7.6. 1.2
Hz, 1H), 7.67 (dd, /= 8.0, 1.2 Hz, 1HD), 7.62 (d, J = 8.0 Hz, 1H), 7.51-7.41 (m, 5H), 7.15 (s, 1H),
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6.99 (dd, J=8.0. 1.6 Hz, 1H), 6.82 (dd, J=18.0, 1.2 Hz, 1H), 6.50 (s. 1H), 6.40 (d, /= 3.2 Hz, 1H),
414 (4 J= 6.4 Hz, 2H), 3.49-3.47 (m, TH), 2.55 {1, J = 6.0 Hz, 2H), 2.35 (bs, 4H). M8 m/z (M+H)
5042,

O 2-{1 H-indol-6-yi}-3-] I-(2-morpholin-4-yi-ethyl}- 1 H-indol-
o-viethyny! [-benzoic acid: To a solution of 2-(1 H-indol-6-y)-3-[ 1 -(2-morpholin-4-yi-ethyly-15-
mdol-6-ylethynyii-benzoic acid methyl ester (120 mg, 0.24 mmol) in tetrahydrofuran:methanol (1:1
mL) was added 2N sodium hydroxide (ag) (48 mg, 1.2 mmol} and the resulting solation was stirred
for about 24 hours at ambient temperature. The reaction mixture was then concentrated and the pH
adjusted to 4 using 1 N hydrochloric acid selution. The agueous layer was then extracted using ethyl
acetate (2 x 25 ml), washed with water (20 mL) and brne (10 mL). The organic layers were
combined, dned (sodium sulfate), filtered and concentraied under reduced pressure. The resulting
crude product was then purified using reversed phase HPLC to give the 2-(1H-indol-6-y1}-3-{1-(2-
morpholin-4-yi-ethyl}-1H4-indol-6-ylethyvnyl]-benzoic acid as pale vellow solid in 70% vield. 'H
NMER (400 MHz, DMSO-dq} 5 12.70 (brs, 1H), 1122 (s, 1H}, 7.74 {dd, /=7.6, 1 ZHz, 1H), 7.65
(dd, /=76, 1.2 Hz, 1H). 7.61 (d, /= 8.4 Hz, 1H), 7.48-7.44 (m, 3H), 7.42-7.40 (m, 2H), 7.14 (s,
1H), 7.06 (dd, J= 8.0, 1.6 Hz, 1H), 6.80 (dd, J= 8.0, 0.8 Hz, 1H), 6.49 (s, 1H), 6.39(d, J = 2.8 Hz,
1H), 4.14 (1, J = 6.4 Hz, 2H), 3.49 (1, J = 4.0 Hz, 4H), 2.55 (bs, 2H), 2.35 (bs, 4H). MS m/z (M+H)
490 3.

Example 2: 3-[3-Acetylamino-4-(tetrahydro-pyran-4-yloxy }-phenylethynyl-2-(UH-indol-6-yi}-
o

HNTS

Y Lw
FERTNEN Ejo

wihg!
\s\j\ Lo,

o L
henzoic acid N

3-13- Acetylamino-4-(tetrahvdro-pyran-4-vioxy }-phenylethyny!]-2-(1 H-indol-6-v1}-benzoic acid was
prepared by the same procedure as Example 1. 'H NMR (400 MHz, DMSO-dg) & 12.70 (s, 1H),
1115 (d J= 2.6 Hz, 1H), 8.95 (s, 1H), 7.82 (s, 1H), 7.73 (dd. J = 7.8, 1.4 Hz, 1H), 7.66-7.54 (m,
2H), 7.48-7.34 (m, 3H), 7.08-6.98 (m, 2H), 6.74 (dd, J= 8.5, 2.2 Hz, 1H), 459 (11, J = 8.6, 4.2 Hz,
1H), 3.85 (dt, J = 11.6, 4.4 Hz, 2H). 3.49-3.33 (m, 3H), 2.09 (s, 3H), 1.90 (dt, J = 13.5, 3.9 Hz, 2H),
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1.64 (dtd, /= 13.0, 9.0, 4.0 Hz, 2H). MS mv/z (M+H) 495 4.
Example 3: 3-{4-{8-Acetyl-8-aza-bicycle|3.2.1}oct-3-vi)-phenylethynyl]-2-(1 H-ind ol-6-v1}-

O
g - N

3-{4-(8-Acetyl-8-aza-bicvclof3.2. 1 joct-3-v-phenylethyny]-2-{ 1 H-indol-6-y1}-benzoic acid was
prepared by the same procedure as Example 1. 'H NMR (400 MHz, DMSO-ds) § 11.16 (s, 1H), 7.61-
7.54 {m, 1H), 7.49(dd, J = 16.2, 7.7 Hz, 3H), 7.38-7.29 {m, 2H), 7.25-7.11 {m, ZH), 7.10-7.00 (m,
3H), 644 ¢s, 1H), 448(d, J=55Hz 1H), 425418 (m, TH), 3.14 (11, =114, 61 Hz, 1H), 1.99 (5,
4H3, 2.00-1.80 (m, 2H}, 1.80 (s, 2H), 1.81-1.66 {m, 2H), 1.70-1.50 {m, 2H}. MS wm/z (M+H) 489 4.
Exampie 4; 3-{1-(2-Dimethylaminoc-ethyl)- L -pyrrole|2,.3-bpyridin-S-yiethynyl}]-2-(1 H-ind ol-6-

benzoic acid

()

19 vi}-benzoic acid

3-11-(2-Dimethylamino-ethy - EH-pyrrolof 2. 3-blpyridim-3-viethyoyl}-2-(1 H-indol-6-y 1}
benzoic acid was prepared by the same procedure as Example 1. 'H NMR (400 MHz, DMSO-dg) 8
11.21 (s, 1H), 7.97 (d,J = 1.9 Hz, 1H), 7.71 (dd. J=7.5. 1.7 Hz, 2H), 7.63-7.55 (m, 3H), 7.50-7.37
(m, 3H), 7.06 (dd. J = 8.1, 1.6 Hz, 1H), 6.48 (s, 1H), 6.39(d, /= 3.5 Hz, 1H), 429 (1. J=6.5 Hz.
2H), 2.60 (t, J = 6.5 Hz, 2H), 2.14 (s, 6H). MS myz (M+H) 4492

[
(]

Example 8: 3-[1-(G-Dimethylamine-propyl}-1H-pyrrole]2,3-blpyridin-S-ylethynyl]-2-(1 H-indeol-
6-yi)-benzoic acid

/

N 5
- =
|/ E
Ny
S

3-{1-(3-Dimethylamino-propyi-1H-pyrrolof 2, 3-bipyridin-S-yiethvoyl}-2-(1 H-indol-6-v1}-benzoic

20 acid was prepared by the same procedure as Example 1. 'H NMR (400 MHz, DMF-d,) 5 11.62 (4, J
=23 Hz 1H). 838 (s, 1H), 8.14 (q. /=29 Hz, ZH), 8.07-7.96 (m, 3H), 7.90-7.78 (m, 3H), 7.47 (dd,
J=81,16Hz 1H), 689 (s,1H),6.82(d. J=35Hz, 1H)L463(, /=7 1Hz 2H), 259, J=70
Hz, 2H), 2.54 (s, 6H), 2.28 (p, /= 7.1 Hz, 2H). MS mv/z (M+H) 463.2.

100



(]

10

13

WO 2016/183534 PCT/US2016/032574

Example 6: 2-(1 H-indol-6-y1}-3-[1-(3-morpholin-4-yi-propyl}- 1 H-pyrrole]2,.3-bipyridin-5-

o
2 -

'\‘___\/ ! =\ ,/‘I\./NH

N T il i
\Q\ pN
\é/LOH
®

2-(1 H-indol-6-y1)-3-[ 1-(3~-morpholin-4-vi-propvi}-1H-pyrrolo{ 2,3-blpyiidin-5-ylethvnyl|-benzoic
acid was prepared by the same procedure as Example 1. '"H NMR (400 MHz, DMSO-d¢} § 12.72 (s,
1H), 11.22(d, /=25 Hz, 1H}, 796 (d, J= 1.9 Hz, 1H), 7.79-7.56 {m, 4H), 7.51-7.38 {m, 3H), 7.05
{dd, /=81, 1.6 Hz, 1H), 649 (s, 1H), 640 (d, /=35 Hr, 1H), 424, J=T70Hz 2H), 352 (1, J =
4.6 Hz, 4H), 2.27 (s, 4H), 2.18 1, /= 7.0 Hz, ZH), 1.90 {p, /= 7.0 Hz, 2H). MS m/z (M-+H} 505.2.

V4

viethynyvij-benzoic acid

Example 7: 2-(0 H-indol-6~-y1}-3-[1-(3-morpholin-4-yi-propyl}-1H-pyrrole]2,3-bipyridin-3-

viethynyl]-benzoic acid
2-(1 H-indol-6-y13-3-[ 1-(3-morpholin-4-yl-propyl - LH-pyrrolo] 2,3-bipyridin-S-viethynyl]-benzoic
acid was prepared by the same procedure as Example 1, "H NMR (400 MHz, DMSO-dq) 8 12.72 (s,
TH} 1116 (s, 1H), 8.20 (dd, 7= 4.6, 1.7 Hz, 1H), 7.78-7.66 (m, 2H), 7.65-7.54 {m, 2H}, 7.49-7 39
(m, 3H), 6.99 (dd. J=8.1. 1.5 Hz, 1H), 6.90-6.77 (m, 2H), 6.51 (s,1H), 4.22 (t. J = 7.0 Hz. 2H). 3.50
(t, J = 4.6 Hz, 4H), 2.25 (s, 4H), 2.19(t, J= 6.9 Hz 2H). 1.90 (p,J = 7.0 Hz, 2H). MS m/z (M+H)
505.2.

Exampie 8: 2-(3 H-indel-6-yi)-3-[1-(Z-morpholin-4-yl-ethy)- 1 H-pyrrole]2,.3-bipyridin-S-

viethynyvij-benzoic acid
2-(1 H-mdol-6-yH-3-[ 1 -(2~-morpholin~-4-yi-ethv -1 H-pyrrolof 2, 3-blpyridin-3-yiethyvoyl}-benzoic acid
was prepared by the same procedure as Example T. '"H NMR (400 MHz, DMSO-ds) § 12.72 (5. 1H),
1121 (d. J=2.4 Hz, 1H). 7.96 (d, J = 2.0 Hz, 1H), 7.80-7.69 (m, ZH). 7.70-7.56 (m, 3H), 7.52-7.38
(m, 3H), 7.05 (dd. J = 8.1, 1.6 Hz, 1H), 6.49 (s, 1H), 6.40(d, /= 3.5 Hz, 1H), 433 (L J= 6.4 Hz.
2H), 3.49 (¢, J = 4.6 Hz, 4H), 2.65 (1. J = 6.5 Hz, 2H), 2.40 (d, J = 4.7 Hz, 4H). MS m/z (M+D)

491 3.
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Exampie 9: 3-{1-(2-Dimethylamino-ethyl)- 1 H{-pyrrolo|2,3-bipyridin-3-ylethynyi]-2-( 1 {-ind ol-6-

yi)-benzoic acid
3-{1-(2-Dimethylanmuno-ethvl)-1H-pyrrolo]2,3-bipyridin-3-viethynyl}-2-(1H-indol-6-vi}-benzoic acid
was prepared by the same procedure as Example 1. 'H NMR (400 MHz, DMSO-de) § 12.68 (bs, 1H),
11.18¢d, J=25Hz, 1H),820(dd, /=43, 20Hz 1H), 776 (s, 1H}, 7.72(dd, /= 7.7, 1. 4 Hz, 1H},
7.66-7.55 (m, 2H)}, 7.50-7.39 (m, 3H), 6.99 (dd, /= 8.1, 1.5 Hz, 1H}, 6.87-6.76 (m, ZH}, 6.52 (ddd, J
=3.0,2.0,09Hz, 1H), 429 (1, J=063Hz, 2H), 263, /=63 Hz, 2H), 2.15 (s, 6H). MS m/z
(M+H) 449 4.

Example 10: 2-(1H-indol-6-y1)-3-{1-(Z-morphelin-4-vi-ethyl)- 1H-pyrroio| 2 3-blpyridin-3-

&~ [
N} [ NH
N =
o NN
ot N ; o
= A
l\ OH
-

2-{1 H-indol-6-v1)-3-{ 1 -(Z-morpholin-4-vi-ethy 13- 1 H-pvrrolo] 2,3-bjpyridin-3-yilethynyl]-benzoic acid
was prepared by the same procedure as Example 1. 'H NMR (400 MHz, DMSO-dq) § 11.08 (5, 1H),
RIS(d, J=48Hz 1H), 7.72 (s, 1H), 7.53-7.42 {(m, 2H), 7.38-7.29 {m, 2H}, 7.20 (s, 2H), 7.10{d, .J
= 8.1 Hz, 1H). 6.97 (d, J= 7.8 Hz, 1H), 6.86-6.79 (m, 1H), 6.45 (s, 11}, 4.30 (1, .J = 6.3 Hz, 2H),
348 (1, J= 4.6 Hz, 4H), 2.64 (d, J= 6.1 Hz, 2H), 2.39 (s, 4H). MS m/z (M+1) 491 4.

viethynyl]-benzoic acid

Example 11: 3-{1-(3-Dimethylamino-propyl)-1 H-pyrrolo{2,3-bipyridin-3-ylethynyl}-2-(1H-

indol-6-yi)-benzoic acid
3-{1-(3-Dimethylamino-propyi-1H-pyrrolof 2, 3-bipyridin-3-yiethvoyl}-2-(1 H-indol-6-v1}-benzoic
acid was prepared by the same procedure as Example 1. 'H NMR (400 MHz, DMSO-dq) 8 11.17 (1, J
=23 Hz 1H), 821 (dd, J=4.5, 1.7Hz, 1H), 7.75 (s, 1H), 7.78-7.66 (m, 1H), 7.66-7.54 (m, 2H),
7.50-7.39 (m. 3H), 6.99{dd, /=81, L. 5 Hz, 1H), 6.90-6.78 (m, 2H), 6.52 (s, 1H), 420 (t, /=71 Hz,
28y, 219 J=7.1 Hz, 2H), 2.13 (s, 6H), 1.87 (p, J =71 Hz, ZH). MS w/z (M+H)} 463.5.

Example 12: 3-11-]2-(1,1-Dioxo-1 A’-thiomorphelin-4-yi)-ethyl]- 1 H-pyrrolo{2,3-bipyridin-5-
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Ofﬂ”\wm

viethynyl}-2-(1 H-indol-6-yi}-benzoic acid

3-41-[2-(}, 1-Dioxo-1 Ao-thiomorpholin-4-y1)-ethyl}-1H-pyrrolof 2, 3-blpyridin-S-ylethynyl} -2-( LH-
indol-6-y1)-benzoic acid was prepared by the same procedure as Example 1. 'H NMR (400 MHz,
DMSQO-de} 0 12.72 (s, 1H), 11.21 (5, 1H}, 7.96 ¢(d, J= 1.9 Hz, 1H), 7.80-7.69 {m, 2H), 7.70-7.61 {m,
2H), 7.60(d,J= 8.1 Hz, 1H}, 7.52-7.38 (m, 3H}, 7.05 (dd, /=82, 1.6 Hz, 1H), 649 (s, 1H), 6.41 (d,
J=35Hz 1H), 432, J=063Hz, ZH), 2.98 (q, J= 3.9 Hz, 4H), 2.95-2.82 (m, 6H). MS m/z (M+H)
5393

Fxampie 13; 2-(1 H-indoi-6-y1}-3-{1-(2~-morpholin-4-yl-ethyl)- 1 H-indol-5-ylethynyij-benzoic acid

~ . =\
OGN ”\__, N/ é

2-(1 H-indol-6-y1)-3-[ 1 -(Z-morpholin-4-vi-ethyl}- 1i-indol-5-viethynyl}-benzoic acid was prepared
by the same procedure as Example 1. "H NMR (400 MHz, DMSO-dy) 8 12.68 (s, 1H), 11.21(d, J =
23 Hz, IH), 7.73(dd, J=T7.7, 1. 5 Hz, 1H), 7.66-7.55 (m, 2H), 749-7.36 (m, 4H), 7.33(d, J= 14
Hz, 1H), 7.04(dd. /=81, 1.6 Hz, 1H), 687 (dd, /=85, 1.6 Hz, IH), 6.49 (5, 1H}, 6.34(d, J=3.1
Hz, 1H), 424 (. J=065Hz 2H), 350, J=46Hz, 4H), 260 (1,/ =65 Hz, 2H), 2.38 (s, 2H), 2.38
(d, /=93 Hz, 2H} MS m/z (M+H) 490.3.

Example 14: 2-{1H-indok-6-y1}-3-{1-(3-morpholin-4-vl-propyi)- 1 H-indel-S-ylethynylj-benzoic

Q
AN

acid
2-(1 H-indol-6-v1)-3-[ 1-(3~-morpholin-4-vi-propvi)-1H-indol-5-ylethvnyl|-benzoic acid was prepared
by the same procedure as Example 1. "H NMR (400 MHz, DMSO-dg) 6 11.21 (1, J=2.3 Hz, 1H),
7.72(dd, J=77, V4 Hz, 1H), 7.66-7.55 (m, 2H), 7.49-736 (m, 6H), 733 (d. /=14 Hz, 1H). 7.04
(dd. J=8.1. 1.6 Hz, 1H), 6.86 (dd. J= 85, 1.6 Hz, 1H), 6.49 (s.1H), 6.35(d,J=3.1 Hz. 1H). 416 (1,
J =67 Hz, 2H), 3.55 (1. J= 4.6 Hz, 4H), 2.26 (d, J = 5.7 Hz, 4H), 2.11 (£, J= 6.8 Hz, 2H), 1.86 (q, J
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= 6.8 Hz, 2H). MS nvz (M+H) 504.3,
Example 15 2-(1 H-indol-6-y1)-3-{1-(3-morphelin-4-yi-propyl)-1 H-indol-6-ylethyuyl]-benzoic

2-(1 H-indol-6-y13-3-[ 1-(3-morpholin-4-vi-propyl)-1 H-indol-6-ylethvnyl]-benzoic acid was prepared
by the same procedure as Example 1. 'H NMR (400 MHz, DMSO-dy) 8 11.22 (s, 1H), 7.73 (dd, J =
7.7, 14 Hz, 1H), 7.68-7.57 (m, 2H), 7.51-7.38 (m, 5H), 7.20 (s, 1H), 7.05 (dd, /= 8.1, 1.5 Hz, 1H),
6.774(dd, /=82, 13 Hz 1H), 649 (s, 1H), 641 (d, 7=3.0Hz 1H). 410, J=62Hz 2H), 358 (s.
4HY, 2.28 (s, 4H), 2.09 (s, 2H), 1.84 (5. 2H). MS mv/z (M+H)} 504 3.

Example 16: 2-(1H-Indol-6-v1}-3-(5,6,7 8-tetrahydro-| 1 Binaphthyridin-3-viethynyl)-benzoic

acid
2-{1 H-Indol-6-y1)-3-(5,6,7 8-tetrahydro-} 1,8 naphthyridin-3-viethynyi)-benzoic acid was prepared by
the same procedure as Example 1. 'H NMR (400 MHz, DMSO-ds3 8 12.69 (s, 1H). 11.20 (s, 1H),
7.62{dd, S=13.5, 77 Hz 2H)}, 7.58-7.48 {m, 2H}, 742 (1, /=73 Hz, ZH}. 6.96 {d, /=82 Hz, 1H),
6.91-6.90 (m, 2H), 6.75 (s, 1H), 647 {{, /=24 Hz, 1H}.3.30-3.29 (m, 2H), 3.22 (1, /=43 Hz, 2H),
1.69-1.67 (m, ZH}. MS m/z (M+H} 394.0.

Example 17: 2-(1H-indol-6-y1)-3-[ I-(letrabydro-pyran-d-yimethyl)- 1 H-pyrrele {2,3-b]pyridin-

S-ylethynyi]-benzoic acid
2-(1H-Tindol-6-y1)-3-{ 1 <(ietrahydro~-pyran-4-y hmethvl - LH-pyvrrolo] 2, 3-blpynidin-S-viethynyl ]~
benzoic acid was prepared by the same procedure as Example 1. 'H NMR (400 MHz, DMSO-dq) 3
1274 (s. 1H). 11.21 (5, TH), 7.98 (d. /= 1.9 Hz, 1H), 7.80-7.71 (m, 2FD), 7.64 (d, J = 7.6 Hz. 1H),
7.60 (s, 1H), 7.59-7.56 {m, 2H), 7.50-7.42 {m, 1H), 741 (1,./J=27Hz 1H), 7.05(dd, /=81, 1.6 Hz,
1H), 6.49 (1, J = 2.6 Hz, 1H), 6.41 (d. J = 3.5 Hz, 1H), 4.11 (d, 7= 7.3 Hz. 2H). 3.85-3.71 {m. 2H).
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3470d. /=115, 25Hz 2H), 2006 (ddd, J=114,72,4.0Hz 1H), 1.36-1.18 (m, 4H) MS m/z
(M+H) 476.2.
Exampie 18: 2-{1H-Indol-6-v1)-3-{ 1-(tetrahydro-pyran-4-yimethyl)- 1 H-indol-5-ylethynyl|-

benzoic acid
2~{1 H-Indol-6-yD)-3-] 1 -{tetrahy dro-pyran-4-ylimethyl- L H-indol-5-viethynyl]-benzoic acid was
prepared by the same procedure as Example 1. "H NMR (400 MHz, DMSO-d,) § 12.68 (s, 1H),
112V (6 J=22Hz 1H), 7.72dd, J=77, 14Hz, 1H), 7.63(dd. /=77, 14 Hz 1H), 759, J=
8.1 Hz, 1H), 7.48-7.43 (m, 2H), 7.43-7.39 (m, ZH), 7.38 (d. /=31 Hz, 1H), 7.34 (d, /=15 Hz, 1H),
7.04(dd, /=82 16Hz 1H) 686{dd. J=85 1.6Hz 1H) 649 (ddd,/=3.0, 1.9, 09 Hz, 1H),
6.35(dd, /=31,08Hz 1H) 403(d. J=72Hz 2H), 385-3.73 (m, 2H), 3.16 (td, /=114, 2.7 Hz,
2H}, 2.06-1.89 (m, TH), 1.38-1.18 (m, 4H). MS m/z (M+H} 475.2.

Example 19: 2-(1H-Indeol-6-y1}-3-[1-(-methanesul{onyl-piperidin-4-yimethyl)- 1H-indo}-5-

viethynyl]-benzoic acid
2-{1 H-Indol-6-y13-3-] 1-{1-methanesuifonyl-pipendin-d-vimethvl)-1 H-indol-5-ylethynyii-benzoic
acid was prepared by the same procedure as Example 1. 'H NMR (400 MHz, DMSO-dq) & 12.68 (s,
1H), 11.21 (s, 1H), 7.76-7.69 (m, 1H), 7.65-7.56 (m, 2H), 7.50-7.33 (m, 6H), 7.04 (dd, /=82, 1.6
Hz, 1H}, 6.86 (dd, J = 8.6, 1.6 Hz, 1H), 6.52-6.47 (m, 1H), 636(d, J=31Hz, 1H), 407(d,/=72
Hz, 2H), 3.50(d. J=11.7Hz, 2H). 2.79 (5, 3H), 2.57 (td, /= 12.0, 2.5 Hz, 2H). 1.86(d, /=38 Hz,
1H), 1.56~1.43 (10, 2H), 1.26 (dd, /=134, 9 5 Hz, 2H). MS m/z (M+H) 552.3.

Example 20: 2-(1 H-Indol-6-y1)-3-| 1-({-methanesulfonyl-piperidin-4-yimethyl)- 1 H-pyrroio |2,3-

Bipyridin-S-yilethynyl]-benzoic acid

2-{1 H-Indol-6-y13-3-{ 1 -{1-methanesuifonyl-piperidin-d-vimethyvl)-1 H-pyrrolo] 2, 3-bipyridin-5-
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viethynyl]-benzoic acid was prepared by the same procedure as Example 1. 'TH NMR (400 MHz,
DMSO-de) 8 12,71 (5, 1H), 11.21 (4, J=2.2 Hz. 1H). 7.97 (d,J =2.0 Hz, 1H), 7.85-7.73 (m, 2H),
7.66(dd, J=7.7, 1.4 Hz, 1H), 7.63-7.57 (m, 2H), 7.55-7.24 (m, 3H), 7.05 (dd. /= 8.2, 1.6 Hz, 1H),
6.49 (1. J=2.5Hz 1H), 6.42(d, J=3.4 Hz, 1H), 4.15(d. J= 7.3 Hz, 2H), 3.49 (d. J = 11.8 Hz. 2H).
2.73-2.52 {m, SH), 1.97 (m, 1H), 1.49(d, J = 12.6 Hz, 2H), 1.24 (m, 2H). MS m/z (M+H) 553.2.

Example 21: 3-[1-(1,1-Dioxe-hexahydro-1 A’-thiopyran-d-ylmethyl)-1H-pyrrolo |2,3-b]pyridin-

S-yiethynyl-2-(1 H-indol-6-yi)-benzoic acid
3-[1-(1,1-Dioxo-hexahydro-1 A%-thiopyran-4-yimethyl}-1H-pyrrolo]2.3-bpyridin-3-viethynyi}-2-
(1H-indol-6-y1)-benzoic acid was prepared by the sarne procedure as Example 1. 'H NMR (400
MHz, DMSO-de) 6 1275 (s, 1H), 1121 (d, /=24 Hz, 1H), 797 (d, J=2.0Hz, IH), 7.75(dt, J=
39, 22Hz 2H), 765 (dd, /=73, 1.4 Hz, 1H), 7.63-7.55 (m, 2H), 7.53-7.37 (m, 3H), 7.05 (dd, J =
81, 1L.6Hz 1H). 649 (1, J=24Hz, 1H), 643(d,.7=35Hz 1H), 418(d, /=73 Hz, 2H), 3.02 (qd,
J=127,94Hz, 41), 217 (ddt, /= 121,82, 4.1 Hz, 1H), 1.76(d, J= 137 Hz, 2H), 1.72-1.51 (im,
2H). MS m/z (M+H) 524.5.

Example 22: 3-{1-[2-(1,1-Dioxo-1 A’-thiomerpholin-4-yi)-ethyl]- 1 H-ind o}-5-yl-ethynyl }-2-(1H-

osd N
z N
!

indol-6-yi}-benzoic acid
3-{1-[2-(},1-Dioxo- ASthiomorpholin-4-y1)-ethyl]-1 H-indol-3-y1-ethynyl } -2-(1 H-indol-6-y1)-
benzoic acid was prepared the same procedure as Example 1. 'H NMR (400 MHz, DMSO-dg) &
11.20 (s, 1H), 7.73(dd, J = 7.6, 1.2 Hz, 1H), 7.64-7.57 {m, ZH), 7.46-7.40 (m, 5H}, 7.33(d, J = 0.8
Hz, 1H}, 7.05(dd, /=84, 1.6 Hz, 1H), 6.87(dd, J=18.4, 1 2Hz, 1H), 648 {(d, J=2Hz, 1H), 6.35
(d, J=32Hz, 1H), 423 (1, /=64 Hz, 2H), 299({d, J= 52 Hz, 4H), 291 (d, /= 5.6 Hz, 4H), 2.81
{t,./ = 6.4 Hz, 2H}. MS m/z (M-H) 536.3.

Example 23: 3-{1-[2-(1,1-Dioxo-1 A - thiomorpholin-4-yl)-ethyi]-1 H-indol-6-ylethynyl - 2-( LH-

106



()

10

i3

WO 2016/183534 PCT/US2016/032574

indol-6-yi)-benzoic acid
3-{1-{2-(1, 1-Dioxo-1 A -thiomorpholin-d-y1)-ethyl}- LH-indol-6-y1ethyny i} -2-(1 H-indol-6-y1)-
benzoic acid was prepared the same procedure as Example 1. 'H NMR (400 MHz, DMSQO-ds) 8
12.68 (s, 1H), 11.21 (s, TH), 7.74 (dd, J = 8.0, 1.2 Hz, 1H), 7.65 (dd, J= 7.6, 1.2 Hz, 1H), 7.61 (d, J
= 8.0 Hy, 1H), 7.48-7.43 (m, 3H), 7.43-7.40 (m, 2H), 7.16 (s, 1H), 7.05 (dd, 7= 8.0, 1.6 Hz, 1),
6.79 (dd, J= 8.0, 1.2 Hz, 1H). 6.50 (s, 1H), 6.40 (d, J = 3.2 Hz, 1H}, 4.13 (1, J = 6.4 Hz, 2H), 2.96 (d.

J=4.0Hz, 4H), 2.87 (4, J= 5.6 Hz, 4H), 2.76 (1, J = 6.4 Hz, 2H). MS m/z (M+H) 538.2.

Faample 24: 3-{1-[3-(1,1-Dioxo-1 2°-thiemerpholin-4-yl}-propyl]- 1 H-indel-5-yl-ethynyl}-2-(1H-

)
0*F "\l
N -
NN
//
2 E

indol-6-yi)-benzoic acid
3-{1-[3-(1.1-Dioxo-1 A°-thiomorpholin-4-y1}-propyl]-1H-indol-5-yiethynyl}-2-( 14-indol-6-y |-
benzoic acid was prepared by the same procedure as Example 1. 'H NMR (400 MHz, DMSO-dq) 8
12.64 {brs, TH), 11.19 (s, 1H)}, 7.68-7.56 (m, 3H), 7.45-7.33 (m, 6H), 7.05 (d. /= 8.0 Hz, 1H}, 6.87
(d,/=T72Hz, 1H), 648 (s, 1H), 6.35 (s, 1H), 4.17 (t, 2H), 3.05 (m, 4H), 2.74 (m, 4H), 2.25 (t, 2H),
1.84 (t, ZH), MS m/z (M-H) 550.3.

Fxample 25: 3-{1-[3-(1,1-Dioxo-1 2*-thiemerpholin-4-yl)-propyl}- 1 H-indel-6-yi-ethynyl}-2-(1H-

/"\‘ y

S

indol-6-yl)-benzoic acid ©
3-{1-[3-(1,1-Dioxo-12 -thiomorpholin-4-y -propyl}-1H-indol-6-viethynyl } -2-(1 H-indol-6-v1)-
benzoic acid was prepared the sare procedure as Example 1. 'H NMR (400 MHz, DMSO-dg) &

12,71 (brs, TH), 11.21 (s, 1H). 7.74 (d, J = 7.2 Hz, 1H), 7.64-5.59 (m, 2H), 7.46-7.40 (m, 5H), 7.19
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(s. TH). 7.06 (d, /= 8.0 Hz, 11D, 6.77 (d. /= 8. 0 Hz. 1H). 6.50 (5. 1H), 6.40 (d, /=28 Hz, 1H), 4.12
(1, J=6.4Hz, 2H), 3.03 3.01 (m, 4H), 273 - 271 (m. 4H), 221 (1, J=6.4 Hz, 2H). 1.80 (LJ =64
Hz, 2H). MS m/z (M-H) 550.2.

Example 26: 3-]4-(1,1-Dioxe-hexahydro-1A - thiopyran-4-yloxymethyl)-phenyethynyl]-2-( LH-
o

\ F:\‘
Oi)\ LN
0/\(’\
\\‘t/“\ I// G
R ]
©)LDH

3-[4-(1,1-Dioxo-hexahy dro-12°-thiopyran-4-yloxymethyl}-phenylethynyi}-2-(1 H-indol-6-v1}-benzoic
acid was prepared the same procedure as Example 1. 'H NMR (400 MHz, DMSO-ds) 512.70 (brs,
1H), 11.20 (s, 1H, NH), 7.74 (dd, /= 6.8, 0.8 Hz, 1H), 7.68 (dd, J = 7.6, 1.2 Hz, 1H}, 7.58{(d, /=84
Hz, TH}, 746 (t, J = 8Hz, 1H), 7.41-738 {m, 2H), 7.27 (d, J= 8 Hz, ZH), 7.12(d, J = 8.4 Hz, 2H),
703 (dd, /=84, 1.6 Hz, 1H), 6.47 (s, 1H), 448 (s, 2H), 3.68-3.64 {m, 1H), 3.13-2.99 (m, 4H), 2.13-
2.04 (m, 4H). MS mz (M+ H) 5001

indol-6-yi}-benzoic acid

Example 27: 2-(1H-Indol-6-vi)-3-{4-(tetrahydro-pyran-4-viexymethyl)-phenyiethynyll-benzoic

acid
2-{1 H-Indol-6-y1)-3-|4-(tetrahy dro-pyran-4-yloxymethy!)-phenviethvnyij-benzoic acid was prepared
the same procedure as Example 1. 'H NMR (400 MHz, DMSO-d,) 812.76 (brs, 1H), 11.18 (s, 1H,
NH), 7.73(dd, J=7.6, 1.2 Hyz, 1H}, 7.65(dd, J=7.6, 1. 2 Hz, 1H), 7.57(d, /= 8.0 Hz, 1H), 7.46 -
TA2{m, 2H}3, 739 J=24Hz 2H), 724 (4, J=8Hz ZH), 711 (d, J=8.0Hz ZH)}, 703 (dd, /=
8.4, 1.6 Hz, 1H), 6.46 (5, 1H), 447 (5, 1H), 3.81-3.76 (m, 2H}, 3.51{q, /=44 Hz, 1H), 3.32-3.28
(m, 2H), 1.78-1.73 (m, 2H), 1.46-1.42 (m, 2H). MS m/z (M-H) 450.2.

Exampie 28: 2-(1 H-Indol-6-y1}-3~(4-isopropoxymethyl-phenyiethynyi)-benzoic acid

2-(1 H-indol-6-y1}-3-{4-1sopropoxy methy l-phenylethynyl)-benzoic acid was prepared by the same

procedure as Example 1. 2-(1 #-indol-6-y1}-3-{4-1sopropoxyvmethyl-phenylethvnyl)-benzoic acid
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methyl ester. 'H NMR (400 MHz, DMSO-dg) 6 12,75 (s, 1H), 1119 (s, 1H), 7.73 (d, ./ =7.7 Hz, 18),
7.65(d,J=77Hz 1H),7.57(d, J=82Hz, I1H), 749-736 (m, 3H), 722 (d, /=82 Hz, 2H), 7.09
(d,/=82Hz 2H), 702{dd, /=82, 1.6 Hz, 1H), 6.47 (s, 1H), 441 (5, 2H), 3.59 {p, /= 6.1 Hz,
1H}, 111 {d, /=61 Hz, 6H} MS m/z (M-H} 408.3.

Example 29: 2-(1H-Indol-6-y1)-3-[4-(1-ox0-hexahydro-1A - thiopyran-4-ylexy)-phenylethynyl}-

=
’r NH

(J
of
N a

benzoic acid
2-{1 H-Indol-6-y13-3-[4-{1-ox0-hexahydro- 11 -thiopyran-4-vloxy }-phenviethynyl}-benzoic acid was
prepared by the same procedure as Example 1. "H NMR (400 MHz, DMSO-d,) § 12.70 (s, 1H),
1109, 1TH)Y, 7.71(dd. /=77, V4 Hz, 1H), 764 (dd, /=77, 14 Hz, 1H), 7.57 (d, /= 8.1 Hz, 1H),
745, J="77Hz 1H), 7.42-734 (m, 2H), 7.12-7.04 (m, 2H), 7.02 (dd, /=82, 1.6 Hz, 1H). 6.97-
6.89 {(m, 2H}, 647 (. J=27Hz, 1H), 469(dt, /J=56,28Hz, 1H), 290 (td,/=129,11.9,3.1 Hz,
2H}Y, 2,68 (ddd. /=129, 51,25 Hz 2H), 231 {ddt, /=147, 12.0, 2.9 Hz, 2H}, 1.88-1.74 (m, 2H}.
MS m/z (M+H) 4701

Example 30: 2-(1indol-6-y1}-3-(3-morphslin-4-yimethyl- 1 H-indol-6-ylethynyl)-benzoic acid

2-(1 H-indol-6-y)-3-(3-morpholin-4-vimethyl-1/-indol-6-viethynyi)-benzoic acid was prepared by
the same procedure as Example 1. 'H NMR (400 MHz, DMSO-de) § 12.64 (s, 1H), 11.20 (s, 1H),
11.08(d, J=24 Hz, 1H}, 7.75(dd, /=7.8, 1.4 Hz, 1H), 7.66-7.56 {m, 2H), 7.52{d, J= 8.2 Hz, 1H),
7.50-7.37 (m, 3H), 731 {(d, J=24Hz 1H), 721 (s, IH}, 7.07(dd, /=82, 1.6 Hz, IH), 675 (dd, J =
8.2, 1.4 Hz, 1H), 648 (s,1H), 3.60-3.48 (m, 6GH), 2.34 (5, 4H). MS m/z (M+H) 476.2.

Example 31: 2-(1H-indol-6-y1)-3-[3-(4-methanesulfonyl-piperazin-1-ylmethyl)- 1 H-indol-6-
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yiethynyi{-benzoic acid
2-(1 H-indod-6-y1-3- 3-(4~-methanesulfonyi-piperazin- | -vlmethyl}-1 H-indol-6-viethynvi}-benzoic
acid was prepared by the same procedure as Example 1. 'H NMR (400 MHz, DMSO-dg) § 12.69 (bs,
1H), 11.20 (s, 1H), 11.10 (s, 1H), 7.75(d. J=7.5Hz, 1H), 761 (dd, /=136, 7.9 Hz, 1H}, 7.55-7.41
{m, 2H}), 7.45-7.37 {m, 3H}, 7.32 (s, 1H), 7.22 (s, 1H), 707 (dd, /=81, 1.6 Hz, 1H), 6.75(d,/ =83
Hz, 1H}, 6.49 (s, 1H), 3.63 (s, ZH), 3.05 (s, 4H), 2.84 (5, 3H}, 2.44 (s, 4H) MS m/z (M-H) 552.0.
Example 32: 3-[3-(1,1-Dioxo- 1A -thismerphelin-4-yimethyl)-1H-indol-6-ylethynyl}-2-(1 H-indel-
o,
o

ZJ

3
p—e

S~yh-benzoic acid
3-[3-(1.1-Dioxo-1 2 -thiomorpholin-d-ylmethy -1 H-indol-6-ylethyny1}-2-(1 H-indol-6-v1}-benzoic
acid was prepared by the same procedure as Example 1. "H NMR (400 MHz, DMSO-dg) § 12.61 (5,
IHL 1119, J=21Hz 1H), 11.12(s, 1H), 7.75(dd. J=7.7, 1.4 Hz, 1H), 7.67-7.52 (m, 3H), 7.50-
7.33{m, 4H}, 7.22 (s, 1H), 7.07{(dd. /=82, 1.6 Hz, 1H), 674 (dd, /=8.2, 1.4 Hz, 1H), 648 (s, 1H},
3.77 (s, 2H), 3.05 (s, 2H), 3.05 (d, /= 10.7 Hz, 2H}, 2.85 (d, /= 4.6 Hz, 4H). MS m/z (M-H) 522.6.
Example 33: 2-( 1 -indol-6-y1}-3-{2-morphslin-4-yimethyl- 1 H-indol-6-ylethynyl)-benzoic acid

‘r?i Jj

=

n
SO

2-(1 H-indol-6-y13~3~( 2~rmorpholin-4-yimethyl- 1L -indol-6-viethynyl)-benzoic acid was prepared by
the same procedure as Example 1. 'H NMR (400 MHz, CD30D) 8 7.70 (ddd, /=175, 7.7, 1.4 Hz.
2H), 7.60 (d, J = 8.2 Hz, 1H), 7.49-7.34 (m, 3H), 7.28 (d. J= 3.2 Hz, 1H), 7.17-7.07 (m, 2H), 6.77
(dd, /=82 1.4Hz 1H). 657 (s, 1H), 6.51 (dd. /=32, 1.0 Hz, 1H), 4.24 (s, 2H}, 3.81 (5, 4H}, 3.06
(s, 4H). MS m/z (M-H) 474.8.

Example 34: 3-]2-(1,1-Dioxe-1A -thiomerpholin-4-ylmethyD)- 1 H-indol-6-viethynyl}-2-(1H-indol-

IBLL
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6-yi-benzeic acid
3-[2-(1,1-Dioxo-1A°-thiomorpholin-4-ylmethyl}-1 H-indol-6-ylethynyl}-2-(1H4-indol-6-y1}-benzoic
acid was prepared by the same procedure as Example 1. 'H NMR (400 MHz, DMSO-dg) § 12.69 (s,
TH, 11.22-11 13 (m, 2HD, 7.74(dd, /=77, 1 4 Hz, 1H), 7.65-7.56 {m, 2H), 7.48-7.40 {m, 2H),
7.42-7.31 (m, 2H), 7.20 (s, 1H), 7.08(dd, J=8.1, L.6 He, 1H), 6.73 (dd, /= 8.1, 1.4 Hz, 1H), 6.47 (s,
tH), 631 (d, J=18Hz, 1H), 3.81 (s, 2H), 3.11 (t, /=51 Hz. 4H), 2.90(dd, /=70, 3.6 Hz, 4H).
MS m/z (M-H) 522.4.

Exampie 35: 3-{i-(4-ethoxy-2-methyl-butyl)-6-flucro-1 H-indol-5-ylethynyl|-2-{ L H-indol-6-vi}-

OH

benzoic acid
3-{6-Fluoro- 1 -(tetrabey dro-pyran-d-vimethyly-1H-ndol-5-yiethynyi-2-( 1 H-indol-6-y1)-benzoic acid
was prepared by the same procedure as Example 1. "H NMR (400 MHz, DMSO-d,) § 11.17 (s, 1H),
7.66(d,J=76Hz 1H), 7.59{d.J =77Hz 1H}, 7.54(d,/ = 82 Hz, 1H), 7.50-7.34 (m, 5H), 7.20
{d, /=69 Hz 1H} 7.05({dd,/J =81, 15Hz 1H), 646 (s, 1H). 633(d,/=3.1Hz, 1H),400(J
=7 2Hz, 2H), 3.83-3.73 (m, 2H), 3.17 (1d, J = 11.4, 2.7 Hz, 2H), 1 98 (5, 1H}. 1.33-1.16 (m, 4H}.
MS m/z (M-H} 491.4.

Example 36: 3-[7-fluore-1-(tetrahydro-pyran-4-yhmethyl)- 1/ -indol-6-ylethynyl]-2-(1 H-indol-6-

3-{7-fluoro-~1-(tetrahy dro-pyran-4-vimethy 1}~ | H-indol-6-ylethyuyl]-2-(1H-indol-6-v1}-benzoic acid
was prepared by the same procedure as Exarople 1. 'H NMR (400 MHz, DMSO-dg) & 11.11 (s, 1H),
37.53 (s, 1H), 7.51-7.39 (m., 3H), 7.41-7.24 (m. 3H). 7.22(d, J = 82 Hz, 1H). 713 (dd, J = 8.1, 1.6

Hz, 1H), 6.67 (dd. J = 8.2, 5.9 Hz., 1H), 6.43 (dt. J = 18.8, 2.5 Hz, 2H). 4.11 (4. J = 7.1 Hz, 2H),
3.81(dd, J = 10.9, 3.6 Hz, 2H). 3.20 (m. 2H). 1.93 (bs, 1H), 1.26 (dt,J = 13.7, 6.5 Hz, 4H). MS m/z

yi-benzeic a&:id

i1



()

19

20

WO 2016/183534 PCT/US2016/032574

(M-+H) 493.3.
Example 37: 3-[1-(1, 1-disxo-hexahydro- 1A -thispyran-4-yimethyl)-7-fluoro-1 H-indol-6-

Ox
45

G

viethynvlj-2-(1H-indeol-i)-benzoic acid
3-[1-(1,1-dioxo-hexahydro-12-thiopyran-4-vimethy!)-7-fluoro- | H-indol-6-ylethynyl}-2-(1 H-indol-
[)-benzoic acid was prepared by the same procedure as Example 1. 'H NMR (400 MHz, DMSO-d¢) 8
L2 (s, 1HD), 7.55 (s, 1H), 7.52-7.37 (m, 3H), 7.30(dd, J = 5.4, 2.5 Hz, 2H), 7.27-7.12 {m, 3H),
6,68¢(dd, J =82 58Hz, 1H), 646 (1, J=27Hz 1H), 641 ({ J=24Hz IH), 417{d,J=72Hz,
ZH), 3.28-2.87 {(m, 4H), 2.05 (s, 1H), 1.71 {q, J = 13.9, 11.9 Hz, 4H). MS mz (M+H) 541.3.
Example 38: 3-{1-(1,1-dioxo-hexahydro-12°-thiepyran-4-yimethyl)-6-fluore-1H-indol-5-

Cz\
o=g

viethynyli-2-(1H-indol-6-vi)-benzoic acid
3-[1-(1,1-dioxo-hexahydro-12°-thiopyran-4-vimethyD-6-fluoro-1 H-indol-3-ylethynyt}-2-(1 H-indol-
6-y1)-benzoic acid was prepared by the same procedure as Fxample 1. 'H NMR (400 MHz, DMSO-
dey 0 1270 (s, 1H), 1118 (s, 1H), 7.73(d, J = 7.7 Hz, 1H), 7.65(d, J = 7.7 Hz, 1H}, 7.60-7.34 (m,
6Hy, 7.22¢d,J=69Hz, 1H), 703 (dd, /=81 1.6 Hz, 1H), 647 1,/ =23Hz 1H),635(d, J =
32Hz 1H), 408 (d,J =73 Hz, 2H), 3.05-2.99 {m, 4H), 2.11-2.05 {m, 1H), 1.75{d, J = 140 Hz,
2HY, 1.65¢d, J =119 Hz, 2H). MS m/z (M+H) 5413

Example 39: 3-(7-fluore-3-morpholin-4-yimethyl- 1 H-indol-6-ylethynyl)- 2~ 1 H-ind ol-6-y1)-

benzoic acid
3-(7-fluoro-3-morpholin-4-vimethyl- 1 H-mndol-6-viethynyl-2-(1 /-indol-6-y1}-benzoic acid was
prepared by the same procedure as Exarople 1. "H NMR (400 MHz, DMSO-de) 5 11.65(d, .7 = 2.5
He, 1THY, 1117 (5, 1H), 7.74(dd, J = 7.7, 14 He, 1H), 764 (dd, J =77, 1.4 Hy, 1H), 7.56(d, J = 8.1
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Hz, 1H}, 7.50-7.41 (m, 2H), 7.41-7.31 (m, 3H), 7.07(dd, /=82, 1.6 Hz, 1H), 665 (dd, /=82, 6.1
Hz, 1H), 6.46 (1, .7 =24 Hz, 1H), 3.56 (s, 2H), 352 (d, J = 4.5 Hz, 4H), 2.40-2.23 (m, 4H). MSm/z
(M-+H) 494 2.

Example 40: 3-(6-{luoro-3-morpholin-4-ylmethyl-1 H-indol-S-ylethynyl)- 2-(1 H-ind o}-6-y1}-

o
-
/:-w) =

1 NH

HN N
E ~ o
o i
F ; Xy O
P

3-(6-fluoro-3-morpholin-4-vimethyl-1H-mndol-S-viethynyl-2-(1 -indol-6-y1}-benzoic acid was
prepared by the same procedure as Exarople 1. "H NMR {400 MHz, DMSO-ds) 5 12.67 (s, 1H),
ILIB(d, J=26Hz 2H, 86 7.73 (dd, J = 7.7, V.4 He, 1H), 7.67-7.57 {m, 2H), 7.50-7.34 {m, 3H),
7.32-7.22 {(m, 2H}, 7.18-7.03 (m, 2H), 6.46 (1, J = 2.4 Hz, 1H), 3.56-3.46 (m, 4H), 3.39 (bs, 2H),
2.30 (s, 4H) MS p/z (M+H) 494.3.

Example 41: 3-((4-CH-tetrazol-S-yDphenyhethynyl - 2-{1 H-ind ol-6-yhbenzoic acid

benzoic acid

3-{(4-(2H-tetrazol-5-yDphenyDethyny!)-2-(1 H-indol-6-yDbenzoic acid was prepared by the same
procedure as Example 1. 'H NMR (300 MHz, CD30D) 8 ppm 7.84 (d, /=8.21 Hz, 2 H) 7.76 (4.
ST 62 He, 2HY 759764 (m, T HY 742-750(m, 2HY730{d /=293 Hz 1 H}7.19(d, J=8.21 Hz
ZH}7.06(dd, /=806, 132 Hz, 1 F) 6.52 (d, /=3.22 Hz, 1 H}. MS sz (M+H) 406.2.

Fxampie 42: 3-{3-CH-tetrazol-S-yhphenyhethynyl)-2-(1H-indol-6-yi)benzoic acid

3-((3-{2ZH-tetrazol-5-y Dphenyethyny|)-2-(1 H-indol-6-vbenzoic acid was prepared by the same
procedure as Example 1. '"H NMR {300 MHz, CD30D) § ppm 7.87 (d, J=7.04 Hz, 1 H) 7.73-7.82
(m, 3756767 (m, 2HY 736-749(m, 3H) 725 ¢br. s, TH)Y 716 (d, /=792 Hz, 1 H} 7.07 (4,
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J=7.92 Hz, | H) 6.47 {br. 5.. | H). MS m/z (M+H) 406.1.

Example 43: 2-(1H-indoi-6-v1}-3-{{4-{oxazel-S-yiiphenylethynylibenzoic acid

2-{1H-indol-6-v1}-3-({4-(oxazol-5-yDphenyDethynylibenzoic acid was prepared by the same
procedure as Exarople 1. 'H NMR (300 MHz, CD30D) & ppm 8.21 (5, 1 H) 7.73 (d, /=7.92 Hz, 2 H)
T60(d, =821 Hz, T HY753(d, /=821 Hz, 2H)Y7.38-7.50{m, 3 HY7.29 (s, 1 H} 7.00-7.15 (m, 3 H}
6.51 (d, J=2.64 Hz, 1 H) MS m/z (M+H) 405.1.

Exampie 44: 2-(1H-indol-6-v1}-3-((4-(6-0x0-1,6-dihvdropyridazin-3-yliphenyliethynyl ) benzgic

acid
2-(1H-indoi-6-y13-3-({(4-{6-ox0~1,6-dihydropyridazin-3-vphenviethynyDbenzoic acid was prepared
by the same procedure as Example 1. 'H NMR (300 MHz, CD30D) & ppm 7.95 (d, J/=9.97 Hz, 1 H)
7.72{dd, /=11.87, 806 Hz, 4 H) 7.60 (d, /=821 Hz, | H) 7.40-7.49 (m, 2 H) 7.29 (d, /=293 Hz, 1
HY6.97-7.16 (m, 4 H) 6.51 (d. /=293 Hz, 1 H). MSm/z (M+H)} 432. 1.

Example 45: Z-{1H-indol-6-y1}-3-{{3-methoxy-4-(morpholinomethyphenyljethynyl henzoic

acid

LT

| 4-(4-bromo-2-methoxybenzylmorpholine: 4-bromo-2-roethoxybenzaldehyde
(214 g, 1 mmol) and morpholine (87 mg, 1 mmol) were dissolved in tetrahydrofuran at room
temperature. Sodium triacetoxvborohydride (254mg. 1.2 mmol) was added to the mixture. The
reaction was heated to 50 °C for 18 hours. Then, saturated sodium bicarbonate solution was added to
guench the reaction. Ethyl acetate was added to reaction mixture and layers were separated. The
organic layer was combined and concentrated to give crude product 4-{4-bromo-2-

methoxybenzylimorpholine as oil which was used for next step without further purification.
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2-(1 H-indol-6-yi)-3-({ 3-methoxyv-4-{morpholniomethyl)
phenyllethynyl)benzoic acid: 4-(4-Bromo-2-methoxybenzyDmorpholine and 3-ethynyl-2-(1 H-indol-
G-yD-benzoic acid methyl ester were reacted following the same procedure as Example 1 'H NMR
(300 MHz, CD30D) S ppm 1061 (br. s, 1 HY 7.74 (dd, J=11.73, 7.62 Hz, 2 H) 7.60 (d, /=8 21 Hz, 1
H) 738732 (m, 2H) 719731 (ny, 2H) 7.03 (dd, /=821, 1L.17 Hz, 1 H) 6.81 {d, /=792 Hz, 1 H}
6.36-6.57 (m, 2HY4.25(,2H)3.83(br. s, 1 H)3.63 (s, 3 H) 3.20 (br. 5., 4 H). MS m/z (M+H)
467.2.
Example 46: 3-((3-hydroxy-4-(morpholine-4-carbonyl)phenyljethynyD-2-(1H-indol-6-
yiibenzoic acid

O

hydroxybenzoic acid (2159 mg, 1 mumol) morpholine (87 mg, 1 miool} and dinsopropy! ethyl amine

{4-Bromo-2-fiydroxyphenyl)imorpholinc)methanone. 4-Bromo-2-~

(260mg, 2 mmol) were dissolved in N N-dimethyiformamide. 1-[Bis{(dimethylaminoymethylene]-1H-
1.2,3~trazolof4,5-blpyridinium 3~oxid hexafluorophosphate (HATU) (456mg, 1.2 mmol) was added
and the reactions were stirred at ambient temperature for 18 hours. Then the solvent was removed
under vacuum. The resulting o1l was purified with column chromatography (methylene
chioride/methanol} to give the product {(4-bromeo-2-hydroxyphenyiY{morpholino)methanone as pale

vellow sohid.

3-{(3-hydroxy-+-(morpholine-4-carbonyl)phenyl) ethynyl)-2-
{{ H-indol-6-vljbenzoic acid: (4-Bromo-~2-hy droxvphenyl{{morpholinoymethanone and 3-ethyuyl-2-
(1H-mdol-6-y1)-benzoic acid methyl ester were reacted following the same procedure as Example L
'H NMR (300 MHz, CD30D) 8 ppm 7.65-7.74 (mn, 3 H) 7.58 (d. /=8.21 Hz, 1 H) 7.42 (d, J=5.57
Hz, 3H)7.25(d, /=293 He, L H)7.08 (d, /=038 Hz, 1 H) 7.01 (4, /=792 Hz, L H) 6.64 (s, 1 H})
6.57(d, J=9.09 Hz, 1 H) 647 (s, 1 H) 3.64 {(br. 5., 3 H). MS mz (M+H)} 467 2.
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Exampie 47: 2-( 1H-—Ende)l_6€—yi)m3={3-—meﬂmxy-4u(4-mﬁrphﬁiin-xé&—yimpiperidinm1-=yimefhyﬁ)—

phenylethynyl]-benzoic acid
2-(1H-Indo}-6-y1-3-{ 3-methoxy -4-(4-morpholin-d-yi-piperidin- 1 -yImethy L )-phenylethynyii-benzoic
acid was prepared by the same procedure as Example 45. "H NMR (300 MHz, CD:0OD) & ppm 7.75
(dd, /=13.49, 762 Hz, 2H) 7.58 (d. /=821 Hz, L H) 7.36-749 (m, 2 H) 7.27 (d, /=293 Hz, | H)
7.22{d, /=762 Hz, L HY6.97(d, /=821 Hz, L H) 676 (d, /=762 Hz, 1 H) 6.48 (d. /=322 Hz, | H}
641 (s, 1 HY421(s,2H)388¢br. s, 4H)344-3.65(m 1 H}359(s,3H)348-352(m, 2H)322
(br.s,3H)301(t,/=1231Hz, 2H226(d, /~=12.61 Hz, 2H) 195(d, /=11 43 Hz, ZH} MS mz
{(M+H) 550 4.
Example 48: 3~((4_((494~diﬂum‘@piperﬁdinw E-yDmethyl}-3-methoxyphenyl) ethynyl)-2-(1H-indol-
=\

IS8 cNA
/\/\/ ~GH
&-yhbenzoic acid F

3-{{4~((4.4-d Booropipendin- I-yvDmethyl}-3-methoxy pheny Dethy ny1}-2-(1 H-indol-6-y1) benzoic acid
was prepared by the same procedure as Example 43, "TH NMR (300 MHz, CDOD) & ppm 7.74 {(dd,
J=1231,762Hz, 2 HYy7.60(d. J=792Hz, 1 H)738-750 (m, 2H) 7.25(d, /=7.62 Hz, 2 H) 7.04-
Til{m, T H)7.02(dd, /=821, 1.17Hz 1 H) 681 {d,/=7.04Hz, 1 H) 6,48 (d. J=2.64 Hz, 1 H) 643
(s, T H}4.29(, 2H)3.61 (5, 3H) 336 (br. 5., 4 H) 2.28 {br. 3., 4 H). MS mz (M+H) 501.3.
Example 49: 3-((¢-({4-{dimethylcarbamoyl)piperidin-1-yDmethyl)-3-metheoxy phenyl) ethynyl)-

==\ )

2-(1H-indol-6-yDbenzoic acid
3-{{(4-((4-(dimethylcarbamoyipiperidin-1-ymethy [)-3-methoxyphenyethyny 13- 2-(1H-mdol-6-
vi)benzoic acid was prepared by the same procedure as Example 45. 'H NMR (300 MHz, CD;0D) §
ppm 7.75 (dd, /=13.05, 777 Hz, 2 H) 7.60 (d, /=8.21 Hz, L H) 7.38-7.51 (m, 2 H) 7.20-7.33 (m, 2 H)
7.03(d, J=R21Hz, TH6.82(d, J=762Hz 1 H)648(d, J=293Hz, 1 H}644 (s, 1 H)4.20 (5,2 H)
3.62(s,3H)345(d,/=1290Hz 1 H}3.09(s, 4 H)299(d, /=14.07Hz, 2H) 291 (s, 4 H} 1.79-
1.96 (m, 3 H}. MS m/z (M+H) 536.3.

Example 80: 3-((3-hydroxy-4-(4d-morpholinopiperidine-1-carbonyhpheny! Jethynyl-2-(1H-
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o OH A
oo ¢,
d 0 A o
N
C}i\) \\\/\/ik
indol-6~-yl}benzoic acid \f”’

3-{(3-hvdroxy-4-(4-morpholinopiperidine-1-carbonylyphenyDethynyl}-2-(1H-indol-6-v1} benzoic
acid was prepared by the same procedure as Example 46. "H NMR (300 MHz, CD:0D) 8 ppm 7.71
(d,/=7162Hz, 3Ry 757(d, /=821 Hz, 1 H)7.32-746 (m. 2H) 7.25 (br. 5., 1 H) 7.06 (d, J=8.21 Hz,
THy700(d, /=792Hz 1 H)6.66 (s, L HY6.57{(d, J=7.62Hz, 1 H}6.47 (br. 5., 1 H) 3.41 (d,
J=1143 Hz, 4 H) 1.64 (d. /=880 Hz, 4 H). MS m/z (M+H) 550.2

Example 81: 3-((¢-(4,4-difluorepiperidine-1-carbonyi}-3-hydroxyphenyl) ethynyi}-2-(1H-indol-

Il

o OH

/’L\v/\\ /j\jNH
F7C’E E\f;/\ o
F A
f = CH
&-yiibenzoic acid S
3-{{4-(4,4-diftuoropiperidine-1-carbonyl}-3-hydroxy phenvijethynyi)-2-{ 1 H-indol-6-vi)benzoic acid
was prepared by the same procedure as Example 46. "H NMR (300 MHz, CD;0D) 8 ppm 7.72 (4,
J=7.62Hz, 2H)y738(d, /=821 Hz, 1 H}7.37-7.49 (10, 2 H) 7.26 (d, /=2.64 Hz, 1l H} 7.04 (dd,
J=11.87, 806 Hz, 2H) 665 (5, 1 H)6.57{d, /=792 Hz, | H} 6,48 (d, /=322 Hz 1 H)2.00 (br.s..4
H}. MS m/z (M+H) 501 2.
Example 52: 2-(1H-indol-6-y}-3-{{4-{({-tmethybulfonyl)piperidin-4-ylimethyliphenyl) ethynyl)

benzoic acid

Q
Bra o~ N,i‘{\
O
' i 4-(4-Bromo-benzyl)- I-methanesulfonyl-piperidine: To a

dichloromethane (2 mL) solution of 4-(4-bromobenzyDpipenidine (253 mg, 1 mumol} and
triethylamine (80 mg, 1.2 mmaol) at 0 °C, methanesutfony! chloride (171 mg, 1.5 nwnol) was added
slowlv. The reaction was warmed up to room temperature and stirred for 16 hours. Water (2 ml.) was
added and the layers were separated. The water layer was extracted 2X3 ml. dichloromethane. The
combined solvent was dried with sodium sulfate, filiered and removed under vacuum. The crude

material used in next step without further purification.
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2-(1H-indol-6-y}-3-({4-(( I -(methylsulfornyl)
piperidin-4-ylmethyvl)phenyllethynyl) henzoic acid. 4-(4-Bromo-benzyl)-1-methanesultonyl-
piperidine and 3-ethynyl-2-(14-indol-6-y1}-benzoic acid methyl ester were reacted following the
same procedure as Example 1. 'H NMR (300 MHz, CDCl3) 8 ppm 8.27 (br. s.. 1 H) 7.68-7.85 (m, 3
HY7.64(d, /=821 Hz, TH}731-743{m, 2H)7.05-7.20{(m, 2H) 655 (br. 5., 1 H) 6.11 {br. 5., 2 H)
370(d, J=1202Hz, 2HY 271 €5, 3 H) 2.37-2.61 {(m, SH) 1.64(d, J=12.90Hz, 2H) 1.44-1.57 (m, 1
HY 117-1.39 (m, 2 H) MS mz (M+H) S13.1

Fxampie 53; 2-(3 H-indol-6-y1)-3-{(4-((1-({trifluoremethyl sulfonylpiperidin-4-yDmethyl)

=\
[ NH

YYS T
oL UL WY
Fo S | i

phenyliethynylybenzoic acid
2~V H-~ndol-6-v1)-3~{{4-((1 -((tntluoromethylsulfonyDpiperidin-d-vUmethyl) phenylethvnvihenzoic
acid was prepared by the same procedure as Example 52. 'H NMR (300 MHz, CDCL) 8 pprm §.21
(br.s, THY7.83(d, J=762Hz, 1 H)7.74(d, /=762 Hz, | H)7.65(d, /=821 Hz, 1 H) 7.31-7.45 {m,
2HY710-721 (m, 2H) 656 (br. s, T H}6.27 (br. s, 3H)3.89(d, J=12.90 Hz, 2ZH) 2.92 (1, /=12.31
Hz, 2H)2.49(d, /=674 Hz, 2H) 1.53-1.72 {m, 3 H) 1.12-1.34 (m, 2 H). ). MS mz (M+H) 557 1.
Exampie 54: 2-(1H-indok-6-y1)-3-((d-((1-(isopropyisulfonyl)piperidin-4-yDmethyl) phenyl)

ethynyl) benzoic acid
2-{1H-indol-6-y1}-3-((4-{{1-(isopropy Isulfony Dpiperidin-4-yDmethvlyphenvl) ethvnyl) benzoic acid
was prepared by the same procedure as Example 52. 'H NMR (300 MHz, CDCL) 8 ppm 8.25 (br. s.,
THY 783 (4, =762 Hz, THY 7.74(d, =762 He, 1 H) 7.65(d, J=7 92 Hz, 1 H) 7.33-742 (m, 2 H)
7.09-722(m, 2H)Y6.56 (br. s, L H) 590 (br. s, 2 H) 3.74 (d, /=12.61 Hz, 2 H) 3.13 (quin, J=6.82
Hz, THY2.74 (t, J=11.87 Hz, 2H) 246 (d, /=674 Hz, 2 H) 1.49-1.63 (m, 3 H) 1.12-1.36 (m, 8 H).
MS mz (M+H) 541,

Example 55: 3-{{4-((1-acetylpiperidin-4-yDmethyDphenylethynyl}-2-(1 H-ind oi-6-yl)benzoic
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acid
3-({4-((} -acetvipipendin-4-yUimethyl jpheny Dethyny1)-2-(1 H-indol-6-yiYbenzoic acid was prepared
by the same procedure as Example 52. '"H NMR (300 MHz, CD(C5) S ppm 8.24 (br. 5., 1 H) 7.83 (d.

J=762Hz, VHY 7.74 (4, =762 Hz, | H} 7.65(d, /=792 Hz, 1 H) 7.33-7.41 (m, 2H) 7.16-7.19 {m,

2HY 6.96-6.93 (m, 4 H) 6.55 (s, 1 H) 4.49-4 52 (m, 1HY3.71-3.75 (m, 1 H) 2.90-2.98 (m, 2 H) 2.44~
246 (m, 3 H) 2.07 (s, 3H) 1.61-1.64 (m, 3 H) 1.08-1.12 (m, 2 H). MS mz (M+H} 4772,
Example 56: 3-((2-acetyliscindolin-5-yhethynyl)-2-(1 H-indol-6-yl }benzoic acid

3-{{Z-acetylisoindolin-3-yljethynyv}-2-(1H-indol-6-vibenzoic acid was prepared by the same

procedure as Example 52. "H NMR (300 MHz, CD;0D) 8 ppm 7.77 (d. J=7.92 Hz, 2 H) 7.64 (d,

J=TO2Hz, 1 HY744-754 (m, 2HY 737 (br. 5, L H) 7.22 (d, J=4.69 Hz, 1 H) 7.02-7.12 (i, 2 H)

698 (br. s, THIGSS (br. s, T H 263 (4, /=147 Hy, 4 H) 215 (s, 3 H). MSm/z (M+H) 421.1.
Fxampie 57 2-(1H-indol-6-y1)-3-((2-(isopropylsulfonyljissindolin-S-yhethyny)benzoic acid

poea

AY
L NH

Loy O
Qjﬁ;?\' \/‘\ = o
S
|\\=/U\QH
v’;’l

2-{1H-indol-6-v1)}-3-((2-(sopropy lsulfony nsoindolin-S-vBethynylibenzoic acid was prepared by the
same procedure as Example 32. '"H NMR (300 MHz, CDCI3) 8 ppm 8.21 (br. s, 1 H) 7.89 (d, J=7.92
Hz, THY7.75(d, =762Hz, 1 H)7.68(d. J=821 Hz 1 H)737-748 (m 3 H) 7.15(d, /=821 Hz. 1
HY6.99-707 (m T H)689-698 (m, THY6.71 (s. 1TH)6.61 (br. s, 1HY4.68(s, 2H}4.59(s, 2 H)
331 (dt, J=13.71, 6. 78 Hr, 1 HY 1.38(d, J=7.04 Hz, 6 H). MS m/z (M+H) 485 2.

Example 58: 2-(1H-indol-6-y1)-3-((2-(1 -(methylsulfonyDpyrrolidin-3-y)-1,2.34-

tetrahydroisogquinolin-7-yhethynylbenzoic acid

rﬁ
o) i
~N "

>\ >“~N\\.x—“’;
7-Bromo-2-(pyrrolidin-3-vij-1, 2, 3, 4-tetrahvdroisoqummoline: 7-

Bromo-1,2,3 4-tetrahydro-isoquinoline (211 mg, 1 mmol) and tert-butyl 3-oxopyrrolidine-1-
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carboxylate (185 mg, | mamol) were dissolved in 1,2-dichloroethane at room temperature.
MNaBH(OAc); (254mg, 1.2 mmol) and | drop of acetic acid was added to the mixture. The reaction
was stirred at room temperature for 18 howrs. Then, saturated sodium bicarbonate solution was added
to quench the reaction. Ethyl acetate was added to reaction mixture and layers were separated. The
organic layer was combined and concentrated to give crude material. The crude material was stirred
with 4N HCl in dioxane {2 mL) for 18 hours. The reaction was basified with 2N sodium hydroxide
sofution until pH=10. Then the reaction was extracted with 3X10 mi methylene chioride. The
combined methvlene chloride was dried with sodium sulfate and removed under vacuum. The crude

product was used in next siep without further purification.

=l =
n.ﬁf) /~N N Br
PN
G 7-Bromao-2-(1-methanesulfonyl-pyrrolidin-3-vij-1,2,3,4-

tetrahvdroisoguinoline: To the dichloromethane (2 mL) solution of 7-bromo-2-(pyrrolidin-3-yi)-
1.2.3.4-tetrahydroisoquinoline {280 mg. 1 mmol) and triethylamine (80 mg, 1.2 mumol) at 0 °C,
methanesulfony! chloride (171 mg, 1.5 mmol} was added slowly. The reaction was warmed to room
temperature and stirred for 16 hours. Water (2 mL) was added and the fayers were separated. The
water laver was extracted 2X3 mL dichloromethane. The combined solvent was dried with sodium

sulfate and removed under vacuum, the crude material used in next step without further purifications.

2-{IH-indol-6-vi}-3-((2-( I-{methyisulforvi)
pyrrolidin-3-yl)-1,2, 3, 4-tetrahvdroiso guinolin-7-ylethynvi}benzoic acid. 7T-Bromo-2-{1-
methanesutfonyl-pyrrohdin-3-v1}-1,2,3 4-tetra hy droisoquinoline and 3-ethyuyl-2-(1H-indol-6-vi)-
benzoic acid methyl ester were reacted following the same procedure as Example 1. 'H NMR (300
MHz, CD:0D)Y S ppm 7.72 (dd, J=1583, 7.62 Hz, 2 By 7.59(d, /=792 Hze, 1 ) 7.27-7.49 (10, 3 H)
6.96-T19(m, 3H)6.63(s, 1 HY6.53(d, J=3.22Hz 1H}426(d, /=235Hz 2H)4.01-415(m, 1 H)
3.85¢dd, /=10.85, 7.62 Hz, 1 H} 3.49-3.68 (m, 4 H} 3.33-3.47 {m, 1 H} 3.13 {1, J=6.16 Hz, 2ZH) 2.98
(s, 3H)247-2.63 (m, 1 H) 2.17-2.36 (m, 1 H). MS m/z (M+H) 540.2.

Example 59: 2-(1H-indobl-6-y1-3-((2-{((3-(methylsalfonyDpiperidin-4-yhmethyi)-1,2,3,4-
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tetrahydroisoquinolin-6-yliethynyi)benzoic acid
2-{ 1 H-indol-6-vH-3-((2-((1 -(methy sulfonyDpiperidin-4-ylimethyi}-1.2,3 4-tetrahvdroiso quinolin-6-
vljethvnyl)benzoic acid was prepared by the same procedure as Example 58 'H NMR (300 MHz,
CD;0D) 8 ppm 7.72 (dd, J=9.97, 792 Hz, 2 H) 7.58 (d, J=8.21 Hz, 1 H) 7.36-749 (m, 2 H) 7.29 (d,
J=323Hz, THY6.90-7.11 (m, 3 6.76 (s, TH) 6,51 (d, /=293 Hz, L H) 435 (br. s, 1 H) 3.72(d,
J=12.02Hz, 2HY 349 (bro s, TH) 3.12(d, /=674 Hz, 2H) 2.97 (br. 5., 2 H} 2.539-2. 88 {m, 5 H) 2.05
(dd, J=10.85, 733 Hz, L H) 186 (d, /=12.61 Hz, 2H) 1.34 (gd. /=12.22, 381 Hz, 2 H). MS mz
(M+H) 368.2.

Example 60: 2-(1 H-indol-6-y11-3-((2-(1-{methylsulfonyllazetidin-3-y1}-1.2,3 4-tetrahydro

\\5: n:q
/N // NH
\/\\N/\.—G//\ : i W
o '\\» !
X OH
iseguinolin-6-yi) ethynylbenzeoic acid A

2~V H~ndol-6-v1)-3~{(2-(1-{methylsulfonyDazetidin-3-y1}-1,2.3 4~ tetrahy droisoquinolin-6-v1}
ethynylbenzoic acid was prepared by the same procedure as Example 58. 'H NMR (300 MHz,
CD;0D) 8 ppm 7.73(dd, J=12.17,7.77 Hz. 2H) 7.58 (d, /=821 Hz, 1 H) 7.38-7.50 {m, 2 H) 7.28
(d, /=293 Hz, 1H}6.92-7.07 (m, 3H}6.77 (s, TH)650(d, /=322 Hr, 1 H)4.29¢(s, 2H} 4.11-4.26
(m, SHY 341, J=6.16 Hz, 2H) 2.92-3.03 (m, S H). MS m/z (M+H) S26.1.

Fxampie 61: 2-(0 H-indol-6-y1)-3-{(2-{((1-(methylsulfonylpyrrolidin-3-yDmethyl)-1,2,3.4-

A I W j
N
\\ f \)J\Oh
tetrahydroisoquinolin-6-ylethynyhbenzoic acid ~F

2-(IH-indol-6-y13-3-((2-((1 -(methylsulfony hpy rrolidin-3-yDmethvi)-1,2,3,4-tetrahy dro-tsogquinolin-
6-ylethynylbenzoic acid was prepared by the same procedure as Exarnple 58. 'H NMR (300 MHz,
CD;0D)Y 6 ppm 7.72 (dd, /=10.85, 792 Hz, 2ZH) 758 (d, /=821 Hz, 1 H) 7.39-7.48 (m, 2 H)} 7.29
(d, /=293 Hz, 1 H)6.90-7.10 (m, 3H)6.76 (s, 1 H} 6.50{d, /=2.64 Hz, 1 H)4.38 (br. s., 2 H) 3.40-
369¢m SH)295-314(m, 4 H)289(s, 3 H)2.71-284 (m, 1 H) 2.14-235 (m, L H) 1.67-1.83 (m, 1
Hy. MS m/z (M+H) 554.2.

Exampie 62: 2-(1H-indob-6-y1)-3-((2-((A-(methybulfonyDpyrrolidin-3-yDmethy)-1,2,3,4-
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/*‘JP
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%1\ S

o::SLN 7/\ L\;{:j
teirahydroisoquinolin-7-ylethynyl)benzoic acid ' > R

2-(1H-ndol-6-v1}-3-((2-({ 1 -(methylsulfony Dpyrrolidin-3-yBimethy1}-1,2 3 4-tetrahvdro-isoquinolin-
7-yDethynylybenzoic acid was prepared by the same procedure as Example 58. 'H NMR (300 MHz,
CD:0D) 6 ppm 7.71 (dd, J=12.31, 7.62 Hz, 2H) 7.58(d, /=792 Hz, 1 H} 7.37-7.4% {m, 2 H} 7.25-
736 (m, THY695-712(m, 3H} 6,69 (s, 1 H)6.532(d. /=322 Hz, 1 H)4.22 (br. 5., 2 H) 362 (dd,
=997, 733 Hz 1 Hy347 (4d, /=9.16,337Hz, 3 H) 2.98-3.14 (m, 3H) 290 (s, 3 H) 2.71-2.87 (m,
1H) 2.05-2.28 (m, | H) 1.64-1 85 {(m, | H). M8 m/z (M+H) 3542,

Example 63: 3-{{2-((}-acetyipyrrolidin-3-yhimethyl)-1,2,3,4-tetrahydre isequinolin-7-

N
i 1 OH
\ 2

o //,
Y /\\/\ Nz /j

yhethynyi}-2-(1 H-indol-6-vi)benzeic acid
3-{(2~((1-acetvlipyrrohdin-3-ylymethyt}-1,2,3 4-tetrahy droisoquinolin-7-yDethyvnvi}-2-(1H-ind ol -6~
viybenzoic acid was prepared by the same procedure as Exarople 58, 'H NMR (300 MHz, CD;0D) §
ppm 7.71 (dd, /=11.58, 777 Hz, 2H) 7.58(d, /=821 Hz, 1 H} 7.34-7.47 (m, 2 H} 7.24-733 {m, 1 H}
6.94-715(m, 3 H} 6.72{(d, /=1583 Hz, 1 H}6.39-6.55 (my, 1 Hy4.23 (br. s, 2 H)3.73-387 (m, 1 H)
3.43-3.69(m, 4 H)3.15-3.25(m, 1 H} 2.95-3.15{m, 3 H) 2.57-288 {m, L H) 2.11-232(m, 1 H) 2.04
{m, 3 H} 1.60-1.90 {m, 1 H). MS nm/z (M+H)} 518.2.

Exampie 64: 2-(1 H-indol-6-y1)-3-((Z-((1-(methylsulfonyljazetidin-3-yhmethyi}-1,2,3.4-

=
A NH
N
“d
O\ Fj\:r/\r&\]\ II\Y{)/O
o TN AL
o - Oy
tetrahydroisoquinelin-6-yljethynyhbenzoic acid F

2-{ 1 H-indol-6-vH-3-((2-((1-(methylsuifonyazetidin-3-vymethv1}-1,2, 3 4-tetrahydroiso quinolin-6-
vljethvnyl)benzoic acid was prepared by the same procedure as Example 58 'H NMR (300 MHz,
CDs0D) § ppm 7.68-7.79 (m, 2 H) 7.58 (d, J=8.21 Hz, 1 H} 7.35-7.49 (m, 2 H) 7.28 (d. /=2.93 Hz, 1
H)6.99-708 (m, 2H)6.88-6.9%{m, L H}) 676 (s, T HY} G50 (d, J=2 93 Hz, L H)4.34 (s, 2H) 4.10 (1,
J=§21 Hz, 2 H) 3.78 (dd. J=7.92. 6.45 Hz, 2 H) 3.38-3.61 (m, 4 H) 3.09-3.25 (m, 1 H) 2.99 (4,
J=6.16 Hz, 2 H) 2.94(s. 3 H). MS m/z (M+H) 540.2.
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Example 65; 2-(1H-indol-6-vi}-3-{(2-{(1-(methysulfonyl }azetidin-3-vhimethy}-1,2,3,4-

/"‘“\i"
YLTOL‘
[ e NP
i T
W N 1S .
25, ~o” R

tetrahydroisoquinslin-7-yDethyaylbenzeoic acid

2-{1H-indol-6-y13-3-((2~¢(1 -(methylsulfonyhazetidin-3-vymethyi}-1,2,3 4-tetrahy drotso quinolin-7-
vijethynylbenzoic acid was prepared by the same procedure as Example 58 'H NMR (300 MHz,
CD,0DY S ppm 7.67-7.78 (m, 2H)Y 7.59(d, =792 Hz, Y HY 7.36-747 (m, 2H)Y 731 (d, /=293 Hz 1
H}6.89-7.13(m, 3H}6.71 (5, 1 H}6.52(d, /=293 Hz, 1 H)4.05-4.24 (m. 4 H) 3.79 (dd, /=8.06,
6.60 Hz, 2 H) 3.43-3.59 (m, 4 H) 3.05-3.24 (m, 3 H} 2.96 (5, 3 H). MS m/z (M+H)} 540.2.

Example 66: 2-(1H-indobl-6-y1)-3-((2-G-(methylsuifonamido)benzyi)-1,2,3,4~

tetrahydroisoquinslin-6-ylethyvaylbenzoic aad
2-(1H-indol-6-v1}-3-((2-(3-{methylsulfonamido)benzyl}-1,2. 3 d-tetrahvdroisoguinolin-6-
vhethynylibenzoic acid was prepared by the same procedure as Example 58. '"H NMR (300 MHz,
CD;0D) 8 ppm 7.768-7.75 (m, 2 H) 7.57 (d, J=8.21 Hz, 1 H) 7.38-7.50 (m, 4 H) 7.23-7.35 (m, 3 H)
6.90-7.03 (m, 3 H) 6.75 (5, 1 H) 6.49 (d. J=2.64 Hz, 1 H) 4.39 (s, 2 H) 4.29 (s, 2 H) 3.50 (br. 5., 2 HD)
2.91-3.06 (m, 5 H). MS m/z (M+H) 576.2.
Example 67: 2-(1H-indol-6-v1}-3-{(2-(3-(methylsuifenamido )benzyl}-1,2,.3.4-

)\

:\
USSR
\ /“*\

E¢T O

2-(1H-indol-6-y13-3-((2-(3-(methyisulfonamido)benzyl}-1.2,3,4-tetrahy droisoquinolin-7-y1)

G\/

tetrahydroisequinslin-7-yhethyayhbenzoic acid

gthynyDbenzoic acid was prepared by the same procedure as Example 58, 'H NMR (300 MHz,
CD:0D) 6 ppm 7.74 (dd, J=7.77, 1L.O3 Hz, 1 H) 7.67 (dd, J=7.77, 1.03 Hz, 1 H) 7.50-7.57 (m, 2 H)
748 (s, 1 HY7.34-746 (m, 3 H)Y7.30(d, =762 Hz 1 H}717(d, /=293 Hz 1 H)7.04-712 (m, 1 H)
6.91-7.04 (m, 2H)633-645(m, 2H)440(s, 2H)4.08 (s, 2H}3.53 (br. s, 2 H}3.09 (1, /=6.16 Hz,
2 H) 2.99-3.05 (m, 3 H). MS m/z (M+H) 576.2.

Example 68: 2-(1H-indok-6-y1)-3-((2-(1 -(methylsuifonyDpyrrolidin-3-yDisoindolin-5-
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2-{1H-indol-6-y13-3-((2-( 1 -(methy isulfonvhpyrrolidin-3-ynsoindolin-5-vDethyvnyDibenzotc acid was
prepared by the same procedure as Example 538, TH NMR (300 MHz, CD.0OD) 8 ppm 7.73 {1, /=7.92
Hz, ZHY7.58{(d, J=821 Hz, T H) 737-750 (m, 2 H} 727-731 (m, 1 H) 7.23(d, /=7 92Hz 1 H)
7.00-712(m, 2H) 697 (s, L H) 6.50{d, /=293 Hz, 1 H)4.54-4.72 (m, 4 H}4.12-431 (m, 1 H} 3.76
(dd, /=11.29, 6.89 Hz, 1 H)3.51-3.67 {m, 2H) 3.34-3.47 (m, 1 H) 2.96 (s, 3 H) 2.43-2.65 {m, 1 H)
2.14-2.36 (m, 1 H}. MS m/z (M+H) 556.3.

Example 69: 2-(1H-indol-6-y1)-3-((2-(1 -(methylsuifonyhazetidin-3-ylisoindelin-5-

S
NH
o = h
mﬁmN Nily/i & 0]
© A\& L
o
yhethynyl)benzeic acid

2-(1H-indoi-6-y13-3-((2-{1-{methvisulfonvazetidin-3-v1}isoindolin-3-yethvnyltbenzoic acid was
prepared by the same procedure as Example 58, 'H NMR (300 MHz, CD,0D) 8 ppm 7.73 (1, J=7.77
Hz, 2H)Y7.57(d. /=821 Hz, L H) 7.35-748 {m, 2 H) 7.17-7.31 (m, 2 H) 6.90-7.12 (m, 3 H) 6.49 (d.
J=322Hz, T HY462 (6, 2HY4.55(s,2H) 4.19-4.33 (m, 3 H) 4.05-4.19 (m, 2 H) 2.91-3.05 (i, 3 H).
MS mz (M+H) 512,

Example 70: 2-(1H-indol-6-v1}-3-{ 2-{{(1-(methyisulfonyl}pyrrolidin-3-vi} methylisoindolin-5-

o]

~. (/
S.

i

yijethynyijbenzoic acid
2-( 1 H-indol-6-y1)-3-((2~({1 ~(methyisulfonyDpyrrolidin-3-y DmethyDisoindolin-5-y Dethynvl) benzoic
acid was prepared by the same procedure as Example 58. 'H NMR (300 MHz, CD:0D) § ppm 7.73
(t, J=792Hz, 2H} 7.58(d, J=792 Hz, 1 H)7.39-7.49 (m, 2 H) 7.21-7.34 (m, 2 H} 6.86-7.15 (m, 3
Hy6.50(d, /=293 Hz, 1 H)4.51-4.73 (i, 3 H) 3.63 (dd, /=9.82, 748 Hz, 1 H) 3.44-3.57 (m, 3 H)
334342 (m, TH)3.05-3.16(m, THY 291 (¢, 3 H) 264-283 (m, L Y 215236 (m, T H) 1. 70- 1.94
{m, 1 H). MS mz (M+H) 540.2.

Exampie 71: 2-(1H-indol-6-y1)-3-((2-{((1-(methylsulfonyhazetidin-3-yDmethy)) iscindolin-5-
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vhethynyl)benzoic acid

2-{1H-indol-6-y13-3-((2-((1 -(methylsulfony Bazetidin-3-vDmethyvi somndolin-5-yDethyoyi} benzoic
acid was prepared by the same procedure as Example 38, "H NMR (300 MHz, CD,0D) 6 ppm 7.73
(t, /821 Hz, 2 H)758(d. /=821 Hz, 1 H)737-748 (m 2H) 718732 (m 2H)7.01-7.12(m, 2
Hy6.95(s, 1Hy6.30(d, /=293Hz, OHY464(br.s, 2H)457(br s, 2H)4.09 ({1, /=821 Hz, 2H)
3.79(dd, /=8.06,630Hz 2H)3.70(d. J=7.04 Hz, 2H) 3.03-3.16 (m, 1 H) 295 (5.3 H). MS m/z
(M-+H) 526.2.

Example 72: 2-(1H-indol-6-y1-3-{2-({1 -(methylsulfony)piperidin-4-vl) methylisoindolin-5-

-
s | N
Ny ]\ ~ o
P RN
() A
Obst e

2-{ 1 H-indol-6-vH-3-((2-((1-(methylsuifony Dpiperidin-4-ylimethyi yisoindolin-3-yDethvnyl} benzoic
acid was prepared by the same procedure as Exaniple 58. 'H NMR (300 MHz, CI»:0D) § ppm 7.74
(,T92Hz, 2H} 758 (4, /=821 Hz, Y H} 7.37-750 (m, 2H} 718733 (m, 2H} 7.01-7.15 (m, 2
HY698 (5, 1 HY6.30(d, =293 Hz, LH)4.65(d, J=19.06Hz, 2H)3.78 (d, /=11.73 Hz, 2H) 336
(d. /=7.04Hz 2H)2.72-2.89 (m, S H) 1.86-2.08 (m, 3 H) 1.30-1.49 (m, 2 H). MS m/z (M+H) 554.2.
Example 73: 2-(1 H-indol-6-y1)-3-((2-(methyisulfonyl)-1,2,3 4-tetrabydreiss guinelin-7-

feam
[ e
NS (\“”
C‘).‘:r'\:‘\,jf\;;\ 7 o]
S \\\: \h,/E\OH
yhjethyvayl)benzoic acid P

2-(1H-indoi-6-y13-3-((2-{methvisulfonyi}-1,2,3,4-tetrahy droisoquinolin-7-yethvnybenzoic acid
was prepared by the same procedure as Example 52. "H NMR (300 MHz, CD;0D) 8 ppm 7.71 (dd,

J=10.11,7.77 Hz, 2 H) 7.59 (4, J=8.21 Hz, 1 H) 7.37-7.47 (m, 2H) 7.30 (s, 1 H) 7.00 (d. J=9.67 Hz.

2HY683-693 (m, 1 H)6.56 (s, L HY4.18 (s, 2 H} 3.45 (1, /=586 Hz, 2 H) 2.82-2.91 (m, 5 H). MS
m/z (M+H} 4712
Example 74: 2-(1H-indol-6-y1}-3-{(2-(isepropylsulfonyi}-1,2,3 4-tetrabhydro isequinelin-7-
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yhethyaylbenzoic acid
2-(1H-~ndol-6-v13-3~((2-(isopropylsulfonyl)-1,.2,3 4-tetrahy drotsoquinolin-7-yethynyl) benzoic acid
was prepared by the same procedure as Example 52, 'TH NMR (300 MHz, CD:0OD) 8 ppm 7.63-7.75
{m, 2H) 7.58(d, /=821 Hz, 1 H)7.24-747 (m, 3H} 7.01 (dd, /=821, 1L.17Hz 1 H} 6.79-6.96 (m, 2
HY648 (s, 1 H)422 (s, 2H) 349, /=386 Hz, 2H)2.77 (1, /=586 Hz, 2ZH} 1.17-1.36 (m, 6 H).
MS m/z (M+H) 4991,

Example 75: 2-(1 Hnin@iﬁimt‘i_yE)nfim(( 2-propionyi-1,2,3.4-tetrahydroisoguinsiin-7-ylethynyh

/\/N!-‘

Hr \/\/L\

benzeic acid \/”

2-{1H-indol-6-y1}-3-((2-propionvi-1,2,3 4-tetrahy droisoquinolin-7-vhethynybenzotc acid was
prepared by the same procedure as Example 52. '"H NMR (300 MHz, CD,0OD) 8 ppm 7.63-7.75 {m, 2
H}y7.58 (dd, J=8.06, 278 Hz, 1 H} 7.35-7.49 (m, 2H} 730 (s, 1 H) 7.01 {d, /=8.21 Hz, 1 H} 6.89-
698 (m, 1 H)6.75-6.89 (m, 1 H) 6.49-6.66 (m, 1 H)}4.39(d, /<1847 Hz, 2 H} 3.66 {1, /=386 Hz, 1
Hy3.58 (1, /=586 Hz, 1 H) 2.64-2.80 (m, 2H) 241 (qd, J=7.43,293Hz, 2Hy 1. 11 (£, /=748 Hz, 3
Hy. MS m/z (M+H} 449 3.

Example 76: 2-(1H-indol-6-y1)-3-({ 2-(methylsulfonyl)-1,2,3 4-tetrahydro-isoquinolin-6-

yhethynyllbenzoic acid
2-{1H-indol-6-v}-3-{(2-(methylsulfonyl}-1,2,3 . 4-tetrahy droisoquinolin-6-yviethynyibenzoic acid
was prepared by the sare procedure as Example 52. 'H NMR (300 MHz, CD30D) 8 ppm 7.63-7.74
(m, 2 H) 7.58 (d. J=8.21 Hz, 1| H) 7.34-7.48 (m, 2 H) 7.28 (s, 1 H) 7.02 {dd, /=821, 1.17 Hz, 1 1)
6.87 (q, J=8.60 Hz. 2H) 6.66 (5. 1 H) 4.28 (s, 2 H) 3.38 (1, J=5.86 Hz, 2 H) 2.81 (s, 3 H) 2.70 4,
J=5.86 Hz, 2 H}. MS m/z (M+H)y 471.1.

Example 77: 2-(1H-indob-6-y1}-3-((2-(isopropylsulionyl}-1,2,3 4-tetrahydreise guinolin-6-
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2-(1H-indod-6~-vH-3-((2-Gisopropylsulfonyi)-1,2.3 4-tetrahy droisoquinolin-6-yDethynyl) benzoic acid
was prepared by the same procedure as Exaruple 52. 'H NMR (300 MHz, CD:0D) 8 ppm 7.35-7.77
(m, SH) 728 (s, 1 H) 7.02 (dd, J=8.06, 1.32 Hz, 1 H} 6.82-6.96 {m, 2 H} 6.66 (s, 1 H} 440 (5, 2 H)
351 (L, J=6.01 Hz, 2H) 2.68 (1, J=5.86 Hz, 2 H} 1.27 (d, J=6.74 Hz, 6 H). MS m/z (M+H)} 499.2.
Exampie 78: 3-({Z-acetyl-1,2.3,4-teirahydroisoquinolin-o-yijethynyi)-2-( {H-indol-6-yl ) benzoic

()

FTmI

9 [
A ./%\./
N Z i
L S i \\//

\5\/ \/ \ﬁn

acid P

3-{(Z-acetyl-1.2,3 4-tetrahv droisoquinolin-6-vDyethynyi}-2-(1 H-indol-6-yYbenzoic acid was prepared

by the same procedure as Example 52. "H NMR (300 MHz, CD,0D) 8 ppm 7.70 (1. J=8.06 Hz. 2 H)
10 758(d, J=TO92Hz, L HY 735751 (m, 2ZH) 728 (5, 1 H) 6.83-7.08 (m, 3H) 6.68 (s, I H)4.57 {br. 5.,

ZHIZ 48377 (m, 2H 269, =587 Ho, T H) 261 (L /=572 H2 T H} 2,12 (s, 3 H). MS m/z

(M+H} 435.2.

Example 79: 2-(1H-indol-6-v1)}-3-({Z-propionyi-1,2,3,4-tetrahy dreisoquinelin-6-yiethynyl)

==\
\ /\W/;\j\ [

A A

i3 2~(1H-~ndol-6-v1)-3~((Z-propionyi-1,2.3,4-tetrahy droisoquinolin-6-yethynyDbenzoic acid was
prepared by the same procedure as Example 52. 'H NMR (300 MHz, (D,0D) 8 ppm 7.63-7.75 (m, 2
H}7.58¢d, /=Q21Hz, T H)734-748 (m 2 H} 728 (s, T H}7.02(d, /=821 Hz 1 H} 680-698 (m, 2
H)6.66(s, 1 H}4.53{(d, /=498 Hz, 2H)3.64 (1, /~6.01 Hz, 1 H}) 3.57 (1, /=3.86 Hz, 1 H) 2.60 {dt,
J=16.93, 575 Hr, 2 Hy 2.40{q, /=733 Hz, 2 H) 1.08 (¢, /=7.52 Hz, 3 H). MS mz (M+H) 449.2.

benzoic acid

20 Exampie 80: 3-[4-(4-cyano-phenoxymethyl)-phenylethynyl]-2-(1 H-indol-6-yl)-benzoic acid

2-Bromo-3-(4-formyl-phenyletinnyvl)-benzoic acid methy! ester: A
iy ! ALEV D 4

solution of methyl 2-bromo-3-1odobenzoate (1.5 g, 4 mmol) and 4-ethyvovi-benzaldehvde (0.51 g, 4
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miol) in tetrahydrofuran triethvlanmine (8:8 mb) was deaerated using a N, gas balloon for 15
munutes. To this solution were added bis(triphenylphosphine)} palladium(l) dichlonde (310 mg, 0.04
mmol) and copper (1) todide (50 mg, 0.3 mmol} and stirred for 16 hours at ambient temperature. The
reaction nuxture was then filtered through celite using ethyl acetate {50 mL). The resultant solution
was the concentrated under reduced pressure and purified through silica gel cartridge eluting with

ethvl acetate /hexanes 1o give a pale yellow solid in 67% vigld.

3-(4-Formyl-phenviethynyl)-2-( 1 H-indol-6-yi)-benzoic acid methyl
ester: To a stirring solution of 2-bromo-3-(4-formvl-phenylethvnyD-benzoic acid methyl ester (250
mg, 0.95 mamol) in 1 4-dioxane:water (2.5 : 2.5 mL) were added 6-indole boronic acid (277 mg, 1.13
mmol), 1,1 ~Bis{diphenylphosphino)errocene|dichloropalladium(il), complex with
dichloromethane (78 mg, 0.095 mmol), potassium carbonate (321 mg, 2 4 mmol) and resulting
mixture was heated to 90 °C for 3 h. The resultant nuxture was then allowed to cool to ambient
temperature and was diluted with ethyl acetate {50 mL) and filtered through celite. The aqueous layer
was separated and extracted with ethyi acetate (2 x 25 mL}) and then the combined organic layer was
washed with water (20 mL), brine (20 mL), dried (sodium sulfate), filtered and concentrated under
reduced pressure. The resultant crude product was purified through silica gel cartridge eluting with
ethyl acetate/hexanes 1o give a yellow solid in 70% yield, "H NMR (400 MHz, DMSO-ds) 6 11.22 (s,
1H), 9.95 (s, 1H), 7.87(dd, J= 8.0, 1.6 Hz, I, 7.81 (d, J = 8.4 Hz, 2H), 7.75 (dd, /= 7.6, 1.2 Hz,
1H), 7.61 (4, J = 8.4 Hz, 1H), 7.53(t,.J = 8.0 Hz, 1H), 7.44-7.41 (m, 2H), 7.33 (d, J = 8.0 Hz, 2H),
6.98 (dd. J=8.0. 1.6 Hz, 1H), 6.49(dd, J=2.0. 0.8 Hz, 1H), 3.49 (s. 3H). MS m/z (M-H) 378.2.

3-{4-Hydroxymethyl-phenylethynyl)-2-(1 H-indol-6-yij-henzoic
acid methvl ester: To a stirring solution of 3-(4-formyi-phenvlethyny!)-2-( L H-indol-G-yI)-benzoic
acid methyl ester (2 g, 5.26 nunol) in methanol (40 mL) was added sodium borohydride (0.234 mg,
6.32 ramol} at 0-5 °C and stirred for 1 h at arobient temperature. The reaction mixture was then

diluted with ethvl acetate (300 mbL) and washed with water (2 x 50 mL). The organic layer was
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washed with brine (50 mL), dried (sodium sulfate), filtered and concentrated under reduced pressure,
The resultant crude product was purified through silica gel cartridge eluting with ethyl
acetate/hexanes to give a pale vellow solid in 90% yield. "H NMR (400 MHz, DMSO-de} § 11.20 (s,
1H), 7.79(d, /= 8.0 Hz, 1H), 7.68 {(d, J=7.6 Hz. 1H). 7.58 (d, /= 8.4 Hz, 1H). 7.49 (. J= 7.6 Hz.
1H), 7.42-7.40 (m, 2H). 7.21(d, /= 7.6 Hz, 2H), 7.09 (d. J = 8.0 Hz, 2H), 6.95 (d, ./ = 8.0 Hz, 1H),
6.47 (bs, 1H), 5.23 (1, J = 5.6 Hz, 1H), 4.44 (d, J = 5.2 Hz, 2H), 3.49 (s, 3H). MS m/z (M-H) 380.0.

CN
N [

3-[4-{4-Cyano-phenoxymethyl}-phenylethvnyl[-2-(1 H-
indol-6-yli-benzoic acid methy! ester: To a stirring solution of 3-(4-hydroxymethyi-phenylethynyl}-2-
(1 H-indol-6-yi}-benzoic acid methyl ester (400 mg, 1.06 muimol) in tetrahydrofuran (6 mL} were
added 1,1 -{azodicarbonyvi)-dipiperidine (400 mg, 1.60 mmol), tributylphosphine (0.8 mL, 1.6
mimol), 4-cvanophenol (116 mg, 1.06 mmol) and stirred for 12 hours at ambient temperature. The
reaction misture was then diluted with ethyl acetate (100 mbL) and washed with water {2 x 20 mL).
The organic layer was washed with brine (10 mL), dried (sodiom sulfate), filtered and concentrated
under reduced pressure. The resultant crude product was purified through silica gel cartridge eluting
with ethyl acetate/hexanes to give an off-white solid in 50% vield. "H NMR (400 MHz, DMSO-dg) &
1121 (s, THY, 7.79-7.75 (mu 3H), 771 {dd, J = 7.6, 1.2 Hz, 1H), 7.59 (d. /= 8.4 Hz, 1H), 7.42 (s.
1H), 740 (1, J = 2.8 Hz, 2H), 7.37 (d. J = 8.0 Hz, 2H), 7.18-7.13 (m, 4H), 6.96 (dd, J= 8.0, 1.6 Hz,
1H), 6.48 (bs, 1H), 5.17 (s, 2H), 3.48 (s, 3H). MS m/z (M-H) 483 1.

3-[4-{4-Cyano-phenoxymethyl)-phenyletinnyl ]-2-{ 1 H-
indol-6-vij-benzoic acid. To a solution of 3-{4-{(4-cvano-phenoxymethyl}-phenyiethynyl]-2-{14-
mdol-6-v1}-benzoic acid methvl ester {200 myg, 0.42 mmol} in tetrahydrofuran: methanol {(1:1 mL)
was added 2N sodium hydroxide (ag) (84 mg, 2.1 mmol} and the resulting solution was stirred for

about 24 howrs at ambient temperature. The reaction mixture was then concentrated and the pH
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adjusted to 4 using 1 N hydrochloric acid solution. The aqueous layer was then extracted using ethyl
acetate (2 x 25 b)) and washed with water {20 mL) and brine (10 mL). The organic layers were
combined, dried (sodium sulfate), tiltered and concentrated under reduced pressure. The resulting
crude product was then purified using reversed phase HPLC to give an oft-white solid in 70% vield.
'H NMR {400 MHz, DMSO-d¢) 6 12.80 (bs. 1H), 11.19 (s, 1H), 7.77-7.74 (m, 3H), 7.68 (dd. J=7.6.
2 Hz, 1H), 7.58 (4. J = 8.0 Hz, 1H), 7.46 (1, J = 8.0 Hz, 1H), 7.42 (s, 1H), 7.39 (£, J = 2.8 Hz, 1H),
7.37¢d,J = 7.6 Hz, 2H), 7.17- 7.13 (m, 4H), 7.03 (dd, J = 8.4, 1.6 Hz, 1FD), 6.47 (¢, J =2 Hz, 1H),
5.17 (s, 2H). MS m/z (M-H) 469.0.
Exampie 81: 3-[4-(3-cyano-phenoxymethyl)-phenyl ethynyl]-2-(1H-indol-6-yi)-benzoic acid

N

E ~ .. o
by MH
X, R
\@\ ! )
s Nl
~ H i
I
W\ - L OH
o

~:
3-{4-3-cyano-phenoxy methyh~-phenyl ethynyvlj-2-(LH-indol-6-vI}-benzoic acid was prepared by the
same procedure as Fxample 80. 'H NMR (400 MHz, DMSO-dq) 8 12.77 {5, 1H). 11.20 (s, 1H), 7.75
(dd. J=7.7. 1.4 Hz, 1H), 7.66 (dd, J=7.8, 1.4 Hz, 1H). 7.58 (d,J = 8.1 Hz, 1H), 7.53-7.29 (m. SH),
719-7.12 (m, 2H), 7.03 (dd, J=8.1, 1.6 Hz, 1H). 6.47 (5. 1H). 5.14 (s, 2H). MS m/z (M+H) 469.1.

Example 82: 3-{4-(3-carbamoyl-phenoxymethyl}-phenylethynyvi]-2-(1 H-indol-6-yi}-benzoic acid
D NH,

2,
k\/jj\(l)
e
ot
\/\
E 7

~.

3-{4-(3-carbamoyl-phenoxyvmethyl}-phenylethvnyl{-2-(14-indol-6-y1}-benzoic acid was prepared by
the same procedure as Example 80. "H NMR (400 MHz, DMSO-dq) 8 11.19 (1, J=2.2 Hz, 1H), 7.93
(s, IHY, 7.72{dd, /=77, 14Hz, 1H),7.63{(dd. J=77 14Hz 1H), 7.57(d, J=81Hz IH). 748
(t,/=2.0Hz 1H), 7.49-7.39 {m, 3H), 7.43-7.30 {m, 5H), 7.19-7.08 (m, 3H}, 7.04 (dd, /=82, 16
Hz, 1H), 6.47 (s, 1H), 5.11 (5, ZH). MS m/z (M+H} 487 1.

Exampie 83: 2-(1 H-indol-6-y1)-3-[4-(4-triffuoromethyl-phenoxymethyl)-phenyi ethynyl]-benzoic
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acid
2-(1 H-indol-6-y1}-3-[4-(4-trifluoromethvl-phenoxymethyl)-phenviethynyl}-benzoic acid was
prepared by the same procedure as Example 80. 'H NMR (400 MHz, DMSO-d.} § 12.75 (s, 1H),
1119 (s, 1H), 7.74(d. /=78 Hz, 1H), 765 (dd, J=85,6.7 Hz, 3H), 7.57 (d, /=8.1 Hz, 1H), 7.50-
7.33 (m, 3H}, 7.16 (d, /=81Hz,4H), 703 (dd, /=81, 1.6 Hz, 1H), 647 (1, /=23 Hz, 1H), 517
(5. 2H} MS m/z (M-H) 510.1.

Example 84: 2- (EH—mdﬁi &-y1)-3-14-(3-trifluoromethyl-phenoxymethyl)-phenyl ethynyl |-

=

=

]
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benzoic acid
2-(1 H-indol-6-y1}-3-[4-3-trifluoromethvl-phenoxymethy1}-phenylethvnyl |-benzoic acid was
prepared by the same procedure as Example 80. 'H NMR (400 MHz, DMSO-ds) § 12.75 (s, 1H).
1120{d, J=206Hz H),775(dd, J=77 14Hz 1H), 767(dd,/=77,14Hz, 1H),7.58(d, /=
8.2 Hz, 1H), 7.56-7.44 (m, 1H), 7.47-7.36 (m, 3H), 7.37 (s, 2H), 7.29(d, J=8.1 Hz, 3H}, 7.16 (d, /=
8.2 Hz, 2H), 7.03 (dd, /= 8.2, 1.6 Hz, 1H), 6.47 (s, 1H}, 5.16 (s, 2H). MS m/z (M-H} 510.9.
Example 85: 2-(1H-indol-6-y1)-3-[4-{4-methoxy-phenoxymethyl}-phenyi ethynyl]l-benzeic acid

i
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2-{1 H-imdol-6-y1)-3-[4-(4-methoxy-phenoxymethy D-phenviethynyli-benzoic acid was prepared by
the same procedure as Example 80. 'H NMR (400 MHz, DMSO-de} § 12.73 (s, 1H), 11.20 (t, J =222
Hz, 1H), 7.75(dd, J= 7.7, 1.4 Hz, D, 767 (dd,.J = 7.8, 1.4 Hz, 1H), 7.58 (&, J = §.2 Hz, 1H), 7.51-
7.36 (m, 3H), 7.36-7.29 (ro, 2H). 7.17-7.10 (m. 2H). 7.02(dd, J = 8.2, 1.6 Hz, 1H), 6.94-6.85 (m,
2H), 6.88-6.79 (m, 2H). 6.50-6.44 (m., 1H), 5.00 (s, 2H), 3.68 (s, 3H). MS m/z (M-H) 472.1.
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Exampie 86: 3-{4-{4-carbamoyl-phenoxymethyi)-phenylethynyl-2-(1H-indol-6-yi)-benzeic acid

o O
\\,\/LT& on

3-{4~(4~-carbamoyvl-phenoxvmethyl-phenylethvoyl]-2-( 1 H-indol-6-v1}-benzoic acid was prepared by
the same procedure as Exarople 80. '"H NMR (400 MHz, DMSO-dg) § 12.81 (s, 1H), 11.17 (5. 1H),
7.86-7.77 (m, 3H), 7.69{(d. J=75Hz IH), 758 (dd, /= 182,77 Hz, 1H}, 744 (s, 1H), 7.44-7.32
{m, 5H}), 7.16 {dd. /=104, 8.5 Hz, 3H), 7.10-6.97 (m, 3H), 6.46 (s, 1H), 5.13 (5. 2H)} MS m/7z
{(M-+H} 487 0.

Exampie 87; 2-(1 H-indol-6-v1}-3-14-(3-methoxy-phenoxymethvii-phenyl ethynyl]-benzoic acid

2-(1 H-indoi-6-v13-3-{4-(3-methoxy-phenoxvmethy D -phenviethynvij-benzoic acid was by the same
procedure as Exarople 80. 'H NMR (400 MHz, DMSO-dg) 5 12.76 (s, 1H), 11.21 (1, .J =23 Hz, 1H),
7.75¢dd, J=77, V4 He, 1TH), 767 (dd, /=78, 14Hz, 1H), 7.58 (4, /=81 Hz, 1H}, 7.51-7.36 (m,
3H), 735(d, J=81Hz 2H), 7.21-7.11 (m, 3H). 7.02 (dd, /= 8.1, L. 6 Hz, 1H), 6.59-6.47 (m, 3H),
6.47 (s, 1H). 5.05 (5, 2H), 3.71 (5, 3H). MS m/z (M+H) 474 1.

Example 88: 2-(1 H-indol-6-yi}-3-(4-phenoxymethyl-phenylethynyl-benzaic acid

2-{1 H-indoi-6-v1}-3-(4-phenoxymethyl-phenviethynyl}-benzoic acid was prepared by the same
procedure as Example 80. "H NMR (400 MHz, DMSO-dg) § 12.74 (s, 1H), 11.20 (s, 1H), 7.75(d, J =
77 Hz, 1H), 7.67 (4, J=75Hz, 1H}, 7.58¢d, J=81Hz 1H), 746 {t, /=77 Hz, 1H), 7.45-7.32 (m,
4Hy, 727, J=80Hz ZH), 715 (d, J =80 Hz, 2H), 7.02 (dd, /=381, 1.6 Hz, 1H), 6.94 (dd, /=
19.2, 7.8 Hz, 3H), 6.47 (3, T1H), 5.06 (s, ZH). MS m/z (M+H) 444.0.

Example 89: 3-14-(2-fluoro-phenoxymethyi)-phenylethynyl-2-(1 H-ind ol-6-y1}-benzoic acid
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3-|4-(2-fluoro-phenoxymethy}-phenviethvnyl|-2-(1 H-indol-6-vi)-benzoic acid was prepared by the
same procedure as Example 80. 'H NMR (400 MHz, DMSO-ds) 8 12.74 (s. 1H). 11.21 (d. /=23
Hz, 1H}, 7.76{(dd, /=77, 1.4 Hz, 1H), 7.68(dd, /=78, 1.4 Hz, 1H), 758 (d, J=82Hz 1H) 746
(dd, /=159 8.1 Hz, 2H), 7.43-7.32 (m, 3H), 7.26-7.12 {m, 4H), 7.14-7.05 (m, 1H}, 7.02{(dd. J =
81, 1.6 Hz 1H)}, 693 (1dd, J=7.7, 4.6, 1.6 Hz, 1H), 6.47 (s, 1H), 5.14 (s, ZH}. M5 m/z (M+H)
462.0.

Exampie 90: 2-(1H-indok-6-y1}-3-[4-(pyridin-3-yloxymethyl)-phenviethynyll-benzoic acid

N

7

L ~

o
L\ - . NH
Q\QS X
>

2-(1H-ndol-6-yH-3-[4~(pyridin-3-vioxymethyl}~phenylethynyl|-benzoic acid was prepared by the
same procedure as Example 80. 'H NMR (400 MHz, DMSO-dq) 12.72 (s, 1H), 11.19 (s, 1H), 8.33 (d.
J=29Hz, 1H), 816 (dd. /=46, 1.3Hz, 1H), 7.76 (dd, /=78, 1.4 Hz. 1H). 7.68 (dd, /=78, 1.4
Hz. 1H), 7.58 {d, /= 8.1 Hz, 1H), 7.51-7.24 (m, 7H). 7.19-7.12 (m. 2H). 7.02 (dd. /= 8.1, 1.6 Hz,
1H), 6.47 (s, 1H), 5.15 (s, 2H). MS m/z (M+H) 445.0.

aH

Example 91: 3-[4-(3-chloroe-phenoxymethyl)-phenylethynyl]-2-(1 H-indol-6-yi}-benzoic acid
Ch

’/J’ ™

WA

-{4-(3-chloro-phenoxymethyli-phenylethynyii-2-(1 H-indol-6-yl}-benzote acid was prepared by the
same procedure as Exarnple 80, "H NMR (400 MHz, DMSO-dg) 6 12.75 (s, 1HD), 11.20 (s, 1H), 7.75
(dd, /=76, L4 Hz, 1H), 7.70-7.63 (m, 1H), 7.58 (d, /=82 Hz, 1H), 7.51-7.25 (m, 6H), 7.15(d, J =
7.9 Hz, 2D, 7.11-6.91 (m, 4H), 6.47 (1, J=2.5 Hz, 1H), 5.10 (5, 2ZH). MS m/z (M+H) 478.0.
Example 92: 3-{4-(3,4-dichlore-phenoxymethyl)-phenylethynyi{-2-(14-indol-6-vi)-benzoic acid
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3-]4-(3 4-dichloro-phenoxymethy D-phenyiethynyl]-2-(1 H-indol-6-y1i-benzoic acid was prepared by
the same procedure as Example 80. 'H NMR (400 MHz, DMS0-ds} § 12.76 (s, 1H), 11.20 (s, 1H),
7.75(d, J=T6Hz 1H), 7.67(d,J=76Hz 1H),7.58{d,J=82Hz 2H), 7.53-7.27 (m, 6H), 7.13
{(d,.7=7.8 Hz, 2H), 7.06-6.96 (m, 2H), 6.47 (1, /=23 Hz, 1H), 511 {5. 2H) MS m/z (M} 512.0 and
(M+2) 514.0.

Exampie 93: 2-{1H-indol-6-y1)}-3-{4-( 2-triftucremethyl-phenoxymethyl}-phenyiethynyii-benzeoic

F
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acid
2-(1 H-indol-6-y1}-3-[4-(Z-trifluoromethvl-phenoxymethyl)-phenviethynyl}-benzoic acid was
prepared by the same procedure as Example 80. 'H NMR (400 MHz, DMSO-ds) § 12.74 (s, 1H).
11.20(d, /=23 Hz H),7.75(dd, J=77 14 Hz 1H), 7.71-7.55 (m, 4H), 7.51-7.36 (m, 3H), 7.34
(d,/=80Hz 2H} 728(d, J=84Hz, 1H), 716 (d, /=81 Hz, ZH}, 7.10 (1, /= 7.6 Hz, 1H), 7.02
(dd, /=8.2, 1.6 Hz, 1H}, 6.47 (s, 1H), 5.24 (s, 2H). MS m/z (M+H) 512.0.

Example 94: 3-[4-(2-cyano-phenoxymethyl}-phenyiethynyl]-2-( 1 H-indol-6-yl)-benzeic acid

2\
(L NH
=\J/
7o
Sy o

3-{4-(2-cvano-phenoxy methyly-phenyiethynyl]-2-(1H-mdol-6-vi)-benzoic acid was prepared by the
same procedure as Example 80. 'H NMR (400 MHz, DMSO-dg) § 12.74 (s, 1H), 11.20(t, J = 2.2 Hz,
1H), 7.75 (ddd, J = 7.6, 3.9, 1.5 Hz, 2H), 7.65 (ddd, J= 16.4, 7.7, 1.6 Hz, 2H), 7.58 (4, J = 8.2 Hz,
1H3}, 7.55-735(m, SH), 7.27(d, J =84 Hz, 1H), 7.21-7 14 (m, 2H), 710 (4d. /= 7.6, 0.9 Hz, 1H),
7.02¢dd, J=8.1, 1.6 Hz, 1TH). 6.47 (s, 1H), 5.26 (5, 2H). M8 m/z (M+H) 469.2.
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Example 95: 2-(1 H-indol-6-y1)-3-|4-(4-methanesulfonyl-phenoxymethyl-phenyiethynyij-
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benzoic acid
2-(1H-mdol-6-y13-3-[4-(4~-methanesulfonyi-phenoxymethyD-phenviethynyij-benzoic acid was
prepared by the same procedure as Exarople 80. H NMR (400 MHz, DMSO-ds) 5 11.18 (4. /= 2.6
Hez, 1H), 7.87-7.78 {m, 2H), 7.69 (d, J= 7.7 Hz, 1H), 7.58 (dd, J = 16.6, 7.9 Hz, 2H), 7.47-7.33 (m,
SH), 7.24-713 (m, 4H), 7.04 (dd, /=82, 1.6 Hz, 1H), 6.46 (5, 1H)}, 5.19 (5, 2H), 3.14 (s, 3H). MS
m/z {M+H) 522.0.

Exampie 96: 2-(1 H-indol-6-y1}-3-{4-(pyrimidin-5-yioxymethyl)-phenylethynvl-benzeic acid

N

e

T:J%J\

ke

.

g Y
i N
8

<:\

2-(1H-ndol-6-y13-3-[4-{pyrinudin-5-yloxymethy}-phenviethynyl}-benzoic acid was prepared by the
same procedure as Example 0. 'H NMR (400 MHz, DMSO-ds} & 12.74 (s, 1H), 11.20 (s, 1H), 8.81
(s, IH}, 8.59¢s, 2H), 7.76{dd, /=77, 14 Hz, 1H), 7.68 (dd, J=7.8, 1.4 Hz, 1H), 758 (d, /=82
Hz, 1H), 747 (1, J= 7.7 Hz, 1H}, 7.45-7.35 (m, 4H}, 7.16(d, /=82 Hz, 2H), 7.02 {(dd, /= 8.1, 1.6
Hz, 1H), 6.51-6.44 {m, 1H), 5.24 (s, 2H). MS m/z (M+H) 446.1.

Example 97: 2-(1 H-indol-6-y1)-3-|4-(Z-methanesuifonyl-phenoxymethyl}-phenyiethynyij-

vl
PR
il ©
’\//\O =\
N Nh‘
K//‘\‘I i ~
i\ L # 5
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\l X OH
"

benzoic acid
2-{1 H-indol-6-y1}-3-[4-(2-methanesulfonyl-phenoxymethy}-phenylethynyvij-benzoic acid was
prepared by the same procedure as Example 80. 'H NMR (400 MHz, DMSO-ds) § 12.74 (s, 1H).
1120, J=23Hz IH), 7.79(ddd, /=245,77, 1.6 Hz, 2H}, 7.67 {ddd, /= 8.2, 6.4, 1 6 Hz, ZH},
7.58¢d,J=8.1Hz, 1H), 7.51-7.36 {m, 5H), 731 {d, /=84 Hz, 1H), 7.18 (4, /= 7.8 Hz, 3H), 7.03
(dd, /=8.1, 1.6 Hz, 1H}, 6.47 (s, 1H), 5.31 {5, 2H), 3.20 (s, 3H}. MS m/z (M-+H} 322.0.

Example 98: 2-(1H-indol-6-y1)-3-[4-(3-methanesulfonyl-phenoxymethyl)-phenyiethynyi]-

ot
(52
(¥4}
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benzoic acid
2-(1H-~Indol~6-y1}-3-{4-3~methanesulfonvl-phenoxymethyl}-phenylethynyl}-benzoic acid was
prepared by the same procedure as Example 80. 'H NMR (400 MHz, DMSO-d.} § 12.75 (s, 1H),
1121 (6 J=22Hz 1H), 776 (dd, J=77, L4Hz, 1H), 7.68 (dd, /= 7.8, 1 4 Hz, 1H), 7.62-7.52 (m,
2H3, 7.53-7.29 (m, 8H}, 7.20-7.13 (m, 2H), 7.03 (dd, /=8.1, 1.6 Hz, 1H}, 6.47 (s, 1H), 5.18 (s, 2H),
3.21 (s, 3H) MS m/z (M+H) 522.1.

Example 99: 2-(1H-Indol-6-y1)-3-{2-[3-(3-methanesuifonamidophenyhiphenyl] ethynylibenzoic

e
NH
~ Y
i
TSN i
- \'\O EI i \\/\ ~0)
N7 7 OH
acid ~eF

Z-(1H-Indol-6-v1)-3-{2-{ 3-(3-methanesulfonamidophenyljphenyethvnyl } benzoie acid was prepared
by the same procedure as Example 1. 'H NMR (300 MHz, DMSO-d6) 8 11.16 (s, 1 H), 9.81 (s, 1 H),
7.64-7.80 (m, 2 H), 7.32-7.62 {m, TH), 7.10-7.29 (m, 4 H), 7.02 (dd. /=821, 1.47 Hz, 2 H), 6.46 (br
s. 1 H), 3.01 (s, 3 H), 2.50-2.78 (m, 1 H). MS mv/z (M+H) 507 4.

Example 100; 2-{1H-Indol-6-v1)-3-[2-[6-(oxan-4-yiexy)pyridin-3-yljethynyl | benzoic acid

'::-—"\\
ANH
YO B
a ]\ L
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!
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R

"~ R

2-{1H-Indol-6-y1)-3-{2-] 6-(oxan-4-vioxy ypyridin-3-vijethynyl} benzoic acid was prepared by the
same procedure as Example 1. '"H NMR (300 MHz, DMSO-46) 8 11.16 (brs, 1 H), 7.90 (4, J=2.35
Hz, 1 H), 7.59-7.80 (m, 2 H), 7.55(d, /=8.21 Hz, 1 H), 7.22-7.50 {m, 4 H), 6.99 (dd, /=806, 1.32
Hz, 1 H), 671 (d. /=850Hz, 1 H), 644 (brs, 1 H). 510 (td, /=887, 425 Hz 1 H}, 3.70-383 (m, 2
H), 3.64¢brs, 1 H}3.19-347 (m, 2H), 191 (brd, /<1055 Hz 2H), 1.37-1.75 (m, 2 H). MS m/z
{(M+H} 439 5,

Exampie 101: 2-(1H-Indol-6-vy1}-3-{2-12-(propvicarbamoyl)- 1 H-indol-6-yljethynyl }benzoic acid

7 OH
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2-(1H-Indol~6-vy -3~ {2~ 2-(propvicarbamoy - IH-indol-6-vlethynyl} benzoic acid was prepared by
the same procedure as Exarple 1. 'H NMR (300 MHz, DMSO-d6) 8 11.60-11.65 (o, 1 H), 11.13-
1116 {m, 1 H}, 8.44-8.50 (m, 1 H), 7.80-7.83 (m, 1 H}, 7.67-7.76 (m, 1 H), 7.51-7.62 (m, 1 H), 7.26-
7.48 (m, 3 H}, 6.91-7.08 (m, 2 H), 6.80-6.90 (m, 1 H), 6.67-6.78 (m, 1 H}, 6.45 (brd, }=2.05 Hz, 1
H) 2.89-3.23 (m, 2 H), 1.44-1.59 (m, 2 H), 1.11-1.27 (bs, 1 H), 0.77-0.94 (1, 3 H). MS m/z (M+H)
462.6.
Example 102: 2-(1H-Indol-6-yi}-3-{2-[3-(1,2.3 4-tetrahydroisoguinelin-2-vimethyvlphenyi|

=\

NH
N ™y [
Ny I Nvﬁ\/i o
N
= iv OH
ethynyl}benzoic acid S

2-{1H-Indob-6-y1)-3-{2-3-(1,2,3 4-tetrahy drotsoguinolin-2-yImethyDphenyl]ethynyl} benzoic acid
was prepared by the same procedure as Example 1. '"H NMR (300 MHz, DMSQ-46) 8 11.15 (brs, |
H), 7.58-7.92 (m, 4 H), 7.19-7.55 (m, 7 H), 6.86-7.14 {m, 4 H), 639 (brs, | H}, 3.41-3.72 {m, 4 H),
2.65-2.98 (m, 2H}, 2.51-2.64 (m, 2 H). MS m/z (M+H]} 483.2.

Example 103: 3-{2-[3-Cyano-4-{oxan-4-yloxyiphenyllethynyi}-2-(A H-indol-6~yl)benzoic acid

1% ’[::.-\NH
ohel®!
oS N 7 o

3-{2-[3-Cvano-4-{oxan-4-v1loxy phenyljethyny1}-2-(1H-indol-6-vi}benzoic acid was prepared by the
same procedure as Example 1. '"H NMR (300 MHz, DMSQ-d6) 8 12.74 (brs, 1 H). 11.17 (brs, 1 H),
7.50-7.80 {m, 3 H3, 7.20-7.50 (m, SH), 6.86-7.16 (im, 2 H), 6.45 (brs, 1 H), 4.56-4.84 {m, | H), 3.64-
3.91 (m, 2 H), 3.36-3.60 (m, 2 H), 1.86-2.08 (m, 2 H), 1.57 (ddt, J=12.94, 8.61,4.18, 4. 18 Hz, 2 H).
MS mvz {M+H) 463.5.

Example 104: 3-[2-(3-{[4-(Ethoxycarboenyl)piperazin-1-yijimethyi}phenyl) ethynyi|-2-(1 H-indol-

S-yhbenzoic acid
3-{2-(3-{|4-(Ethoxycarbonyhipiperazin-1-yHmethyi} phenyDethvnyi|-2-(1H-indol-6-v1} benzoic acid
was prepared by the same procedure as Example 1. "H NMR (300 MHz, DMSQ-d6) 5 11.16 (brs, 1
H). 7.60-7.75 (m, 2 H), 7.55 (d. J=7.92 Hz. 1 H), 7.28-7.48 (m, 2 H). 7.21 (br d, J=4.40 Hz. 3 H),

6.77-7.11 {m. 3 H), 6.43 (br s, 1 H). 4.00 (q. /=704 Hz, 2 H). 3.39 (5, 2 H) 2.07-2.44 (m, 8 ), 1.15
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{t,/=7.04 Hz, 3 H) MS nvz (M+H) 508.3.
Example 105: 3-(2-{4-[3-(Hydroxymethyljoxetan-3-vl]phenyl jethynyl}-2-(1 H-indol-6-yhbenzoic

.
H.J> (/C:\
NH
SV F
/?U A
Ny oM

acid
3-(2-{4-[3~(Hydroxymethylosetan-3-viiphenyl;} ethynyv-2-(1H-indol-6-yvI)benzoic acid was
prepared by the same procedure as Example 1. 'H NMR (300 MHz, DMSO-d6) 8 11.15 (brs, 1 H),
7.59-7.93 (m, 2 H}, 7.29-749 (m, 2 H), 7.20{(br d, /=7 92 Hz, 1 H}, 6.92-7 14 (m, 4 H), 6.84 (brs, 2
H), 6.44 (brs, 1 H}, 5.06 (brs, 1 H), 4.37-4.73 (m, 4 H}, 3.36-3.74 (m, 2 H} MS m/z (M+H)} 424 .0.
Example 106: 3-{2-[3-(8-Amino-1H-pyrazol-3-yliphenyliethynyl}-2-(1 H-indol-6-yl)benzoic acid

3-42-{3-(5-Amino-1H-pyrazol-3-vDphenvljethynyvi}-2-(1H-indol-6-vhbenzoic acid was prepared by
the same procedure as Example 1. 'H NMR (300 MHz, DMSQ-d6) 3 11.18 (brs, 1 H), 7.51-7.88 (m,
4H), 7.27-7.51 (o, 3H), 7.14 (n, 2 H), 7.01 (brd, J=9.09 Hz, 2 H), 6.46 (brs. 1 H), 6.12 (s. | H),
3.60 (brs, 3 H). MS nvz (M+) 4189,

Example 107: 2-(1H-Indob-6-v1)-3-{2-13-(},3-0xaz0l-5-vi)phenyljethynyl} benzsic acid

=
N

2-{1H-Indol-6-y1)-3-{2-] 3-(1,3-oxazol-3-yljphenyljethyvnyl } benzoic acid was prepared by the same
procedure as Example 1. 'H NMR (300 MHz, DMSO-d6) 6 12.62-12.97 (bs, 1 H), 11.18 (brs. 1 H),
831-8.54 (m, | H). 8.23 (brs, 1 H), 7.55-7.77 (m, 4 H), 7.34-7.52 (m. 4 H), 7.10 (br d, J}=7.33 Hz, 1
H), 6.70-7.05 (m, 2 H). 6.47 (5, 1 H). MS m/z (M+H) 406.0,

Example 108: 2-(1H-Indol-6-v1)-3-{2-{4-{oxane-4d-carbonyl)phenyljethyayl] benzeic acid

=\

e /ﬁ/‘NH
i :'/. l
a9,
o~
o 7 U/U‘“OH
Sy

2-(1H-~Indol~6-y1)-3-{2~{4-(oxane-4-carbonyhphenyljethynyl} benzoic acid was prepared by the same
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procedure as Example 1. 'H NMR (300 MHz, DMSO-d6) 8 11.17 (brs, 1 H), 7.63-7.96 (m, 4 H),
7.30-7.60 (m, 4 H}, 7.22(d, /=821 Hz, 2 H}, 7.02 (d, /=821 Hz, 1 H), 6.46 (brs, I H}, 3.81-3.85
{bs, 1 H}, 3.40-3.60 (m, 4 H), 1.39-1.74 (m, 4 H}. MS nvz (M+H) 450.1.

Exampie 199: 2-(7-Fluoro-1H-indol-6-yi}-3-( phenylethynyl) benzeoic acid

>\C, ;
\<L/ T-Fluoro-6-(4,4, 5, S-tetramethyl-{ 1,3, 2 [dioxaborolan-2-vi}- 1 H-indole: A stitring

suspension of 6-bromo-7-fluoro-1H-indole (PCT fnt. Appl., 2014151005) (1.25 g, 5.8 mmol),
potassium acetate (1.14 g 11.68 mmol). bis(pinacolatoidiboron ( 1.9 g, 7.54 mmol)y in dry 1.4-
dioxane (1% mL} was deaerated using an argon gas balloon for 15 mimutes. To the resulting
suspension, | 1,1°-bis {diphenylphosphino) ferrocene] palladium (i1} dichloride complexed with
dichloromethane (473 mg, 0.58 mmol} was added and reaction was heated to 100 °C for 12 hours.
The resultant reaction mixture was then atfowed to cool to ambient temperature, diluted with ethyl
acetate (150 mL) and filtered through celite. The organic laver thus obtained washed with water (2 x
50 mlb}, brine {50 mL), dried (anhydrous sodium sulfate), filtered and concenirated under reduced
pressure to oblain crude product as a brown liquid. The resullant crude product was taken to next step

as such without characterization,

/=y
HN_ l
S e

A stirring suspension of 7-fluoro-6-(4,4,5 S-tetramethyl-{ 1.3, 2}dioxaborolan-2-v)-1H-indole (1.2 g,

2-{7-Fluoro-1H-indol-6-yl)-3-(phenylethynylibenzoic acid methyl ester:

4.5 owmol), 2-bromo-~3~-{phenylethynyl)benzoic acid methyl ester (1.4 g, 4.5 mmol) and potassiura
carbonate (1.2 g, 9.0 mmol) in 1 4-dioxane: water (4:1) (20 mL) was deaerated using an argon gas
balloon for 15 nminutes. To the resulting suspension, [1,17-bis (diphenviphosphino) ferrocene]
palladium(I1) dichlonde complexed with dichloromethane (440 g, 0.45 nwool) was added and
reaction mixture was refluxed at 100 °C for 4 hours. The resultant reaction mixture was then allowed
to cool to ambient temperature, diluted with ethyl acetate (250 mL} and filtered through celite bed.
The organic layer thus obtained washed with water {2 x 30 mL}, brine (50 mL), dried (anhydrous
sodium sulfate), filtered and concentrated under reduced pressure {1 obtain crude product as a brown
higuid. The crude product thus obtained was purified by preparative HPLC {0 give a pale yellow solid

with 35 % vield. "H NMR (400 MHz, DMSO-d.} § 11.65 (s, 1H), 7.86 (d, J=7 8 Hz, 2H), 7.58 (1, J
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=7.8 Hz, 1H), 7.48-7.37 (m. 2H). 7.35-7 20 {m, 3H), 7.05-6.97 (m, 2H), 6.86 (dd, J=8.1, 6.5 Hz,
1H), 6.57 (td, J=3.3, 1.9 Hz, 1H). 3.55 (s. 3H). MS m/z (M-H) 368 2.

2-(7-Fluoro-1H-indol-6-yl}-3-(phenylethynyl) henzoic acid. To a
solution of 2-(7-fluoro- 1 H-indol-6-v1)-3-(phenylethynyl) benzoic acid methvl ester (200 mg, 0.42
nmol) in terahydrofuran : methanol {1:1 mL) was added 2 N NaOH (aq) (84 mg, 2.1 muol) and the
resulting solution was stirred for about 24 hours at ambient temperature. The reaction mixture was
then concentrated and neutralized to pH 4 using 1 N hydrochloric acid solution. The aqueous layer
was then extracted with ethyl acetate (2 x 25 mL), washed with water {20 mL) and brine (10 mL).
The organic layers were combined, dried (sodium sulfate), filtered and concentrated under reduced
pressure. The resulting crude product was then purified using reverse phase HPLC to give the 2-{7-
fluoro-1H-indol-6-v1)-3-phenviethynyl-benzoic acid as an off-white solid in 70 % vield. 'H NMR
{400 MHz, DMSO-dg) 8 11.61 (s, 1H), 7.79(dd, /=129, 78 Hz, 2H), 7.52 (4, /=T 8 Hz, 1H), 7. 46-
734 (m, 2H), 7.25 €d, J = 14.7, 7.1 Hz, 3H), 7.02-6.95 (m, 2H), 6.89 (dd. J = 8.0, 6.4 Hz, 1H), 6.55
(q.J=2.6Hz, IH). MSmZz (M+H) 356.4.

Exampie 110: 2-Benzothiazel-6-yi-3-phenyiethynyl-benzeic acid
2-Benzothiazol-6-y1-3-phenviethynyl-benzoic acid was prepared by the same procedure as Example
109, '"H NMR (400 MHz, DMSO-de) § 12.89 (s, 1H), 9.4 (s, 1H), 8.22-8.11 (m, 2H), 7.83 {dg, J =
7.9, 1.4 Hz, 2H), 7.61-7.47 {m, 2H)}, 7.36-7.22 {m, 3H), 7.05 {dt, /= 6.7, 1.6 Hz, 2H). MS m/z
(M+H) 356.5.

Example 111: 2-Benzothiazel-5-vi-3-phenyiethynyl-benzsoic acid ~F

2-Benzothiazol-5-y1-3-phenviethynyvi-benzoic acid was prepared by the same procedure as Example
109, 'H NMR (400 MHz, DMSO-de) 8 13.00 (5, 1H), 9.44 (s, 1H), .22 (d, J= 8.3 Hz, 1H), 8.04 (s,
1H), 7.78 (t.J = 6.8 Hz, 2H), 7.57-7.45 (m, 2H), 7.27 (dt, /= 14.5, 7.0 Hz, 3H), 7.04 (d. /= 7.3 Hz,

146
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2H). MS sz (M+H) 3565,
Example 112; 2-{2-Methyl-benzothiazol-5-yi}-3-phenylethynyl-henzoic acid

2-(2-Methyl-benzothiazol-5-v1)-3-phenylethynvi-benzoic acid was prepared by the same procedure
as Example 109, "H NMR (400 MHz, DMSO-ds) 5 12.87 (s, 1H), 8.09 (d, J = 8.2 Hz, 1H), 7.87-7.77
(m, 3H), 7.55 (1, J = 7.8 Hz, 1H), 7.39 (dd, /= 8.2, 1.7 Hz, 1H), 7.29 (gd. /= 8.7, 7.8, 3.6 Hz, 3H),
707 (dt, J=6.5, 1.7 Hz, 2H), 2.82 (s, 3H). MS m/z (M+H) 370.3.

Exampie 113: 2-(5-Fluore-1 H-indol-6-vi)-3-phenylethynvl-benzoic acid
2-{5-Fluoro-1H-indol-6-y1}-3-phenviethynyl-benzoic acid was prepared by the same procedure as
Example 109, 'H NMR (400 MHz, DMSO-ds} § 12.80 (s, 1H), 11.21 (s, 1H), 7.81 (ddd, J=11.9,
7.8, 14Hz 2H}, 7534, J=T78Hz 1H), 744 (¢ J=28Hz 1H) 7.39-7.20 {m, 5H), 7.07-6.98 {m,
2H), 6.47 (s, 1H). MS m/z (M+H) 356.3.

Example 114; 2-{6-Fluore-1 H-indol-5-y1)-3-phenyiethynyl-benzoic acid
2-{6-Fluoro-1H-indol-5-y1)-3-phenylethvnyl-benzoic acid was prepared by the same procedure as
Example 109, "H NMR (400 MHz, DMSO-de) 8 11.17 (s, 1H), 7.81-7.72 (m, 2H), 7.53-7.42 (m, 2H),
735, J=27Hz, 1H), 7.32-7.17 (m, 4H), 7.04 (dt, J = 6.7, 1.6 Hz, 2H), 6,46 {d, J= 2.5 Hz, 1H).
MS mz (M+H) 356.5.

Example 115: 2-[1,8]Naphthyridin-3-vi-3-(phenylethynyi) benzoic acid

+

0.0
\O B/

3-Phenylethynyl-2-(4,4,5, S-tetramethyl-1, 3, 2-dioxaboroian-2-yl)-benzoic acid

methyl ester: A sturing suspension of 2-iodo-3~phenylethvnyl-benzoic acid methyl ester (US

141
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20080153802) (4 g, 11.05 nmumol), potassium acetate (2.16 g, 22.1 mmol), bis(pinacolato)diboron
(3.06 g, 12,16 nunol) in dry dimethylformamide (40 ml) was deaerated using an argon gas balloon
for 15 minutes. To the resulting suspension, {1,17-bis (diphenyiphosphino) ferrocene| palladium (11)
dichloride complexed with dichloromethane (897 mg, 1.1 mmol} was added and reaction mixture
was heated to 90 °C for 12 hours. The resultant reaction mixture was then allowed to cool to ambient
temperature, diluted with ethyl acetate (300 mL} and filtered through pre packed celite pad. The
organic layver thus obtained was washed with water (2 x 100 mL}, brine {100 mL), dried (anhydrous
sodium swifate), filtered and concenirated under reduced pressure o obiain crude product as a brown
hiqud which was punfied through silica gel cartridge eluting with hexane/ethyl acetate (o give 3-
phenylethyvoyl-2-(4,4,5 S-tetramethyi-[ 1,3, 2 }dioxaborolan-2-v1}-benzoic acid methyl ester as a pale
vellow solid in 50 % vield. 'H NMR (400 MHz, DMSO-de) 5 7.96 (dd, /= 7.8, 1.1 Hz, 1H), 7.80
(dd. J=7.7. 1.1 Hz, 1H), 7.64-7.47 (m, 3H), 7.45 (dd, J= 5.0, 2.0 Hz, 3H), 3.88 (s. 3H). 1.32 (s, 12
H).MS m/z (M+Na) 385.7.

2-1,8-Naphthyridin-3-yi-3-(phenylethynyl) henzoic acid methyl ester. A
stirring suspension of 3-phenylethynyi-2-{4.4,5 5-tetramethyl-1,3,2-dioxaborolan-2-yi)-benzoic acid
methyl ester {500 mg. 1.38 mmol}. 3-bromo-1, 8-naphthynidime (289 mg, 1.38 mmol} and potassium
carbonate {380 mg, 2.76 mmol} in 1 4-dioxane: water (4:1) (10 mL) was deasrated using an argon
eas balloon for 15 munutes. To the resulting suspension, | 1,17-bis (diphenylphosphino} ferrocene|
palladiom(il) dichloride complexed with dichloromethane {112 mg, 0.138 mmol} was added and
reaction mixture was refluxed at 100 °C for 4 h. The resultant reaction mixture was then allowed to
cool to ambient temperature, diluted with ethyl acetate (150 mlL) and filtered through celite bed. The
organic layver thus obtained washed with water {2 x 30 mL), brine (30 mL), dried (anhydrous sodium
sulfate), filtered and concentrated under reduced pressure to obtain crude product as a brown hiquid.
The crude product thus obtained was purified using silica gel cartridge eluting with hexane / ethyl

acetate to give a pale vellow solid with 40 % vield.
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2-1.8-Naphthyridin-3-yi-3-(phenylethynyl) benzoic acid: To a solution
of 2-1,8-naphthyridin-3-y1-3~-phenviethynyvl-benzoic acid methyl ester (200 mg, 0.55 mmol) in
terahrydrofuran : methanol (1:1 ml} was added 2 N NaOH (aqg) (110 mg, 2.75 mmol) and the
resulting solution was stirred for about 24 hours at ambient temperature. The reaction mixture was
then concentrated and neutralized to pH 4 using 1 N hydrochlioric acid solution. The aqueous layer
was then extracted using ethvl acetate (2 x 25 mL) and washead with water (20 mL) and brine (10
mL}. The organic layers were combined, dried (sodium sulfate}, filtered and concentrated under
reduced pressure. The resulting crude product was then purified using reverse phase HPLC o give
the product as an off-white sohid n 15 % vield. TH NMR (400 MHz, DMSO-de) 8 13.11 (s, 1H). 9.12
(dd, /=42 20Hz 1H), 903(d, J=25Hz 1H), 8595847 {(m, 2H), 801 {dd, /=78, 1.4 Hz, 1H),
792 (dd, J=7.8, 1.3 Hz, 1H). 7.73-7.61 (nm. 2H). 7.34-7.19 (m, 3H), 7.04-6.96 (m, 2H). MS m/z
{(M+H) 351 3.

Example 116: 2-(1-Methyl-1 H-pyrrole |{2,3-b]pyridin-6-yl}-3-phenviethvuyl-benzoic acid

2-{1-Methyl-1H-pvrrolo [ 2,3-bipyridin-6-v1}-3-phenylethynyi-benzoic acid was prepared by the
same procedure as Example 115, 'H NMR (400 MHz, DMSO-de) 8 12.60 (s, 1H), 8.06 (d, J= 8.0
Hz, 1H}, 778 (ddd, J=15.0, 7.7, 1.4 Hz, 2H), 7.59-7.50 {(m, 2H}, 743 (d, J = 8.1 Hz, 1H), 7.39-7.27
{m, 3H), 721-7 13 (m, ZH), 6,52 (d, J =3 4 Hz, 1H), 3.77 (5, 3H). MS m/z (M+H) 353.5.

2

! N
O
\E ]/\\OH
"~

2-{1,8Naphthyridin-2-y1-3-phenvlethynyvi-benzoic acid was prepared by the same procedure as
Example 115, 'H NMR (400 MHz, DMSO-do) 5 12.85 (s, 1H), 9.08 (dd, J=4.2, 2.0 Hz. 1H). 8.58-
8.48 (m, 2H), 7.93(d, J=7.6 Hz. 1H). 7.82 (t. J="7.8 Hz, 2H), 7.71-7.57 (m, 2H), 7.33-7.24 (m,

7N
Vo e
p,
WaW

Example 117: 2-[1,8]Naphthyridin-2-vi-3-phenylethynyl-benzoic acid
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1H), 7.27-7.18 (0, 2H), 6.97 (d, /=74 Hz, 2H). MS m/z (M+H)} 351.4,
Exampie 118: 3-Phenyiethynyi-2-(1f-pyrrels [2,3-bipyridin-6-yi)-benzoic acid

=\

3-Phenviethynyl-2-{1H-pyrrolo |2.3-bipyridin-6-vi)-benzoic acid was prepared by the same
procedure as Example 115, "H NMR (400 MHz, DMSO-d.} § 12.64 (s, 1H), 11.68 (d, ./ =2.4 Hz,
1H), .04 (d,.J=8.1 Hz, 1H), 7.84-7.74 (m, 2H}, 7.58-7.45 (m, 2H), 7.37-7.25 {(m, 4H), 7.18-7.10
{m, 2H), 6.50{dd, /=34, 1.8 Hz, 1H}. MS m/z (M+H) 339.1.
Example 119: 2-(d-methoxy-1H-indol-6-y1}-3-(2-phenylethynyl)-benzoic acid

7\

5 WNH
w5

OH

2-(4-methoxy-1H-ndol-6-y1}-3-(2-phenviethvnyvl}-benzoic acid was prepared by the same procedure
as Example 109, "H NMR (300 MHz, DMSO-dg) § ppm 11,18 (br. 5., 1 I}, 7.73 (d, /=6.74 Hz, 1 H},
76V br.s, 1H), 745(d, /=762 Hz, 1 H), 729, 2H), 7.25 (s, 2H), 714 (br. 5., 2H), 7.02 (br. s,
TH), 652 (br s, 1 H), 644 (br. 5., 1 H), 3.80 (br. 5., 3H). MS sz (M+H) 368 4.

Example 120: 3-(2-(4-(Z-hydroxypropan-2-yDphenyhethynyl)-2-(1 H-indol-6-vl)-benzoic acid

==
HN b\
\I

o
Ej')LOH
L

"~

/
/,

HO ]

4

3-(2-(4-(2-hydroxypropan-2-vhphenyvlethyny - 2-(1H-imdol-6-y1)-benzoic acid was prepared by the
same procedure as Exarople T "H NMR (300 MHz, DMSO-dg) & ppm 11.17 (br. 5., 1 H), 7.60-7.74
(m, 2H), 7.55(d. /=733 Hz, 1 H), 7.30-7.46 (m, 3 H), 6.95-7.09 (m, 3H), 6.45 (br. 5., 1 H), 3.48
(br.s., 2 H}, 1.33 (br. 5., 5 H) MS m/z (M+H) 396.4.

Example 121; 3-{2-(4-(Z-aminothiazol-4-yhphenylethynyl)-2-{ 1 H-indol-6-yi}-henzoic acid
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3-(2-(4-(Z-anminothiazol-4-yphenvlethynyi)-2-( 1 H-indol-6-vi)-benzoic acid was prepared by the
same procedure as Example 1. "H NMR (300 MHz, DMSO-dg) § ppm 11.17 (5. J=3.72 Hz, 1 H).
7.62-7.74 (m, 4 H). 7.55 (d, J=8.21 Hz, 1 H). 7.36-7.47 (m, 3 H), 7.05-7.11 (m, 3 H), 6.99 (dd,
J=821, 1.47 Hz, 1 H). 6.45 (1, J=3.20 Hz, 1 H). MS m/z (M+H) 436.02.

.
0750 |
2
P v" OH
R ]
N ~ ! o
Example 122: 2-(1H-Indol-6-y1)-3-(3-sulfamoyl-phenylethynyi)-benzoic acid S

2-(1H-Indol-6-y13-3-(3-sulfamovi-phenviethynyi}-benzoic acid was prepared by the same procedurs
as Example 1. "H NMR (300 MHz, DMSO-ds) & ppm 12.73 (br. s, 1H), 11.16 (s, 1 FI), 7.67-7 81
{m, 4 H), 7.58 (d, /=808 Hz, 1 H), 748 (t, /=7.74 Hz, 2 H}, 7.36-7.41 (m, 4 H}, 7.25 (dt, /=7.62,
117 Hz, T H), 7.05(dd, /=821, 1.76 Hz, 1 H), 6.45 (1, /=205 Hz, 1 H} MS vz (M+H) 416.9.
Example 123: 3-(4-Amino-3-sulfamoyl-phenyviethynyi)-2-(1H-indol-6-yi}-benzoic acid

==

HN
HoN__ \//K
N TR

l}\ I\/‘I'L '\ ) 0
N !

LN x\ :

HNT Yy m’ﬂ\m

N
3-{4- Amino-3-sultamoyl-phenylethynyl)-2-(1 H-indol-6-y1)-benzoic acid was prepared by the same
procedure as Example 1. "H NMR (300 MHz, DMSO-dg) § ppm 8.68 (br. s, 1 H). 8.11 (d, /=8.79
Hz, 1 H). 8.00(dd, /=792, 1.47Hz 1 H), 7.78 (d, /=8.79 Hz, 1 H), 7.62-7.70 (m, 3 H), 7.52-7.58
(m, 1 H), 7.24-7.37 {(m, 4 H), 696 (d, /=8.21 Hz, 1 H), 6.55 (dd, /=2.78, 1.91 Hz, 1 H). MS m/z (M-
Hy 4319
Exampie 124: 2-(1H-indol-6-y1)-3-(Spire[2H-1-benzopyran-2,1°~ 4-piperidine-1-i-butyl

s Q
3
/o N
Pre; ==
HN
O Ay "
b'
X

7
QH
);/Erk\o
carboxylate]-4(3H )}-onelethynyDbenzoic acid 2
2-{1H-indol-6-v1)-3-(Spiro| 2H-1-benzopyran-2,1"- 4-piperidine-1-i-Butylcarboxvlate|-4(3H}-

onejethynylbenzoic acid was prepared by the same procedure as Example 1. 'H NMR (300 MHz,
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DMSO~dey & ppm 11.00-11.22 (m, 1 H), 7.74 (dd, J=7.77. 1.32 Hz, 1 H), 7.42-7.70 (m, 3 H), 7.34-
738 (m, 2H), 7.19-7.32 (m, 1 H), 7.01 (t, /=875 Hz, 2 H), 6.30-6.51 (m, 1 H), 3.38-3.71 (m, 4H),
3.07(br s, 2H), 282, 2H), 1.81(d, J=13.78Hz, 2H), 1.49-1.66 (m, 2H)}, 1.37 (s, SH) MS my/z
(M-+H) 577 2.

Example 125: 3-(2-(3-(2-aminothiazol-4-ylphenylethynyl}-2-( 1 H-indol-6-y1}-benzoic acid

NH,

el

S N =

j/\ HN
P

o |

i A o

R H

2

3-(2~(3~2~aminothiazol-4-yDpheny Dethynyl-2-(1 H-indol-6-v1}-benzotc acid was prepared by the
same procedure as Example 1. "H NMR (300 MHz, DASO-dg) § pprm 11.08-11.28 (m, 1 H), 7.72-
738 (m, 1 H), 7.63-7.72 (0, 2 H), 7.55-7.62 (m, 1 H), 7.39-7.51 (m, 3H), 7.33-738 (m, 1 H), 7.19-
7.30 (m, 1 H), 6.93-7.07 (1m, 2 H), 6.78-6.85 (m, 1 H), 6.41-6.51 (m. 1 H). M8 m/z (M+H) 436.0.
Example 126: 3-(2-(4-(5-(methoxycarbonyl}-2-aminothiazol-4-ylphenyl} ethynyi)-2-{1H-indsl-

il

HN— ;L
. < \g UOH
1/\]/1\0

3-2~¢4-(5-(rethoxy carbony!)-2-aminothiazol-4-v Dphenyhethyny -2~ 1 H-indol-6-vi)-benzoic acid

S~yh-benzoic acid

was prepared by the same procedure as Example 1. "H NMR (300 MHz, DMSO-ds) & ppra 11.05-
.30 0m, 1 H), 7.70-7.75 (m, 1 H), 7.61-7.68 (m, 2 H), 7.53-7.60 (m, | H), 7.42-7.49 (m, 3 H), 7.39-
742 (m, 1 H), 735739 (o, 1 H), 7.05-7.11 (m, 1 H), 6.96-7.02 (m, 2 H}, 6.42-6.49 (m, 1 H), 2.80-
2.92 (m, 3 H). MS m/z (M+H) 479 8.

Example 127; 3—(2—(4»(5-—=miﬂ0—1,3,4-=thiadiazai—2i—yi)phenyi)eﬂ}ynyi)mz-{lﬂnindﬂluﬁ—yi)mbenmis

acid

3-(2-(4~(5~amino-1,3 4-thiadiazol-2-vlphenyvlethyny1}-2-(1H-indol-6-y1)-benzoic acid was prepared
by the same procedure as Example 1. "H NMR (300 MHz, DASO-ds) 8 ppm 12.73 (m., 1 H), 11.17-
1123 (m, 1 H), 7.78 (d. J=7.44 Hz, 1 H), 7.58-7.71 (m. 4 H), 7.39-7.54 (m, 5 H). 7.20 (s. 1 H). 7.18
(s, 1 H). 7.04 (d, /=7 98 Hz, 1 H), 6.49 (m, 1 H). MS m/z (M+H) 437.1.
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Exampie 128: 3-(2-{4-3-amino-1H-pyrazol-S-yi)phenylethynyl)-2-(1H-indol-6-yi)-benzeic acid

N )

HolN— ‘\/‘\/\
\/K\ \© OH
RO

3~(2~{4-(3-amino-1H-pyrazol-S-vDphenyDethyny}-2-{1H-indol-6-y1}-benzoic acid was prepared by
the same procedure as Example 1. 'H NMR (300 MHz, DMSO-dg} & ppm 11.11-11.30 (m, 1 H),
7.73-780 (m, 1 H), 7.55-7.72 (m, 4 H), 7.37-7.53 (m, 3 H), 7.10-7.21 {m, 2 H), 6.99-7.08 (in, 1 H},
6.41-6.52 (m, 1 H}, 6.06-6.20 {m, 1 H). MS m/z (M+H)} 419.2.

Example 129: 2-Aminoe-4-{4-|3-carboxy-2-{ 1 H-indoi-6-y1)-phenyiethynyl|-phenyl}-thiazole-S-

HoN
/==
SN H )
s T
oo S on
o \‘§ 2 ’I%O
carbexylic acid s

2-Amino-~4-{4-{ 3-carboxy-2-( 1 H-indol-6-vl)-phenylethynyli-phenvl} -thiazole-5-carboxylic acid was
prepared by the same procedure as Example 1. 'H NMR (300 MHz, BMSO-d;) § ppm 11.12-11.33
(m, 1 H), 10.64-1098 (m, 1 H), 7.74-7.82 (m, 1 H), 7.67-7.74 (m, 1 H), 7.56-7.61 {m, 1 H), 7.36-
7.53{m, 4 H), 7.29-7.34 (m, 1 H}, 7.14-7.24 (m, 2 H), 7.00-7.12 {m, 2 H), 6.45-6.50 (m, 1 H) MS
nv/z (M-+H) 558

Exampie 136: 3-(2-(4-(Z-aminooxazel-5-yhphenylethynyl}-2-(1 H-indol-6-yi)-benzoic acid

H;N—’</ S H /\

\(/\i OH
\E i‘ O
X

3-(2-(4-(Z~-aminooxazol-3-yDiphenyDethyny )-2-(1H-ndol-6-y)-benzoic acid was prepared by the
same procedure as Exarople 1. "H NMR (300 MHz, DMSO-dy) § ppm 12.61-12.76 (m, 1 H), 11.16-
1128 (o, 1 H), 7.744(d, =735 He, 1 HD, 7.67(d, =770 Hz, 1 H), 7.59(d, /=809 Hz, | H), 7.46-
7.50 (m, 1 H), 7.39-7.44 (m, 2H), 7.31-7.37 (m, 3 H), 7.15-7.28 (m, 2 H), 7.00-7.12 {m, 3 H), 6.48
(m, 1 H) MS m/z (M+H) 420.3.

Example 131; 2-{1H-Indol-6-y1}-3-|4-(2-methanesulfonylamino-thiazel-4-yi}-phenvylethynyi}-
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2~(1H-Indol-6-y)-3-]4-(2-methanesulfonylamino-~thiazol-4-y1}-phenylethvnyl]-benzoic acid was

prepared by the sarne procedure as Example 52. TH NMR (300 MHz, DMSO-d,) § ppm 10.90-11.27

(m, 1 B), 7.59-7.74 (m, S H). 7.49-7.56 (m, 1 H), 7.32-7.46 (m. 4 H), 7.18-7.30 (m, 1 H), 7.07-7.13

(m, 2 H), 6.92-7.02 (m, 1 H), 6.38-6.47 (m, 1 H), 2.84-2.99 (m. 3 H). MS my/z (M+H) 514.0.

Example 132; 2-{1H-Indol-6-y1}-3-|{3-(2-methanesulfonylamino-thiazel-4-yi}-phenvylethynyi}-
ot

S

QKN

CL Tﬁ_{o
QAO

2-(1H-Indol-6-v1)-3-|3-(2-methanesulfonviamino-thiazol-d-y1}-phenylethvnvi]-benzoic acid was
prepared by the same procedure as Example 52. '"H NMR (300 MHz, DMSQ-ds) § ppm 11.09-11.31
(m, 1H), 7.78-7.84 {(m, 1 H), 7.58-7.75 (m, 3 H, 748-756 (m, 2 H), 7.42-7.46 (m, 1 H}, 7.32-7.42
(ro, 2 HD), 7.07-7.15 {m. 1 H), 6.95-7.01 (m, 1 H), 6.45-6.51 (m, 1 H), 3.49 (s, 3 H). MS mv/z (M+HD)
514.1.

benzoic acid

Example 133: 3-(2-(1 4-dihydre-2-{( 4~m&%ﬂmxypiperidinm1~yi)methyi)n4n@x0quiummiim&

yhethynyi}-2-(1H-indol-6-yl)benzoic acid
3-(2-(1 4-dihvdro-2~({(4-methoxypiperidin-1-vDmethy1}-4-oxoquinazolin-6-yhethynv)-2~(1 H-indol-
6-yhybenzoic acid was prepared by the same procedure as Exampie 1. TH NMR (300 MHz, CD:0D) §
ppm 8.02 (d, /=2.05 Hz, 1 H), 7.74-7.86 (m, 2 H), 7.59 (m, 2 H), 7.43-7.50 (m, 2 H), 7.34 (d, J/=R.6]
Hz, 1 H), 486 (s, 153 H), 4.72-4.83 (m, 3H), 434 (s, 2 H), 3.44-3.61 {m, 4 H), 3.38 (s, 3 H), 2.08
(my, 4 Hy. MS m/z (M+H) 533.1.

Example 134: 3-(2-(1 4-dihvdro-2-((4-thiomeorpheoline-1,1dioxide- 1-yDimethyl)-4-oxo guinazelin-

148



10

WO 2016/183534 PCT/US2016/032574

6-yhethynyl)-2-(1H-indol-6-yl)benzseic acid \5

3-(2-(1 4-dihvdro-2-({(4-thiomorpholine-1, L dioxide-1 -y Dmethyl)-4-oxoquinazolin-6-y1) ethynvi)-2-
{(1H-indol-6-yD)benzoic acid was prepared by the same procedure as Exarnple 1. "H NMR (300 MHz,
CD;0D) 6 11.66-12.14 (im, 1 H), 8.67-8.72 (m, 1 H), 8.58-8.64 (10, 1 H), 8.46-8.52 (m, 1 H), 836~
843 (o, 1 H), 8.15-834(m, SH), 7.84-790 (m, 1 H), 727 (br. s, L H), 445(s, 2H). 395 (br. 5. 4
H), 3.83 (br. s, 4 H). MS m/z (M+H)} 553 1.

Example 135; 3-(2-(2-(trifluoremethyi)-3.4-dihydre-4-oxoquinazolin-¢-yijethynyl}-2-{ H-ind s}~

Fol /
N.__.O =
TN W
Ny L)
LA

3-(2-(2-(trifluoromethy!}-3,4-dihy dro-4-oxoquinazolin-6-vlethyny }-2-(1 H-indol-6-v)benzoic acid
was prepared by the same procedure as Example 1. '"H NMR (300 MHz, DMSO-d,) § ppm 7.94 (4,
J=176Hz, 1 H)Y, 783 (dd, J=792, 1.32 Hz, 1 H). 7.68-772 {m, 2 H), 7.52-7.61 {(m, 2 H), 7.37-7.49
{m, 3 H), 7.07 (dd, /=814, 1. 54 Hr, 1 H), 6.47 (br. s., 1 H}. MS m/z (M+H) 474. 1.

Example 136: 3-(2-(3,4-dihydroe-3-(2-methoxyethyi}-4-oxopyrido|2,3-d|pyrimidin-6-yhethynyi)-

‘::‘\\
oy O
o
= 0]

6-yiybenzoic acid

/
HN
N
\Q/\/ N A “}\\

o) \iﬁj\ -
2-(1H-indol-6-yDbenzoic acid S

3-(2-(3 4-dihvdro-3-(2-methoxyethyD-4-oxopyrido[2,3-d]pyrimidin-6-yDethyvoy - 2-(1H-indo}-6-
vlybenzoic acid was prepared by the same procedure as Exanple 1. 'H NMR (300 MHz, CD,0D) &
ppm 818 (s, L H), 8.03(d, /=176 Hz, 1 H), 7.75 (. /=798 Hz, 2 H), 7.61 (d. /=821 Hz, 1 H), 7.41-
750 Gm, 3H), 7.27-7.33 (m, 2H), 7.07 (dd. /=821, 1 47 Hz,  H), 6.50(d, /=327 Hz 1 H), 4.91-
504 (m 3H), 4194 /=498 Hz, 3H), 3.65(1, /=498 Hz, 3 H}, MS mv/z (M+H) 464.1.

Exampie 137; 2-{1H-Indol-6-v1)-3-|3-(2-methexy-¢-methyl-phenvicarbamoyl)-phenyiethynyi}-

benzoic acid
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2-Bromo-3-{3-carboxy-phenylethynyl)-benzoic acid methyl ester:
A solution of 2-bromo-3-10do-benzoic acid methvl ester (1.5 g, 4.4 mmol), 3-ethynyl-benzoic acid
(0.65 g, 4.4 romol), potassium carbonate (1.2 g, 8.8 ramol) in dimethoxyethane (15 mL) and water (5
mb) was degassed under N, for 10 mimutes. palladium{} tetrakis(friphenviphosphine) (254 mg, 0.22
mmol) and copper (1) iodide (84 mg, 0.44 mumol) was added and the reaction mixture was degassed
under N, for 10 minutes and then heated at 45 °C for 4 hours. After cooling to ambient temperature,
the crude mixture was partitioned betwen ethyl acetate (30 mL) and water (20 mL). The organic laver
was dried {sodium sulfate), filtered, concentrated and purified through silica gel cartridge eluting

with ethyl acetate/dichloromethane to give the product as a white solid in 83% vield.

2-Bromo-3-[ 3-(2-methoxy-6-methyl-phenvicarbamovl)-phenyl
ethynyl [-benzoic acid methyl ester: A mixture of 2-bromo-3-(3-carboxy-phenylethynyl)-benzoic acid
methyl ester {150 myg, 0.41 mmol}, Z-methoxy-6-methyl-phenviamine (100 mg, 0.73 mmol), 1-
iBis{dimethylamino) methylene}-1H-1,2,3-inarolof4,3-bjpyridinium 3-oxid hexafluorophosphate
(HAT (276 mg, 0.73 mimol) and triethylamine {0.156 wml, 1.12 mmol} in {etrghydrofuran (1 mL) was
stirred at room temperature for 24 hours. The reaction mixture was concentrated and purified through

preparative thin lavered chromatography to give the desired product.

2-(1H-Indol-6-v1}-3-} 3-(2-methoxy-6~-methyl-phenyl
carbamoyl)-phenylethynyl]-benzoic acid was prepared by the sarve procedure as Example 1. 'H
NMR (300MHz, DMSO-de) 8= 11.16 (3, 1H), 9.59 (s, 1H), 7.91-7.76 (m, 3H), 7.68 (d, /=7.7 Hz,
1H), 7.58 (d, /=8.3 Hz, 1H), 7.51-7.32 (m, 4H), 7.30-7.05 (m, 3H), 6.90-6.82 (10, 2H). 6.21 (5, 1H),
3.65 (s, 3H), 2.05 (s, 3H). MS (BSI) m/z 501.3 (M+1)"

Exampie 138: 3-{3-{4-(1,1-Dioxo-i-thiomorphelin-4-yi}-phenyicarbamovij-phenylethynyl}-2-
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{1H-indol-6-yi)-benzoic acid ©
3-{3-{4-(1. 1-Dioxo-~1-thiomorpholin~-4-y}-phenylcarbamoyvli-phenylethvoyi} -2-(1H-indol-6-y1)-
benzoic acid was prepared by the same procedure as Example 137. 'TH NMR (300MHz, CD;0D) § =
1185 (br. s, 1H), 1011 (s, 1H), 7.85-7.75 (m, 3H), 7.70-7.56 {m, 3H), 7.51-7.38 {m, 2H)}, 734 (1,
J=4.7Hz 1H), 724 (d, J=7.6 Hz, 1H}, 7.03 {t. /=8.7 Hz, 3H), 6.44-6.40 (m, 1H), 3.75-3.70 (m, 4H),
3.19-3.02 (m, 4H). MS (ESI) m/z 590.33 (M+1)".

Example 132: 3-Phenylethynyl-2-(1H-pyrrolo|2,3-b] pyridin-3-yl}-benzoic acid
J

3-Phenviethynvl-2-(1H-pyrrolo| 2 3-bpyridin-5-vi)-benzoic acid was prepared by the same
procedure as Example 1. 'H NMR (300 MHz, DMSO-ds) 5 8.11 (4. J=0.88 Hz, 1 H), 7.72-7.82 (m, 3
H}, 7.46-7.35 (m, 2H), 7.22-7.32 {m, 3 H), 7.02-7.11 {m, 3 H). MS (ESD m/z 339 (M+1)"

Example 140: 3-(4-Fluoro-phenylethynyl)-2-(1 H-pyrrolo{2,3-bipyridin-S-vi)-benzeic acid
NH

F. =N
A Y\
S

\V/”\.\’\\\ i 4
NOH
27

3-(4-Fluoro-phenviethyny)-2-(1H-pyrrolo] 2,3-blpyrnidin-5-y-benzoic acid was prepared by the
same procedure as Example 1. "H NMR (300 MHz, DMSO-ds) 8 11.73 (br. s, 1 H). 8.17 (d, J=2.05
Hz, 1 H) 7.97(d, /=2.05Hz, 1 H), 7.79-7 84 {m, 2 H), 7.51-7.55 (m, 2 H), 715 -7.17 (m, 4 H), 6.52
{dd, ./=3.37, 1.91 Hz, | H). MS (ESI) m/z 357 (M+1)"

Example 141: 3-{4-Methoxy-phenviethynyi)-2-(1H-pyrrolof2.3-bpyridin-5-yi)-benzoic acid

7—~NH

PN

3-{4-Methoxy-phenylethyny}-2-(1H-pvrrolo] 2.3-bjpyndin-3-yi}-benzoic acid was prepared by the
same procedure as Example . "H NMR (300 MHz, CD;0D) 6 8.59 (4, /=1.47 Hz, 1 H), 8.39 (4,
J=1 47T He, TH, 8.06(dd, /=792, 117 He 1 H), 785 (dd, /=777, 132Hz, 1H), 772 (d, /=3.52
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Hz, 1 H), 7.61 {t, /=775 Hz, 1 H), 6.94-6.99 (0, 2 H), 6.89 (d, /=352 Hz, 1 H), 6.74-6.79 (m, 2 H),
3.75 (s, 3 H). MS (ESD) m/z 369 (M+1)".
Example 142: 2-(1H-Pyrrols|2,3-bipyridin-5-yi)-3-{4-(tetrabydro-pyran-4-vioxy -

phenylethynyl]-benzoic acid
2-(1H-Pvrrolo]2,3-bjpyridin-5-y1}-3-{4-(tetrahy dro-pyran-4-vioxy 3-phenylethvnylj-benzoic acid was
prepared by the same procedure as Example 1. 'H NMR (300 MHz, BMSO-d,) § 11.80 (br s, 2 Hy,
819¢(brd, =205 Hx, 1 H), 800 (brd, J=147Hz 1 H), 7.78-7.97 {m, 2 H), 7.51-7.69 (m, 2 H),
6.98-730 (m, 3H), 6.90 (d, J=8.50 Hz, I H), 6.55(dd, /=337, 1.61 Hz, 1 H), 454-475 {m, 1 H),
3.75-3.85 (m, 2 H), 3.20-3.40 (m, 2 H), 1.90-1.98 (m, 2 H). 1.49-1.61 (m, 2 H). MS (EST) m/z 439
(M+1)".

Example 143; 2-(1H-Indob-6-y1)-3-{4-12-(tetrabiydre-pyran-4-yvi)-ethoxy|-phenyiethynyll-

NP ]
e \\/ \i\
Ry oK
benzoic acid P

2-(1H-Indol-6-v1)-3-{4-| 2-(tetrahy dro-pyran-4-yD-ethoxy -phenyviethynyl -benzoic acid was
prepared by the same procedure as Example 1. 'H NMR (300 MHz, CD:0D) § 7.50-7.81 (s, 3 H),
7.32-7.50 (m, 2 H), 7.26 (brs, 1 H), 7.04 (br d. J=8.21 Hz, 1 H), 6.93 (br d, /=821 Hz, 2 H), 6.69 (br
d.J=821 Hz, 2 H), 6.42-6.5 {m. | H), 3.67-3.97 (m, 4 H), 3.32-3.62 (m, 2 H), 1.44-1.78 (m, 5 H),
1.07-1.36 (m, 2 H). MS (ESD) m/z 466.3 (M+1)",

Example 144: 3-[4-(1,1-Dioxe-hexahydro-i-thiopyran-4-vioxy }-phenviethynyij-2-(18-indol-6-

NH
'«\\i/

m/ox ";;\\.‘I E i

o~ i Z

Qz’?\v/ K/N j-'[‘\
U O

1)-benzoic acid &

~-{4-(1,1-Dioxo-hexahydro-1-thiopyran-4-yioxy j-phenviethynyii-2-(1 H-indol-6-yi}-benzoic acid was
prepared by the same procedure as Example 1. 'H NMR (300 MHz, CD:0OD) 8 7.51-7.70 (m, 3 H),
7.47 (s, 1 H). 7.30-7.43 (m, 1 H), 7.25 (4. J=3.22 Hz, 1 H), 7.09 (br d, /=8 21 Hz, 1 H). 6.90-7.04 (m,
2 H), 6.83 (m, J=8.79 Hz, 2 H), 6.47 (d, /=2.93 Hz, 1 H), 4.62-4.74 (m, T H), 3.19-3.34 (m, 2 H),
2.92-3.10 (m, 2 H), 2.21-2.38 (1, 4 H). MS (ESD m/z 486.45 (M+1)".

y
-2
3

Example 145: 2-(1H-Indol-6-y1}-3-(4-morphelin-4-vimethyl-phenylethynyl}-benzoic acid
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2-{1H-Indol-6-y1)-3-(4-morpholin-4-vimethyi-phenviethynyl-benzoic acid: A mixture of 3-(4-
formyl-phenviethynyl}-2-(1H-indol-6-vl)-benzoic acid methyl ester (60 mg, 0.158 mmol},
morpholine (28 mg, 0.32 nunol) in tetrahydrofuran (1 mL) was stirred at room temperature for 30
minutes. NaB(OAc)kH (47 mg, 0.22 minol) was added and the reaction mixture was stitred at room
temperature for 24 hours. The reaction mixture was partitioned betwaen ethvl acetate (3 mbL) and
saturated NaHCQO; solution (3 mL). The organic laver was dried (sodium sulfate), filtered,
concentrated and purified over silica gel eluting with ethy! acetate/dichloromethane to give the ester
imtermediate. To this intermediate in tetrahy drofuran/methanol (1 mL/0.2 mbL) was added sodium
hydroxide solution (2 N in water, (.2 mL., 0.4 mmol} and the solution was siirred at room
iemperature for 18 hours. I N hydrochloric acid agueous solution was added dropwise until pH = 5
and the reaction mixture was purified through preparative HPLC to give 9 mg (17% {or 2 steps) of
the pure product as a white solid. "H NMR (300 MHz, CD,0D) & 7.74 (ddd. J=7.70, 6.38, 1 47 Hz, 2
H). 7.57 (d, /=792 Hz, 1 H), 7.38-7.48 (m. 2 H), 7.20-7.35 (m, 3 H), 6.92-7.20 (m. 3 H), 6.48 (d.

J=318 Hz 1 H), 4.27 (s, 2 H), 3.95-4.10 (m, 2 H), 3.60-3.75 (m, 2 H), 3.05-3.62 (m. 4 H). MS (ESD)

milz 437 .50 (M+1),
Exampie 146: 3-[4-{4-Ethyl-piperazin-1-yimethyl-phenylethynyi]-2-(1 H-indol-6-yl)-benzoic

~
\\/Ni-i
N % e
RSN i
r E Sy L“on—-:
acid o

3-{4-{4-Ethyl-piperazin-1-ylmethyl}-phenylethvny{-2-(1H-indol-6-y1)-benzoic acid acid was
prepared by same procedure as Example 145, 'H NMR (300MHz, CD;OD) & =7.67-7.79 (m. 2 H),
7.57(d, /=82 Hz 1 H}, 7.38-7.48 (m, 2H), 7.17-7.29 {m, 3 H), 7.01-7.07 (m, 3 H), 6.49(d, J=3.1
Hz, 1 H), 3.74 (s, 2H), 3.13-328 (m, 6 H}, 2.85 {brs, 4 H), 1.31 (¢, /=7.2 Hz, 3 H}. MS (ESD) m/z
464.63 (M+1)"

Example 147: 2-(1H-Indol-6-y1}-3-[4-{4-methyl-piperazin-1-yimethyl-phenylethynyi}-benzoic

==y

[ NH

acid

2-( 1 H-Indol-6-y1)-3-{4-{4-methyl-piperazin-1-yvimethvD)-phenylethynyl]-benzoic acid was prepared
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by same procedure as Example 145. 'H NMR (300 MHz, CI3:0D) § 7.63-7.80 (m, 2 H), 7.57 (d,
J=821 Hz, 1 H), 7.34-7.51 (m, 2H). 7.13-734 (m, 3 H), 6.74-7.13 (m, 3H), 6.49(d, /=322 Hz 1|
H). 3.72 (s, 2 H), 3.33-3.54 (m, 4 H), 2.69-3.07 {m, 7 H). MS (ESI) m/z 450.56 (M+1)".

Example 148: 3-{4-(1,1-Dioxo-thiomorpholin-4-vlmethylj-phenyiethynyl-2-(1 H-indol-6-v1}-benzoic

=\
[ MK
Aoy G
o=5._Jd LKA o
g = I
|\ g™
acid 7

3-{4-(1,1-Dioxo-thiomorpholin-4-yimethvi)-phenyiethy nyi{-2-{ 1 H-indol-6-y1}-benzoic acid was
prepared by same procedure as Example 145, 'H NMR (300 MHz, CD;0D) § 7.64-8.04 (m, 2 H),
7.57(d, J=821 Hz, L H), 7.35-7.50 (m, 2 H), 7.18-7.35 (m, 3 H), 6.92-7.18 {m, 3 H}, 6.49 (d, /=3.17
Hz, VH), 413 (3, 2 H), 345 (dd, J=6.74, 3.52 Hz, 4 H), 3.28-3.33 (m, 4 H). MS (ESI) m/z 4955
{M+1)",

Example 149: 3-( 4~{{(Z~Bimethyﬁammﬁnethyi)nmethyi«amin@}~methyi}nphmyﬁethynyi)nzn(lﬁ-

¥ C
oo Y

, ]f T o
indol-6-yi)-benzoic acid ~F
3-{(4-{[{2-Dimethyiamino-ethy])}-methyl-aminoi-methy !} -phenylethvny1)-2-(1 H-indol-6-vi-benzoic
acid was prepared by same procedure as Example 145, '"H NMR (300 MHz, CD,0D} § 7.75-7.69 (m,
2Hy, 7.58(d, /=821 Hz, 1 H}, 7.50-7.64 (m, 2 H), 7.18-7.46 {(m, 3 H}, 6.99-7.14 (m, 3 H}, 6.34-6.51
{m, 1H), 423 (s, 2H),342-3.58 (m, 4 H}, 2.85 (s, 6 H), 2.69 (s, 3 H). MS (EST) m/z 452.46 (M+1)".
Example 150: 3-{4-[4-(2-Hydroxy-ethyl)-piperidin-1-ylmethyl]-phenylethynyi}-2-(1H-indol-6-

f’—':'\
/
O/\/\/ \O\ \/Ui

3-{4-{4-(2-Hydroxy-ethyl}-piperidin-1-vimethyi|-phenylethvnyl} -2~(1 H-indol-6-y1}-benzoic acid
was prepared by same procedure as Example 145, 'H NMR (300 MHz, CD:0D) § 7.66 (ddd. J=7.70,
6.23, 1.32Hz, 2H), 7.50 (4, /=821 Hz, 1 H), 7.29-7.41 (m, 2 H}, 7.14-7.27 (m, 3 H), 6.89-7.11 {m,
3H), 641 {dd, /=3.22, 0.88 Hz, 1 H}, 4.09 (s, 2 H}, 3.35-3.66 (m, 2 H), 3.16-3.29 {m, 4 H), 2.72-
2.94 (m, 2 H), 1.84 (br d, J=13.78 Hz, 2 H), 1.16-1.50 (m, 3 H). MS (ESI) m/z 479.58 (M+1}"
Example 151: 3-[4-(4-Hydrexymethyl-piperidin- i -yimethyl)-phenylethynyl]-2-{ 1 H-indoi-6-yi)-

vi)-benzeic acid
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jaNH
e
HO - 0
=
7 Ry TOH

benzoic acid S

{0001} 3-{4-(4-Hydroxymethyl-piperidin-1-vimethy1}-phenylethynyl}-2-¢ I1H-indol-6-y1}-benzoic acid
was prepared by same procedure as Example 145, 'H NMR (300 MHz, CD;0D) & 7.74 (ddd, J=7.48,
5.86, 1.03 Hz, 2 H), 7.58(d, /=8.21 Hz, 1 H, 7.37-7.49 (m, 2 H), 7.22-7.35 (m, 3 H}, 6.94-7.20 (m,
3H), 649(d, =322 Ho, TH), 421 (3, 2H), 3.33-3.59 {m, 4 H), 2.86-3.03 (m, 2 H), 1.68-2.04 {m, 2
Hj, 1.29-1.45 (m, 2 H}. MS (EST) m/z 465.58 (M+1)"

Example 152: 2-(1H-Indol-6-y1}-3-{4-{4-methyl-| 1 4|diazepan-1-yimethyl-phenylethynyi}-

==\

/

NH
E\

N q;“

P i

= E\’L\OH
J

g
TS
benzoic acid
2-(1H-Indol-6-y1)-3-{4-(4-methyl-[ 1 4 diazepan-1-yimethyi}-phenylethvny|-benzoic acid was
prepared by same procedure as Example 145, '"H NMR (300 MHz, CD-0D) § 7.65-7.84 (m, 2 H),
7.57(d, J=7.92 Hz, 1 H}, 7.37-7.50 (m, 2 H), 7.19-7.36 {m, 3 H}, 6.91-7.19 (m, 3 H), 6.48 {dd,
J=322 088 Hz, 1 H), 418 (s, 2 H}, 3.53-3.88 (m, 6 H), 3.38-3.52 (m, 2 H), 2.92 (s, 3 H), 2.11-2.20
(m, 2 H). MS (ESI) m/z 464.56 (M+1)",
Example 183: 3-[4-(3-Hydroxy-azetidin-1-ylmethyl)-phenylethynyl]-2-(1H-indol-6-yl}-benzoic

acid
3-[4-3-Hvdroxy-azetidin-1-yimethyvl)-phenylethyoyi-2-(1H-indol-6-vi)-benzoic acid was prepared
by same procedure as Example 145. "H NMR (300 MHz, CD:0D) 8 7.69-7.80 (m, 2 H). 7.57 (d,
J=7.92 Hz, 1 H}, 7.38-7.45 (m, 2H), 7.21-7.36 {m, 3 H), 6.91-7.19 (m, 3 H), 6.48 {dd, /=322, 0.88
Hz, 1 H), 4.62-4.52 (m, 1H), 4.18-4.30 (m, 4 H), 3.82-3.90 (m, 2 H). MS (ESD m/z 423 (M+1)"
Example 154: 3-[4-(4-Hydroxy-piperidin-1-yhmethyl-phenylethynyl}-2-(1H-indol-6-yl}-benzoic

HOO

acid

3-{4-(4-Hvdroxy-pipendin- L-vimethyv-phenylethynyl|-2-(1 H-imdol-6-y1)-benzoic acid was prepared

ot
(9]
(¥4}
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by same procedure as Example 145. "H NMR (300 MHz, CD;0D) § 7.65-7.84 (m, 2 H), 7.57 (d,

J=7.92 Hz, 1 H), 7.37-7.50 (m, 2 H). 7.19-7 36 {m. 3 H), 6.98-7.19 (m, 3 H). 6.45 (dd, J=3.22, 0.88

Hz, 1 H), 418 (d, /=6.8 Hz, Z H), 3.98-4.05 (m, 1 H), 3.70-3.81 {m, 1 H), 2.92-3.40 (m, 3 H}, 2.10-
2.00(m, 1 H), 1.88-1.80(m, 2 H}, 1.58-1.65 {m, 1 H). MS (ESI} m/z 451.51 (M+1)".
Example 155: 2-(1H-Indol-6-y1}-3-[4-(4-methoxy-piperidin- i -yhmethyl}-phenylethynyll-benzoic

~ /\./ /\//\/J\ éj
acid /))L

2-(1H-Indol-6-y13-3-{4-{4-methoxy-piperidin- 1-yImethyi}-phenylethynyl]-benzotic acid was prepared
by same procedure as Example 145, "H NMR (300 MHz, CD:0D) § 7.66-7.81 (m, 2 H), 7.25-7.59
{m, 6 H), 7.01-7.16 (m, 3H), 648 (d, J=3.11 Hz, 1 H), 419 (s, 2 H}, 3.52-3.58 (m, 1 H), 3.30-3.38
{m, 4 H), 3.05-3.28 (m, 3 H), 2.79-3.02 (m, 1 H), 1.95-2.23 (m, 2 H), 1.67-1.89 (m, | H). MS (ESD)
milz 465 51 (M+1),

Exampie 156: 3-{4-Dimethylaminomethyl-phenylethynyl}-2-(1 H-indel-6-vi)-benzoic acid

3-{4-Dimethyiaminomethyl-phenylethynvi)-2-(1H-indol-6-v1-benzoic acid was prepared by same
procedure as Example 145, 'TH NMR (300 MHz, CI:0D) § 7.66-7.80 (m, 2 H), 7.58 (d, J=8.21 Hz, 1
H), 7.38-7.50 (m, 2 H), 7.22-7.38 (m. 3 H), 7.05-7.18 (m, 3 H). 6.48 (dd, /=3.22, 0.88 Hz, 1 H), 4.15
(s, 2H)., 2.76 (s, 6 H). MS (ESI) m/z 395 (M+1)"

Example 157: 2-(1H-Indol-6-y1}-3-(4-{{(Z-methoxy-ethyl}-methyil-amine-methyl}-

i—d\i\e iH
&
/

phenylethynyl}-benzoic acid

2-(1H-Indol-6-y1)-3-(4- {{{2-methoxy-ethy [}-methyl-amino|-methy1} -phenviethynvl}-benzoic aci was
prepared by same procedure as Example 145, '"H NMR (300 MHz, CD;0D) § 7.70-7.77 {m, 2 H).
7.58{d, /=8.03 Hz, 1 H). 7.38-7.48 (m, 2 H), 7.25-7.34 (m, 3 H}, 7.03-7.14 (m, 3 H), 6.48 {dd.
J=322 088 Hz, 1H), 4 18-434 (m, 2 H), 3.66(t, J=4.98 Hz, 2 H}, 3.48 (s, 3 H), 3.30-3.35 (m, 2 H),
2.76 (s, 3 H). MS (ESD m/z 439.47 (M+1)".

Example 188: 3-[4-(4,4-Difluoro-piperidin-1-yimethyl)-phenylethynyi]-2-(1H-indol-6-yi)-
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:_ SN
\(\j/\OH
benzoic acid /

3-[4-(4 4-Diftuoro-piperidin-t-vimethy)-phenviethvnyl |- 2-(1 H-indol-6-y1)-benzoic acid was

prepared by same procedure as Example 145, 'H NMR (300 MHz, CT:0D) § 7.74 (ddd, /=7.77,

6.60, 117 Hz, 2H), 7.57(d, /=821 Hz, 1 H), 7.37-7.51 (m, 2 H), 7.21-737 (m, 3 H). 7.11 {d, /=792
2H) 7.03{dd, /=806, 1.61 Hz, 1 H), 648 {(d, /=327 Hz, 1 H), 429 (s. 2 H), 3.12-3.50 (m, 4 H).

2.14-2.44 (m, 4 H). MS (EST) m/z 471.49 (M+1)"

Exampie 159: 3-[4-(3.3- E}kﬂuﬁmmpkpeﬁ idin-1-yimethyi}-phenylethynyl-2-(1H-indol-6-yl)-

r,/‘\N/\

Y P

benzoic acid
3-14-(3,3-Dittuoro-piperidin- I -vimethyi)-phenviethynyl}-2-(1 H-indol-6-yl}-benzoic acid was
prepared by same procedure as Example 145, '"H NMR (300 MHz, CD;0D) & 7.64-7.87 (m, 2 H),
7.51-7.64 (m, 1 H}, 7.38-7.51 (m, 2H), 7.22-738 {m, 3 H), 713 (br d, /=645 Hz, 2 H), 7.04 (br d,
J=6.T4 Hz, 1 H}, 6,48 (brs, 1 H), 3.46 (brt, /=10.99 Hz 2 H), 3.26-3.38 {m, 2 H), 3.02-3.26 (m, 2
H), 1.82-2.22 (m, 4 H). MS (ESD) m/z 471.5 (M+1)"

Exampie 160: 3-[4-(3,4-Dihydro-1H-isoquinolin-2-yimethyi)-phenylethynyl |- 2-(1H-indol-6-yI)-

=\
/ NH

/:[/\ N/\[/
\/L o
V X OH
benzoic acid »/

3-14-(3 4-Dibvdro-1H-isoquinolin-2-vimethy J-phenyiethynyi}-2-( 1 H-indol-6-v1}-benzoic acid was
prepared by same procedure as Example 145, "H NMR (300 MHz, CD;0D) § 7.70-7.80 (m, 2 H),
7.59(d, /=821 Hz, 1 H), 7.32-7.50 {m, 5 H), 7.20-7.32 (m, 4 H), 7.10-7.20 {m, 3 H), 7.05 (dd.
J=8.21,1.47 Hz, 1 H), 6.43-6.53 (m, 1 H), 4 41 (5, 2 H), 433 (s, 2H}, 3.09-3.21 (m, 2 H) MS (ESH
miz 483.5 (M+1Y".

Exampie 161: 2-(1H-Indol-6-yi}-3-[4-{4-methanesulfonyl-piperazin-1-vimethyi)-phenylethynylj-

S AOW

‘?\\

benzoic acid
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2-(1H-Indol~6-y1)-3-{4~-(4~-methanesultonvl-piperazin- | -ylmethy1}-phenylethynyl}-benzoic acid was
prepared by same procedure as Exarnple 145, 'H NMR (300 MHz, CD;0D) § 7.74 (ddd, /=7.70,
6.38, 1.47Hz, 2H}, 7.57 {(d, /=8.18 Hz, 1 H}, 7.39-7.47 (0, 2H), 7.33 (d, /=7.59Hz, 2H), 7.27 (4,
J=295Hz 1 H), 7.12(d. J=7.68 Hz, 2 H}, 7.03 {(dd, /=8.21, 1.47 Hz, 1 H), 6.48 {dd, J=3.22, 0.88
Hz 1 H). 4.314(s, 2H), 3.28-355 (m 6 H), 2.92 (5. 3H), 2.65 (s, 2 H). MS (ESD m/z 514.53 (M+1)".
Example 162: 2-(1H-Indol-6-y1}-3-[4-3-trifluoromethyl-piperidin-I-yimethyl)-phenylethynyl|-

=\
NH
/"\ /a N
\\CD)L
benzoic acid

2-(1H-Indol-6-y1}-3-[4-(3-trifluororsethyl-piperidin-1 -yimethy -phenviethynyl]-benzoic acid was
prepared by same pmcedure as Fxample 145, "H NMR (300 MHz, CD:0D) 3 7.73 (brs. 2 H), 7.52-
7.65(m, L H), 7.37-7.51 (o, 2 H), 7.19-7.37 (m, 3 H), 6.93-7.19 (m, 3 H), 6.48 (brs, 1 H), 4.20-4 44
(m, 2H), 338 (brd, J=11.14 Hz, 1 H), 3.16-3.47 {m, 1 H), 2.64-3.10 (m, 3 H), 1.87-2.17 {m, 2 H),
1.46-1.87 (m, 2 H). 1.38-1.66 {m, 2 H). MS (ESI} m/z 503.58 (M+1)",

Example 163: 2-(1H-Indol-6-y1}-3-[4-(3-methoxy-pyrrolidin- I-yimethyl)-phenylethynyl}-

=,
NH

{F\J/Yj\

\?QL
benzoic acid
2-(1H-Indol-6-y13-3-{4-(3-methoxy-pyrrolidin-1 -yimethy)-phenylethynyvi]-benzoic acid was
prepared by same procedure as Example 145, '"H NMR (300 MHz, CD;0D) & 7.70-7.75 (m, 2 H),
7.59(d, /=82Hz 1 H), 7.39-745 (m, 2 H). 7.27-735 (m, 3 H), 7.02-7.12 {m, 3 H), 6.48 (dd, /=293,
0.88 Hr, 1 H), 430 (s, 2H), 4.08-4.15 (m, 1 H}, 3.06-3.60 (m, 7 H), 2.01-2.35 {(m, 2 H}. MS (ESDH
miz 478.7 (M+1)". MS (ESI) m/z 451.58 (M+1)"
Example 164: 2-(1H-Indol-6-v1)-3-[4-(4-1sopropyl-piperazin- 1-yimethy-phenviethvnyij-benzoic

=
(N
L C
N oy 0
T S A
S o
acid #

2-(1H-Indol~6-y1)-3-{4~(4~1sopropyi-piperazin- | ~ylethyv}-phenylethynvi]-benzoic acid was
prepared by same procedure as Example 145, '"H NMR (300 MHz, CD;0D) § 7.64-7.84 {(m, 2 H).
7.59 (s, 1 H). 7.35-7.52 (m, 2 H), 7.20-7.35 (m. 3 H), 6.94-7.11 (m, 3 H), 6.48 (dd. J=2.93. 0.88 Hz,
1 H), 3.92 (s, 2 H), 3.30-3.57 (m, 5 H), 3.02-3.15 (m, 4 H), 1.32(d, J=6.70 Hz, 6 H). MS (ESD) m/z

158
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4787 (M+1Y".
Example 165: 3-[4-{4-Cyciohexyl-piperazin-i-yvimethyl)-phenyiethynyl|-2-(1H-ind ol-6-v1}-

F::\I"H
AN /‘%j
PIRS o

S

N N

benzoic acid N

3-{4-(4-Cyclohexyl-piperazin- I-vimethyl}-phenyviethynyi}-2-(1 H-indol-6-vi)-benzoic acid was
prepared by same procedure as Example 1435, "H NMR (300 MHz, CD30D) § 7.68-7.76 {m, 2 H),
7.56(d, J=821 Hz, | H), 7.34-748 (m, 2 H), 7.15-7.32 (1, 3 H}), 6.95-7.06 (m, 3 H), 6.42-6.53 (m, |
H), 3.91 (s, 2H), 3.32-3.60 (m, 3H), 292-327 (m, S H), 202 (brs, 2H), 1 81-1.97 (m, 2 H), 1.68
(brd, J=12.02 Hz, 1 H). 1.23-1.49 (m. S H), 1.19 (brs, 1 H). MS (ESI) m/z 518.74 (M+1)".
Example 166: 3-[4-(4-Cyclopropanecarbonyl-piperazin- i-yimethyl-phenylethynyl|-2-(1H-

/r":\
indol-6-yi)-benzoic acid

3-[4-(4-Cyclopropanecarbonyl-piperazin-1-ylmethyl-phenylethvovi]-2-(1H-indol-6-v1}-benzoic acid
was prepared by same procedure as Example 145, "H NMR (300 MHz, CD0D) § 7.66-7.86 {m, 2
H), 757 (d, =821V Hz, 1 H), 7.37-7.51 {m. 2 H), 7.20-7.37 (m, 3H), 7.12{d, /=821 Hz, 2 H), 7.03
(dd, /=821, 147 Hz, 1 H), 6.40-6.53 (m, 1 H). 4.27 (5, 2 H), 3. 11-3.28 (m, 8 H), 1.92 (ddd, J=7.62,
4.84,2.79 Hz, 1 H), 0.74-1.02 (m, 4 H). MS (BSD) m/z 504.67 (M+1)

Exampie 167: 2-{(1H-Indol-6-yi}-3-(4-piperazin-1-vimethyi-phenylethynyl}-benzoic acid

2-{1H-Indol-6-v1}-3-(4-piperazin-1 -y Imethyi-phenylethvoyi}-benzoic acid was prepared by same
procedure as Example 145, "H NMR (300 MHz, CI3:0D) 8 ppm 7.71-7.77 (m, 2 H). 7.57 (d, /=8.14
Hz, 1 H), 7.39-7.47 (m, 2H), 7.26-735 (m, 3 H), 7.12(d, J=7.61 Hz, 2 H), 7.03 (dd, /=8.21, 1.47
Hz, 1 H), 6.49(d, J=3.05Hz, | H), 427 (s, 2 H), 3.60-3.98 (0, 4 H), 2.60-2.81 (m, 4 H). MS (ESDH
miz 436.62 (M+1}"

Example 168: 3-[4-(4-Benzenesuifonyl-piperazin-1-yimethyl)-phenyiethyvayl}-2-(1 H-ind 0i-6-y1}-
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benzoic acid Lo

3-[4-(4-Benzenesulfonyl-piperazin- 1 -vimethyh-phenylethvnyl]-2-{ 1H-1indol-6-v1}-benzoic acid was
prepared by same procedure as Exarnple 145, '"H NMR (300 MHz, CI;0D) § 7.69-7.83 (m, 4 H),
7.62-7.69 (m, 1 H), 7.52-7.62 {m, 3 H}, 7.35-7.49 (my, 2 H}, 7.18-7.30 {m, 3 H), 7.05-7.11 {m, 2 H},
6.97-7.05(m, 1 H), 6.48 (dd, /=3.08, 0.88 Hz, 1 H), 422 (5, 2 H}, 3.11-3.34 (m, 8 H). MS (ESHm/z
376 (M+1)

Example 16%2: 3-{4-{(1,1-Dioxs-hexahydro-i-thiopyran-d-yiamino)-methyl]-phenylethynyl}-2-

o
g~ [

o= - /&/NH

K,/'\ ! !

{1H-indol-6-yi)-benzoic acid S
3-{4-{(1.1-Dioxo~hexahvdro-1-thiopyran-4-viamino}-methvli-phenylethvoy i} -2-(1H-indol-6-v 1}
benzoic acid was prepared by same procedure as Example 143, "H NMR (300 MHz, CD:;0D) § 7.70-
7.79 (m. 2 H), 7.58 (4, J=8.02 Hz, 1 H), 7.45-7.41 (m, 2 H), 7.26-7.35 (m. 3 H), 7.08-7.14 (m, 2 H),
7.04 (dd, /=821, 1 47Hz 1 H). 648 (dd, /=322, 08& Hz 1 H), 420 (s, 2 H), 3.38-3.53 (m, 1 H),
3.11-3.27 (m, 4 H), 2.46-2.55 (m, 2 H), 2.11-2.26 (m, 2 H). MS (ESD) m/z 499 (M+1)""

Example 178: 3-[4-(4-Cyclopentyl-piperazin-1-ylmethyl}-phenylethynyl]-2-(1H-indol-6-y1}-
i)

H
\ N\// /\L\ \\ 5
benzoic acid J/U\

3-[4-(4-Cyclopentyl-piperazin-1-yImethyl)-phenylethyoyvii-2-(1H-indol-6-vl}-benzoic acid was
prepared by the same procedure as Exarople 143, "H NMR (300 MHz, CD;0D) § 7.64-7.84 (m, 2 H),
7.59¢s, 1 H), 7.35-7.52(m, 2H), 7.24-735 (m, 1 H), 7.19{(d, /=792 Hz, 2 H}, 6.94-7.11 {m, 3 H},
6.48 (dd, /=2.93, 088 Hz 1 H), 3.63 (5, 2 H}, 3.39-3.57 (m, 3 H), 2.55-2.95 (m, 4 H), 1.99-2.27 (m,
2 H), 1.54-1.91 {m, 8 H). MS (ESI) m/z 504 (M+1)".

Example 171: 3-[4-(4-Dimethylcarbamoyl-piperazin-{-yimethyl}-phenylethynyl}-2-(1 H-indol-6-

f"‘\
NH

) \n/w QO NI 5

vi)-henzoic acid
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3-[4-(4-Dimethylcarbamoyl-piperazin- L -vimethvl~phenylethynyl]-2-(1 H-indol-6-y}-benzoic acid
was prepared by same procedure as Example 143, '"H NMR (300 MHz, CD;0D) & 7.63-7.77 {m, 2
H}. 7.58 (d, /=733 Hz, 1 H}, 7.38-7.45 (m, 2 H), 7.25-7.32 {m, 3 H), 7.16 (d, /=8.21 Hz, 2 H), 6.96-
712 (m, 1 H),649(dd, /=322 088 Hz 1 H),4.21 (s, 2H),3.11-3.30 (m, 8 H), 283 (5. 6 H). MS
(BSI) m/z 507 (M+1)"
Example 172: 2-{1H-Indeol-6-vi}-3-[4-(2,3,5 6-tetrahydro-{ 1,2 | bipyrazinyl-4-yimethyl)-
r‘\
AHH
/\
oo, O,
A
[ j/ \\«E/\v/‘ OH
phenylethynyl]-benzoic acid o
2-(1H-Indol-6-v1}-3-]4-(2.3,5 6-tetrahy dro-{ 1,2 |bipyrazinyi-4-vimethy-phenviethynylj-benzoic
acid was prepared by same procedure as Example 145, '"H NMR (300 MHz, CD;0D) 8 8.24 (s, 1 H),
8.16(dd, /=2.49, 1 32 Hz, 1 H}, 7.90 (br &, J=2.05 Hz, 1 H), 7.74 (ddd, /=7.70, 6.08, 1.47 Hz, 2 H),
7.574d, /=821 Hz, 1 H}, 7.36-749 (m, 2 H), 7.23-736 {m, 3 H), 7.11 (d, /=821 Hz, 2 H), 7.02 (dd,
J=8.06, 1.61 Hz, 1 H), 6.48 {dd, J=3.22, 0.88 Hz, 1 H}, 4.26 {5, 2 H}, 3.14-3.34 (m, 8 H}. MS (ESI)
miz 514 (M+1)".
Example 173: 2-(1H-Indol-6-y1}-3- {4~{4~thiami~2nyimpipemzmn],nyEm&ethyi}phenyiethynyi}~

N
/"\@\ r/ \
‘\ P4
s N4 &
"
<\ \:i/j/JL\OH
benzoic acid L

2-(1H-Indol-6-y13-3-{4-{4-thiazol-2-yi-piperazin-1-yimethyvi)-phenviethy nylj-benzoic acid was

4

prepared by same procedure as Example 145, MS (ESD) m/z 519 (M+1)",
Example 174: 3-{4-[{(2-Amino-4,5,6,7-tetrahydro-benzothiazol-6-viamine)-methyl}-

N =\
HoN— lj NH
S TN
H

phenylethynyi}-2-(1 H-indol-6-yi}-benzoic acid
3-{4-{(2-Amano-~4,5,6,7~tetrahy dro-benzothiazol-6-vlamino }methyl|-phenviethynvi } -2-( 1 H-indol-6-
vl)-benzoic acid was prepared by same procedure as Example 145. 'H NMR (300 MHz, CD:0D) §
7.73(ddd, /=7.70,594, 132 Hz, 2H), 7.57(d, /=879 Hz, | H}, 7.38-7.51 {m, 2 H), 735 (d, /=8.21
Hz, 2H), 7.26(d, J=2.93Hz, 1 H}, 6.99-7.20 (m, 3 H), 6.48 (dd, /=3.22, 088 Hz, 1 H), 425 (s, 2 H),
2.57-2.84 (m, 5 H), 1.90-1.95 {(m, 2 H). MS (ESD m/z 519.13 (M+1)".

Example 175: 3-{4-[{(2-Amino-4,5,6,7-tetrahydro-benzothiazol-6-ylamine)-methyi}-
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New ™ =\
HoN—( | A
S,—\/«.,N Z i

H . SN a

phenyiethynyl -2-(1 H-indol-6-vl)-benzoic acid
3-{4-{(2- Amino-4,5,6,7-tetrahv dro-benzothiazol-6-ylamino)-rmethyl]-phenviethynyi }-2-( 1H-~indol-6-
vl)-benzoic acid was prepared by sarne procedure as Example 145, '"H NMR (300 MHz, CD:0D) &
7.63-7.81 (m, 2H), 7.51-7.63 (o, V H), 7.38-751 (e 2 H), 7.33 (4, S=792 Hz, 2 H), 7.17-7.29 (i, 1
H}, 693-717(m, 3H), 6.47(d, J=2.93Hz, 1 H}, 422 (s, 2H}, 3.46-3.73 {m, 1 H), 298-3.23 (m, 1
H). 2.53-2.88 {m, 3 H), 2.25-2.49 (m, 1 H), 1.82-2.15 (m, | H). MS (ESD m/z 519.14 (M+1)",
Example 176: 3-{4-(4-Methyl-piperazin-1-ylmethy-phenyiethynyl}-2-(1-pyrrols|2,3-b}

pyridin-S-yvl)-benzeic acid
3-[4-(4-Methyl-piperazin-1-yimethy -phenviethynvl}-2-(1H-pyrrolo[ 2.3-blpyridin-3-v1)-benzoic
acid was prepared by same procedure as Example 145, 'H NMR (300 MHz, CDCL) §8.40 (d, J=1.17
Hz, 1 H). 8.18(d, /=147 Hz, 1 H), 8.02 (dd, /=762, 1.17 Hz, 1 H), 7.70-7.84 (m, 1 H), 7.42-7.58
(my, 2H), 7.13(d, /=821 Hz, 2 H}, 6.98(d, /=T 92 Hz, 2 H}), 6.69(d, /=352 Hz 1 H}, 3.66s, 2 H).
3.07-3.47 (m, 4 H), 2.87 (brs, 4 H), 2.74 (s, 3 H). MS (ESI) m/z 451 (M+1)"

Example 177: 3-{4-(4-Methoxy-piperidin-{-yimethyl)-phenylethynyl]-2-(1H-pyrrole|2,3-b]

pyridin-S-yi}-benzoic acid
3-{4-(4-Methoxy-piperidin-1-vimethy-phenyiethyvnyl}-2-(1H-pyrrolof 2,3-blpynidin-5-y1-benzoic
acid was prepared by same procedure as Example 145, "H NMR (300 MHz, CDCl;) 8 8.43 (d, J=1.47
Hz, 1 H), 8.11-823 (m, 1 H), 805 (dd, /=792, 1.17Hz, 1 H), 7.79 (dd, J=7.62, 1. 17 Hz, 1 H), 7.40-
7.60 (m, 2H), 713732 (m, 2H), 7.04 (d, /=821 Hz, 2 H), 6.71(d, =322 Hz, 1 H), 4.03 (s, 2 H),
3.70-3.81 (m, 4 F1), 3.05-3.29 {m, 4 ), 1.79-2.09 (m, 4 H). MS (ESI) m/z 466.1 (M+1)".

Exampie 178: 2-(1H-Indol-5-y1}-3-[4-(4d-methoxy-piperidin- 1 -yvimethyl)-phenylethynylj-benzoic
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2-(1H-~Indol~5-y1)-3-{4~-{(4~methoxy-piperidin- 1 -ylmethvi)-phenylethyoyl]-benzoic acid was prepared
by same procedure as Example 145. '"H NMR (300 MHz, CDC1) 8 7.77-7.88 (. 1 H), 7.63-7.74 (m,
1H), 7.59(d, /=088 Hz 1 H), 7.30-742 (m, 2H}, 7.05-722 (m, 4 H), 6.98 (d, J=8.21 Hz, 2 H}, 6.47
(brd, J=3.22Hz 1 H}),3.96(s, 2H}, 347 {(brd, /=147 Hz, 1 H), 3.05-3.31 (m, 5 H}, 2.60-2.95 (im, 2
H), 1.73-2.06 {m, 4 H). MS (ESID) m/z 465.23 (M+1)".

Example 172: 2-(1H-Indol-5-y1}-3-[4-(4-methanesuifonyl-piperazin-1-ylmethyl)-phenylethynyl}-

A
Y > \ifi/\
‘\S,«f‘l\‘vj X E - \E{/ O
o AN
\/ij TH
benzoic acid N

2-(1H-Indo}-5-y1)-3-{ 4-(4-methanesulfonyi-piperazin- I -vimethy}-phenylethynyl]-benzoic acid was
prepared by same procedure as Example 145, '"H NMR (300 MHz, CDCl5) 8 7.81 (dd, J=7.77,1.32
Hz, 1 H), 7.68(dd, /=777, 132 Hz, 1 H), 753 (d, A1 17 Hz, 1H), 7.27-741 (m, 2HYL 717 (4,

J=147THz, 1 H), 7.02-712 (m, 3 H), 6.92-7.02 (m, 2H), 6,44 {d, /=264 Hz, 1 H), 3.95(s, 2 H), 3.34

(brdd, J=3.22, 1.47 Hz, 2 H), 2.86-3.07 (m, 2 H), 2.47-2.86 (m, 7 H). MS (ESD) m/z 514.10 (M+1)"

Example 180: 3-[4-(4-Methanesulfonyl-piperazin-1-yimethy!l)-phenyiethynyll-2-( H-pyrrofo
{,“'NH
I//\N/\(///\\i EE \\N

i | : /VI
N R -0
\/;S;\ \/J S W
(S 2] Xy OH

[2,3-bipyridin-S-y1)-benzoic acid L

3-{4-(4-Methanesulfonyl-piperazin-1-vimethyl)-phenylethynyi|-2-(1H-pyrrolo{2,3-blpyridin-5-yi)-
benzoic acid was prepared by same procedure as Example 145, "H NMR (300 MHz, CDCL) 8 ppm
837-854 (m, 1 H), 821 (s, 1 H}, 8.02-8.15 (m, 1 H), 7.82(dd, /=777, 1.32 Hz, 1 H), 7.44-7.64 {(m,
2HD, 7T H7-732(m, 2H), 7.08(d, J=T 92 Hz, 2H), 6.73 (d, J=3.52Hz, 1 H}, 4. 11 (5, 2 H), 3.53 {brs,
4 H), 3.00-3.31 (m, 4 H). 2.82 (s, 3 H). MS (ESE m/z 51517 (M+1)"

Exampie 181: 3-[4-{4.4-Difluoro-piperidin-i-vimethyl}-phenylethynyl-2-(1H-indol-5-y1)-

1SRG
F—p v) %
7 Ry

benzoic acid
3-14-(4 4-Dittuoro-piperidin- I -vimethyi)-phenviethynyl}-2-(1 H-indol-3-yl}-benzoic acid was
prepared by same procedure as Example 145, 'H NMR (300 MHz. CDCl) § 7.78 (dd, /=7.77, 1.03
Hz, 1 H), 7.67 (dd, J=7.77, 1.03 Hz, 1 H), 7.57 (d, J=1.47 Hz, 1 H), 7.30-7.41 (m, 2 H), 7.05-7.21
(m, 4 H), 6.95-7.05 (m, 2 H), 6.44 (d, J=3.22 Hz, 1 H), 3.99 (s, 2 H), 3.18-3.55 (m, 4 H), 2.81-3.17
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{m,2 H), 2.04-2.43 (m, 2 H). MS (ESD m/z 471 08 (M+1)".
Exampie 182; 2-{1H-Indol-5-y1)-3-]4-(4-methyl-piperazin- i -vimethyl}-phenylethyvayll-benzsic

acid
2-(1H-Indol-3-y1)-3-{4-{4-methyl-piperazin-1-yvimethvD)-phenylethynyl]-benzoic acid was prepared
by same procedure as Example 145. 'H NMR (300 MHz, CDCl:) § 7.89 (dd. J=7.77, 1.32 Hz, 1 H),
7.72(dd, =7.62, 1. 47T Hz, 1 H), 7.33-7.50 (m, 2 H}, 7.19(d, /=850 Hz, 1 H), 7.02-7.15 (m, 3 H),
6.83-6.97 (m, 3 H}, 6.36 (dd, /=3.22,0.88 Hz, 1 H}, 3.87 (s, 2 H), 2.97 (br d, /=586 Hz, 8 H), 2.62
{s, 3 H). MS (ESD) m/z 450.17 (M+1)".

Example 183: 3-[4-(4-Ethanesuifonyl-piperazin-i-yimethyl)-phenylethynyl]-2-( H-indol-6~-yl)-

benzoic acid
3-{4-{4-Ethanesulfonyi-piperazin- I -vimethyl}-phenviethynyl}-2-(1H-indol-6-v1}-benzoic acid was
prepared by same procedure as Example 143, '"H NMR (300MHz, CDCl) 8 =7.85(d, /=7.9 Hz, 1
Hy, 7.74 (4d, J=1.2, 78 Hz, 1 H}, 7.66 {(d, /=7 &8 Hz, 1 H}, 7.37-7.49 (m, 2 H), 7.13-7.25 {m, 4 H),
7.03-7.10 (m, 2 H), 6.45-6.49 (m, 1 H), 410 (5, 2 H), 3.56-3.69 {m, 4 H), 2.96-3.12 (m, 6 Hj, 1 38 (1,
J=7.6 Hz, 3 H). MS (ESE) m/z 528.33 (M+1)".

Example 184: 3-[4-(1,1-Bioxo-hexahydro-1-thiopyran-4-yloxy)-phenylethynyij-2-(1H-indol-5-

fNH
Kj°@\7

A Q\©/£L

yi)-benzoic acid

AN
r
I OH

3-{4-(1,1-Enoxo-hexahvdro-1-thiopyran-4-vioxy)-phenylethynyii-2-(1 H-indol-5-vi}-benzoic acid was
prepared by same procedure as Example 1. 'H NMR (300 MHz, CDCl3) § 8.22 (brs, 1 H), 7.62-7.81
(m, 3 H), 7.30-7.46 {m, 2 H), 7.18-7.30 (m, 2 H), 6.98-7.18 (m, Z H), 6.63-6.82 (m, 2 H}, 6.57 ¢br s,
T H), 4.52-4.65 (m, 1 H), 3.25-3.41 (m, 2 H), 2.82-2.90 {m, 2 H}, 2.20-2.49 (m, 4 H). MS (ESIy m/z
486.14 (M1
Example 185: 3-[4-(1,1-Dioxe-hexahydro-thiopyran-4-yviexy)-phenylethynyl}-2-{1H-indazei-6-
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OJQ\L\J’

3-{4-(1,1-Dioxo-hexahydro-thiopyran-4-yloxy }-phenylethvnyl}-2-¢ | H-indazol-6~-y13-benzotc acid
was prepared by the same procedure as Example 1. 'H NMR (300MHz, CD-0D) §=8.08 (s, 1 H),
7.67-780 (my, 3HY, 742-755(m, 2H), 7.18(d, J=8.2 Hz, 1 H), 691-6.96 {m, 2 H), 6.81-6.86 (m, 2
H), 4.62-4.70 (m. 1 H), 3.20-3.26 (m, 2 H), 2.95-3.06 {m., 2 H), 2.22-2.36 (m, 4 H). MS (ESI) m/z
487.08 (M+1)".

yi-benzoic acid

Example 186: 3-=[.’Z-Fiue)m-éi-—(teﬁ‘ahvdrﬁ»pymnméimyﬁﬁxymethyi)mphenyiethynyﬁE—Zm( iH-indol-6-
\

%ﬁ*

yi})-benzoic acid \

OH

3-{2-Fluoro-4-(tetrahy dro~-pyran-4-viosymethyi}-phenviethvoyt]-2-(1H-indol-6-vl)-benzoic acid was
prepared by the same procedure as Exarople 1. "H NMR (300 MHz, CDC1:) 5 8.25 (brs, 1 H), 7.89
(dd, J/=7.77. 132 Hz, L H), 781 (dd. /=792, 1 47 Hz, 1 H), 7.67{d, /=792 Hz, 1 H). 7.34-7.55 (m. 2
H), 7.25-7.21 (m. 1 H), 7.15 (dd, J=8.06, 1.61 Hz, 1 H), 6.98 (br d. /=10.26 Hz, 1 H}, 6.83-6.93 (m,
2H), 658 (dt, /=2.05, 1.03 Hz, 1 H), 447 (s, 2H), 396 (dt, /=11.87, 432 Hz, 2 H), 3.37-3.64 (m, 3
H), 1.77-1.98 (m, 2 H), 1.48-1.77 (m, 2 H). MS (ESI} m/z 470 (M+1)"

Example 187: 3-[4-(1,1-Bioxe-hexabydro-1-thispyran-4-yloxymethyl)-2-fluore-phenylethynyl}-

O‘ b

>
2-(1H-indel-6-yl}-benzoic acid

3-{4-(1,1-Dnoxo-hexahydro-1-thiopyran-4-yioxymethyl}-2-fluoro-phenylethyny-2-(1 H-indol-6-y1)-
benzoic acid was prepared by the same procedure as Example 1. '"H NMR (300 MHz, CDCl;3 § 7.79
(dd, /=10.41, 777 Hz, 2H), 765 (d, /=821 Hz, 1 H), 748 (d, /=1.47 Hz, 1 H), 740 (t, /=777 Hz, 1
Hjy, 7.13-7.28 (m, 2 H), 6.83-7.02 {m, 3 H}, 6.48 (dt, /=2.05, 1.03 Hz, 1 H}, 446 (s, 2 H}, 3.61-3.80
(m, 1 H), 3.20-3 40 (m, 2 H), 2.80-2.99 (m, 2 H), 2.06-2.44 (m, 4 H). MS (ESI) m/z 518 (M+1)".
Exampie 188: 2-(1H-Indoi-6-y1}-3-[4-(2-methanesulfonyi-2,7-diaza-spirs[3.5] non-7-yimethyl}-
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==
/\ NH

7@ L5,

phenylethynyli-benzoic acid o
2-(1H-Indol-6-y1}-3-[4-(2~-methanesulfonvl-2, 7-diaza-spirof 3. S jnon-7-yImethy}-phenyl ethynvl}-
benzoic acid was prepared by the same procedure as Example 58, 'H NMR (300 MHz, CDCI) 5 7.84
{dd, J=7.62, 147 Hz, 2 H), 7.74 {dd, /=777, 1.32 Hz, 1 H}, 7.64 (d, /=821 Hz, 1 H}, 7.34-7.52 (m, 2
H), 7.04-7.32 (m, S H), 6.49(dd, /=322, 0.88 Hz 1 H). 405 (5, 2 H), 3.61-3.68 {im, 2 H), 3.41 (dt,
J=322, 161 Hz, 2H), 286 (5, 3 H), 2.13-2.44 (m, 4 H}, 1.77-2.13 (m, 4 H). MS (ESTym/z 5542
{(M+1)"

Example 189: 2-(1H-Indol-6-y1}-3-[4-(S-methanesulfonyl-hexahydro-pyrrolo|3,4-¢clpyrrol-2-

N
R
H =

AN

vimethyl)-phenyiethynyll-benzoic acid \»f
2-(1H-~Indol-6-yD-3-{4-(5~-methanesulfonvi-hexahy dro-pyrrolof 3, 4-clpyrrol-2-yimethy -
phenylethynyl]-benzoic acid was prepared by same procedure as Example 58. "H NMR (300 MHz,
CD;0D) 6 7.74 (ddd, /=784, 638, 132 Hz, 2 H}, 7.58(d, /=821 Hz, 1 H}, 7.37-7.50 {my, 2 H}, 7.34
(d, /=821 Hz, 2H), 727 (d, /=293 Hz, 1 H), 7.09-7.19 (m, 2 H}, 7.01-7.09 (m, 1 H), 6.49 (dd,
J=322 088 Hz, 1 H), 433 (s, 2 H), 3.75-3.63 (m, ZH) 3.28-342 (m, 6 H}, 3.15-3.00 {m, 2 H), 2.87
(s, 3H). MS (ESI) m/z 540.2 (M+1)".

Example 190: 3-[4-(4-Cyclopropanesulfonyl-piperazin-1-yimethyl-phenyl ethynyl]-2-(1H-

WH
» [”\N’\Q
LL;S\:N\/J S ol\
\E\ O
o

I o
indol-6-yi)-benzoic acid
3-14-(4-Cyclopropanesulfonvi-piperazin- I -yimethyl}-phenviethynyl}-2-(1H-indol-6-y1)-benzoic acid
was prepared by same procedure as Example 58. 'H NMR (300 MHz, CD:0D} § 7.65-7.88 {m, 2 H),
7.58 (dd, /=8.21, 088 Hz, 1 H), 738-7.51 {m, 2 H), 7.21-7.38 (m, 3 H), 7.09-7.21 {m, 2 H), 7.04 (dd,
J=8.21,1.76 Hz, 1 H), 6.49 (dd, /=3.22, 0.88 Hr, 1 H), 428 (s, ZH), 3.60-342 (m, 2 H}, 3.17-3.12
{m, 6 H), 2.56-2.49 (m, 1 H), 1.05-1.11 {m, 4 H). MS (EST) m/z 540.24 (M+1)".

Example 191: 2-(1H-Indol-6-y1}-3-{4-[4-(propane-2-sulfonyi}-piperazin-1-yimethyl}-
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phenylethynyl}-benzoic acid
2-(1H-Indol-6-v1)-3-{4-{4-(propane-2-sulfonyl}-piperazin-1-yimethyli-phenylethvnvi -benzoic acid
was prepared by same procedure as Example 58. 'H NMR (300 MHz, CD:OD) § 7.74 (ddd, /=7 .84,
6.52, 1.17 Hz, 2 H}, 7.49-7.65 {(m, 1 H), 7.38-7.4%9 (m, 2 H}, 7.30-7.38 (m, 2 H), 7.24-7.30 {m, 1 H},
7.08-719(m, 2H), 7.04 (dd, J=8.21, 147 Hz, 1 H), 6,49 (dd, /=322, 0.88 Hz, 1 H), 4.30 (5, 2 H),
3.62-345(m, 4 H), 3.29-336 (m, 1 H), 3.13-3.29 (m, 4 H), 1.31{d, J=6.74 Hz, 6 H). MS (ESI} m/z
34213 (M+1Y"

Example 192: 2-(1H-Indol-6-y1}-3-{4-(7-methanesulfonyl-2,7-diaza-spire [ 3.5 jnon-2-yimethyl})-

N
N NH
NN i
/r;/ /O\ !\/?. o
~erM AN
o ’ =7 oM
phenviethynyl]-benzoic acid 7

2-(1H-Indol-6-v1}-3-| 4-{7-methanesuifonyi-2, 7-diaza-spiro{ 3.5 jnon-2-vimethylj-phenyl ethynvij-
benzoic acid was prepared by same procedure as Example 58, 'H NMR (300 MHz, CD:0D) § 7.74
(td, =7.62, 147 Hz, 2 H), 7.57 (d, /=821 Hxz, 1 H), 7.37-7.51 (m, 3H), 7.21-7.37 {m, 2 H), 7.08-
721 (m, 2H), 7.04 (dd, /=8.06, 1.61 Hz, | H), 6,48 (dd, /=322, 0 88 Hz, 1 H), 433 (5, 2H), 3.94 (5,
4 H), 3.10-3.24 (m, 4 H), 2.80 (s, 3 H), 1.86-2.05 (m, 4 H). MS (ESI) m/z 554.16 (M+1Y"

Example 193: 2-(1H-Indol-5-y1}-3-{4-(tetrahydro-pyran-4-yvioxy)-phenyiethynyl]-benzoic acid

N
B

sasN®]
el

2-(1H-Indol-3-y1}-3-|4-{tetrahydro-pyran-4-yioxy -phenviethvnyil-benzoic acid was prepared by
same procedure as Example 1. 'H NMR (300 MHz, CD:0D) § 7.53-7.74 (m. 3 H), 7.30-7.49 (m, 2
Hy, 7.25¢t =161 Hz, 1 H), 7.14 {dd, /=835, 1.61 Hz 1 H}, 6.91-7.05 {(m, 2 1), 6.67-6.77 {m, 2 H},
647 {dd, /=322, 088 Hz 1 H}, 4451, J=8.03, 399 Hz, 1 H), 3.76-3.97 (m, 2 H}, 3.51 (ddd,

J=11.73,8.65,3.08 Hz, 2H), 1.79-2.03 {m, 2 H), 1.61 (dtd, J=12.94, 8.56, 8.56, 3.96 Hz, 2 H). MS

(EST) m/z 438.15 (M+1)".
Example 194: -(N N-dimethylsuifamoyl)-2-(1 H-ind ol-6-y1)-3-({(4-({{tetrahydro-2H-pyran-4-
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2-(1H-Indol-6-y1)-3-{4-(tetrahy dro-pyran-4-yioxymethy!)-phenviethynyi-benzoic acid (45.1 mg, 0.1
mmol) and dimethvisulfamov! amine (149 mg, 0.14 mmol) were dissolved in N,N-

direthy Hormamide (1 mL}, followed by the addition of 1-ethy!-3-(3-dimethylaminopropyl)
carboditmide hvdrochlonde (1.2 eq), 4-dimethylaminopyridine (2 eq) and hydroxybenzotriazole (1.2
eq). The reaction was stirred ai room temperature for 16 hours. The solvent was then evaporated {o
dryness and reaction mixture was purified by preparative HPLC io give product as an off-white solid
in 68% yield. '"H NMR (300 MHz, CDC1,) 8 ppm 8.39 (br. 5., 1 H) 7.71-7.86 (m, 3 H) 7.54 (5, 1 H)
7.39-7.51 (m. 2 H) 7.20-7.33 (m, 4 H) 7.16 (d, J=7.92 Hz, 2 H) 7.01 (d. J=8.21 Hz, 2 H) 6.63 (br. 5.,
1 H) 4.49 (s, 2 H) 3.88-4.06 (m, 2 H) 3.37-3.61 (m, 3 H) 2.56 (s, 6 H) 1.82-1.99 (m, 2 H} 1.54-1.75
{m, 2 H) M8 m/z (M+H) 5582,

Example 195; 2-(1H-indol-6-y}-N-(methylselfonyl)-3-((4-({{tetrahydro-2H-pyran-4-

=
o™ .

SN

yhoxyymethylphenyDethynylbenzamide
2-{1H-indol-6-vH)-N-{methylsulfony1}-3-({4-{{{(tetrahy dro-2H-pyran-4-yhoxy ymethy Dphenyi}
ethynybenzamide was prepared by same procedure as Example 194, 'H NMR (300 MHz, DMSO-
ds} 6 ppm 12,18 (br. s, T HY 1134 (br s, L H) 7.84(dd, /=7.48, 132 Hx, L H) 7.68 (d, /=792 Hz, 1
H)7.52-764 (m, SHY 748 (1, /=264 Hz, 1 H}7.29-737 (m, ZH} 7.14-7.27 {m, 3 H)6.54 (br s, 1
H)4.55(s, 2H)Y3.85(dt, /=11.58, 4 18 Hz, ZH)} 3.58 (i1, /=880, 4 25 Hz. 1 H)3.31-345 (m. 2 H)
2.95 (s, 3H) 1.91 (dd, /=12.90, 3.52 Hz, 2 H} 1.40-1.60 {m, 2 H}. MS m/z (M-+H) 529.2

Example 196: 6-2-[4-(Tetrahydro-pyran-d-yloxymethyl}-phenylethynyl]-6-(1 H-tetrazol-5-yi)-
phenyl]-1H-indole

N-(2-Cyanoethvij-2-(1 H-indol-6-y{j-3-{{4-({{tetra

hvdro-2H-pyran-4-yljoxyjmethyl) phenyijethynyi}benzanude. 2-( 1H-Indol-6-y1}3-3-{4-(tetrahy dro-
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pyran-4-vioxymethyl)-phenylethyvoyl] benzoic acid (451 mg, 1 mmeol} and 3-anunopropanenitrile (77
mg, |1 muool) were dissolved in DMF, followed by the addition of 1-ethyl-3-(3-dimethylanuno
propyl} carbodiimide hydrochloride (1.2 eq}, N, N-diisopropyliethylamine (2 eq) and hydroxybenzo
riazole (1.2 eq). The reaction was stirred at room temperature for 16 hours. The solvent was
evaporated and reaction mixture was purified by preparative HPLC to give product as a white solid

in 98% vield.

6~ 2-{4-(Tetrahydro-pyran-+-vioxymethyl)-phenyl
ethynyl]-6-(1 H-tetrazol-3-vl}-phenyl -1 H-indole. W~(2-cy anoethyl}-2-(1 H-indol-6-y1}-3-{(4-
({{(tetrahvdro-2H-~-pyran-4-vijoxy) methvlphenyl) ethynvlibenzamide (500 mg, 1 nunol), dusopropyl
azodicarboxylate (808 mg, 4 ramol) triphenviphosphine (1048 mg, 4 mmol} and trimethylsivl azide €
460 1og. 4 mmol) and tetrahv drofuran (5 mL) were added to a vial under nitrogen. After stirring for
24 hours at ambient temperature, 4 additional eguivalents of diisopropy! azodicarboxylate (808 mg, 4
mmol} triphenviphosphine (1048 mg, 4 mmol} and trimethylsilyl azide were added to reaction
mixture and stirred for an additional 24 hours. The reaction was concenirated at reduced pressure
behind a shield. Tetrahvdrofuran {5 mL) and 2 M agueous sodium hvdroxide (5 mbL) was added to
the reaction mixture and stirred for 4 hours. The tetrahydrofuran was removed by evaporation. 10 mi
water and 10 mi diethyl ether were added and layer is separated. The aqueous laver was washed with
3x2ml diethyl ether. 2 M aquecus hydrogen chloride {5 mL) was added to the agueous layer to
acidify the solution. Waler was removed by evaporation and the resuliing material was dissolved in
N N-dimethylformamide and purified via preparative HPLC to yield product as white foam in 48%
vield. '"H NMR (300 MHz CDCL)§ ppm 9.71 (br. 5., L H) 8.50 (br. 5., | H) 8.30 (d, J=7.92 Hz, 1 H)
781 (t, /=806 Hz, 2H) 7.46-7.60{(m, 1 H) 7.31-7.38 {m, 2 H) 7.06-7.22 (m, 3H} 6.93 (d, /=8 21
Hz, 2H) 6.68 (br.s., 1 H) 4.48 (s, 2 H) 3.86-4.13 (m, 2 H) 3.31-3.72 (m, 3 H) 1.82-1.98 (m, 2 H)
1.53-1.73 (m, 2 H}. MS m/z (M~+H) 476.2

Example 197: 3-[4-(Benzoylamino-methyl)-phenylethynyl]-2-(1 H-indol-6-vl)-benzeic acid

coﬁ ] Ué?f
fn%r*

OH
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3-[4-(Benzoylammno-methvi-phenyiethvoyl]-2-(1H~indol-6-v1}-benzoic acid was prepared by same
procedure as Example 1. "H NMR (300 MHz, CD;0D) § 7.75-7.85 (m, 2 H), 7.70 (d, /=7 62 Hz, 2
H}, 7.30-7.60 (m, 6 H), 7.23-7.28 {m, 1 H}, 717 {(d, /=792 Hz, 2 H), 6.95-7.10 (m, 3 H}, 6,48 {(d,
J=3.15Hz 1 H), 4.49 (s, 2 H). MS (ESD m/z 471.49 (M+1)"

Example 198: 2-(1H-Indol-6-y1}-3-(4-{[{4-oxo-cycishexanecarbonyl}-amins-methyl}-

phenylethynyl}-benzoic acid
2-(1H-Indol-6-y1)-3-(4- {{{4-ox0-cyclohexanecarbony [}-amino}-methyl} -phenviethynyi}-benzoic
acid: A was prepared by same procedure as Example 1. 'H NMR (300 MHz, CD;0D) § 7.69 (d,
J=7.62Hz, 2H), 7.57(d, /=792 Hz, 1 H), 7.33-748 {m, 2 H}, 7.26 (1, J=1.61 Hz, 1 H}, 6.91-7.13
(m, 5H), 648 {(d, /=293 Hz, 1 H), 426, 2 H), 2.18-2.25 (m, 1 H), 1.97-2.12 {m, 2 H), 1.54-1.75
(m, 4 H), 1.18-1.44 {m, 2 H). MS (EST) m/z 490.86 (M+H)"

Example 199: 2-(1H-Indol-6-y1}-3-[4-(4d-oxo-cyclohexylcarbamoyl)-phenyl ethynyl]-benzoic acid

2-(1H-Indol-6-v1)-3-[4-(d~oxo-cvelohexylcarbamovl)-phenylethynylj-benzoic acid was prepared by
same procedure as Example 1. 'H NMR (300 MHz, CD;0D) 8 7.67-7.82 (m. 2 H), 7.50-7.67 (. 3
H), 7.36-7.50 (m, 2H), 7.21-731 (m, | H), 6.94-7.14 (m, 3 H), 6.41-6.56 (m, 1 H), 3.80-3.94 (m, 1
H), 2.44-2.67 (m, 1 H}, 2.09-2.44 (m, 2 H), 1.67-2.07 (m, 3 H), 1.36-1.67 (m, 2 H). MS (ESI} m/z
477 19 (M+1Y".

Example 200: 3-[4-(2-Amine-4,5,6 7utetmhvdm—benmthiamiwﬁuyEcarhamayﬁ}—phmyiethynyi}w?;—

/“\
(1 H-indol-6-yi}-benzoic acid \©

3-{4-(2-Amino-4,5,6,7-tetrahy dro-benzothiazol-6-yilcarbamoy -phenviethynyii-2-(1H-indol-6-y1}-
benzoic acid was prepared by same procedure as Example 1. 'H NMR (300 MHz, CD;OD) § 7.67-
7.82(m, 2H), 7.53-7.67 (m, 3H}, 7.37-7.53 (m, 2 H), 7.22-7.33 {m, 1 H), 6.98-7.16 (m, 3 H), 649
(d, /=321 Hz, 1 H), 4 18-4.45 (m, 1 H), 2.90 (br dd, J=15.83, 5.28 Hz, 1 H), 2.65 (brs, 2 H), 2.42-
Example 201: 3-[4-(2-Amine-4,5,6,7-tetrahydro-benzothiazol-6-yicarbamoyl-phenyiethynyii-2-
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{(1H-indol-6-y1)-benzoic acid F

3-[4-(2-Anuno-4,5,6,7-tetrahy dro-benzothiazol-6-yvlcarbamoy -phenylethynyii-2-(1H-indol-6-v1)-
benzoic acid was prepared by sarue procedure as Example 1. 'H NMR (300 MHz, CD:0D) § 7.68-
7.80 (m, 2 H), 7.54-7.67 (m. 3 H), 7.32-7.50 (m, 2 H), 7.21-732 (m. 1 H), 6.98-7.15 (m, 3 H), 649
{dd, J=3.22 0.88 Hz, 1 H}, 4.26-442 (m, 1 H), 2.87 (br dd. J=15.98, 5. 13 Hz, 1 H), 2.63 {brs, 2 H),
251 (brdd. J=15.83, 879 Hz, 1 H), 2.02-2.19 (m, 1 H), 1.81-2.02 (m, 1 H}). MS (ESI) m/z 533.18
(M+1)".

Exampie 202: 2-(1H-Indol-6-vy1}-3-[4-(4-methyl-piperazine-1-carbonyl}-phenyiethynyll-benzoic

=2y
o J’ NH
~Aey (Y
{ H L
/N\) Q\j\ o
2
N | “\)j\fw
acid &

2-(1H-Indol-6-v1)-3-| 4-(4-methyl-piperazine-1-carbonyi}-phenylethynvij-benzoic acid was prepared
by same procedure as Example 1. "H NMR (300 MHz, CDCl) 8§ 7.85 (dt, J=7.55, 1.21 Hz, 1 H),
7.70-7.81 (o, F H), 7.55-7.70 (m, 1 3, 7.37-7.30 (m, 2H), 7.14-7.26 {m, 4 H), 7.09(d, /=7 33 Hz 2
Hy, 652 ¢brd, /=293 Hy, 1 H), 3.62-3.97 (m, 2 H}, 3.41-345 (m, 2 H), 2.88-3.26 (m, 4 H}, 2.80 (s, 3
H). MS (ESD m/z 464.28 (M+1).

Example 203: 2-(1H-Indol-6-y1}-3-{4-{4-methoxy-piperidine-1-carbonyl}-phenyiethynyij-

=

NH

o =
/‘\.N/:Y;\i
™~ j\/‘ S o
o T LM
E/\\‘]/\OH
7

2-{1H-Indol-6-y1}-3-]4-{4-methoxy-piperidine-1-carbonyi)-phenylethynvii-benzoic acid was
prepared by same procedure as Example 1. "H NMR (300 MHz, CDCL) 6 8.25 (brs, 1 Hj, 7.83-7.98
{m, 1 H), 7.77 (dt, =T 48 1. 10 Hz, 1 H), 7.68 (d, /=821 Hz, 1 H}, 7.33-7.50 (m, 2 H}, 7.09-7.23 (m,
4 Hy, 6.92-7.09 (m, 2 H), 6.58 (ddd, /=3.22, 2.05, 088 Hz, 1 H), 3.50-3.41 (m, 3H), 335(s, 3 H),
2.38-2.53 (m., 6 H). MS (ESD m/z 479.4 (M+1Y",

henzoic acid

Example 204: 2-{1H-Indazol-6-yi}-3-{4-{4-methanesulfonyl-piperazin-1-vimethyi)-
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phenylethynyi]-benzoic acid
2-{1H-Indazol-6-y1}-3-{4-{4-methanesulfonvi-piperazin-1-yimethyi}-phenylethyvnvij-benzoic acid
was prepared by same procedure as Example 145, "H NMR (300 MHz, CDCL) 8 §.12 (br d, J=2.05
Hz, VH), 7.70-7.94 {m, 3 H}, 7.37-7.55 (m, 2 H), 7.09-7.26 (m, 3 H), 7.04 (d, /=821 Hz, 2 H), 4.12
{s.2H}, 3.52-3.67 (m, 4 H). 3.04-3.31 {m. 4 H), 2.87 (s, 3 H). MS (ESD m/z 515.2 (M+1)"
Example 205: 2-(1H-Indol-6-yi}-3-[4-(4-sulfamoyi-piperazin-1-vimethyl}-phenviethynyl}-

f“"\
/\N/\v/j\
i L
¥

benzoic acid A

,.i

2-(1H-Indol-6-y1)-3-[4~(4-sulfamovl-piperazin- 1 -vimethyvl)-phenvlethynyl]-benzoic acid was
prepared by same procedure as Example 145, 'H NMR (300 MHz, CT:0D) § 7.74 (ddd, /=7.62,
6.16. 1.17 Hz, 2 H), 7.58 (4. J=7.92 Hz, 1 H), 7.39-7.49 (m. 2 H), 7.26-7.37 (m, 3 H), 7.11-7.17 (m.
2 H), 7.05 (dd, J=8.21, 1.47 Hz, 1 H), 6.49 (dd, J=3.08, 1.03 Hz. 1 H), 4.30 (s. 3 H). MS (ESD m/z
515.23 (M+1)

Exampie 206: Inhibition of 5'-biotin-oPL4624 hinding to His-EBNA1 using Alpha Screen
technology.

Assays were performed using the DNA binding domain of EBNAT (amino acids 459-6073,
which was His-tagged (His-EBNAT1) and the self-complementary biotinylaied (bt) oligonucleotide
with the sequence 5" -bt-GGGTAGCATATGCTATCTAGATAGCAT-ATGCTACCC-3™ (bt~
oPL4624;0r 57-bt-SEQ 1D NO:1}). The protein was expressed in . coli and punfied according to
Barwell, e al., 1995, ] Biol Chem. 270:20556-9.). The bt-oPL4624 oligonucleotide was purchased
from Integrated DNA Technologies, Inc (IDT). AlphaScreen donor, acceptor beads and while,
opaque 384-well assay plates were purchased from PerlanElmer, Inc.

Assavs contained 15 oM His-EBNAI1, 0.2 oM bit-oPL4624, 5 ug/ml., AlphaScreen
streptavidin donor beads and nickel chelate acceptor beads, and a series of concentrations of test
compound ranging from 3.2 nM to 100 uM in a total volume of 40 pb assay buffer (25 mM Tris, pH
7.2, 160 mM NaCl, 1 mM MgCl) His-EBNAT (30 nM) and bt-oPL4624 (0.4 nM) were
preincubated with 10 ug/ml nickel chelate AlphaScreen accepior bead, or 10 pg/mb streptavidin

AlphaScreen donor bead, respectively, for 30 minutes at room temperaiure in assay buffer. Twenty
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nmucroliters of His~-EBNA1/acceptor bead nux and bt-oPL4624/donor bead mix were transferred to
assay plates containing 0.4 ul of 1:3 serial dilutions of test compounds previously prepared in
DMSO at concentrations ranging from 0.32 uM to 10 mM. Non-specific binding was determined
with 5 ug/ml AlphaScreen acceptor bead in the absence of His-EBNAIL. After Zhr incubation at
room temperature, the AlphaScreen signal was measured on the Envision plate reader (PerkinElmer,
inc.) at 680 nm excitation and 570 nm emission. Inhibition values at each concentration of test
compound were determined by setting 100% equal to raw data values in the absence of EBNAIT and
0% equal to the raw data values in the presence of EBNAL. Nonlinear regression fits of the inhibition
values to a one-stie dose-response equation were performed using GraphPad Prism.
Example 207: Cell based luciferase assay of EBMNAI inhibition

In vivo inhibition of EBNAT was determined for compounds of the disclosure using a cell

based luciferase reporter assay. EBNAL binding to the Farmly of Repeat (FR) region 1s essential for

eadout. A derivative of EBNAIL, which is functionally equivalent to full-length EBNA1 and lacks
the GGA repeats (90-323), was cloned into p3xFLAGAyc-CMVT™.-24 (Sigma-Aldrich Co., LLC)
{N803). To make the assay more sensitive by reducing the expression levels of EBNAL, the CMV
promoter was excised and the TK promoter inserted upstream of EBNAI. To enhance the EBNAL-
driven luciferase signal, the activation domain of herpes virus VP16 {411-490) was fused to the C-
terminus of EBNAT using Sacl and BamHI restriction sites, resulting in the plasmid pTK-3xFLAG-
Myc-EBNAT-VPIGAD. Empty vecior p3sFLAG-Myc-CMV-24 was used as a control. To create
huciferase reporter plasmid, the FR region, a locus of 21 contiguous EBNAT binding siles (7421-
8042}, was PCR amplified from EBV genomic DNA and cloned into the pGLuc-Basic 2 (New
England Biolabs) using the Kpnl and Hindif restriction sites, resulting in plasmid pGLuc2-21xFR.

For the transient transfection assay, HEK293T cells were seeded at a concentration of 4-8 x

10° cells in a 10cm plate in Delbecco’s Modified Eagle Medium (DMEM) (Life Technologies Corp.)
supplemented with 10% Fetal Bovine Serum (FBS) {Genuini Bio-Products). After overnight
incubation, the transfection was performed using Lipofectamine 2000 (Life Technologies). 3 ug of
pGLuc2-21xFR and 0.6 pg of pTK-3xFLAG-Myc-EBNA1-VP16AD or p3xFLAG-Myc-CMV-24
(empty vector) were added to 0.5 ml Optimem buffer (Life Technologies Corp.). 30 ul
Lipofectamine was added to a separate (.5 mi Optimem buffer and incubated for 5 minutes. The
DNA and Lipofectamine mixtures were combined and incubated for 20 munutes ai room temperature
and added drop wise to the 10 cm plate. The cells were then mcubaled for 6 hours at 37°C. The cells

were harvested, counted and re-suspended at a concentration of 2 x 10° cells/ml and distributed using
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a MicroFlo dispenser (BioTek) in 384-well tissue culture plate (Greiner BioOne), 40 pl (8000 cells)
per well. 160 nl of solutions of corapounds of the disclosure in DMSO at concentrations ranging
from 50 mM to 976 uM were added to the cells (10-point 2-fold dilution series, final concentration
200 uM-390 nM) using a Janus modular Nanohead dispenser (PerkinElmer, Inc.}. Compounds and
transfected cells were incubated overnight at 37°C. Gaussia luciferase is secreted into the medium.
The top 10 ul of cell media from the 384-well tranfected HEK293T cells is transferred to a white
opaque 384-well development plate. 10 ul of subsirate is added to each well and incubated for 5
minutes. Bioluminescence is then measured using the Envision Multiplate Reader (Perkin Elmer,
Inc.}. To normalize the activity of the compounds of the disclosure and to filter toxic compound, the
remaining 30 pl of cell media (including the cells) are incubated with 6 pl resazurin, incuobated for 4-
6 hours at 37°C and measured using the Envision Multiplate Reader. Data analysis and 1Cs, curves
are generated using Prism (GraphPad).

Example 208:; Cell Viability Assay

To further evaluate the cell-based efficacy of EBNAT inhibitors, a cell cytotoxicity assay was
performed. EBNA1 inhibitors selectively kill EBV-positive cell lines (Raji, LCL, £666-1) relative to
EBV-negative cell lines (Bjab, DG75, HNE-1). Raji, Biab, and DG75 were obtained from American
Tvpe Tissue Culture {ATCC), €666-1 and HNE-1 were a gift from Anne Lee (Hong Kong
University) and the Ly mphoblastic Cell Line (LCL) was obtammed by iz virre infection of B-cells with
the B93 .8 strain of EBV.

To perform this assay, 40 ul of the different cell lines were seeded at a concentration of 1x10°
cells in a clear 384-well plate (4000 cell/well). 160 nl of compound at concentrations ranging from
50 mM to 976 uM were added to each well (10-point, 2-fold dilution series, final concentration 200
uM-390 nM} using a Janus modular Nanohead dispenser (PerkinElmer, Inc ). Cells were incubated
for 72 hours 1 a humdified 37°C mcubator 5% CO,. The cell viability is inferred using the
oxidation-reduction indicator, resazurin. § ul of resazurnin was added to each well and after 4-6 hours
incubation at 37°C, the fluorescent signal was monitored using 530-360 nm excitation wavelength
and 590 nm emission wavelength using the Envision Multiplate Reader.

Data analysis and CTso (Cyiotoxicity Concentration) curves are generated using Prism
(GraphPad). A selectivity index is calculated by determining the ratio of the CCsy from the EBV-

negative cell line over the {C5, from the EBV-positive cell line.

Table 2: Inhibition of 5'-biotin-oPL4624 binding to His-EBNAT of representative compounds of the

disclosure using Alpha Screen technology:
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Alpha
Entry Compeound Screen
Activity
I 2~{1H-imdol-6-y1}-3-[ 1 -(2-morpholin-4-yl-ethyl}- 1H-indol-6-viethynyl}- A4
benzoic acid
2 3-[3-Acetylamimo-4-{tetrahydro~-pyran-4-yioxy -phenviethynyl |- 2-( 1 H- ++
mdol-6-vl}-benzoic acid
3 3-14-(8-Aceivl-8-aza-bicyclo]3.2. Hoct-3-vDi-phenylethynyl]-2-(1H-indol- ++
6-yh-benzoic acid
4 3-{1+(2-Dimethyviamino-ethyl)-tH-pyrrolo|2,3-bipynidin-5-ylethyayl]-2- o
{(1H-indo}-6-yvD)-benzoic actd
5 3-{1-(3-Dimethylamino-propy - 1H-pyrrolo| 2, 3-blpyridin-3-ylethvavi}-2- ++
{1H-indol-6-y1}-benzoic acid
6 2-(iH-indol-6-y1}-3-} 1 -(3-morpholin-4-yl-propyi}-1H-pyrrolof2,3- ot
blpyridin-3-vlethynyii-benzoic acid
7 2-{ 1H-indol-6-v1)-3-[ 1 -(3-morpholin-4-vi-propyi)-1H-pyrrolof2,3- ++

bipyridin-3-viethynyli-benzoic acid

8 2-(1H~indol-6-y1}-3~[ 1 -(Z-morpholin-4-vi-ethy}- 1H-pyrrolo{ 2,3-blpyridin- A+
S-yvlethynyl}-benzoic acid

9 3-42-{3~(3,3-dimethyl-2-oxoazetidin-1-viphenyliethynyl } -2-(1 H-pyrrol-1- +
vitbenzoic acid3-| 1 -(2-Dimethylamino-ethy - 1H-pyrrolo| 2, 3-blpyridin-3-
viethynyi|-2-{ 1H-indol-6-v1}-benzoic acid

10 | 2-(1H-indol-6-y1}-3-| 1-(Z-morpholin-4-yi-ethy)-1H-pyrrolof 2,3-blpyridin- ++
3-vlethyvnyl}-benzoic acid

it 3-11-(3-Dimethylamino-propyi}-1H-pyrrolo|2,3-blpyridin-3-ylethvnvi|-2- +
{ 1H-indol-6-y1}-benzoic acid

12| 3-{1-[2-(1.1-Dioxo-1A%-thiomorpholin-4-yi)-ethyl}-1H-pyrolof2.3- ++
blpyridin-3-viethynyt}-2-(1 H-indol-6-v1)-benzoic acid

i3 2-(1H-indol-6-v13-3-f 1-(2~morpholin~-4~vi-ethy}- 1 H-indol-3-vlethynvl]- ++
benzoic acid

4 | 2-(1H~ndol-6-y1)-3~-[1-(3-morphoiin-4-yl-propy - 1 H-indol-5~viethynvlj- ++
benzoic acid

15 | 2-(iHandol-6-v13-3- 1-(3~-morpholin-4-vi-propy - 1 H-mdol-6-viethynyi]- ++
benzoic acid

16 2-{1H-Indol-6-y13-3-(5,6,7, 8~tetrahydro-{ 1, 8 Inaphthy ridin-3-ylethynyl)- At
benzoic acid

17 | 2-(0Handol-6-v13-3- -(tetrahy dro-py ran-d-yImethy - 1H-pyrrolo [2,3- R E
blpyridin-S~ylethynyli~benzoic acid

18 | 2-{1H-Indoi-6-y1}-3-| 1 -{tetrahydro-pyran-4-ylmethyi}-1 H-indol-5- At

viethynyiij-benzoic acid
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19| 2-(I1H-Indol-6-y -3+ 1-(1-methanesul fony -pipenidin-4-yimethyi}- 1 H- oo
mdol-3-vlethvnyl]-benzoic acid

20 | 2-{1H-Indol-6-y1}-3-} 1 -{1-methanesulfonyi-pipendin-4-vimethyi)-1H- A
pyirolo [2.3-blpyndin-S-vlethynyl}-benzoic acid

21 3-j1-(1,1-Dioxo-hexahydro-12 -thiopyran-4-vimethyi}-1H-pyrrolo 2.3~ SRy
blpvridin-S-viethynyl}-2-{1 H-indol-6-vi)}-benzoic acid

22 | 3-{1-]2-(1,1-Dioxo-1 1 -thiomorpholin-4-yi-gthyi |- 1H-indol-5-y1- A
ethyoyl}-2-(1H-indol-6-y1)-benzoic acid

23 3-{1-{2-(1,1-Dioxo-1A thiomorpholin-4-y1)-ethy1}-1H-indol-6-yiethvnyl} - ++
2-(1H-indol-6-vi}-benzoic acid

24 | 3-41-]3-(1,1-Dioxo-1 2 thiomorpholin-4-y1}-propyi}- 1 H-indol-3-y1- ++
ethynyl}-2-(1H-indol-6-yl)-benzoic acid

25 3-{1-{3-(1.1-Dioxo- 1 A%-thiomorpholin-4-vi)-propyl}- 1 H-indol-6-y1- -+
ethynyi}-2-(1 H-indol-6-vi)-benzoic acid

26 | 3-[4-(1.1-Dioxo-hexahydro- 1 2*-thiopyran-4-vioxymethy)-phenyethynyl}- ++

2-{1H-indol-6-v1)-benzoic acid

27 | 2-{1H-Indol-6-y1}-3-[d-(tetrahy dro-pyran-d-yloxymethy D-phenyiethynvi]- ++
benzoic acid

28 | 2-(1H-Indol-6-v1)-3-(4-1sopropoxymethy l-phenylethynyl)-benroic acid ++

29 | 2-(1H-Indol-6-y1}-3-[4-{ 1 -oxo-hexahydro- 12 -thiopyran-4-yloxy)- ++
phenviethvnyl|-benzoic acid

30 | Z-(1H-indol-6-y1}-3-(3-morpholin-d-yimethyl-1H-indol-6-viethvnyi)- ++
benzoic acid

31 2-{1H-indol-6-y1)-3-| 3-{(4-methanesulfonyl-piperazin-1-ylmethy - 1H- A
indol-6-ylethyayl}-benzoic acid

32 | 3-[3-(1,1-Dioxo-125-thiomorpholin-4-ylmethy1)- | H-indol-6-ylethvny1}-2- A+
{(1H-indol-6-vi}-benzoic acid

33 2-{ 1H-indol-6-v1)-3-(2-morpholin-4-vimethyl-1 H-indol-6-viethynvi}- ++
benzoic acid

34 | 3-[2+(1,1-Dioxo-125-thiomorpholin-4-vImethy1)- | H-indol-6-ylethvny1}-2- A+
{(1H-indol-6-v1}-benzoic acid

35 | 3-ji-(4-ethoxy-2~-methyl-butyl}-6-fluoro-1 H-ndol-5-viethynyl]-2-(1H- +++
indol-6-vl}-benzoic acid

36 | 3-[7-fluoro-1-(tetrahvdro-pvran-4-yimethy -1 H-indol-6-ylethynyl}-2-(1H- +++
indol-6-y1}-benzoic acid

37 | 3-[1-(1.1-dioxo-hexahy dro-1A°-thiopyran-4-vlmethyl)-7-fluoro-1 H-indol- -+
6-vlethvayvi}-2-(1 H-indol-1}-benzoic acid

38 | 3-[1-(1,1-dioxo-hexahy dro-1 A -thiopyran-4-yImethyD-6-fluoro- 1 H-indol- -+
S-ylethynvl}-2-(1 H~indol-6-vl}-benzoic acid

39 | 3-(7-fluoro-3-morpholin-4-vlimethy - 1H-indol-G-ylethyoy}-2-(1H-indol -6- oo
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yi)-benzoic acid

40 | 3-{6-tluoro-3-morpholin-4-yImethyl- 1H-indol-5-viethyny1}-2-( 1H-imdol-6- ++
v1}-benzoic acid

41 3-((4-(ZH-tetrazol-5-yDphenylethyny}-2-(1 H-indol-6-vIYhenzoic acid -+

42 | 3-((3-(2H-tetrazol-S-vhphenyDethyny}-2-(1 H-indol-6-yybenzoic acid ++++

43 | 2-(1H-indol-6-y1}-3-((4-{oxazol-3-yDphenyDethvnyl)benzoic acid +++

44 | 2-(IH-ndol-6-v1}-3~((4-(6~ox0-1 ,6-dihy dropy ridazin-3-yphenvi) ++
ethynybbenzoic acid

45 2-{ 1 H-indol-6-y1}-3-{(3-methoxy-4- ++
{morpholinomethyDphenyDethynylibenzoie acid

46 | 3-((3-hydroxy-4-(morpholine-4-carbonylyphenyiethynyl}-2-(1H-indol-6- -+
ybenzoic acid

47 | 2-{1H-Indol-6-y1}-3-[ 3-methoxy-4-(4-morpholin-4-yi-piperidin-1- +
vimethyl}-phenyiethynvii-benzoic acid

48 | 3~{(4-((4 4-difluoropipernidin-1-yhmethyl}-3-methoxyphenyljethvny[)-2- A+
{(1H-indol-6-v)benzoic acid

49 | 3-{{4-((4-(dimethvicarbamov}piperidin- I -vDmethvi)-3-
methoxvphenyDethynyi}-2-(1H-indol-6-y}benzoic acid

50 | 3-((3-hydroxy-4-(4-morpholinopiperidine-1-carbonyjphenyhethynyl}-2- A+
{(1H-indol-6-yDbenzoic acid

51 3-((4~(4.4-difluoropipernidine-1 -carbony}-3-hy droxyphenylethyny1)-2- +++
{1H-indol-6-yl)benzoic acid

52 | 2-{1H~-indol-6-y1)-3-({4~-({1 -(methyisulfonvhpiperidin-4- -+
yvhmethyiphenvhethynvl) benzoic acid

53 2-(1H-indol-6-y13-3-((4-((1 -{(tinfuoromethy DsultonyDpipendin-4-~ i+
vhmethyl) phenvhethynvhbenzoic acid

54 | 2-(1H~indol-G-y1}-3«((4-(( 1 -(isopropyisulfony Dpiperidin-4- -+
vhroethyUphenyl) ethynvl) benzoic acid

55 | 3-((4-((1~acetyipiperidin-4-y Dmethy DphenvhethvnyD-2-(1 H-indol-6- ++
vi}benzoic acid

56 | 3~{(2-acetylisoindolin-S-yDethvnvi}-2-(1H-indol-6-v}benzoic acid 4+

57 | 2-(1H~ndol-6-y1}-3~-{((2-(isopropyisulfony Hisoindolin-5-yDethynyibenzoic A+
actd

58 | 2-(1H-indol-6-y1}-3-{(2-(1 -(methylsulfonypyrrolidin-3-y1)-1,2,3,4- ++
tetrahy droisoquinolin-7-yhethvovibenzoic acid

59 | 2-(1H-indol-6-y1}-3-((2-((1-(methvisulfonyDpiperidin-4-yDimethvi}-1,2.3 4- ++
tetrahy droisoquinolin-6-vhethynylybenzoic acid

60 | 2-(1H-indol-6-v13-3-((2-(1 ~(methylsulfonyDazetidin-3-v1}-1,2,3 4~ ++

tetrahy droisoquinolin-6-vl} ethynvlbenzoic acid
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61 2-(1H-indol-6-y }-3-(2-((1 «{methyisulfony Dpyrrolidin-3-yviymethy 1) -+
1,23 4-tetrahydroisoquinolin-6-vhethvnybenzoic acid

62 | 2-{1H-indol-6-y1}-3-({2-((1 -(methylsulfonylpyvrrolidin-3-y Dmethy1)- ++
1,2,3,4-tetrabydroisoquinolin-7-yhethyuyhbenzoic acid

63 | 3-((2-((1-acetyipyrrolidin-3-yhimethyl}-1,2,3 4-tetrahy droisoquinolin-7- -+
vhethynyl}-2-(1H-indol-6-ylibenzotc acid

64 2-{1H-indol-6-y1}-3-{{2-({(1 -(methylsulfonyharetidin-3-y ymethy13-1,2.3 4~ ++
{etraby droisoquinolin-6-yhethyvayvbenzoic acid

65 2-{1H-indol-6-y1}-3-((2-({ 1 -{methyisulfonvhazetidin-3-yymethyi}-1,2.3 4- ++
tetrahy droisoquinolin-7-vhethynyljbenzoic acid

66 | 2-{1H-indol-6-v1}-3-{{2-(3-(methylsulfonamido}benzyi}-1,2.3 .4- -+
tetrahy droisoquinolin-6-yhethvayhbenzoic acid

67 | 2-(1H-indol-6-y1}-3-{(2-(3-(methylsulfonamido}benzyi}-1,2.3 4- -+
tetrahy droisoquinolin-7-vhethynylybenzoic acid

68 2-(1H-indol-6-v13-3-(2-(1 ~{methyIsulfony Dpvrrohdin-3-viysoindolin~3- i+
viYethynvibenzoic acid

69 | 2-{1H~-indol-6-yD)-3-{(2~(1 -(methylsulfonyDazetidin-3-yisoindolin-5- -+
vhethynylibenzoic acid

70 | 2-(iH-indol-6-v13-3-(2-((1 -(methyisulfonyDpyrrolidin-3- i+
vimethyllisoindolin-5-vlethynylybenzoic acid

71 2-{ 1 H-imdol-6-y1}-3-{2-({ 1 -(methylsulfonyiazetidin-3- A4
vhmethylisoindolin-3-yDethyoylybenzoic acd

72 | 2-(iH-ndol-6-y1)-3-((2-((1 ~(methvisulfonyDpiperidin-4- -+
vhmethyisoindolin-5-vlethynylybenzoic acid

73 | 2-{1H-indol-G-y1}-3<({2-(methylsulfonyvi)-1,2,3 4-tetrahy droisoquinohin-7- L
vhethynyDbenzoic acid

74 | 2-(1H-indol-6-y1}-3-((2-(1sopropyisulfonyi)-1,2.3,4-tetrahy droisoquinolin- At
7-vhethyvnyhbenzoic acid

75 | 2-{1H-mndol-6-y1}-3-{{2-propionyl-1,2.3 4-tetrahvdroisoquinolin-7- ++
vhethynvl) benzoic acid

76 | 2-(1H-indol-6-y1}-3-((2-(methylsuifonyl)-1,2,3 4-tetrahy dro-isoquinolin-6- At
vhethynvlibenzote acid

77 | 2-{1H-indol-6-y1}-3-{(2-(isopropyisulfonyi}-1,2,3 4-tetrahy droisoquinolin- 4+
6-yhiethvay Bbenzoic acid

78 | 3-({Z~acetvi-1,2,3 4-tetrahydroisoquinolin-6-ylyethyny!}-2-(1 H-indol-6- A+
vibenzoic acid

79 | 2-{1H-indol-6-y1}-3-{{2-propionyl-1,2.3 4-tetrahv droisoquinolin-6- +++
viYethynvibenzoic acid

80 | 3-[4~-{4-cvano-phenoxsyvmethyh-phenylethvoyl]-2-(1H-indol-6-v1}-benzoic RR

acid
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81 3-{4-(3~cyano-phenoxymethy-phenyl ethyvoyl]-2-(1H~ndol-6-v1}-benzoic oo
acid
82 | 3-}4-(3-carbamovi-phenoxymethyl}-phenviethynyl}-2-(1H-indol-6-y1}- A+

benzoic acid

83 | 2-(1H-indol-6-y1}-3-{4-(4-trifluoromethyl-phenoxymethyl}-phenylethynyvi- -t
benzoic acid

84 | 2-(1H-indol-6-y1)-3-[4-G-uifluoromethyl-phenoxymethy D-phenviethynyl A
{-benzoic acid

85 2-{1H-indol-6-y1}-3-|4-(4-methoxy-phenoxymethyl}-phenylethvnyi]- -+
benzoic acid

86 | 3-{4-(4-carbamovi-phenoxymethyl}-phenyiethynyl}-2-(1H-indol-6-y1}- +++
benzoic acid

87 i 2-(1H-indol-6-y1}-3-14-(3-methoxy-phenoxymethvl}-phenviethynyl]- -+
benzoic acid

&8 | 2-(1H-indol-6-y1}-3-(4~-phenoxymethyl-phenylethyovl)-benzoic acid 4+

89 | 3-{4-(2-fluoro-phenoxymethy D-phenyiethynyli-2-(1H-indol-6-y1)-benzoic -+
acid

90 | 2-(1H-indol-6-v1}-3-{d-(pyridin-3-yloxymethyD-phenyiethynyl}-benzoic b
acid

91 3-{4-(3-chioro-phenoxymethyl}-phenylethvayi]-2-(1H-indol-6-vi}-benzoic A+
actd

92 | 3-}4-(3,4-dichloro-phenoxy methvi)-phenyiethynyij-2-(1H-mndol-6-v1}- o
benzoic acid

93 2-{1H-indol-6-y1)-3-{4-2-trifluoromethyi-phenoxymethy-phenviethynyij- A
benzoic acid

94 | 3-}4-(2-cyano-phenoxymethyvi)-phenylethynyl]-2-{1H-indol-6-y1}-benzoic A+
acid

95 2-{ 1H-indol-6-v1)-3-{4-(4-methanesulfonyl-phenoxymethyi}- -+
phenviethynyl}-benzoic acid

96 | 2-{1H-indol-6-y1}-3-]4-(pyrinudin-5-yvioxymethyl}-phenviethynylj-benzoic -+
acid

97 2-(1H-indol-6-v13-3-{4-(2~methanesulfonyl-phenoxymethyi}- -+
phenviethynyl}-benzoic acid

98 | 2-{1H~indol-6-y1}-3-[4-(3-methanesulfonyl-phenoxymethyi}- -+
phenvlethynvl|-benzoic acid

99 | 2-(iH-Tndol-6-y1)-3~{2-{3-(3-methanesulfonamidophenyDphenyli] +++
ethynyl}benzoic acid

100 | 2-(1H-Indol-6-y13-3~ {2-]6-{oxan-4-yloxy)pyridin-3-yijethynyl } benzoic At
acid

01 | 2-(1H-Indol-6-v1)-3-{2-{2-(propylcarbamovl)- 1 H-indol-6- A
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viethvnyl}benzoic acid

102 | 2-{1H-Indol-6-vi}-3-{2-{3-(1,2,3 4-tetrahy droisoguinolin-2- -+
vimethylphenyljethvoviibenzoic acid

103 | 3-{2-{3-Cyano-4-{oxan-4-yvloxy jphenvijethynyl}-2-{ 1H-indol-6-y}benzoic A+
actd

104 | 3-12-(3-{[4-(Ethoxvcarbonylpiperazin-1-viimethyl} phenvhethynyl}-2- ++
{ 1H-indol-6-yD)benzoic acid

105 | 3-(2-{4-[3-(Hydroxymethyijoxetan-3-yl|phenvl} ethynyl)-2-{ 1H-indol-6- A+
vijhenzoic acid

106 | 3-42-3~(5-Amuno-1 H-pyrazol-3~yhphenyHethvoyl} -2-(1H-indol-6- +++
vitbenzoic acid

107 | 2-(1H~Indol-6-v1)-3-{2-]3-(1,3~0xazol-5-vi)phenvi]jethynyl } benzoic acid +++

108 | 2-(1H-Indol-6-v1)-3-{2-[4-{oxane-4-carbony Dphenvijethynyl} benzoic acid ++4

109 | 2-{7-Fluoro-1H-indol-6-y1}-3-phenviethyvnyl-benzoic acid ++

110 | 2-Benzothiazol-6-v1-3-phenviethynyl-benzoic acid ++

i1t | 2-Benrothiazol-3-y1-3-phenylethynyl-benzoic acid ++

112 | 2-{2-Methyl-benzothiazol-3-yi}-3-phenviethynyl-benzoic acid ++

113 | 2-(5-Fluoro-1H-indol-6-vi}-3-phenylethynyl-benzoic acid +++

114 | 2-(6-Fluoro-1H-ndol-5vl}-3-phenviethynyl~benzoic acid ++

115 | 2-1, 8Naphthyridin-3-y1-3-phenylethynvi-benzoic acid +

116 | 2-(1-Methyi-1H-pyrrolo |2,3-bipyridin-6-v1}-3-phenylathynvi-benzoic acid ot

171 2+, 8 Naphthyridin-2-v1-3-phenviethynyl-benzoic acid ++

118 | 3-Phenviethyvnyl-2-(1H-pyrrolo |2, 3-bipyridin-6-vi}-benzoic acid +

119 | 2-(4-methoxy-1H-indol-6-v1}-3-(2-phenvlethynyl}-benzoic acid +++

120 | 3-(2-(4-(2-hydroxypropan-2-viphenyhethyuv)-2-(1 H-mdol-6-vl)-benzoic -+
acid

120 | 3-2-(4-(Z-aminothiazol-4-viphenvDethyny 1)-2-( 1 H-indol-G-y1}-benzoic -+
acid

i22 | 2-(1H-Indol-6-v)-3-(3-sulfamovl-phenviethynvl}-benzoic acid -+

123 | 3-{4-Amino-3-sutfamoyl-phenylethyny}-2-(1H-indol-6-y1}-benzoic acid ++

12 2-{1H~indol-6-y1}-3~(Spirof 2H-1-benzopyran-2,1"- 4-piperidine-1-t- +++
butvlcarboxvlate]-4(3H}-onejethvnyi}benzoic acid

125 | 3-(2-(3-Q2-aminothiazol-4-yDphenyDethvov}-2-(1H-indol-6-v1}-henzoic -+
acid

126 | 3~(2-(4-(S-(methoxycarbonvl)-2-aminothiazol~-4-yDphenyDethyvny 13-2-(1 H- i+
mdol-6-y1)-benzoic acid

127 | 3-(2-(4~(5~amino-1,3 4-thiadiazol-2-yDphenyDethyny - 2-( 1 H-indol-6-y 1)~ ++
benzotc acid

128 | 3-(2-(4-(3-amuino-tH-pyrazol-5-viphenyhethyvuy h-2-(1H-indol-6-v1}- -+

benzoic acid
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129 | 2-Amino-4-{4-{3-carboxy-2-(1H-indol-6-v1}-phenylethyny -phenyi} - At
thiazole-3-carboxylic acid

130 | 3-(2-{4-(Z-aminooxazol-3-viiphenyliethynvi)-2-(1 H-indol-6-vi}-benzoic A+
actd

131 | 2-(1H-Indol-6-v-3-[4-(2-methanesulfonyiamino-thiazol-4-vi)- ettt
phenylethynvl]-benzoic acid

132 | 2-{1H-Indol-6-y1}-3-[ 3-{2-methanesulfonyiamino-thiazol-4-y1)- et
phenviethvnyl|-benzoic acid

133 | 3-(2-(1,4-dihy dro-2-({4-methoxypiperidin-1-vymethy}-4-oxoquinazolin-6- ++
vhethynyl}-2-(1H-indol-6-ylibenzoic acid

134 | 3-(2-(1 4-dihydro-2-{({4-thiomorpholine-1, 1 dioxide-1-yl ymethy1}-4- -+
oxoquinazolin-6-yhethynyi}-2-{ 1H-indol-6-vYbenzoic acid

135 | 3-(2-2-(rifluoromethyi}-3,4-dihydro-4-oxoquinazolin-6-yDethynyl-2- -+
(1H-indol-6-vDbenzoic acid

136 | 3-(2-(3 4-dihydro-3-(2-methoxyethy D-4-oxopyndo|2,3~-d}pyniomidin-6- i+
vhethynvi-2-(1H-indol-6-yhbenzoic acid

137 | 2-(1H-Indol-6~-v1)-3-[3-(2-methoxy-6-methyi-phenvicarbarmoyl)- +++
phenvlethynvl|-benzoic acid

138 | 3-43-14-(1,1-Dioxo--thiomorpholin-4-y-phenvicarbamoyl}- i+
phenviethynyl}-2-( 1H-indol-6-y1}-benzoic acid

139 | 3-Phenyiethyoyi-2-(1H-pyrrolo]2,3-blpyridin-S-vi}-benzoic acid At

140 | 3-(4-Fluoro-phenylethynvi)-2-(1H-pyrrolo} 2, 3-blpyridin-S-vi}-benzoic acid A+

141 | 3-{4-Methoxy-phenyiethynyi}-2-(1H-pyrrolof 2. 3-blpyridin-S-vi)-benzoic ++
acid

142 | 2-(1H-Pyrrolof2 3-blpyridin-5-vI)-3-|4-(tetrahy dro-pyran-4-vioxy)- ++
phenvlethynvl|-benzoic acid

143 | 2-(1H-Indol-6-y1)-3~{4-[2-(tetrabvdro-pyran-d-vi}-ethoxy -phenviethynyi} - i+
benzoic acid

144 | 3-14-(1,1-Dioso-hexahydro-1-thiopyran-4-yioxy)-phenviethvnyl}-2~-(1H- ++
indol-6-y1}-benzoic acid

145 | 2-(1H-Indol-6-v1}-3-(4-morpholin-4-yimethyl-phenviethynvl}-benzoic acid 4+

146 | 3-j4-(4-Ethyi-piperazin-1-vimethyl}-phenviethvnyl}-2-(1 H-indol-6-y1)- ++
benzoic acid

147 | 2-(1H-Indol-6-vH-3-[4-(4d-methyl-piperazin-1-yimethyl}-pheny lethynyi]- ++
benzoic acid

148 | 3-j4-(1,1-Dioxo-thiomorpholin-4-vimethyl}-phenviethynyl}-2-¢ 1 H-indol-6- A+
vi)-benzoic acid

149 | 3-(4-{{(2-Dimethylamino-ethy-methvi-aminoj-methyl} -phenviethynyi-2- ++
{(1H-indol-6-vi}-benzoic acid

150 | 3-{4-{4-(2-Hydroxv-ethvli-piperidin-1-yimethyl|-phenyiethynyi}-2-(1 H- +++
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indol-6-yvl}-benzoic acid

15t | 3-j4-(4-Hydroxymethyl-piperidin-1-yimethyi}-phenviethynyi]-2-(1 H-indol- ++
6-yli-benzoic acid

152 | 2-(1H-Indol-6-v§)-3-[4-(4d-methyl-{1 4ldiazepan-1-yvimethyl)- -+
phenvlethvanvlf-benzoic acid

153 | 3-14-(3-Hydroxy-azetidin- 1 -vimethvl}-phenyiethynyl]-2-{ 1H-indol-6-y - ++
benzoic acid

154 | 3-{4-{(4-Hydroxy-piperidin- 1 -vimethyl}-phenylethynyl}-2-{ 1H-indol-6-y1}- ++
benroic acid

155 | 2-(1H-Indol-6-y1}-3-[4-{4-methoxy-piperidin-1 -vimethyl}-phenylethvnyl}- ++
benzoic acid

156 | 3-{4-Dimethylaminomethyl-phenylethyoyv])-2-(1H-indol-6-y1}-benzoic acid ++

157 | 2-(1H-Indol-6-y1)-3-{4-{| (2-methoxy-ethy-methyl-amino}-methyi} - ++
phenviethynvl)-benzoic acid

158 | 3-}4-(4.4-Difluoro-piperidin-1-yimethy}-phenviethynyij-2-(1H-indol-6~ A+
vi)-benzoic acid

159 | 3-}4-(3,3-Difluoro-piperidin-1-yimethyi)-phenviethynyi-2-{ 1H-indol-6- o
yi)-benzoic acid

160 | 3-4-(3,4-Dihydro-1H-isoquinolin-2-yvimethvi)-phenviethy ny1j-2-{ 1H- A+
imdol-6-y1i-benzoic acid

161 | 2-(1H-Indol-6-vi)-3-4-(4-methanesulfonyl-piperazin-1 -yimethyl)- ++
phenvlethvanvlf-benzoic acid

162 | 2-{1H-Indol-6-v1}-3-{4-(3-tnfluoromethyl-piperidin-1-yimethyi)- +++
phenviethynyl}-benzoic acid

163 | 2-(1H-Indol-6-v1)-3-[4-(3-methoxy-pyrrolidin-1-ylmethyl-phenyiethynyl}- ++

benroic acid

164 | 2-(1H-Indol-6-y1}-3-[4-{4-1sopropyi-piperazin-1-ylmethvl)}-phenylethyoyii- ++
benzoic acid

165 | 3-{4-(4-Cyclohexyl-piperazin-1-yimethyi}-phenylethvoyi]-2-(1H-indol-6- ++
vi}-benzoic acid

166 | 3-[4-(4-Cyclopropanecarbonyl-piperazin-1-vimethy1)-phenylethynyl}-2- A
{1H-1ndol-6-v)-benzoic acid

167 | 2-(1H-Indol-6-y1}-3-(4-piperazin-1-vimethyl-phenylethynyl-benzoic acid +-

168 | 3-j4-(4-Benzenesulfonyi-piperazin-1-vimethyl}-phenviethvnyl}-2-(1H- o

indol-6-vi}-benzoic acid

169 | 3-{4-{(1.1-Dioxo-hexahydro-1-thiopyran-4-ylamino}-methvi|- ++
phenviethvnyl}-2-(1H-indol-G-y1)-benzoic acid

170 | 3-j4-(4-Cyclopentyl-piperazin-1-ylmethyi}-phenylethynyl]-2-(1H-indol-6- ++
vi}-benzoic acid
171 1 3-[4-(4-Dimethylcarbamovi-piperazin-1 -vimethyi}-phenviethynyl}-2-(1H- ++
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indol-6-yvl}-benzoic acid

172 | 2-{1H-Indol-6-v1}-3-{4-(2,3,5 6-tetrahy dro-{ 1,2 [bipvraziny I-d-vimethyi}- it
phenviethynyl}-benzoic acid

173 | 2-(1H-Indol-6-vi)-3-[4-(4-thiazol-2-vI-piperazin-1-yimethyi)- -+
phenvlethvanvlf-benzoic acid

174 | 3-{4-{(2-Amino-4,5 6,7-tetrahvdro-benzothiazol-6-vlamino}-methyi|- -+
phenviethynyl}-2-( ITH-indol-6-y1)-benzoic acid

175 1 3-{4-{(2-Amino-4.5,6,7-tetrahy dro-benzothiazol-6-ylamino-methyl}- +++
phenvlethynvl }-2-(1H-indol-6-y1}-benzoic acid

176 | 3-[4-(4-Methyl-piperazin- l-vimethvl}-phenviethynyil-2-(1 H-pyrrolof2,3- ++
blpyridin-5-vi)-benzoic acid

177 | 3-{4-{(4-Methoxy-pipendin- L-vlimethyvl-phenyviethynyli-2-(1H-pyrrolo{2,3- +
blipyridin-3-v1}-benzoic acid

178 | 2-(1H-Indol-5-y1)-3~[4-(4d-methoxy-pipenidin-1 -vimethy }-phenviethynyl]- ++
benzoic acid

179 | 2-(1H-Indol-5-v1}-3-[4-{4-methanesulfonyl-piperazin-1 -vImethyl)- ++
phenviethynvl]-benzoic acid

180 | 3-[4-(4-Methanesulfonyl-piperazin-1-ybmethyl}-phenylethyvoyl]-2-(1H- b
pvrrolo]2,3-blpyridin-S-vl}-benzoic acid

181 | 3-j4-(4.4-Difluoro-piperidin-1-yimethy}-phenviethynyij-2-(1H-indol-5- A+
vi)-benzoic acid

182 | 2-(1H-Indol-5-vH-3-[4-(4d-methyl-piperazin-1-yimethyl}-pheny lethynyii- SRy
benzoic acid

183 | 3-j4-(4-Ethanesulfonyi-piperazin-1-vimethyl)-phenyiethynvij-2-{1H-indol- ++
6-yh-benzoic acid

184 | 3-]4-(1,1-D1oxo-hexahy dro-1-thiopyran-d-yioxy-phenylethvnyl{-2-(1 H- -+
indol-5-yvi}-benzoic acid

i85 | 3-{4-(1.1-Dioxo-hexahydro-thiopyran-4-vloxv}-phenylethynyl}-2-(1H- ++
mdazol-6-vi}-benzoic acid

186 | 3-|2-Fluoro-4-(tetrahvdro-pyran-d-yloxymethy{}-phenviethynyi}-2-(1H- -+
indol-6-vi}-benzoic acid

187 | 3-[4-(1,1-Tnoxo~hexahydro-1-thiopvran-4-vioxymethyl}-2-fluoro- ++
phenviethynyl}-2-(1H-indol-6-y1}-benzoic acid

188 | 2-(1H~Indol-6-v1}-3-[4-(2-methanesulfonvi-2,7-diaza-spiro[3. 5 non-7- ++
vimethy}-phenyiethynyl}-benzoic acid

189 | 2-(1H-Indol-6-y1)-3~[4-(S-methanesulfonyl-hexahydro-pyrrolof3,4- ++
cipvrrol-2-vimethyl)-phenviethynyli-benzoic acid

190 | 3-j4-(4-Cvclopropanesuifonyl-piperazin-1-ylmethy-phenylethynvl]-2- ++
{1 H~indol-6-yI)}-benzoic acid

191 | 2-(1H-Indol-6-v1)-3-{4-[d-(propane-2-sulfony D-piperazin-1 -vimethyl]- ot
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phenylethyuvl}-benzoic acid

192 | 2-{1H-Indol-6-vi}-3-{4-(7-methanesulfonyi-2,7-diaza-spiro| 3. 5 jnon-2- ++
vimethyl}-phenyiethynvii-benzoic acid

193 | 2-(1H-~Indol-5-vi)-3-|4-(tetrahy dro-pyran-4-yloxy}-phenylethyny|-benzoic A+

actd

194 | N-(N N-dimethyisulfamovi-2-(1 H-indol-6-v1)}-3-({4-({(tetrahydro-2H- -+
pyran-4-yhjoxy imethylphenyDethynyi}benzamide

195 | 2-(1H-indol-6-y1}-N-{methylsulfonyi)-3-({(4-(({tetrahvdro-2H-pyran-4- ++
vhoxyvmethy Dphenylethynviybenzamide

196 | 6-[2-{4-(Tetrahydro-pyran-4-yloxymethyl}-phenylethyny-6-( 1 H-tetrazol- -+
3-yli-phenyli-1H-indole

197 | 3-[4-(Benzoylamino-moethy -phenviethynv}-2-(1 H-indol-6-vi)-benzoic +++
acid

198 | 2-(1H-Indoi-6-y1)-3~(4-1[(d-oxo-cyclohexanecarbony -aminoj-methvi} - -
phenviethynvl)-benzoic acid

199 | 2-(1H-Indol-6~v1}-3-[4-(4-oxo-cyclohexylcarbamoyi}-phenylethyoyi- At
benzoic acid

200 | 3-{4-(2-Amino-4,5,6,7-tetrahy dro-benzothuazol-6-ylcarbamoyvl)y- et
phenviethynvl]-2-(1H-~indol-6-y)-benzoic acid

201 | 3-{4-(2-Amino-4,5,6,7-tetrahy dro-benzothiazol-6-yicarbamoyl}- et
phenviethvnyl}-2-(1H-indol-6-y1)-benzoic acid

202 | 2-(1H-Indol-6-v1)-3-}4-(4-methyi-piperazine-1 -carbonyi}-phenvlethynyii- ++
benzoic acid

203 | 2-(1H-Indol-6-y1}-3-[4-(4-methoxy-pipenidine-1-carbony)-phenylethynyl|- A+
benzoic acid

204 | 2-(1H-Indazol-6-yi}-3-[4-(4-methanesulfonyl-piperazin-1-ylmethyl}- ++
phenvlethvanvlf-benzoic acid

205 | 2-(1H-Indol-6-v1}-3-[4-{4-sulfamoyi-piperazin- I -vimethyl)- +++

phenvlethynyl]-benzoic acid

Alpha Screen Activity: s <1 uM = ++++; 1 uaM <1l < 10 uM = +i++;
I0uM<IC <100 uM=++; 100 uM <ICs <l mM =+,

The disclosures of each and every patent, patent application, and publication cited herein are
hereby incorporated herein by reference in their entirety.

While the imvention has been disclosed with reference to specific embodiments, it is apparent
that other embodiments and variations of this invention may be devised by others skilled in the art
without departing from the true spirit and scope of the mmvention. The appended claims are intended

to be consirued to include all such embodiments and equivalent variations.
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CLAIMS
What is claimed is:
1. The compound 2-(1H-Indol-6-yl)-3-[4-(tetrahydro-pyran-4-yloxymethyl)-

phenylethynyl]-benzoic acid, or a tautomer, salt, and/or solvate thereof.

2. The compound 2-(1H-Indol-6-yl)-3-[4-(tetrahydro-pyran-4-yloxymethyl)-
phenylethynyl]-benzoic acid, or a salt thereof.

3. The compound 2-(1H-Indol-6-yl)-3-[4-(tetrahydro-pyran-4-yloxymethyl)-
phenylethynyl]-benzoic acid.

4. A pharmaceutical composition comprising the compound of any of claims 1-3 and at

least one pharmaceutically acceptable carrier.

5. The pharmaceutical composition of claim 4, further comprising at least one additional

antiviral and/or anticancer agent.

6. At least one compound of any of claims 1-3 for use in the treatment and/or prevention of
a disease or disorder caused by EBNA1 activity, wherein the disease or disorder is at least one
selected from the group consisting of cancer, infectious mononucleosis, chronic fatigue

syndrome, multiple sclerosis, systemic lupus erythematosus, and rheumatoid arthritis.

7. Use of at least one compound of any of claims 1-3 in the manufacture of a medicament
for the treatment and/or prevention of a disease or disorder caused by EBNA1 activity, wherein
the disease or disorder is at least one selected from the group consisting of cancer, infectious
mononucleosis, chronic fatigue syndrome, multiple sclerosis, systemic lupus erythematosus, and

rheumatoid arthritis.

8. The use of claim 7, wherein the cancer is at least one selected from the group consisting
of nasopharyngeal carcinoma, gastric carcinomas, non-hodgkin lymphoma, anaplastic large-cell
lymphoma, angioimmunoblastic T-cell lymphoma, hepatosplenic T-cell lymphoma, B-cell

lymphoma, Burkitt’s lymphoma, reticuloendotheliosis, reticulosis, microglioma, diffuse large B-
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cell lymphoma, extranodal T/NK lymphoma/angiocentric lymphoma, follicular lymphoma,
immunoblastic lymphoma, mucosa-associated lymphatic tissue lymphoma, B-cell chronic
lymphocytic leukemia, mantle cell lymphoma, mediastinal large B cell lymphoma,
lymphoplasmactic lymphoma, nodal marginal zone B cell lymphoma, splenic marginal zone
lymphoma, intravascular large B-cell lymphoma, primary effusion lymphoma, lyphomatoid
granulomatosis, angioimmunoblastic lymphadenopathy, leiomyosarcomas, X-linked
lymphoproliferative disease, post-transplant lymphoproliferative disorders, Hodgkin’s lymphoma

and breast cancer.

9. At least one compound of any of claims 1-3 for use in the treatment and/or prevention of

Epstein-Barr Virus (EBV) infection, and/or a disease or disorder associated with EBV infection.

10. Use of at least one compound of any of claims 1-3 in the manufacture of a medicament
for the treatment and/or prevention of Epstein-Barr Virus (EBV) infection, and/or a disease or

disorder associated with EBV infection.

11.  Atleast one compound of any of claims 1-3 for use in the treatment and/or prevention of

lytic and/or latent EBV Virus infection.

12. Use of at least one compound of any of claims 1-3 in the manufacture of a medicament

for the treatment and/or prevention of lytic and/or latent EBV Virus infection.

13.  The compound for use or the use of the compound according to any of claims 7-12,
wherein the compound is to be administered by at least one route selected from the group
consisting of oral, nasal, inhalational, topical, buccal, rectal, pleural, peritoneal, vaginal,
intramuscular, subcutaneous, transdermal, epidural, intratracheal, otic, intraocular, intrathecal,

and intravenous routes.
14. The compound for use or the use of the compound according to any of claims 7-13,

wherein the compound is to be administered as part of a pharmaceutical composition further

comprising at least one pharmaceutically acceptable carrier.
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