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TITLE OF THE INVENTION
OXO-TETRAHYDRO-ISOQUINOLINE CARBOXYLIC ACIDS AS STING
INHIBITORS

BACKGROUND OF INVENTION

The principal role of the human immune system is to maintain the body’s equilibrium in
the face of external and internal threats. The durable response to foreign 1nsults {(e.g., bacterial
or viral infection) comes from the adaptive immune system. This response lasts the life of the
host, and is characterized by the generation of antigen-specific T cells that are capable of
recognizing re-challenge by the same pathogen, and shortening the timeframe to which deep
immune protection can occur. Since generation of these durable responses takes weeks to
develop, additional aspects of immunity compensate for the time gap.

The immediate response to a foreigo insult comes from the innate arro of the immune
system. This response launches within moments to hours, and is spurred by the receptor-
mediated recognition of common features of that pathogen — for example, components of
bacterial cell walls or viral nucleic acid motifs — and not in a sequence-specific manner like the
adaptive response. These motifs are pathogen-associated molecular patterns (PAMPs), and favor
speed over specificity. The innate immune system also responds to other “danger signals” that
come from the host itself — signs of tissue damage or wounding that signify potential danger
despite the absence of a PAMP. These “damage associated molecular patterns” (DAMPs) can
stimulate similar cellular responses as an infectious agent, thus providing broad protection
against a range of threats to the host.

DINA in the cytoplasm is one such DAMP/PAMP. cGAS {cyclic GMP-AMP synthase)
has been described as the crucial receptor that recognizes DNA in the cytoplasm. Cytoplasmic
DNA can function as either a DAMP (e.g., mitochondrial disruption could allow DNA to access
the cytoplasm) or a PAMP {e.g., a DNA virus infecting a cell). Upon recognition of cytosolic
DNA, ¢GAS catalyzes the generation of the cyclic-dinucleotide 27-37 ¢GAMP, an atypical
second messenger that strongly binds to the ER-transmembrane adaptor protein STING
{Stimulator of Interferon Genes). When 2°3° ¢cGAMP binds to STING, the protetn undergoes a
conformational change, and translocates within the cell to a perinuclear compartment. This
transiocation induces the activation of critical transcription factors IRF-3 and NF-xB.
Transecription factor activation leads to induction of type I interferons (IFNs) and production of

pro-inflammatory cytokines such as I1-6, TNF-a and IFN-y.
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The function of these cytokines on immune cells is well established. Specifically, T cell
activation 15 shmulated, as these cytokines enbance the antigen presentation capacity of
macrophages and dendritic cells. Type I IFNs are best characterized for their “anti-viral” activity
- notably, they stimulate dozens of celinlar processes that drive toward clearing a viral insult,
These mclude inhibitton of vival rephication, atfecting the cell cycle so that infected cells are less
able to divide, inhibiting budding of viral particles, affecting expression of antigen presentation
machinery, and more,

These anti-viral processes driven by STING activation can become dysregulated, and
their dysregulation could cause or exacerbate inflammatory, auto-immune, or other disorders
where DNA gains access to the oytoplasm of cells. These disorders are characterized by
abniormal cytokine respounses, and inderfering with STING signaling o these disorders could
reduce or prevent this cyiokine production. Mouse models of DNA-driven inflammation have
observed abrogation of symptoms when STING is genetically deleted. (See Lood, Chrishan, et
al , Nawre Medicine, Vol 22, No. 2, 146-153 (Feb. 2016); and Gehrke, Nadine, et al., Immumity
39, 482-495, Sept. 19, 2013} Additionally, in a deeper study tovolving human patients with
Svystemic lupus erythematous (SLE} it was observed that oxidized DNA 15 associated with SLE
pathology. {Caiells, Stmone, et al., J of Experimental Med., Vol 213, No. §, 697713, {2016}
SLE is a prototypical example of a disorder where cytokine response is abnormal. SLE is
characterized by chronic, hugh levels of type TIFNs, as well as circulating immune complexes
{formed of antibody-antigen aggregates that are not successfully cleared). Most patients with
SLE have high levels of circulating IINA, and have generated inappropriately aggressive innate
and adaptive responses to that DNA. This prominent role for both DNA and type T IFNs
suggests that inhibitors of the ¢GAS/STING pathway could have therapeutic benefit in such a

disorder,

SUMMARY OF THE INVENTION

The present invention provides novel compounds which are inhibitors of STING
activity. The invention also provides a method for the treatment and prevention of STING-
mediated diseases and disorders using the novel compounds, as well as pharmaceutical
compositions containing the compounds.

The invention is also directed to methods of inhibiting STING activity, and
methods of treating diseases, such as disorders of immunity and inflammation, in which
suppression of STING plays a role as imunosuppressants. Methods of using STING 1nhibitory
compounds to inhibit cancer cell growth or proliferation are also provided.

-
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DETAILED DESCRIPTION OF THE INVENTION

Compounds are provided that inhibit type [ interferon (type 1 IFN)} production,
specifically compounds that inhibit stimulator of interferon genes (STING) pathway. The
invention provides methods of using STING antagonistic cormpounds to inhibit STING mediated
processes in vitre and in vivo.

The present tnvention provides compounds of formula [ or pharmaceutically

acceptable salts thereof:

@

wherein: A is a 5- to 7-membered unsaturated non-aromatic ring having 1 or 2 heteroatoms
independently selected from oxygen, nitrogen and sulfur;

R, 1s selected from —OH, amino, -NHOH, -N{C ¢ alkyl},, and -N{(C, 4 alkyl);

nis(, 1,2, 0r3;

zis0, 1, 2 or3;

vis0, 1,2, or3;

each R; is independently selected from C).gatkyl, C o haloalkyl, CsocycloalkylCygalkyl, and
Cs-heterocycloalkylCygatkyl,

R; is phenyl or pyridyl, wherein R, ts substituted by 0, 1, 2, or 3 Rs substituents and wherein two
R< may join together with the ring atoms to which they are attached to form a 3-to 6-
membered ring;

each Ry 1s independently selected from halogen, -(C4 alkylYOH, hydroxy, €. haloalkyl,
Cy.palkenyl, Cygalkyl, and aryl{Cy. 1 alkyhoxy(Co.qo alkyl;

each Rs is independently selected from:
halogen,

Ci.i0 alkyl{oxy)o.iCrapo alkyl,

C .10 heteroatkyl{oxy )., Cy.y6 alkyl,

C2.40 alkenyl(oxy)oaCy.ip alkyl,

aiyl Crg alkyl{oxy o Crp alkyl,

Cs.po cveloalkyl Cy . alkyl{oxy ). Cioyg alkyl,
hetercaryl Ciq0 alkyl{oxy}o,Cyio alkyl,

=3
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{(Cipyheteroeycloalkyl Couyp alkyi{oxy o Cip alkyl,

amino,

Ci.0 alkylaminoCy g alkyl,

(Ciaoshetercalkyl{oxy)g.(carbonyl . aminoCq., alkyl,

C1.1; cycloalkyl Co.p alkyl{oxy o {carbonyl ). aminoCo o alkyl,
aryl Cyqg alkyl{oxy iy {carbonyl)y. aminoCy.yn alkyl,

heteroaryl Co.q0 alkyl{oxy)e.{carbonyl)yjaminoCy.yy alkyl,
(Ci.1ppheterocycloalkyl Co.q0 alkyi{oxy)g. (carbonyl )y jaminoCy.q alkyl,
Co.10 alkylamino (carbonyl)y. Co.o alkyl,
(Ciaopheteroalkylamino (carbonyl ). Coqe alkyl,

C1.q; cycloalkylamino {carbonyl ). Co.o alkyl,

aryl Co.qp alkylamino (carbonyDCq.y allyl,

heteroaryl Cy.q0 alkylaminof{carbonyl}e. Co.1p alkyl,
(Cs.1ppheterocycloalkylamino{carbonyl .. Co.qp alkyl,

Cy.y0 alkylsulfonylCy. alkyl,

C 1.0 heteroatkylsulfonylCe.qq alkyl,
(Cs.opeyeloalkylCopatkylsultonyiCy.yp alkyl,
(Cs.in)evciohetercalkylCopalkvisulfonylCy.;q alkyl,
heteroarylCy. g alkylsulfonylCo. g alkyl,

arylCy.y alkylsulfonylCy g alkyl,

1.0 alkylsulfonylaminoCy.g alkyl,

(C1.10 alkyl)y, amino,

-SO,;NH,,

-SO;NH{C g alkyl),

-SO,N(C .y alkyl),,

-SO,CF5,
-S0,CF,H,
-SH,
-S{C 0 alkeyl),
~NH=CH,,
hydroxy,
(T alky3OH,
~Co.19 alkylalkoxy,

cyano,
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-{Crsalkyl)eyano, and

Cshaloalkyl{oxy),..; wherein each Rs is substituted with O, 1, 2 or 3 Rg substituents each
independently selected by halogen, cyano, oxo, Ty alkylcarbonvliCy. alkyl, Ciio alkyl, Ciyg
alkylcarbonylaminoCy.g alkyl, and -(C;., alkyDOH.

Representative compounds of the instant invention include, but are not limited to, the
following compounds and their pharmaceutically acceptable salts thereot
2-(4-(tert-butyl}-3-chlorophenyi)-3-(2,3-dihydrobenzofb]{ L 4]dioxin-6-yi)-1-ox0-1,2,3,4-

tetrahydroisoquinoline-4-carboxylic acid;
2-(4-{tert-butyl}-3-chlorophenyi)-3-(2,3~dithydrobenzo[bl] 1,4 ]dioxin-6-y1}-7-flucro--oxo-

1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;
3-(2,3-dihydro-1,4-benzodioxin-6-yi})-2-[4-(1-methylethyl)phenyl}-1-0x0-1,2,3 4~

tetrahydroisoquinoline~-4-carboxylic acid,;
3-(2.3-dihydro-1,4-benzodioxin-6-y1)-2-(2,3-dihydro-1 H-inden-5-y1}-1-ox0-1,2.3 4-

tetrahydroisoquinoline-4-carboxylic acid;
3-(2,3-dihydro-1,4-benzodioxin-6-y1)-2-(4-morpholin-4-ylphenyl }-1-ox0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid;
3-(2.3-dihydro-1,4-benzodioxin-6-yi)-2-[4-(methylsulfonvlphenyi}-1-ox0-1,2 3,4~
tetrabydroisoquinoline-4~carboxylic acid,
3-(2,3-dihydro-1,4-benzodioxin-6-y1)-2-[4-(dimethylsulfamoyl)phenyl]- 1-oxo0-1,2,3,4-
tetrahvdroisoquinoline-4-carboxylic acid;
(-2-[4-(1-cyano-1-methylethyhphenyl}-3~(2,3-dihydro-1.4-benzodioxin-6-y1)-1-ox0-1,2.3 4~
tetrahydroisoquinoline-4-carboxylic acid;
2-{2-chloropyridin-4-y1}-3-(2,3-dihydro-1,4-benzodioxin-6-yt}-1-0x0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;
2-(4-cyclopropylphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-vl}-1-0x0-1,2,3 4~
tetrahydrotsoquinoline-4-carboxylic acid;
2-{4-(4-acetylpiperazin-1-ylphenyl}-3~(2,3-dihydro-1,4-benzodioxin-6-yl}-1-ox0-1,2,3,4~
tetrahydroisoquinoline-4-carboxylic acid;
3-(2.3-dihydro-1,4-benzodioxin-6-yi)-2-{ 4-[ 1-(2-hydroxyethyl - 1H-pyrazol-4-yljphenyl } - 1-oxo0-

1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;
2-{4-(difluoromethoxy)phenyl}-3-(2,3-dthydro-1,4-benzodioxin-6-yl}-1-ox0-1,2,3,4-

tetrahydrotsoquinoline-4-carboxylic acid;
2-{1,3-benzothiazol-5-y1}-3-(2,3-dihydro- 1 4-benzodioxin-6-y1)-1-ox0-1,2,3 4~

tetrahydroisoquinoline~-4-carboxylic acid,

5.
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3-(2,3~dihydro-1,4-benzodioxin-6-yi}-2-(3,3~dimethyi-2-ox0-2,3-dihydro-1 H-~indol-6-y1}-1-ox0-
1.2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

3-(2,3-dihydro-1,4-benzodioxin-6-yi)-1-ox0-2-[4-(1H-pyrazol-5-yi)phenyli}-1,2,3 4-
tetrahvdroisoquinoline-4-carboxylic acid;

2-(4-chloro-3-fluorophenyl)-3-(2,3-dihydro-1,4-benzodioxin-6-yl)-1-ox0-1,2.3 4~
tetrahydroisoquinoline-4-carboxylic acid;

2-{4-chloro-3-cyclopropylpheny)-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-0x0-~1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;

2-(3-cyano-4-morpholin-4-yiphenvl}-3-(2,3-dihydro-1,4-benzodioxin-6-yi)-1-ox0-1,2,3,4-
tetrahydrotsoquinoline-4-carboxylic acid;

~

2-{3-chloro-4-(difluoromethoxy)phenyl]-3-(2,3-dihydro-1,4-benzodioxin-6-y1}- 1 -oxo-1,2,3 4-

tetrahydroisoquinoline-4-carboxylic acid;
3-(2.3-dihydro-1,4-benzodioxin-6-yi)-2-[4-(2-hydroxy-1, 1 ~dimethylethyDphenyl |- 1-ox0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid;
2-(3-chlorophenyi)-3-(2,3~dithydro-1,4-benzodioxin-6-y1}-1-ox0-1,2,3,4-tetrahydroisoquinoline-
4-carboxylic acid,
2-(3-chloro-4-morpholin-4-yiphenyl)-3-(2 3-dihydro-1,4-benzodioxin-6-yl - 1-0x0-1,2,3,4-
tetrahydroisoquinoline~-4-carboxylic acid,
3-(2,3-dihydro-1,4-benzodioxin-6-y1)-2~(2-methylpyndin-4-yi)-1-oxo-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid;
3-(2,3-dihydro-~1,4-benzodioxin-6-yi)-1-ox0-2-{4-(2,2, 2-tritftuoroethoxy jphenyl-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;
2-{4-[(4-chiorophenvljcarbamoyl]phenyl }-3-(2,3-dihvdro-1,4-benzodioxin-6-y1}-1-0x0-1,2,3,4-
tetrabydroisoquinoline-4~carboxylic acid,
2-(4-cyclohexylphenyl)-3-(2,3-dihydro-1,4-benzodioxin-6-yi)-1-ox0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid;
2-{4-(1-cyanocyciohexyhphenyi]-3-(2,3-dihydro-~1,4-benzodioxin-6-yl}-1-ox0-1,2.3 4-
tetrahydroisoquinoline-4-carboxylic acid;
3-(2,3-dihydro-1,4-benzodioxin-6-yij-1-0x0-2-(5,6,7,8~tetrahydronaphthalen-2-y1)-1,2,3 4~
tetrabydroisoquinoline-4~carboxylic acid,
3-(2,3-dihydro-1,4-benzodioxin-6-y1)-2-(2-fluoropyridin-4-yi)-1-ox0-1,2,3,4-
tetrahvdroisoquinoline-4-carboxylic acid;
3-(2,3-dihydro-~1,4-benzodioxin-6-y1)-2-[6-(hydroxymethyl}-5,6,7 8~tetrahydronaphthalen-2-yi}-

1-ox0-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

6
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2-{2-chloro-6-methylpyridin-4-y1)-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-1-ox0-1,2,.3,4-
tetrabydroisoquinoline-4~carboxylic acid,

2-(4-chloro-3-methylphenyi}-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-0x0-1,2,3 4-
tetrahvdroisoquinoline-4-carboxylic acid;

3-(2,3-dihydro-~1,4-benzodioxin-6-y1)-2-(4-{ {(methylsulfonyhaminomethyl } phenyl)-1-oxo-
1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

3-(2,3-dihydro-1,4-benzodioxin-6-y1)-2-(2,6-dimethylpyridin-4-yl}-1-ox0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;

2-{4-(1-cyanocyciohexyl jphenyt}-3-(2,3-dihydro-1,4-benzodioxin-6-yi)-1-0x0-1,2,3 4~
tetrahydrotsoquinoline-4-carboxylic acid;

3-(2,3-dihydro-1 4-benzodioxin-6-yi}-1-ox0-2-(5,6,7 8-tetrahydronaphthalen-2-y1)-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

2-[3-chloro-4-(morpholin~-4-ylmethylphenyt}-3-(2,3-dihydro-1.4-benzodioxin-6-yl}-1-oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

3-(2,3-dihydro-~1,4-benzodioxin-6-y1)-2-(3,4-dimethyiphenyl}-1-ox0-1,2,3 4-
tetrahydrotsoquinoline-4-carboxylic acid;

2-(3 4-dichlorophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-ox0-1,2,3 4~
tetrahydroisoquinoline~-4-carboxylic acid,

2-[4-(benzyloxy)-3-chlorophenyl}-3-(2,3-dihydro- 1,4-benzodioxin~-6-yl)-1-ox0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;

2-(3-bromophenyl)}-3-(2,3-dihydro-1,4-benzodioxin-0-yl}-1-ox0-1,2,3 4-tetrahydroisoquinoline-
4-carboxylic acid;

2-{(4-cyclopropyl-3-fluorophenyl}-3-(2,3-dihydre-1,4-benzodioxin-¢-yl }-1-0x0-1,2,3 4~

tetrabydroisoquinoline-4~carboxylic acid,

2-{4-(1-cyanocyclohexyl jphenyl}-3-(3,4-dihydro-2ZH-1,5-benzodioxepin-7-yl}-1-ox0-1,2,3,4~
tetrahydroisoquinoline-4-carboxylic acid;

2-(4-tert-butyl-3-chlorophenyl }-3~(2 3-dihydro-1,4-benzodioxin-6-yl)-1-ox0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

o-bromo-3-(2,3-dihydro-1,4-benzodioxin-6-yl)-2-(2,3-dihydro-1H-inden-5-yl - 1-ox0-1,2,3,4-
tetrabydroisoquinoline-4~carboxylic acid,

3-(2,3-dihydro-1,4-benzodioxin-6-yi)-Z-naphthalen-2-yl-1-ox0-1,2,3,4-tetrahydroisoquinoline-4-
carboxylic acid;

3-(2,3-dihydro-~1,4-benzodioxin-6-yi)- 1-ox0-2-(3 4, S-trichlorophenyl)-1,2,3 ,4-

tetrahydroisoquinoline-4-carboxylic acid;

J7-
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2-{3-chloro-4-(1-cyano-1-methylethylphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-1-oxo-
1.2,3 4-tetrahydroisoquinoline-4-carboxylic acid;
6-bromo-2-(3-chloro-4-methylphenyl)-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-ox0-1,2,3 4~
tetrahvdroisoquinoline-4-carboxylic acid;
7-bromo-2-(3-chloro-4-methylphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1~-ox0-1,2.3 .4~
tetrahydroisoquinoline-4-carboxylic acid;
3-(2,3~dihydro-1,4-benzodioxin-6-y1)-2-(3,4-dihydro-1 H-isochromen-7-yl}-1-ox0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;
2-(3-chloro-4-cyclohexylphenyl 3-3-(2,3-dihydro-1,4-benzodioxin-6-yl)-1-0x0-1,2,3 4~
tetrahydrotsoquinoline-4-carboxylic acid;
2-{4-fert-butyl-3-chlorophenyl }-3-(3,4-dihydro-2H-chromen-6-yl)- 1-oxo-1,2.3,4-
tetrahydroisoquinoline-4-carboxylic acid;
7-bromo-2-(4-fert-butyl-3-chlorophenyl}-3-(2,3~dihydro-1,4-benzodioxin-6-y1}-1-ox0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;
2-(4-tert-butyl-3-chlorophenyl)-7-chloro-3-(2,3~dihydro-1,4-benzodioxin-6-yl}-1-ox0-1,2,3,4-
tetrahydrotsoquinoline-4-carboxylic acid;
7-{benzyloxy)-2-{4-rert-butyl-3-chlorophenyi)-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-0x0-
1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;
2-(4-tert-butyl-3-chlorophenyl)-3-(2,3-dihydro-1,4-benzodioxin-6-yl)-6~-tluoro-1-oxo0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid;
2-(4-tert-butyl-3-chlorophenyl}-7-chloro-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-ox0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid;
2-{(4-tert-butyl-3-chlorophenyl)-3-(4-methyl-3 4-dihydro-2H-1 4-benzoxazin-6-yi)-1-ox0-
1.2,3 4-tetrahydroisoquinoline-4-carboxylic acid;
2-(4-tert-butyl-3-chlorophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yi}-7-hydroxy-1-oxo-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;
2-[3-chloro-4-(1-cyanocyclopropyliphenyl]-3-(2 3-dihydro-1,4-benzodioxin-6-yl)-1-0x0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;
2-{4'-acetamido-{1,1-biphenyi}-4-y1}-3-(2,3-dihvdrobenzofb }{ 1 4 Jdioxin-6-y1)-1-0x0-1,2,3,4-
tetrabydroisoquinoline-4~carboxylic acid,
2-{4-(1-acetylpiperidin-4-yDphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yi}-1-ox0-1,2,3,4~
tetrahvdroisoquinoline-4-carboxylic acid;
(2-{(4-acetamido-2-chloro-{ 1, 1-biphenyl}-4-y1)-3-(2,3-dihydrobenzo[b}{ 1 4 ]dioxin-6-yi}-1-oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;
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2-{4-(1-acetylpiperidin-4-yi}-3-methylphenyl}-3-(2,3~dthydro-1,4-benzodioxin-6-y1}-1-oxo0-
1.2,3 4-tetrahydroisoquinoline-4-carboxylic acid;
2-{4-[cis-4-(acetylamino)cyclohexylphenyl }-3-(2,3-dihydro-1,4-benzodioxin-6-y1)-1-ox0-
1,2,3,4-tetrahydroisoquinoline-4-carboxvlic acid;
2-14-[trans~-4-(acetylamino)cyclohexyliphenyl }-3~(2,3-dihydro-1,4-benzodioxin-6-yl)-1-ox0-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;
2-{4-(tert-butyl}-3-chlorophenyi}-3-(2,3-dihydrobenzo[b}{ 1,4 ]dioxin-6-yi)-N-methyl- 1 -oxo-
1,2,3,4-tetrahydroisoquinoline-4-carboxamide;
2-(4-tert-butyl-3-chlorophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yi}-1-ox0-1,2,3 4~
tetrahydroisoquinoline-4-carboxamide;
2-(4-tert-butyl-3-chlorophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-y1)-7-fluoro- 1 -oxo-1,2,3 4-

tetrahydroisoquinoline-4-carboxamide;

2-(4-(tert-butyl}-3-chlorophenyi)-3~(2,3-dihydrobenzob]{ 1 4]dioxin-6-yi)-1-oxo~-7-vinyl-1,2,3 4-

tetrahydroisoquinoline-4-carboxylic acid;
2-(4-tert-butyl-3-chlorophenyl}-3-(2 3~dihydro-1,4-benzodioxin-6-y1)-7-fluoro-1-0x0-1,2,3 4~
tetrahydroisoquinoline-4-carboxamide;
2-{(4-(tert-butyl}-3-chlorophenyi})-3-(2,3-dihydrobenzof 5][ 1,4 ]dithiin-6-y1}-1-ox0-1,2,3 4-
tetrahydroisoquinoline~-4-carboxylic acid,
2-{(4-(tert-butyl}-3-chlorophenyi)-3~(2,3-dihydrobenzolb}] 1, 4]oxathiin-6-yl)~-1-ox0-1,2,3 .4~

tetrahvdrmsoqumohneuffi—ca;rbaxyiic acid,

oxo—1,2,3, 4tetrahydrol soqumohne—éifcarb oxamide;
2-(4-{tert-butyl}-3-chlorophenyl)-3-(chroman-6-yl}-1-ox0-1,2,3 4-tetrahydroisoguinoline-4-
carboxylic acid;
2-(4-(tert-butyl)-3-chlorophenyl}-3-(3,4-dihydro-2H-benzo[bl[ 1,4 loxazin-6-yi)-1-0x0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid;
2-{4-(tert-butyl)-3-chlorophenyi})-3-(4-isopropyl-3,4-dihydro-2H-benzo{bl 1 4 Joxazin-6-y1}-1-
oxo-1,2,3, 4-tetrahydroisoguinoline-4-carboxylic acid,
2-(4-{tert-butyl}-3-chlorophenyl)-3-(3-cyclopropyl-2,3-dihydrobenzofbl{ 1,4 dioxin-6-y1}-7-
fluoro-1-ox0-1,2,3 4-tetrahydroisoquinoline-4-carboxvlic acid;
2-(4-{tert-butyl)-3-chlorophenyl}-3-(2,3-dihydrobenzofb{ 1,4 joxathiin-6-y1)-7-fluoro-1-oxo-

1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

')7}
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{2~{4-(rert-butyl}-3-chlorophenyl 3-3-(2,3~-dihydrobenzo[b}{ 1,4 dioxin-6-yi}-7-fluoro-1-oxo-
1.2,3,4-tetrahydroisoquinolin-4-yljacetic acid; and

3-(2,3-dihydrobenzo[bl{1,4]dioxin-6-yi}-2-(-6-(hydroxymethyl}-5,6,7,8-tetrahydronaphthalen-2-
yi-1-oxo-1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid.

o a variant of the above-embodiment, compounds of the instant invention 1nclude the
following compounds and their pharmaceutically acceptable salts thereof’
{(38,45)-2-(4-(rert-butyl}-3-chlorophenyl 3-3-(2,3-dihydrobenzo[b}{ 1,4 dioxin-6-yi)- 1 -oxo-

1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R}-2-(4-(fert-butyl}-3-chlorophenyl)-3-(2,3-dihydrobenzo[bl{ 1 4 ldioxin-6-yi}-1-ox0-

1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;
(38,45)-2-{4-(tert-butyl)-3-chlorophenyl}-3-(2,3-dihydrobenzolbl[ | 4 dioxin-6-y1)-7-fluoro-1-

oxo-1,23 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R 4R)-2-(4-(tert-butyl)-3-chlorophenyl }-3~(2,3~dihydrobenzo[b ][ 1,4}dioxin-6-y1)-7-fluoro-1-
oxo-1,2 3 4-tetrahydroisoguinoline-4-carboxylic acid,

(3R,4R}-3~(2,3~dihydro-1,4-benzodioxin-6-yi)-2-[4-(1 -methylethyDphenyl}-1-ox0-1,2,3 4~
tetrahydrotsoquinoline-4-carboxylic acid;

{38,48)-3-(2,3-dihydro-1,4-benzodioxin-6-y!}-2-[4-{ 1 -methylethyl)phenyl}-1-ox0-1,2,3 4-
tetrahydroisoquinoline~-4-carboxylic acid,

(3R,4R)-3-(2,3-dihydro-1 4-benzodioxin-6-y1}-2-(2 3-dihydro-1H-inden-5-yi)- 1-oxo0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

(35,45)-3-(2,3-dihydro-1,4-benzodioxin-6-y1)-2-(2,3-dihydro-1 H-inden-5-yl)-1-ox0~1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R}-3~(2,3~dihydro-1,4-benzodioxin-6-yl)-2-(4-morpholin-4-viphenyl}-1-oxo-1,2,3,4-
tetrabydroisoquinoline-4~carboxylic acid,

(38,45)-3-(2,3-dihydro-1,4-benzodioxin-6-yi)-2-{(4-morpholin-4-ylphenyl}-1-ox0-1,2,3,4~
tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R}-3~(2,3-dihydro-1,4-benzodioxin-6-yi)-2-[4-(methyisulfonylphenyl - 1-ox0-1,2 .3 4~
tetrahydroisoquinoline-4-carboxylic acid;

{38,45)-3«(2,3~dihydro-1,4-benzodioxin-6-yi }-2-[4-(methylsulfonvl)phenvi}-1-ox0-1,2,3,4-
tetrabydroisoquinoline-4~carboxylic acid,

(3R,4R}-3-(2,3-dihydro-1,4-benzodioxin-6-yi)-2-[4-{dimethyisulfamoyl)phenyl}-1-0x0-1,2,3 4~
tetrahvdroisoquinoline-4-carboxylic acid;

(35,45)-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-2-[4-(dimethylsulfamoylphenyl }-1-ox0-1,2.3,4-

tetrahydroisoquinoline-4-carboxylic acid;
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(3R AR X-2-[4~(1-cvano-1-methylethylDphenyl]-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-ox0-
1.2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(35,48) (-2-[4-(1-cyano-1-methylethyl)phenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yi -1 -oxo-
1,2,3,4-tetrabydroisoquinoline-4-carboxvlic acid;

(3R, 4R)-2-(2-chloropynidin-4-yi)-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-ox0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

{(38,45)-2«(2-chloropyridin-4-yi}-3~(2,3-dihydro-1,4-benzodioxin-6-yl}-1-0x0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R}-2-(4-cyclopropylphenyl}-3+(2,3-dihydro-1,4-benzodioxin-6-yl}-1-ox0-1,2,3 4~
tetrahydrotsoquinoline-4-carboxylic acid;

(38,45)-2-(4-cyclopropylphenyl }-3~(2,3-dihydro-1,4-benzodioxin-6-y1}-1-0x0-1,2,3 ,4-
tetrahydroisoquinoline-4-carboxylic acid;

(38,45)-2-[4-(4-acetylpiperazin-1-yDphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-y1)-1-oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R 4R})-2-{4-(4-acetylpiperazin-1-y)phenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-1-ox0o-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(38,45)-2-[4-(4-acetylpiperazin-1-ylphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-1-ox0o-
1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R)-2-{4~(4-acetylpiperazin-1-yhphenyl}-3~(2,3-dihydro-1,4-benzodioxin-6-yl}-1-ox0-
1,2,3 4-tetrahydroisoquincline-4-carboxylic acid;

(35,45)-3-(2,3-dihydro-1,4-benzodioxin-0-y1)-2~{4-{ 1 -(2-hydroxyethyl}-1 H-pyrazol-4-
yliphenyl}-1-ox0-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R}-3~(2,3~dihydro-1,4-benzodioxin-6-v1}-2-{ 4-[ 1 -(2-hydroxyethyl}-1 H-pyrazol-4-
yliphenyl }~-1-ox0-1,2,3 4-tetrahydroisoguinoline-4-carboxylic acid;

(35,45)-2-[4-{(difluoromethoxy)phenyli}-3-(2,3-dihydro- 1 4-benzodioxin-6-yl}-1-ox0-1,2 3 4-
tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R)-2-[4-(difluoromethoxy yphenyl]-3-(2,3-dihydro~-1.4-benzodioxin-6-yl}-1-ox0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

{(38,45)-2-(1,3-benzothiazol-5-y1)-3-(2,3-dihydro-1,4-benzodioxin-6-yi}-1-ox0-1,2.3,4-
tetrahydroisoquinoline-4~carboxylic acid,

(3R,4R}-2-(1,3-benzothiazol-5-y1}-3-(2,3~dihydro-1,4-benzodioxin-6-yi}-1-ox0-1,2,3,4~
tetrahyvdroisoquinoline-d-carboxylic acid;

(35,45)-3-2,3-dihydro-1,4-benzodioxin-6-y1}-2-(3,3-dimethyi-2-ox0-2,3-dthydro- 1 H-indol-6-

yi)-1-0x0-1,2,3,4-tetrahvdroisoquincline-4-carboxylic acid;
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{3R,4R}-3-(2,3-dihydro-1,4-benzodioxin-6-y1)-2-(3,3~-dimethyl-2-ox0-2,3-dihydro-1H-indol-6-
yh-1-ox0-1,2.3 4-tetrabydroisoquinoline-4-carboxylic acid;

(35,45)-3-(2,3-dihydro-1,4-benzodioxin-6-yi)-1-ox0-2-[4-{ 1 H-pyrazol-5-yD)phenvl]-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R}-3~(2,3-dihydro-1,4-benzodioxin-6-yi)-1-ox0-2-[4-(1H-pyrazol-5-yhphenylt]-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

{(38,48)-2-(4-chloro-3-tluorophenyl}-3-(2,3~-dihydro-1,4-benzodioxin-6-yl}-1-oxo-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R}-2-(4-chloro-3-fluorophenvl)-3-(2,3-dihydro-1,4-benzodioxin-6-yi})-1-oxo-1,2,3,4~

tetrahydrotsoquinoline-4-carboxylic acid;

(38,45)-2-(4-chloro-3-cyclopropylphenyl }-3-(2,3-dithydro-1,4-benzodioxin-6-yi}-1-ox0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R}-2-(4-chloro-3~-cyclopropylphenyl}-3-(2 3-dihydro-1,4-benzodioxin-6-yl - 1-ox0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid;

35,45)-2-(3~cyano-4-morpholin-4-yiphenyl)-3-(2,3-dihydro-1,4-benzodioxin-6-yi}-1-ox0-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R}-2-(3-cyano-4-morpholin-4-viphenyl}-3~(2,3-dithvdro-1,4-benzodioxin-6-vl)-1-ox0-
1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

(38,45)-2-[3-chloro-4-(difluoromethoxyjphenyl |-3~(2 3-dihydro-1,4-benzodioxin-6-yl )-1-oxo-
1,2,3,4-tetrahydroisoquincline-4-carboxvlic acid;

(3R,4R}-2-{3~chloro-4-(diftuoromethoxy yphenyl]-3-(2,3-dihydro-1,4-benzodioxin-6-yi)- 1 -oxo-~
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(38,45)-3+(2,3-dihydro-1,4-benzodioxin-6-yi }-2-[4-(Z-hydroxy-1, 1 -dimethvlethyl jphenyi}-t-oxo-
1.2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R)-3-(2,3-dihydro-1 4-benzodioxin-6-y1}-2-{4-(2-hydroxy-1, I -dimethylethyl)phenyl]- 1 -

oxo-1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

(35,45)-2 —(3 ~chlorophenyl)-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-ox0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid;

{3R,4R}-2-(3-chlorophenyl}-3-(2,3~dihydro-1,4-benzodioxin-6-yij-1-ox0~1,2,3,4-
tetrabydroisoquinoline-4~carboxylic acid,

(35,48)-2-(3-chloro-4-morpholin-4-yiphenyi }-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-oxo0-
1,2,3,4-tetrabydroisoquinoline-4-carboxvlic acid;

(3R, 4R})-2-(3-chloro-4-morpholin-4-ylphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yi)-1-oxo-
1,2,3

')7}

3 4-tetrahydroisoquinoline-4-carboxylic acid,
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{(38,45)-3«(2,3~dihydro-1,4-benzodioxin-6-yi }-2-(2-methyipyndin-4-yl-1-ox0-1,2,3 4~
tetrahydroisoquinoline-4~carboxylic acid,

(3R, 4R}-3-(2,3-dihydro-1,4-benzodioxin-6-yl -2-(2-methylpyridin-4-yt)-1-0x0-1,2,3 4~

tetrahvdroisoquinoline-4-carboxylic acid;

(35,45)-3-2,3-dihydro-1,4-benzodioxin-6-y1)~-1-ox0-2-[4-(2.2 2-trifluoroethoxy yphenyl}-1,2,3 4-

tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R}-3~(2 3-dihydro-1,4-benzodioxin-6-yi - T-ox0-2-[4-(2,2, 2-triflucrcethoxy jphenyl -
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(35,45)-2-{4-[{(4-chlorophenyl)carbamoyliphenyl } -3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-0x0-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R 4R)-2-{4-[(4-chlorophenyljcarbamoyljphenyl } -3-(2 3-dihydro-1,4-benzodioxin-6-yl)-1-oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(38,45)-2~(4-cyclohexylphenyl}-3-(2 3-dihydro-1,4-benzodioxin-6-yl)-1-oxo0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R}-2-(4-cyclohexylphenyl}-3-(2,3~dihydro-1,4-benzodioxin-6-yi}-1-0x0-1,2,3 4~
tetrahydrotsoquinoline-4-carboxylic acid;

(38,45)-2-[4-(1-cyanocyclohexvhphenvl]-3-(2 3-dihydro-1,4-benzodioxin-6-yl}-1-0x0-1,2,3 4~
tetrahydroisoquinoline~-4-carboxylic acid,;

(38, 4R})-2-[4-(1-cyanocyclohexylyphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-0x0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;

(35,45)-3-(2,3-dihydro-1,4-benzodioxin-6-y1)-1-ox0-2-(5,6,7, 8-tetrahydronaphthalen-2-y1 }-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

{(38,4R}-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-0x0-2-(5,6,7 8-tetrahydronaphthalen-2-yi)-
1.2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(38,45)-3-(2,3-dihydro-1,4-benzodioxin-6-yi)-2-(2-fluoropyridin-4-yi)-1-oxo-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R}-3~(2,3-dihydro-1,4-benzodioxin-6-y1)}-2-(2-fluoropyridin-4-yi)-1-ox0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;

{(38,45)-3«(2,3~dihydro-1,4-benzodioxin-6-y! }-2-[6-(hydroxymethyl}-5,6,7 8-
tetrabydronaphthalen-2-yl}-1-oxo0-1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R}-3-(2,3-dihydro-1,4-benzodioxin-6-yi)-2-[6-(hydroxymethyl)-5,6,7 8-
tetrahvdronaphthalen-2-yi}-1-ox0-1,2 3 4-tetrahydroisoquinoline-4-carboxylic acid;

(35,48)-2-(2~chloro-6-methylpyridin-4-y1)-3~(2,3-dihydro-1,4-benzodioxin-6-yi)- 1 -ox0-1,2,3 4-

tetrahydroisoquinoline-4-carboxylic acid;
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(3R 4R )-2-(2-chloro-6-methylpyridin-4-y1)-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-0x0-1,2,3 4~
tetrabydroisoquinoline-4~carboxylic acid,

(35,48)-2-(4-chloro-3-methylphenyl 3-3-(2,3-dihydro-1 4-benzodioxin-6-yl)-1-0x0-1,2,3 4~
tetrahyvdroisoquinoline-d-carboxylic acid;

(3R, 4R)-2~(4-chloro-3-methylphenyl}-3-(2,3~dihydro-1,4-benzodioxin-6-yi - 1-ox0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

{38,45)-3+(2,3~dihydro-1,4-benzodioxin-6-yi }-2-(4-{ [{methylsulfonylaminoimethyl } phenyl}-1-
oxo-1,2 3 4-tetrahydroisoguinoline-4-carboxylic acid,

(3R,4R}-3-(2,3-dihydro-1,4-benzodioxin-6-yi }-2-(4-{{{methylsulfonyyaminoimethyl } phenyl)-1-
oxo-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid,

(38,45)-3-(2,3-dihydro-1 4-benzodioxin-6-y1-2-(2,6-dimethylpyridin-4-yl)-1-oxo-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R)-3-(2,3-dihydro-1 4-benzodioxin-6-y1}-2-(2 6-dimethylpyridin-4-yi)-1-ox0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid;

35,45)-2-[4~(1~cyanocyclohexylphenyt}-3-(2,3~dihydro-1,4-benzodioxin-6-yl)-1-ox0-1,2,3 4~
tetrahydrotsoquinoline-4-carboxylic acid;

(3R, 4R)-2-[4-(1-cyanocyciohexylphenvi}-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-ox0-1,2,3,4-
tetrahydroisoquinoline~-4-carboxylic acid,

(3R, 4R)-3-(2,3-dihydro-1 4-benzodioxin-6-yl}-1-ox0-2-(5,6,7 8-tetrahydronaphthalen-2-y1)-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(35,45)-3-(2,3-dihydro-1,4-benzodioxin-6-y1)-1-ox0-2-(5,6,7, 8-tetrahydronaphthalen-2-y1 }-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(38,45)-2-[3-chloro-4-(morpholin-4-ylimethyljphenyl}-3-(2,3 -dihydro-1,4-benzodioxin-6-yi)-1-
oxo-1,2,.3 4-tetrahydroisoguinoline-4-carboxylic acid,

(3R,4R)-2-{3 nchiom—f-‘}m(morph@iinmd-nvimetilxri)phell‘vfi]~3 ~-(2,3~-dihydro-1,4-benzodioxin-6-yi)-1-

oxo-1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

(35,45)-3 —(2, 3-dihydro-1,4-benzodioxin-6-y1)-2-(3,4-dimethyiphenyl)-1-ox0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

{3R,4R}-3-(2 3-dihydro-1,4-benzodioxin-6-y1}-2-(3 4-dimethyiphenyl)-1-ox0-1,2,3 4~
tetrabydroisoquinoline-4~carboxylic acid,

(35,45)-2-(3,4-dichlorophenyi)-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-1-0x0-1,2,3 4~
tetrahvdroisoquinoline-4-carboxylic acid;

(3R,4R})-2-(3 4-dichlorophenyl}-3-(2 3-dihydro-1,4-benzodioxin-6-y1 - 1~-ox0-1,2,3,4-

tetrahydroisoquinoline-4-carboxylic acid;
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{(38,45)-2-[4-(benzyloxy}-3-chlorophenyl]-3~(2,3~dihydro-1,4-benzodioxin-6-yl}-1-0x0-1,2,3 4~
tetrahydroisoquinoline-4~carboxylic acid,

(3R, 4R}-2-{4-(benzyloxy}-3-chiorophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-vi}-1-0x0-1,2,3 4~
tetrahvdroisoquinoline-4-carboxylic acid;

(35,45)-2-(3-bromophenyl)-3-(2,3-dihydro-1,4-benzodioxin-6-yl)-1-ox0-1,2.3 4-
tetrahydroisoquinoline-4-carboxylic acid;

{(3R,4R}-2-(3-bromophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-1-0x0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

(35,45)-2-(4-cyclopropyl-3-flucrophenyl }-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-1-ox0-1,2,3,4-
tetrahydrotsoquinoline-4-carboxylic acid;

(3R, 4R)-2-(4-cyclopropyl-3-fluorophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-ox0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;

(38,45)-2-[4-(1-cyanocyclohexylphenyl}-3-(3 4-dihydro-2H-1,5-benzodioxepin-7-yl)-1-oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R})-2-4-(1-cyanocyclohexvlphenyl]-3-(3 4-dihydro-2H-1,5-benzodioxepin-7-yl)-1-ox0-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R 4R}-2-(4-tert-butyl-3-chlorophenyl)-3-(2,3-dihydro-1,4-benzodioxin-6-yi)-1-o0x0-1,2,3,4-
tetrahydroisoquinoline~-4-carboxylic acid,

(38,45)-2~(4-tert-butyl-3-chlorophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-1-0x0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;

(35,4S)-6-bromo-3-(2,3~dthydro-1,4-benzodioxin-6-y1}-2-(2,3-dihydro-1 H-inden-5-yl)-1-ox0-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

{3R,4R)-6-bromo-3-(2,3-dihydro-1 4-benzodioxin-6-y1}-2-(2 3-dihydro-1H-inden-5-y1)-1-ox0-
1.2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(38,45)-3-(2,3-dihydro-1,4-benzodioxin-0-yi}-2-naphthalen-2-yl-1-oxo0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R}-3~(2,3-dihydro-1,4-benzodioxin-6-yi)-2-naphthalen-2-yi-1-ox0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

{(38,45)-3«2,3~dihydro-1,4-benzodioxin-6-yl - 1-ox0-2-(3,4,5-trichlorophenyl}-1,2,3 4-
tetrahydroisoquinoline-4~carboxylic acid,

(3R,4R}-3-(2,3-dihydro-1,4-benzodioxin-6-yi)- 1 -0x0-2-(3 4, 5-trichlorophenyl}-1,2,3 4~
tetrahvdroisoquinoline-4-carboxylic acid;

(35,48)-2-[3~-chloro-4-( 1 -cyano-1-methylethyhphenyi}-3~(2,3-dihydro-1,4-benzodioxin-6-yl)~1-

oxo-1,2,3,4-tetrahydroisoquincline-4-carboxvlic acid;
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(3R 4R}-2-[3-chloro-4-{ 1-cyano-1-methylethyliphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yl)-1-
oxo-1,2,3, 4-tetrahydroisoguinoline-4-carboxylic acid,

(35,48)-6-bromo-2-(3-chioro-4-methylphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yi}-1-ox0-
1,2,3,4-tetrahydroisoquinoline-4-carboxvlic acid;

(3R, 4R}-6-bromo-2-(3-chloro-4-methylphenyl }-3~(2,3-dihydro-1,4-benzodioxin-6-yI)- 1 -ox0-
1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

{(38,458)-7-bromo-2-(3~chioro-4-methylphenyl }-3-(2, 3-dihvdro-1,4-benzodioxin-6-yi)-1-oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R 4R}-7-bromo-2-(3-chloro-4-methylphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yi}-1-0x0-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(38,45)-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-2-(3,4-dihydro-1 H-isochromen-7-yl }-1-oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

{3R,4R)-3-(2,3-dihydro-~1,4-benzodioxin-6-y1}-2-(3 4-dithydro-1H-isochromen-7-y1}-1-0x0-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

IR,4R})-2~(3~chloro-4-cyclohexylphenvi}-3-(2 3-dihydro-1,4-benzodioxin-6-yl - 1-ox0-1,2,3 4~

tetrahydrotsoquinoline-4-carboxylic acid;

(38,45)-2-(3-chloro-4-cyclchexylphenyl)-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-ox¢-1,2,3 4~
tetrahydroisoquinoline~-4-carboxylic acid,

(3R, 4R}-2-(4-tert-butyl-3-chlorophenyl)-3-(3,4-dihydro-2H-chromen-6-y1}-1-0x0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;

(35,4S)-2-(4-~tert-butyl-3-chloropheny! }-3-(3,4-dihydro-2H-chromen-6-yi}-1-ox0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;

(38,45)-7-bromo-2-(4-tert-butyl-3-chlorophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yl }-1-0x0-
1.2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R)-7-bromo-2-(4-tert-butyl-3-chlorophenyl }-3-(2 3-dihydro-1,4-benzodioxin-6-yl)-1-oxo-
1,2,3,4-tetrahydroisoquincline-4-carboxvlic acid;

(35,45)-2-(4-tert-butyl-3-chlorophenyi}-7-chloro-3~(2 3-dihydro-1,4-benzodioxin-6-y1)- 1 -oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R 4R}-2-(4-tert-butyl-3-chlorophenyl }-7-chloro-3-(2,3-dihvdro-1,4-benzodioxin-6-yi)-1-oxo-
'i?,2?3,4~tetrahydroisequineiin e-4~cm‘b0xyiic acid,

(35,48)-7-(benzyloxy}-2-{(4-tert-butyl-3-chiorophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yi)-1-
oxo-1,2,3,4-tetrahydroisoguinoline-4-carboxylic acid,

(3R, 4R)-7-(benzyloxy)-2-(4-tert-butyl-3-chlorophenyl)-3-(2,3-dihydro-1,4-benzodioxin-6-yl)-1-

oxo-1,23 4-tetrahydroisoquinoline-4-carboxylic acid;
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(3R, 4R}-2-(4-tert-butyl-3-chlorophenyl)-3~(2,3-dihydro-1,4-benzodioxin-6-y1)-6-fluoro-1-oxo-
1.2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(35, 45)-2-(4-tert-butyl-3-chlorophenyl)-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-6-flucro-1-oxo-
1,2,3,4-tetrabydroisoquinoline-4-carboxvlic acid;

(3R, 4R)-2-(4-tert-butyl-3~chlorophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-6-fluoro-1-oxo-
1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

(38, 4S)-2-(4-tert-butyl-3-chlorophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-y)-6-fluoro-1-oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R 4R}-2-(4-tert-butyl-3-chlorophenyl)-7-chloro-3-(2,3-dihydro-1,4-benzodioxin-6-yi)-1-ox0-

1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(38, 48)-2-(4-tert-butyl-3-chlorophenyl}-7-chloro-3-(2,3-dihydro-1 4-benzodioxin-6-yi)-1-oxo-
1,2,3,4-tetrahydroisogquinoline-4-carboxylic acid;

(3R 4R)}-2-(4-tert-butyl-3-chlorophenyl)-3-(4-methyl-3 4-dihydro-2H-1,4-benzoxazin-6-yl)-1-
oxo-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

385, 45)-2-(4-tert-butvl-3-chlorophenyi)-3-(4-methyl-3,4-dihydro-2H-1,4-benzoxazin-6-yl - 1-
oxo-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid,

(3R 4R}-2-(4-tert-butyl-3-chlorophenyl)-3-(4-methyl-3 4-dihydro-2H-1,4-benzoxazin-6-yi}-1-
oxo-1,2,.3,4-tetrahydroisoquinoline-4-carboxvlic acid;

(38, 45)-2-(4-tert-butyl-3-chlorophenyl)-3-(4-methyi-3 4-dihydro-2H-1,4-benzoxazin-6-yl)-1 -

oxo-1,2,3 4-tetrahydroisoguinoline-4-carboxylic acid;

(35,48)-2-(4-~tert-butyl-3-chloropheny! }-3-(2,3-dihydro-1,4-benzodioxin-6-y1)-7-hydroxy-1-oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R}-2-(4-tert-butyl-3-chlorophenyl)-3-(2,3-dihydro-1,4-benzodioxin-6-y1)-7-hydroxy-1-oxo-
1.2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(35,48)-2-3 -chloro—4n( {-cvanocyclopropylphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-y1)-1-

oxco-1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

{ 3R,4R}—2~[3~Ch10r0~4—(1-:.:yan@q,fclopmpy yphenyi}-3-(2,3-dihydro-1,4-benzodioxin-6-yl)-1-
oxo-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R}-2-[3-chloro-4-( 1-cyanocyclopropylphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-1-
oxo-1,2,.3 4-tetrahydroisoguinoline-4-carboxylic acid,

(35,48)-2-[3-chloro-4-(1-cvanocyclopropyl)phenyl}-3+(2,3-dithvdro-1,4-benzodioxin-6-vi)-1-
oxo0-1,2,3, 4-tetrahydroisoguinoline-4-carboxylic acid,

(3R, 4R)-2-(4"-acetamido-[ 1,1 -biphenyl]-4-y1}-3-(2,3-dihydrobenzo[b ][ 1,4 Jdioxin-6-yi}-1-0x0-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;
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{38,48)-2-(4"-acetamido-{ 1, 1"-biphenyl}-4-y13-3-(2,3-dihydrobenzo[b}{ 1,4 ]dioxin-6-yi}-T-ox0-
1.2,3 4-tetrahydroisoquinoline-4-carboxylic acid;
(35,45)-2-[4-(1-acetylpiperidin-4-vDphenvl}-3-(2 3-dihydro-1,4-benzodioxin-6-yl}- 1 -oxo-
1,2,3,4-tetrahydroisoquinoline-4-carboxvlic acid;
(3R, 4R)-2-[4-(1-acetylpiperidin-4-yhphenyt }-3-(2,3-dihydro-1,4-benzodioxin-6-y1}~1 -oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;
(3R, 4R)-2-(4"-acetamido-2~chioro-{ 1,1-biphenyl-4-y1}-3-(2,3-dihydrobenzo[bl{ 1,4 1dioxin-6-yl}
I-ox0-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;
(35,45)-2-(4"-acetamido-2-chloro-{1,1'-biphenyl]-4-yt}-3-(2,3-dihydrobenzo[b]{ 1,4 ]dioxin-6-yi }-
t-oxo-1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;
(38,45)-2-{4-(tert-butyl)-3-chlorophenyl}-3-(2,3-dihydrobenzo[bl[ 1,4 Jdioxin-6-y1}-N-methyl-1-
oxo-1,23 4-tetrahydroisoquinoline-4-carboxamide;
(3R 4AR)-2-(4-(tert-butyl)-3-chlorophenyl }-3-(2, 3~dihydrobenzo[b ] 1,4 ]dioxin-6-yi)-N-methyi-1-
oxo-1,2 3 4-tetrahydroisoguinoline-4-carboxamide;
35,45 )-2-(4-tert-butyl-3-chlorophenyl3-3-(2,3-dihydro-1 ,4-benzodioxin-6-yl}-1-0x0-1,2,3 4-~
tetrahydroisoquinoline-4-carboxamide;
(3R, 4R}-2-(4-tert-butyl-3-chlorophenyl)-3-(2,3-dihydro-1,4-benzodioxin-6-y1)-1-ox0-1,2,3,4-
tetrahydroisoquinoline-4-carboxamide;
(38,45)-2~(4-tert-butyl-3-chlorophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-y1 }-N N-dimethyl- 1 -
oxo-1,2,3 4-tetrahydroisoquinoline-4-carboxamide;
JAR}-2-(4-tert-butyl-3-chlorophenyi}-3-(2,3~-dihydro-1,4-benzodioxin-6-y1 }-N,N-dimethyl-1
oxo-1,2,3 4-tetrahydroisoquinoline-4-carboxamide;
(38,48)-2-{4-tert-butyl-3-chlorophenyi)-3-(2,3-dihydro-1,4-benzodioxin-6-yl1}-7-fluoro-1-oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxamide;
(3R, 4R)-2-(4-tert-butyl-3-chlorophenyl)-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-7-tfluoro-1-oxo-
1,2,3,4-tetrahydroisoquincline-4-carboxamide;
(35,45)-2-(4-(tert-butyl)-3-chlorophenyl}-3-(2,3-dihydrobenzolb}{ 1 4 Jdioxin-6-y1}-1-ox0-7-
vinyi-1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;
(3R, 4R}-2-(4-(tert-butyl)}-3-chlorophenyl}-3-(2,3-dihydrobenzofbl}[ 1,4 }dioxin-6-yl)-1-oxo-7-
vinyl-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;
(3R, 4R}-2-(4-(fert-butyl)-3-chlorophenyl)-3-(2,3-dihydrobenzo[ 5][ 1,4 ]dithiin-6-y1}-1-ox0-
1,2,3,4-tetrahydroisoquinoline-4-carboxvlic acid;
(35,45)-2-(4~(fert-butyl}-3-chlorophenyl}-3-(2 3-dihydrobenzof 61 1,4 dithiin-6-yi)-1-oxo-

1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;
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(3R, 4R )-2-(4-(tert-butyl}-3-chloropheny! }-3-(2,3-dihydrobenzofb}{ 1,4 Joxathiin-6-yl}- 1-oxo0-
1.2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(35,48)-2-(4-(tert-butyl)-3-chiorophenyl}-3-(2,3-dihydrobenzo{b}{ I 4 Joxathiin-6-yl)-1-ox0-
1,2,3,4-tetrabydroisoquinoline-4-carboxvlic acid;

(3R, 4R} 2 (4(tert-butyl} 3-—chlorophenyl}-3-(2,3-dihydrobenzo[b]{ 1 4 ]oxathiin-7-yl}- 1

oxo-1,2,3 4-tetrahydroisoguinoline—4-—carboxylic acid;

(B3R,4R}-2-{4(tert-butyl}-3-chlorophenyl}-3- (2,3 dihydrobenzofb]{ 1,4 ]dioxin-6-yi}-N-
hydroxy—1-oxo-1,2,3 4 tetrahydroisoquinoline—4-—carboxamide;

(385,45)-2-(4-(tert-butyl)-3-chlorophenyl }-3-(2,3-dihydrobenzo[b][ 1 4]dioxin-6-yl}- N
hydroxy-1-oxo-1,2,3,4-tetrahydroisoquinoline-4-carboxamide;

(38,45)-2-(4-(tert-butyl}-3-chlorophenyl)-3-(chroman-6-yl)-1-ox0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R}-2-{4-(tert-butyl}-3-chlorophenyl}-3-(chroman-6-yl}-1-ox0-1,2,3 4~
tetrahydrotsoquinoline-4-carboxylic acid;

(38,45)-2-(4-(tert-butvl)-3-chlorophenyl)-3-(3,4-dihydro-2H-benzo[b{ 1,4 joxazin-6-yl}- 1 -oxo-
1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

(3R.4R} -2-(4-(tert-butyl)-3-chlorophenyl}-3-(3 4-dibydro-2H-benzo[b[ 1,4 ]oxazin-6-y1)-1-oxo-
1,2,3,4-tetrahydroisoquincline-4-carboxvlic acid;

35,4S) -2-(4-(tert-butyi}-3~chlorophenyl}-3-(4-isopropyl-3,4-dihydro-2H-benzolbl{ 1,4joxazin-
6-yh-1-ox0-1,2,3 4-tetrahydrotsoquinoline-4-carboxylic acid;

(3R 4R) -2-{(4-(tert-butyl}-3-chlorophenyl}-3-(4-isopropyl-3,4-dihydro-2H-benzo[bi[ | 4joxazin-
6-yl)-1-ox0-1,2,3 4-tetrahydroisoquinoline-4~-carboxylic acid,

(38,45)-2-(4-(tert-butyl}-3-chlorophenyl}-3-(3-cyclopropyi-2,3-dihydrobenzo{bif 1 4 ]dioxin-6-
yi3-7-fluoro-1-ox0-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R )-2-(4-(tert-butyl)-3-chlorophenyl}-3-(3~cyclopropyl-2,3-dihydrobenzolb }{ 1,4 Jdioxin-6-
yh)-7-fluoro-1-oxo-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid,

{(38,458)-2-(4-(tert-butvl}-3-chlorophenyl}-3-(2,3-dihydrobenzo[b}{ 1,4 ]oxathiin-6-y1}-7-fluoro-1-
oxo-1,2,.3, 4-tetrahydroisoguinoline-4-carboxylic acid;

(3R 4R}-2-(4-(tert-butyl)-3-chlorophenyl)-3-(2,3-dihydrobenzo{b][ 1,4 Joxathiin-6-y1}-7-fluorc-1-
oxo0-1,2,3, 4-tetrahydroisoguinoline-4-carboxylic acid,

2-((38,45)-2~(4-(tert-butyl }-3-chlorophenyl }-3-(2 3-dihydrobenzo[bl[1,4 dioxin-6-y1)-7-fluoro-1-

oxo-1,2,3 4-tetrahydroisoquinalin-4-yl)acetic acid;
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2-{(3R 4R }-2-(4~({tert-butyl}-3-chlorophenvi}-3-(2 3-dihydrobenzo{bl] 1,4 {dioxin-6-v1}-7-fluoro-
I-ox0-1,2,3 4-tetrahydroisoquanolin-4-yhacetic acid;

(3R 4R}-3-(2,3-dihydrobenzo{b]i I, 41dioxin-6-v1}-2-{(8)-6-(hydroxymethyi}-5,6,7, 8-
tetrahvdronaphthalen-2-yi)-1-ox0-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R})-3~(2,3-dihydrobenzo[blf 1,41dioxin-6-y1}-2-({R)-6-(hydroxymethyl}-5,6,7 8-
tetrahydronaphthalen-2-yi}-1-oxo-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

{38,48)-3«(2 3~-dihydrobenzo[bi[1,41dioxin-6-y1}-2-{( 5}-0-(hydroxymethy!}-5,6,7 8-
tetrahydronaphthalen-2-yi)-1-oxo0-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid; and

(35,45)-3-(2,3-dihydrobenzo[b{ 1 4]dioxin-6-y1 }-2-((R)-0-(hydroxymethvl}-5,6,7 8-
tetrahydronaphthalen-2-yl}-1-ox0-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid.

The invention also encompasses pharmaceutical compositions containing a
compound of formula I, and methods for treatment or prevention of STING mediated diseases
using compounds of formula L

One aspect of the present invention is to provide compounds that can inhibit the
biological activity of STING. Another aspect of the invention s {o provide methods of
selectively modulating human STING activity and thereby promoting medical treatment of
diseases mediated by STING dysfunction.

In one embodiment of the invention, the compounds of formula I inhibit STING
activity in biochemical and cell-based assays and exhibit therapeutic activity in medical
conditions in which STING activity is excessive or undesirable.

The invention is described using the following definitions unless otherwise
indicated.

When any variable (e.g. aryl, heteroaryl, {1 RS , efc.} occurs more than one time
in any constituent, its definition on each occurrence is independent at every other occurrence.
Also, combinations of substituents/or variables are permissible only if such combinations result
in stable compounds.

The wavy line YVYVY™ | as used herein, indicates a point of attachment to the rest

of the compound.

Lines drawn into the ring systems, such as, for example: #indicate that the
indicated line (bond) may be attached to any of the substitutable ring carbon atoms.
The term "alkyl,” as used herein, refers to an aliphatic hydrocarbon group having one of its

hydrogen atoms replaced with a bond. An alkyl group may be straight or branched and contain
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from about 1 to about 10 carbon atoms. In different embodiments, an alkyl group contains from
1 to 6 carbon atoms (C-~ alkyl) or from about 1 to about 3 carbon atoms (Cy-; alkyl). Non-
limiting examples of alkyl groups include methyl, ethyl, n-propvl, isopropyl, n-butyl, sec-butyl,
iscbutyl, tert-butyl, n-pentyl, neopentyl, isopentyl, n-hexyl, isohexy! and nechexyl. In one
embodiment, an alkyl group 1s linear. In another embodiment, an alkyl group is branched.
Unless otherwise indicated, an alkyl group is unsubstituted.

The term "alkoxy" represents a linear or branched alkyl group of indicated number of
carbon atoms attached through an oxygen bridge.

" Alkenyl" refers to an aliphatic hydrocarbon group containing at least one carbon-carbon
double bond and which may be straight or branched and having the indicated number of carbon
atoms. Preferably alkenyl contains one carbon to carbon double bond, and up to four
nonaromatic carbon-carbon double bonds may be present. Examples of alkenyl! groups include
ethenyl, propenyl, n-butenyl, 2-methyl-1-butenyl, 3-ruethylbut-2Z-enyl, n-pentenyl, octenyl and
decenyl.

" Alkoxyalkyl” refers to an alkyl group as described above tn which one or more
{in particular 1 to 3) hydrogen atoms have been replaced by alkoxy groups. Examples include
CH,O0CH,, CH,CH,OCH, and CH(OCH,)CH,.

"Aminoalkyl" refers to an alkyl group as described above in which one hvdrogen
atom has been replaced by an amino (-NH,), monoalkylamino or dialkylamino group. Examples
include CH,NH,, CH,CH,NHCH; and CH{N(CH;},)CH;.

The term “Cy” as employed in expressions such as “Cy, alkyl” means a divect
covalent bond; or when the term appears at the terminus of a substituent, Co, alkyl means
hydrogen or Csalkyl. Similarly, when an integer defining the presence of a certain number of
atoms in a group is equal to zero, it means that the ators adjacent thereto are connected directly

\
e - 5y
QVey”
by a bond. For example, in the structure T, wherein s i8 an integer equal to zero, 1 or

&

Q Y 4
2, the structureis T when s is zero.
The term "halogen” (or “halo”™} refers to fluorine, chlorine, bromine and iodine
{alternatively referred to as fluoro (F), chloro (Cl), bromo (Br), and iodo (I)).
Except where noted, the term “aryl” is intended to mean any stable monocyclic or
bicyclic carbon ring of up to 12 atoms in each ring, wherein at least one ring is aromatic.

Examples of such aryl elements include phenyl, naphthvl, tetrahydronaphthy! and indanyl. In
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one embodiment, an aryl group contains from about 6 to about 10 carbon atoms. In one
embodiment, an aryl group can be optionally fused to a cycloalkyl or cycloalkanoyi. Non-
limiting examples of aryl groups include phenyl and naphthyl. In one embodiment, an aryl
group is phenyl. Unless otherwise indicated, an aryl group is unsubstituted.
“Carboxy” refers to the functional group —C{O)OR, for example: ethyicarboxy is
Q

I A
- C—O/\? phenylcarboxy is - G0

~ ., and cyclopropycarboxy is -

The term “carbocycle” {and variations thereof such as “carbocyclic” or
“carbocyclyl”) as used herein, unless otherwise indicated, refers to (i) a C; to Cg monocyclic,
saturated or unsaturated ring or (ii) a C- to Cy; bicyclic saturated or unsaturated ring system.
Each ring 1n {11} is either independent of, or fused to, the other ring, and each ring s saturated or
unsaturated. The carbocycle may be attached to the rest of the molecule at any carbon atom
which results in a stable compound.

“Cycloalkyl” or “Cs.p, cycloalkyl” means any univalent radical derived from a
monocyclic or bicyclic ring system having 3 to 12 ring carbons atoms; said ring systern may be
{a) a C; to a Cg monocyclic, saturated ring, or (b} a bicyclic saturated ring. Here, the point of
attachment for a “cycloalkyl” to the rest of the molecule is on the saturated ring. For a bicyclic
system, with (b}, the rings are fused across two adjacent ring carbon atoms {e.g , decalin), or are
bridged groups (e.g., norbornane). Additional examples within the above meaning tnclude, but
are not himited to univalent radicals of cyclopropane, cyclobutane, cyclopentane, cyclohexane,
decalin, bicyclo[2.2.2]octane and 3a,5,0,7-tetrahydro-4H-indene.

The term “Cs5 cycloalkyl” (or “Cs-Cq cycloalkyl™) means a cyelic ring of an
alkane having three to eight total carbon atoms (i.e, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, or cyclooctyl). The terms “Cs.; cycloalkyl”, “Cs. cycloalkyl”, “Cs,
cycloalkyl” and the like have analogous meanings.

The term "heteroaryl,” as used herein, refers to an aromatic monocyclic ring
comprising about 5 to about 7 ring atoms, wherein from 1 to 4 of the ring atoms are
independently O, N or S and the remaining ring atoms are carbon atoms. Non-limiting examples
of heteroaryls include pyridyl, pyrazinyl, furanyl, thienyl, pyrimidinyl, pyridone (including N-
substituted pyridones), isoxazolyl, iscthiazolyl, oxazolyl, oxadiazolyl, thiazolyl, pyrazoivl,

pyrrolyl, triazolyl, 1,2.4-thiadiazolyl, pyridinyl, pyrazinyl, pyridazinyl, imidazolyl, and the hike,
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and all isomeric forms thereof. In one embodiment, a heteroaryl group 1s a S-membered
heteroaryl. Tun another embodiment, a heteroaryl group is a 6-membered monocyclic heteroaryl.
In ancther embodiment, a heteroaryl group comprises a 5- to 6-membered monocyclic heteroaryl
group fused to a benzene ring. Unless otherwise indicated, a hetercaryl group is unsubstituted.

The term "heterocycloalkyl,” as used herein, refers to a non-aromatic saturated
monocyclic or multicyclic ring system comprising 3 to about 11 ring atoms, wherein from 1 to 4
of the ring atoms are independently O, §, or N, and the remainder of the ring atoms are carbon
atoms. A heterocycloalkyl group can be joined via a ring carbon or ring nitrogen atom. Said
ring system may be (a) a saturated monocyclic ring or a partially unsaturated ring, or (b} a
bicyclic saturated carbocycle. For a bicyclic system, within either (a) or (b), the rings are fused
across two adjacent ring carbon atoms (e.g., decahydroisoquinoline), at one ring carbon atom
{(e.g., spirof2 4iheptyl, spiro{2.2]pentane), or are bridged groups {e.g., 2,5-
diazabicyclo[2.2.1Theptyl).

In one embodiment, a heterocycloalkyl group is monocyclic and has from about 3 to
about 7 ring atoms. In another embodiment, a heterocycloalkyl group is monocyclic has from
about 5 to about 8 ring atoms. In another embodiment, a heterocycloalkyl group is bicyclic and
has from about 8 to about 11 ring atoms. In still another embodiment, a heterocycloalkyl group is
monocyclic and has 5 or 6 ring atoms. In one embodiment, a heterocycloalkyl group is
monocyclic. In another embodirent, a heterocycloalkyl group 1s bicyclic. There are no adjacent
oxygen and/or sulfur atoms present in the ring system. Non-limiting examples of monocyclic
heterocycloalkyl rings include oxetanyl, piperidyl, pyrrolidinyl, piperazinyl, morpholinvl,
thiomorpholinyl, thiazolidinyl, 1,4-dioxanyl, tetrahydrofuranyl, tetrahydrothiophenyl, delta-
lactam, delta-lactone and the like, and all isomers thereof.

“Haloalkyl” refers to an alkyl group as described above wherein one or more (in
particular 1 to 5} hydrogen atoms have been replaced by halogen atoms, with up to complete
substitution of all hydrogen atoms with halo groups. €, haloalkyl, for example, includes -CF;,

-CF,CF;, -CHFCH;, and the like.

"Hydroxyalkyl" refers to an alkyl group as described above in which one or more
{in particular 1 to 3) hvdrogen atoms have been replaced by hydroxy groups. Exampies include
CH,0OH, CH,CHOH and CHOHCH;.

The term “sulfamoyl” is a suffix to denote radicals derived from sulfamide such
as

—ngN}{zg '_gO;r‘NE{R and "SOzN(RRQ
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“Sulfanyl” refers to mercapto radical, -SH. For example, methylsulfanyl is -
SC}‘ig.
“Sulfony!l” refers to ~S(=0O}R. For example, -S{(=0)H, methylsulfonyl (-

[s)
S(=(0),CHs), or cyclopropylsulfonyl { v/ ).

Unless expressly stated to the contrary, an “unsaturated” ring is a partially or fully
unsaturated ring. For example, an “unsaturated monocyclic Cq carbocycle” refers to
cyclohexene, cyclohexadiene, and benzene.

Unless expressly stated to the contrary, all ranges cited herein are inclusive. For
example, a heterocycle described as containing from "1 to 4 hetercatoms” means the heterocvcle
can contain I, 2, 3 or 4 heteroatoms.

The term "substituted” (e.g, as in “ary! which is optionally substituted with one
or more substituents ...} includes mono- and poly-substitution by a named substituent to the
extent such single and multiple substitution (including multiple substitution at the same site) is
chemically allowed.

The term "oxy" means an oxygen (O} atom. The term "thio" means a sulfur (5)
atom. The term "oxo" means “=0". The term “carbonyl” means “C=07"

Structural representations of compounds having substituents terminating with a

methyl group may display the terminal methyl group either using the characters “CH;”, e.g. -

§t §t

CH;” or using a straight line representing the presence of the methyl group, g — |ie,

“ Q= CH,

1] m

i
and Em i . , .
ave equivalent meanings.
For variable definitions containing terms having repeated terms, e.g., (CRE;),,
where 1 is the integer 2, R;is a defined variable, and R;is a defined variable, the value of R; may
differ in each instance in which it occurs, and the value of R;may differ in each instance in

which it occurs. For example, if R; and R, are independently selected from the group consisting

ai&if\f\’
of methyl, ethyl, propyl and butyl, then (CR;R;), can be b

In one embodiment of the invention, B, is selected from —~OH, amino, -NHOH, -

N(Cy 5 alkyl}),, and -N(C;alkyl) and the other groups are provided in the general formula L

4.
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In a second embodiment of the invention, Ry 1s selected from —OH, amino, -
NHOH, dimethylamino, diethylamino, dipropvlamineo, methylamino, ethylamino, and
propylaming and the other groups are provided in the general formula I above.

In a third embodiment of the invention, R, is selected from —OH, amino, -NHOH,
dimethylamino, and methylamino, and the other groups are provided in the general formula {
above.

In a fourth embodiment, n 1s 0, 1, or 2, and the other groups are provided in
general formula [ above or or as in the first through third embodiments.

In a fifth embodiment, n is 0, or 1, and the other groups are provided in general
formula I above or or as in the first through third embodiments.

In a sixth embodiment of the disclosure, z 15 0, 1, or 2, and the other groups are
provided in general formula I above or or as in the first through fifth embodiments.

In a seventh embodiment, z is 0, or 1, and the other groups are provided in
general formula [ above or or as in the first through fifth embodiments.

In a eighth embodiment of the disclosure, z is 0, 1, or 2, and the other groups are
provided in general formula I above or or as in the first through seventh embodiments.

In a ninth embodiment, z 1s 0, or 1, and the other groups are provided in general
formula [ above or or as in the first through seventh embodiments.

In a tenth embodiment of the disclosure each Rj is independently selected from Cq¢
alkyl, C; ghaloalkyl, CicycloalkylCygalkyl, and CyheterocycloaliylCo qalkyl and the other
groups are provided in general formula I above or as in the first through ninth embodiments.

In an eleventh embodiment of the disclosure,each R; is independently selected from C
alkyl and CicycloalkylCoealkyl, and the other groups are provided in general formula I above
or as in the first through ninth embodiments.

In a twelfth embodiment of the invention, each R; is independently selected from methyl,
isopropyl, and cyclopropyl, and the other groups are provided in general formula f above or as in
the first through ninth embodiments.

In a thirteenth embodiment of the disclosure, each Ry is independently selected from
halogen, hydroxy, C,. alkenyl, and aryl{Cy.;o alkyloxy(Cy.p alkyl), and the other groups are
provided in general formula I above or as in the first through twelfth embodiments.

In a fourteenth embodiment of the disclosure, each Ry is independently selected from
halogen, hydroxy, C, alkenyl, and aryl{Cy.i0 alkyoxy, and the other groups are provided in

general formula I above or as in the first through twelfth embodiments.

5.
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In a fifteenth embodiment, each Ry is independently selected from halogen, hydroxy,
ethenyl, and phenylmethoxy, and the other groups are provided in general formula I above or as
in the first through twelfth embodiments.

In a sixteenth embodiment of the disclosure, each Ry is independently selected from:
halogen, Cy.g alkyl{oxy). Coap alkyl, Cy.yp hetercalkvl{oxy)e. Coae alkyl, Chqp altkenyl{oxy)
0-1C 0.0 alkyl, aryl Cop alkvl{oxy ). Cong alkyl, Ciqp cycloalkyl Colio alkyl{oxy ). Co.io alkyl,
heteroaryl Cy.qq alkyl{oxy )y 1Co.1g alkyl, (Cqppdheterocycloalkyl Co.yg alkyl{oxy)q.1Coqg alkyl,
amino, Cyp alkylaminoCy.o alkyl, arvl Cy.i alkylamino (carbonyD}Co.pp alkyl, Cyyp
alkylsulfonylCo.ig alkyl, Cyip alkyisulfonylaminoCy g alkyl, (Cyyy alkyly, amino, -SO,NH;,
~SONB(C 0 alkyl), -SON(Cy g alkyl);, -SH, -S{Cy.1p alkyl), -NH=CH,, hydroxy, (C.10
alkyYOH, -Co. alkylalkoxy,
cyane, ~{C; saltkvlicvano, and Cshaloatkyl{oxv)e.,; wherein each Rs is substituted with 0, 1, 2,
or 3 R substituents, and the other groups are provided 1o general formula T above or as in the
first through fifteenth embodiments.

In a sevenieenth embodiment, each Ry 13 independently selected from: halogen, C
alkyl{oxy)n.1Co.10 alkyl, Gy alkenyl, aryl Cop alkyl{oxy ). Co.io alkyl, Capp cycloalkyl Cyqg
alkyl, heteroaryl Cy.yp alkyl, (Cs.qadheterceycloalioyl Coyg atkyl, Cilyo alkylaminoCe., alkyl, aryl
Co.a0 alkylamino (carbonyl}Cq.yg alkyl, Ciao alkylsulfonylCy g atkyl, Ci 40 alkylsulfonylamino
Coae alkyl, (Crag altkyl}yy; aming, -SONH(C .19 alkyl}, -SO,N(Cy.qg alkyl),, -SH, -NH=CH,,
-{(Ci.10 alkyDYOH, -Cy. alkylalkoxy, cyano, -(Cgalkylicyano, and C, ¢haloalkyl{oxy )., wherein
each Rgis substituted with 0, 1, 2, or 3 By substituents, and the other groups are provided in
general formula | above or as in the first through fifteenth embodiments.

In an eigthteenth embodiment, each Rsis independently selected from:

F, Cl, ferz-butyl, isopropvl, methyl, ethyl, morpholinyl, methylsufonyl, dimethysulfamoyl,
1-cyano-1-methylethyl, cyclopropyl, piperazinyl, pyrazolyl, moethoxy, -SH, -N=CH,,
methylamino, cvano, hydroxyethyl, 2,2, 2-trifluoroethyloxy, phenylaminocarbonyl, cyclohexyl,
propyl, ({methylsulfonyljaminomethyl, morpholinyimethyl, phenylmethyloxy (benzvioxy), Br,
prop-2-enyl, hydroxymethyl, phenyl, and piperidinyl, wherein each Rs is substituted with 0, 1, 2
or 3 R substituents, and the other groups are provided in general formula Tabove or as in the
first through fifteenth embodiments.

fo a mineteeth ernbodirnent of the disclosure, each Rg 1s independently selected from
halogen, cyano, oxo, C4 alkylcarbonyl, C 4 alkyl, C ¢ alkylcarbonylamino, and -{C i,
alkylYOH, and the other groups are provided in general formula | above or as in the first through
eigthteenth embodiments.

26
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In a twentieth embodiment of the invention, each Ry 15 independently selected from
halogen, methylcarbonyl, hydroxyethyl, oxo, cyano, hydroxymethyl, methylcarbonyl amino, and

methyl, and the other groups are provided 1n general formula I above or as in the first through

eigthteenth embodiments.

, and the other groups are provided in general formula {

above or as in the first through twentieth embodiments.

In a twenty-second embodiment of the invention,
and the other groups are provided in general formula I above or as in the first through twentieth
embodiments.

"Patient” for the purposes of the present invention includes humans and other animals,
particularly mammals and other organisms. Thus the methods are applicable to both human
therapy and veterinary applications.

“Mammal” means humans and other mammalian animals.

“Therapeutically effective amount” means that amount of a drug or pharmaceutical agent
that will elicit the biological or medical response of a tissue, a system, animal or human that
isbeing sought by a researcher, veterinarian, medical doctor or other clinician.

The terro “treatment” or “treating” includes alleviating, ameliorating, relieving or
otherwise reducing the signs and symptoms associated with a disease or disorder.

The term "composition”, as 1n pharmaceutical composition, is intended to encompass a
product comprising the active ingredient(s), and the inert ingredient(s) (pharmaceutically
acceptable excipients) that make up the carrier, as well as any product which results, directly or
indirectly, from combination, complexation or aggregation of any two or more of the ingredients,
or from dissociation of one or more of the ingredients, or from other types of reactions or

interactions of one or more of the ingredients. Accordingly, the pharmaceutical compositions of

£
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the present invention encompass any composition made by admixing a compound of formula |,
and pharmaceutically acceptable excipients.

The term “optionally substituted” means “unsubstituted or substituted,” and therefore, the
generic structural formulas deseribed herein encompasses compounds containing the specified
optional substituent as well as compounds that do not contain the optional substituent.

Each variable is independently defined each time it occurs within the generic
structural formula definitions. For example, when there is more than one substituent for
aryl/heteroaryl, each substituent is independently selected at each occurrence, and each
substituent can be the same or different from the other(s). As another example, for the group
~CR'RY),-, each oceurrence of the two R’ groups may be the same or different. As used herein,
unless explicitly stated to the contrary, each reference to a specific compound of the present
invention or a generic formula of compounds of the present invention is intended to include the
compound(s) as well as pharmaceutically acceptable salts thereof.

Recitation or depiction of a specific compound in the claims (1.e., a species)
without a specific steroconfiguration designation, or with such a designation for less than all
chiral centers, 18 intended to encompass the racemate, racemic mixtures, each individual
enantiomer, a diasteroisomeric mixture and each individual diastereomer of the compound
where such forms are possible due to the presence of one or more asymmetric centers.

Optical Isomers - Diastercomers - Geometric Isomers - Tautomers

All sterecisomers {(for example, geometric isomers, optical isomers and the like)
of the present compounds (including those of the salts, solvates, esters and prodrugs of the
compounds as well as the salts, solvates and esters of the prodrugs), such as those which may
exist due to asymmeetric carbons on various substituents, including enantiomeric forms (which
may exist even in the absence of asymmetric carbons), rotameric forms, atropisomers, and
diastereomeric forms, are contemplated within the scope of this invention. (For example, if a
compound of Formula (1} incorporates a double bond or a fused ring, both the cis- and trans-
forms, as well as mixtures, are embraced within the scope of the invention. Also, for example, all
keto-enol and imine-enamine forms of the compounds are included in the invention. ) Individual
sterecisomers of the compounds of the invention may, for example, be substantially free of other
isomers, or may be admixed, for example, as racemates or with all other, or other selected,

sterecisomers. The chiral centers of the present invention can have the S or R configuration as

[1 NN
9

defined by the JU/PA(C 1974 Recommendations. The use of the terms "salt”, "solvate”, “ester”,

"prodrug” and the like, is intended to equally apply to the salt, solvate, ester and prodrug of

8-
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enantiomers, stereoisomers, rotamers, tautomers, positional isomers, racemates or prodrugs of
the nventive compounds.

In the present application when a particular stereomeric compound is named
using an "and” in the stereomeric designation, for example, (35,48) and (3R 4R )-3-(2,3-dihydro-
L4-benzodioxin-6-yi)-2-(3,3-dimethyl-2-ox0-2,3-dihydro-1H-indol-6-y1}-1-0x0-1,2.3 4-
tetrahydroisoquinoline-4-carboxylic acid, the "and" indicates a racemic mixture of the
enantiomers. That s, the individual enantiomers were not individually isolated.

When the stereomeric nomenclature includes "or", for example, (35,45) or (3R,
4R)-2-{4-(1-cyanocyclohexyl)phenyl}-3-(2,3-dihydro- 1, 4-benzodioxin-6-yi}-1-ox0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid, the "or" indicates that chiral resolution of racemate
into individual enantiomers was accomplished but the actual optical activity of the specific
enantiomer was not determined.

The independent syntheses of these diastereomers or theur chromatographic
separations may be achieved as known 1n the art by appropriate modification of the methodology
disclosed herein. Their absolute stereochemistry may be determined by the x-ray
crystallography of crystalline products or crystalline intermediates which are derivatized, if
necessary, with a reagent containing an asymmetric center of known absclute configuration.

Dhastereomeric mixtures can be separated into their individual diastereomers on
the basis of their physical chemical differences by methods well known to those skilled 1o the
art, such as, for example, by chromatography (e.g chiral HPLC column} and/or fractional
crystallization. Enantiomers can be separated by converting the enantiomeric mixture into a
diastereomeric mixture by reaction with an appropriate optically active compound {e.g., chiral
auxiliary such as a chiral alcohol or Mosher’s acid chioride ((ZR}-3,3,3-trifluoro-2-methoxy-2-
phenylpropanoyl chloride), separating the diastereomers and converting {e.g., hydrolyzing) the
individual diastereomers to the corresponding pure enantiomers. If desired, racemic mixtures of
the compounds may be separated so that the individual enantiomers are isolated. The separation
can be carried out by methods well known in the art, such as the coupling of a racemic mixture
of compounds to an enantiomerically pure compound to form a diastereomeric mixture, followed
by separation of the individual diastereomers by standard methods, such as fractional
crystallization or chromatography. The coupling reaction is often the formation of salts using an
enantiomerically pure acid or base. The diasteromeric derivatives may then be converted to the
pure enantiomers by cleavage of the added chiral residue. The racemic mixture of the
compounds can also be separated directly by chromatographic methods utilizing chural stationary

phases, which methods are well known in the art. Alternatively, any enantiomer of a compound

220,
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can be obtained by stereoselective synthesis using optically pure starting materials or reagents of
known configuration by methods well known 1n the art.

Salts

The term "pharmaceutically acceptable salis” refers to salts prepared from
pharmaceutically acceptable non-toxic bases including inorganic bases and organic bases. Salts
dertved trom inorganic bases include aluminum, ammonium, calcium, copper, ferric, ferrous,
lithium, magnesium, manganic salts, manganous, potassium, sodium, zinc, and the like.
Particularly preferred are the ammonium, calcium, magnesium, potassium, and sodium salts.
Salts derived from pharmaceutically acceptable organic non-toxic bases include salts of primary,
secondary, and tertiary amines, substituted amines including naturally occurring substituted
amines, cyclic amines, and basic ion exchange resins, such as arginine, betaine, catfeine,
choline, N, N'-dibenzylethylenediamine, diethylamine, 2-diethylaminoethanol, 2-
dimethylaminoethanol, ethanolamine, ethylenediamine, N-ethyl-morpholine, N-ethylpiperidine,
glucamine, glucosamine, histidine, hydrabamine, isopropylamine, lysine, methylghucamine,
morpholine, piperazine, piperidine, polyamine resins, procaine, purines, theobromine,
triethylamine, trimethylamine, tripropylamine, tromethamine, and the like.

When the compound of the present invention is basic, salts may be prepared from
pharmaceutically acceptable non-toxic acids, including inorganic and organic acids. Such acids
include acetic, benzenesulfonic, benzoic, camphorsulfonic, citrie, ethanesulfonic, fumaric,
gluconic, glutamic, hydrobromic, hydrochloric, isethionic, lactic, maleic, malic, mandelic,
methanesulfonic, mucic, nitric, pamoic, pantothenic, phosphoric, succinic, sulfuric, tartaric, p-
toluenesulfonic acid, and the like. Particularly preferred are citric, hydrobromic, hydrochloric,
maleic, phosphoric, sulfuric, and tartaric acids.

It will be understood that, unless otherwise specified, references to the compound
of formula I, subsets thereot, embodiments thereof, as well as specific compounds are meant to
also include the pharmaceutically acceptable salts.

Furthermore, some of the crystalline forms for compounds of the present
invention may exist as polymorphs and as such all forms are intended to be included in the
present invention.

Prodrugs and solvates of the compounds of the invention are also contemplated
herein. A discussion of prodrugs is provided in T. Higuchi and V. Stella, Pro-drugs as Nove!
Delivery Systems (1987) 14 of the A.C.8. Symposium Sertes, and in Bioreversible Carviers in
Drug Design, (1987) Edward B. Roche, ed., American Pharmaceutical Association and

Pergamon Press. The term “prodrug” means a compound (e.g, a drug precursor) that is
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transformed iz vivo to yield a compound of Formula (1} or a pharmaceutically acceptable salt,
hydrate or solvate of the compound. The transformation may occur by various mechanisms {e.g.,
by metabolic or chemical processes), such as, for example, through hydrolysis in blood. A
discussion of the use of prodrugs is provided by T. Higuchi and W. Stella, “Pro-drugs as Novel
Delivery Systems,” Vol. 14 of the A.C.S. Symposium Series, and in Bioreversible Carriers in
Drug Design, ed. Edward B. Roche, American Pharmaceutical Association and Pergamon Press,
1987,

For example, it a compound of Formula (I} or a pharmaceutically acceptable salt,
hydrate or solvate of the compound contains a carboxylic acid functional group, a prodrug can
comprise an ester formed by the replacement of the hydrogen ators of the acid group with a
group such as, for example, (C—Cglalkyl, (C,-Cyplatkanoyloxymethyl, 1-(alkanoyloxy)ethyl
having from 4 to 9 carbon atoms, 1-methyl-1-(alkanoyloxy)-ethyl having from 5 to 10 carbon
atoms, alkoxycarbonyloxymethyl having from 3 to 6 carbon atoms, [-(alkoxycarbonyloxy)ethyl
having from 4 to 7 carbon atoms, |-methyl-1-(alkoxycarbonyloxyjethyl having from 5 to 8
carbon atoms, N-{(alkoxycarbonyl jaminomethyl having from 3 to 9 carbon atoms, 1-(N-
{alkoxycarbonylaminojethyl having from 4 to 10 carbon atoms, 3-phthalidyl, 4-crotonolactonyl,
gamma-butyrolacton-4-yl, di-N,N-(C-C;jalkylamino(C,-Cslalkyl (such as -
dimethylaminoethyl), carbamoyt-(C,-C;alkyl, NN-di (C-Cyalkylcarbamoyt-(C-Cy)alkyl and
piperidino-, pyrrolidino- or morpholino{C,-Cslalkyl, and the like.

Similarly, if a compound of Formula (I) contains an alcohol functional group, a
prodrug can be formed by the replacement of the hydrogen atom of the alcohol group with a
group such as, for example, (C-Cylalkanoyloxymethyl, 1-((C,-Cgjalkanoyloxy)ethyl, 1-methyl-
1-{{C-Cgralkanoyloxylethyl, (C-Cglalkoxycarbonyloxymethyl, N-{C;-
Cejatkoxycarbonylaminomethyl, succinoyi, (C~-Cglalkanoyl, a-amino{C-Cyjalkanyl, arylacyl
and a-aminoacyl, or g-aminoacyl-g-aminoacyl, where each a-aminoacyl group is independently
selected from the naturally occurring L-amino acids, P(OYOH),, -P(OYO(C-Cylalkyly, or
glycosyt (the radical resulting from the removal of a hydroxyl group of the hemiacetal form of a
carbohydrate), and the like.

If a compound of Formula (1) incorporates an amine functional group, a prodrug
can be formed by the replacement of a hydrogen atorn in the amine group with a group such as,
for example, R-carbonyl, RO-cartbonyl, NRR’-carbonyl where R and R’ are each independently
{Ci-Cpjatkyl, (C5-C5) cycloalkyl, benzyl, or R-carbonyl is a natural o-aminoacyl or natural o~

aminoacyl, —C(OHC(OYOY ! wherein Y' is H, (C-Cglalkyl or benzyl, —C(OY?)Y® wherein Y’
3 L Jalky Y
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di-N,N=(C;-Catkylaminoalkyl, —C(YHY” wherein Y is H or methyl and Y~ is mono-N— or
di-N,N~{C;-Cglalkylamino morpholine, piperidin-1-y] or pyrrolidin-1-y1, and the like.

One or more compounds of the invention may exist in unsolvated as well as
solvated forms with pharmaceutically acceptable solvents such as water, ethanol, and the like,
aund it is intended that the invention embrace both solvated and unsolvated forms. "Solvate"
means a physical association of a compound of this invention with one or more solvent
molecules. This physical association involves varying degrees of ionic and covalent bonding,
including hydrogen bonding. In certain instances the solvate will be capable of isolation, for
example when one or more solvent molecules are incorporated in the crystal lattice of the
crystalline solid. "Solvate” encompasses both solution-phase and isolatable solvates. Non-
limiting examples of suitable solvates include ethanolates, methanolates, and the like. "Hydrate"
is a solvate wherein the solvent molecule is H,0.

One or more compounds of the invention may optionally be converted to a
solvate. Preparation of solvates is generally known. Thus, for example, M. Caira et af, J.
Pharmaceutical Sci., 93(3), 601-611 (2004} describe the preparation of the solvates of the
antifungal fluconazole in ethyl acetate as well as from water. Similar preparations of solvates,
hemisolvate, hvdrates and the like are described by E. C. van Tonder ef of, AAPS
PharmSciTech., 5(1}, article 12 (2004); and A. L. Bingham et al, Chem. Commun., 603-604
(2001}, A typical, non-limiting, process involves dissolving the inventive compound in desired
amounts of the desired solvent {organic or water or mixtures thereof) at a higher than ambient
by standard methods. Analytical techniques such as, for example I R. spectroscopy, show the
presence of the solvent {or water) in the crystals as a solvate {or hydrate}.

Labelled Compounds

In the compounds of generic Formula I, the atoms may exhibit their natural
isotopic abundances, or one or more of the atoms may be artificially enriched in a particular
isotope having the same atomic number, but an atomic mass or mass number different from the
atomic mass or mass number predominantly found in nature. The present invention 1s meant to
include all suitable isotopic variations of the compounds of generic Formula | For example,
different isotopic forms of hydrogen (H) include protium (1) and deuterium (ZH). Protium is
the predominant hydrogen isotope found in nature. Enriching for deuterium may afford certain
therapeutic advantages, such as increasing i vive half-life or reducing dosage requirements, or
may provide a compound useful as a standard for characterization of biological samples.
Isotopically-enriched compounds within generic Formuia I can be prepared without undue

“- L



[

16

N2
Wn

WO 2019/182886 PCT/US2019/022440

experimentation by conventional techniques well known to those skilled in the art or by
processes analogous to those described in the Schemes and Examples herein using appropriate
isotopically-enriched reagents and/or intermediates.

Additionally, the present invention is meant to tnclude tn compounds of generic
Formula 1, all suitable replacements of sp3 orbital carbons to sp3 Si as can readily be envisioned
by one of ordinary skili in the art.

Utilities

Compounds of the Invention have activity for STING. Compounds of this
invention have been tested using the assays described in the Biological Examples and have been
determined to be inhibitors of STING. Suitable 1n vitro assays for measuring STING activity and
the inhibition thereof by compounds are known in the art. For further details of an in vitro assay
for measuring STING activity, see the Biological Examples herein. Cell-based assays for
measurement of 1n vitro efficacy in treatment of cancer are known in the art. In addition, assays
are described in the Biological Examples provided herein.

Compounds of Formula | may be useful for treating diseases, including
autoimmune disorders, inflammatory diseases, and cancers, which are histed below.

Cancers: Cardiac: sarcoma {angiosarcoma, fibrosarcoma, rhabdomyosarcoma,
liposarcoma), myxoma, rhabdomyoma, fibroma, lipoma and teratoma; Lung: bronchogenic
carcinoma {squamous cell, undifferentiated small cell, undifferentiated large cell, adeno-
carcinoma), alveolar (bronchiolar) carcinoma, bronchial adenoma, sarcoma, lymphoma,
chondromatous hanlartoma, mesothelioma; Gastrointestinal: esophagus (squamous cell
carcinoma, adenocarcinoma, leiomyosarcoma, lymphoma), stomach (carcinoma, lvmphoma,
letomyosarcoma), pancreas {ductal adenocarcinoma, insulinoma, glucagonoma, gastrinoma,
carcinotd tumors, vipoma), small bowel (adenocarcinoma, lyvmphoma, carcinoid tumors,
Karposi's sarcoma, leiomyoma, hemangioma, lipoma, neurofibroma, fibroma), large bowel
{adenocarcinoma, tubular adenoma, villous adenoma, hamartoma, letomyomay;, Genitourinary
tract: kidney (adenocarcinoma, Wilm's tumor [nephroblastoma), lymphoma, leukemia), bladder
and urethra (squamous cell carcinoma, transitional cell carcinoma, adenocarcinoma), prostate
{adenocarcinoma, sarcoma), testis (seminoma, teratoma, embryonal carcinoma, teratocarcinoma,
choriocarcinoma, sarcoma, interstitial cell carcinoma, fibroma, fibroadenoma, adenomatoid
tumors, lipoma); Liver: hepatoma (hepatocellular carcinoma), cholangiocarcinoma, hepatoblast-
oma, angiosarcoma, hepatocetlular adenoma, hemangioma; Bone: osteogenic sarcoma
{osteosarcoma}, fibrosarcoma, malignant fibrous histiocytoma, chondrosarcoma, Ewing's

sarcoma, malignant lymphoma (reticulum cell sarcoma), multiple myeloma, malignant giant cell
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tumor chordoma, osteochronfroma (osteocartilaginous exostoses), benign chondroma,
chondroblastoma, chondromyxotibroma, osteoid osteoma and giant cell tumors; Nervous
system: skull (osteoma, hemangioma, granuloma, xanthoma, osteitis deformans), meninges
{meningioma, meningiosarcoma, gliomatosis}), brain (astrocytoma, medulloblastoma, glioma,
ependymoma, germinoma [pinealomal, glioblastoma multiform, oligodendroglioma,
schwannoma, retinoblastoma, congenital tumors), spinal cord neurofibroma, meningioma,
glioma, sarcoma}; Gynecological: uterus (endometrial carcinoma), cervix {cervical carcinoma,
pre-tumor cervical dysplasia), ovaries {ovarian carcinoma [serous cystadenocarcinoma,
mucinous cystadenocarcinoma, unclassified carcinomal, granulosa-thecal cell tumors,
SertoliLeydig cell tumors, dysgerminoma, malignant teratoma), vulva {(squamous cell carcinoma,
intraepithelial carcinoma, adenocarcinoma, fibrosarcoma, melanoma}, vagina (clear cell
carcinoma, squamous cell carcinoma, botryoid sarcoma (embryonal rhabdomyosarcomal,
fallopian tubes (carcinoma);, Hematologic: blood (myeloid leukemia [acute and chronic], acute
lymphoblastic leukemia, chronic lymphocytic leukemia, myeloproliferative diseases, multiple
myeloma, myelodysplasia syndrome), Hodgkin's disease, non-Hodgkin's lymphoma [malignant
lymphomal; Skin: malignant melanoma, basal cell carcinoma, squamous cell carcinoma,
Karposi's sarcoma, moles dysplastic nevi, lipoma, angioma, dermatofibroma, keloids, psoriasis;
and Adrenal glands: neuroblastoma.

Autoimmune diseases: Hashimoto's thyroiditis, systemic lupus erythematosus
{SLE), Goodpasture's syndrome, pemphigus, receptor autoimmune diseases, Basedow's disease
{Graves' disease), myasthernia gravis, tnsulin resistant diseases, autoimmune hemolytic anemia,
autoimmune thrombocytopenic purpura, auteimmune encephalomyelitis, rheumatism,
rheumatoid arthritis, scleroderma, mixed connective tissue disease, polymyositis, pernicious
anemia, idiopathic Addison's disease, some types of infertility, glomerulonephritis, bullous
pemphigus, Sjogren's syndrome, some types of diabetes, adrenergic agent resistance, chronic
active hepatitis, primary biliary cirthosis, endocrine failure, vitiligo, angiitis, post-cardiac
surgery syndrome, urticaria, atopic dermatiti and multiple sclerosis, autoimmune polyglandular
disease {also known as autoimmune polyglandular syndrome), auteimmune alopecia; pernicious
aneroia; vitiligo, autoimmune hypopituatarism, and Guillain-Barre syndrome.

Inflammatory Diseases: asthma, allergic rhinitis, psoriasis, inflammatory
arthritis, rheumatoid arthritis, psoriatic arthritis or osteoarthritis, irritable bowel syndrome,
wlcerative colitis, Crohn's disease, respiratory allergies {asthma, hay fever, allergic rhinitis) or
skin allergies, scleracierma, mycosis fungoides, acute inflammatory responses (such as acute
respiratory distress syndrome and ishchemia/reperfusion injury), dermatomyositis, alopecia
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greata, chronic actinic dermatitis, eczema, Behcet's disease, Pustulosis palmoplanteris,
Pyoderma gangrenum, Sezary's syndrome, atopic dermatitis, systemic sclerosis, and morphea.

Central Nervous System Bisorders: Multiple scierosis, schizophrenia and
Alzheimer’s disease.

Thus, in one embodiment, the invention provides a method of inhibiting STING
activation comprising binding to STING with an effective amount of a compound as disclosed
herein.

In ancther embodiment, the invention provides a method of treating a STING
modulated disease comprising administering to a mammal in need of such treatment a
therapeutically effective amount of a compound as disclosed herein.

In ancther embodiment, the invention provides a method of treating cancer
disease mediated by STING comprising administering to a mammal in need of such treatment a
therapeutically effective amount of a compound as disclosed herein.

Compounds of the invention may also useful as inhibitors of STING in vive for
studying the in vivo role of STING in biological processes, including the diseases described
herein. Accordingly, the invention also comprises a method of inhibiting STING in vivo
comprising administering a compound or composition of the invention to a mammal.

Accordingly, another aspect of the present invention provides a method for the
treatment or prevention of a STING mediated disease or disorder comprising administering to a
mammal in need thereof a therapeutically effective amount of a compound of formula 1. In one
embodiment such diseases include asthma and theumatoid arthritis.

Another aspect of the present invention provides for the use of a compound of
formula | in the manufacture of a medicament for the treatment or prevention of a STING
mediated diseases or disorders.

Dose Ranges

The magnitude of prophylactic or therapeutic dose of a compound of formula I
will, of course, vary with the nature and the severity of the condition to be treated and with the
particular compound of formula I and its route of administration. It will also vary according to a
variety of factors including the age, weight, general health, sex, diet, time of administration, rate
of excretion, drug combination and response of the individual patient. In general, the daily dose
from about 0.001 milligram of active ageunt per kilogram body weight of a mammal (mg/kg} to
about 100 mg/kg, typically, between 0.01 mg to about 10 mg per kg, On the other band, it roay

cas cutside these limits in some cases.

&

be necessary to use dosa
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The amount of active ingredient that may be combined with the carrier materials
to produce a single dosage form will vary depending upon the host treated and the particular
mode of administration. For example, a formulation intended for the oral administration of
humans may contain from 06.01 mg to 10 g of active agent compounded with an appropriate and
convenient amount of carrier material which may vary from about 5 to about 99 .95 percent of
the total composition. Dosage unit forms will generally contain between from about 0.1 mg to
about 0.4 g of an active ingredient, typteally 0.5 mg, 1 mg, 2 mg, 5 mg, 10 mg, 25 mg, 50 mg,
100 mg, 200 mg, 400mg, or 500 mg.

The final dosage regimen will be determined by the attending physician in view
of good medical practice, constdering various factors that modify the action of drugs, e.g., the
agent's specific activity, the identity and severity of the disease state, the responsiveness of the
patient, the age, condition, body weight, sex, and diet of the patient, and the severity of the
disease state. Additional factors that can be taken into account include time and frequency of
administration, drug combinations, reaction sensitivities, and tolerance/response to therapy.
Further refinement of the dosage appropriate for treatment involving any of the formulations
mentioned herein is done routinely by the skilled practitioner without undue experimentation,
especially in light of the dosage information and assays disclosed, as well as the pharmacokinetic
data observed in human clinical trials. Appropriate dosages can be ascertained through use of
established assays for determining councentration of the agent in a body fluid or other sample
together with dose response data.

The frequency of dosing will depend on the pharmacokinetic parameters of the
agent and the route of adnunistration. Dosage and administration are adjusted to provide
sufficient levels of the active moiety or to maintain the desired effect. Accordingly, the
pharmaceutical compositions can be administered in a single dose, multiple discrete doses,
continuous infusion, sustained release depots, or combinations thereof, as required to maintain
desired minimum level of the agent. Short-acting pharmaceutical compositions (i.e., short half-
life} can be administered once a day or more than once a day {e.g., two, three, or four times a
day). Long acting pharmaceutical compositions might be administered every 3 to 4 days, every
week, or once every two weeks. Pumps, such as subcutaneous, intraperitoneal, or subdural
puraps, can be preferred for continuous nfusion.

Pharmaceutical Compositions

Anocther aspect of the present invention provides pharmaceutical compositions
comprising a compound of formula T with a pharmaceutically acceptable carner. For the
treatment of any of the prostanoid mediated diseases compounds of formula I may be
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administered orally, by inhalation spray, topically, parenterally or rectally in dosage unit
formulations containing conventional non-toxic pharmaceutically acceptable carriers, adjuvants
and vehicles. The term parenteral as used herein includes subcutaneous injections, intravenous,
intramuscular, intrasternal injection or infusion techniques. In addition to the treatment of
warm-blooded anmimals such as mice, rats, horses, cattle, sheep, dogs, cats, etc., the compound of
the invention is effective in the treatment of humans.

The pharmaceutical compositions containing the active ingredient may be in a
form suitable for oral use, for example, as tablets, troches, lozenges, agueous or oily suspensions,
dispersible powders or granules, emulsions, hard or soft capsules, or syrups or elixirs.
Compositions intended for oral use may be prepared according to any method known to the art
tor the manufacture of pharmaceutical compositions and such compositions may contain one or
more agents selected from the group consisting of sweetening agents, flavoring agents, coloring
agents and preserving agents in order to provide pharmaceutically elegant and palatable
preparations. Tablets contain the active ingredient in admixture with non-toxic pharmaceutically
acceptable excipients which are suitable for the manufacture of tablets. These excipients may be
for example, inert diluents, such as calcium carbonate, sodium carbonate, lactose, calcium
phosphate or sodium phosphate; granulating and disintegrating agents, for example, corn starch,
or alginic acid; binding agents, for example starch, gelatin or acacta, and lubricating agents, for
example, magnesium stearate, stearic acid or talc. The tablets may be uncoated or they may be
coated by known techniques to delay disintegration and absorption in the gastrointestinal tract
and thereby provide a sustained action over a longer period. For example, a time delay material
such as glyceryl monostearate or glyceryl distearate may be employed. They may also be coated
by the technique described in the U.S. Patent 4,250,108; 4,166,452, and 4,265,874 to form
osmotic therapeutic tablets for control release.

Formulations for oral use may also be presented as hard gelatin capsules wherein
the active ingredient 1s mixed with an inert solid diluent, for example, calcium carbonate,
calcium phosphate or kaolin, or as soft gelatin capsules wherein the active ingredients is mixed
with water-miscible solvents such as propylene glycol, PEGs and ethanol, or an oil medium, for
example peanut oil, liquid paraffin, or oltve oil.

Aqueous suspensions contain the active material in admixture with excipients
suitable for the manufacture of aqueous suspensions. Such excipients are suspending agents, for
example sodium carboxymethylcellulose, methvicellulose, hydroxypropyl methviceliulose,
sodium alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia; dispersing or wetting
agents may be a naturally-occurring phosphatide, for example lecithin, or condensation products

oy e
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of an alkylene oxide with fatty acids, for example polyoxyethylene stearate, or condensation
products of ethylene oxide with long chain aliphatic alcohols, for example heptadecaethylene-
oxycetanol, or condensation products of ethylene oxide with partial esters derived from fatty
acids and a hexitol such as polyoxyethylene sorbitol monoocleate, or condensation products of
ethylene oxide with partial esters derived from fatty acids and hexitol anhydrides, for example
polvethylene sorbitan monoocleate. The aqueous suspensions may also contain one or more
preservatives, for example ethyl, or n-propyl, p-hydroxybenzoate, one or more coloring agents,
one or more flavoring agents, and one or more sweetening agents, such as sucrose, saccharin or
aspartame.

Oily suspensions may be formulated by suspending the active ingredient in a
vegetable oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in mineral oil such
as liquid paraffin. The oily suspensions may contain a thickening agent, for example beeswax,
hard paratfin or cetyl alcohol. Sweetening agents such as those set forth above, and flavoring
agents may be added to provide a palatable oral preparation. These compositions may be
preserved by the addition of an anti-oxidant such as ascorbic acid.

Dispersible powders and granules suitable for preparation of an aqueous
suspension by the addition of water provide the active ingredient in admixture with a dispersing
or wetting agent, suspending agent and one or more preservatives. Suitable dispersing or wetting
agents and suspending ageunts are exemplified by those already mentioned above. Additional
excipients, for example sweetening, flavoring and coloring agents, may also be present.

The pharmaceutical compositions of the invention may also be in the form of an
otl-in-water emulsion. The oily phase may be a vegetable oil, for example olive oil or arachis
oil, or a mineral oil, for example liquid paraftin or mixtures of these. Suitable emulsifying
agents may be naturally-occurring phosphatides, for example soy bean, lecithin, and esters or
partial esters derived from fatty acids and hexitol anhydrides, for example sorbitan monooleate,
and condensation products of the said partial esters with ethylene oxide, for example
polyoxyethylene sorbitan monooleate. The emulsions may also contain sweetening and
flavoring agents.

Syrups and elixirs may be formulated with sweetening agents, for example
glycerol, propylene glycol, sorbitol or sucrose. Such formulations may alse contain a demulcent,
a preservative, and flavoring and coloring agents. The pharmaceutical compositions may be in
the form of a sterile injectable aqueous or oleagenous suspension. This suspension may be
formulated according to the known art using those suitable dispersing or wetting agents and
suspending agents which have been mentioned above. The sterile injectable preparation may
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also be a sterile injectable solution or suspension in a non-toxic parenterally-acceptable diluent
or solvent, for example as a solution in 1 3-butane diol. Among the acceptable vehicles and
solvents that may be emploved are water, Ringer's sclution and isctonic sodium chloride
solution. Cosolvents such as ethanol, propylene glycol or polyethylene glycols may also be used.
In addition, sterile, fixed oils are conventionally employed as a solvent or suspending medium.
For this purpose any bland fixed oil may be employed including synthetic mono- or diglycerides.
In addition, fatty acids such as oleic acid find use in the preparation of injectables.

Dosage forms tor inhaled administration may conveniently be formulated as
aerosols or dry powders. For composttions suitable and/or adapted for inhaled administration, it
is preferred that the active substance 1s in a particle-size-reduced form, and more preferably the
size-reduced form is obtained or obtainable by micronization.

In one embodiment the medicinal preparation is adapted for use with a
pressurized metered dose inhaler (pMDBI) which releases a metered dose of medicine upon each
actuation. The formulation for pMDIs can be in the form of solutions or suspensions in
halogenated hydrocarbon propellants. The type of propellant being used in pMDIs is being
shifted to hydrofluoroalkanes (HFAs), also known as hydrofluorocarbons (HFCs). In particular,
1,1,1,2-tetrafluoroethane (HFA 134a) and 1,1,1,2,3,3 3-heptafluoropropane (HFA 227} are used
in several currently marketed pharmaceutical inhalation products. The composition may inchude
other pharmaceutically acceptable excipients for inhalation use such as ethanol, oleic acid,
polyvinylpyrrolidone and the like.

Pressurized MDIs typically have two components. Firstly, there is a canister
component in which the drug particles are stored under pressure in a suspension or solution
form. Secondly, there is a receptacle component used to hold and actuate the canister.
Typically, a canister will contain multiple doses of the formulation, although 1t is possible to
have single dose canisters as well. The canister component typically includes a valve outlet from
which the contents of the canister can be discharged. Aerosol medication is dispensed from the
pMDI by applying a force on the canister component to push it into the receptacle component
thereby opening the valve outlet and causing the medication particles to be conveyed from the
valve outlet through the receptacle component and discharged from an outlet of the receptacle.
Upon discharge from the canister, the medication particles are "atomized”, forming an aerosol. It
is intended that the patient coordinate the discharge of aerosolized medication with his or her
inhalation, so that the medication particles are entrained in the patient's aspiratory flow and
conveyed to the lungs. Typically, pMDIs use propellants to pressurize the contents of the canister
and to propel the medication particles out of the cutlet of the receptacle component. In pMDIs,
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the formulation is provided 1n a liquid or suspension form, and restdes within the container along
with the propellant. The propellant can take a variety of forms. For example, the propeliant can
comprise a compressed gas or liguefied gas.

In another embodiment the medicinal preparation is adapted for use with a dry
powder inhaler (DPI). The inhalation composition suitable for use in DPIs typically comprises
particles of the active ingredient and particles of a pharmaceutically acceptable carrier. The
particle size of the active material may vary from about 0.1 um to about 10 pum; however, for
effective delivery to the distal lung, at least 95 percent of the active agent particles are 5 yum or
smaller. Each of the active agent can be present in a concentration of 0.01 - 99%. Typically
however, each of the active agents is present in a concentration of about 0.05 to 50%, more
typically about 0.2 - 20% of the total weight of the composition.

As noted above, in addition to the active ingredients, the inhalable powder
preferably includes pharmaceutically acceptable carrier, which may be composed of any
pharmacologically inert material or combination of materials which is acceptable for inhalation.
Advantageously, the carrier particles are composed of one or more crystalline sugars; the carrier
particles may be composed of one or more sugar alcohols or polyols. Preferably, the carrier
particles are particles of dextrose or lactose, especially lactose. In embodiments of the present
invention which utilize conventional dry powder inhalers, such as the Handihaler, Rotohaler,
Diskhaler, Twisthaler and Turbohaler, the particle size of the carrier particles may range from
about 10 microns to about 1000 microns. In certain of these embodiments, the particle size of
the carrier particles may range from about 20 microns to about 120 microns. In certain other
embodiments, the size of at least 90% by weight of the carrier particles is less than 1000 microns
and preferably lies between 60 microns and 1000 microns. The relatively large size of these
carrier particles gives good flow and entrainment characteristics. Where present, the amount of
carrier particles will generally be up to 95%, for example, up to 90%, advantageously up to 80%
and preferably up to 50% by weight based on the total weight of the powder. The amount of any
fine excipient maternial, if present, may be up to 50% and advantageously up to 30%, especially
up to 20%, by weight, based on the total weight of the powder. The powder may optionally
contain a performance modifier such as L-leucine or another amino acid, and/or metals salts of
stearic acid such as magnesium or calcium stearate.

Compounds of formula I may also be administered in the form of suppositories
for rectal adminisiration of the drug. These compositions can be prepared by mixing the drug

with a suitable non-irritating excipient which is solid at ambient temperatures but liquid at the
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rectal temperature and will therefore melt in the rectum to release the drug. Such materials are
cocoa butter and polyethylene glycols.

For topical use, creams, cintments, gels, solutions or suspensions, etc., containing
the compound of formula I are employed. (For purposes of this application, topical application
shall include mouth washes and gargles.) Topical formulations may generally be comprised of a
pharmaceutical carrier, cosolvent, emulsifier, penetration enhancer, preservative system, and
emollient.

Combinations with Other Drugs

In certain embodiments, a compound of Formula I is combined in a
pharmaceutical cornbination formulation, or dosing regimen as combination therapy, with one or
more other therapeutic agents that has anti-inflammatory or anti-hyperproliferative properties or
that 1s useful for treating an inflammation, immune-response disorder, or hyperproliferative
disorder {e.g., cancer). The other therapeutic agent of the pharmaceutical combination
formulation or dosing regimen preferably has complementary activities to the compound of
Formula I such that they do not adversely affect each other. Such agenis are suitably present in
combination in amounts that are effective for the purpose intended.

In one embodiment of the invention, the compound of Formula {, ora
stereotsomer, tautomer, or pharmaceutically acceptable salt or prodrug thereot, may be co-
administered with one or more other therapeutic agents for the treatment and prevention of
STING mediated diseases. Thus in another aspect the present invention provides pharmaceutical
compositions for treating STING mediated diseases comprising a therapeutically effective
amount of a compound of formula T and one or more other therapeutic agents.

In one embodiment for example, for the treatment of the inflammatory diseases
rheumatoid arthritis, psoriasis, inflammatory bowel disease, COPD, asthma and allergic rhinutis a
compound of formula T may be combined with other therapeutic agents such as: (1) TNF-a
inhibitors such as Remicade® and Enbrel®); (2) non-selective COX-I/COX-2 inhibitors (such as
piroxicam, diclofenac, propionic acids such as naproxen, flubiprofen, fenoprofen, ketoprofen and
ibuprofen, fenamates such as mefenamic acid, indomethacin, sulindac, apazone, pyrazolones
such as phenylbutazone, salicylates such as aspirin); (3} COX-2 inhibitors (such as meloxicam,
celecoxib, rofecoxib, valdecoxib and etoricoxib); (4) other agents for treatment of rheumatoid
arthritis including low dose methotrexate, lefunomide, ciclesonide, hydroxychloroquine, d-
penicillamine, auranocfin or parenteral or oral gold; (5) leukotriene biosynthesis inhibttor, 5-
lipoxygenase (5-LO) inhibitor or S-lipoxygenase activating protein (FLAP) antagonist such as

zileuton; {6} LTD4 receptor antagonist such as zafirlukast, montelukast and prantukast; (7}
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PDE4 inhibitor such as roflumilast; (8) antihistaminic HT receptor antagonists such as cetirizine,
toratadine, desloratadine, fexofenadine, asternizole, azelastine, and chlorphemiramine; (9) ul-
and o2-adrenoceptor agonist vasoconstrictor sympathomimetic agent, such as propylhexedrine,
phenylephrine, phenvipropanolamine, pseudoephedrine, naphazoline hydrochloride,
oxyruetazoline hydrochloride, tetrahydrozoline hydrochloride, xylometazoline hydrochloride,
and ethylnorepinephrine hyvdrochloride; (10) anticholinergic agents such as ipratropium bromide,
tiotropium bromide, oxitropium bromide, aclidinium bromide, glycopyrrolate, ptrenzepine, and
telenzepine; (11) B-adrenoceptor agonists such as metaproterenol, isoproterenol, isoprenaline,
albuterol, satbutamol, formoterol, salmeterol, terbutaline, orciprenaline, bitolterol mesylate, and
pirbuterol, or methylxanthanines inchuding theophylline and arinophylline, sodium
cromoglycate; (12} insulin-like growth factor type T (IGF-1) mimetic; (13} inhaled glucocorticoid
with reduced systemic side effects, such as prednisone, predniscione, flunisolide, triamcinolone
acetonide, beclomethasone dipropionate, budesonide, fluticasone propionate, ciclesonide and
mometasone furoate, and (14) PI3K-delta inhibitors (Phosphatidylinositol-4,5-bisphosphate 3-
kinase-delta inhibitors}).

In another embodiment of the invention, the compounds of Formula [, or a
stereoisomer, tautomer, or pharmaceutically acceptable salt or prodrug thereof, may be
employed alone or in combination with other therapeutic agents for the treatment of
hyperproliferative disorders (e.g., cancer) including standard chemotherapy regimens, and anti-
D20 monoclonal antibodies, rituximab, bendamustine, ofatumumab, fludarabine, lenalidomide,
and/or bortezomib.

The combination therapy may be administered as a simultaneous or sequential
regimen. When administered sequentially, the combination may be administered in two or more
administrations. The combined administration includes coadministration, using separate
formulations or a single pharmaceutical formulation, and consecutive administration in either
order, wherein preferably there is a time period while both (or all) active therapeutic agents
sirnultaneously exert their biological activities.

SCHEMES AND EXAMPEES

The abbreviations used herein have the following tabulated meanings. Abbreviations not

tabulated below have their meanings as commonly used unless specifically stated otherwise.

ACN Acetonitrile

AcOH acetic acid

A, aq, Aqueous

{Boc) 0 di-ferr-butyl dicarbonate
Boc fert-butoxycarbamate
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Bu-OH tferi-butyl alcohol
BuLi (n-Buli) s-butyllithium
calcd Calculated
CELITE, Celite™ Celite | A trademarked version of diatomaceous earth
D, d Day
DABCO 1,4-diazabicyclo[2.2 2]octane
DOM Dichloromethane
DMP DessMartin Periodinane, 1,1, 1-Triacetoxy)-1,1-dihydro-1,2-

Dess-Martin Periodinane

benziodoxol-3(1H)-one;. A reagent used for mild oxidation of
alcohols to aldehydes and ketones.

DiBAI-H, DIBAL-H

diisobutylaluminum hvdride

DIAD

Diisopropyl azodicarboxylate

DIPEA Diisopropylethylamine

DMA Dimethylacetamide

DMAP Dimethylaminopyridine

DMEA Dimethylethylamine

DMF Dimethylformamide

DMSO dimethyl sulfoxide

Dppp 1.3-bis(diphenylphosphinojpropane

ES electron spray

MS ESI ESIMS Electrospray ionization mass spectrometers (ES1 MS)
EtOAc ethyl acetate

EtOH Ethanol

Et;N Trimethylamine

g, gm Gram

HATU I-[bis(dimethylamino)methylene}-1H-~1,2,3-triazolof4,5-

blpyridinium 3-oxid hexafluorophosphate

Hunig’s Base

N, N-diisopropylethylamine

HPLC high performance liquid chromatography
1C 5, ICS0 concentration of drug at which 50% of the target is inhibited
J NMR Coupling constant
K,C0, Potassium carbonate
LCMS liguid chromatography coupled to mass spectrometer
LiBH, Lithium borohydride
mg Milligram
mE Milliliter
mmol Millimole
MeCN Acetonitrile
MHz Mega Hertz
MeOH Methanol
M8 mass spectrum {data)
Ms(l methanesulfonyl chlonde
N Normal,
equivalents of solute/liter of solution
Na,50, sodium sulfatie
NaCl Sodium chloride
NaHCO; Sodium bicarbonate
NaQOH Sodium hydroxide

NEL;, BN

Triethyvlamine
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NMR nuclear magnetic resonance (data)

Pd(DAc) palladium H acetate

PACH(dpph) 1,1'-bis{diphenylphosphino)ferrocene-paliadium{if)dichloride
Pd.(dba), tris{dibenzylideneacetone) dipalladium(0)

P({(Pph3)4, Pd(ph3p)/}

tetrakis(triphenyiphosphine) palladiom{0)

PG

Protecting Group

RPM, rpm

Revolutions per minute

RT, rt, i rooin temperature

Sat., SAT, sat Saturated

SFC Supercritical fluid chromatography
By, -BU Tert-butyl

TBAI Tetrabutylaramonium iodide

THA Trimethylamine

TFA trifluoroacetic acid

THF Tetrahydrofuran

THP1 cells

A human monocytic cell line derived from an acute monocytic
leukemia patient.

XPhos

2-dicyclohexylphosphine-2' 4" 6'-tritsopropylbiphenvi

H

Micro

METHODS OF SYNTHESIS

The compounds of the present invention can be prepared according to the following

general schemes using appropriate materials, and are further exemplified by the subsequent

spectfic examples. The compounds illustrated in the examples are not to be construed as

forming the only genus that is considered as the invention. The tllustrative examples below,

therefore, are not limited by the compounds listed or by any particular substituents employed for

tllustrative purposes. Substituent numbering as shown i1n the schemes does not necessarily

correlate to that used in the claims and often, for clarity, a single substituent is shown attached to

the compound where multiple substituents are allowed under the definitions of the instant

invention herein above.

Those skilled in the art will readily understand that known variations of the conditions

and processes of the following preparative procedures can be used to prepare these compounds.

The invention will now be illustrated in the following non-limiting Examples in which, unless

otherwise stated.

All reactions were stured (mechanically, stir bar/stir plate, or shaken} and conducted

under an inert atmosphere of nitrogen or argon unless specifically stated otherwise.

Al temperatures are degrees Celsius (°C) unless otherwise noted. Ambient temperature is 15-

25°C.

Most compounds were purified by reverse-phase preparative HPLC, MPLC on silica gel,

recrystallization and/or trituration (suspension in a solvent followed by filtration of the solid).
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The course of the reactions was followed by thin layer chromatography (TLC) and/or LCMS
and/or NMR and reaction times are given for illustration only.

All end products were analyzed by NMR and LCMS. Intermediates were analyzed by
NMR and/or TLC and/or LCMS.

o cases where mixtures or gradients of solvents or solution reagents are described, the
mixtures are on a volume basis unless otherwise indicated.

GENERAL SYNTHETIC SCHEMES

The compounds of the generic formula may be prepared from known or readily prepared
starting materials, following methods known to one skilled in the art of organic synthesis.
Methods useful for making the compounds are set forth in the Examples below and are
generalized in Schemes 1 through 2 presented below. Alternative synthetic pathways and
analogous structures will be apparent to those skilled in the art of organic synthesis.

Scheme 1

InCly
o CSQGDg
HaN ’a/\\ N o™ A X Ra HO
1 Ramir i E Fo L
N o (‘\ SN j/ Microwave 2

\ﬂ/ ¥ 100 °C

o]
Gen-1 Gean-2 Gen-3 Gen-4

Several synthetic routes may be employed in the syotheses of the compounds described
herein. One such route 1s iltustrated in Scheme 1. In this approach, structures of Gen-4 can be
synthesized in a one pot with commercially available Gen-1 anilines, Gen-2 homopthalic
andydrides, and Gen-3 aldehydes by heating in a microwave reactor with cesium carbonate
{Cs,CO5), acid, and indium chloride (InCls} as a catalyst.

Scheme 2

s OH O, OHf/\v/:Y\
nCla I s l
Hol.. e PN NP ! Xy Ny g
’l R, R o \,E//f’ - \E/ 3 Cs,00; RZ‘E‘ ] ;]i/ 3
N AOH L N Microwave \/\ﬂ/ "Ry
T Y 106 °C
0 ’ %
Gen-1 Ben-5 Gen-3 Besn-4

Alternatively, structures of Gen-4, may be synthesized using a modified route tllustrated
in Scheme 2, where the homopthalic anhydride is replaced with commercially available benzoic
acid {Gen-5) to provide Gen-4,

Example 1

-45.
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(35,45 or IR4R)-2-(4-(tert-butyl)-3-chlorophenyl}-3-(2.3-dihydrobenzo[b] | 1 4} dioxin-6-yi}-

1-ox0-1,2.3,4-tetrahvdroisoquinoline-d-carboxylic acid (1-1)

EnCE;;
o CQQCOg
i a SN Ci | N Y OM;\\/O\J HO
a P o) L _
=7 -~ m/ \\\\«/\Q/ Microwave
o 160G °C
¢
1-a - i 44

4-(tert-butyl}-3-chloroaniline (1-a) (60 mg, 0.327 mmol), isochromane-1,3-dione (1-b)

(53 mg, 0.327 mmol), and 2,3-dihydrobenzo[5}1,4]dioxine-6-carbaldehyde (1-¢) (59 mg, 0.35%

W

mmol) were added to a microwave vial followed by Indiom(IH) chloride (InCl) (4.3 mg, 0.02
mmol}. The vial was sparged with nitrogen then MeCN (acetonitrife) (1.1 mL) was added. The
vial was sealed and heated tn a microwave reactor for 45 minutes at 100 °C. The reaction
mixture was cooled to ambient temperature and Cs,CO5 (cesium carbonate) (160 mg, 0.490
10 mmol} was added. The resulting mixture was heated in the microwave reactor for 45 minutes at
100°C. The reaction mixture was diluted with water (1 mL), ZN HCI (0.49 mL} and EtOAc (3
mb). After stirring for 10 minutes the organic phase was separated and concentrated under
reduced pressure. The resulting residue was dissolved in DMSO (1 mL), filtered, and purified by
mass triggered reverse phase HPLC (ACN/water with 0.1% TFA moditier) to afford a nuxture of
trans enantiomers. The mixture was further purified by chiral SFC (Chiralpak™ AS-H column
{Chiral Technologies, Inc., West Chester, PA, USA), 15%/85% methanol + (.25% Dimethyl
Ethyl Amine/CO,) to afford 1-1 (faster eluting). MS ESI caled. for CoeH,sCINOs [M+H] 492,
found 492. 'H NMR (499 MHz, DMSO-dg) § 7.95 (d, /= 7.7 Hz, 1H), 7.50 — 7.43 (m, 3H), 7.41
— 735 {m, 1H), 7.30 = 7.23 (m, 2H}, 6.71 (d, /= 8.3 Hz, 1H), 6.65 — 6.58 {m, 2H), 5.66 (s, 1H),
20 4.14 (s, 4H), 3.98 (s, 1H), 1.43 (s, 9H).

Ju—
W

Example 2
(35,45 or 3R.4R)-2-(4-(tert-butyl}-3-chlorophenyl}-3-(2,3-dithydrobenzofb}|1.4]dioxin-6-yi}-
T-fluoro-1-ox0-1,2,3.4-tetrahydroisoguinoline-4-carboxylic acid (1-2)

o OWOH Ox\/,QH ‘///; Oj
&\(\\/\[0\ HZN\[/‘\\\ C toluene, reflux Ay I \j[
A T -
7 (o # \‘// /L//A \/QH g \/ AN / j\
kL t-a 2-a 1.2

“46-
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To a solution of 4-(fert-butyl})-3-chloroaniline {70 mg, 0.381 mmol) in toluene (1.9 mL),
2-{carboxymethyl}-3-fluorchenzoic acid (Bioorg. Med. Chem. Leti |, 2012, 22, 7707-7710) (76
mg, 0.381 mmol) and 2,3-dihydrobenzo{b}{ 1 4]dioxine-6-carbaldehyde (63 mg, 0.381 mmol}
were added at RT. The vial was sparged with nitrogen, sealed and brought to 110 °C for 18
hours. The reaction mixture was concentrated under reduced pressure and the resulting residue
was purified by mass triggered reverse phase HPLT (ACN/water with 0.1% TFA modifier} to
afford a mixture of trans enantiomers. The mixture was turther punfied by chiral SFC
(Chiraipak@)A&H column, 20%/80% methanol + 0.25% Dimethy! Ethyl Amine/CO,) to afford
2-1-2 (faster eluting). MS ESI caled. for CygH,sCIFNOs [M+H]™ 510, found 510. 'H NMR. (600
MHz, DMSO-ds) 6 7.60 (d, /=91 Hz, 1H), 7.46 - 740 (m, 2H), 731 - 720 (m, 3H), 6.68 (d, J
=84 Hz, TH), 6.61 652 (m, 2H), 5.64 (s, 1H), 4.11 (5, 4H), 3.94 (5, 1H), 1.39 (s, 9H).

Intermediate 1 for 1-56

%(benzyioxy)isachmmaneui 3-dione (I-1)

i-1d

Step 1. Dusopropyl azodicarboxylate (DIAD) (E-1b) (6.9 g, 27 mmol) was added to a solution
of methyl S-hydroxy-2-(2-methoxy-2-oxoethvi)benzoate (I-1a) (3.0 g, 13.4 mmol) and
triphenylphosphine (5.3 g 20 mmol) in BCM (67 mL) at 0°C. The reaction mixture was
warmed to room temperautre and stirred for 3 hours then concentrated under reduced pressure.
The resulting residue was directly purified by silica gel chromatography to atford methyl S-
(benzyloxy)-2-(2-methoxy-2-oxoethyl }benzoate (I-1¢). MS ESI caled. for C gH,60s [M+H]
315, found 315,

Step 2: KOH (1.0M, 5.7 mL, 5.7 mmol)} was added to a solution of methyl S-(benzyloxy}-2-(2-
methoxy-2-oxoethylyhenzoate (J-1¢) (0.3 g, .95 mmol) in dioxane (3.2 mL). The reaction
mixture was stirred at 40°C for 3 hours. The reaction mixture was concentrated under reduced
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pressure and remaining aqueous solution was washed with ether. Aqueous solution adjusted to
pH 7 with 1M HCI (hydrochloric acid) then extracted with ethyl acetate. The organic layer was
separated, dried over sodium sulfate, filtered and concentrated under reduced pressure to atford
5-{benzyloxy)-2-(carboxymethylhenzoic acid (:-1d). MS ESI caled. for CH, 505 [MAH] 287,
found 287.

Step 3. S-(benzyloxy)-2-{carboxymethyljbenzoic acid (I-1d) (0.1 g, 0.35 mmol) was refluxed in
a mixture of toluene (2.5 mL) and acetic anhydride (2.5 mL, 27 mmuol) for 5 hours. The reaction
mixfure was concentrated under reduced pressure to afford 7-(benzyloxy)isochromane-1,3-dione
(I-1). MS ESI caled. for C o Hy50, [M+H]™ 269, found 269.

Compounds 1-3 through 1-64 disclosed in Table 1 were prepared in a manner analogous to

Examples 1 and 2, using the appropriate amines and aldehydes from commercially available

vendors.
Table 1
o . Exact Mass

Ex, Structure MName (VH -
(3R,4R) or (35,48)-3-(2,3-dihydro-1,4-

13 benzodioxin-6-yi)-2-{4-(1- Caled 444;
methylethylyphenyl}-1-ox0-1,2,3,4- found 444
tetrahydroisoquinoline-4-carboxylic acid
(35,4S) or 3R, 4R}-3(2,3-dihydro-1,4-

14 benzodioxin-6-y1)-2-(2,3-dihydro-1H- Caled 442,

) inden-5-yi)-1-0x0-1,2,3,4- found 442
tetrahydroisoquinoline-4-carboxylic acid
(3R,4R} and (35,48)-3~(2,3-dihvdro-1,4-
1.5 benzodioxin-6-yi)-2-(4-morpholin~-4- Caled 487,
- yiphenyl}-1-ox0-1,2,3 4- found 487
tetrahydroisoquinoline-4-carboxylic acid
(3R,4R) and (35,48)-3-(2 3-dihydro-1,4-
(-6 benzodioxin-6-y1}-2-{4- Caled 480;
) (methvlsulfonylphenyl}-1-ox0-1,2,3 4~ found 480
tetrahydroisoquinoline-4-carboxylic acid

-48-
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(3R,4R) and (35,45)-3~(2,3-dihydro-1,4-
benzodioxin-0-y1)-2-{4-
{dimethylsulfamoyl)phenyl]-1-oxo-

1,2,3 4-tetrahydroisoquinoline-4-
carboxylic acid

Calcd 509;
found 509

{3R,4R) and (35,45) (-2-{4-(1-cyano-1-
methylethylyphenyl}-3-(2,3-dihydro-1,4-
benzodioxin-6-yl)-1-ox0-1,2.3 4-
tetrahydroisogquinoline-4-carboxylic acid

Calcd 469;
found 469

(3R,4R) and (3§,45)-2~(2-chloropyridin-
4-y1y-3-(2,3-dihydro-1,4-benzodioxin-6-
yi-1-ox0-1,2,3,4-tetrahvdrotsoquinoline-
4-carboxylic acid

Calcd 437,
found 437

i-19

(3R,4R) and (35,48)-2-(4~
cyclopropylphenyi)-3-(2 3-dihydro-1 4-
benzodioxin-6-yi}-1-ox0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid

Calcd 442;
found 442

1-11

(35,48 and (3R 4R))-2-[4-(4-
acetylpiperazin-1-yhphenyl}-3-(2,3-
dihydro-1,4-benzodioxin-6-y1}-1-oxo-
1,2,3,4-tetrahydroisoquinoline-4-
carboxylic acid

Caled 528;
found 528

1-12

(35,48) and (3R, 4R})-3-(2,3-dihydro-1,4~
benzodioxin-6-yi)-2-{4-[1-(2-
hydroxyethyl)-1H~pyrazol-4-yliphenyl }-
l-ox0-1,2,3 4-tetrahydroisoquinoline-4-
carboxylic acid

Caled 512
found 512

i-13

{35.,45) and (3R,4R)-2-[4-
(ditluoromethoxy)phenyl}-3-(2,3-
dihydro-1,4-benzodioxin-6-yl)-1-ox0-
1,2,3,4-tetrahvdroisoquinoline-4-
carboxylic actd

Calcd 468;
found 468
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i-14

(35,48} and (3R 4R}-2-(1,3-benzothiazol-
5-y13-3-(2,3-dihydro-~1,4-benzodioxin-6~
yh-1-0x0-1,2,3 4-tetrahydroisoquinoline-
4-carboxylic acid

Caled 459;
found 459

35,4S) and (3R, 4R}-3-(2,3-dihydro-1,4-
benzodioxin-6-yi}-2-(3,3-dirnethyl-2-
ox0-2,3-dihydro-1H-indol-6-y1)-1-ox0-

Caled 485;

485
1,2,3 4-tetrahydroisoquinoline-4- found 483
carboxylic acid
(35,48} and (3R 4R)}-3-(2,3-dihydro-1.4-

(16 benzodioxin-6-yi}-1-oxo-2-[4-(1H- Calcd 468;
pyrazol-5-ylphenyl}-1,2.3 4- found 468
tetrahydroisoquinoline-4-carboxylic acid

35,48) and (3R, 4R)-2-{(4-chloro-3-
17 fluorophenyl}-3-(2,3-dihydro-1.4- Caled 454;
' benzodioxin-6-yi)-1-ox0-1,2,3,4- found 454
tetrahydroisoquinoline-4-carboxylic acid
(35,45) and (3R 4R)-2-(4-chloro-3-
cyclopropylpheny!)-3-(2,3-dihydro-1,4- Caled 470

1-18

benzodioxin-6-yi}-1-ox0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid

found 476

(35,45} and (3R, 4R})-2-(3-cyano-4-
morpholin-4-ylphenyl}-3-(2,3-dihydro-

Caled 512

1-19 1 4-benzodioxin-6-yi)-1-ox0-1,2,3.4- found 512
tetrahydroisogquinoline-4-carboxylic acid
(38,48) and (3R, 4R)-2-[3-chloro-4-
(ditfluoromethoxy phenyl}-3-(2,3- Caled 502:

dihydro-1,4-benzodioxin-6-yi}-1-0x0-
1,2,3,4-tetrahvdroisoquinoline-4-
carboxylic actd

found 502

“50-
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(35,48) and (3R, 4R})-3-(2,3-dihydro-1,4-
(31 benzodioxin-6-yi}-2-[4-(2-hydroxy-1,1- | Caled 474,
B dimethylethylyphenyl}-1-ox0-1,2.3 4~ found 474
tetrahydroisoquinoline-4-carboxylic acid
(35,45) and (3R 4R)-2-(3-chlorophenyl}-
(22 3-(2,3-dihydro-1,4-benzodioxin-6-yl)-1- | Caled 436;
- oxo-1,2,3 4-tetrahydroisoquinoline-4- found 436
carboxylic acid
(38,48) and (3R, 4R)-2-(3-chloro-4-

123 morpholin-4-yiphenyl}-3-(2,3-dihydro- Caled 521,
1, 4-benzodioxin-6-y1)-1-oxo-1,2,3 4~ found 521
tetrahydroisoquinoline-4-carboxylic acid

35,4S) and (3R, 4R}-3-(2,3-dihydro-1,4-

124 benzodioxin-6-y1)-2-(2~-methylpyridin-4- | Caled 417,
vh-1-0x0-1,2,3 4-tetrahydroisoquinoline- | found 417
4-carboxylic acid
(38,45 and 3R, 4R))-3-(2,3-dihydro-1,4-

1% benzodioxin-6-yi)-1-ox0-2-{4-(2,2,2- Caled 500;
trifluoroethoxy)phenyl]-1,2.3 4- tound 500
tetrahydroisoquinoline-4-carboxylic acid
(35,48 and (3R, 4R))-2-{4-[(4-

/ vl 711-3(2.3-
chi orc{pheng, E)carbaraimy E}phenyi 1-3-(2,5 Caled 555:

1-26 dihydro-1,4-benzodioxin-6-yi)-1-ox0- found 555
1,2,3 4~tetrabydroisoquinoline-4- Lo 9o
carboxylic acid
(3S,48)and (3R, 4R)-2-(4-

127 cyclohexylphenyl}-3-(2,3-dihydro-1,4- Calcd 484;
benzodioxin-6-yi}-1-ox0-1,2,3,4- found 484
tetrahydroisoquinoline-4-carboxylic acid

“51-
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1-28

(35,4S) and (35, 4R)-2-[4~(1-
cyanocyclohexylphenyi}-3~(2,3-dihydro-

Caled 509;

1-29

1, 4-benzodioxin-6-y1)-1-oxo-1,2,3 4~ found 509
tetrahydroisoquinoline-4-carboxylic acid

35,45) and (35,4R)-3-(2,3-dihydro-1,4-
benzodioxin-6-yl)-1-0x0-2-(5,6,7,3- Caled 456,

tetrahydronaphthalen-2-v13-1,23 4-
tetrahydroisoquinoline-4-carboxylic acid

found 456

(35,45) and (3R,4R)-3-(2,3-dihydro-1,4-
benzodioxin-6-y1}-2-(2-fluoropyridin-4-
vh-1-0x0-1,2,3 4-tetrahydroisoquinoline-
4-carboxylic acid

Calcd 421
found 421

i-31

(38,48) and (3R, 4R)-3+(2,3-dihydro-1,4-
benzodioxin-6-yi)-2-{6-(hydroxymethyl}-
5,6,7 8-tetrahydronaphthaien-2-yli-1-
oxo-1,2,3,4-tetrahvdroisoquinoline-4-
carboxylic actd

Calcd 486,
found 486

1-32

(35,45} and (3R, 4R)})-2-(Z-chloro-6-
methylpyridin-4-v1}-3-(2,3-dihydro-1,4-
benzodioxin-6-yi)-1-ox0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid

Caled 451,
found 451

1-33

(35,45} and (3R,4R)}-2-(4-chloro-3-
methylphenyl}-3-(2,3-dihydro-1,4-
benzodioxin-6-yi}-1-ox0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid

Caled 450;
found 450

1-34

(35,48) and (3R, 4R})-3-(2,3-dihydro-1,4-
benzodioxin-6-yi)-2-(4-

{ [(methvisulfonyhaminolmethyl | phenyl)
-1-0x0-1,2,3, 4-tetrahydroisoquinoline-4-
carboxylic acid

Calcd 509
found 509
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1-35

{35,45) and (3R 4R)-3~(2,3~dihydro-1,4-
benzodioxin-6-y1}-2-(2,6~
dimethylpyridin~-4-yl)}-1-ox0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid

Calcd 431;
found 431

{35,45) or (3R, 4R)-2-[4-(1-
cyanocyclohexylyphenyl}-3-(2,3-dihydro-

Caled 509;

1-36 1.4-benzodioxin-6-yi}-1-ox0-1,2,3 4~ found 509
tetrahydroisoquinoline-4-carboxylic acid
(3R,4R) or (35,48)-3+2,3-dihydro-1,4-
(.37 benzodioxin-6-yl)-1-0x0-2-(5,6,7,8- Caled 456;
' tetrahydronaphthalen-2-y1)-1,2,3,4-~ found 456

tetrahydroisoquinoline~-4-carboxylic acid

(35,45} and (3R, 4R)})-2-[3~chloro-4-
{morpholin-4-yimethyhphenyl}-3-(2,3-
dibydro-1,4-benzodioxin-6-yl}-1-ox0-
1,2,3 4-tetrahydroisoquinoline-4-
carboxylic acid

Calcd 535,
found 535

(35,48) and (3R,4R)-3-(2,3-dihydro-1,4-

(.39 benzodioxin-6-y1)-2-(3,4- Caled 430,
’ dimethylphenyl)-1-oxo-1,2,3,4- found 430
tetrahydroisoquinoline-4-carboxylic acid
(35,45) or 3R, 4R}-2-(3,4~
140 dichi0;’9;)11(@11}{1}3~(2,3~dihydmul,4~ Calcd 470;
benzodioxin-6-yi}-1-ox0-1,2,3,4- tound 470

tetrahydroisoquinoline-4-carboxylic acid

i-41

(35,48} and (3R 4R)-2-{4~(benzyloxy)-3-
chlorophenyt}-3-(2,3-dihydro-1,4-
benzodioxin-6-yi)-1-ox0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid

Calced 542;
found 542
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(35,48} and (3R 4R)}-2-(3-bromophenyl}-

(.42 3-(2,3-dihydro-1,4-benzodioxin-6-yl)-1- | Calcd 480;
oxo-1,2.3 4-tetrahydroisoquinoline-4- found 480
carboxylic acid
(35,45} and (3R, 4R)-2-(4-cyclopropyl-3-
fluorophenyl)-3-(2,3-dihydro-1,4- Caled 460

1-43

benzodioxin-6-yl)-1-ox0-1,2,3,4-

35>

tetrahydroisogquinoline-4-carboxylic acid

found 460

i-44

(35,48) or (3R 4R)-2-[4-(1-
cyanocyclohexyl)phenyl}-3-(3,4-dihydro-
2H-1,5-benzodioxepin-7-yi)-1-0x0-~

1,2,3 4~tetrabydroisoquinoline-4-
carboxylic acid

Caled 523,
found 523

1-45

{(35,45) and (3R 4R)-6-bromo-3-{2,3~
dihydro-1,4-benzodioxin-6-yt)-2-(2,3-
dihydro-1H-inden-5-y1)-1-ox0-1,2.3,4-
tetrahydroisoquinoline-4-carboxylic acid

Calcd 520
found 520

i-46

35,4S) and (3R, 4R}-3-(2,3-dihydro-1,4-
benzodioxin-6-yl)-2-naphthalen-2-yi-1-
ox0-1,2,3 4-tetrabydroisoquinoline-4-
carboxylic acid

Caled 42;
found 452

{35,485} and (3R, 4R}-3~(2,3~dihydro-1,4-
benzodioxin-6-yi)-1-ox0-2-(3,4,5-

Calcd 504;

1-47 trichlorophenyi)-1,2,3,4- tound 504
tetrahydroisoquinoline-4-carboxylic acid
(35,48} and (3R 4R)-2-{3~chloro-4-(1-
o } b A2 (2
cyano-1-methylethylphenvi]-3-(2,3 Caled 503:

1-48

dibydro-1,4-benzodioxin-6-y1}-1-ox0-
1,2,3,4-tetrahydroisoguinolineg-4-
carboxylic acid

found 503
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1-4%

(35,45) and (3R, 4R)-6-bromo-~2-(3-
chloro~4-methyiphenyi)-3-(2,3-dihydro-

1,4-benzodioxin-6-yl}-1-ox0-1,2.3 4-
tetrahydroisoquinoline-4-carboxylic acid

Caled 528;
found 528

(35,45} and (3R, 4R)}-7-bromo-2-(3-
chloro-4-methylphenyl}-3-(2,3-dihydro-
1,4-benzodioxin-6-yi}-1-ox0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid

Caled 528;
found 528

(35,48) and (3R.4R)-3-(2,3-dihydro-1,4-

(5] benzodioxin-6-y1)-2-(3,4-dihydro-1H- Caled 458;
T tsochromen-7-yi}-1-ox0-1,2,3,4- found 458
tetrahydroisoquinoline-4-carboxylic acid
{3R,4R} or (35,45}-2-(3-chloro-4-

(.83 cyclohexylphenyl)-3-(2,3-dihydro-1,4- Caled 518;
benzodioxin-6-yl}-1-ox0-1,2,3,4- found 518
tetrahydroisogquinoline-4-carboxylic acid
(3R 4R} and (38,45)-2-(4-tert-butyl-3-

(.53 chlorophenyt)-3-(3,4-dihydro-2H- Caled 490;
chromen-6-yij-1-ox0-1,2,3,4- found 490
tetrahydroisoquinoline-4-carboxylic acid
(35,45} and (3R 4R)-7-bromo-2-(4-tert-

(.54 butyl-3-chlorophenyl)-3-(2,3~dihydro- Caled 570,

v 1, 4-benzodioxin-6-yi}-1-0x0-1,2,3 4~ found 570
tetrahydroisoquinoline-4-carboxylic acid
(35,45} and (3R, 4R)-2-(4-tert-butyl-3-
158 chlorophenyl)-7-chlore-3-(2,3-dihydro- Caled 526

1,4-benzodioxin-6-yi}-1-ox0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid

found 526
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N /\/0 (35,45) and (3R 4R)-7- (bcnzvi@xv‘; 2-(4-
/\ N /\ j tert-butyl-3-chloropheny! }-3-(2,3-

1-56 O/\/ dihydro-1,4-benzodioxin-6- vi) i-ox0-
1,2,3 4-tetrahydroisoquincline-4-
.arb@xvhc acid

Calcd 598;
found 598

(3R 4R) or (3% 48)-2-(4-tert-butyl-3-
chlorophenyt)-3-(2,3-dihydro-1,4-
benzodioxin-6- yi) 6-fluoro-1-ox0-
1,2,3,4-tetrahydroisoquinoline-4-
carboxylic acid

Caled 510
found 510

(3R4R} or (35, 45)-2-(4-tert-butyl-3-
chlorophenyl}-3-(2,3-dihydro-1,4-
benzodioxin-6-yi}-6-tluoro-1-oxo-
1,2,3,4-tetrahydroisogquineoline-4-
carboxylic acid

Caled 510;
found 510

(3R,4R} or (35, 45)-2-(4-tert-butyl-3-
chlorophenyl)-7-chioro-3~(2,3~dihydro- Caled 526,
1, 4-benzodioxin-6-y)-1-oxo-1,2.3 4- Found 526
tetrahydroisoquinoline-4-carboxylic acid

(3R,4R} or (35, 45)-2-(4-tert-butyl-3-
chlorophenyli}-3-(4-methvl-3,4-dihydro- | Caled 505;
2H-1,4-benzoxazin-6-yl}-1-0x0-1,2,3.4- | Found 505
tetrahydroisogquinoline-4-carboxylic acid

1-60

(3R 4R} or (38 18)-2-(4-tert-butyl-3-
chlorophenyt)-3-(4-methyl-3 4-dihydro- | Caled 505;
2H-1,4- benzoxaz.m 6-yi}-1-ox0-1,2,3,4- | Found 505
tetrahydroisoquinoline~-4-carboxylic acid

i-61

(38,45) or (3R 4R})-2-(4-tert-butyl-3-
chlorophenyl)-3-(2,3-dihydro-1,4-
benzodioxin-06-yi)-7-hydroxy-1-oxo-
1,2,3 4~tetrabydroisoquinoline-4-
carboxylic acid

Calcd 508;

§-62 found 508

(35,48} or BR,4R)-2-[3~chloro-4-(1-
cyanocyclopropyl)phenyl}-3-(2,3~
dibydro-1,4-benzodioxin-6-yl}-1-ox0-
1,2,3 4-tetrahydroisoquinoline-4-
carboxylic acid

Caled 501

1-63 found 501
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(3R,4R)} or (35,45)-2-{3-chloro-4-(1-
cyanocyclopropyliphenyl}-3-(2,3-
dihydro-1,4-benzodioxin-6-yl)-1-0x0-
1,2,3 4~tetrabydroisoquinoline-4-
carboxylic acid

Calcd 501;

§-64 found 501

Example 3
(3R4R and 35,45)-2-(4"-acetamideo-{1,1"-biphenyl]-4-y1}-3-(2,3-dibydrobenzoibi{1.4idioxin-
6-yi)-1-0x0-1,2,3,4-tetrabydroisoguinoline-4-carboxylic acid (1-653)
inCls

632603
HCI

3-2 1-88

Step 1 (3R,4R and 3$,48)-2-(4"-amino-[1,1"-biphenyl]-4-y1}-3-(2,3-dihydrobenzol[bi[ 1 4idioxin-
o-y1)-1-ox0-1,2,3,4-tetrahydroisoquinoline-4-carboxylic actd {1-65) was synthesized following
an analogous procedure to that reported for Example 1. MS APCI caled for C3gH,:N,Os [M +
HY™ 493, found 493.

Step 2. To a solution of (3R 4R and 35,48)-2-(4"-amino-[ 1, '-biphenyl]-4-y1)-3-(2,3-
dihydrobenzo[b}{1,4]dioxin-6-y1}-1-ox0-1,2,3, 4-tetrahydroisoquinoline-4-carboxylic acid (3-2)
(8.0 mg, 0.016 mmol) in dichloromethane (4 mL) was added acetyl chloride (2 pL, 0.03 mmol)
and Hunig’s base (0.014 mL, 0.081 mmol) at room temperature. The reaction mixture was
stirred at room temperature for T hour. Sodium hydroxide (1.0M tn water, 06.065 ml., 0.065

mmol} was added and the reaction mixture was stirred for an additional 2 hours at room
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temperature. The reaction mixture was quenched with TFA (0.013 mL, 0.162 mmol),
concentrated under reduced pressure, and directly purified by reverse phase chromatography on a
C18 column (CH;CN/H,O with 0.1% TFA) to afford (3R 4R and 38,48}-2-(4'-acetanmido-{1,1'-
biphenvi}-4-y1}-3-(2,3-dihydrobenzo{bl] 1,4 {dioxin-6-yi}-1-ox0-1,2,3,4-tetrabydrotsoquinoline-4-
carboxylic acid (1-65). LCMS (C12H,-N,0¢) (ES, m/z) 535 [M+H]". 'H NMR (499 MHz,
DMSO-dg) 6 13.15 (s, 1H), 10.04 (s, 1H), 8.00 (d, /= 6.8 Hz, 1H), 7.68 — 7.63 (m, 4H), 7.60 (d,
J=8.7Hz, 2H), 7.53 ~ 7.49 (m, 1H), 7.47 - 7.43 (m, 1H), 7.38 (d, J = 8.6 Hz, 2H), 733 (d, J =
73 Hz, 1H), 6.76 — 6.62 (m, 3H), 5.63 (s, 1H), 4.23 (s, 1H), 4.14 (s, 4H), 2.06 (s, 3H).
Compound 1-66 found in Table 2, was prepared in a manner analogous to Example 3,

using the appropriate anunes from commercially available vendors.

Table 2
Exact
Ex. Structure Name Mass
IVI+HI+

(35,48) and (3R 4R)-2-[4-(1-
acetylpiperidin-4-yhphenyl}-3-(2,3-
dihydro-1,4-benzodioxin-6-y1}-1-oxo-
1,2,3,4-tetrahvdroisoquinoline-4-
carboxylic acid

Caled 527,

1-66 found 527

Example 4
{3R4R and 35.45)-2-(4'-acetamido-2-chloro-{1,1'-biphenyl}-4-v1}-3-(2.3-
dihvdrobenzolbiil.4ldioxin-6-yi}-1-0x0-1,2,3 4-tetrahydroivoguinsiine-4-carboxylic acid (1-

67)

Dy OH o
0 )
/ E = ~ O
__________________________ . AN
J

41 167

Step 1. To a solution of (3R 4R and 38,45)-2~(4"-amino-2-chloro-{1, I'-biphenyl}-4-v1}-3-(2,3-
dihydrobenzol[bl[1,4]dioxin-6-y1}-1-ox0-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid (4-1)
(10.0 mg, 0.016 mmol) in dichloromethane (1 mlL) was added acetyl chloride (1 pl, 0.02 mmol)

and N, N-diisopropylethviamine (Hunig’s Base} (0.008 mL, 0.05 mmol) at room temperature.

-58-



[

16

WO 2019/182886 PCT/US2019/022440

The reaction mixture was stirred at room temperature for 1 hour. Sodium hydroxide (1.0M in
water, 0.094 mL, 0.094 mmol) was added and the reaction mixture was stirred for an additional
2 hours at room temperature. The reaction mixture was quenched with TFA (0.008 mL, 0.1
mmol}, concentrated under reduced pressure, and directly purified by reverse phase
chromatography on a C18 column. (CH;CON/H,0 with 0.1% TFA) to afford (3R, 4R and 35,45)-
2-(4'-acetamido-2-chioro-{1,1'-biphenyl}-4-yi}-3-(2,3-dihydrobenzo[bl{ 1,4 ldioxin-6-yi}-1-0x0-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid (1-67). LCMS (C3,HosCINLOg) (ES, m/z) 569
M+H]. 'H NMR (499 MHz, DMSO-dg) 5 13.18 (s, 1H), 10.08 (s, 1H), 8.00(d, /= 7.5 Hz,
1H), 7.65 (d, J = 8.5 Hz, 2H), 7.57 —~ 7.49 (m, 2H), 7.48 - 7.41 (m, 2H), 7.40 — 7.32 (m, 4H),
6.77 - 6.63 (m, 3H), 5.68 (s, 1H), 4.25 (s, 1H), 4.15 (s, 4H), 2.07 (s, 3H).

Example Compounds 1-68 through 1-76, found in Table 3, were prepared in a manner
analogous to Example 4, using the appropriate amines from commercially available vendors.

Table 3

, : Exact Mass
Ex, Structure Name VI H

D, OH
C;[ ) (3R,4R) and (38, 49)-2-[4~(1-
acetylpiperidin-4-yl}-3-methylphenyl}-

Z 3-(2,3-dihydro-1,4-benzodioxin-6-yi}- g@ﬁzg 22% ;
\ ™ 1-oxo-1,2,3,4-tetrahydroisoquinoline-4- :

N\/ carboxylic acid

1-68

(3R,4R) and (35, 45)-2-{4-[cis-4-
\ {acetylaminojcyclohexyljphenyl -3~
1-69 & «” : y Caled 541;
\

(2,3-dihvdro-1,4-benzodioxin-6-yl}-1- .
o . . found 541

l Q oxo-1,2.3,4-tetrahvdroisoquinoline-4-

. {_fk carboxylic acid

o}

O, -OH
[\\l (3R 4R) and (3, 48)-2-{4-trans-4-
{acetvlaminojcyclohexvl{phenvl }-3- Caled 541
1-76 (2,3-dihydro-1,4-benzodioxin-6-yh)-1- | - L
© c - . found 541

oxo-1,2,3,4-tetrahydroisoquinoline-4-

NJK carboxylic acid
H

Example 5
(35.45 and 3R 4R})-2-(4-(tert-butyl}-3-chlorophenyl}-3-(2,3-dihydrobenzo|b}{1.4]dioxin-6-
yi-N-methyl-1-0x0~1,2,3,4-tetrahydroisoquinoline-4-carboxamide (1-71)
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CHaNH,
B

HATU
Hunig's base

rac $-1 471

Step 1: Methylamine HCH {16 mg, 0.24 mmol), HATU (28 mg, 0.073 mmol) and Hunig's base
(32 pl, 0.18 mmol) were added to a racemic mixture of 2-{(4-(tert-butyl)-3-chlorophenyl}-3-(2,3-
dihydrobenzo[blf I, 41dioxin-6-y1}-1-ox0-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid (1-1)
{30 mg, 0.061 mmol} in DMF (0.20 mL). The reaction mixture was stirred at room temperature
for 1.5 hours. The reaction mixture was diluted with EtOAc and water. The organic layer was
separated and concentrated under reduced pressure. The residue was purified by silica gel
chromatography [{25% ethanol in ethyl acetate) in hexanes] to afford (35,45 and 3R 4R)-2-(4-
(tert-butyi)-3~-chlorophenyl)-3-(2,3-dihydrobenzolblf 1,4 ldioxin-0-yl}-N-methyl-1-0x0-1,2,3 4~
tetrahydroisoquinoline-4-carboxamide (1-71). LCMS (C,oH;,CIN,G,) (ES, n/z) 505 [M+H]
'H NMR (600 MHz, DMSO-d;) 6 8.05 — 7.87 (m, 2H), 7.49 — 7.29 (m, 4H), 7.24 (d, J = 7.0 Hz,
1H), 7.11 (d, J= 8.2 Hz, 1H), 6.71 - 6.65 (m, 2H), 6.59 (d, /= 8.3 Hz, 1H), 5.34 (s, 1H), 4.1 (s,
4H), 3.96 (s, 1H), 2.39 (d, /= 4.0 Hz, 3H), 1.39 (s, 9H).

BExample Compounds 1-72 through 1-74 found in Table 4, were prepared in a manner

analogous to Example 5, using the appropriate amines from commercially available vendors.

Table 4
VR N Exact Mass
Ex. Structure Name N+ H I+
(35,4S) or (3R,4R)-2~(4-tert-butyl-3-
72 chlorophenyl)-3-(2,3-dihydro-1 4- Calcd 491,
o benzodioxin-6-yi)-1-ox0-1,2,3,4- found 491
tetrahydroisoquinoline-4-carboxamide
{38,48) and (3R 4R }}-2-(4-tert-butyl-3-
chl@mgheiayi}%—(‘2,?T>—¢§1hydmfi 4= Caled 519:
1-73 benzodioxin-6-y1)-N,N-dimethyl-1- found 519
oxo-1,2,3 4-tetrahydroisoquinoling-4- v ot
carboxamide
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{(38,45) or (3R 4R }-2-(4-tert-butyl-3-
chlorophenyl)-3-(2,3-dihydro-1,4-
benzodioxin-6-y1)-7-flucro-1-o0xo-~
1,2,3 4~tetrahydroisoquinoline~4-
carboxamide

Calcd 509,

1-74 found 509

Example 6
{3545 and 3R 4R)-2-(4-(teri-butyl}-I-chiorophenyl}-3-(2,3-dihydrobenzo[bjii . 4]dioxin-6-

yi}-1-oxe-7-vinyi-1,2,3,4-tetrahydroisoquineline-4-carboxylic acid (1-75}

O OH O

1.54 175
Step 1: (35,48 and 3R 4R)-7-bromo-2-(4-(tert-butyl}-3~-chlorophenyl}-3-(2.3-
dihvdrobenzo[bl[1,4]dioxin-6-y1}-1-0x0-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid {1-54)
{40 mg, 0.068 mmol), potassium vinyliriftuoroborate {14 mg, 0.10 mmol) and PACH{(dppt) (5
mg, 7 umol) were combined and suspended 1n ethanol (0.7 mL}. Triethylamine (0.024 mL, 0.17
mmol} was added to the mixture. The reaction mixture was heated to 90°C for 1.5 hours. The
reaction roixture was cooled to room temperature and then diluted with ethyl acetate and
aqueous saturated sodium bicarbonate. The organic layer was separated, and the aqueous layer
was extracted with ethyl acetate (3x). The organic layers were combined, washed with brine,
dried over sodium sulfate, and concentrated under reduced pressure. The product residue was
purified by reverse phase chromatography on a C18 column (CH;CN/H,0 with 0.1% TFA) to
afford (35,45 and 3R 4R -2-(4-(tert-butyl)-3-chlorophenyl 3-3-(2,3-dihvdrobenzo[bi 1 4 ldioxin-
6-yly-1-oxo-7-vinyl-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid (1-75). LCMS
(C3oH3CINGs) (ES, m/z) 518 [M+H]™ H NMR (600 MHz, DMSO-dy) 8 13.11 (s, 1H), 7.98 (s,
1H), 7.61 (d, J= 7.9 Hz, 1H), 7.46 (d, J = 8.6 Hz, 1H), 7.38 (5, 1H), 7.28 (d, ./ = 7.9 Hz, 1H),
7.20(d, J="7.3 Hz, 1H), 6.78 (dd, J = 17.6, 10.9 Hz, 1H), 6.69 (d, J = 8.4 Hz, 1H), 6.64 (s, 1H),
6.60 (d, .= 8.3 Hz, 1H), 5.86 (d,./ = 17.6 Hz, 1H), 5.57 (s, 1H), 5.30 (d, /= 10.9 Hz, 1H), 4.18
(5, 1H), 4.11 (s, 4H), 1.39 (s, 9H).

Intermediate 2

teri-butyl (4'-amine-2'-chloro-{1,1'-biphenyl}-4-yijcarbamate (I-2)
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HaN. oH
X ’
L Ho ™ Y0 —_——
e 0L L
= N7 O
¢l N
E"za E.’zb E“z

Step 1. A mixture of 4-bromo-3-chloroaniline (§-2a) (250 mg, 1.2 mmol), (4-({tert-
butoxycarbonylamino)phenvi)boronic acid (B-2b) (287 mg, 1.21 mmol), Pdy{(dba); (55 mg,
0.061 mmol}, 2-Dicyclohexylphosphino-2'.4",6'-triisopropylbiphenyl (X-phos) (58 mg, 0.12
mmol), and cesium carbonate (789 mg, 2.42 mmol}) was degassed with argon for 3 minutes.
Dioxane (4.0 mL) and water (0.4 mL) were added to the reaction mixture at room temperature.
The reaction mixture was stirred for 5 minutes at room temperature while degassing with argon.
The reaction mixture was then heated to 95°C and stirred for 6 hours. The reaction mixture was
then cooled to room temperature, diluted with ethyl acetate (100 mL}), and washed with brine (25
mL). The organic layer was separated, dried over maguesium sulfate, filtered, and concentrated
under reduced pressure to afford the crude product residue. The crude product residue was
purified by stlica gel chromatography (eluting ethyl acetate in hexanes) to afford fers-butyl (4'-
amino-2'-chloro-[1,1'-biphenyl}-4-vljcarbamate (§-2) LCMS (C;H,,CIN,O,) (ES, m/z) 319
[M+H] 'H NMR (499 MHz, DMSO-d;) 6 938 (s, 1H), 744 {(d, /=84 Hz, 2H), 722 (d, /=
86 Hz ZH), 7.00(d, /=83 Hz, 1H), 6.67(d, J=22Hz 1H), 6.55({dd, /=283, 2.2 Hz, 1H),
5.43 (s, 2H), 1.48 (s, 9H).

Intermediate 3

4-methyl-3,4-dihydro-2H-benzo{b]{1,4}oxazine-G-carbaldehyde (1-3)

i-3a B3¢

Step 1 DIBAL-H (3-3b) (1.OM in THF, 5.3 mlL, 5.3 mmol) was added dropwise to a solution of
methyl 4-methyl-3 4-dihydro-2H-benzo[b}{1,4]oxazine-6-carboxvlate (E-3a) (500 mg, 2.41
mmol} in tetrahydrofuran (5.0 mL) at 0°C. The reaction mixture was stirred at 0°C for 1 hour
and then allowed to warm to room temperature. The reaction mixture was then stirred at room
temperature for 1 hour. The reaction mixture was then cooled to 0°C and additional DIBAL-H
{1.0M in THF, 6.0 mL, 6.0 mmol) was added. The reaction mixture was stirred at 0°C for 1 hour
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and then allowed to warm to room temperature. The reaction mixture was then stirred for 1 hour
at room temperature. The reaction mixture was cooled to 0°C under a stream of argon gas. The
mixture was quenched with saturated aquecus ammonium chloride solution under a stream of
argon gas. Additional water was added (50 ml.) and the mixture was diluted with ethyl acetate
(50 mL) and methanol (50 mL). The resulting suspension was filtered and the filtrate was
concentrated under reduced pressure, azeotroping several times with acetonitrile, to afford the
crude product restdue. The isolated residue was suspended in methanol and filtered. The filtrate
was purified by silica gel chromatography (eluting {5% methanol in ethyl acetate] in
dichloromethane} to atford (4-methyl-3 4-dihydro-2H-benzolbl[ I, 4]oxazin-6-ylimethanol (§-3¢}).
LCMS (C10H;NO,) (ES, m/z) 180 [M+H]". 'H NMR (499 MHz, DM8O-d;) § 6.64 (s, 1H), 6.58
(d,J=8.0Hz, 1H), 6.50 (d, J=7.9 Hz, 1H), 4.94 (1, J=5.7 Hz, 1H), 4.34 (d, /= 5.7 Hz, 2H),
423 - 4.16 (m, 2H), 3.24 — 3.16 (m, 2H), 2.81 (s, 3H).
Step 2: Dess-Martin periodinane {1-3d) (1270 mg, 3.00 mmol) was added portion wise to a
solution of (4-ruethyl-3,4~dihydro-2H-benzolblf 1, 4]oxazin-6-ylimethanol (I-3¢) (430 mg, 2.4
mmol} in dichloromethane (5.0 mL) at 0°C. The reaction mixture was stirred at 0°C for 1 hour
and then allowed to warm to room temperature. The reaction mixture was then stirred for 1 hour
at room temperature. The reaction mixture was quenched by the addition of saturated aqueous
sodium bicarbonate solution (25 mL), and the mixture was then diluted with ethyl acetate (250
mb.) and water (25 ml). The organic layer was separated, and the aqueous layer was washed
with additional ethyl acetate (50 mL). The organic layers were combined, dried over magnesium
sulfate, filtered, and concentrated under reduced pressure to afford the crude product residue.
The crude product residue was purified by silica gel chromatography (eluting ethyl acetate in
hexanes) to atford 4-methyl-3,4-dihydro-2H-benzo{b]{1,4]oxazine-6-carbaldehyde (1-3). LCMS
(C1oHpNO,) (ES, m/z) 178 [M+H], 'H NMR (499 MHz, DMSO-dy) 6 9.77 (s, 1H), 7.19 (dd, J
=81, 1.7Hz 1H), 7.14(d, J= 1.4 Hz, 1H), 6.86 (d, /= 8.0 Hz, 1H), 4.36 — 4.29 (m, 2H), 3.31 -
3.25 (m, 2H), 2.89 (s, 3H).

Intermediate 4

tert-butyl 4-{(4-amino-2-methylphenyljpiperidine-{-carboxylate (1-4)
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Pdg(dbﬁ)g
X-phos

Step 1 A nuxture of 4-bromo-3-methylaniline (I-4a) (1.23 ¢, 6.61 mmol), (1-(tert-
butoxycarbonyl}-1,2 3, 6-tetrahydropyridin-4-ylboronic acid (I-4b) (1.50 g, 6.61 mmol),
Pdy{dba); (0.30 g, 0.33 mmol), 2-Dicyclohexyliphosphino-2',4",6'-tritsopropylbiphenyi (X-phos)
{0.32 g, 0.66 mmol), and cesium carbonate (4.31 g, 13.2 mmol) was degassed with argon for 3
minutes. Dioxane {(10.0 mL) and water {1.0 mL) were added to the mixture at room temperature.
The reaction mixture was stirred for 5 minutes while degassing with argon, and then the mixture
was heated to 90°C and stirred for 18 hours. The reaction mixture was cooled to room
temperature, diluted with ethyl acetate (250 mL), and washed with brine (50 mL). The organic
taver was separated, dried over magnesium sulfate, filtered, and concentrated under reduced
pressure to afford the crude product residue. The crude product residue was purified by silica
gel chromatography (eluting ethyl acetate in hexanes) to fert-butyl 4-(4-amino-2-methylphenyl}-
5,6-dihydropyridine-1(2H)-carboxylate (I-4¢). LCMS (C,7H,sN0,) (ES, m/z) 289 [M+H]". 'H
NMR (499 MHz, DMSO-d;) § 6.73 (d, J= 8.1 Hz, 1H), 636 (s, 1H), 6.35 - 6.30 (m, 1H), 5.42
(s, TH), 4.92 (s, 2H), 3.90 (s, 2H), 3.48 (s, 2H), 2.20 (s, 2H), 2.09 (s, 3H), 1.42 (s, 9H).

Step 2- A flask containing fert-butyl 4-(4-amino-2-methylphenyl)-5,6-dihydropyridine-1(2H)-
carboxylate (I-4¢) (1.68 g, 5 83 rumol) and palladium on carbon (0.310 g, 0.291 mmol) was
degassed with argon for 5 minutes. Ethanol (20 mL) and hydrochloric acid (37% in water, 0.96
mkE, 12 mmol) were added under a stream of argon. The headspace above the reaction mixture
was evacuated by vacuum and backfilled with hydrogen gas. The reaction mixture was stirred
under a hydrogen atmosphere for 18 hours at room temperature. The reaction mixture was
filtered through Celite™ and washed with methanol. The filtrate was concentrated under
reduced pressure to afford the crude product residue. The crude product residue was suspended
in ethyl acetate (250 mL) and diluted with saturated agueous sodium bicarbonate solution (50

mLb}. The mixture was stirred until all solids had dissolved. The organic layer was separated
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and washed with brine (25 mL). The organic layer was separated, dried over magnesium sulfate,
filtered, and concentrated under reduced pressure to afford the crude product residue. The crude
product residue was purified by silica gel chromatography (eluting ethyl acetate in hexanes) to
afford the product. A portion of the 1solated product was further purified by reverse phase HPLC
{eluting acetonitrile in water with 0.1% TFA meodifier) to afford rerr-butyl 4-(4-amino-2-
methyiphenyl)piperidine-1-carboxylate (i-4). LCMS (Cy,Hy7N,0,-CyHg) (ES, m/z) 235 [M+H-
tBu]". 'H NMR (499 MHz, DMSO-d) 5 9.06 (s, 2H), 7.21 (d, J = 8.1 Hz, 1H), 6.98 - 6.93 (m,
2H), 4.06 (s, 2H), 2.84 (t, /= 11.9 Hz, 2H), 2.30 (s, 3H), 1.64 (d, J = 12.8 Hz, 2H), 148 - 1.40
(m, 3H), 1.41 (s, OH)
Intermediate §
tert-butyl {{cis)-4-(4-aminophenyljcyclohexyljcarbamate and fert-butyl ((irans)-4-(4-

aminophenyljcyclohexyljcarbamate (§-5)

HoN
N L "0
TO Ik = Ok
§ G Pd,{dba), ﬁ O

X-phos Se

i-8a

i-8¢

Step 1. A mixture of 4-bromoaniline (I-3b) (500 mg, 2.91 mmol), fert-butyl (4-(4,4,5,5-
tetramethyl-1,3 2-dioxaborolan-2-yhcyclohex-3~en~1-yhcarbamate (I-3a) (940 mg, 2.91 mmol),
Pdy{dba); (133 mg, 0.145 mmol), X-phos (139 mg, 0.291 mmol)}, and cesium carbonate (19 g,
5.8 mmol) was degassed with argon for 3 minutes. Dioxane (8.0 mL) and water (0.8 mL) were
added to the mixture at room terperature. The reaction mixture was stirred for S minutes while
degassing with argon, and then the reaction mixture was heated to 90°C and stirred for 18 hours.
The reaction mixture was cooled to room temperature, diluted with ethyl acetate (250 mL}, and
washed with brine (S0 mL). The organic layer was separated, dried over magnesium sulfate,
filtered, and concentrated under reduced pressure to afford the crude product residue. The crude

product residue was purified by silica gel chromatography (eluting ethyl acetate in hexanes) to
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afford fert-butyl (4'-amino-2,3,4,5-tetrahydro-{ 1, 1-biphenylj-4-ylcarbamate (-3¢} LCMS
(C1-H,sN,0,) (ES, m/z) 289 [M+H]". 'H NMR (499 MHz, DMS8O-d,} § 7.07 (4, /= 8.5 Hz,
2H), 6.83 — 6.74 (m, 1H), 6.48 (d, .J = 8.6 Hz, 2H), 5.79 (s, 1H), 5.04 (s, 2H), 3.50 - 3.42 (m,
1H), 2.45 — 2.25 (m, 3H), 2.07 — 1.94 (m, 1H), 1.92 — 1.81 (m, 1H), 1.53 — 1.45 (m, 1H), 1.39 (s,
9H).
Step 2- A flask containing fert-butyl (4'-amino-2,3 4, 5-tetrabydro-[1,1-biphenyl]-4-
vhycarbamate (B-d¢) (580 mg, 2.0 mmol) and palladiun on carbon (107 mg, 0.101 mmol} was
degassed with argon for 5 nmunutes. Ethanol (20 mL) and hydrochloric acid (37% in water, 0.50
mk., 6.0 mmol} were added under a stream of argon. The headspace above the reaction mixture
was evacuated by vacuum and backfilled with hydrogen gas. The reaction mixture was stirred
under a hydrogen atroosphere for 6 hours at room temperature. The reaction mixture was
filtered through Celite™ and washed with methanol. The filtrate was concentrated under
reduced pressure to afford the crude product. The crude product was suspended in ethyl acetate
{250 mL) and diluted with saturated aqueous sodium bicarbonate solution (50 mL). The mixture
was stirred until all solids had dissolved. The organic layer was separated and washed with brine
(25 mlL). The organic layer was separated, dried over magnestum sulfate, filtered, and
concentrated under reduced pressure to atford the crude product residue. The crude product
residue was purified by silica gel chromatography (eluting ethyl acetate in hexanes) to afford the
product as a mixture of cis/trans 1somers, The isolated product was further purified by reverse
phase HPLC (eluting acetonitrile in water with 0.1% TFA modifier) to afford ferf-butyl (4-(4-
aminophenylicyclohexyl)carbamate as a mixture of cis/trans isomers. ferf-Butyl (4-(4-
aminophenyleyclohexylcarbamate 2,2, 2-trifluoroacetate (I-5) was separated into pure
stereoisomers {(Chiralpak™ AS-H, 21x250mm, eluting methanol+0.25% dimethy! ethyl amine in
C,y) to afford two peaks eluting at 2.58 minutes and 4.00 minutes.
Peak 1. fert-butyl ({cis)-4~(4-aminophenyljcyclohexylycarbamate: LCMS (C-H6N,0,+Na)
(ES, m/z) 313 [M+Na]". 'H NMR (499 MHz, DMSO-ds} § 6.96 — 6.90 (m, 3H), 6.47 (d, /= 7.8
Hz, 2H), 4.77 (s, 2H), 3.66 (s, 1H), 2.31 ~ 2.25 (m, 1H), 1.75 - 1.62 (m, 4H), 1.58 — 1.42 (m,
4H), 1.40 (s, OH),
Peak 2: fert-butyl ({trans)-4-(4-aminophenyijcycichexyljcarbamate: LCMS (C;HyN,O,-CHg)
(ES, m/z) 235 [M+H-Bu]". "H NMR (499 MHz, DMSO-d:) § 6.85 (d, J = 8.3 Hz, 2H), 6.73 (d,
J=79Hz, 1H), 6.46 (d, /=82 Hz, 2H), 4.79 (s, 2H), 3.27 - 3.19 (m, 1H), 2.26 — 2.18 (m, 1H),
1.82(d,J=11.0 Hz, 2H), 1.70 (d, /= 12.0 Hz, 2H), 1.42 — 131 (m, 2H), 1.38 (s, 9H), 1.29 -
1.19 (m, 2H).

Example 7
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(3R 4R or 35.48)-2-(4-(fert-butyl}-3-chloropheny}-3-(2,3-dithydrobenzo| 5[ 1,4]dithiin-6-yi}-

i-exe-1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid (1-76)

" SN
i o N
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0t » | T o
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Br B i Ry S
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56°C, 16 h S -78°C-1t,3 1 g
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: BT ] —
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Step 1: To a stirred solution of methyl 3 4-dihvdroxybenzoate (7-a) (7.0 g, 41.6 mmol} in DMF
{70 mlL) was added dimethylcarbamothioic chloride (20.58 g, 166.5 mmol) followed by 1,4-

W

diazabicyclo[2.2 2joctane (DABCO) (18.68 g, 166.5 mmol). The reaction mixture was stirred at
room temperature for 1h. The reaction mixture was diluted with ethyl acetate (3x50mL}), washed
with water (3x50 mL) and brine solution. The mixture was dried over sodium sulfate, filtered
and concentrated under reduced pressure. To the crude compound was added ethanol (100 mL)

10 and kept at room temperature for 16 h. The resulting solid was filtered and dried to afford
methyl 3 4-bis({dimethylcarbamothioylyoxybenzoate (7-b). MS ESI caled for C H 5N, 045,
[M+H]" 343 found 343. 'H NMR (400 MHz, CDCl;) §7.99 (dd, J= 8.4 Hz, 2.0 Hz, 1H) 7.85 (d,
J=2.0Hz, 1H), 723 (d, /= 8.4 Hz, 1H), 3.90 (s, 3H), 3.43(d, /= 1.7 Hz, 6H),3.30(d, /=26
Hz, 6H)
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Step 2: To the compound methy] 3, 4-bis ({(dimethylcarbamothioyloxy)benzoate (7-b) (4.5 g,
13.1 mmol) was added dipheny! ether (145 mL}. The reaction mixture was stirred at 290°C for
1.5 h with vigorous stirring. The reaction mixture was cooled to room termperature, and then
purified by column chromatography on silica by using 6% ethylacetate/ hexanes as eluent to
atford methyl 2-oxcbenzo[d}{1,3}dithiole-5-carboxylate (7-¢}. MS ESI caled for CoH,(:S,
[MHH] 226 found 226.

Step 3: To the compound methyl 2-oxobenzo{d|[ 1,3 dithicle-5-carboxylate (7-¢) (1.2 ¢, 5.30
mmol) was added 1M NaOH aqueous solution (50 mL) The reaction roixture was stirred at
75°C for 4 h. The reaction mixture was cooled to 0°C, acidified by using 1IN HCI (100 mL). The
resulting solid was filtered and dried to afford 3,4-dirnercaptobenzoic acid (7-d). MS ESI caled
for CH,0,8, [M+H]}" 186 found 186,

Step 4: To astirred solution of 3,4-dimercaptobenzoic acid (7-d) (780 mg, 4.2 mmol) in
methanol (15 mL) was added 2 drops of sulfuric acid. The solution was allowed to stir at 75°C
for 16 h. The reaction mixture then was concentrated. The resulting residue was basified by
using saturated NaHCO; solution, extracted with ethyl acetate (30 mL), washed with water (10
mkb ) and brine solution. The organic layer was dried over sodium sulfate, filtered and
concentrated under reduced pressure to afford methyl 3,4-dimercaptobenzoate (7~e). MS ESI
caled for CgHy0,S, [M+H] 201found 201

Step 3: To astirred solution of methyl 3,4-dimercaptobenzoate (7-e) (750 mg, 3.75 mmol) in
acetone (20 mL) was added potassium carbonate (1 .55 ¢, 11 25 mmol) followed by 1.2~
dibromoethane (1.76 g, 9.37 mmol}. The reaction mixture was stirred at 60°C for 2 h. The
reaction roixture was cooled to room temperature, filtered through Celite™, the filtrate was
concentrated. The crude compound was puritied by column chromatography on silica by using
10% ethylacetate/hexanes as eluent to afford methyl 2 3-dibydrobenzolb]{1,4]dithiine-6-
carboxylate (7-f). MS ESI caled for CH,,0,S, [M+H]™ 227 found 227. "H NMR (400 MHz,
CDCly) §7.81 (s, 1H), 7.61 (dd, J= 8.0 Hz, 1.6 Hz, 1H), 7.17 (d, ./ = 8.2 Hz, 1H), 3.88 (s, 3H),
3.37-3.23 (m, 4H).

Step 6: To a stirred solution of methyt 2,3-dihydrobenzo[8]{ 1,4 dithiine-6-carboxylate (7-f)
{350 mg, 1.54 mmol) in anhydrous dichloromethane (15 mb) at -78°C , DiBAL-H (3.5 mL,, 2.32
mmol} was added. The reaction mixture was stirred at —-78°C for 1.5 h, then slowly warmed to
room temperature and stirred for an additional 1 h. The reaction mixture was quenched with
ammonium chloride solution, extracted with dichloromethane (30 mL), washed with water and
brine solution. The organic laver was dried over sodium sulfate, filtered and concentrated under
reduced pressure. The crude compound was purified by column chromatography on silica by
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using 20% ethylacetate/ hexanes as eluent to afford (2,3-dihydrobenzol [ 1,4]dithiin-6-
yDmethanol (7-g). MS ESI caled for CoH,, 08, [M+H]™ 199 found 199, 'H NMR (400 MHz,
CDCLYOT7 .17 (s, 1H), 714 (d, /=8 0Hz, TH), 699 (d, /=80 Hz, 1H),458({,J=56Hz 2
H), 3.26 (s, 4H), 1.60 (s, 1H).
Step 7: To a stirred solution of (2,3-dihydrobenzo[5][1,4]dithitn-6-y imethanol (7-g) (240 mg,
1.21 mmol) in dichloromethane (10 mL) was added dessmartin periodinane (DMP) (770 mg,
1.81 mmol). The reaction mixture was stirred at room temperature for 3 h. Then the reaction
mixfure was diluted with DCM (30 mL), washed with aquecus Na;$,0; solution, aqueous
NaHCO; solution, water and brine. The organic layer was dried over sodium sulfate, filtered and
concentrated under reduced pressure. The crude compound was purified by column
chromatography on silica by using 6% ethylacetate/hexanes as eluent to atford 2,3-
dihydrobenzo[b][ 1, 4]dithiine-6-carbaldehyde (7-h). MS ESI caled for CoHo0S, [M+H] 197
found197. 'H NMR_ (400 MHz, CDCl3) §9.84 (s, 1H), 7.61 (d, /= 1.6 Hz, 1H), 7.46 (dd, J = 8.0
Hz, 1.6 Hz, 1H), 7.27 (s, 1H), 3.39-3.25 (m, 4H),
Step 8: To the compound 2-(carboxymethyl)benzoic acid (60 mg, 0.33 mmol), 4-(tert-butyl)-3-
chloroaniline (61 mg, 0.33 mmol), 2,3-dihydrobenzo{b}[ 1 4}dithiine-6-carbaldehyde (7-h) (65
mg, 0.33 mmol} was added toluene (3.0 mL), kept in a dean-stark apparatus, stirred at 140°C for
24 h. To the reaction mixture was added ethyl acetate (15 mL). The muxture then was washed
with water and brine solution. The organic layer was dried over sodium suifate, filtered and
concentrated under reduced pressure. The crude compound was purified by reverse phase
column chromatography by using 70% acetonitrile/water as eluent to afford 2-(4-(fers-butyl)-3-
chlorophenyl)-3-(2,3-dithydrobenzo[ 1] 1,4 dithiin-6-yl}-1-0x0-1,2,3 4-tetrahydroisoquinoline-4-
carboxylic acid. "H NMR (400 MHz, DMSO-dg) 513.14 (s, 1H), 7.98 (dd, ./ = 7.8 Hz, 1.6 Hz,
1H), 7.54-7.41 (m, 4H), 7.32 (d, J= 7.4 Hz, 1H), 7.21 (dd, J= 8.6 Hz, 2.2 Hz, 1H), 7.00 (d, /=
8.0 Hz, 2H), 6.79 (dd, /= 8.6 Hz, 2.2 Hz, 1H), 5.63 (s, 1H), 3.21 (s, 4H), 1.43 (s, OH).
Step 9: Isomers were separated by SFC, 1A column eluting with 15% MeOH and CO7 to give
isomer I 1-76 (fast eluting) 'H NMR (400 MHz, CDCls) § 8.11 (d, J= 8.2 Hz, 1H), 7.41-7.32 (m,
4H), 7.15-7.10 (m, 2H), 6.99-6.92 (m, 2H), 6.70 (dd, /= 8.0. 1.6 Hz, 1H), 5.48 (s, 1H), 3.88 (s,
1H), 3.19 (s, 4H), 1.41 (s, OH). MS ESI caled for CppHlgCINOG,S, [M+H]™ 524 found 524,
Example 8
(BRA4R or 35,45})-2-(4-(tert-butyl}-3-chiorophenyl}-3-(2,3-dihydrobenzeo{b]{1,4]oxathiin-6-

vi-1-o0x0-1,2,3,4-tetrahydroisoguinoline-4-carbexylic acid (1-77)
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Stepl: To astirred solution of 1,2-dibromoethane (1.51 mL, 17.58 mmol in acetone (90 ml),
potassium carbonate (4.86 g, 35.2 mmol) was added at RT. To this reaction mixture, 2-

mercaptobenzene-1,4-diol (8-a) (2.50 g, 17.58 mmol) in acetone (30 ml) was added slowly over

93}

period of 20 minutes at RT. The reaction mixture was stirred at RT for 16 hours and then
filtered through Celite™ bed and the solvent was concentrated under reduced pressure. The
residue was diluted with EtOAc (150 mL) and water (50 mL), and the layers were separated.
The organic fraction was washed with brine (100 mL), dried (Na,80,), and filtered. The filtrate
then was concentrated under reduced pressure. The residue was purified by column

10 chromatography on silica (0 to 60% EtOAc/Hexanes) to afford 2, 3-

dihydrobenzo[b][ 1,4]oxathiin-6-of (8-b). 'H NMR (400 MHz, CDCly) § 6.69 (d,.J = 8.8 Hz, 1H),
6.53 (d, J= 3.0 Hz, 1H), 6.49-6.45 (m, 1H), 4.70 (S, 1H), 4.36-4.32 (m, 2H), 3.13- 3.08 (m, 2H)
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Step 2: To a stirred solution of 2 3-dihydrobenzo{b}f 1,4joxathiin-6-ol (8-b) (50 mg, 0.297
mmol} in DCM (1 ml), pyridine (0.048 ml, 0.594 mmol) and trifluoromethane sulfonic
anhydride (T} (0.065 ml, 0.386 mmol) were added at -78°C. The reaction mixture was
stirred at RT for 16 hours under nitrogen atmosphere. The reaction mixture then was diluted
with DCM (10 mL) and water (10 mL), and the layers separated. The organic layer washed with
ag sobution of IN HCL (10 mb) and ag sat NaHC(; solution (10 mL} and brine solution. The
organic layer was dried over Na, SO, filtered and concentrated under reduced pressure to afford
2, 3-dihydrobenzolbl[1,4Joxathiin-6-y] trifluoromethanesulfonate (8-¢). "H NMR (400 MHz,
CDCly) 6 6.96 (d, J= 2.8 Hz, 1H), 6.89-6.81 (m, 2H), 4.45-4.38 (m, 2H), 3.16-3.10 (m, 2H).

sulfonate (8-¢) (100 mg, 0.333 mmol) in DMF (1.2 ml) and MeOH (0.6 ml}), Et;N (0.186 ml,
1.332 mmol), Pd{OAc); (14.95 mg, 0.067 mmol) and 1,3-bis(diphenyiphosphino}propane
{(dppp) (27.5 mg, 0.067 mmol) were added at RT under nitrogen atmosphere. The reaction
nuxture was purged with carbon monoxide (balloon} for 30 minutes and then the vessel was
sealed and the reaction was stirred for 16 hours at 80°C under carbon monoxide atmosphere.
The mixture was cooled, filtered through a Celite™ bed, washed with EtOAc¢ (20 mL) and water
(15mL), and the lavers separated. The organic layer washed with brine solution. The organic
layer was dried over Na,S0,, filtered and concentrated under reduced pressure. The residue was

purified by column chromatography on stlica (0 to 60% EtOAc/Hexanes) to afford methyl 2,3~

2.1 Hz, 1H), 7.67-7.63 (m, 1H), 6.83 (d, J = 8.5 Hz, 1H), 449 4.44 (m, 2H) 3.86 (S, 3H), 3.16-
3.08 (M, 2H).

Step 4: To a stirred solution of methyl 2, 3—dihydrobenzo[bl[ 1,4 Joxathiine—6—carboxylate (8-d)
(500 mg, 2.378 mmol) in THF (20 mL), DIBAL-H (1M in THF, 7.13 ml, 7.13 mmol) was added
at —78°C under nitrogen atmosphere. The reaction mixture was stirred for 36 hours RT under
nitrogen atmosphere. The reaction mixture was guenched with sat. NH,Cl (30 mL) and the
mixture was extracted with EtOAc (2 x 30 mL). The combined organic fractions were washed
with brine (30 ml), dried (Na,SOy), and filtered. The filtrate was concentrated under reduced

pressure. The residue was purified by column chromatography on silica (0 to 60%

(400 MHz, CDC13) 6 7.03-7.01 {m, 1H), 6.96-6.91 {m, 1H), 6.78 (d, /=83 Hz, 1H), 4.50-4 (s,

2H), 4.40-4.34 (m, 2H), 3.13-3.07 (m, 2H) 2.06 (brs, 1H).

Step 5: To a stirred solution of (2, 3—dihydrobenzo[bi{1,4]oxathiin-6-yDmethanol (8-¢) (410

mg, 2.250 mmol) in BCM (12 ml), Dess-Martin periodinane (DMP) (1.431 g, 3.37 mmol) was
71
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added under N, nitrogen atmosphere at 0°C. The reaction mixture was stirred for 3 hours at RT.
The reaction mixture was diluted with DCM (20 mL) and water (20 mL), and then the layers
were separated. The organic layer washed with aqg.solution of sodium thiosulfate (20 mL} and
aq. sat agq NaHCO, solution (20 mL) and brine. The organic layer was dried over Na,SQO,,
filtered and concentrated under reduced pressure. The residue was purified by column
chromatography on silica (0 to 60% EtOAc/Hexanes) to afford 2,3

dihydrobenzo[bl[ 1,4}oxathiine—6—carbaldehyde (8-F). "H NMR (400 MHz, CDCl5) 8 9.80 (s, 1H)
7.59(d, J= 2.0 Hz, 1H), 7.53-7.49 (m, 1H), 6.92 (d, /= 8.2 Hz, 1H), 4.52-4.47 (m, 2H), 3.17-
3.11 {m, 2H}.

toluene (5 ml), homophthalic anhydride (1-b) (88 mg, 0.544 mmol) and 2,3~
dihvdrobenzo[b}{1,4]oxathiine—6-—carbaldehyde (8-f} (98 mg, .544 mmol) were added under N,
nitrogen atmosphere at RT. The reaction mixture was refluxed for 16 hours at 120°C using a
dean—stark apparatus. The reaction mixture was concentrated under reduced pressure. The
residue was purified by column chromatography on silica (0 to 60% EtOAc/Hexanes) to afford
(3R, 4R} 2 (4(tert-butyl} 3-—chlorophenyly-3-(2,3-dihydrobenzo[b]{ 1 4]oxathiin-6-yl}- 1
ox0-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid (1-77 racemic). MS ESI caled for

CosHLCING,S [M+H]™ 508, found 508, 510.

mixture) was separated by chiral SFC (IA column, 25% MeOH in 0.1% TFA / C(Q,) to afford

(3R 4R)}-2{(4-(tert-butyly-3—chlorophenyl }-3—(2,3—dihydrobenzo[b]{ 1.4 Joxathiin—6-—vy1}-1—

ESI caled for CogHLCING,S [M+H]™ 508, found 508, 510, 'H NMR (400 MHz, CDC13) § 8.10—
8.05 (m, 1H)7.54-742 (m, 3H), 738 (d, /=22 Hz, 1H), 7.32-7.28 (m, IH), 7.18-7.14 (m, 1H),
0.79-0.77 (m, 1H), 6.74-6.69 (m, 1H), 0.65-6.61 (m, 1H), 551 {5, 1H), 432-4.24 {m, 2H)}, 4.10
(5, 1H), 4.08-4.01 (m, 2H), 1.46 (s, OH).
Example 9
(SR4R or 35,45)-2—(4—{teri-butyl}-3—chlorophenyl}-3+2.3-
dihydrobenzo[b}ii.4joxathiin-7-yl}-1-0x0-1,2,3 4-tetrahydroiseguineiine—4-carboxylic

acid (1-78)
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Step 1: To solution of methyl 3—(2{acetylthioethoxy}-4—1odobenzoate (8-a) (1 g, 2.63 mmol)
[prepared from methyl 3-hydroxy-4-iodobenzoate as reported in Organic Letters, 15(3), 550-553;
20131 in MeOH (2 ml) was added sodium methoxide (NaOMe) (213 mg, 3.95 mmol). The
reaction was stirred for 1 hour at room temperature and then quenched with 1 N aqueous HCl
(5.0 mL). The reaction mixture was extracted with EtOAc (3 x 20 ml) and the organic layer was
washed with brine (5.0 mL). The organic layer was dried over ashydrous Na, S0y, filtered, and
concentrated to dryness. The crude product was purified by columu chromatography on silica
gel {4g, 0 to 10% EtDAc/Hexane) to afford methyl 4-iodo-3-(2-mercaptoethoxybenzoate (9~
b). (400 MHz, CDCl3) 6 7.85 (d, /= 9.5 Hz, 1H), 7.43-7.37 (m, 2H), 4.26 (d, /= 6.0 Hz, 2F),
3.91 (s, 3H), 2.93 (d, J= 6.0 Hz, 2H).

Step 2: To a solution of methyl 4-iodo-3-(2-mercaptoethoxy }benzoate (9-b) (450 mg, 1.331
mmol} in THF (1.5 ml) was added trimethylamine (Et;IN} (0.371 ml, 2.66 mmol) and Pd(Ph;P),
(tetrakis(triphenylphosphine)palladium(0)) (77 mg, 0.067 mumol}). The reaction mixture was

stirred for 6 hours at 65°C, and then quenched with 1 N aqueous HCI (5.0 mL) and extracted

“73-
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with EtOAc (3 x 20 ml). The organic layer was washed with brine (5.0 mL) and dried over
anhydrous Na,8Q,, filiered, and concentrated to dryness. The crude product was purified by
column chromatography on silica gel (Z4g, 0 to 50% EtQAc/Hexane) to afford methyl 2,3
dihydrobenzo[b}{1,4]oxathiine—6-—carboxylate (9~¢). (400 MHz, CBCl) ¢ 748 (m, 2H), 7.02 (d,
J=8.0 Hz, 1H), 480 (d, J=4.8 Hz, 2H), 3.87 (5, 3H), 3.16 (d, /= 4.8 Hz, 2H).

Step 3: To the solution of methyl 2 3—dihydrobenzo[b][1,4]oxathitne—7—carboxylate (9-¢) (220
mg, 1.046 mmol) was added DIBAL-H (2.61 mL, 2.62 mamol) at -78°C. The resulting reaction
mixture was stirred at ~78°C for 3 hours. The reaction mixture was quenched with MeOH (2
ml}) and extracted with EtOAc¢ (3 x 30 mL). The organic layer was dried over anhydrous

Na, S0y, filtered, and concentrated to dryness. The crude product was purified by column
chromatography on silica gel (24g, 0 to 50% EtOAc/Hexane) to afford (2,3~
dihydrobenzolf][1,4]oxathiin-7-vlmethanol (9-d). (400 MHz, CDCl5) 8 7.01 (m, ZH), 6.85 (d,
J= 8.0 Hz, 1H), 4.58 (bs, 2H), 4.57 (d, /= 12 Hz, 2H), 3.14 (d, J= 12.0 Hz, 2H).

Step 4: To the solution of (2,3—dihydrobenzo{b]| I, 4]oxathiin—7-ymethanol (¥-d) (130 mg,
0.713 mmol} in BCM (2 mi) was added dessmartin periodinane (DMP) (454 mg, 1.070 mmol} at
0°C. The resulting reaction mixture was stirred at 0°C for 3 hours. The reaction mixture was
gquenched with T N aq Na;S0; (5 mi) and extracted with DCM (3 x 30 mL). The combined
organic layer was dried over NasSQ,, filtered, concentrated under reduced pressure. The residue
was purified by column chromatography on silica gel (4g, 0 to 10% EtOAc/Hexane) to afford
2,3—dihydrobenzolbl}1,4]oxathune7-carbaldehyde (9-e). (400 MHz, CDCL3) ¢ 9.87 (5, 1H),
7.37-7.29 (m, 2H), 7.18 (d, J= 8.0 Hz, 1H), 4.44 (d, J= 9.2 Hz, 2H), 3.18 (d, /= 9.2 Hz, 2H).
Step 8: To a mixture of 2,3-dihydrobenzofblf1,4loxathiine-7—carbaldehyde (%-e) (95 mg,
0.527 mmol} in toluene (4 ml} was added 2-{carboxymethylbenzoic acid (9-f) (95 mg, 0.527
mmol) and 4-(ferr-butyl}-3-chloroaniline (1-a) (97 mg, 0.527 ramol). The resulting reaction
mixture was stirred for 5 hours at 130°C. The reaction mixture was concentrated under reduced

pressure and purified by column chromatography on silica gel {4g, 0 to 10% MeUOH/CH,Cl,) to

dihydrobenzolbi[1,4]oxathiin-7-yl)}-1-ox0-1,2,3 4 -tetrahydroisoguinoline -4 carboxylic acid.
The racemate mixture was separated by SFC, TA column eluting with 15% MeOH and CO; to
afford 1-78 as second eluting isomer. "H NMR (400 MHz, CDCl3) 6 8.19 (d, /=28 Hz, 1H},
7.50-7.29 (m, 4H), 7.20-7.15 (m, 2H), 6.88 (d, /= 8.8 Hz, 1H), 6.61-6.59 (m, 2H), 5.47 (s, 1H),
4.32 (d, /= 3.2 Hz, 2H), 3.97(s, 1H), 3.04 (d, /= 4.0 Hz, 2H), 1.4 (s, 9H). MS ESI caled for
CoaHL,CING,S [M+H]™ 508 found 508.

Example 10
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(3R.4R) and (35.45)-2—{4(tert-butyl}-3—chiorophenyi}-3—2.3—
dihydrobenzolb}l.4]dioxin—6-yl}-N-hydroxy—1—-ox0-1,2,3,d—tetrahydroisequinoline—4—
carboxamide (1-79}

O OH _~_0
0 Y
o HATU, DIPEA Y ]

i-1 1-79

dihydrobenzolb}{1 4]dioxin-6-yl}-1-oxo-1,2,3 4-tetrahydroisoquinoline—4-carboxylic acid (-
1) (100 mg, 0.203 mmol} in BMF (1.0 mL) were added O-(tetrahydro-2h-pyran-2-
vhhvdroxylamine (119 mg, 1.016 mmol), N N-diisopropylethylamine (263 mg, 2.033 mmol)
and HATU (100 mg, 0.264 mmol) at room temperature. The reaction mixture was continued
stirring for 3 hours before 3N aqueous HCl was added and the pH was adjusted to 2. The
reaction mixture was stirred for another hour. The reaction mixture was diluted with water (10
mb), extracted using EtOAc (20 mL.). The layers were separated and solvent was evaporated.
The crude product was purified by column chromatography on C-18 column using 0 to 100%
acetonitrile/water to afford (3R 4R} and (35,48)-2(4-{(tert-butyl}-3-chlorophenyl}-3-(2,3-
dihvdrobenzo[b}{1,4}dioxin-6-yI}-N-hydroxy—I-oxo-1,2,3 4-tetrahydroisoquinoline—4—
carboxamide (1-79). (400 MHz, CDCl;) 6 827 (d, /=85 Hz, 1H), 7.54-7.48 {m, 2H), 7.36-7.30
(m, 2H), 7.14-7.12 (m, 2H), 6.70-6.57 (m, 3H), 5.73 (s, 1H), 4.16 (s, 4H), 3.93 (s, 1H), 143 (s,
9H). MS ESI caled for CogH,,CIN,Os [M+HT™ 507 found 507.
Example 11
{35,45) and GR.4R)-2-(4-(teri-butyl}-3-chlorephenyl}-3-{chroman-6-yi}-1-0x0-1,2,3.4-
tetrahydroisequinoline-4-carboxylic acid (1-80)

O -COH = o

1-80

75~
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(3R,4R and 3§,458)-2-(4-(tert-butyl}-3-chlorophenyl)-3-(chroman-6-y1}-1-ox0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid, (1-80) were prepared by following an analogous
procedure to that reported for Example 1 using commercially available chromane-6-
carbaldehyde. MS ESI caled for CrsHCING, [M + H]™ 490, found 490. 'H NMR (400 MHz,
CDCL) 6 8.23-8.18 (m, 1H), 7.49-73%9 (m, 2H), 737 (d, /=20 Hz, 1H), 735 (d, /= 8.8 Hz,
1H), 7.20-7.18 (m, 1H), 7.15(dd, /=8 4, 2.4 He, 1H), 681 (dd, /=84, 2.4 Hz, 1H), 6.79-6.73
(m, 1H), 662 (d, /=84 Hz, 1H), 549 (s, 1H), 410 (t, /=48 Hz, 2H}, 3.97 (s, 1H}, 2.69-2.50
{m, 2H}, 1.98-1.85 (m, 2ZH), 1.43 (s, SH).

Example 12
{35,45) and (3R, 4R} -2-(4-(tert-butyl}-3-chlorophenyl}-3-(3,4-dihydro-2H-
benzolblli.4joxazin-6-yi}-1-0x0-1,2,3.4-tetrahydroisoqguinoline-4-carboxylic acid (1-81)

Hh

1) (Boc),0 DIPEA
& E’ 9] DMAP, CHyCly, 1t 7 1-

! H
Ny , N LN
Br N 2) n-Buli, DMF 4 boc ) !
THF, -78 C, 1.5 h = .
COH 5

toluene refiux
9-f

i%-a 12-b i-81

Step 1. To a solution of 6-bromo-3 4-dihydro-2H-benzolhf 1, 4loxazine {(12-3) (1.00 g, 4.67
mmol) in CH,Cl; (30 mL) was added di~fer-butyl dicarbonate ((Boc),O) (1.63 mL, 7.01 mmol),
DIPEA (1.63 ml, 9.34 mmol) and DMAP (57 mg, 0.47 mmol) at rt. The resulting mixture was
stirred at rt for 2 days under a nitrogen atmosphere. To the reaction mixture was added water
(20 mL) and the mixture was stirred for S min. The organic layer was separated and the agqueous
layer was extracted with CH,Cl, (< 2). The combined organic extracts were dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by flash chromatography on a silica gel column using 0-100% EtOAc/hexanes to afford
fert-butyl 6-bromo-2H-benzo[h][1,4]oxazine-4(3H)-carboxylate. "H NMR (400 MHz, CDCI;) 8
8.01 {brs, 1H), 706 (dd, /=88 Hz, J=22 Hz, 1H), 6.74 {d, /= 8.8 Hz, 1H), 424-4 18 {m,
2H), 3.86-3.81 (m, 2FD), 1.55 (s, 9F).

Step 2. To a solution of fers-butyl 6-bromo-2H-benzo[b}[1,4]oxazine-4(3 H)-carboxylate (400
mg, 1.27 mumol) in THF (13 mL) was added #-butyllithium (0.83 ml, 1.7 mmol) dropwise at —
78°C. After stirring at ~78°C for 30 min, DMF (0.98 ml, 12.7 mmol) was then added to the
reaction mixture and stirred at ~78°C for 1 h. The mixture was quenched with water (10 mL)

diluted with EtOAc (15 mL). The organic layer was separated and the aqueous layer was
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extracted with EtOAc (<2). The combined organic extracts were dried anhydrous sodium
sulfate, filtered and concentrated under reduced pressure. The residue was puritied by flash
chromatography on a RediSep®12 g silica gel column (Teledyne ISCO, Lincoln, NE USA) using
0-100% EtOAc/bexanes to afford fert-butyl 6-formyl-2H-benzo[bi1,4]joxazine-4(3H)-
carboxylate (12-b). 'H NMR (400 MHz, CDCl3) § 9.86 (s, 1H), 8.37 (brs, 1H), 7.54 (dd, J= 8.4
Hz, J=2.0Hz, 1H),6.98 (d, /=84 Hz, 1H), 432 (t, J=4.4 Hz, 2H), 3.90 (1. ./ = 4.4 Hz, 2H),
1.57 (s, 9H).
Step 3. To a solution of rerr-butyl 6-formvl-2H-benzofb][1,4loxazine-43H}-carboxylate (12-b)
(105 mg, 0.400 mmol) in toluene (10 mL) was added 4-(rerr-butyl}-3~chloroaniline (1-a) (70 mg,
0.38 mmol} and homophthalic acid (9-f) (72 mg, 0.40 mmol) at rt. The resulting mixture was
heated under reflux for 4 days. The reaction mixture was concentrated under reduced pressure
and the residue was puritied by tlash chromatography on a silica gel column using 0-30%
MeOH/CH,l, followed by reverse phase chromatography on a C18 column using (0-100%
ACN/water) and then semi-prep HPLC (ACN/water with 0.05% TFA modifier) to afford (35,48)
and (3R, 4R} -2-(4-(tert-butyl})-3-chlorophenyl}-3-(3,4-dihydro-2H-benzo[bl]{ 1,4 Joxazin-06-yl)-1-
ox0-~1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid (1-81). MS ESI caled for CypgHysCINLO,
M + HI™ 491, found 491. 'H NMR (400 MHz, CD;0D)} 8 8.07 (dd, /, = 7.6 Hz, J, = 1.6 Hz,
1H), 7.55-7.49 (m, 1H), 7.49-7.44 (m, 2H), 7.40 (d, ./ = 2.4 Hz, 1H), 7.33-7.28 {m, 1H), 7.20 (dd,
J, =88 Hz, /=24 Hz 1H), 6.58(d,./ = 8 4 Hz, 1H), 6.48-6.39 (m, 2H), 5.49-5 44 (m, 1H),
4.16-4.07 (m, 3H), 3.29-3.26 (m, 2H), 1.47 (s, 9H).
Exarmple 13
(35,48 and 3R 4R} -2-(4-(tert-butyl}-3-chlorophenyl}-3-(4-isopropyl-3,4-dihydro-2H-

benzelbl{1.4]oxazin-6-yi)-1-0x0-1,2,3,4-tetrabydroisoquineline-4-carboxylic acid (1-82)
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OO R ) e 0
| i A Ho A
B 7 N7 NaHCO,, DA B N THF,—78°C, 1.5 h N
H /L\

80°C, 3d

133 13-a 135

PNy fea
%
G

i3-b
H =
i _h__COoH
cooH 9-f

toluene, refiux, 3 d

i-82

Step 1: To a solution of 6-bromo-3,4-dihydro-2H-benzo[b][ 1,4]oxazine (12-a) (500 mg, 2.34
mmol) in DMA (5 mL) was added sodium bicarbonate (589 mg, 7.01 mmol} and 2-iodopropane
{(1.17mL, 11.7 mmol} at rt. The resulting mixture was heated at 80°C for 3 d. The mixture was
diluted with water and washed with ice water (5 mL x 2}. The organic layer was dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by flash chromatography on a RediSep” 24 ¢ silica gel column using 0-100%
EtOAc/hexanes to atford 6-bromo-~4-isopropyl-3,4-dihydro-2H-benzo[ bl 1,4 Joxazine (13-a). MS
ESI caled for C H-BrINO [M + H] 256, found 256.

Step 2. To a solution of 6-bromo-~-4-1sopropyl-3,4-dihydro-2H-benzo[ A} 1 4 ]oxazine (13-a) (340
mg, 1.33 mmol) in THF (12 mL) was added s-butyllithium (0.86 mL, 1.73 mmol)} dropwise at —
78°C. After stirring at ~78°C for 30 min, DMF (1.03 mL, 13.3 mmol) was then added dropwise
to the mixture and stirred at —78°C for 1 h. The mixture was diluted with EtQAc and quenched
with sat. aq. NH Cl {ammonium chloride) solution. The organic layer was separated and the
aqueous fayver was extracted with EtOAc (x 2). The combined organic extracts were dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by flash chromatography on a silica gel column using 0-100% EtOAc/hexanes to afford
4-1sopropyl-3 4-dihydro-2H-benzol b][ 1 4joxazine-6-carbaldehyde (13-b). MS ESI caled for
CoH, NO, [M + HJ" 206, found 206.
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Step 3. To a solution of 4-1sopropyl-3,4-dihydro-2H-benzo[ 6] 1,4 Joxazine-6-carbaldehyde (13-
by (150 mg, 0.73 mmol} in toluene (10 mL) was added 4-(rerr-butyl)-3-chloroaniline (1-a) (128
mg, 0.70 mmol) and di-acid (9-f) (132 mg, 0.730 mmol) at rt. The resulting mixture was heated
under reflux for 3 d. The solvent was concentrated under reduced pressure and the resulting
residue was purified by flash chromatography on a silica gel column using 0-30%
MeOH/CH,CI, followed by reverse phase chromatography on a C18 column (0-100%
ACN/water) and then semi-prep HPLC (ACN/water with 0.05% TFA modifier) to afford (35,45)
and (3R 4R} -2-(4-(tert-butyl)-3-chlorophenyl }-3-(4-1sopropyi-3,4-dihydro-2H-
benzofbl{ 1 4loxazin-6-yi)}-1-ox0-1,2,3 4-tetrabydroisoquinoline-4-carboxylic acid {1-82). MS

ESI caled for C5HyCIN,Oy IM + HJ 533, found 533, 'H NMR (400 MHz, CD:0D) § 8.08 (dd,

J=76Hz, J=16Hz, 11, 7.57-7.51 (m, 1H), 7.50-7.44 (m, 2F), 7.37 (d, J = 2.4 Hz, 1H),

7.35-731 (m, 1H), 7.18 {(dd, /=88 Hz, /=24 Hz, 1H), 6.56(d, /=80 Hz, 1H), 6.47 (s, 1H)},
6.38-6.30 (m, 1H), 548 (5, 1H), 4.15-4.06 (m, 3H), 3.82-3.69 (m, 1H), 3.22-3.05 (m, 2H), 1 .47
(s, 9H), (m, 2H}, 1.41 (5, 9H},1.10(d, /= 6.8 Hz, 3H), 0.88 (d, /= 6.4 Hz, 3H).
Example 14
(35,45 and 3R.4R }-2-{4-(tert-butyl)-3-chlorophenyl}-3-(3-cycloprepyl-2.3-
dihydrobenzob][1,4]dioxin-6-yI}-7-fluoro-1-ox0-1,2,3,4-tetrahydroisoquinoline-4-

carboxylic acid (1-83)
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Step 1. (35,45 and 3R, 4R )-3-(3~-bromo-4-hydroxyphenyl)-2-(4-(tert-butyl)-3 -chlorophenyl}-7-
fluoro-1-ox0-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid {(14-b) was synthesized following
an analogous procedure to Example 2 using 3-bromo-4-hydroxybenzaldehyde MS APCI caled
for C,sH,;BrCIFNO, [M + H]™ 546/548, found 546/548.

Step 2. (35,45 and 3R,4R)-3-(3-bromo-~4-hydroxyphenyl}-2-(4-(tert-butyl}-3~chlorophenyl)-7-
fluoro-1-ox0-1,2,3 4-tetrahydroiscquinoline-4-carboxylic acid (14-b) (1.96 g, 3.58 mmol} and
H; SO, (surfuric acid) (0.038 ml, 0.72 mmol) in MeOH (50 rul.) was heated vnder reflux for 3 h
under a nitrogen atmosphere. The reaction mixture was cooled to rt and methanol was removed
under reduced pressure. The resulting residue was diluted with water (30 mL) and sat. aq.

sodium bicarbonate until pH 9. The mixture was then extracted with EtOAc¢ (x 3). The

-BO-
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combined organic extracts were washed with bring, dried over anhydrous sodium sulfate, filtered
and concentrated under reduced pressure to methyl (35,4S) and (3R 4R) -3-(3-bromo-4-
hydroxypheny))-2-(4-(tert-butyl)-3-chlorophenyl }-7-fluore-1-ox0-1,2,3 4-tetrahydroisoquinoline-
4-carboxylate (14-¢}. MS APCI caled for CyrHpBrOIFNG, [M - HY S58/560, found 558/560.
Step 3. To a solution of methyl (35,45 and 3R 4R} -3-(3-bromo-4-hydroxyphenyl}-2-(4-(tert~
butyl}-3-chlorophenyl)-7-fluoro-1-oxo-1,2,3 4-tetrahydroisoquinoline-4-carboxylate (14-¢} (600
mg, 1.07 mmol} in DMF (10 mL} at 0°C were added K,CO; (potassium carbonate} (222 mg, 1.61
mmol) followed by 2-chloro-1~-cyclopropylethanone (190 mg, 1.61 mmol). The resulting
mixture was stirred at rt under nitrogen atmosphere for 4 hours. The reaction mixture was
diluted with water (50 mL) and extracted with EtOAc (x 3). The combined organic extracts
were washed with brine, dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure. The resulting residue was purified by combifiash chromatography on a silica
gel column {0 to 40% EitOAc/hexanes) to afford methy] (35,45 and 3R 4R) -3-(3-bromo-~4-{2-
cyclopropyl-2-oxoethoxypheonyl)-2-(4-(tert-butyl}-3-chlorophenyl }-7-fluoro-1-ox0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylate (14-d). MS APCI caled for C3HypBrCIFNOs [M - HY
640/642, found 640/642.

Step 4. To a clear solution of methyl (35,48 and 3R,4R) -3-(3-bromo-4-(2-cyclopropyi-2-
oxoethoxy)phenyl)-2-(4-(tert-butyl)-3-chlorophenyl}-7-fluoro~-1-ox0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylate (14-d) (250 mg, 0.389 mmol} in ethyl acetate (75 mL} at 1t
was added NaBH, (14.7 mg, 0.389 mmol) and the resulting mixture was stirred at rt for 24 hours
{open to air). Water (5 mL) was added to the reaction mixture and the two layers were separated.
The organtc faver was washed with brine, dried over anhydrous Na, SOy, filtered and
concentrated to dryness to atford methyl (35,45) and (3R, 4R) -3-(3-bromo-4-(2-cyclopropyl-2-
hydroxyethoxy)phenyl)-2-(4-(tert-butyl}-3-chlorophenvl }-7-fluoro-1-ox0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylate (14-e). MS APCI caled for C3,Hy BrCIFNGs [M - HY
642/644, found 642/644.

Step 8 An over-dried reaction vial was charged with methyl (35,45 and 3R 4R) -3-(3-bromo-~4-
(2-cyclopropyl-2-hydroxyethoxyphenyl }-2-(4-(tert-butyl}-3-chlorophenyl}-7-fluorg-1-oxo-

1,2,3 4~tetrahydroisoquinoline~-4-carboxylate (14~e) (230 mg, 0.357 mamol), 2-(di-tert-
butylphosphino)biphenyl (JohnPhos} (13 mg, 0.043 mmol), Cs,C0;5 (349 mg, 1.07 mmol}, and
palladium (1) acetate (Pd(OAc),} (8.0 mg, 0.030 mmol). The reaction mixture was placed under
nitrogen by three vacuum/nitrogen cycles. The resulting brown mixture was heated at 90°C for
24 hours under a nitrogen atmosphere. The reaction mixture was concentrated to dryness and
the resulting residue was purified by combitiash chromatography on a silica gel column using 0

-81-
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to 50% EtOAc/hexanes to atford methyl a mixture of diastereomers of (35,4S and 3R 4R}-2-(4-
(tert-butyl}-3-chlorophenyl}-3-(3-cyclopropyl-2,3-dihydrobenzofbl[ 1, 4]dioxin-6~-y1}-7-flucro-1-
oxo-1,2.3 4-tetrabydroisoquinoline-4-carboxylate (14-f). MS APCI caled for C4,HzCIFNGs [M
- HY 562, found 562.

5 Step 6. Toa solution of diastereomers, methyl (35,45 and 3R 4R }-2-(4-(tert-butyl}-3-
chlorophenyl)-3-(3~cyclopropyl-2,3-dihydrobenzo[bi{ 1,4 dioxin-6-y1)-7-fluoro-1-ox0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylate (14-f) (65 mg, 0.12 mmol}, in MeOH (1 mL} were added
LiOH (lithium hydroxide) (8.28 mg, 0.346 mmol) and water (0.5 mL}. The resulting colorless
mixture was stirred at rt (open to air) for 16 hours. The reaction mixture was concentrated to

10 dryness and suspended in T M HCI aq sol 3 mL). It was extracted with EtOAc (x 2). The
combined organic extracts were washed with brine, dried over anhydrous sodium sulfate, filtered
and concentrated to dryness. The resulting residue was purified by reverse phase
chromatography on a C18 column using 10 to 100% acetonitrile/water to afford a mixture of
diastereomers (35,45 and 3R, 4R) -2-(4-(tert-butyl}-3-chlorophenyi}-3-(3-cyclopropyl-2,3-

15 dihydrobenzo[b}{1,4]dioxin-6-y1}-7-fluorg-1-ox0-1,2,3 4-tetrahydroisoquinoline-4-carboxylic
acid (1-83 diastereomeric mixture). M8 APCI caled for CqH3,CIFNOs {M + HJ™ 550, found 550.
Step 7. The mixture of diastereomers was purified by chiral SFC (Chiralpak™ AD-H column,
25% IPA/75% COy) to afford (diastereomer A, first eluting): 'H NMR (400 MHz, CD,0D)} §
7.74(dd, /=90, 2.4 Hz, 1H), 746 (d, /= 9.0 Hz, 1H), 7.42 (d, J = 2.4 Hz, 1H), 7.30-7.20 (m,

20 3H), 6.70 (d, J= 8.8 Hz, 1H), 6.63-6.58 (m, 2H}, 5.60 (s, 1H), 4.26 (dd, /= 11.2, 2.4 Hz, 1H),
3.96 (brs, 1H), 3.90 (dd, ./ = 11.2, 8.0 Hz, 1H), 3.43-3.31 (m, 1H), 1.46 (s, 9H), 1.09-0.90 (m,
1H), 0.66-0.55 (m, 2H), 0.52-0.43 (m, 1H), 0.41-0.32 (m, 1H)

(diastereomer B, second eluting), : MS APCI calcd for CyHyCIFNGs IM + HJ™ 550, found 550.
'H NMR (400 MHz, CD,0D) § 7.56 (dd, J=9.0, 2.6 Hz, 1H), 7.47 (d,.J = 9.0 Hz, 1H), 7.40 (d,

25 J=26Hz, 1H), 7.36-7.19 (m, 3H), 6.71 (d, J = 7.2 Hz, 1H), 6.63-6.58% (m, 2H), 5.57 (s, 1H),
4.28-4.25 (m, 1H), 4.07 (s, 1), 3.93-3.87 (m, 1H), 3.47-3.31 (m, 1), 1.33 (s, 9H), 1.01-0.89
{m, 1H), 0.65-0.53 (m, 2H), 0.52-0.44 (m, 1H), 0.42-0.37 {m, 1H).

The racemic mixture of diastereomer A (first eluting isomer) (rac-frans)-2-(4-(tert-
butyl)-3-chlorophenyl)-3-(3-cyclopropyl-2,3-dihydrobenzol A} 1 4 Jdioxin-6-y1}-7-fluoro-1-oxo-

30 1.2,3,4-tetrahvdroisoquinoline-4-carboxylic acid was further purified by chiral SFC (Chiralpak™
AD-H column, 15% EtOH/85% CO, CO,, 254nm, 15 min} to afford (38,48) or 3R 4R }-2-(4-
(tert-butyl}-3-chlorophenyl}-3-(3-cyclopropyl-2,3-dihydrobenzofbl[ 1, 4]dioxin-6~-y1}-7-flucro-1-
oxo-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid Enantiomer B, slower eluting enantiomer,
te = 6.54 min), 1-83: MS APCI caled for Cy,H3,CIFNOs [M + H]™ 550, found 550. 'H NMR

-R2-
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(400 MHz, CD;0D) 8 7.74 (dd, J= 9.0, 2.4 Hz, 1H), 7.46 (d, J= 9.0 Hz, 1H), 742 (d, /= 2.4
Hz, 1H), 7.30-7.20 (m, 3H), 6.70 (d, /= 8.8 Hz, 1H), 6.63-6.58 (m, 2H), 5.60 (s, 1F), 4.26 (dd, J
=11.2,2.4 Hz, 1H), 3.96 (br s, 1H), 3.90 (dd, /= 11.2, 8.0 Hz, 1H), 3.43-3.31 (m, 1H), 1.46 (s,
9H), 1.09-0.90 (m, 1H), 0.66-0.55 (m, 2F), 0.52-0.43 (m, 1H), 0.41-0.32 (m, TF).

N

Example 18§
(35,45 or IR 4R}-2-{(4-(tert-butyl)}-3-chlorophenyi}-3-(2,3-dihydrobenzob] i .4]oxathiin-6-
yi)-7-fluore-1-ox0-1,2,3.4-tetrahydroisequinoline-d-carboxylic acid (1-84)

Oy, OH NO\

1-84
Racemate compound (1-84) was prepared by following an analogous procedure to that
reported in Example 2 using 2,3-dihydrobenzofb{1,4Joxathiine-6-carbaldehyde. The racemic
mixture of compound was purified by chiral SFC (IA column, 25%/75% methanol/CO,, 254nm,
10 min} to afford {frans)-2-(4-(fert-butyl}-3-chlorophenyl}-3-(2,3-dihydrobenzol 41| 1,4 Joxathiin-
6-y)-7-fluoro-1-ox0-1,2,3 4-tetrabydroisoquinoline-4-carboxylic acid (Enantiomer A, first
eluting, tg = 4.72 min) 1-84. MS APCI caled for CosHyeCIFNG, [M + HJ™ 526, found 526, 'H
NMR (300 MHz, CDCl3) 8 7.88 (dd, /=87, 2.7 Hz, 1H}, 7.41-7.35 {(m, 2H), 7.24-7.10 (m, 3H)},
6.82-6.78 (m, 1H), 6.71-6.67 (m, ZH), 5.49 (s, 1H)}, 439 (dd, J=4.5, 3.0 Hz, 2H), 3.96 (s, 1H)},
3.08-3.05(dd, /=45, 3.0 Hz, 2H)}, 1.44 (s, OH).
Example 16
2-({35,45 or 3RA4R)-2-(4-(tert-butyl}-3-chlovophenyl}-3-(2,3-dihydrobenzo|b}{ 1 4]dioxin-6-
yi3-7-fluoro-1-oxe-1,2.3,4-tetrahvdroisoquinolin-4-yhacetic acid {1-85)
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16-¢ 1-85
Step 1. To a solution of racemic (35,45) and (3R, 4R) -2-{4-(tert-butyl}-3-chlorophenyl}-3-(2,3-
dihydrobenzolblf I, 41dioxin-6-y1}-7-fluoro-1-ox0-1,2,3 4-tetrahydroisoquinoline~-4-carboxylic
acid (1-2) {480 mg, 0.941 mmol) in anhydrous THF (5 mL} was added BH;THF (1 M in THF,
4.71 mL, 4.71 mmol) dropwise at rt. The resulting mixture was heated under reflux for 2 h
under nitrogen atmosphere. The reaction mixture was cooled to rt and quenched with MeOH
{0.5 mL). The reaction mixture was diluted with water (20 mL) and extracted with EtOAc (x 3}.
The combined organic extracts were washed with brine, dried over anhydrous sodium sulfate,
filtered, and concentrated under reduced pressure. The resulting residue was purified by reverse
phase chromatography on a C18 column (10 to 100% CH;CN/H,0) to atford ((35,45) and
(3R, 4R)-2-(4-(tert-butyl}-3-chlorophenyl}-3-(2,3-dihydrobenzo[bif1,4]dioxin-6-y1)-7-tluoro-4-
{hydroxymethyl -3 4-dihydroisoquinolin-1{ZH)-one (16-a). MS APCI caled for CopHCIFNO,
[M + H]" 496, found 496.
Step 3. To a solution of ((35,4S and 3R, 4R)-2-{4-(tert-butyl)-3~chlorophenyl)-3~(2,3-
dihydrobenzolbl[ 1, 4]dioxin-6-y1}-7-tluoro-4-(hydroxymethyl}-3 4-dihydroisoquinolin-1{2H}-one
{(16-a) (210 mg, 0.424 mumol) in dichloromethane (10 mL) at 0°C were added trimethylamine
(Et;N) (0.12 mL, 0.85 mmol) and methanesulfonyl chloride (MsCl) (0.050 mL, 0.64 mmol}. The
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resulting mixture was stirred at rt for 3 b under nitrogen atmosphere. The reaction mixture was
diluted with water (10 mL) and the two layers were separated. The organic layer was washed
with brine, dried over anhydrous sodium sulfate, filtered, and concentrated under reduced
pressure to afford ((3S,4S and 3R 4R) -2-(4-(tert-butyl}-3-chlorophenyl}-3-(2,3-
dibydrobenzo[bif1,4]dioxkin-6-y1)-7-tfluoro-1-0x0-1,2,3,4-tetrahydroisoquinolin-4-yhHmethyl
methanesulfonate (16-b). MS APCT caled for CroHaCIFNGGS [M + H]™ 574, found 574.
Step 4. To a solution ((35,45 and 3R 4R} -2-(4-(tert-butyl}-3-chlorophenyl}-3-(2,3-
dihydrobenzo[bl{1,4}dioxin-6-y1}-7-fluoro-1-ox0-1,2,3 4-tetrabydroisoquinolin-4-ymethyl
methanesulfonate (16-b) (260 mg, 0 464 mmol} in DMSO (3 mL) was added potassium cyanide
(KCN) (181 mg, 2.79 mmol} and tetrabutylammonium jodide (TBAL) (343 mg, 0.929 mmol}.
The resulting mixture was heated at 75°C for 4 h. The reaction was cooled to 1t and diluted with
water (S0 mL). The mixture was extracted with EtOAc (x 3). The combined organic extracts
were washed with water (x 4}, brine, dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The resulting residue was purified by combiflash
chromatography on a silica gel column (0 to 60% EtOAc/hexanes) to afford 2-((35,48 and and
3R, 4R}-2-{4-(tert-butyl}-3-chlorophenyl)-3-(2,3-dthydrobenzofb]] 1,4 |dioxin-6-y1)-7-flucro-1-
ox0-1,2,3 4-tetrahydrotsoquinolin-4-vljacetonitrile (16-¢). MS APCI caled for CyoHy,CIFNG,
M + H]™ 503, found 505.

Step S. To a solution of 2-((38,45 and 3R 4R )}-2-(4-(tert-butyl}-3-chlorophenyl}-3-(2,3-
dihydrobenzo[b}{1,4}dioxin-6-y1}-7-fluoro-1-oxo-1,2,3 4-tetrahvdroisoquinolin-4-yljacetonitrile
(16-¢) (135 mg, 0.267 mmol) in MeOH (10 mL) was added NaGH (5 M in water, 0.5 mL, 2.5
mmol}. The resulting mixture was heated under reflux for 48 h. The reaction mixture was
cooled to 1t and diluted with water (S0 mL). The mixture was acidified with aq. 2 N HCl to
pH=3 and extracted with EtOAc (x 3). The combined organic extracts were washed with brine,
dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The
resulting residue was purified by reverse phase chromatography (10 to 100% acetonitrile/water)
to afford 2-((38,45) and (3R 4R }-2-(4-(tert-butyl}-3-chlorophenyl}-3-(2,3-

dihydrobenzolblf I, 41dioxin-6-y1}-7-fluoro-1-ox0-1,2.3 4-tetrabydroisoquinolin-4-ylacetic acid
{1-85 racemic mixture). MS APCI caled for CooH ) CIFNGs [M + HI 524, found 524. 'H NMR
(400 MHz, CD;0D)} 8 7.76 (dd, J = 8.6 Hz, 2.4 Hz, 1H), 7.48(d, /= 8.6 Hz, 1H), 7.33(d, J =
2.4 Hz, 1H), 7.22-7.25 (m, 2H), 7.16 { dd, J = 8.6Hz, 2.4 Hz, 1H), 6.70 -6.82 (m, 1H), 6.59-6.61
(m, 2H), 5.12 (s, 1H), 4.16 (s, 4H), 3.61-3.65 (m, 1H), 2.99 (dd, J=16.4, 9.2 Hz, 1H), 2.73 (dd, .J
= 16.4, 6.0 Hz, 1H), 1.47 (s, 9H).
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The racemtc mixture was resolved by CHIRAL-SFC (Column CCOF4, (250mm*21mm), with
30% MeOH (+0.25% DMEA) in C0,) aftording two peaks with retention times of 3.9 min and
5.8 minutes. Peak 1 afforded 2-((35,48 or 3R,4R}-2-(4-(tert-butyl)-3-chlorophenyl)-3-(2,3-
dihydrobenzo[bl{1,4}dioxin-6-y1}-7-fluoro-1-0x0-1,2,3 4-tetrahydroisoquinolin-4-yhacetic acid
(1-85).
Peak 1 (1-85): LCMS (CyoHpCIFNO:) (ES, m/z) 524 [M+H]". "H NMR (499 MHz, DMSO-d;)
8769(d, J=77THz 1H), 746 (d, /J=86Hz 1H), 739 (s, 1H), 735-727 (m, ZH), 7.16 (d, J
= 8.1 Hz, 1H), 6.75 (d, /= 8.2 Hz, TH}, 6.61 — 6.55 (m, 2H), 4.16 (5, 4H), 3.58 - 3.54 {(m, 1H),
297 (dd, J =159, 8.1 Hz, 1H), 2.59 (dd, J = 16.0, 6.1 Hz, 1H), 247 — 2.40 {(m, 1H), 141 (s,
9H).
Example 17
{3R,4R and 35,45)-3-(2,3-dihydrebenzolb}{i.4]dioxin-6-yi}-2-((S and R}-6-
{hydroxymethyl}-5,6,7.8-tetrahydronaphthalen-2-yi}-1-0x0-1,2,3,4-tetrahydroisoquinsline-
4-carboxylic acid (1-86)

/:.I } O\TOH/\(/O

)

\ /\\//\ \//\ /
E LiBH,
\f’\ v - /* N\,;f\
0
OEt L OH
7(’ TN
o]
17-% 1-86

Step 1 (3R4R and 35,48)-3-(2,3-dihydrobenzofb}| 1,4 ]dioxin-6-y1}-2-((S and R)-6-
{ethoxycarbonyl)-5,6,7 &-tetrahydronaphthalen-2-yl-1-ox0-1,2,3 4-tetrahvdroisoguinoline-4-
carboxylic acid (17-1) was synthesized following an analogous procedure to that reported as in
Example 1-1 using ethyl 6-amino-1,2,3,4-tetrahydronaphthalene-2-carboxylate. MS ESI caled
for O3 H,oNO- [M+HT 528, found 528.

Step 2. Toa solution of (3R 4R and 38,48)-3+(2,3-dihydrobenzofb]{1,4]dioxin-0-v1}-2-((§ and
R)-6-(ethoxycarbonyl}-5,6,7 8-tetrahydronaphthalen-2-y13-1-ox0-1,2,3 4-tetrahydroisoquinoline-
4-catboxylic acid (17-1} (12 mg, 0.023 mmol} in THF (1 mL) was added LiBH, (2.0 mg, 0.091
mmol). The reaction mixutre was brought to 60°C for 1 hour. The reaction mixture was cooled
to room temperature then diluted with MeOH (1 mL). After stirring for 10 minutes reaction
mixture was concentrated under reduced pressure and directly purified by silica gel
chromatography (0 — 100%, 3. {EtOAc:EtOHyhexanes) to afford (3R,4R and 35,45)-3-(2,3-
dihydrobenzo[b}{1,4]dioxin-6-y1}-2-({8 and R)-0-(hydroxymethy!}-5,6,7 8-tetrahydronaphthalen-
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2-yh)-1-ox0-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid (1-86). MS ESI caled for
CoH,NO,, [M+H]" 486, found 486. 'H NMR (600 MHz, DMSQ-d,) § 7.91 (d, /= 7.5 Hz, 1H),
747 - 741 (m, 1H), 740~ 734 (m, 1H), 7.28 - 7.20 (m, 1H), 7.05 - 6.94 {m, 3H), 666 (d, /=
84 Hz, 1H), 6.61 —6.53 (m, 2H), 5.51 (s, 1H), 4 56 — 4.46 (m, 1H), 4. 10 (s, 4H), 3.37 - 3.31 (m,
3H), 2.77-2.61 (m,3H), 237 -226(m, 1H), 1. 90 - 1.81 {(m, 1H), 1.79 - 1.69 (m, 1H).
BIOLOGICAL DATA

BICLOGICAL EVALUATION

The individual compounds described in the Examples above are defined as STING
inhibitors by demonstrating binding to the STING protein with an ICs, of less than 20 uM in the
STING Biochemical ["H]eGAMP Competition Assay (using either HAQ or wild type (WT)
STING) and demonstrating inhibition of interferon production less than 30 uM in the cGAMP
stimulated INF-B (interferon-f) THP1 cell assay. The methods below describe each of these
assays.

PHI-cGAMP (Cyelic suanosine monophosphate {GMP)-—-adenosine monophosphate ( AMP}

Synthesis

2.3mL of buffer solution containing 80mM tris Cl, 200mM Mg(l; and 20mM Na(l
followed by 0.32mL of a 10 mM aqueocus solution of guanosine triphosphate (GTP) was added
to a plastic 50mL Amicon® centrifuge tube. A solution of "H]JATP (adenosine triphosphate)
(21C1y/mmol, 45mCi} in 0.5mL H,0 was then added followed by ImL of a lmg/mL solution of
DNA and S3ul. of a 47mM solution of enzyme. Additional H,( was added to bring the total
volume to 10mL.

The reaction was stirred for 2h at 37°C and then added directly to an Amicon® Ultra-15
10K centrifuge tube (Millipore Sigma, Burlington, MA, USA) and spun for Th at 4,000g. The
collected solution was then purified on a semi-prep Mono Q column (Supelco, Bellefonte, PA,
USA) using the following mobile phases:

A: (.05M TrisCl pH 8.5 adjusted with 1M NaOH
B: 0.05M TrisCl, 0.5M NaCl pH 8.5 adjusted with 1M NaOH

Gradient: 100% A for Smin followed by a linear gradient to 50:50 (A:B) over 25min,
3mL/min, 254nm.

The collected product fractions were pooled and adjusted to a total volume of 30mL with
buffer A. A total yield of 15.5mCi of ["H]cGAMP was isolated at a radiochemical purity of
98.0% at a specific activity of 21 5Ci/ramol.

c(GAS (cyclic GMP-AMP synthase) Enzyme
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A recombinant DNA vector was chemically synthesized to express the truncated human
cGAS enzyme (residues 161-522). To aid in expression and purification, the amino terminus
contains a hexahistidine tag, SUMO (small ubiquitin-like modifier) tag and TEV (tobacco etch
virus) cleavage site. The recombinant enzyme was overexpressed in Rosetta™ 2(DE3)
Singles™ Competent Cells (Novagen). Affinity purification was carried out using HIS-Select
HF Nickel Affinity Gel (Sigma-Aldrich®™, St. Louis, MO, USA) foliowed by size exclusion
chromatography using a Hi-Load"™ 26/60 Superdex” 200 prep grade column (GE Healthcare,
Chicago, I, USA}. Fractions were pooled, concentrated, flash frozen in liquid nitrogen and
stored at -80°C until needed for research applications.

SH-cGAMP filtration binding assav (HAQ STING)

The ability of compounds to bind STING is quantified by their ability to compete with
tritiated cGAMP ligand for human STING receptor membrane using a radioactive filter-binding
assay. The binding assay employs STING receptor obtained from Trichoplusia wi (ni,
Expression Systems, cat # 94-002F, Expression Systems, Davis, CA, USA) cell membranes
overexpressing full-length HAQ STING prepared in-house and tritiated cGAMP ligand also
purified in-house.

The basic HAQ STING filtration assay protocol is as follows:

The compounds were serially titrated by the Hamilton STARplus CORE™ in a 96-well
plate (Greiner Bio One, Monroe, NC, USA catalog # 651201) using a 1.3 ten-point dose
response format. After compound preparation, a 2.2 pg/ml working concentration of STING
membrane (SEQ. ID. No. 1) was prepared by diluting concentrated membrane into assay buffer
{1z PBS (Phosphate-Buffered Saline); Invitrogen™ Thermo Fisher Scientific, Waltham, MA,
USA, catalog # SH30028.02) and douncing 7x using a manual tissue homogenizer (Wheaton”,
Millville, NJ, USA, catalog #357546). 148 pL of prepared membrane was then manually added
to each well of a 96-well deep-well PP plate (Thermo Fisher Scientific, catalog #12-566-121}.
Following membrane addition, 2 ul of either titrated test compound, DMSO (dimethyl
sulfoxide) control (Sigma-Aldrich®, catalog #276855), or cold cGAMP control {prepared in-
house) was added to the appropriate wells using a Biomek™ FX (Beckman Coulter Life Sciences,
Indianapolis, IN, USA). Compound and membrane then preincubated for 60 min at RT to allow
compound binding to equilibrate. Following equilibration, 8aM of [ 'H] ¢~-GAMP ligand was
prepared by diluting into assay buffer, and 50 pL of this working stock was then manually added
to each well of the assay plate. Plates were then incubated at RT for 60 min, and the contents of
each assay plate were then filtered through a 96-well GF/B filter plate (PerkinElmer, Akron, OH,

USA, catalog # 6005250} using a TomTec Machlll Cell Harvester equipped with 20mM HEPES
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buffer (Fisher Scientific, catalog# BP299500). The filter plates were then dried at 55°C for 30
min using a pressurized VWR oven (VWR, Radnor, PA, USA) before 302 uL. of Ultima Gold™
F scintillate (PerkinElmer) was added to each well. Tritium levels for each reaction well were
then measured using a TopCount™ plate reader (PerkinElmer).

After normalization to controls, the percent activity for each compound concentration
was calculated by measuring the amount of remaining radicactivity. The plot of percent activity
versus the log of compound concentration was fit with a 4-parameter dose response equation to
calculate ECsy values.

The final reaction conditions were:

Component Volume {ul} Final Concentration
STING membrane 148 1.5ug/ml
"H-cGAMP 50 2.0nM

Low Control {cold cGAMP) 2 10uM

Test compound/DMSO 2 10uM

Compound concentrations tested were 20.000, 637.00, 2.200, 0.740, 0.247, 0.082, 0.027,
0.009, 0.003, and 0.001uM with 1.0% residual DMSO.
Full-Length STING (HAQ) Virus Generation

STING virus was generated using an insect cell baculovirus system. Spodoptera

Jrugiperda 5121 cells (Kempbio, Inc., Gaithersburg, MD, USA) were diluted to 5e5 cells/ml in

S£-900™ I SFM media (LifeTechnologies (Thermo Fisher Scientific), Waltham, MA, USA,
catalog #10902088) without antibiotics. The cell suspension was added to each well of a treated
o-well plate (ZmbL per well, 1e6 cells total), and the cells were allowed to adhere for at least 30
min. Meanwhile, a Troll co-transfection mix was assembled by combining 500ug of HAQ
STING [STING(1-379)R71H,G230A H232R R2930Q-GG-AviTag-GS-HRV3C-HIS8/pBACT]
DNA {(custom synthests, Genewiz, Inc., South Plainfield, NJ, USA) with Tmi. S£-900™ [I SFM
media containing 10uL Celifectin™ I Reagent (Invitrogen (Thermo Fisher Scientific), catalog
#10362100) and 100ng viral backbone BestBac™ 2.0, v-cath/chiA Deleted Linearized
Baculovirus DNA (Expression Systems, catalog #91-002). The transfection mixtures were
allowed to incubate for 30 min. After incubation, media was gently removed from the adhered
cells in the 6-well plate, the 1 mL transfection mixtures were added {1 mL per well}, and the
plate was placed in a humudified incubator at 27°C. The following day, T mL S{-900™ I] SFM
media {(no antibiotics) was added to each well of the 6-well plate. After media addition, the cells
were aliowed to incubate with DNA at 27°C for 5 -7 days to generate the PO viral stock. To
generate Pl viral stocks, 0.5mL of PO viral supernatant was added to 50mL uninfected §727 cells
(seeded the day prior to infection at a density of 5x10° cells/mL to allow for one overnight
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doubling} in S£-900™ ] SFM media containing Spg/mL gentamicin {lnvitrogen (Thermo Fisher
Scientific), catalog #15710072). The infected cells were then incubated at 27°C for 3d while
shaking at 110 rpm (ATR Bictech Multitron Infors HT incubator Shaker, catalog #AJ118, ATR,
Inc., Laurel, MD, USA}. On day 3, P1 cultures were counted using a Vi-Cell XR {Beckman
Coulter Life Sciences, catalog # 383556) to confirm infection had occurred (cell size > 3pm
larger than uninfected cells and viability approximately 85-95%). Cultures were harvested in 50
ml conical tubes and centrifuged at 2000xg for 10min at 4°C. The P1 viral supernatants were
poured off into clean 50 mL centrifuge tubes, and the remaining P1 cell pellets were used to
generate Baculovirus Infected Insect Cells (BIICs) according to in-house validated SOP
{standard operating procedure). Cryopreservation media containing S£-900™ II SFM media
with 10% heat inactivated fetal bovince serum FBS, 10% DMSO (Sigma #D2650), and 5 ug/ml
gentamicin was prepared in-house and sterilized through 0.22uM filter immediately prior to use.
P1 cell pellets were resuspended to a density of 2e7 cells/rol and aliquoted 1nto eryovials (TmL
per vial). Cryovials were placed in Mr. Frosty cell freezers O/N (Nalge Nunc International
{Thermo Fisher Scientific)) at -80°C and transferred to liguid nitrogen for long term storage the
following day. To generate P2 viral stock, 0.5mL of the P1 viral supernatant was added to 50
mL uninfected Sf2/ cells (seeded the day prior to infection at a density of 5x10° cells/mL to
allow for one overnight doubling) in S-900™ I SFM media containing Sug/ml gentamicin.
These cells were incubated at 27°C for 3d while shaking at 110rpm before harvesting P2 stock
with centrifugation at 2000xg for 10min at 4°C. The P2 viral supernatants were poured off and
discarded, while the P2 cell pellets were used to generate P2 BHCs following the same protocol
described above. The baculovirus generation protocol has been validated to consistently produce
P1/P2 BIICs with titers of 2e9 pfu/mL (Ze7 cells/mEx100 ptu/cell; pfu = plague forming units).
Full-Length STING (HAQ) Expression

To generate STING membranes, P1/P2 BIICs were amplified overnight by adding
thawed BCs to $727 cells seeded at a density of 1.0x10%elis/mL. The volume of BHC used to
infect the culture was calculated using an assumed BHC titer of 2¢9 ptu/ml to achieve an MOI
(multiplicity of infection} of 10 in the overnight amplification. After culturing overnight, the
cells were counted on a Vi-Cell XR to contfirm infection had occurred {cell size >3um larger
than uninfected cells and viability approximately 80-90%). The volume of infected 5727 cells
from the overnight amplification used to infect the large-scale expression of Trichoplusics ni

{73, Expression Systems, cat # 94-002F, www expressionsysiemas.com) seeded at a density of

1.0x10% in cell media (ESF921 SFM containing Spg/mL gentamicin) at MOI = 2.0 was
calculated based on {100 pfu/infected 8727 cell). The cells were allowed to express for 48h at
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27°C before harvesting the cell pellet, by centrifugation at 3,400xg for 10min at 4°C. 7. w7 cells
uninfected cells and viability approximately 80-90%) prior to harvest.

Full-Leneth STING (HAO) Membrane Generation

Buffer stock reagents:

1} 1 M HEPES (hvdroxyethyl piperazineethanesulfonic acid) pH 7.5

{Teknova, Hollister, CA, USA, Catalog #H1035)

2y 5 M Nall, ( Sigma—Aidrich@), St. Louis, MO, USA, Cat# S5150-1L)

3) KCL, (Sigma~AEdrﬁch® , St Louis, MO, USA, Cat# 319309-500ML)

4y Complete EDTA-free protease inhibitor tablets (Roche Diagnostics,
Indianapolis, IN, USA, Cat#11873580001)

5) Benzonase, Pierce™ Universal Nuclease for Cell Lysis, Thermo Scientific
(Thermo Fisher Scientific), Cat #88702)

Lysis butter [25mM HEPES pH 7.5, 10mM MgCl,, 20mM KCI, (Benzonase 1:5000,
Complete Protease Inhibitor tab/50ml.}] was added to the pellet of cells expressing full-length
STING (HAQ) prepared above at SmlL Lysis buffer/g of cell pellet. The peliet was resuspended
and dounced twenty times using a Wheaton Dounce Homogenizer (Wheaton™, Millville, NJ,
USA) to disrupt the cell membrane. Homogenized lysate was then passed through the
EmulsiFlex-C3 microfluidizer (Avestin, Inc., Ottowa, CA) at a pressure close to 5000 PSL The
resuspended pellet was centrifuged at 36,000 rpm (100,000xg) in a 457T1 rotor in the ultra-high
speed centrifuge for 43min, 4°C. The supernatant was removed. The pellet then was
resuspended in wash buffer [(25mM HEPES pH7.5, lraM MgCl,, 20mM KCl, 1M NaCl
{Complete Protease Inhibitor tab/50mL}] at a volume of 50mL pellet/centrifuge tube. The
pellet/wash buffer mixture was then homogenized, using a glass homogenizer on ice (20
strokes), followed by centrifugation at 36,000rpm for 45min at 4°C. The supernatant was
removed. The wash step was repeated once more. The resulting membrane was resuspended in
20maM HEPES pH 7.5, 500mM Na(l, 10% glycerol, EDTA-free Protease Tnhibitors
{(1tablet/50mL). The protein concentration was measured by Bradford assay (Bio-Rad Protein
Assay, Cat# 500-0006, Bio-Rad, Hercules, CA, USA), and protein enrichment was determined
by SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel electrophoresis) and confirmed by

Western blot. The resuspended membranes were stored at -80°C.
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Full-Length HAQ STING [STING(I-373)R7IH G2304,H232R K2930-GG-Avilag-GS-HEV3( -

HISE ] Amino Acid Sequence;
MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLOLGLLL
NGVCSLAEELHHIHSRYRGSYWRTVRACLGCPLRRGALLLLSIYFYY SLPNAVGPPHTW
MLALLGLSQAINILLGLKGLAPAEISAVCEKGNFNVAHGLAWSYYIGYLRLILPELOARIR
TYNQHYNNLLRGAVSQRLYHLLPLDCGVPDNLSMADPNIRFLDKLPQQTADRAGIKDRY
YSNSIYELLENGOQRAGTCVLEYATPLOTLFAMSQYSQAGFSREDRLEQAKLFCQTLEDIL
ADAPESONNCRLIAYQGEPADDSSFSLSQEVLRHLROQEEKEEVTVGSLKTSAVPSTSTMSE(Q
EPELLISGMEKPLPLRTDFSGGGLNDIFEAQKIEWHEGSLEVLFQGPHHHHHHHEH (SEQ.
D No. b
Full-length HAQ [STING(I-379)R7TIH G2304,H232R K2930-GG-AviTag-GS-HRV3(C-
HISS pBAC ] Plasmid DNA Sequenice.
GGAACGGCTCCGCCCACTATTAATGAAATTAAAAATTCCAATTTTAAAAAACGCAGC
AAGAGAAACATTTGTATGAAAGAATGCGTAGAAGGAAAGAAAAATGTCGTCGACAT
GCTGAACAACAAGATTAATATGCCTCCGTGTATAAAAAAAATATTGAACGATTTGA
AAGAAAACAATGTACCGCGCGGCGOGTATGTACAGGAAGAGGTTTATACTAAACTGT
TACATTGCAAACGTGGTTTCGTGTGCCAAGTGTGAAAACCGATGTTTAATCAAGGCT
CTGACGCATTTCTACAACCACGAUTCCAAGTGTGTGGGTGAAGTCATGCATCTTTTA
ATCAAATCCCAAGATGTGTATAAACCACCAAACTGCCAAAAAATGAAAACTGTCGA
CAAGCTCTIGTCCGTTTGCTGGCAACTGCAAGGGTCTCAATCCTATTTGTAATTATTGA
ATAATAAAACAATTATAAATGCTAAATTTGTTTTTTATTAACGATACAAACCAAACG
CAACAAGAACATTITGTAGTATTATCTATAATTGAAAACGCGTAGTTATAATCGCTGA
GGTAATATTTAAAATCATTTTCAAATGATTCACAGTTAATTTGCGACAATATAATTTT
ATTTTCACATAAACTAGACGCCTTGTCGTCTTCTTCTTCGTATTCCTTICTCTTTTTCAT
TTTTCTCTTICATAAAAATTAACATAGTTATTATCGTATCCATATATGTATCTATCGTA
TAGAGTAAATTTTTITGTTGTCATAAATATATATGTICTTTTTITAATGGGGTGTATAGTA
CCGCTGCGCATAGTTTTTCTGTAATTTACAACAGTGCTATTITCTGGTAGTTCTTICGG
AGTGTGTTGCTTTAATTATTAAATTTATATAATCAATGAATTITGGGATCGTCGGTTTT
GTACAATATOTTGCCGGCATAGTACGCAGCTTCTTCTAGTTCAATTACACCATTTTTT
AGCAGCACCGGATTAACATAACTTTCCAAAATGTTGTACGAACCGTTAAACAAAAA
CAGTTCACCTCCCTTTTCTATACTATTIGTCTGCGAGCAGTTGTTTGTTGTTAAAAATA
ACAGCCATTGTAATGAGACGCACAAACTAATATCACAAACTGGAAATGTCTATCAA
TATATAGTTGCTGATCAGATCTGATCATGGAGATAATTAAAATGATAACCATCTCGC
AAATAAATAAGTATTTTACTGTTTITCGTAACAGTTTITGTAATAAAAAAACCTATAAA

o
972,



16

N2
W

30

WO 2019/182886 PCT/US2019/022440

TATAGOGATCCATGUCCCCACTCCAGCCTGCATCCATCCATCCCGTGTCCCAGGHGGTCA
CGOGOGOCCCAGAAGGCAGCCTTGGTTCTGCTGAGTGUCTGCCTGGTGACCCTTTGGGO
GCTAGGAGAGCCACCAGAGCACACTCTCCGGTACCTGOTGCTCCACCTAGCCTCCCT
GCAGCTGOGGACTGCTOTTAAACGGGGTCTGCAGCCTGOCTGAGOGAGCTGUACCACA
TCCACTCCAGGTACCGGGGCAGCTACTGGAGGACTGTGUGGOGCCTGCCTGGGCTGCC
CCCTCCGCCOGTGOGGCCCTGTTGUTGCTGTCCATCTATTTCTACTACTCCCTCCCAAA
TGCGGTCGGCCCGCCCTTCACTTGGATGUTTGUCCTCCTGOHGUCTCTCGUCAGGCALCT
GAACATCCTCCTGGGCCTCAAGGGCCTGGCCCCAGCTGAGATCTCTGCAGTGTGTGA
AAAAGGGAATTTCAACGTGGUCCATOGGOCTGOGCATGGTCATATTACATCGGATATCT
GCGGCTGATCCTGCCAGAGCTCCAGGUCCOGOATTCGAACTTACAATCAGCATTACAA
CAACCTGCTACGOGOGTGCAGTGAGCCAGCGGCTGTATATTICTCCTCCCATTIGGACTG
TGGGGTGCCTGATAACCTGAGTATGGCTGACCCCAACATTCGUTTCCTGGATAAACT
GCCCCAGCAGACCGCTGACCOGTGCTGOGCATCAAGGATCGOUGTTTACAGCAACAGCA
TCTATGAGCTTCTGOAGAACGGGCAGCGGGCGGGCACCTGTGTCCTGGAGTACGCC
ACCCCCTTGCAGACTTTGTTTGCCATGTCACAATACAGTCAAGCTGOGCTTTAGCCGE
GAGGATAGGCTTGAGCAGGCCAAACTCTTCTGCCAGACACTTGAGGACATCCTGGC
AGATGCCCCTGAGTCTCAGAACAACTGCCGUCTCATTGUCTACCAGGAACCTGLAGA
TGACAGCAGCTTCTCGUTGTCCCAGGAGGTTCTCCGGUACCTGUGGCAGGAGGAAA
AGGAAGAGGTTACTGTGGGCAGCTTGAAGACCTCAGCGGTGCCCAGTACCTCCACG
ATGTCCCAAGAGCCTGAGCTCCTCATCAGTGGAATGGAAAAGCCCCTCCCTCTCOGC
ACGGATTTCTCTGGUGGTGGUCTGAACGACATCTTCGAAGCCCAGAAAATCGAATG
GCATGAAGGCAGCCTGOAAGTGCTGTTCCAGGGCCCACACCACCATCATCACCATC
ACCATTAATGAGCGGCCGCACTCOGAGCACCACCACCACCACCACTAACCTAGGTAG
CTGAGCGCATOGCAAGCTGATCCOGOGOTTATTAGTACATTTATTAAGCGCTAGATTICTG
TGCOTTGTTGATTTACAGACAATTGTTOTACGTATTITTAATAATICATTAAATTTATA
ATCTTTAGGGTGGTATGTTAGAGCGAAAATCAAATGATTTTCAGCGTCTTTATATCT
GAATTTAAATATTAAATCCTCAATAGATTTGTAAAATAGGTTTCGATTAGTTTCAAA
CAAGGGTTGTTTTTCCGAACCGATGGCTGGACTATCTAATGGATTTTCGCTCAACGC
CACAAAACTTGCCAAATCTTGTAGCAGCAATCTAGUTTTGTCGATATTCGTTTGTGTT
TTCTTTTGTAATAAAGGTTCGACGTCOTTCAAAATATTATGCGCTTTTGTATTICTTT
CATCACTGTCOGTTAGTOTACAATTGACTCGACGTAAACACGTTAAATAGAGUTTGGA
CATATTTAACATCGGOGCGTOTTAGCTTTATTAGGCCGATTATCGTCGTCOGTCCCAACC
CTCGTCOTTAGAAGTTGCTTCCGAAGACGATTTTGCCATAGCCACACGACGCCTATT
AATTOTGTCOGGUTAACACGTCCGUCOGATCAAATTTGTAGTTCGAGCTTTTTGGAATTATT
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TCTGATTGCGGOGCGTTTITGGGCGGOTTTCAATCTAACTOGTGUCCGATTTTAATTCAG
ACAACACGTTAGAAAGCGATGGTGCAGGUGGTOGGTAACATTTCAGACGGCAAATCT
ACTAATGGCGGUCOGGTGGTGGAGCTGATGATAAATCTACCATCGGTGGAGGUGCAGH
COGGHHECTGGUGGUGGAGGCGGAGGCGOAGGTGOTGGCGGTGATGUCAGACGGUGET
TTAGOGCTCAAATOTCTCTTTAGGCAACACAGTCGGCACCTCAACTATTGTACTGOTTTY
CGOGLGCCOGTTTTTGOGTTTGACCGUTCTGAGACGAGTGCGATTTTTTTCGTTTICTAAT
AGUTTCCAACAATTGTTOTCTGTCGTCTAAAGGTGCAGUCGGOTTGAGOGTTCCGTCGE
CATTGGTGGAGCGGGUCGGCAATTCAGACATCOGATGGTGGTGOTGGTGGTGGAGGLG
CTGGAATGTTAGGUCACGGGAGAAGGTGGTGGCOGLGGTOGCCGCCGOTATAATTTGT
TCTGGTTTAGTTTGTTCGCGCACGATTIGTGGGCACCGGCGCAGGUCGCCGCTOGUTGC
ACAACGGAAGGTCGTCTGCTTCGAGGCAGCGCTTGGGGTGGTGGCAATTCAATATTA
TAATTGGAATACAAATCOGTAAAAATCTGUTATAAGCATTGTAATTTCGCTATCGTTT
ACCGTOGCCGATATTTAACAACCGCTCAATGTAAGCAATTGTATTGTAAAGAGATTGT
CTCAAGCTCGGATCGATCCCGCACGCCGATAACAAGCCTTTTCATTTTTACTACAGC
ATTGTAGTGGCGAGACACTTCGCTOGTCGTCGAGGTTTAAACGCTTCCTCGCTCACTG
ACTCGCTGCGCTCGUTCOTTCGGCTGUGGLGAGUGUTATCAGCTCACTCAAAGGCGEG
TAATACGGTTATCCACAGAATCAGOGGUATAACGCAGGAAAGAACATGTGAGCAAAA
GOGCCAGCAAAAGGUCAGGAACCOGTAAAAAGGCCGCGTTGCTGGCOGTTTTTCCATAG
GCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAA
ACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGET
CTCCTGTTCCGACCCTGUCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAG
COTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTICGC
TCCAAGCTGOGGCTOTGTGCACGAACCCCCCGTTCAGCCCGACCGUTGCOGCCTTATCC
GOTAACTATCGTCTTGAGTCCAACCUCGUGTAAGACACGACTTATCGCCACTGGCAGCA
GCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCOGGTGCTACAGAGTTCTT
GAAGTGGTGOGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCT
GCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGUTCTTGATCCGGUAAACAAA
CCACCGCTGGTAGCGOGTOOTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAA
AAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGUGTCTGACGUTCAGTGGAACG
AAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGA
TCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTT
GOGTCTGACAGTTACCAATGUTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTAT
TTCOGTTCATCCATAGTTGCCTGACTCCCCGTCOTGTAGATAACTACGATACGGGAGG
GUTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTC
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CAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCT
GCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGT
AGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTG
TCACGCTCOTCOTTTGGTATGGUTTCATTCAGCTCCGUGTTCCCAACGATCAAGGCGA
GTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATC
GTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCAT
AATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAA
CCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAA
TACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAA
COTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATG
TAACCCACTCGTGCACCCAACTGATCTTICAGCATCTTTTACTTTCACCAGCGTTTCTG
GGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACG
GAAATGTTGAATACTCATACTCTTCCTTTITICAATATTATTGAAGCATTITATCAGGGT
TATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGG
GTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGCGCCCTGTAGCGGCGCATTA
AGCGCGGCGGETGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCT
AGCGCCCGCTCCTITCGCTTTICTTCCCTTICCTTTCTCGCCACGTTICGCCGGCTTTCCCC
GTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACC
TCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGAT
AGACGGTTTTTCGCCCTTTIGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTT
CCAAACTGGAACAACACTCAACCCTATCTCOGTCTATTCTTTTGATTTATAAGGGATT
TTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCG
AATTTTAACAAAATATTAACGTTTACAATTTCCCATTICGCCATTCAGGCTGCGCAACT
GTTGGGAAGGGCGATCGGTGCGGGCCTCTTICGCTATTACGCCA (SEQ. 1D No. 2)
Certain compounds of the disclosure were evaluated in HAQ STING in vifro binding
assay as described above. The following table tabulates the biclogical data disclosed for the
instant invention. The biological data was collected using the methodology described above.
For each compound, STING IC5, values are listed

Table 5: *"H-¢cGAMP filtration binding assay for HAQ STING

Compound | HAQ STING Compound | HAQ STING Compound | HAQ STING
Number s (nM) Rumber s (M) Number B0 (0 b))
1-1 53 1-30 11460 1-59 4135
1-2 33 1-31 1216 1-60 7502
i-3 1159 i-32 952 1-61 106
1-4 732 1-33 4874 1-62 g5
1-5 11350 1-34 10420 1-63 16670
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1-6 7551 1-35 5288 1-64 225
1-7 12250 1-36 669 1-65 1563
1-8 2971 1-37 339 1-66 3439
1-9 1520 1-38 3268 1-67 122
1-10 4225 1-39 3752 1-68 1469

I-11 10670 1-40 4383 1-69 7611
i-12 4443 1-41 1574 1-70 1928
1-13 15690 i-42 1240 1-71 4638
i-14 10870 1-43 5238 1-72 737
I-15 10820 1-44 3882 1-73 6210
1-16 102190 1-45 10880 1-74 209
1-17 3927 1-46 1797 1-75 3208
1-18 11310 1-47 1135 1-76 357
1-19 2284 1-48 213 1-77 41
£-20 1631 1-49 18030 1-7 670
1-21 3560 1-50 1283 1-79 482
1-22 2243 1-31 4220 1-80 602
1-2 858 1-52 186 1-81 441
1-24 9912 1-53 602 1-82 32¢
1-25 11380 1-54 266 1-83 10
1-26 6643 1-55 135 1-84 55
1-27 2964 i-56 5696 1-85 68
1-28 803 1-57 9893 1-86 1216
1-29 339 1-58 538

¢AMP Stimupiated THP1 Cviokine Inhibition Assavy

The ability of compounds to inhibit STING activation 15 quantified by their ability
to inhibit cGAMP mediated cytokine production.

THP1 cells (catalog # TIB-202; American Type Culture collection (ATCC),
Manassas, VA USA) are grown in RPMI1640 (catalog # 11875-085; Thermo Fisher Scientific)
with 10% fetal bovine serum {(catalog # F2442, Si gmauAidrichL@, St. Louis, MO, USA), Ix
pen/strep {penicillin streptomyein, catalog # 15140-148, Thermo Fisher Scientific) and 1mM
sodium pyruvate {catalog # 11360-070, Thermo Fisher Scientific) at a density between 0.3 and
1.0 x 1076 cells/mL. Cells are diluted into RPMI1640 + 0.5% tetal bovine serum, and pre-
incubated with antagonist compounds 30uM to 1.75puM from10 maM DMSO stock solution) for
six hours before stimulating with 2’3" ¢cGAMP (InvivoGen, San Diego, CA USA)
/Lapotfectamine 2000 (catalog #11668-027, Thermo Fisher Scientific) overnight. IFNb i3
measured by ELISA {enzyme-linked immunosorbent assay for fnterferon Beta; PBL
InterferonSource, Piscataway, NJ, USA}, and compared to cell viability with CeliTiter-Gio®

{Promega Life Sciences, Madison, W1, USA).
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Certain compounds of the disclosure were evaluated in i virro cellular assay as
described above. The following table tabulates the biological data disclosed for the instant
invention. The biological data was collected using the methodology described above. For each

compound, STING ICs;, values are listed

Compound Number THP1 Cell 1 (nM)
i-1 11500
1-2 16000
I-85 11400
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WHAT IS CLAIMED I5:

1. A compound of formula { or a pharmaceutically acceptable salt thereof:

)

wherein: A is a 5~ to 7-membered unsaturated non-aromatic ring having 1 or 2 heteroatoms
independently selected from oxygen, nitrogen and sulfur;

R, is selected from ~OH, amino, -NHOH, -N(C, ¢ alkyl),, and -N(C s alkyl);

nis0, 1,2 or3;

2180, 1,2, or 3;

yis 0, 1,2, or3;

each R; is independently selected from Cy.q9altkyl, Cy o haloalkyl, C; cycloalkylCy galkyl, and
CasheterocycloalkylCy salioyl,

R; 1s phenyl or pyridyl, wherein R, is substituted by 0, 1, 2, or 3 Rs substituents and wherein two
Rs may join together with the ring atoms to which they are attached to form a 3- 10 6-
membered ring;

each Ry is independently selected from halogen, -(C, 4 alkyYOH, hydroxy, (.o haloaliyl,
Crapalkenyl, Cygalkyl, and aryl{Cy. g alkyDyoxy(Co.q0 alkyl);

each Ry is independently selected from:
halogen,

Cr.a0 alkyl{oxy)o.:Coao alkyl,

1.0 heteroatkyl{oxy ). Coup alkyl,

Cya10 alkenyl{oxy}o.1Co.1o alkyl,

aryl Coq altkyl{oxy ). Coup alkyl,

Cs.qp cycloalkyl Coyp alkyl{oxy)o.1Coae alkyl,
heteroaryl Cogyp alkyl{oxy)e. Co.io alkyl,
(Ciappheterocycloalkyl Coao alkyi{oxy )., Coorg alleyl,
amino,

C.0 alkylaminoCy. g alkyl,

(Ciaoshetercalkyl{oxy)s. (carbonyl . aminoCo. alkyl,
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Ciyp cycloalkyl Cop alkyl{oxyjga{carbonyl}g. aminoCy.;g alkyl,

aryl Co.qg alkyl{oxy Yo {carbonyl)yjaminoCy.ig alkyl,

heteroaryl Cy.pp alkvl{oxy)e.{carbonyl};.jamineCy.yp alkyl,

(Ciappheterocycloalkyl Coa alkyi{oxy o (carbonyl . aminoCyag alkyl,

Co.a0 alkylamino {carbonyl)y. Co.o alkyl,

{Cy.10)heteroalkylamine (carbonyl .. Coqe atkyl,

Ca.yp cycloalkylamino (carbonyl)y. Coup alkyl,

aryl Cy.q0 alkylamino (carbonyCy.pg alkyl,

heteroaryl Cy.jq alkvlamino(carbony! g Co.yp alkyl,

(Csappheterocycloalkylamino(carbonyl o, Co.qp alkyl,

C1.10 alkylsulfonylCy 10 alkyl,

C 1o hetercatkylsulfonylCy. 4 atkyl,

(CiapeyeloalkylCopalkylsulfonylCyyp alkyl,

(Ci.1ojeycloheteroalkylCy jpalkylsulfonylCo. g alkyl,

heteroarylCy. alkylsulfonylCy.yg alkyl,

arylCy.p alkylsultfonylCy.qq alkyl,

Ci.10 alkylsulfonylaminoCy.qg alkyl,

(Cy.10 alkyl)., amino,

-SO,NH,,

-SONH(C .10 alkyl},

~SGN(C L alkyl),,

-SO,CF;,

-SO,CFH,

-SH,

-S{C1.10 alkyl},

NH=CH,,

hydroxy,

~(C .10 alky)OH,

-Co.ro atkylalkoxy,

cyano,

-{Crealkylicyano, and

Cghaloatkyl{oxy),.,, wherein each Rs 15 substituted with 0, 1, 2 or 3 Ry substituents each
independently selected by halogen, cyano, oxo, Cy.y5 alkylcarbonylCy.qq alkyl, Cy s alkyl, Cipp
alkylcarbonylaminoCy.y alkyl, and -{(Cy.,p alkyDHOH.
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2. The compound according to Claim 1, wherein Ry s selected from —OH,
amino, -NHOH, -N(C, 5 alkyl),, and —N{C_;alkyl) or a pharmaceutically acceptable salt thereof.
3. The compound according to Claim 2, wherein Ry is selected from —~OH,

amino, -NHOH, dimethylamino, and methylamino or a pharmaceutically acceptable salt thereot

4. The compound according to Claim 1, wherein each R; s independently
selected from Cy4alkyl, Cy¢haloalkyl, Ci-cycloalkylCocalkyl, and C;sheterocycloalkylCqgalkyl

or a pharmaceutically acceptable salt thereof

5. The compound according to Claim 4, wherein each R; is independently

selected from methyl, isopropyl, and cyclopropyl or a pharmaceutically acceptable salt thereof.

6. The compound according to Claim 1, wherein each Ry 1s independently
selected from halogen, hydroxy, C,.q alkenyl, and aryl{Cq.;o alkylyoxy(Cq. 0 alkyl) or a

pharmaceutically acceptable salt thereof .

7. The compound according to Claim 6, wherein each R, is independently
selected from halogen, hydroxy, ethenyl, and phenylmethoxy or a pharmaceutically acceptable

salt thereof.

8. The compound according to Claim 1, wherein each Rs is independently
selected from: halogen, C, 4 alkyl{oxy s Co.io alkvl, Cyyp alkenyl, aryt Cpyp alkvl{oxy)e Cog
alkyl, Ci.pp cvcloalkyl Cy.ig alkyl, heteroaryl Cyyp alkyl, (Cs. 0 )heterocycloalkyl Copp alkyl, Ciag
alkylaminoCy.p alkyl, aryl Cyyp alkylamino (carbonylYCq. alkyl, Cy.p alkylsultfonylCy o alkyl,
C .0 alkylsuifonylaminoCo.y alkyl, (Cy.yp alkyl), amino, -SO,NH(C,.p alkyl), -SO2N(Ci.p
alkyl),, -SH, -NH=CH,, <(C,.1, alkyDOH, -Cq.15 alkylalkoxy, cyano, -{Cy salkylicyano, and
(.gshaloalkyi{oxy),.;; wherein each Rs is substituted with 0, 1, 2, or 3 R substifuents or a

pharmaceutically acceptable salt thereof,

9. The compound according to Claim 8, wherein each Rs1s independently
selected from: F, Cl, tert-butyl, isopropyl, methyl, ethyl, morpholinyl, methylsufonyl,

dimethysutfamoyl, 1-cvano-1-methylethyl, cyclopropyl, piperazinvl, pyrazolyl, methoxy, -SH,
-100-
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-N=(H,, methylamino, cyano, hvdroxyethyl, 2,2, 2-triflucroethyloxy, phenylaminocarbonyl,
cyclohexyl, propyl, ({methylsulfonyDaminoymethyl, morpholinylmethyl, phenylmethyloxy, Br,
prop-2-enyl, hydroxymethyl, phenyl, and pipenidinyl, wherein each Rs is substituted with 0, 1, 2

or 3 By substituents or a pharmaceutically acceptable salt thereof.

10.  The compound according to Claim 9, wherein each Ry is independently
selected from halogen, cyano, oxo, C 4 alkylcarbonyl, C 4 alkyl, C;s alkylcarbonylamine, and -

(Ci.10 alkyh)OH or a pharmaceutically acceptable salt thereof,
0 11, The compound according to Claim 10, wherein each Rg is independently
selected from halogen, methylcarbonyl, hydroxyethyl, oxo, cyano, hydroxymethyl,

methylcarbonyl amino, and methyl or a pharmaceutically acceptable salt thereof.

~ . ~y * . 5. ) S
12. The compound according to Claim 1, wherein R” 15 selected from

Ju—
W

hydrogen, methyl, methylcarbonyl, ethyl, isopropyl, morpholinoethyl, 2-hydroxy-2-
methylpropyl, Z-hydroxyethyi, 1-phenvlethyl, benzvl, tetrahydro-2H-pyranyvimethyl, 1-

cyclopropylethyl, and tetrahydro-2H-pyranyl or a pharmaceutically acceptable salt thereof.

13.  The compound according to Claim 11, wherein R®is hydrogen or oxo or a

20 pharmaceutically acceptable salt thereof

14, The compound according to Claim 1, wherein ? | " s selected

or a pharmaceutically acceptable

23 salt thereof

15, The compound or a pharmaceutically acceptable salt, thereof, wherein the

compound is selected from:
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{(38,45)-2-(4-(rert-butyl}-3-chlorophenyl 3-3-(2,3-dihydrobenzo[b}{ 1,4 dioxin-6-yi)- 1 -oxo-
1.2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R}-2-(4-(fert-butyl}-3-chlorophenyl)-3-(2,3-dihydrobenzo[bl{ 1 4 ldioxin-6-yi}-1-ox0-
1,2,3,4-tetrabydroisoquinoline-4-carboxvlic acid;

(35,45)-2-(4-(tert-butyl)-3-chlorophenyl}-3-(2,3-dihydrobenzolb }{ 1,4 Jdioxin-6-y1 - 7-fluoro-1-
oxo-1,23 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R )-2-(4-(tert-butyl)-3-chloropheny! 3-3-(2,3-dihydrobenzo[b}{ 1,4 ]dioxin-6-yi1 - 7-tluoro-1-
oxo-1,2 3 4-tetrahydroisoguinoline-4-carboxylic acid,

(3R,4R}-3-(2,3-dihydro-1,4-benzodioxin-6-yi }-2-[4-(1 -methylethyDphenyl}-1-ox0-1,2,3 4~
tetrahydrotsoquinoline-4-carboxylic acid;

(38,45)-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-2-[4-( 1 -methylethyl )phenyl }-1-ox0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R)-3-(2,3-dihydro-1 4-benzodioxin-6-y1}-2-(2 3-dihydro-1H-inden-5-yi)- 1-oxo0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

35,45)-3-(2,3-dihydro-1,4-benzodioxin-0-y1}-2-(2 3-dihydro-1H-inden-5-yl - 1-0x0-1,2,3,4-
tetrahydrotsoquinoline-4-carboxylic acid;

(3R, 4R}-3~(2,3~dihydro-1,4-benzodioxin-6-yl)-2-(4-morpholin-4-viphenyl}-1-oxo-1,2,3,4-
tetrahydroisoquinoline~-4-carboxylic acid,

(38,45)-3~(2,3~dihydro-1,4-benzodioxin-6-yi)-2-(4-morpholin-4-ylphenyl)-1-ox0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R}-3~(2,3~dihydro-1,4-benzodioxin-6-yi)-2-[4-{methyisulfonylyphenyl|-1-ox0-1,2.3 4~
tetrahydroisoquinoline-4-carboxylic acid;

{(38,48)-3-(2,3-dihydro-1,4-benzodioxin-6-yl }-2-[4-(methylsultonyl)phenvl}-1-ox0-1,2,3 4-
tetrabydroisoquinoline-4~carboxylic acid,

(3R 4R}-3-(2,3-dihydro-1 4-benzodioxin-6-yi)-2-[4-(dimethylsulfamoylyphenyl}-1-ox0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

(35,45)-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-2-[4-(dimethylsulfamoylphenyl }-1-ox0-1,2.3,4-
tetrahydroisoquinoline-4-carboxylic acid;

(3R AR X-2-[4~(1-cvano-1-methylethylDphenyl]-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-ox0-
1.2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(35,48) (-2-[4-(1-cyano-1-methylethyl)phenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yi -1 -oxo-
1,2,3,4-tetrabydroisoquinoline-4-carboxvlic acid;

(3R, 4R)-2-(2-chloropynidin-4-yi)-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-ox0-1,2,3 4-

tetrahydroisoquinoline-4-carboxylic acid;
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{(38,45)-2«(2-chloropyridin-4-yi}-3~(2,3-dihydro-1,4-benzodioxin-6-yl}-1-0x0-1,2,3 4~
tetrahydroisoquinoline-4~carboxylic acid,

(3R,4R}-2-(4-cyclopropylphenyl}-3+(2,3-dihydro-1,4-benzodioxin-6-yl}-1-ox0-1,2,3 4~
tetrahvdroisoquinoline-4-carboxylic acid;

(35,45)-2-(4-cyclopropylphenyl }-3~(2,3~dihydro-1,4-benzodioxin-6-yi)}-1-0x0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;

{(38,45)-2-[4-(4-acetylpiperazin-1-ylphenvi}-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-1-ox0-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R})-2-[4-(4-acetylpiperazin-1-y)phenyl}-3-(2,3-dihvdro-1,4-benzodioxin-6-yl)-1-ox0o-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(38,45)-2-[4-(4-acetylpiperazin-1-y)phenyl}-3-(2,3-dihydro-1 4-benzodioxin-6-y1}- 1 -oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R)-2-{4~(4-acetylpiperazin-1-yhphenyl}-3~(2,3-dihydro-1,4-benzodioxin-6-yl}-1-ox0-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

35,45)-3-(2,3-dihydro-1,4-benzodioxin-0-yl}-2-{ 4-[ 1-(2-hydroxyethyl}-1 H-pyrazol -4~
yilphenyl}-1-o0x0-~1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R}-3~(2,3~dihydro-1,4-benzodioxin-6-v1}-2-{ 4-[ 1 -(2-hydroxyethyl}-1 H-pyrazol-4-
yliphenyl}-1-ox0-1,2,3 4-tetrahydroisoquinoline-4-carboxvlic acid;

(38,45)-2-[4-(diflucrornethoxy yphenyi}-3-(2,3-dihydro- 1 4-benzodioxin-6-yl}-1-ox0-1,2 .3 4-
tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R}-2-{4-(difluoromethoxy jphenyl]-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-0x0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

(35,483-2-(1,3-benzothiazol-5-y1}-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-ox0-1,2,3 4~
tetrahydroisoquinoline-4~carboxylic acid,

(3R 4R}-2-(1,3-benzothiazol-5-y1}-3-(2,3-dihydro-1 4-benzodioxin-6-yl}-1-ox0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

(35,45)-3-2,3-dihydro-1,4-benzodioxin-6-y1}-2-(3,3-dimethyi-2-ox0-2,3-dthydro- 1 H-indol-6-
yh)-1-ox0-1,2,3,4-tetrahvdroisoquinoline-4-carboxylic acid;

{3R,4R}-3-(2,3-dihydro-1,4-benzodioxin-6-y1)-2-(3,3~-dimethyl-2-ox0-2,3-dihydro-1H-indol-6-
yh-1-ox0-1,2.3 4-tetrabydroisoquinoline-4-carboxylic acid;

(35,45)-3-(2,3-dihydro-1,4-benzodioxin-6-yi)-1-ox0-2-[4-{ 1 H-pyrazol-5-yD)phenvl]-1,2,3 4-
tetrahvdroisoquinoline-4-carboxylic acid;

(3R,4R}-3~(2,3-dihydro-1,4-benzodioxin-6-yi)-1-ox0-2-[4-(1H-pyrazol-5-yhphenylt]-1,2,3 4-

tetrahydroisoquinoline-4-carboxylic acid;
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{(38,48)-2-(4-chloro-3-tluorophenyl}-3-(2,3~-dihydro-1,4-benzodioxin-6-yl}-1-oxo-1,2,3 4-
tetrahydroisoquinoline-4~carboxylic acid,

(3R,4R}-2-(4-chloro-3-fluorophenvl)-3-(2,3-dihydro-1,4-benzodioxin-6-yi}-1-oxo-1,2,3,4-
tetrahvdroisoquinoline-4-carboxylic acid;

(35,45)-2-(4~-chloro-3~-cyclopropylphenyl}-3~(2,3~dithydro-1,4-benzodioxin-6-yl - 1-ox0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R)-2-(4-chloro-3-cyclopropyiphenyi}-3-(2,3-dihydro-1,4-benzodioxin-6-yi)-1-0x0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid;

(35,45)-2-(3-cyano-4-morpholin-4-yiphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yi}-1-ox0-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R 4R})-2-(3-cyano-4-morpholin-4-vlphenyl)-3~2,3-dithydro-1,4-benzodioxin-6-yl)- 1-ox0-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(38,45)-2-[3-chloro-4-(difluoromethoxyjphenyl |-3~(2 3-dihydro-1,4-benzodioxin-6-yl )-1-oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R}-2-{3~chloro-4-(diftuoromethoxy yphenyl]-3-(2,3-dihydro-1,4-benzodioxin-6-yi)- 1 -oxo-~
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(38,45)-3+(2,3-dihydro-1,4-benzodioxin-6-yi }-2-[4-(Z-hydroxy-1, 1 -dimethvlethyl jphenyi}-t-oxo-
1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R)-3-(2,3-dihydro-1 4-benzodioxin-6-y1}-2-[4-(2-hydroxy-1, 1 -dimethylethylphenylj-1-
oxo-1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

(35,45)-2-(3~chlorophenyl}-3-(2 3-dihydro-1,4-benzodioxin-6-yl }-1-ox0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R}-2-(3-chlorophenyl)-3-(2,3-dihydro-1,4-benzodioxin-6-yi}-1-ox0-1,2,3 4~
tetrabydroisoquinoline-4~carboxylic acid,

(35,48)-2-(3-chloro-4-morpholin-4-ylpheny! }-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-oxo-
1,2,3,4-tetrahydroisoquincline-4-carboxvlic acid;

(3R, 4R})-2-(3-chloro-4-morpholin-4-ylphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yi)-1-oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

{(38,45)-3«(2,3~dihydro-1,4-benzodioxin-6-yi }-2-(2-methyipyndin-4-yl-1-ox0-1,2,3 4~
tetrahydroisoquinoline-4~carboxylic acid,

(3R, 4R}-3-(2,3-dihydro-1,4-benzodioxin-6-yl -2-(2-methylpyridin-4-yt)-1-0x0-1,2,3 4~
tetrahvdroisoquinoline-4-carboxylic acid;

(35,45)-3-2,3-dihydro-1,4-benzodioxin-6-y1)~-1-ox0-2-[4-(2.2 2-trifluoroethoxy yphenyl}-1,2.3 4-

2

tetrahydroisoquinoline-4-carboxylic acid;
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(3R, 4R}-3~(2 3-dihydro-1,4-benzodioxin-6-yi - T-ox0-2-[4-(2,2, 2-triflucrcethoxy jphenyl -
1.2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(35,45)-2-{4-[{(4-chlorophenyl)carbamoyliphenyl } -3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-0x0-
1,2,3,4-tetrabydroisoquinoline-4-carboxvlic acid;

(3R, 4R)-2-{4-[(4-chlorophenyljcarbamoyljphenyl }-3-(2,3-dihydro-1,4-benzodioxin-6-y1)-1-oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

{(38,45)-2-(4-cyclohexylphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yl)-1-0x0-1,2,3,4~
tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R}-2-(4-cyclohexylphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-vi}-1-0x0-1,2,3 4~
tetrahydrotsoquinoline-4-carboxylic acid;

(38,45)-2-[4-(1-cyanocyclohexyhphenyl}-3-(2,3-dihydro-1 4-benzodioxin-6-y1}- 1 -ox0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;

(38, 4R})-2-[4-(1-cyanocyclohexylyphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-0x0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;

35,45)-3-(2,3-dihydro-1,4-benzodioxin-0-yl}-1-ox0-2-(5,6,7 8-tetrahydronaphthalen-2-y1}-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

{(38,4R}-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-0x0-2-(5,6,7 8-tetrahydronaphthalen-2-yi)-
1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

(38,45)-3~(2,3~dihydro-1,4-benzodioxin-6-yi)-2-(2-fluoropyridin-4-yh)-1-ox0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R}-3~(2,3~dihydro-1,4-benzodioxin-6-yl }-2-(2-fluoropyridin-4-yi)-1-ox0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;

{(38,45)-3+(2,3-dihydro-1,4-benzodioxin-6-yi }-2-[6-(hydroxymethyl)}-5,6,7,8-
tetrabydronaphthalen-2-yl}-1-oxo0-1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R)-3-(2,3-dihydro-1 4-benzodioxin-6-y1)-2-[6-(hydroxymethyl)-5,6,7 8-
tetrahydronaphthalen-2-yi}-1-ox0-1,2,3 4-tetrahydroisoquinocline-4-carboxylic acid;

(35,48)-2-(2~chloro-6-methylpyridin-4-y1)-3~(2,3-dihydro-1,4-benzodioxin-6-yi)- 1 -ox0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

(3R 4R}-2-(2-chloro-6~-methylpyridin-4-y1}-3-(2,3-dihydro-1,4-benzodioxin-6-yl)-1-0x0-1,2,3 4-
tetrabydroisoquinoline-4~carboxylic acid,

(35,48)-2-(4-chloro-3-methylphenyl 3-3-(2,3-dihydro-1 4-benzodioxin-6-yl)-1-0x0-1,2,3 4~
tetrahvdroisoquinoline-4-carboxylic acid;

(3R, 4R)-2-(4-chloro-3-methylphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-1-ox0-1,2,3 4-

tetrahydroisoquinoline-4-carboxylic acid;
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{38,45)-3+(2,3~dihydro-1,4-benzodioxin-6-yi }-2-(4-{ [{methylsulfonylaminoimethyl } phenyl}-1-
oxo-1,2,.3 4-tetrahydroisoguinoline-4-carboxylic acid,

(3R,4R}-3-(2,3-dihydro-1,4-benzodioxin-6-yi }-2-(4-{{{methylsulfonyyaminoimethyl } phenyl)-1-
oxo0-1,2,3, 4-tetrahydroisoguinoline-4-carboxylic acid,

(35,45)-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-2-(2,6-dimethylpyridin-4-yi)-1-ox0-~1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid;

{3R,4R}-3-(2 3-dihydro-1,4-benzodioxin-0-yl1}-2-(2 6-dimethylpyridin-4-yi - 1-ox0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid;

(35,48)-2-[4-(1-cyanccyciohexylphenyl]-3-(2,3-dihydro-1,4-benzodioxin-0-yl}-1-0x0-1,2,3 4-
tetrahydrotsoquinoline-4-carboxylic acid;

(3R, 4R)-2-[4-(1-cyanocyclohexyDphenyl}-3-(2, 3-dihydro-1 4-benzodioxin-6-yl}-1-ox0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R)-3-(2,3-dihydro-1 4-benzodioxin-6-yl}-1-ox0-2-(5,6,7 8-tetrahydronaphthalen-2-y1)-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

35,45)-3-(2,3-dihydro-1,4-benzodioxin-0-yl}-1-0x0-2-(5,6,7 8-tetrahydronaphthalen-2-y1}-

1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(38,45)-2-[3-chloro-4-(morpholin-4-ylimethyljphenyl}-3-(2,3 -dihydro-1,4-benzodioxin-6-yi)-1-
oxo-1,2,.3,4-tetrahydroisoquinoline-4-carboxvlic acid;

(3R, 4R)}-2-[3-chloro-4~(morpholin-4-ylmethylphenyl }-3-(2,3~dihydro- 1, 4-benzodioxin-6-yi)-1-

oxo-1,2,3 4-tetrahydroisoguinoline-4-carboxylic acid;

(35,45)-3-(2,3-dihydro-1,4-benzodioxin-6-y1)-2-(3,4-dimethyiphenyl)-1-ox0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R}-3~(2,3~dihydro-1,4-benzodioxin-6-y1)-2-(3 4-dimethylphenyt)-1-ox0-1,2,3 4~
tetrabydroisoquinoline-4~carboxylic acid,

(35,45)-2-(3,4-dichlorophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-1-0x0-1,2,3 4-
tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R})-2-(3 4-dichlorophenyl}-3-(2 3-dihydro-1,4-benzodioxin-6-y1 - 1~-ox0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid;

{(38,45)-2-[4-(benzyloxy}-3-chlorophenyl{-3~(2,3~dihydro-1,4-benzodioxin-6-yl}-1-0x0-1,2,3 4~
tetrahydroisoquinoline-4~carboxylic acid,

(3R, 4R}-2-{4-(benzyloxy}-3-chiorophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-vi}-1-0x0-1,2,3 4~

tetrahvdroisoquinoline-4-carboxylic acid;

(35,45)-2-(3-bromophenyl)-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-ox0-1,2.3 4-

tetrahydroisoquinoline-4-carboxylic acid;
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{(3R,4R}-2-(3-bromophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-1-0x0-1,2,3 4-
tetrahydroisoquinoline-4~carboxylic acid,
(35,48)-2-(4-cyclopropyl-3-fluorophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-0x0-1,2,3,4-

tetrahvdroisoquinoline-4-carboxylic acid;

5 (3R,4R)-2-(4-cyclopropyl-3-fluorophenyl 3-3~(2,3~dihydro-1,4-benzodioxin-6-yl)-1-ox0-~1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;
{(38,458)-2-[4-(1-cyanocyclohexvl)phenvi]-3-(3 4-dihydro-2H-1,5-benzodioxepin-7-yl)-1-oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;
(3R,4R}-2-{4-(I-cvanocyclohexylphenyl}-3-(3,4-dihydro-2H-1,5-benzodioxepin-7-yl)-1-0x0-
10 1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R)-2-(4-tert-butyl-3-chlorophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-y1)-1-oxo-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;
(38,45)-2~(4-tert-butyl-3-chlorophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-1-0x0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;
i35  (35,48)-6-bromo-3-(2 3-dihydro-1,4-benzodioxin-6-y13-2-(2,3~dihydro-1H-inden-5-yl)-1-oxo0-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;
{3R,4R)-6-bromo-3-(2,3-dihydro-1 4-benzodioxin-6-y1}-2-(2 3-dihydro-1H-inden-5-y1)-1-ox0-
1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;
{38,48)-3(2 3-dihydro-1,4-benzodioxin-6-y1}-2-naphthalen-2-yi-1-ox0-1,2,3,4-
20 tetrahydroisoquinoline-4-carboxylic acid;
(3R,4R}-3~(2,3~dihydro-1,4-benzodioxin-6-yl)-2-naphthalen-2-yi-1-0x0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;
{(38,45)-3+(2,3-dihydro-1,4-benzodioxin-6-yi -1 -ox0-2-(3,4,5-trichlorophenyl}-1,2,3 4-
tetrahydroisoquinoline-4~carboxylic acid,

(3R 4R}-3-(2,3-dihydro-1 4-benzodioxin-6-yi)- 1 -ox0-2-(3 .4, 5-trichlorophenyl}-1,2,3 4-

W

tetrahydroisoquinoline-4-carboxylic acid;

(35,48)-2-[3~-chloro-4-( 1 -cyano-1-methylethyhphenyi}-3~(2,3-dihydro-1,4-benzodioxin-6-yl)~1-
oxo-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R 4R}-2-[3-chloro-4-{ 1-cyano-1-methylethyliphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yl)-1-

30 oxo-1,2,3, 4-tetrahydroisoguinoline-4-carboxylic acid,

(35,48)-6-bromo-2-(3-chioro-4-methylphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yi}-1-ox0-
1,2,3,4-tetrabydroisoquinoline-4-carboxvlic acid;

(3R, 4R )-6-bromo-2-3-chloro-4-methylphenyl}-3-(2,3~dihydro-1,4-benzodioxin-6-yl}- 1 -ox0-
1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;
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{(38,458)-7-bromo-2-(3~chioro-4-methylphenyl }-3-(2, 3-dihvdro-1,4-benzodioxin-6-yi)-1-oxo-
1.2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R 4R}-7-bromo-2-(3-chloro-4-methylphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yi}-1-0x0-
1,2,3,4-tetrabydroisoquinoline-4-carboxvlic acid;

(35,45)-3-2,3-dihydro-1,4-benzodioxin-6-y1}-2-(3,4-dihydro-1 H-isochromen-7-y1)~1-oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

{3R,4R}-3-(2,3-dihydro-1,4-benzodioxin-6-v1)-2-(3 4-dihydro-1 H-isochromen-7-y1}-1-oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R 4R}-2-(3-chloro-4-cyclohexylphenvl)-3-(2,3-dihydro-1,4-benzodioxin-6-yi}-1-oxo-1,2,3,4~
tetrahydrotsoquinoline-4-carboxylic acid;

(38,45)-2-(3-chloro-4-cyclohexylphenyl}-3-(2,3-dihydro- 1 4-benzodioxin-6-yl}-1-ox0-1,23 4-
tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R}-2-(4-tert-butyl-3-chlorophenyl)-3-(3,4-dihydro-2H-chromen-6-y1}-1-0x0-1,2,3 4~
tetrahydroisoquinoline-4-carboxylic acid;

35,45 )-2-(4-tert-butyl-3-chlorophenyl 3-3-(3,4-dihydro-2ZH-chromen-6-yl}-1-ox0-1,2,3,4-
tetrahydrotsoquinoline-4-carboxylic acid;

(38,45)-7-bromo-2-(4-tert-butyl-3-chlorophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yl }-1-0x0-
1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R)}-7-bromo-2-(4-tert-butyl-3~chlorophenyl)-3-(2 3-dihydro-1,4-benzodioxin-6-y1)-1-oxo-
1,2,3,4-tetrahydroisoquincline-4-carboxvlic acid;

(35,4S)-2-(4-tert-butyl-3-chloropheny! }-7-chloro-3-(2, 3-dihydro-1,4-benzodioxin-6-yl j- 1 -oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R 4R}-2-(4-tert-butyl-3-chlorophenyl }-7-chioro-3-(2,3-dihydro-1,4-benzodioxin-6-yi )-1-oxo-
1.2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(38,45)-7-(benzyloxy}-2-(4-tert-butyl-3-chlorophenyl}-3-(2,3-dihydro- 1 ,4-benzodioxin-6-yi}-1-
oxco-1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R)-7-(benzyloxy)-2-(4-tert-butyl-3-chlorophenyl)-3-(2,3-dihydro-1,4-benzodioxin-6-yl)-1-
oxo-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R}-2-(4-tert-butyl-3-chlorophenyl)-3~(2,3-dihydro-1,4-benzodioxin-6-y1)-6-fluoro-1-oxo-
1.2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(35, 45)-2-(4-tert-butyl-3-chlorophenyl)-3-(2,3-dihydro-1,4-benzodioxin-6-y1}-6-flucro-1-oxo-
1,2,3,4-tetrabydroisoquinoline-4-carboxvlic acid;

(3R, 4R)-2-(4-tert-butyl-3~chlorophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-y1)-6-fluoro-1-oxo-
1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;
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(38, 4S)-2-(4-tert-butyl-3-chlorophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-y)-6-fluoro-1-oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;
(3R 4R}-2-(4-tert-butyl-3-chlorophenyl)-7-chloro-3-(2,3-dihydro-1,4-benzodioxin-6-yi)-1-ox0-
1,2,3,4-tetrabydroisoquinoline-4-carboxvlic acid;
(35, 45)-2-(4-tert-butyl-3~chlorophenyl)-7-chloro-3-(2,3-dihydro-1,4-benzodioxin-6-yi)-1-oxo-
1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;
(3R 4R}-2-(4-tert-butyl-3-chlorophenyl)-3-(4-methyl-3 4-dihydro-2H-1,4-benzoxazin-6-yi)-1-
oxo-1,2 3 4-tetrahydroisoguinoline-4-carboxylic acid,
(35, 45)-2-(4-tert-butyl-3-chlorophenyl)-3-(4-methyl-3 4-dihydro-2H-1,4-benzoxazin-6-yi)-1-
oxo-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid,
(3R 4R)-2-(4-tert-butyl-3-chlorophenyl}-3-(4-methyl-3,4-dihydro-2H-1,4-benzoxazin-6-yi)-1-
oxo-1,2 3 4-tetrahydroisoquinoline-4-carboxylic acid;
(38, 45)-2-(4-tert-butyl-3-chlorophenyl)-3-(4-methyi-3 4-dihydro-2H-1,4-benzoxazin-6-yl)-1 -
oxo-1,2 3 4-tetrahydroisoguinoline-4-carboxylic acid,
35,45 )-2-(4-tert-butyl-3-chlorophenyl 3-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-7-hydroxy-1-oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;
(3R, 4R}-2-(4-tert-butyl-3-chlorophenyl)-3-(2,3-dihydro-1,4-benzodioxin-6-y1)-7-hydroxy-1-oxo-
1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;
(38,48)-2-[3-chloro-4-(1-cyanocyclopropyl jphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yl)-1-

oxo-1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

IR,4R})-2-[3~chloro-4~(1-cyanocyclopropyl jphenyli}-3-(2,3-dihydro-1,4-benzodioxin-6-yi)-1-
oxo-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R}-2-[3-chloro-4-(1-cyanccyclopropylphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-
oxo-1,2,.3 4-tetrahydroisoguinoline-4-carboxylic acid,

(35,48)-2-[3-chl oro—4n( {-cvanocyclopropylphenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-y1)-1-

oxo-1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

(3 R,4R)—2~(4’—acetam1do~[ L V-biphenyl}-4-yi)-3-(2,3-dihydrobenzo[b}{ 1 4]dioxin-6-yi)-1-oxo0-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

{38,48)-2-(4"-acetamido-{ 1, 1"-biphenyl}-4-y13-3-(2,3-dihydrobenzo[b}{ 1,4 ]dioxin-6-yi}-T-ox0-
1.2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(35,45)-2-[4-(1-acetylpiperidin-4-vDphenvl}-3-(2 3-dihydro-1,4-benzodioxin-6-yl}- 1 -oxo-
1,2,3,4-tetrabydroisoquinoline-4-carboxvlic acid;

(3R, 4R)-2-[4-(1-acetylpiperidin-4-yhphenyt }-3-(2,3-dihydro-1,4-benzodioxin-6-y1}~1 -oxo-
1,2,3

')7}

4-tetrahydroisogquinoline-4-carboxylic acid,
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(3R, 4R)-2-(4"-acetamido-2~chioro-{ 1,1-biphenyl-4-y1}-3-(2,3-dihydrobenzo[bl{ 1,4 1dioxin-6-yl}
I-ox0-1,2,3 4-tetrabydroisoquinoline~4-carboxylic acid;

(35,45)-2-(4"-acetamido-2-chloro-{1,1'-biphenyl]-4-yt}-3-(2,3-dihydrobenzo[b]{ 1,4 ]dioxin-6-yi }-
T-oxo-1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

(35,48)-2-(4-(tert-butyl)-3 -chlorophenyl}-3-(2,3-dihydrobenzolbl{ | 4 ldioxin-6-y1}-N-methyl- 1 -
oxo-1,23 4-tetrahydroisoquinoline-4-carboxamide;

(3R 4R}-2-(4-(tert-butyl}-3-chlorophenyl }-3-(2,3-dihydrobenzo{bl] 1,4 }dioxin-6-yi}-N-methyl-1-
oxo-1,2.3 4-tetrahydroisoquinoline-4-carboxamide;

(35,45)-2-(4-tert-butyl-3-chloropheny! }-3-(2,3-dihydro-1,4-benzodioxin-6-yl}-1-0x0-1,2,3 4-
tetrahydroisoquinoline-4-carboxamide;

(3R, 4R)-2-(4-tert-butyl-3-chlorophenyl }-3-(2,3-dihydro-1,4-benzodioxin-6-yl)-1-ox0-1,2,3 4-
tetrahydroisoquinoline-4-carboxamide;

(38,45)-2~(4-tert-butyl-3-chlorophenyl}-3-(2,3-dihydro-1,4-benzodioxin-6-y1 }-N N-dimethyl- 1 -
oxo-1,2 3 4-tetrahydroisoguinoline-4-carboxamide;

(3R, 4R}-2-(4-tert-butyl-3-chlorophenvi)-3-(2, 3~dihydro-1,4-benzodioxin-6-y1}-N, N-dimethyi-1-
oxo-1,2,3 4-tetrahydroisoquinoline-4-carboxamide;

(38,48)-2-{4-tert-butyl-3-chlorophenyi)-3-(2,3-dihydro-1,4-benzodioxin-6-yl1}-7-fluoro-1-oxo-
1,2,3,4-tetrahydroisoquinoline-4-carboxamide;

(3R 4R)-2-(4-tert-butyl-3-chlorophenyl)-3~(2,3-dihydro-1,4-benzodioxin-6-y1)-7-tluoro-1-oxo-
1,2,3,4-tetrahydroisoquincline-4-carboxamide;

38,48)-2-(4-(tert-butyl)-3-chioropheny!}-3-(2,3-dihydrobenzo{b [ 1,4 Jdioxin-6-y1}-1-ox0-7-

vinyi-1,2,3,4-tetrahydrotsoquinoline-4-carboxylic acid;

(3R, 4R}-2-(4-(tert-butyl)-3-chlorophenyl}-3-(2,3-dihydrobenzofb}[1,4]dioxin-6-yi}-1-oxo-7-
vinyl-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R 4R)-2-(4-(fert-butyl)-3-chlorophenyl)}-3-(2,3-dihydrobenzo[ 6][ 1,4 ]dithiin-6-y1}-1-0x0-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(35,45)-2-(4~(fert-butyl}-3-chlorophenyl}-3-(2 3-dihydrobenzof 61 1,4 dithiin-6-yi)-1-oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R, 4R}-2-(4-(tert-butyl)}-3-chlorophenyl }-3-(2,3-dihydrobenzo{bl}[ 1,4 Joxathiin-6-yl)- 1 -ox0-
1.2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(35,48)-2-(4-(tert-butyl)-3-chiorophenyl}-3-(2,3-dihydrobenzo{b}{ I 4 Joxathiin-6-yl)-1-ox0-
1,2,3,4-tetrabydroisoquinoline-4-carboxvlic acid;

(3 R,4R}—2—(4—( tert—bu tvi)—3—chlorophenvi)—}—(?l B—dihydrob enzofb]] 1 4]oxathiin-7-yl}-1—
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(35,4 S}Z—(4—(ter’t—buﬁyi }7371‘.}11 Qmphenyi)%f( 2,3—dihydrobenzofb][1 Ajdi oxin—6-—yl}-N—
hydroxy-1-oxo-1,2,3,4-tetrahydroisoquinoline-4-carboxamide;

{(38,458)-2-(4-(tert-butyl}-3-chlorophenyl}-3-(chroman-6-yl}-1-ox0-1,2,3,4-
tetrahydroisoquinoline-4-carboxylic acid;

(3R 4R)-2-(4-(tert-butyl}-3-chlorophenyl}-3-(chroman-6-yi}-1-0x0-1,2,3 4~
tetrahydrotsoquinoline-4-carboxylic acid;

(38,45)-2-{4-(tert-butyl)-3-chlorophenyl}-3-(3 4-dihydro-2H-benzo[b][ 1,4 Joxazin-6-y1}- 1 -oxo-
1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R.4R} -2-(4-(tert-butyl)-3-chlorophenyl}-3-(3 4-dibydro-2H-benzo[b[ 1,4 ]oxazin-6-y1)-1-oxo-
1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid;

35,4S) -2-(4-(tert-butyi}-3~chlorophenyl}-3-(4-isopropyl-3,4-dihydro-2H-benzolbl{ 1,4joxazin-
6-y1)-1~-ox0-1,2.3, 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R} -2-(4-(tert-butyl}-3-chlorophenyl}-3-(4-isopropyl-3,4-dihydro-2H-benzo[bi[ 1,4]oxazin-
6-yh)-1-ox0-1,2,3 4-tetrahydroisoquinoline-4~-carboxylic acid,

(38,45)-2~(4-(tert-butyl}-3-chlorophenyl}-3-(3-cyclopropyi-2,3-dibydrobenzolbif 1,4 jdioxin-6-
yi3-7-fluoro-1-ox0-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R 4R )-2-(4-(tert-butyl}-3-chlorophenyl }-3-(3-cyclopropyl-2,3-dihydrobenzofbl{ 1,4 Jdioxin-6-
yh)-7-fluoro-1-ox0-1,23 ,-'flntfstrahydmlscqumohnfsnélncarbOxyiict acid;

(38,458)-2-(4-(tert-butyl)-3-chlorophenyl}-3-(2,3-dihvdrobenzo[bl[ 1 ,4oxathiin-6-y1}-7-fluorc-1-
oxo-1,2,.3 4-tetrahydroisoguinoline-4-carboxylic acid,

(3R 4R)-2-(4-(tert-butyl}-3-chlorophenyl}-3-(2,3-dihvdrobenzo{b][ 1,4 Joxathiin-6-y1}-7-fluoro-1-
oxo-1,2,3 4-tetrahydroisoguinoline-4-carboxylic acid;

2-((38,45)-2~(4-(tert-butyl }-3-chlorophenyl }-3-(2 3-dihydrobenzo[bl[1,4 dioxin-6-y1)-7-fluoro-1-
oxo-1,2,3 4-tetrahydroisoquinolin-4-ylacetic acid;

2-{(3R 4R }-2-(4~({tert-butyl}-3-chlorophenvi}-3-(2 3-dihydrobenzo{bl] 1,4 {dioxin-6-v1}-7-fluoro-
I-ox0-1,2,3 4-tetrabydroisoquinolin~-4-yhacetic acid;

(3R,4R}-3-(2,3-dihydrobenzo{bif 1,4 1dioxin-6-v1)-2-{((8)-6-(hydroxymethyl)-5,6,7, 8-
tetrahvdronaphthalen-2-yi)-1-ox0-1,2,3 4-tetrahydroisoquinoline-4-carboxylic acid;

(3R,4R})-3~(2,3-dihydrobenzo[blf 1,41dioxin-6-y1}-2-({R)-6-(hydroxymethyl}-5,6,7 8-

tetrahydronaphthalen-2-yi}-1-oxo-1,2,3 4-tetrahvdroisoquinoline-4-carboxylic acid;
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{38,48)-3«(2 3~-dihydrobenzo[bi[1,41dioxin-6-y1}-2-{( 5}-0-(hydroxymethy!}-5,6,7 8-
tetrabydronaphthalen-2-yl)-1-oxo0-1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid; and
(35,45)-3-(2,3-dihydrobenzo[b}{ 1,4]dioxin-6-y1 }-2-((R)-0-(hydroxymethvl }-5,6,7 8-

tetrahvdronaphthalen-2-yi)-1-ox0-1,2 3 4-tetrahydroisoquinoline-4-carboxylic actd.

16. The pharmaceutical composition comprising a compound of Claim 1 or a

pharmaceutically acceptable salt thereof and a pharmaceutically acceptable carrier.

17.  The pharmaceutical composition according to Claim 15, further

comprising one or more other therapeutic agents.

18, A method for the treatment of a STING-mediated disease comprising
administering to a patient in need thereof a therapeutically effective arnount of a compound of

Claim 1 or a pharmaceutically acceptable salt thereof

19 A method of treating a condition 1o a mammal that can be ameliorated by
the selective inhibition of STING which condition is selected from: arthritis, asthma and
obstructive airways diseases, autoimmune diseases ot disorders, and cancer comprising
administering to the mammal in need of such treatment, a therapeutically effective amount of a

compound according to Claim 1 or a pharmaceutically acceptable salt thereof.

20, The method according to Claim 18, wherein said condition is arthritis.

21, The method according to Claim 19, wherein said condition is selected

from rheumatoid arthritis, juvenile arthritis, and psoriatic arthritis.

22.  The method according to Claim 18, wherein said condition is asthma or

obstructive airways diseases.

23, The method according to Claim 21, wherein said condition is selected
from: chronic asthma, late asthma, airway hyper-responsiveness, bronchitis, bronchial asthma,
allergic asthma, intrinsic asthma, extrinsic asthma, dust asthma, recurrent airway obstruction,

and chronic obstruction pulmonary disease (COPD), and emphysema.
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24, A method of treating asthma in a mammal in need thereof, comprising
administering a therapeutically etfective amount of a compound according to Claim 1 ora

pharmaceutically acceptable salt thereof.

25. A method of treating arthritis 1o a mammal 1n need thereof, comprising
administering a therapeutically effective amount of a compound according to Claim 1 or a

pharmaceutically acceptable salt thereof.
26. A method of treating cancer in a mammal in need thereof, comprising

administering a therapeutically effective amount of a compound according to Claim T ora

pharmaceutically acceptable salt thereof.
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Box No. 1 Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed:

m in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. D furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. E] furnished subsequent to the international filing date for the purposes of intemational search only:
D in the form of an Annex C/ST.25 text file (Rule 13zer. 1(a)).
I:] on paper or in the form of an image file (Rule 13er.1(b) and Administrative Instructions, Section 713).
2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

-***-Continued Within the Next Supplemental Box-***-

—

. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees ‘were timely paid by the applicant. Cpnsequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-3, 16-21, 25

Remark on Protest [:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:l The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

[:I No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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A. CLASSIFICATION OF SUBJECT MATTER

CIZP% - AB1K 31/47; CO7D 401/12 (2019.01)
PC -
A61K 31/47, CO7D 401/12

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2005/0124614 A1 (GANGLOFF, AR et al.) 09 June 2005; paragraphs [0012), [0014]-[0015], | 1-3, 16-21, 25
[0037]-[0040), [0043], (0071]
Y US 2009/0068144 A1 (WEBER, L et al.) 12 March 2009; paragraphs [0028]-j0029], [0048] 1-3, 16-21, 25
A US 2017/0137407 A1 (INFINITY PHARMACEUTICALS, INC.) 18 May 2017; paragraphs 1-3, 16-21, 25
[0010]-[0014], [0020}-{0021], [0043], [0109]-[0111], {0121], [0177], [0454], [0557]
A US 5,684,041 A (SCHERZ, MW) 04 November 1997; column 1, lines 44-64 1-3, 16-21, 25
D Further documents are listed in the continuation of Box C. D See patent family annex.
*  Special categories of cited documents: “T" later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the apEllqatnon but cited to understand
to be of particular relevance the principle or theory underlying the invention .
“E” earlier application or patent but published on or after the international  “X™ document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other “y” document of particular relevance; the claimed invention cannot be
special reason (a.s specified) . e considered to involve an inventive step when the document is

“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but later than  «g»  45cument member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
01 May 2019 (01.05.2019) 0 3 J U L 20‘\9
Name and mailing address of the ISA/ Authorized officer
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Shane Thomas
P.O. Box 1450, Alexandria, Virginia 22313-1450
. PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-8300 PCT OSP: §71-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)
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-***-Continued from Box No. IIl Observations where unity of invention is lacking -***-
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Groups I+, Claims 1-26; a compound of formula |, wherein A is a 5-membered unsaturated non-aromatic ring having 1 oxygen, R1 is —
OH,nis 0,zis 0,y is 0 and R2 is unsubstituted phenyl (compound structure), and arthritis (condition or disease) are directed toward a
compound, compositions comprising the compound, and methods associated therewith.

The compound, compositions, and methods will be searched to the extent they encompass a compound of formula |, wherein A is a
5-membered unsaturated non-aromatic ring having 1 oxygen, R1is —OH, nis 0, zis 0, y is 0 and R2 is unsubstituted pheny! (first
exemplary compound structure), and arthritis (first exemplary condition or disease). Applicant is invited to elect additional compound(s),
with fully specified structure (e.g. no optional or variable atoms, bonds, or substituents) for each, and/or additional condition(s) or
disease(s) to be searched. Additional compound(s) and/or condition(s) or disease(s) will be searched upon the payment of additional
fees. It is believed that claims 1-3 (each in-part), 16-21 (each in-part), and 25 (in-part) encompass this first named invention and thus
these claims will be searched without fee to the extent that they encompass a compound of formula |, wherein A is a 5-membered
unsaturated non-aromatic ring having 1 oxygen, R1is —OH, nis 0, zis 0, y is 0 and R2 is unsubstituted pheny! (compound structure),
and arthritis (condition or disease). Applicants must specify the claims that encompass any additionally elected compound structure(s)
and/or disease(s) or condition(s). Applicants must further indicate, if applicable, the claims which encompass the first named invention, if
different than what was indicated above for this group. Failure to clearly identify how any paid additional invention fees are to be applied
to the "+" group(s) will result in only the first claimed invention to be searched/examined. An exemplary election would be a compound of
formula | wherein A is a 6-membered unsaturated non-aromatic ring having 1 oxygen, R1is -OH, nis 0,zis 0, y is 0 and R2 is
unsubstituted phenyl (compound structure).

No technical features are shared between the diseases or conditions of Groups I+ and, accordingly, these groups lack unity a priori.

Groups I+ share the technical features including: a compound of formula |; a pharmaceutical composition comprising the compound, a
pharmaceutically acceptable carrier, and one or more other therapeutic agents; and a method for the treatment of a STING-mediated
disease comprising administering to a patient in need thereof a therapeutically effective amount of the compound.

However, these shared technical features are previously disclosed by US 2005/0124614 A1 to Gangloff, et al. (hereinafter ‘Gangloff) in
view of US 2009/0068144 A1 to Weber et al. (hereinafter '‘Weber').

Gangloff discloses a compound of formula |, wherein nis 1 and R1 is hydroxy, R2 is phenyl, yis 0, (a compound of formula |, wherein
R3 is hydroxy and R3' is hydrogen [n is 1 and R1 is hydroxy); R1 is aryl [R2 is phenyl}; R6 and R7 are each hydrogen (y is 0);
paragraphs [0012]-[0019]); a pharmaceutical composition comprising the compound, a pharmaceutically acceptable carriér (a
pharmaceutical composition comprising the compound, a pharmaceutically acceptable carrier; paragraph [0037]), and one or more other
therapeutic agents (and one or more chemotherapeutic compounds (therapeutic agents); para [0040]); and a method for the treatment of
a STING-mediated disease (a method for the treatment of cancer or arthritis (a STING-mediated disease); paragraphs [0038], [0039))
comprising administering to a patient in need thereof a therapeutically effective amount of the compound (comprising administering to a
patient in need thereof a therapeutically effective amount of the compound; paragraph [0038])).

Gangloff does not disclose wherein A is a 5-membered unsaturated non-aromatic ring having 1 or 2 heteroatoms independently selected
from oxygen, nitrogen and sulfur.

Weber discloses a compound of formula | (abstract, paragraph [0028]), wherein A is a 5-membered unsaturated non-aromatic ring
having 1 or 2 heteroatoms independently selected from oxygen, nitrogen and sulfur (wherein R2 is 1H-indol-3yl (wherein Ais a
5-membered unsaturated non-aromatic ring having 1 nitrogen heteroatom); paragraph [0029]). It would have been obvious to a person
of ordinary skill in the art, at the time of the invention, to have modified the compound, as previously disclosed by Gangloff, in order to
have provided wherein A is a 5-membered unsaturated non-aromatic ring having 1 nitrogen as previously disclosed by Weber, for
providing improved bicyclic heterocycloalkyl compounds useful in the treatment of inflammatory disorders such as arthritis.

Since none of the special technical features of the Groups I+ inventions is found in more than one of the inventions, and since all of the
shared technical features are previously disclosed by the Infinity, Gangloff and Scherz references, unity of invention is lacking.
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