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CYCLIC DENUCLEOQTIDE COMPOUNDS AND METHODS OF USE

CROSS-REFERENCE TO RELATED APPLICATIONS

001} Thus application clmms the berelit of LS. Provisional Application No,
£2/310.304, filed March 18, 2016, U 8. Provisional Application No. 62/355,382, filed June
28,2006, and U3, Provisional Application No. 62/396,140, filed September 17, 2016, the

entire contents of sach of which is hereby mcorporated by reference herein.
TECHNICAL FIELD

[002] The present invention povides novel cyvelic di-nuclectide cGAMP analopgs,
pharmaceutioal compositions thereof, thelr synthetic methods and their use m medical
therapy. In particular, the compounds of the invention enhance the body’s imunune responses
by activating STING (Stimulator of nierferon (Genes) and are usefu! for the immunotherapy
of cancer, infectious diseases and rmmune disorders. The compounds are also useful as

adjuvants for developiog vaccies agatnst cancer and infectious diseases.
BACKGROUND

[883] Cyiosolic DNA induces type-l interferons and other cytokines that are
important for tmmune defense against microbial infections and malignant cells but can also
result in autoimmunity. This DNA signaling pathway requires the adaptor protein STING
{Stmulator of Interferon Genes} and the transcription factor IRF3, but the mechanism of
DNA sensing was unclear until recenily. WO 2014099824 to The University of Texas
disclosed that mammalian cytosolic extracts synthesized cvclic-GMP-AMP (¢GAMP) in
vitro from ATP and GTP in the presence of DNA but not RNA. DNA transfection or DNA
virus infection of mammalian cells also triggered cGAMP production. ¢cGAMP bound to
STING, lead to the activation of 1RF3 and mduction of type-} interferons including
mierferon-f (IFN-B). Thus, cGAMP represents the first cyclic di-nucleotide in metazoa and it
functions as an endogenous second messenger that triggers interferon production in response
to cytosolic DNA.

{064] Through biochemical fractionation and quantitative mass spectrometry, the
inventors on WO 2014099824 also identified a cGAMP synthase (cGAS), which belongs to

the mucleotidyltransterase family. Overexpression of ¢cGAS activated the transcription factor
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IRF3 and induced IFN in a STING- dependent manner. Knockdown of ¢cGAS inhubited IRF3
activation and IFN induction by DNA transfection or DNA virus infection. ¢GAS bound to
DMNA i the cytoplasm and catalyzed cGAMP synthesis. These results indicate that cGAS 15 a
cytosolic DNA sensor that induces interferons by producing the second messenger cGAMP.
The inveniors on WO 20140993824 also determined that the second messenger cGAMP they
isolated and synthesized contains two phosphodiester linkages, one between the 2°-OH of
GMP and 5'-phosphate of AMP, and the othe between the 3'-OH of AMP and 5’ -phosphate
of GMP; this molecule is referred to as 2°3"-cGAMP.

[B88]  Several additional patents applications in this field have henceforth published.

[006] US20140205653 and US 20140341976 to Aduro Biotech disclose cvclic~di-
nucleotide (CDN} compounds that activate and inhibit STING, respectively. In particular,
the CDNs of the invention are provided in the form of a composition comprising one or more
cyclic purine dinuclectides which activate or inhubit STING-dependent TBK1 activation and
the resulting production of type ! interferon.

887) WO 2015077354 Al to The University of Chicago discloses Methods and
compositions for treating cancer by intratumorally administering a stimulator of interferon
genes (STING) agonist. In some embodiments, there are provided compositions and methods
concerning methods for treating cancer in a subject comprising administering to the subject
an effective amount of a stimulator of interferon genes (STING) agonist, wherein the STING
agorust 15 administered intratumorally.

[008] WO 2015161762 to Fudan University discloses the use of cyclic dinucleotide
c¢GAMP for preparing antitumor drugs, wherein the tumor i gastric cancer, lung cancer,
colon cancer, liver cancer, prostate cancer or pancreatic cancer. cGAMP was shown to inhibit
the growth of human tumor cell lines m immune compronsed mice.

[069] WO 2015185565 to GlaxoSnuthKline discloses g class of cyclic dinucleotide
compounds, or a pharmacentically acceptable salf and tasiorsers thereof, composifions,
combinations and reedicarsents contaming said compounds and processes for their
preparation. The invemtion also refates to the use of said compounds, conbinations.
compositions and medicaments, in the freaiment of diseases and condiiions in which
msdudation of STING 1 beneficial, for example mllammaltion, allergic and avtoinuoune
diseases, infectious diseases, cancer and a8 vaccing adjuvanis,

010} WO 2014179335 1o Memorial Sloan Keitering Cancer Center discloses
compositions, methods, kits, and assays related to the use and/or explottation of isomers of

cGAMP as well as the structure of the enzyme cGAS.
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[B11] There 1s sl a need for the discovery and development of new cyclic di-
nucleotide cGAMP analogs for use m medical therapy . Specifically, cGAMP analogues with
hetier potency, stabibity and specificity than endogenous cGAMP are st needed. cGAMP
analogues with superior safety and efficacy 1 antmal models of humean diseases, including

cancer and infectious diceases, have vet {o be developed.
SUMMARY OF THE INVENTION

{012} Formulaencompasses Formulala - li.

{813} In one aspect, the present invention provides a compound of Formufa Ia

Formula fa
wherein:

aand b are independently O or Tand a+ b =1, when ais 1, b is 0 and R® is not

present; and when ais 0, b is | and R* is not present;
X' and X? are independently O, S or Se in a five-membered ring;

L}, starting from the carbon alpha to X!, and L2, starting from the carbon alpha to 32,
¢ independently -CH0-P(O)RC-0- -CHL0-P(SIR-0O-, -CYNYHO-PIORE-CY WY H-, -
CH2NHSO:NH-, -CHONHC(ONH-, -CHaNHC(S)NH-, -CHNHC(NH)NH-, -
CHNHC(OYCHz-, -CHaNHSO:CH:-, -CHCHC(ONH-, -CHCHR50:NH-, -CHNH(3 4-

CN\ =N N>~ /N f
N™ or ~N ;

dioxocyclobuten-1,2-diy)NH-,
cis0, 1, 0r2;
d, ¢, and f are independently O or 1;

Y Y2 Y3, and Y* are independently H or F,
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R is hydroxyl, thiol, Crealkyl, Creatkyl selectively functionalized with one or
more halogen, thiol, hydroxyl, carbonyl, carboxyl, carbonvioxyl, Cirsalkoxy, Ci-
shydroxyalkoxy, arano, Crsalkylanine, di{Crsatkylyamivo, or azido groups, Ci.
salkony, Crsalkoxy selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Crehydroxyalkoxy, amino, Ci-
salkylamino, di{Cisalkyl)amino, or azido groups, Cssalkenyl-0-, Cssalkynyl-O-,

oligo(ethylene glycol), poly{ethvlene glycol), borano (-BH3 ). or -NRRY;

R” and R® are independently hydrogen, Cisalkyl, Cisalkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonvioxyi, Ciealkoxy, Cishydroxvalkoxy, ammo, Crealkylamuino, di{C1.
salkyyamino, or azido groups, cvclic «{(Cisalkyl}-, cyclic (Crealkyl)-
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonyloxyl, Crealkoxy, Crehydroxyalkoxy, amino, C1-
salkylamino, or di{Cisalkviamino groups, cychc -{Cisoxaalkyh)-, or cychic -
{Creoxaalkyl}- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cishvdroxyalkoxy, amino, Ci1-

salkylarmno, or di{CicalkyDamine groups;

R!and R* are independently aromatic rings or hetercaromatic rings with the following

general structure including its tautomeric forms:

8 79
Z?‘;" ‘WT'/ \i?i:m
i i
73 »'24 i ~ ZKJ‘( M)h
’ N
2
Q(Z‘L;i’_i 26/ W2

g and b are independently Cor 1;

W' and W* are independently hydrogen, halogen, hvdroxyl, Crsaikyl, Ci.
syl selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonyloxyl, Ci-salkoxy, Cishydroxyalkoxy, amino, Cisalkylamino, di(C:-
calkyiyamino, or azido groups, Crsalkoxy, Cisalkoxy selectively functionalized with

one or more halogen, thiol, hvdroxyl, carbonyl, carboxyl, carbonyloxyl, Ci.
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shydroxyalkoxy, amino, Creatkylamine, di{Crealkylamino, or azido groups, Cs-
satkenyi-O-, Casallynyl-0-, ohgo{ethylene glycol}, polv(ethviene glveol), ando, or -

NRIRE:
272 720,70 70, and 79 are independently CH or N;

if present, 27, 78, 7% 7!° and Z"! are independently CH or N, and then W' is
CH or N; and

R R* and R are independently hvdrogen, halogen. hydroxyl, amino, Cisalkyl, Ci-
ealkvl selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonyloxyl, Crsalkoxy, Cishydroxyalkoxy, amino, Creatkylamine, di(Ci-
salkylamino, or azido groups, Crsalkoxy, Cisalkoxy selectively functionalized with one or
more halogen, thiol, hydroxvl, carbonyl, carboxyl, carbonyloxyl, Ci.shydroxyalkoxy, amino,
Crsatkvlamino, di{Crsatkylamino, or azido groups, Cssalkenyl-O-, Casalkynyl-O-,

oligo(ethviene glycol), poly(ethylene glycol), azido, or -NR'RY;
or a pharmaceutically acceptable salt thereof,

{014] In one embodiment, the present invention provides a compound of Formula kb

Fornmula Ib
wherein:

X! and X? are independently O, § or Seg;

Z12 g 7% 75 73 and Z'7 are independently CH or N;

LY, starting from the carbon aipha to X, and L7, starting {rom the carbon alpha to X%,

are independently -CH20-P{O)R®-0- -CH20-P(SIRS-O-, -COY HYHO-PIORS-C(YHY -, -
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CHoNHSOoNH-, -CH:NHC{O)NH-, -CHNHC(S)NH-, -CH2NHC(NH)NH-, -
CHoNHC(OYCHz-, -CHaNHSO:CHz-, -CH2CHC(O)NH-, -CH2CH2802NH-, -CH:NH(3,4-

/%I/'\f*o%“ i{ﬁ}ﬁ—\
N N~{)

¢ NN N,/ f
dioxocyclobuten-1,2-diy)NH-, N s N :
cis 0,1, 0r2;
d, e, and f are independently  or |
Y Y2 Y?, and Y are independently H or F;

R is hydroxvl, thiol, Ciealkyl, Crealkyl selectively functionalized with one or
more halogen, thiol, hydroxyl, carbonyl, carboxyi, carbonvloxyl, Crealkoxy, Ci-
shydroxvalkoxy, amino, Crsalkylamino, di{Cisalkylyamino, or azido groups, C1-
salkoxy, Cisalkony selectively functionalized with one or more halogen, thiol,
hydrosyl, carbonyl, carbosyl, carbonylosyl, Crebydroxyalkoxy, amine, C1-
salkylamino, di{Crealkylyamino, or azido groups, Cs.salkenyl-0-, Casalkynyl-O-,

oligo(ethylene glycol). poly(ethvlene glycol), borano (-BHs™), or -NRR®;

R’ and R are independently hydrogen, Cisalkyl, Ciealkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonvioxyl, Crealkoxy, Cishydroxyatkoxy, amino, Ciealkylamino, di{Ci.
salkyDamino, or azido groups, cyclic -(Cisalkyl}-, cyclic -(Crealkyl)-
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonvloxyl, Crsalkoxy, Cirshydroxyalkoxy, amimo, Ci-
salkylanuno, or di{Crsalkylamino groups, cychic (Crsoxaatkyh)-, or ¢yclic -
(Creoxaalkyl)- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cichvdroxyalkoxy, amino, Ci.

salkylamino, or di{Cisalkylyamine groups; and

R? and R* are independently hvdrogen, halogen, hydroxyl, amino, Ciealkyl, Cisatkyl
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Crealkoxy, Cishyvdroxyalkoxy, amino, Crsatkylamino, di{Crsalkylamino, or
azido groups, Crsalkoxy, Crealkoxy selectively functiovalized with one or more halogen,
thiol, hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, Ci-
salkylamino, di{Crealkylamino, or azido groups, Casalkenyl-0-, Cisalkvayi-O-)

oligo(ethylene glycol), poly(ethylene glycol), azido, or -NR'R®;
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or a pharmaceutically acceptable sait thereof.

[818] In another embodiment, the present invention provides a compound of

Formula f¢

Formula ¢

wherein;
217V ZM V7 and 7V are independently CH or N;

R* and R* are independently hydrogen, halogen, hydroxyl, amino, Crealkyl, Crsalkyl
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Cisalkoxy, Cishvdroxyalkoxy, amine, Crealkyiamino, di{Crealkylamino, or
azido groups, Crsalkoxy, Crsalkoxy selectively functionalized with one or more halogen,
thiol, hvdroxyl, carbonyl, carboxyl, carbenyloxyl, Cishydroxvalkoxy, anuno, Ci-
calkylamino, di{Creatkyhamune, or azido groups, (s.salkenyl-0O-, Ci.salkynvl-O-,

oligo(ethviene glyeol), poly(ethylene glycol), azido, or -NR'RY;

R” and R® are independently hydrogen, Cicalkyl, Crealkyl selectively
functionalized with one or more halogen, thiol, hvdroxyl, carbonvl, carboxyl,
carbonyloxyl, Cisalkoxy, Cichydroxyalkoxy, amino, Crsalkylamino, di{Cs.
satkyamino, or azido groups, cyclic -(Cisallyly-, cyelic (Crsalkyl)- selectively
functionalized with one or more halogen, thiol, hvdroxvl, carbonyl, carboxyl,
carbonyloxyl, Crealkoxy, Crshydroxvalkoxy, anmino, Crsalkylamimo, or di(C..
salkylamino groups, cyclic {(Creoxaalkyl})-, or cychic {Creoxaalkyl}- selectively

fanctionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
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carbonyloxyl, Cichydroxyalkoxy, amino, Creallylaming, or di{Crealkylamino

groups; and

R” and R'® are independently hvdroxyl, thiol, Cieatkyl, Crealkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl, carbonyioxyl,
Crealkoxy, Crshyvdroxyalkoxy, amino, Crsalkylamine, di{CisalkvDamino, or azido groups,
Craalkoxy, Crealkoxy selectively funclionalized with one or more halogen, thiol, hydroxyl,
carbonyl, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, Cisalkyiamineo, di(C.
salkylamino, or azido groups, Casatkenyl-0-, Cs.salkynyl-O-, oligo(ethylene glycol),
poly{ethylene glyeol), borano {(-BHs7), or -NR'RY;

ot a pharmaceutically acceptable salt thereof.

{016] In another embodiment, the oxvgen atom in one or both of the
tetrahvdrofuranyl rings of Formula ke is replaced by a sulfur or a selenium atom.

{817] In another embodiment, the present invention provides a compound of

Formula kd

Formula Id
wherein:
X! and X2 are independently O, S or Se;

L', starting from the carbon alpha to X', and L?, starting from the carbon alpha to X°,
are independently ~-CH20-P(O)RS-0O- -CH20-P(SRE-0-, -C{Y WY HO-PIORS-CYHY)-, -
CHaNHSGoNH-, -CHNHC(O)NH-, -CHNHC{SNH-, -CH:NHCNH)NH-, -
CHNHC(O)CHa-, -CHNHS02CHo-, -CHyCHaC(O)NH-, <CH2CH2S0NH-, -CHaNH(3 4-

MQ,)}« e

N N-)

° NN N,/ f
dioxocyclobuten-1,2-divhNH-, N . or N :

cisQ, 1, 0r2;
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d, e, and f are independently 0 or 1;
YL Y4 Y and Y*are independently H or F,

RO is hydroxvl, thiol, Creatkyl, Crsatkyl selectively functionalized with one or
more halogen, thiol, hydroxvl, carbonyl, carboxyl, carbonvioxyl, Ciealkoxy, Ci-
shydroxyvalkoxy, amino, Cisatkylamino, di(Cicalkyl)amino, or azido groups, Ci.
salkoxy, Crsalkoxy selectively {unctionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cishydroxyatkoxy, amine, Ci-
salkylamino, di{Cr.salkylamino, or azido groups, Cs.salkenyl-O-, Ca.salkynyl-O-,

oligo(ethylene glycol), poly{ethylene glycol), borano (-BH37), or -NRRS;

R’ and R® are independently hydrogen, Cisalkyl, Ciealkyl selectively
functionalized with one or more halogen, thiol, hvdroxyl, carbonyl, carboxyl,
carbonvloxyi, Ciealkoxy. Cishydroxyalkoxy, amino, Cisalkylamino, di{C1.
salkylyamino, or azido groups, cyclic <{Cisalkyl}-, cyclic «{(Crealkyl)-
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonvl.,
carhboxyl, carbonvioxyl, Crealkoxy, Cishydroxyalkoxy, amino, Ci.
salkylamino, or di{Crealkvi}amino groups, cyclic {Cisoxaatkyi)-, or cyclic -
(Crsoxaalkyl}- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, C1.

salkylamino, or di{Cr.ealkyl}amino groups;

R? and R* are independently hydrogen, halogen, hydroxyl, amino, Cisatkyl, Crsalkyl
selectively functionalized with one or more halogen, thiol, hvdroxyl, carbonyl, carboxyl,
carbonvloxyl, Cisalkoxv, Crchvdroxyalkoxy, amine, Creatkylamino, di(Crsalkvlamino, or
azido groups, Crsalkoxy, Crealkoxy selectively functionalized with one or more halogen,
thiol, hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, Ci-
satkylamino, di{Crealkyijaminoe. or azido groups, Casalkenyl-O-, Cisalkynvi-O-,

oligo(ethylene glycol), poly(ethylene glycol), azido, or -NR'R?;

R and R™ are independently selected from the group consisting of!
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NH, ws
'214 NH ’;;‘,:17 x N 4“ZZO X ZZZ
Sl A, Bl L
;}512 N/ NH, ?5 N/ ?18 221 Sy

Z2 Zi3 g1 ZIs Zl6 ZlT gik Z19 g0 zui g 723 74 7S 726 721 g8
I 70 FHR R LY 2R 7P F, and 277 are each independently CH or N; and
WoWE WS WEWT W and WP are independently hydrogen, halogen,
hvdroxyl, Ciealkyl, Cisalkyl selectively fimctionalized with one or more halogen,
thiol, hydroxyl, carbonyl, carboxyl, carbonvioxyl, Crsalkoxy, Cishydroxvalkoxy,
amino, Crealkvlamino, di{Crsalkvhamino, or azido groups, Crsalkoxy, Cisalkoxy
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonvioxyl, Ci.chvdroxyalkoxy, amino, Cisalkylamino, di{Ci-
salkyljamino, or azido groups, Casalkenyl-O-, Ci-salkynyl-O-, oligo(ethylene glycol),

polv(ethylene glveol), azido, or -NR'R¥;
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or a pharmaceutically acceptable sait thereof.

[018] In another embodiment, the present invention provides a compound of

Formula fe

Formuia fe
wherein:

X3, X4 X°, and X° are independently O, NH, CH», CHF, or CF;

RY and R are independently selected from the group consisting of:

Wi
g?o Xy22
4
BT
218 291 VV4

e , and  wwew

Z12 Zi3 gl Z1s Zl6 ZU1 I8 719 g0 il g2 g3 g2 g 726 727 ang 708
are each independently CH ot N; and

W, W W, WO and W are independently hydrogen, halogen, hydroxyl, Ci.
satkyl, Crealkyl selectively functionalized with one or more halogen, thiol, hydroxyl,
carbonyl, carboxyl, carbonyloxyl, Cisalkoxy, Cishydroxyatkoxy, amino, Ci-
salkyiamino, di{CisalkyDanuno, or anido groups, Cisalkoxy, Crealkoxy selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxvl, Ciehydroxyatkoxy, amino, Creatkylamino, di(Cisalkyi}amino, or
azido groups, Cisatkenyl-O-, Casalkynyl-0O-, oligo(ethylene glycol), poly{ethylene

ghveol), azido, or -NRRY;
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R’ and R¥are independently hydrogen, Cisalkyl, Cicalkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Ciealkoxy. Cishydroxyatkoxy, ammo, Crealkylamino, di{C1.
salkylyamino, or azido groups, cyclic -{(Cisalkyl}-, cyelic «(Crealkyl)-
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonyloxyl, Crealkoxy, Cshydroxyalkoxy, arsino, C1.
salkylamino, or di{Crsalkvljamino groups, cyclic -(Cisoxaalkyl)-, or cyclic -
(Creoxaalkyl)- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cichydroxyalkoxy, amino, Ci1-

salkylarmno, or di{CiealkyDamine groups;

R* and R* are independently hvdrogen, halogen, hvdroxyl, amino, Cialkyl, Crealkyl
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Crealkoxy, Cishvdroxyalkoxy, amine, Crealkylaming, di{CrealkyDamino, or
azido groups, Crsalkoxy, Crealkoxy selectively functionafized with one or more halogen,
thiol, hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, Ci-
salkylamino, di{Crsatkyhamine, or azido groups, Casatkenyl-0-, Cs-salkyavi-O-,
oligo{ethvlene glycol), poly(ethylene glycol), azido, or -NR'R®; and

R and R'® are independently hydroxyl, thicl, methoxy, ethoxy, amino, N-
methylamino, N N-dimethylamino, N-ethylamino, N N-diethylamino, N-morpholino, or
borano (-BH3 )

or a pharmaceutically acceptable salt thereof,

{019] In another embodiment, the oxygen atom in one or both of the
tetrahydrofurany! rings of Formula ke s replaced by a sulfur or a selenium atont

{#20] In another embodiment, the compound is:
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{022} In another embodiment, the compound is:
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{024] In another embodiment, the compound is:

14
SUBSTITUTE SHEET (RULE 26)



WO 2017/161349 PCT/US2017/023093

{025] In another embodiment, the compound is:

{026] In another embodiment, the compound is:
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{027] {In ancther embodiment, the compound is:

{028] In another embodiment, the compound is:
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{036} In another embodiment, the compound is:
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{032] In another embodiment, the compound is:
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{0341 In another embodiment, the compound is:
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{835] In another embodiment, the compound is:

{036] In another embodiment, the compound is:
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{837] In another embodiment, the compound is:

NH,

{038] In another embodiment, the compound is:
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{048] In another embodiment, the compound is:
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NH, Formula If

wherein:

X' and X? are independently O, S or Se;

Z3 2B FH Z8 7€ and ZV are independently CH or N;

L, starting from the carbon alpha to X!, and L2, starting from the carbon alpha to X2,
are independently ~CH20-P(O)R®-0-, -CH20-P(S)RO-O-, -CCY HYHO-POR-CYHYH)-, -
CHoNHSGoNH-, ~-CHNHC{OINH-, ~-CHNHC{S)NH-, -CH2NHC(NH)NH- -
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CHoNHC(OYCHz-, -CHoNHSO:CHa-, -CH2CH2C(O)NH-, -CH2CH280:NH-, -CH:NH(3,4-

MO% W
G N\ /N f
N"N or N\N ;

dioxocyclobuten-1,2-divI)NH-,
cis 0,1, 0r2;
d, e, and f are independently 0 or 1;
Y Y2 Y3, and Y*are independently H or F;

REis hydroxyl, thiol, Cisalkyl, Crealkyl selectively functionalized with one or
more halogen, thiol, hvdroxyl, carbonvl, carboxyl, carbonyloxyl, Cisalkoxy, Ci-
ahydroxvalkoxy, amino, Crsalkylamine, di{Crealkyiamino, or azido groups, Ci-
salkoxy, Crealkoxy selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxvl, Créhydroxyalkoxy, aming, C1-
salkviaming, d{Crealkylamino, or azido groups, Casalkenyl-0-, Crsalkynyi-0-,

oligofethylene glycol), polv{ethviene glycol), borano (-BH3™), or -NR'RY;

R7 and R®are independently hydrogen, Crealkyl, Crsatkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonvl, carboxyl,
carbonvioxyi, Crsalkoxy, Crchydroxyatkoxy, amino, Crealkylamino, di(Ci-
salkylyamino, or azido groups, cvelic -{Cialkyl)-, eyclic -{Crealkyl)-
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyi, carbonyloxyl, Cisalkoxy, Cishydroxyalkoxy, amino, Ci-
salkylanmino, or di{Crsalkylamino groups, cychic «(Crsoxaalkyl)-, or ¢yclic -
{Creoxaalkyl)- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyi, carboxyl, carbonyvioxyl, Cishvdroxyalkoxy, amino, Ci-

salkylamino, or di{Crsalkylyamine groups; and

R and R® are independently hydrogen, halogen, hydroxyl, amino, Crealkyl, Crsalkyl
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Creatkoxy, Crehydroxyalkoxy, amino, Creatkviamino, di{CrsaltkyDamino, or
azido groups, Crealkoxy, Crealkoxy selectively functionalized with one or more halogen,
thiol, hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, Ci.
salkvlamino, di{Cisalkyammo, or azido groups, Cssalkenyl-0-, Casalkvnyl-0O-,

oligo{ethylene glycol), poly(ethylene glycol), azido, or -NR'R¥;
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or a pharmaceutically acceptable sait thereof.

[#42] In one embodiment, the present invention provides a compound of Formula fg

Formula kg
wherein:
ZR gl % 25 2% and 7Y are independently CH or N;

R* and R’ are independently hydrogen, halogen, hydroxyl, amino, Crsalkyl, Cisalkyl
selectively functionalized with one or more halogen, thiol, hvdrosyl, carbonyl, carboxyl,
carbonyloxyl, Cisalkoxy, Ci-shvdroxyalkoxy, amine, Creatkylamino, di(Crealkyl}amino, ot
azido groups, Ciwalkoxy, Crealkoxy selectively functionalized with one or more halogen,
thiol, hvdroxyl, carbonyl, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, Ca.
salkylamino, di{Cisalkylammo, or azido groups, Casalkenyl-0-, Cs-salkynvl-Q-,

oligo(ethylene giyeol), poly(ethylene glvcol), azido, or -NR'RY;

R7 and R® are independently hydrogen, Crsalkvl, Cisalkyl seleciively
functionalized with one or more halogen, thiol, hvdroxyl, carbonyl, carboxyl,
carbonyloxyl, Crealkoxy, Crshydroxyalkoxy, amino, Crealkylanino, di{Ci.
satkyamino, or azido groups, cyclic -{Crealkyl}-, cyelic (Crualkyl)- selectively
functionalized with one or more halogen, thiol, hvdroxyl, carbonyl, carboxyl,
carbonyloxyl, Crealkoxy, Crehydroxyvalkoxy, anmino, Crsalkylammo, or di{Ci-
salkyDamino groups, cyclic ~{(Crsoxaalkyl)-, or cychic ~(Creoxaalkyh- selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Cishydroxyalkoxy, amino, Crcalkylamine, or di{Crsalkyliamino

groups; and
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R® and RY" are independently hydroxyl, thiol, Cisalkyl, Cicalkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carbosyl. carbonyioxyl,
Crsalkoxy, Crehydroxyalkoxy, amivo, Crsalkviamine, di{Ciealkylyamino, or azido groups,
Crealkoxy, Crealkoxy selectively functionalized with one or more halogen, thiol, hydroxyl,
carbonyl, carboxyl, carbonyloxyl, Crehydroxyalkoxy, amino, Crsalkylamino, di(Cr.
calkvDamino, or azido groups. Cs-salkenyl-O-, Cs.salkynyl-0-, oligo{ethylene glycol),
poly{ethylene glycol), borano {-BHs), or -NR'RE;

or a pharmaceutically acceptable salt thereof.

{#43] In another embodiment, the oxygen atom in one or both of the
tetraby drofuranyl rings of Formula g is replaced by a sulfur or a selenium atom.

{044] In another embodiment, the present invention provides a compound of

Formula Th

Fornula th
wherein:
X! and X? are independently O, S or S¢;

L!, starting from the carbon alpha to X', and L7, starting from the carbon alpha to X2,
are independently -CH20-P(OR-0- ~-CH20-P(S)RE-0-, -CLY HYO-PORECOYHYY)-, -
CHNHSO:NH-, -CHNHC(O)NH-, -CHNHC(S)NH-, -CHNHCO(NHINH-, -
CHNHC(OCHz-, -CHoNHSO:CHz-, -CHoCHC(O)NH-, -CHCHZ80NH-, -CHzNH{(3,4-

)
% AL
c N\ N N /N f
N - L Or - N R

dioxocyclobuten-1.2-div)NH-,
cis0, 1, 0r2:
d, e, and f are independently O or 1]

Y1 Y2 Y3, and Y* are independently H ot F;
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R is hydroxyl, thiol, Crealkyl, Creatkyl selectively functionalized with one or
more halogen, thiol, hydroxyl, carbonyl, carboxyl, carbonvioxyl, Cirsalkoxy, Ci-
shydroxyalkoxy, arano, Crsalkylanine, di{Crsatkylyamivo, or azido groups, Ci.
salkony, Crsalkoxy selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Crehydroxyalkoxy, amino, C1.
salkylamino, di{Cisalkyl)amino, or azido groups, Cssalkenyl-0-, Cssalkynyl-O-,

oligo(ethylene glycol), poly(ethvlene glycol), borano (-BH3 ). or -NRRY;

R” and R® are independently hydrogen, Cisalkyl, Cisalkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonvioxyi, Ciealkoxy, Cishydroxvalkoxy, ammo, Crealkylamuino, di{C1.
salkyljamino, or azido groups, cyclic -{(Cisalkyl}-, cyclic -(Crealkyl)-
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonyloxyl, Crealkoxy, Crehydroxyalkoxy, amino, C1-
salkylamino, or di{Cisalkviamino groups, cychc -{Cisoxaalkyh)-, or cychic -
{Creoxaalkyl}- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cishvdroxyalkoxy, amino, Ci1-

salkylarmno, or di{CicalkyDamine groups;

R* and R® are independently hvdrogen, halogen, hydroxyl, amino, Cialkyl, Crsalkyl
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonvloxyl, Cicalkoxy, Ci-shvdroxyalkoxy, amine, Crsatkylamino, di(CisalkyDamino, or
azido groups, Cisalkoxy, Cisalkoxy selectively functionalized with one or mors halogen,
thiol, hyvdroxyl, carbonyi, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, Ci.
eallvlaming, di{Cisalkyljamino, or azido groups, Casalkenyl-0-, Casalkvnvi-0O-,

oligo{ethylene glycol), poly(ethylene glycol), azido, or -NRRY:

R and R™ are independently selected from the group consisting of:
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70 izl g1S gl6 g1 pI8 719 720 2l g2 g% i g g6 gl
72 7N 7R 73 7R 7% 73 7% and 77 are each independently CH or N; and

W W WS WO, W W, and WY are independently hydrogen, halogen,
hydroxyl, Crealkyl, Crsalkyl selectively functionalized with one or more halogen,
thiol, hydroxyl, carbonyl, carboxyl, carbonvloxyl, Cisalkoxy, Cishydroxyalkoxy,
amino, Creatkylamino, di{Cisalkvliamine, or azido groups, Crsalkoxy, Cisalkoxy
selectively functionalized with one or more halogen, thiol, hvdroxyl, carbonyl,
carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, Ciealkylamino, di{Cs.
ealkyiyamino, or azido groups, Cs.salkenyl-0O-, Casalkynyl-O-, oligo{ethylene glycol),

poly(ethylene glycol), azido, or -NR'RY,
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or a pharmaceutically acceptable sait thereof.

[848] In another embodiment, the present invention provides a compound of

Formula K

Formula B
wherein:

X3, X7, X6, and X7 are independently O, NH, CH», CHF, or CF2;

R and RM are independently selected from the group consisting of:

W3
ézo l X 722
\?18 ZZA\W”‘

,and e
2_12’ ZBM ZM, Zb‘ﬁ Zlﬁ’ Z”’ ZIS_ 219, ZQD_ Zﬂ, 222“ 223’ ZM, Z?'ﬁ, Z%, 227. and ZZS
arg each independently CH or N; and

WoWH WO WO and W are independeantly hydrogen, halogen, hydroxyl, Ci-
salkyl, Crealkyl selectively functionalized with one or more halogen, thiol, hydroxyl,
carbonyl, carboxyl, carbonyvloxyl, Cisalkoxy, Cishydroxyalkoxy, amino, Ci.
salkylamino, di{Crealkyl}amino, or azido groups, Cisalkoxy, Crsalkoxy selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,

carbonyloxyl, Ciehvdroxyatkoxy, amino, Creatkylamino, di(Crsatkyljamino, or
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azido groups, Cisalkenyb-0-, Cs.salkynyi-0-, oligofethyiene glycol}, poly(ethylene

glycol), azido, or -NR'R®;

R’ and R® are independently hydrogen, Ciealkyl, Cisalkyl selectively
fimctionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyionyl, Creatkoxy, Crshydroxvalkoxy, amino, Cisalkylamine, dCi.
salkyDamino, or azido groups, cyclic {Crsalkyl)-, cyclic «(Crsalkyl)-
selectively functionalized with one or more halogen, thiol, hvdroxyl, carborvl,
carboxyl, carbonyloxyl, Ciealkoxy, Cishydroxyalkoxy, amio, Ci.
salkylamino, or di{CicatkyDamine groups, cyclic «(Cisoxaalkyl)-, or eyclic -
(C1coxaalkyl)- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cishydroxyatkoxy, amino, Ci-

satkylamino, or di{Cisalkyilamino groups;

R? and R’ are independently hydrogen, halogen, hydroxyl, amine, Crsalkyl, Crsatkyl
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Cisalkoxy, Cishvdroxyalkoxy, aming, Creatkylamino, di(Cisalkvljamino, or
azido groups, Crsalkoxy, Crsalkoxy selectively functionalized with one or more halogen,
thiol, hvdroxvi, carbonyl, carboxyl, carbonyloxyl, Crshydroxvalkoxy, anuno, Ci-
calkylamino, di{Crcalkvhamino, or azido groups, (ssatkenyl-O-, Ci-salkynyl-O-,
oligo(ethviene glycol), poly(ethylene glycol), azido, or -NR'R®; and

RY and R'® are independently hydroxyl, thiol, methoxy, ethoxy, amino, N-
methylamino, N,N-dimethylamino, N-ethylamino, N.N-diethvlamino, N-morpholino, or
borano (-BH37);

or a pharmaceutically acceptable salt thereof.

{046] In another embodiment, the oxygen atom in one or both of the
tetrahy drofuranyl rings of Formula B is replaced by a sulfur or a selenium atom,

{0471 In another embodiment, the compound is:
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{04%] In another aspect, the present invention provides a pharmaceutical
composition comprising a compound of Formula I or a pharmaceutically accepiable salt
thereof, and one or more pharmaceutically acceptable excipients.

{3501 In another aspect, the present invention provides a method of treating a disease
or condition in which modulation of STING is beneficial comprising: administering to a
patient in need thereof a compound of Formula I or a pharmaceutically acceptable salt
thereof.

{051] In another aspect, the present invention provides a compound of Formula [ or
a pharmaceutically acceptable salt thereof, for use in the treatment of a disease or condition in

which modulation of STING 1s beneficial.
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{#52] In another aspect, the present invention provides a compound of Formula I or
a pharmaceutically acceptable salt thereof, for use in therapy .

{033] In another aspect, the present invention provides a compound of Formula L or
a pharmaceuticaily acceptable saft thereof, for use in the {reatment of cancer.

{054] In another aspect, the present invention provides a compound of Formula § or
a pharmaceutically acceptable salt thereof, or a pharmaceutically composition thereof, such
as a nanoparticle or a delivery vehicles that enhances the cellular uptake, stability and
efficacy of a compound of Formula I for use in the treatment of cancer.

[888]  In another aspect, the present invention provides a method of treating cancer
comprising: adnunistering a therapeutically effective amount of a compound of Formula 1, or
a pharmaceutically acceptable salt thereof, to a patient i need thereof.

{056] In another aspect, the present invention provides the use of a compound of
Formula |, or a pharmaceuticallv acceptable salt thereof, in the manufacture of a medication
for the treatment of cancer.

{8587]  In another aspect, the present invention provides pharmaceutical composition
comprising: a compound of Formula 1, or a pharmaceutically acceptable salt thereof, and at
least one further therapeutic agent.

[058] In another aspect, the present invention provides a pharmaceutical
composition comprising: a compound of Formula 1, or a pharmaceutically acceptable salt
thereof, at feast one further therapeutic agent, and one or more of pharmaceutically
acceptable excipients.

{0891 In another aspect, the present invention provides a pharmaceutical
composition comprising: a compound of Formula 1, or a pharmaceutically acceptable salt
thereof, and at least one further therapeutic agent for use n therapy.

{066] In another aspect, the present invention provides a pharmaceutical
composition comprising: a compound of Formula 1, or a pharmacentically acceptable salt
thereof, and at {east one further therapeutic agent for use in the treatment of a disease or
condition for which modulation of STING is beneficial.

[#s1] In another aspect, the present invention provides a pharmaceutical
composition comprising: a compound of Formuda 1, or a pharmaceuticaily acceptable salt
thereof, and at least one further therapeutic agent for use in the treatment of cancer.

{062} In another aspect. the present invention provides a method for treating a
disease or condition for which modulation of STING is beneficial comprising: administering

to a patient in need thereof a therapeutically effective amount of a combination comprising a
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compound of Formuda I, or a pharmaceutically acceptable salt thereof, and at least one further
therapeutic agent.

{063] In another aspect. the present invention provides a method of treating cancer
comprising: administering o a patient in need thereof a therapeutically effective amount of a
pharmaceutical composition comprising: a cornpound of Formuda I, or a pharmaceutically
acceptable salt thereof, and at east one further therapeutic agent.

[064] In another aspect, the present invention provides a pharmaceutical
composition comprising: a compound of Formula I, or a pharmaceutically acceptable salt
thereof, and at least one further therapeutic agent for use in the treatment of cancer. The
therapeutic agent includes but is not hmited to inmune checkpont inhibitors, such as
humanized antibodies against PD1, PD-L1, CTLA4 and other molecules that block effective
anti-{umor IYNUne responses.

10651 o another aspect, the present invention provides a method of treating cancer
comprising: adrmnistering to a patient in need thereof a therapeutically effective amount of 2
pharmaceutical composition comprising: a compound of Formula |, or a pharmaceutically
acceptable salt thereof, and at least one further therapeutic agent. The therapeutic agent
inchudes but is not lirnited to immune checkpoint inhibitors, such as humanized antibodies
against PD1, PD-L1, CTLA4 and other molecules that block effective anti-tumor immumne
Tesponses.

{066]  In another aspect, the present invention provides a pharmaceutical
composition comprising: a compound of Formula 1, or a pharmaceutically acceptable salt
thereof, and at least one further therapeutic agent for use in the treatment of cancer. The
therapeutic agent includes radiation, such as high-dose radiation, which directly kills tumor
cells, enhances presentation of fumor antigens and activates the STING pathway.

{067] In another aspect, the present invention provides a method of treating cancer
comprising: administering to a patient in need thereof a therapeutically effective amount of a
pharmaceutical composition comprising: a compound of Formula 1, or a pharmaceutically
acceptable salt thereof, and at least one further therapeutic agent. The therapeutic agent
inchudes radiation, such as high-dose radiation, which directly kills tumor cells, enhances
presentation of tumor antigens and activates the STING pathway .

{068] In another aspect, the present invention provides a pharmaceutical
composition conprising: a cornpound of Formula 1, or a pharmaceutically acceptable salt

thereof, and at least one further therapeutic agent for use in the treatment of cancer. The
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therapeutic agent includes another chemotherapeutic agent that selectively kills tumor celis
and enhances preseniation of tumor antigens.

{069] In another aspect. the present invention provides a method of treating cancer
comprising: administering o a patient in need thereof a therapeutically effective amount of a
pharmaceutical composition comprising: a cornpound of Formuda I, or a pharmaceutically
acceptable salt thereof, and at least one further therapeutic agent. The therapeutic agent
includes another chemotherapeutic agent that selectivelv kills tumor cells and enhances
presentation of tumor antigens.

{0701 In another aspect, the present invention provides a pharmaceutical
composition comprising: a compound of Formula 1, or a pharmaceutically acceptable salt
thereof, a pharmaceutical formulation including a nanoparticle, and at least one further
therapeutic agent for use in the treatment of cancer. The therapeutic agent includes radiation
and/or another chemotherapeutic agent.

1071} In another aspect, the present invention provides a method of treating cancer
comprising: administering {o a patient in need thereof a therapeutically effective amount of a
pharmaceutical compostiion comprising: a compound of Formula 1, or a pharmaceutically
acceptable salt thereof, a pharmaceutical formulation including a navoparticle, and at least
one further therapeutic agent for use in the treatment of cancer. The therapeutic agent
includes radiation and/or another chemotherapeutic agent.

{0721 In another aspect, the present invention provides a method of treating cancer
comprising: administering 1o a patient in need thereof a therapeutically effective amount of a
pharmaceuatical composition comprising: a compound of Formula 1, or a pharmaceutically
acceptable salt thereof, a pharmaceutical formulation including a nanoparticle, and at least
one further therapeutic agent for use in the treatment of cancer. The compound of Formula L,
may be njected directly to tumors, or systemically, including injection into muscles (intra-
muscular), skins (subcutaneous and ntra-dermal), perttoneal (intraperitoneal}, lvimph nodes
{(intraly mphatic) or veins (intravenous).

{073] In another aspect, the present invention provides a compound of Formula L. or
a pharmaceutically accepiable salt thereof, for use as a vaccine adjuvant.

{074] In another aspect. the present invention provides a compound of Formula [, or
a pharmaceutically acceptable salt thereof, or a pharmaceutical compostiion thereof, such as a
nanoparticle or a delivery vehicles that enhances the cellular uptake, stability and efficacy of
a compound of Formula 1, for use as a vaccine adjuvant.

{875] In one embodiment, the pharmaceutical composition is a vaccine.
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{#76] In another embodiment, the present invention provides a method of inducing
or promoting an immune response cormprising: adnunistering to a patient m need thereof a
therapeutically effective amount of a pharmaceutical composition comprising a compound of
Formula I, or a pharmaceutically acceptable salt thereof, as an adjuvant and a tumor antigen.

1077] In another embodiment, the present invention provides a method of inducing
ot proruoting an immuve response comprising: administering to a patient in need thereof a
therapeutically effective amount of a pharmaceutical composition comprising a compound of
Formuda |, or a pharmaceutical composition thereof, as an adjuvant, a fumor antigen, or a
pharmaceuntical composttion thereof, such as a nanoparticle or a delivery vehicles that
enhances the cellular uptake of the adjuvant and tumor antigen.

{078] In another aspect, the present invention provides a pharmaceutical
composition comprising: a compound of Formula I, or a pharmaceuticallv acceptable salt
thereof, as an adjuvant and an immunogen for a target pathogen.

10791 In another aspect, the present ivention provides a compound of Fornwla b, or
a pharmaceutically acceptable salt thereof, for use as a vaccine adjuvant.

[{888]  In another embodiment, the present imvention provides a method of inducing
or promoting an imwune response cornprising: adnunistering to a patient in need thereof a
therapeutically effective amount of a pharmaceutical composition comprising a compound of
Formula §, or a pharmaceutically acceptable salt thereof, as an adjuvant and an immumogen
for a target pathogen.

1081] In another aspect, the present invention provides a vaccine adjuvant
comprising: a compound of Formula 1, or a pharmaceutically acceptable salt thereof.

{882] In another aspect, the present invention provides an immunogenic composition
comprising: an antigen or antigen composition and a compound of Formulal, ora
pharmaceutically acceptable salt thereof.

{883] In another aspect, the present mvention provides an inumunogenic composition
comprising: an antigen or antigen composition and a compound of Formulal, ora
pharmaceutically acceptable salt thereof, for use in the treatment or prevention of a disease,
including cancer and infectious diseases.

{084] In another aspect. the present invention provides the use of a compound of
Formula I, or a pharmaceutically acceptable salt thereof, for the manufacture of an
ImMnunogenic composition comprising an antigen or antigen composition, for the treatment or

prevention of a disease, including cancer and infections diseases.
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{#85] In another aspect, the present invention provides a method of treating or
preventing a disease comprising: administering to a patient suffering from or susceptible to
the disease, an inununogenic composition comprising an antigen or antigen composition and
a compound of Formula 1, or a pharmaceutically acceptable salt thereof.

{086] In another aspect, the present invention provides a vaccing composition
comprising: an antigen or antigen composition and a compound of Formulal, ora
pharmaceutically acceptable salt thereof, for use in the treatment or prevention of a disease,
including cancer and infectious diseases.

{0871 In another aspect, the present invention provides the use of a compound of
Formula I, or a pharmaceutically acceptable salt thereof, for the manufacture of a vaccine
composition comprising an antigen or antigen composition for the treatment or prevention of
a disease, including cancer and infectious diseases.

{088]  In another aspect, the present invention provides a method of treating or
preventing disease comprising the administration 1o a patient suffering from or susceptible to
the disease, a vaccine composition comprising an antigen or antigen composition and a
compound of Formulda I, or a pharmaceutically acceptable sali thereof.

{089] In another aspect, the present invention provides a compound of Forraula L, or
a pharmaceutically acceptable salt thereof, for use in the treatment of immune disorders,
ncluding autoimrmune and autoinflanmatory diseases.

{090] In another aspect, the present invention provides a compound of Formula 1, or
a pharmaceutically acceptable salt thereof, or a pharmaceutically composition theraof, such
as a nanoparticie or a delivery vehicles that enhances the cellular uptake, stability and
efficacy of a compound of Formula I, for use in the treatment of immune disorders, including
autoiromune and autoinflaromatory diseases.

{091] In another aspect, the present invention provides a method of treating immune
disorders comprising: administering a therapeutically effective amount of a compound of
Formula |, or a pharmaceutically acceptable salt thereof, to a patient in need thereof.

{092] In another aspect, the present invention provides the use of a compound of
Formula I, or a pharmaceutically acceptable salt thereof, in the manufacture of a medication
for the treatment of immune disorders, including autoimmune and auioinflaromatory diseases.

{0931 1t will be appreciated that all combinations of the above aspects/embodiments,
and other aspects/embodimenis disclosed elsewhere herein, are contemplated and are further

smbodiments of the mvention.
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DETAILED DESCRIPTION

{084] The present invendion provides novel cGAMP analogs, pharmaceutical
compositions thereof, and uses thereot in therapy . 2'3-cGAMP is an endngenous second
messenger produced by mamnalian cells. His a high affinity higand for STING, inducing
couformational changes therein, and g potent inducer of type-f tderferons. ¢GAS and the
cf3AR-cGAMP pathway 18 traportant for triggering inflanmatory responses to seff and
foreign DNA. As sech, GAS 13 important for immune defense against microbial pathogens
that contain TNA and require DMNA in their ife cyeles. These pathogens inclnde DNA
virnses, retroviruses including BV, bactena including myvcobactenium mbereulosts, fungt
and parasites. cGAS can also detect turmor DNA and is important for the body’s mirinsic
ivemtly against mahignant cells, Activation of the ¢GAS-CGAMP-STING pathway 15
froportant for cancer imwnunotherapy.

{0951 As a potent inducer of fype-f interferons, ¢GAMP {and hence the cGAMP
anatogs of the present invention} provides a rational immsne adjuvant. As such, 2 compound
of Formadda T or a pharmaceotically acceptable salt thereof, may be used as a vaccine
adpuvant, partcalarhy with mucosal vacomes, and may be formulated with iomunogens and
defivered as have been cyelic-di-GME and ¢-di- AMP as vacome adjuvanis (seg, e.g.
Pedersen, et al. PLoS ONE. Noy 2011, 6. 11, 26973, Ebensen et al., Vaccine 29, 2011,
52Y0-8220: Chen et gl Vaccine 28, 2010, 3080-3085). In fact, such adjuvants are often more
effective because cGAMP (and the cGAMP analogs of the present inveniion) i more potent
than c-d-GMP in inducing interferons,

10861 In one aspect, the invention provides a pharmaceutical composition
comprising a compound of Formula I or a pharmaceutically acceptable salt thereof, for use in
the treatment of cancer. In one embodiment, the pharmaceutical composition is a compound
of Formula I. In another embodiment, the pharmaceutical composition is a compound of
Formula 1 in a pharmaceutical formulation including a nanoparticle or another delivery
vehicle. In another embodiment, the pharmaceutical composition is a compound of Formula |
in combination with at least one further therapeutic agent, which includes but 1s not limited to
immune checkpoint inhibitors such as antibodies against PD-1, PD-LT or CTLA-4. The
therapeutic agent used in combination with a compound of Formulal also includes radiation
of tumors or a chemotherapeutic agent that targets tumor cells.

{8971 In another aspect, the invention provides a pharmaceuiical composiiion

comprising & compound of Formouls | or a pharmaceutically scceptable salt thereot, as an
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adjovant and an tmunogen for a target pathogen. In one embodiment, the pharmacautical
composition is a vacone. In another embodiment, the present invention provides a method of
mducing or promoting an Unenune response compising: adouunisiening 0 a patient i need
thergof an effective amonnt a pharmacentical composition comprising a compound of
Formula { or a pharmaceutically acceptable salt thereol] as an adjuvant and an immonogen
for a target pathogen,

098] As uged herein:

{099} The terms “halo”™ and “halogen’, alone or in combination with other groups,
refers to fluoro-, chloro-, bromo- and iodo-.

{0100} The term “Cre alkyl”, alone or in combination with other groups, refers to
monovalent, linear chain or branched chain alkyl groups containing from 1 to 6 carbon atoms.
Exemplary Ci¢ alkyl groups include but not himuted to metheyl, ethyl, n-propyl, iso-propyl,
n-butyl, sec-butyl and fert-buty] groups. More preferred are Ci4 alkvls,

10101} The term “Ci¢ alkoxyrefers to, alone or in combination with other groups,
R’-0-, where R’ is Ci- alkyl.

{8182] The term “haloCrsalkyl”, alone or in combination with other groups, refers 1o
a Cis alkyl group subsituted with one or more halo suctsitutents, for example CFz and
CHCEs.

{0163} The term "a cornpound of the invention” or “a compound of Formula 1™
mehudes all solvales, complexes, polymaorphs, radiclabeled derivatves, tautomers,
stereoisomears, and optical isomers of the compounds of Formmla | and salis thereot, inless
otherwise spacified.

B The torm "effective amount” means that amount of a drug or pharmacentical
agent that will ebictt the iclogical or medical response of a fissue, svsten, aimal or human
that 15 being sought, for instance, by a researcher or clinician.

10165] The terro "therapeutically effective amount” means any amount which, as
compared 10 g correspouding subject who has not received such aroount, resulis n tnproved
treatment, healing, prevention, or amel:oration of a disease, disorder, or side effect, or g
decrease in the rate of advancement of 8 disease or disorder. The term also inchedes within its
scope amounts effective o enhance nosmal physiological funciion.

{0106] The term "prophyiaxis™ includes prevention and refers 1o a measurs or
pracedure which 1S to prevent rather than cure or treat 3 disease. Preventing refers 0 a

reduction in risk of acquinng or developing a disease causing af least one chinical symptom of

38
SUBSTITUTE SHEET (RULE 26)



WO 2017/161349 PCT/US2017/023093

the disease not to developing a sebject that mayv be exposad to a disease-cansing agent of &
subject predisposed to the disease in advance of disease oulset

8107} The worm "pharmaceutically acceptable” refers to those compounds, matenials,
compositions, and dosage forms which are, within the scope of sound medical judgment,
sutable for use in contact with the tissues of human beings and animals without excessive
toxicity, trvitation, or other problem or complication, commensurate with a reasonsble
benefit/risk ratic.

{E08] The term "pharmaceutically acceptable excipients” includes all difuents,
carriers, binders, ghidants, and other components of pharmacentical formulations with which
the compound of the mvention 1s admimstered,

18168} The compounds of the invention may exist in sobid or hauid form. In solid
form, compound of the mvention reay exist in a contimuurn of solid states ranging from fully
amorphous to fully covstatline.

{8116 The term ‘amorphous’ refers to a state in whuch the natenial lacks long range
order at the molecular level and, depending upon the temperature, may exhibit the physical
properiies of a solid or a ligqud. Typically, such materials do not give distinctive Xeray
diffraction patterns and, while exlubiiing the properties of a solid, are roore formally
described as a liguid. Upon heating, & change from solid to ligud properties ooours which i3
characterized by a change of state, tvpically second order (glass transition’).

10111} The term ‘crvstalling' refers 0 a solid phase in which the material has g regular
orderad internal structure at the molacular level and pivas a distinctive X-ray diffraction
patiern with defined peaks. Such materials whean heated sufficiently will aleo exhibit the
properiies of a ligund, bot the changs from solid to lgaid is characterized by a phase change,
tvpically first arder Cmehing pomty

8112} The compounds of the invention may have the ability to crvstalhize in more
than one form, a characteristic, which 1 known as polvmorphisin, and it 18 understood that
such polymorphic forms ("polvmorphs™y are withoo the scope of the invention. Polvmaorphism
generally can ocour as a response to changes in temperature or pressure o1 both and can also
sesult from variations in the arysiailization process. Polymorphs can be distinguished by
various phvsical characteristics know in the art soch a3 x-ray diffraction patterns, solubility
aud meling point

10113 The compound of Formuila | may exist in solvated and unsolvated forms. As
used heren, the term "solvate” refers 1o a coraplex of variable stowchiometry formed by a

solute (o this jovention, a coropound of Formuta b or g salt) and a soelvent. Such solvents for
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the purpose of the invention may not interfere with the biclogical activity of the solute. The
skilled artisan will appreciate that pharmaceutically accepiable solvates may be formed for
crvstalline compounds wherein solvent molecules are incorporated nto the cryvstalline lattice
during crystallization. The incorporated solvent molecules may be water molecules o1 non-
agueous such as ethanol, isopropancl, BMSEO, acetic acid, ethanolamine, and ethyl acetate
melecules. Crvstatline lattice incorporated with water molecules are typically referred 1o a3
"hydrates”. Hydrates include stoichiometric bvdrates as well as compositions cordaming
variable amounts of waler, The present mveniion includes all such solvates,

184} It i3 also noted that some compounds may form tautomers. Tantomers' refer to
compounds that are interchangesble forme of a particular compound structure, and that vary
it the displacement of hydrogen atoms and electrons. Thus, two struchiges may be in

equilibrium through the movement of r2 electrons and an atom (usually H}. For exarnple,

enods and ketones are tautomers because they are rapidly iierconverted by weatment with
etther acid or base. 1t 15 understond that all tautomers and mixtures of tautomers of the
compounds of the present invention are included within the scope of the compounds of the
present invention,

{08118} The compounds of Formula I roay be in the forro of a salt. Typically, the salis
of the present invention are pharmaceutically acceptable salts, Salls encompassed within the
termn "pharroacentically acceptable salte” refor (o non~toxie salts of the compounds of thg
myvention. For areview on suttable salts. see e.g, Berge et al, | Pharm Sa 1977, 66, 1412
Surtable pharmacentically acceptable salis can inchude acid addition salts. A pharmaceutically
acceptable acid addition saft can be formed by reaction of a compound of Formmla Fwith a
suitable inorgaree or organic acid {such as hydrobromic, hydrochlone, sulfurie, nitric,
phasphoric, p-toluenesulfonic, benzenesubfonic, methanesulionie, ethanesuifonic,
naphthalenesulfonic such as 2-naphibalenesulfonic), optionally m a suitable soivent such as
an organic sovent, to give the salt which s wsually 1solated for example by crvstallizanon
and fltration. A pharmaceutically acceptable scid addition salt of a compound of Formula |
can b, for example, a hydrobromide. hyvdrochloride, sulfate, nitrate, phosphate, p-
toluenasulfonate, benzenesulfonate, methanesuifonate, ethanesulfonate, or
naphthalenseutionate (a.g. Z-naphthalenesnlfonate) sali. Giher non-pharmaceutically
scceptable salis, e g wiffuoroacetaies, may be used, for exarople 1 the wolation of
compounds of the invention, and are included within the scops of this invention.

10116] The mvention mclodes within i3 scope all possible stoichiometric and non-

stoichiometric forms of the compourds of Fornuda ©
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E37) While it is possible that, for use in therapy, the compound of the invention
may be adnunisiered as the raw chemacal, it possible 1o present the compound of the
mvention as the active ingredient i a pharmaceutical covopostiion. Such coropositions can be
prepared i & manner well knowsy in the pharmaceutical art and comprise at least one active
compound. Accordingly, the invention further provides pharmacestical compositions
comprising a conpound of the mvention and one or roore pharaceutically acceptable
excipients. The excipieni(s) must be acceptable in the sense of being compatible with the
other ingredients of the composition and not deletertous 1o the recipient thereof. In
aceordance with another aspect of the mvention there i3 also provided a process for the
preparation of & pharmaceutical coraposition meluding the agent, or pharmaceutically
acceptable salis thereof) with one or more pharmaceatically acceptable excipients. The
pharmaceutical composifion can be for use in the treatment and/or prophylaxis of any of the
conditions described herein,

{118} Generally, the compound of the mvention is admunistered i a
pharmaceutically effective amount. The amount of the compound actually adminisiered will
tvpteally be deterioined by a physician, in the Hght of the relevant circometances, inchuding
the condition to be treated. the chosen route of adnunistration, the actual compound
adminisiered, the age, weight, and response of the individual patient, the severity of the
patient's svinptoros, and the hie. Pharmaceotical compositions may be presented o ot dose
forms contating & predetormined amount of active ingredient per uny dose. The ferm "unit
dosage forms" refers to physically discrete units suitable as nnitary dosages for human
subjects and other mammals, sach onit containing a predetenmined quantity of active material
caiculated o prodoce the desired therapeutic effect, 1 association with a auitable
pharmaceutical excipient, vehicle or carrier. Typical unit dosage forros inchude prefilled,
premeasured ampules or svringes of the liguid coropositions or pills, tablets, capsules or the
tike in the case of solid compostiions,

0119 Preforred unit dosage compositions are those contaning a daily dose or sub-
dose, or an appropriate fraction thereof. of an active ingredient. Such unit doses may
therefore be adminisiered onoe or more thae once a day. Such pharmacentical compostiions
suay be prepared by anv of the methods well known in the pharmoacy ard.

{0128] Pharmaceutical composiiions yoay be adapted for adnuanisiration by any
appropriate route, for example by the oral {including buceal or sublingual), rectal, mhaled,
wtranasal, fopieal (ncluding buecal, seblingual or ransdermal), vaginal or parenteral

{including subcutaneous, intramuscular, wiravenous or tdraderroal) route. Such covoposthions
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may be prepared by any method known i the art of pharmacy, for example by bringing into
association the active ingredient with the carries{s} or excipient(s}.

{04121} Pharmaceutical compostiions adapied for oral adnunisiration may be presented
as discrete wits such as capsubes or tablets; powders or gramies; solutions or suspansions in
aguecus of nov-agquecus hguids; edible foams or whips: or otl-o-water hguid emulsions or
water-in- ol hquid enwlsions.

11221 For instance, for oral adnunistration in the form of a tabiet or capsule, the
aciive drug component can be combingd with an oral, non-toxic pharmaceutically acceptable
fmert excipient such as ethanot, ghyeerol, waier and the like. Powders are prepared by
reducing the compound 1o a suitable fine size and nuxing wuh a stmlarly propared
pharmaceutical excipient such as an edible carbohydrate, as, for example, siarch or mannitol.
Flavonng, preservative, dispersing and coloning agent can also be present.

10123} Capsules are made by prepanng a powder misture, as described above, and
fitiing formed gelatin sheaths. Excipients including ghidants and Inbricarnds such as collowdal
silica, tale, magnesium stearate, calcium stearate or solid polvethyiene olveol can be added o
the powder roiciure before the filling operation. A disindegrating or solubilizing agent such as
agar-ggar, calcium carbonate or sodiur carbonate can also be added 1o froprove the
avatlability of the medicament when the capsuls is ingested.

10124} Moreover, when desivad or necessary, exciptents including snitable binders,
ghidanis, hubricanis, sweelening agenis, Davors, disintegrating agenis and colorng agends can
als be incorporated into the mixture. Suitable binders mciude starch, pelanin, natural supars
such as glucose or beta-lactose, com sweateners, natural and synthetic gums such as acacia,
fragacanth or sodiom alginate, carboxvrsethyicelivlose, polvethylens glycol, waxes and the
hike. Lubricants used m these dosage forms include sodium oleate, sodium sicaraie,
magnesium stearate, sodium benzoate, sodium acetate, sodium chioride and the like
Prsintegrators include, without houtation, starch, methvl cellulose, agar, bendontle, xanthan
gum and the hke. Tableis are formutated, for example, by preparing a powder woixture,
gramulating or slugging. adding a lubricant and disintegrant and pressing o tablets. A
powder mixture is prepared by mixing the compound, suitably comminuted, with 3 diluent or
base as desenibed above, and optionally, with a binder such as carboxymethyicelinlose, an
ghgmate, gelatn, or polyvinyi pyrrohdone, a solution retardant such a8 paraffin, g resorption
accelarator such as a quaterary salt and/or an absorption agent such as bentomte, kaokn or
dicalciam phosphate. The powder ruishue can be gramidated by wetling with a binder such as

syrup, starch paste, acadia mucilage or solufions of cellulosic or polvmeric roaterials and
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forcing through a screen. As an alternative to granclating, the powder mixturs can be run
through the tablet machine and the result 18 imperfectly formed slugs broken o granules.
The granudes can be fubricated to prevent sticking to the tablet formang dies by rooans of the
addition of stearte actd, a stearate salt, talc or mineral oil. The lubricated mixiure i3 then
comprassed into tablete. The compounds of the present invention can also be combined with
a free fowing inert carrier and compressed into tablets directly without going through the
granulating or slugging steps. A clear or opaque profective coating consisting of a sealing
coat of shellae, a coafing of sugar or polymeric material and a polish coating of wax can ba
provided. Dyestutte can be added 1o these coatings to dishngaish different vnit dosages.

0125] Oral Dunds such as solution, suspensions, syrups and elixirs can be prepared in
dosage wt form so that a given quantity contains a predetermined amount of the compound.
Svrups can be prepared by dissolving the compound in a suitably Savored agueous solution,
while ehixirs are prepared through the use of g non-toxic aleoholic vebicle, Suspensions can
be fornmlated by dispersing the compound in a nou-toxic vehicle. Solubilizers and
emulaifiers such as ethonylated isosieary] alcohols and polvoxy ethylene sorbutol ethers,
preservatives, flavor additive such as peppenmint ol or natural swesdeners or saccharin or
other arnficial sweeteners, and the like can also be added.

{8126} Where appropiiate. dosage unit compositions for oral adminisiration can be
microencapsulated. The corpositon can also be prepared (o prolong or sustain the release as
for exarmple by coaling ot embedding pariculaie material m polvmers, wax ot the bke.

#1271 The compounds of the mvention mav also be admirusierad in the form of
hiposome deltvery systens, such as small andamellar vesicles, large unifameliar vesicles and
snstilarnellar vesicles. Liposomes can be formed from a vanely of phospholipids, such as
cholesterol, stearvianune or phosphandyicholines. Pharmaceutical compositions adapied for
transdermal administration may be presented as discrete patches intended to remain in
wimate contact with the epidernas of the reciprent for a prolonged period of time.

10128] Pharmsceutical conpositions adapted for topical admimstration may be
formmlated as cintments. creams, suspensions, iotions, powders, solutions, pastes. gels,
spravs, azrosols or oile,

{14129} For treatments of the eve or other external fissuss, for example mowuth and
skin, the compostiions are preferably applied as a topical cirgment or crearn. When
formulated in an oiniment, the active ingredient may be emploved with either a paraffinic or 2
waler-miacible ointment base. Alternabively, the active ingredient may be formulated o a

cream with an oil-in~watsr cream base of a water-in-oil base,
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[ E30] Pharmaceulical composiiions adapted for topical administrations 1o the eve
mclude eve drops wherein the active ingredient 1s dissolved or suspended in a sntable carier,
especially an agueous solvent.

{8131} Pharmaceutical compostiions adapted for topical adnumistration in the mouth
wrctude lorenges, pastilles and wouth washes.

10132 Pharmaceutical composttions adapied for rectal sdounistration may be
preseried as suppositories of as enenias.

{133} Dosage forms for nasad or inhaled admmmistration may conventently be
formudated a3 aerosols, solutions, suspension drops, gels or dry powders.

{0134} Conpositions for mbranasal adrmimstration nelude agusous compositions
adeunistered fo the nose by drops of by pressurised pump. Suitable compositions comain
waler a3 the diluent or carrier for this purpose. Comnpositions for admuustration o the lung ot
nose may contam one of more excipients, for example one or more suspending agents, one or
MOre preservatives, one oF more surfaciants, one or more tomicity adiusting agends, one or
more co-solvents, and may inchude components to control the pH of the composition, for
example a buffer svetem. Further, the compositions may contain other excipients such as
antiovidanis, for example sodium metsbisuiphute, and tasie-masking agends. Compositions
may aleo be adminigtered {0 the nose or other regions of the respiratory tract by nebubization.
Intranasal compositions may permud the cornpound{(s) of Fornula 1 or {a) phanmacentically
acceptable sabl{s} thereol 1o be delivered 1o all areas of the nassl cavities {the target tissug)
and further, may permt the compound(s) of Formmila I or {a) pharmaceutically acceptable
salt{s) thereot o rematn in corvtact with the target tissue for longer periods of time. A suitable
dosing regime for intranasal compositions would be for the patient 1o juhale slowly through
the nose subsequent to the nasal cavity being clegred. Duning mhalation, the composition
would be admimsterad o one nostnil wiele the other 13 manually compressed. This procadure
wonild then be repeated for the other nostril. Tvpcally, oue or two sprays per nostrl woudd be
adnanistered by the above procedure one, two, or three times each day, wdeallv once daily. OF
particular interest are infranasal compositions suitable for once- daily administration.

{1138} The suspending agent(s}, i included, wall typically be present in an amount of
from 0.1 10 3% {w/w}, such as from 1.5% {0 2.4% {w/w), based on the total weight of the
composition. Hvamples of pharmaceutically acceptable suspending agenis wchude, but are not
fimmtad 1o, Avicef {mucrocrvstatline celizlose and carboxvmethyicelhulose sodiumy,
carboxymethyicellolose sodium, veegum, tragacanth, bendonite, methylcellulose, xanthan

gumn, carbopal and polyethylene glvenls,
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#E36] Compositions for adminisiration (o the lung o nose may contain one or mors

xeiprents may be profected from mucrobial or fungal contamination and growth by inclusion
of one or roore preservatives. Examples of pharroaceutically acceptable anti-nucrobial agents
or preservatives include, bt are not limited to, quaternary ammoniuny compounds (for
example benzalkoniun chlonde, benzethonium chlonde, catnmide, cetvipyridintum chloride,
tauralkonum chloride and nynisty! picolivium chionide). mercurial agents (for example
phenyimercuric nutrate, phenvimercuric acetate and thimerosal), alcoholic ageris (for
example chlorobuianol, phenviethyl aleohol and benzyl aleohol), antibacterial esters (For
example esters of para-bydroxybenzoic acidy, chelating agents such as disodium edetate
{EDYTAY and other anti-nucrobial agents such g8 chiorhexidine, chlorocresol, sorbic and and
i salts (such as potassium sorhate) and polymyvxin. Examples of pharmacestically
acceptable anti-Rmgal agents or preservatives include, but are not Hmited to, sodium
benzoate, sorbie acid, sodiurm propionate, roethyiparaben, sthviparaben, propyviparaben and
butyiparaben. The preservativel(s), if mcluded, may be present i an amount of from 0.001 1o

1% {w/w), such as fromy 0.015% 1o ¢.5% {w/w) based on the total weight of the composition.
Compositions {for example whersin at least one corpound 1§ 1n suspension’ may wchide one
or mewe surfactants which funciions 1o faciluate dissolution of the medicament paricles in
the agusous phase of ihe composition. For sxample, the amount of surfactant used is an
amovnt which will not cause foamang during mixing. Examples of pharmacentically
acceptable swifaciants nclude fatly alcohols, esiers and ethers, such as polyoxyethylene (203
sorbitan monooleate (Polvsorbate 803, macrogol ethers, and poloxamers. The surfactant may
be present in an amount of between about .07 to 109 (w/w}, such as from 0.01 10 §.75%
few}, for esample about 0.5% {w/iw}, based on the total weight of the composition.

{137} One or more toncily-adjusting ageot{s) may be included to achigve tonicily
with body fhnds e g fluids of the nasal cavity, resulting in reduced levels of Uritancy
Examples of pharmaceutically acceptable tonoiy-adiusting agents inclode, but are not
Hited to, sodium chlonde, devirose, xyhiol. caloium chionde, glucose, glycerine and
sorbitod. A tonicity-adjusting agent, if present, may be included in an ammount of from 0.1 o
10% {w/w), such as fromy 4.5 10 5.5% {w/w), for example about 5.0% {w/w), based on the
total weight of the conposilion,

0138] The compaositions of the wmvention may be buffered by the addition of swtable
buffering agents such as sodrum citrate, citric acud, rometamol, phosphates such as disodium
phosphate (for example the dodecahvdrate, heptahy drate, dibvdrate and anbiydrows forma), or

sodium phosphate and mixtures thereof
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139 A boffering agent, if present, may be included 1 an amout of from 0.1 10 5%
{wiw}, for esample 1o 3% (w/w) based on the fotal weight of the composition.

{8140} Examples of taste-masking agents incdlude sucralose, sucrose, sacchanin or g
salt thereof, fhicione, dextrose, glyveerol, corn syrup, aspartame, acesulfame-K, xylitol
sorbitol, erythritol, ammonium glycyrehinnate, thaumatin, neotame, manniiol, menthol,
encalypius oil, camphor, a natural flavouring agerd, an artificial flavouning agerd, and
combinations thereof

{BE41} Ome or more co-solveni{s) may be included to aid sohubility of the medicament
compoundds) and/or other excipients, Examples of pharmaceutically acceptable co-solvents
mehude, but are not linnied fo, propyiene glyeol, dipropylens glveol. ethylene glveol,
glvcerol, ethanol, polvethyviens glyeols (for example PEG300 or PEG400), and methanol. In
one embodiment, the co~solvent is propylens glyeol,

10142] Co-solveni{s)y, o present, mav be incladed 1o an arooun of from 8.05 10 30%
{w/w), such as from | 1o 25% {w/w}, for exanple from | to 10% {w/w}) based on the total
weight of the composition.

8143 Compositions for inhaled admanistration include aqueous, organic or
aquecus/organic maxiures, drv powder or erystaliine composiiions asdmiristered to the
respiratory tract by pressuriced pump or inhaler, for example, reservoir drv powder inhalers,
vnti-dose drv powder inhalers, pre-metered roulfi~dose dry powder whalers, nasal whalers or
pressurised aerosol inhalers, nebultsers or insuffators. Swiable compositions condaim waler as
the difuent or carrier for this purpose and may be provided with conventional excipients such
as buffering agents, tosucity modifying agents and the ke, Aqueous compostiions may also
be admirestersd 1o the nose and other regions of the respivatory fract by nebulisation. Such
composthions roay be agqueous solations or suspensions or aerosols delivered from pressurised
packs, such as a metered dose inhater, with the use of a suntable hiquefied propellant.

18144} Compositions for adrinistration topically 1o the nose {for example, for the
treatment of thinitisy ot 1o the hng, inchude pressunsed agrosol compositons and agueous
compositions delivered to the nasal cavitizs by pressunised pump. Compositions which are
non- pressuised and are suitable for administration fopically {o the nasal cavity are of
particular interest, Swntable coroposifions conlain water gs the diluent oy carvier for this
purpese, Aqueous compositions for gdroirustration o the hung or nose roav be provided with
conventional excipianis such as buffering agents, tonicity-modifying agents and the fike.

Agqueous compositions mway alse be administered 1o the noae by nebulisation.
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1451 A fhad dispenser may typically be nsed to deliver a fhud composition to the
nasal caviiies. The fhnd composition may be aqueous of non-agueous, but tvpically aquecus.
Such a Hwd dispenser may have a dispensing vozzle o dispensing orifice through which a
metered dose of the flud composition 18 dispensed upon the application of a user-applied
foree to a pump mechanism of the fluid dispenser. Such flmd dispensers are generally
provided with areservoir of multiple reetered doses of the fluid compostiton, the doses being
dispensable upon sequential pumnp actuations. The dispensing nozzle or onifice may be
configured for insertion nto the nostiils of the user for spray dispensing of the fhud
composition o the nasal cavity,

0146] Dy powder compositions for topical debivery o the hing by wmhalstion may.
for example, be presented in capsules and cariridges of for example gelatine, or blisters of for
exarople lamnated alurinium foil, for use in an inhaler or insufflator. Powder blend
compositions generally contain a powder vaix for hatation of the compound of Foroula{ or
a pharmaceutically acceptabie sait thereof and a switable powder base
{carsier/diluent/excipient substance} euch as mono-, di-, ot polysaccharides {for example
lactose or starch). Dy powder compositions mway aleo inclode, in addition i the drug and
carsier, g further excipient (for evample a temary agent such as a sugar ester for example
cellobioes ociancetate, calciom siearate, or magnesinm siearate.

10147} Pharmaceutical compostiions adapted for parental admunistration include
aquecus and nonaquenus sterile mjection selutions which may contain anti-oxidants, buffers,
bacteriostats and solutes which render the composition isotonic with the blood of the intended
recipient; and agueous and non-agueous sterile suspensions which may inchude suapending
agents and thickening agents. The compositions may be prasented in umi-dose or muolti-dose
contaners, for example sealed amponles and vials, and may be stored in a freere-dnied
{yophilized} condition requuring only the addition of the sterile liquid carner, for example
water for mjections, rumediately prior to use. Extemporansous wnjection sehitions and
suspensions may be prepared from sterile powders, graraiies and tablets.

¥ 148} 1t should be nnderstood that in addition to the ingredients particularly
seniioned above, the compositions may include other agents conventional in the art having
segard to the type of formdation in question, {or exarople, thoese sutiable for oral
adminstraiion may include flavorng agenis,

{0149} The compounds of Formula I and pharmaceutically acceptable salts thereof
may also be formulated with other adjuvants to modulate their activity. Such compositions

may contain antibody{ies) or antibody fragment(s) or an antigenic cornponent mcluding but
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not limited to protem, DNA, live or dead bacteria and/or virases or virus-like particles,
together with one or more components with adjuvant activity including but not linuted to
alununium salts, ol and water emulsions, heat shock proteins, lipid A preparations and
derivatives, glvcolipids, other TLR agonists such as CpG DNA or simular agents, cytokines
such as GM-CSF or 1L-12 or similar agents.

8156] A therapeutically effective amount of the agent will depend upon a number of
factors inchuding, for example. the age and weight of the subject, the precise condition
feduiring treatment and Hs severity, the nature of the formiation, and the rouie of
adminstration, and will wlhimately be at the discretion of the attendant phvsician or
vetermanan, In particular, the subject 1o be trested is & roammal, particularly a fursan,

{8151} The agent way be administered in a datly dose. This amount may beghvenin s
single dose per day or more asually in a warsber (such as two, three, four, five or3ix) of sub-
doses per day such that the wotal daily dose s the same.

10152} Swtably, the amount of the compound of the invention adrmnistered according
to the present invention will be an amount selected from about 0.01 mg to about 1 g per day
{calculated as the free or unsalted compound}.

{0183] The compounds of Formula I and pharmaceutically acceptabie salts thereof
mav be employed alone or in combination with other therapeutic agents. The compounds of
Formula | and pharmaceutically acceptable salts thereof and the other pharmaceutically
active agent{s) may be adrunistered together or separately and, when administered
separately, administration may occur simuktaneously or sequentially, in any order, by any
convenient route 1n separate or combinad pharmaceutical compositions. The amounts of the
compound{(s) of Formula I or pharmaceutically acceptable salt{(s) thereof and the other
pharmaceutically active agent(s) and the relative timings of administration will be selected in
order to achieve the desired combined therapeutic effect. The compound(s) of Formulda [ or
pharmaceutically acceptable salt(s) thereof and further therapeutic agent(s) may be emploved
n combination by adnunistration sinwldtaneously in a unitary pharmaceutical composition
including both compounds. Alternatively, the combination may be administerad separately in
separate pharmacewtical compositions, each including one of the compounds in a sequential
manner wherein, for example, the compound of the invention is administered first and the
other second and vice versa. Such sequential admanistration may be close in time (e.g.
simultanecusly ) or remote in time. Furthermore, it does not matter if the compounds are

administered in the same dosage form, e.g. one compound may be administered topically and
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the other compound may be admmistered orally. Suitably, both compounds are administered
orally.
{8154} The combinations may be presented as a cornbination kit. By the term

o

"combination kit" "or kit of parts" as used herein 1s meant the pharmaceutical composition or
compositions that are used to admunister the combination according 1o the invention. When
both compounds are admunistered simultaneously, the combination kit can contain both
compounds in a single pharmaceutical composition, such as a tablet, or int separate
pharmaceutical composttions. When the compounds are not administered simultaneously, the
combination kit will contain each compound in separate pharmaceatical compositions either
m a single package or in separate pharmaceutical compositions in separate packages. The
combination kit can also be provided by instraction, such as dosage and administration
nstructions. Such dosage and administration instructions can be of the kind that are provided
to a doctor, for example by a drug product label, or they can be of the kind that are provided
by a doctor, such as instructions to a patient.

{8185] When the combination is administered separately in a sequential manner
wherein one 1s admimstered first and the other second or vice versa, such sequential
administration may be close in time or remote in time. For example, adnunistration of the
sther agent several minutes to several dozen minutes after the administration of the first
agent, and administration of the other agent several hours to several days after the
administration of the first agent are included, wherein the lapse of time is not limited. For
example, one agent may be administered once a day, and the other agent may be administered
2 or 3 imes a day, or one agent may be administered once a week, and the other agent may
be administered once a day and the hike. It will be clear to a person skilled in the ast that,
where appropriate, the other therapeutic ingredients(s) may be used in the form of salts, for
example as alkali metal or amine salts or as acid addition salts, or prodrugs, or as esters, for
example lower alkyl esters, or as solvates, for example hyvdrates, to optimize the activily
and/or stability and/or physical characteristics, such as solubility, of the therapeutic
ingredient. It will be clear also that, where appropriate, the therapeutic ingredients may be
used in optically pure form.

{4136} When combined in the same composition 1t will be appreciated that the two
compounds must be stable and compatible with each other and the other components of the
composition and may be formulated for admunistration. When formulated separately they
may be provided n any convenient composition, conveniently, in such a manner as known

for such compounds n the art.
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{8157} When the compound of Formuia I 1s used in combination with a second
therapeutic agent active against the same disease, condition or disorder, the dose of each
compound may differ from that when the compound 1s used alone. Appropriate doses will be
readily appreciated by those skilled in the art.

{0158] In one embodiment, the patient in the methods and uses of the present
invention is a mammal. In another embodiment, the patient is a bumao. The coropounds of
the invention are useful in the treatment of diseases and conditions in which modulation of
STING 1s beneficial, including cancer. As modulators of the immune response, the
compounds of Formula I and pharmaceutically acceptable salts thereof may also be useful, as
stand-alone, in combination or as adjuvants, in the treatment of diseases and conditions in
which modufation of STING 1s beneficial.

{015%] In one aspect, the disease or condition 1o be treated is cancer. Examples of
cancer diseases and conditions in which a compound of Formula | or pharmaceutically
acceptable salt thereof, mayv have potentially beneficial anti-tumor effects include cancers of
the lung, bone, pancreas, skin, head, neck, aterus, ovaries, stomach, colon, breast, esophagus,
small intestine, bowel, endocrine system, thyroid gland, parathyroid gland, adrenal gland,
urethra, prostate, penis, testes, ureter, bladder, kidney or liver; rectal cancer; cancer of the
anal region; carcinomas of the fallopian tubes, endometrium, cervix, vagina, vulva, renal
pelvis, renal cell; sarcorna of soft tissue; myxoma, thabdomyoma; fibrorna; lipoma; teratoma;
cholangiocarcinoma; hepatoblastoma; angiosarcoma; hemagioma, hepatoma; fibrosarcoma;
chondrosarcoma; myeloma; chronic or acute lenkemia; lymphocytic lymphomas; primary
CNS lymphoma; neoplasms of the CNS; spinal axis tumours; squamous cell carcinomas;
synovial sarcoma; malignant pleural mesotheliomas; brain stem glioma; pituitary adenoma;
bronchial adenoma; chondromatous hanlartoma; mesothelioma; Hodghin's Disease; or a
combination of one or more of the foregoing cancers.

{8168} In a further aspect, the present invention provides a compound of Forraulal or
a pharmaceuticallv acceptable salt thereof, for use in the treatment of cancer.

{0161] In a further aspect. the present invention provides a method of treating cancer
comprising administering to a patient in need thereof a therapeutically effective amownt of a
compound of Formuda I or 4 pharmaceutically acceptable salt thereof.

{0162} in a further aspect, the present invention provides the use of a compound of
Formula I or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament

for the treatment of cancer.
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{8163} A compound of the invention may be employed with other therapeutic
methods of cancer treatment, e.g., in anti-neoplastic therapy, combination therapy with
immune checkpoint inhibitors, other chemotherapeutic, hormonal, antibody agents as well as
surgical and/or radiation treatments.

{0164} Trnmune checkpoint inhibitors, such as humanized antibodies against PD-1,
PD-L1 and CTL A4, have recently been shown to be highly successful in treating several
types of metastatic cancer, including melanoma, non-small cell lung cancers, renal cell
carcinoma and bladder cancer (Sharma and Allison, 2013, Science 348, 56). However, siill
only a small percentage of cancer patients benefit from the checkpoint inhibitor therapies, in
part because insufficient number of anti-tumor immune cells, such as CDS T cells, are
generated and/or mfilirated into the tumors. Activation of the cGAS-STING pathway
activates anti-tumor immunity, including the production and infiltration of tumor-specific
CD8 T cells. Therefore, cGAMP analogues are expected to function svnergistically with
mmune checkpoint inhibitors and the combination therapies are likely to bring therapeutic
benefits to alarger percentage of cancer patients.

[8165] In a further aspect, the present invention provides a pharmaceutical
composition comprising a compound of Formulal or a pharmaceutically acceptable salt
thereof, and at feast one immune checkpoint inhibitor,

{0166} In a further aspect, the present invention provides a pharmaceutical
composition comprising a compound of Formula 1 or a pharmaceutically acceptable salt
thereof, and at least one imnune checkpoint inhibitor for use in therapy.

{0167} In a further aspect, the present invention provides a pharmaceutical
composition comprising a compound of Formula [ or pharmaceutically acceptable salt
thereof, and at least one immune checkpoint inhibitor for use 1n treating cancer.

{0168] In a further aspect, the present invention provides the use of a pharmaceutical
composition comprising a compound of Formula T or a pharmaceutically accepiable salt
thereof, and at feast one immune checkpoint inhibitor in the manufacture of a medicament for
the treatment of cancer.

[8169] In a further aspect, the present invention provides a method of treating cancer,
comprising: adminisiering to a patient in need thereof a therapeutically effective amount of a
pharmaceutical composition comprising a compound of Forrula | or a pharmaceutically
acceptable salt thereof, and at least immune checkpoint inhibitor.

{0170} In a further aspect, the present invention provides a pharmaceutical

composition comprising a compound of Formula 1 or a pharmaceutically acceptable salt
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thereof, at least one immune checkpoint mnhibifor, and one or more of pharmaceuticatly
acceptable carriers, diluents and excipients.

{8171} Radiation of tumors, especially high-dose radiation such as stereotatic body
radiation therapy (SBRT), kills tumor cells with a high degree of precision. Dead tumor cells
not only provide tumor antigens to generate tumor-specific cytotoxic T cells, but also release
tumor DNA into antigen presenting cells to activate the cGAS-STING pathway (Deng et al..
2014, Immunity 41, 843). Therefore, cGAMP analogues are expected to function
synergistically with radiation therapies to benefit a larger percentage of cancer patients.

{0172} In a further aspect, the present invention provides a pharmaceutical
composition comprising a compound of Formula 1 or a pharmaceutically acceptable salt
thereof, in combination with radiation therapy such as SBRT.

18173} In a further aspect, the present invention provides a pharmaceutical
composition comprising a compound of Formula [ or pharmaceutically acceptable salt
thereof, i combination with radiation therapy such as SBRT for use in treating cancer.

{8174] In a further aspect, the present invention provides the use of a pharmaceutical
composition comprising a compound of Formulal or a pharmaceutically acceptable salt
thereof, in combination with radiation therapy such as SBRT in the manufacture of a
medicament for the treatment of cancer.

{0175} In a further aspect, the present invention provides a method of treating cancer,
comprising: adrmnistering to a patient in need thereof a therapeutically effective amount of a
pharmaceutical composition comprising a compound of Fornula [ or a pharmaceutically
acceptable salt thereof, in combination with radiation therapy such as SBRT.

{8176] In a further aspect, the present invention provides a pharmacsuiical
composition comprising a compound of Formula | or a pharmaceutically acceptable salt
thereof, and one or more of pharmaceutically acceptable carriers, diluents and excipients, in
combination with radiation therapy such as SBRT for the treatment of cancer.

10177} Anti-neoplastic agents include chemical compounds and antibodies that kill
tumor cells by mhibiting cell eycle, signal transduction, DNA metabolism and angiogenesis
and/or by promoting DNA damage, apoptosis and necrosis. These agents comprise that
largest class of molecules currently used for cancer therapies. Anti-neoplastic agents
selectively kill tumor cells, although many of them also kill normal cells, thereby generating
severe side effects. Processing of dead tumor cell associated antigens by antigen presenting

cells teads to the generation of tamor-specific eytotoxic T cells. This process can be enhanced
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by ¢GAMP analogues. Therefore, combination of ¢cGAMP analogues with anti-neoplastic
agents are hikely 1o generate svnergistic effects that benefit a larger percentage of patients.

{0178} In a further aspect, the present invention provides a pharmaceutical
composition comprising a compound of Formula [ or a pharmaceutically accepiable salt
thereof, and at least one anti-neoplastic agent.

{0179 In a further aspect, the present invention provides a pharmaceutical
composition comprising a compound of Formula [ or a pharmaceutically acceptable salt
thereof, and at least one anti-neoplastic agent for use in therapy.

{4180} In a further aspect, the present invention provides a pharmaceutical
composition comprising a compound of Fornula [ or pharmaceutically acceptable salt
thereof, and at least one anti-neoplastic agent for use in treating cancer.

{8181} In a further aspect, the present invention provides the use of a pharmaceutical
composition comprising a compound of Formula | or a pharmaceutically acceptable salt
thereof, and at least one anti-neoplastic agent in the manufacture of a medicament for the
treatment of cancer.

[8182] In a further aspect, the present invention provides a method of treating cancer,
comprising: adnmunistering {0 a patient in need thereof a therapeutically effective arnount of a
pharmaceutical composition comprising a compound of Formula T or g pharmaceutically
acceptable sall thereof, and at least one anti-neoplastic agent.

{0183} In a further aspect. the present invention provides a pharmaceutical
composition comprising a compound of Formula [ or a pharmaceutically acceptable salt
thereof, at least one anti-neoplastic agent, and one or more of pharmaceutically acceptable
carriers, diluents and excipients.

{0184} Any anti-neoplastic agent that has activity versus a susceptible tumor being
treated may be utilized in the combination. Typical anti-neoplastic agenis useful include anti-
microtubule agents such as diterpenoids and vinca alkaloids: platinum coordination
complexes; alkylating agents such as mitrogen mustards, oxazaphosphorines, alkvisulfonates,
nitrosoureas, and triazenes; antibiotic agents such as anthracyclins, actinomyvcing and
bleomycins; topoisomerase I inhibitors such as epipodophyllotoxins; antimetabolites such as
purine and pyrimidine analogues and anti-folate compounds; topoisomerase [ inhibitors such
as camptothecins; hormones and hormonal analogues; signal transduction pathway inhibitors;
non-receptor tyrosine angiogenesis inhihitors; immunctherapeutic agenis; proapoptotic

agents; and cell cycle signaling inhibiiors.
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{1185} Anti-mucrotubule or anti-mitotic agents are phase specific agents active
against the microtubules of tumor cells during M or the mitosis phase of the cell cyele.
Examples of anti-microtubule agerts include diterpenoids and vinca alkaloids.

{0186} Diterpenoids, which are derived from natural sources, are phase specific anti-
cancer agents that operate at the Go/M phases of the cell cycle. 1t is believed that the
diterpenoids stabilize the B-tubulin subunit of the microtubules, by binding with this protein.
Disassembly of the protein appears then to be inhibited with mitosis being arrested and cell
deaih following. Examples of diterpenoids include paclitazel and its analog docetaxel.

{4187} Vinca alkaloids are phase specific anti-neoplastic agents derived from the
periwinkle plant. Vinca alkaloids act at the M phase {mitosis) of the cell cvcle by binding
specifically to tubulin. Consequently, the bound tubulin molecule is unable to polymerize into
microtubules. Mitosis is believed to be arrested 1o metaphase with cell death following.
Examples of vinca alkaloids include vinblastine, vineristine, and vinorelbine.

10188} Platinum coordination complexes are non-phase specific anti-cancer agents,
which are interactive with DNA. The platinum complexes enter tumor cells, undergo,
aguation and form intra- and interstrand crosslinks with DNA causing adverse biological
effects to the tumor. Examples of platinum coordination complexes include oxaliplatin,
cisplatin and carboplatin.

{0189} Alkylating agents are non-phase anti-cancer specific agents and strong
electrophiles. Typically, alkvlating agents form covalent linkages. by alkylation, to DNA
through nucleophilic moieties of the DNA molecule such as phosphate, amino, sulthydryl,
hydroxyl, carboxyl, and imidazole groups. Such alkvlation disrupts nueleic acid function
leading to cell death. Exaroples of atkyviating agents include nitrogen mustards such as
cyclophosphamide, melphalan, and chlorambucil; alkyl sulfonates such as busulfan;
nitrosoureas such as carmusiine; and triazenes such as dacarbazine.

{8190} Antibiotic anti-neoplastics are non-phase specific agents, which bind or
mntercalate with DNA. Typically, such action results in stable DNA complexes or strand
breakage, which disrupts ordinary function of the nucleic acids leading to cell death.
Examples of antibictic anti-neoplastic agents include actinomycins such as dactinomyein,
anthrocveling such as daunorubicin and doxorubiein; and bleomy eins.

{0181} Topoisomerase I inhibitors include epipodophviiotoxins,
Epipodophytotoxins are phase specific anti-neoplastic agents derived from the mandrake
plast. EpipodophyHotoxins typically affect cells inthe 8§ and Gz phases of the cell eycle by

forming a temary coroplex with fopoisomerase 11 and DNA causing DNA strand breaks. The
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strand breaks accumulate and cell death follows. Examples of epipodophyilotoxins include
etoposide and teniposide.

{0192] Antimetabolite neoplastic agents are phase specific anti-neoplastic agents that
act at S phase (DNA synthesis) of the cell cycle by inhibiting DNA synthesis or by inhibiting
purine or pyrimiding base synthesis and thereby limiting DNA synthesis. Consequently, §
phase does not proceed and cell death follows. Examples of antimetabolite anti-neoplastic
agents include fluorouracil, methotrexate, cytarabine, mecaptopurine, thioguanine, and
gemciiabine.

{4193} Camptothecins, including, camptothecin and camptothecin derivatives are
available or under development as Topotsomerase | inhibitors. Camptothecing cytotoxic
activity s believed to be related to its Topoisomerase I inhibitory activity. Examples of
camptothecins inchude, but are not linuted 1o innotecan, topotecan, and the various optical
forms of 7-(4- methylpiperazino-methylene)-10,11-ethylenedioxy-20-camptothecin described
below.

{8194] Hormones and hormonal analogues are useful compounds for treating cancers
m which there is a relationship between the hormone(s) and growth and/or lack of growth of
the cancer. Examples of hormones and hormonal analogues useful in cancer treatment
include adrenocorticosteroids such as prednisone and prednisolone which are useful in the
treatment of malignant lymphoma and acuie levkemia in children; aminoglutethinde and
other aromatase inhibitors such as anastrozole, letrazole, vorazole, and exemestane useful in
the treatment of adrenocortical carcinoma and hormone dependent breast carcinoma
containing estrogen receptors; progestring such as megestrol acetate useful in the treatment of
hormone dependent breast cancer and endometnia | carcinoma; estrogens, and anti-estrogens
such as fulvestrant, flutamide. nilutamide, bicalutamide, cvproterone acetate and 5Sa-
reductases such as finasteride and dutasteride, useful in the treatment of prostatic carcinoma
and benign prostatic hypertrophy anti~estrogens such as tarnoxifen, toremifene, ralosifene,
droloxifene, iodoxyfene, as well as selective estrogen receptor modulators (SERMS) useful in
the treatment of hormone dependent breast carcinoma and other susceptible cancers; and
gonadoiropin- releasing hormone (GnRI) and analogues thereof which stimulate the release
of leutinizing hormone (LH) and/or {olicle stimulating hormoue (FSH) for the treatment
prostatic carcinoma, for instance, LHRH agonists and antagagonists such as goserelin acetate
and luprolide.

{0195} Signal fransduction pathway inhibitors are those inhibitors, which block ot

mhibit a chemical process which evokes an intracellular change. As used herein this change
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is cell proliferation or differentiation. Signal transduction mhibitors useful in the present
invention include inhibiiors of receptor tyrosine kinases, non-receptor tyrosine kinases,
SH2/SH3domain blockers, serine/threonine kinases, phosphotidyl inositol-3 kinases,
myoinositol signaling, and Ras oncogenes.

{0196] Several protein tyrosine kinases catalvze the phosphorylation of specific
tyrosyl residues in various proteins involved in the regulation of cell growth. Such protein
tyrosine kinases can be broadly classified as receptor or non-receptor kinases,

{0197} Receptor tyrosine kinases are fransimembrane proteins having an extracellular
higand binding domain, a transmembrane domain, and a tyrosine kinase domatn. Receptor
tvrosine kinases are involved in the regulation of cell growth and are generally termed growth
factor receptors. Inappropriate or uncontrolled activation of many of these kinases, i.e.
aberrant kinase growth factor receptor activity, for example by over-expression or mutation,
has been shown to result in uncontrolled cell growth. Accordingly, the aberrant activity of
such kinases has been linked to malignant tissue growth. Consequently, inhibitors of such
kinases could provide cancer treatment methods. Growth factor receptors include, for
example, epidermal growth facior receptor (EGFr), platelet derived growth factor receptor
(PDGFr), erbB2, erbB4, ret, vascular endothelial growth factor receptor (VEGFET). tyrosine
kinase with immunoglobulin-like and epidermal growth factor homeology domains (TIE-2),
nsulin growth factor -1 (IGFT) recepior, macrophage colony stimulating factor {(cfms), BTK,
ckit, cmet, fibroblast growth factor (FGF) receptors, Trk receptors (TrkA, TrkB, and TrkC),
ephrin (eph) receptors, and the RET protooncogene. Several inhibitors of growth receptors
are under development and include ligand antagonists, antibodies, tyrosine kinase inhibitors
and anti-sense oligonucleotides. Growth factor receptors and agents that inhubit growth factor
receptor function are described, e.g., in Kath, John C, Exp. Opin. Ther. Patents (2000)
10(6):803-818; Shawver et al. DDT Vol 2, No. 2 February 1997; and Lofts, F. J. etal m
"Growth factor recepiors as fargets”, New Molecular Targets for Cancer Chemotherapy, ed.
Workman, Paul and Kerr, David, CRC press 1994, London.

{0198] Tvrosine kinases which are not growth factor receptor kinases are fermed
nonreceptor tyrosine kinases, Non-receptor tvrosine kinases useful in the present invention,
which are targets or potential targets of anti-cancer drugs, include ¢Sr¢, Lk, Fyn, Yes, Jak,
cAbl, FAK (Focal adhesion kinase), Brutons tyrosine kinase, and Ber-Abl. Such non-receptor
kinases and agenis which inhibif non-receptor tyrosine kinase function are described, eg., in
Sinh, §. and Corey, 8.5, {1999} Journal of Hematotherapy and Stern Cell Research 8 (3); 465

- 80; and Bolen, 1B., Brugge, 1.8, (1997) Annual review of Immunology. 15: 371-404.
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{199} SH2/SH3 domain blockers are agents that disrupt SH2 or SH3 domain binding
in a variety of ensymes or adaptor proteins including PI3-K p85 subunit, Sre famuly kinases,
adaptor molecules (She, Crk, Nek, Grb2) and Ras-GAP. SH2/8H3 domains as targets for
anti-cancer drugs are discussed in Smuthgall, T.E. (1993}, Journal of Pharmacological and
Toxicological Methods. 34(3) 125-32.

{0206] Inhibitors of Serine/Threonine Kinases include MAP kinase cascade blockers
which include blockers of Raf kinases (rafk), Mitogen or Extracellular Regulated Kinase (M
EKs), and Extracellular Regulated Kinases {ERKs); and Protein kinase € family member
blockers including blockers of PKCs {alpha, beta, gamma, epsilon, mu, lambda, iota, zeta). T
kB kinase family (I KKa, 1 KKb), PKB family kinases, akt kinase family members, and TGF
beta receptor kinases. Such Serine/Threonine kinases and inhibitors thereof are described,
e.g., in Yamamoto, T. et al, (1999}, Journal of Biochenistry. 126 (5) 799-803; Brodt, P et al.
{2000), Biochemical Pharmacology, 60. 1101-1107, Massague, J., and Weis- Garcia, F.
{1996} Cancer Surveys. 27:41-64; Phlulip, P A ; and Harris, A L. (1995}, Cancer Treatment
and Research. 78: 3-27; Lackey, K. et al Bioorganic and Medicinal Chemustry Letters, (10),
2000, 223.226; 1.8, Palent No. 6,268,391 and Martinez-lacaci, L, ef al., Int. J. Cancer
(2000), 88(1), 44-32.

{0261} Inhibitors of Phosphotidy! inositol-3 Kinase family members including
blockers of PI3-kinase, ATM, DNA-PK, and Ku are also usefud in the present tnvention. Such
kinases are discussed, e.g., in Abraham, R.T. (1996). Current Opinion in Immunology. 8 (3)
412-8; Canman, C.E. Lim, D.S. (1998), Oncogene 17 (253 3301-3308; Jackson, S.P. (1997},
Intemational Journal of Biochemistry and Cell Biology. 29 (7):935-8; and Zhong, H. et al.
Cancer Res., (2000} 60(6), 1541-1545.

{0202} Also useful i the present invention are Myo-inositol signaling inhibitors such
as phospholipase C blockers and My oinositol analogues. Such signal mhibitors are described,
e.g., in Powis, G, and Kozikowski A, (1994) New Molecular Targets for Cancer
Chemotherapy ed., Paul Workman and David Kerr, CRC press 1994, London.

{68203} Another group of signal transduction pathway inhibitors are inhibitors of Ras
Oncogene. Such inhibitors include inhibitors of famesyliransferase, geranyl-geranyl
transferase, and CAAX proteases as well as anti-sense ohgonucleotides, ribozy mes and
imnumotherapy. Such inhibitors have been shown to block ras activation in cells containing
wild type mutant ras, thereby acting as antiproliferation agents. Ras oncogene inhibition is

discussed in Scharovsky, G.G., et al. (2000}, Journal of Biomedical Science. 7(4) 292-8;
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Ashby, MUN. {1998}, Current Opinion in Lipidology. ¢ (2) 99 - 102 and BioChim. Biophys.
Acta, {19899) 1423(33.19-30.

{0204] Antibody antagonists to receptor kinase higand binding may also serve as
signal transduction inhibitors. This group of signal transduction pathway imhibitors includes
the use of humanized antibodies to the extracellular Higand binding domain of receptor
tyrosine kinases. Examples include Tmclone €225 EGFR specific antibody (see Green, M.C.
et al, Monoclonal Antibody Therapy for Solid Tumors, Cancer Treat. Rev., (2000}, 26(4),
269-286);, Herceptin ® erbB2 antibody (see Tyrosine Kinase Signalling in Breast cancer.erbB
Family Receptor Tyrosine Kinases, Breast cancer Res., 2000, 2(3), 176- 183); and 2CB
VEGFR2 specific antibody (see Brekken, R A et al, Selective Inhibition of VEGFR2
Activity by a monoclonal Anti-VEGF antibody blocks tumor growth in mice, Cancer Res.
(2000) 60, 5117-5124).

10205] Anti-angiogemic agents such as non-receptor MEK angiogenesis infubtiors
may also be useful, as well as those which inhibit the effects of vascular endothelial growth
factor {e.g., the anti-vascular endothelial cell growth factor antibody bevacizumab
[Avastin™1}}, and compounds that work by other mechanisms (e g, hinomide, inhibitors of
imtegrin avP3 function, endostatin and angiostatin).

{0206] In one aspect, the present invention provides a pharmaceutical composition
compuising a compound of Formula I or a pharmaceuiically acceptable salt thereof, and at
least one anti-neoplastic agent which 1s an anti-microtubule agent, platinum coordination
complex, alkylating agent, antibiotic agent, topoisomerase I inhibitor, antimetabolite,
topoisomerase | inhibitor, hormones and hormonal analogue, signal transduction pathway
uhibitor, non-receptor tyrosine MEK angiogenesis inhibitor, immunotherapeutic agent,
proapoptotic agent, or cell cycle signaling inhibitor.

{02687] In another aspect, the present invention provides a pharmaceutical
composition comprising a compound of Formula T or a pharmaceutically accepiable salt
thereof, and at least one anti-neoplastic agent selected from diterpencids and vinca alkaloids.

{0208] In another aspect, the present invention provides a pharmaceutical
composition comprising a compound of Formula 1 or a pharmaceutically acceptable sali
thereof, and at least one anti-neoplasiic agent which is a platinum coordination complex. In
one embodiment, at least one anti-neoplastic agent is paclitaxel, carboplatin, or vinorelbine.

{0209} In another aspect, the present invention provides a pharmaceutical
composition comprising a cornpound of Formula [ or a pharmaceutically accepiable salt

thereof, and at east one anti-neoplastic agent which is a signal transduction pathway
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imhibitor. In one embodiment, the signal transduction pathway mhibitor is an nhibitor of a
growth factor receptor kinase VEGFRZ, TIE2, PDGFR, BTK, erbB2, EGFr, IGFR-1, TrkA,
TrkB, TrkC, or c-fms. In another embodiment, the signal transduction pathway infubitor is an
inhibitor of a serine/threonine kinase rafk, akt, or PKC-zeta. In another embodiment, the
signal transduction pathway inhibitor is an inhibitor of a non- receptor tvrosine kinase
selected from the src family of kinases. In another embodiment, the signal transduction
pathway inhibitor is an inhibitor of ¢-src. In another embodiment, the signal transduction
pathway inhibitor is an inhibitor of Ras oncogene selected from inhibitors of farnesyl
transferase and geranylgeranyl transferase. In another embodiment, the signal transduction
pathway inhibitor 1s an inhibitor of a serine/threonine kinase selected from the group
consisting of PI3K. In another embodiment, the signal transduction pathway inhibitor is a
dual EGFs/erbB2 nhibitor, for example N-{3-Chloro-4-[(3-fuorobenzy!) oxyiphenyl} -6-{5-
{{{2- (methanesulphonyl) ethyljamino methy)-2-furyl}-4-quinazolinanune.

10216} In another aspect, the present mvention provides a pharmaceutical
composition comprising a compound of Formula [ or a pharmaceutically acceptable salt
thereof, and at least one anti-neoplastic agent which is a cell cvele signaling inhibitor. In one
embodiment, the cell cycle signaling inhibitor is an inhibitor of CDK2, CDE4 or CDK6.

18211} Compounds of Formula | may be prepared by methods keown in the art of
organic synthesis as set forth fo the schames below and/or the specific Examples deseribed
below. I all of the methods. 1 is well understood that profocting groups for sensilive or
reactive groups may be emploved where nacessary in accordance with general principies of
chamistry. Profecting groups are manipudated according to standard methods of organic
synthesis (T, W, Green and P. G M. Wals (1999} Protective Groups i Organic Bynthesis,
3% edition, John Wiley & Sons). These groups are removed at a convenient stage of the
compnd synthesis using methods that are readily apparent to those skilled in the art. The
selection of processes as well a3 the reachon conditions and order of theiv exeaution shall be
consisient with the preparation of compounds of Formula |

10212} 1t 15 undarstood that the exanples and embodiments described heramn are for
iliustrative parposes only and that various modifications or changes in light thereot will be
suggested to persons skilled in the art and are 0 be ingluded within the spirit and purview of
this application and scope of the appended claims.

10213 The Tollowing hist provides definitions of certain abbreviations as used herain,
Fwill be appreciated that the Histis not exhaustive, but the meaning of those abbreviations

wot herem below defined will be readily apparent 1o those skilled 10 the art: Acis acetyl;
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AcOH is acetic acid; A} s acetic anhvdride; AIBN is 2,2 -arobisisobuty rontirile; Ba is
benzyl, BSA 1 N,O-bis(trimethvisilvDacetanude; BSTFA is N0
his{trimethylsiyDitrifluoroacetanude; Bu 13 butvl; Bx 1s bervovl; CAM 13 cenic aromomum
nitrate; CE 18 2-cyanoethyl; DCA i dichloroacetic acid; BOCM 1s dichloromethane, BDTT s
1.2 4-dithiazole-3-thione; DEAD is disthy] azodicarboxylate; DIAD is diisopropyl
azodicarboxylate; IPEA s N N-disopropylethviamive; DMAP s 4-
{dimethylanunopyriding; DMF is N N-dimethyiformamide; BMOCP 15 2-chlors-3,5-
dimethyi-1,3, 2-dioraphosphorinane Z-oxide, DMSQ 13 dimethylaniphoxide; BMTris 4,47
dimethoxryirity]; EiOAc s ethyl acetate: EtOH 15 ethanol HMPT is hexarethviphosphorous
ramide; HPLC 15 lagh performance bgwd chromatography: Jho s isobutyivl IBX 15 2-
todoxy benzoic acid; Imid is imidazode; 'Pris isopropyvl; KOH is potassium hydroide; Me s
methyl; MeCN 15 acetoniirile; MeOH i3 wmethanol, MTBE 15 roethyd feri-butyl ether; Ms 1s
methanesulfonyl;, Pd/C is palladium on activated charcoal; NIS 1s N-iodosuccinimnide; NPE 15
2-(d-nitrophenyllethyl; PE is petrolenm ether; Ph is phenyl: PMB is p-methoxybenzyl, PP
iz triphenylphosphine; Py is pyridine; TBAF i3 tetra-n-butviammonium fuonde, TBAL is
tetrabuty lamnonium 1odide, TBDPS is rert-butvidiphenylailyl, TBHP 3 rerr-Butyl
hydroperoxide: TBS s ferr-butvidinoethylsibvl TCDH s 1,1 -thiocarbonyldiinudazole; TDA-
is tris]2-{2-methoxvethoxy ethy Hamine, TEA is tniethviamine, T{ig
triftuoromethanesutfonyvl TEFA 13 trifluoroacetic acid;, TFE is 2,2, 2-influoroahyvl, THEF 13
tetrahy drofuran; TIPS s trusopropylslyl, TLC 15 thindayer chromatography; TMS 15
trimethyisilyl, TMSOTT s trimethylsilyl trifluoromethanesulfonate; Tol is p-toluovl; Tr is

tritvl.

INTERMEDIATE PREPARATIONS
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Step 1: acetonide 2

10214} To a suspension of D-Ribose (1) (160 g, 1.07 mol} in acetone (2.0 L} is added
concentrated sulfuric acid {10.7 g, 107 mmol, 5.8 mL) at 27 °C dropwise. After stirring for 12
hours, solid Sodium bicarbonate (100 g) 1s added. The nuxture is then filtered and the filirate

is concentrated to give crude 2 (215.0 g).

Step 2: silyl ether 3

{0215} To asolution of crude 2 (215 g, 1.13 moly in DCM (1.5 L) 15 added TBSC!
(170 g, 1.13 mol} and TEA (172 g, 1.69 mol} at 0 °C. After stirring at 27 °C for 12 hours, the
wixture is filtered, concentrated, and purified by silica gel cohunn chromatography (EA/PE =

1100 to 1/50) to give 3 as a colorless oil (283 g, 83% vield).

Step 3: deazapurine 4
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{216} To a solution of 3 (60.0 g, 197.08 mmol} and carbon tetrachioride (67.3 g, 438
smmol, 42 mb) m THF (1.2 L) i3 added HMPT (63.0 g, 386 mmol, 70 rol.} dropwise at —
78 °C and stirred at 27 °C for 2 hours. To another solution of 6-chloro-7-deazapurine (24.2 g,
158 mmol) and KOH (16.6 g, 296 mmol} in MeCN (1.2 L) is added TDA-1 (6.37 g, 19.7
mmol) at 27 °C followed by the THF solution obtained above. After stirring at 27 °C for 12
hours, the reaction mixture is filtered, concentrated, and purified by silica gel column

chromatography (EA/PE = 1/50 10 1/10} to give 4 as ayellow oil (15.3 g, 18% vield).

Step 4: adenine §

{0217} A solution of 4 (28.6 g, 64.9 mamwol) 1 dioxane (150 mL) and ammoniurs
hydroxide aqueous solution {500 .} 1s stirred at 120 °C for 30 hours i a sealed autoclave.
The volatiles are then removed and the aqueous solution is extracted with EA (300 mL = 3},
The combined organic layers are washed with brine (100 mL}, dried over anhydrous sodium
sulfate, filtered, concentrated, and partially purnified by silica gel column chromatography
(EA/DCM = 1/1) to give a vellow foam (9.65 g). This residue is then dissolved in THF (50
mL) and treated with TBAF trihvdate (10.9 g, 34.4 mmol} at 27 °C. After stirring for 2 hours,
the mixture 1s concentrated and purified by silica gel column chromatography (EA/DCM =

/110 V1) 1o give 8 (5.36 g, 79% vield) as vellow solid.

Step 5: benzeate 6
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{0218} To asolution of §(7.26 g, 23.7 mmol) in BCM (60 mL) 1s added Imid {(4.34 g,
711 romol} and TBSCL (58.36 g 35.6 mmol) at 27 °C. After stirring at 27 °C for 1.5 hours,
water (100 mb) 15 added and the mixture is extracted with DCM (200 mL}. The organic layer
is washed with brine (100 mL}, dried over anhydrous sodium sulfate, filtered, concentrated to
give crude TBS-8 To a solution of the crude TBS-5 oblained above in BCM (100 mb) is
added benzoyl chlonde (5.14 g, 36.6 mumoly at 27 °C. After stirring for 12 hours, water (200
mk.} 1s added the mixture is extracted with DCM {500 mL}. The organic layer is dried over
anhydrous sodium sulfate, filtered, concentrated, and purified by silica gel column

chromatography (EA/PE = 1/50 10 1/10) to give 6 as ayellow foam (8.12 g, 64% vield).

Step 6: B
NHBz

OH OH B1
{0219} A solution of 6 (15.2 g, 28.9 nunol) in TFA (90 mL) and DCM (20 ml) is
stirred at 27 °C for 12 hours. The volatiles are then removed and the residue is purified by
silica gel column chromatography (MeOH/DCM = 1/100 to 1/10) to BT as a vellow solid

(10.16 g, 93% yield).
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Step 1: aniline 8

»

PMBHN N 8

{0228] To a solution of 5-amino-4,6-dichloropyrinudine (63.0 g, 384 mmol) in -
BuOH (300.0 mL) is added p-methoxybenzylamine (58.0 g, 423 mmol, 55 mL) and DIPEA
(993 g, 768 mmol, 134 mL). After stirring at 100-110 °C for 13 hours, the volatiles are
removed before MTBE (100 mL} 1s added. The solid is collected by filtration and washed
with EA to give 8 as an off-white solid (55.0 g, 54% vield). (MS: [M+H]}" 265.0)

Step 2: azapurine 9

Cl
/s N
N )
\ =
Bug N9

{0221] To asolution of 8 {10.0 g, 37.8 mmol) in a mixture of DCM (200 mL), AcCH
{100 kL), and water {100 mL) is added sodium nitrite €2.87 g, 41.6 mamol, 2.3 mL) at ¢ °C.
After stirring at 0-25 °C for | hour, DCM (30 mL) and saturated sodium bicarbonate agueous
solution (30 mL} are added. The layers are then separated and the aqueous phase is extracted
with DCM (150 mL x 3). The combined organic phases are dried over anhydrous sodium
sutfate, filtered, concentrated, and purified by silica gel column chromatography (EA/PE =
1/3) 1o give ¥ as a light vellow solid {6.0 g, 88Y% yield). (MS: [M+H]" 276.0)

Step 3: azaadenine 10

NH,
Nfﬁ\j I Y
A
emg N 10

{0222} To asolution of 9 (6.0 g, 21.8 mmol) in 1.4-dioxane (30 mbL) 1s added

anumonium hvdroxide aqueous solution (30 mL). After stirring at 30-40 °C for 5 hours, the
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solid is collected by filtration to give 16 as a white solid (4.0 g, 70% vield). (MS: [M+H["
257.1)

Step 43 azaadenine 11

NHBZ
N// I ~ N
\ Q
pvg N 11

{0223} To asolution of 18 (17.0 g, 66.3 nwmol) in Py (100 mL) is added DMAP (8.92
2. 73.0 mmol), Tmid (13.6 g, 199 mmol) and benzovi chloride (14.0 g, 99.5 mmol, 11.6 mL}.
After stirring at 110120 °C for 18 howrs, the volatiles are removed and DCM (300 mL) and
water (300 mL) are added. The layers are separated and the organic phase is dried over
anhydrous sodiwr sulfate, filtered, concentrated, and purified by silica gel colunm
chromatography (EA/PE = 1.1} to give 11 as an off~white solid (17.0 ¢, 68% vield). (MS:
[M+HI' 361.2)

Step 5: azaadenine 12

NHBz
/}N NN
NSl fJ
-5
H N 42

[0224] To asuspension of 11 (6.40 g, 17.8 nuvol) m MeCN {60 mL} is added a
solution of CAN (29.2 g, 53.3 mmol} and sodium bicarbonate (1.49 g, 17.76 ramol} in water
{60 mL)Y at ¢ °C. After stirring at 0-25 °C for 12 hours, the mixture is neuiralized with
sodiurn bicarbonate to ~pH 7. The solid is collected by filtration to give 12 2.6 g, 57%

vield). (MS: [M+H]" 241.1)

Step 6: azaadenosine 14
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NHBz
/§ 1 N
P
BzO N
OBz OBz 14

{0228] To asolution of 12 (9.30 g, 38.7 mmol) and 13 (20.5 g, 40.7 mmol) in MeCN
{350 mL) 1s added tin{IV) chlonde (30.3 g, 116 mmol, 13.6 mL) at 0 °C. After stirring at O
25 °C for 24 hours, the reaction mixture 15 poured into saturated sodium hicarbonate aqueous
sofution (300 mL). The solid is filtered off and washed with water (100 mL}. The filtrate is
extracted with DCM (150 mL x 4} and the combined organic layers are dried over anhydrous
sodium sulfate, filtered, concentrated, and purified by silica gel column chromatography

(EA/DCM = 1/10) to give 14 as an off-white gum (6.10 g, 21% vield). (MS: iM+H]" 684.9)

Step 7: B2

OH  OH B2
{0226] To a solution of 14 (6.1 g, 8.9 mmol} in a mixture of THF (35 mL) and MeOH
{28 mL} is added lithium hydroxide agueous solution (1M, 16.0 mL}) at 0 °C. After stirring at
(-25 “C for 3 hours, the mixture s neutralized with citric acid aqueous solution (1M) to ~pH
7 and then concentrated and purified by silica gel columm chromatography (MeQH/DCM =
1/20) to give B2 as an off-white solid (2.9 g, 87% vield). (MS: [M+H]' 373.1)
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Step 1: diol 16

0]
N
s
N NHbu
CH  OH 18

{0227} To a solution of 15 {880 myg, 2.5 mwmol) in Py (10 mb)} is added a solution of
DMTrCl (940 mg, 2.6 mmol} in Py (5 mL). After stirnng for 3 houss, the mixture is
concentrated and purified by silica gel column chromatography {(MeOH/DBCM = 1/20 to 1/10}
to provide 16 as a white foarn (1.23 g, 75% vield). (MS: [M+H]" 656.2)

Step 2: alcohol 17

oH OTBS 17

{8228] To asolution of 16 (900 mg, 1.4 mmol) and Imud (280 mg, 4. 15 nwpol) in Py

{15 mbL)1s added TBSCI (310 mg, 2.05 nunol). After stirring for 4 hours, the volatiles are
removed and the residue is dissolved in DCM (50 mL), washed with saturated sodium
bicarbonate aqueous solution and brine, dried over anhydrous sodium sulfate, concentrated,
and purified by silica gel cohumn chromatography (EA/oluene = 1/3 o 2/3} to provide 17 as

a white solid (480 mg, 45% vield). (MS: [M+H}" 770.2)

Step 3. thiocarbamate 18
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OTBS

g 18
{0228 To asolution of 17 {500 mg, 0.65 mmol} in DMF (6 mL) is added TCDI (350
mg, 1.94 mmol). After stirring for 2 days, EA (40 mL) and water (25 mL) are added and the
layers are separated. The aqueous fayer is extracted with ethyl acetate (25 mL x 3}. The
combined organic layers are washed with water (20 mb), brine (20 mi x 2), dried over

anhydrous sodium sulfate, and concentrated to give crude 18, (MS: [M+H]" 880.2)

Step 4: silyl ether 19

NHibu

{8236 To a degassed solution of crude 18 i toluene (10 mL)y at 110 °Cis added a
degassed solution of AIBN (57 mg, 0.34 mmol), tributyltio hydride (0.51 mi, 1.94 munol) in
toluene (3 mbL) over 30 minutes. After stirring at 110 °C for 6 hours, the mixture is cooled to
room temperature, concentrated, and purified by silica gel column chromatography
{(EA/hexanes = 1/5 to 2/1) to give 19 as a yellow oil {195 mg, 40% vield over two steps).
(MS: [M+H]' 754.2)

Step S5: DMTr-B3
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O

N
7 NH
<N | P

OH  DMTr-B3

NHibu

{0231} To a solution of 19 (190 mg, 0.252 mmol) in THF (5 mL) is added TBAF (¢
M in THF, 0.50 mL). After stirring at room temperature for 2 hours, water (3 ml) 15 added
and the mixture is extracted with EA (8 mbL x 3}, dried over anhydrous sodium sulfate,
concentrated, and purified by stiica gel column chromatography (MeOH/DCM = 1/20) to

give DMTr-B3 as a white solid (132 mg, 82% yield). (MS: [M+H]" 640.2)
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Step 1: alcohol 21

{6232 To a solution of 20 (12.8 g, 67.0 mmol) in Py (300 mL) is added TBDPSCI
{21.0 mL, 80.4 mumol). After stirring for 3 b, MeOH (25 mL) 15 added and the mixture is
concentrated. The residoe is dissolved in disthyl ether (200 mL), washes with sodium
bicarbonate aquecus solution {10%, 100 mL) and water (100 mL). dried over anhvdrous
sodium sulfate, filtered, concentrated. and purified by silica gel column chromatography

{diethyl ether/PE = 1/2) to give 21 as a white solid (27.2 g, 95% yield). (MS: [M+Naj* 451.2)

Step 2: aleohol 22
TBDPSC

OH o\]j\
22

{0233] A solution of 21 (27.2 g, 63.7 mmol) in DMSG (200 mL) and Ac2O (50 mL)
1s siirred for 16 hour before pouring nto ice water (200 mL}. The muixture 1s extracted with
diethyl ether (100 rol. x 3) and the corobined organic layers are washed with sodium
bicarbonate agueous solution {10%, 100 mL) and water (100 mL), and concentrated. The
residue is then dissolved in MeOH {250 mL) and DCM (250 mL) at 0 °C followed by
addition of sodium borchydride (12.0 g} in 10 portions. After stirring for § munutes, water
(100 mL} is added and the layers are separated. The organic layer is then concentrated and
purified by silica gel column chromatography (diethyl ether/PE = 1/2) 1o give 22 as a white

solid (204 g, 75% yield over two steps). (MS: [M+Nal* 451.2)

Step 3: methyl ether 23
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TBDPSC

{0234 To asolution of 22 (4.0 g, 9.33 mmol) in DMF (45 mL} 15 added sodium
hydride (484 mg, 12,1 mmol) at 0 °C and stirred for 30 minutes before methy! iodide (0.64
mkb, 10.3 mmol) is added slowly. After stirning for 3 hours, water (3 mL) is added and the
volatiles are removed and purified by silica gel column chromatography {(EA/PE = 1/10) to

give 23 as a white solid (3.8 g, 92% yield). (MS: [M+Nal* 465.2)

Step 4: benzoate 24
BzO

OMe 07[\
24

{00235} To asolution of 23 (3.1 g, 7.0 mumol) 1o THF (80 mL) 15 added TBAF (8.4
mk., 8.4 mmol) at 0°C. After stirring for 4 h at room temperature, water (5 mL) and EA are
added. The lavers are separaied and the organic layer is washed with water and brine,
concenirated, and the reselting residue is dissolved in DCM followed by addition of TEA (4.9
mk, 35 mmol) and benzoy! chloride (0.98 ml, 8.4 mmol). After stitring for 1 hour, water (3
mb) is added and the volatiles are removed. The residue is purified by silica gel column
chromatography (EA/PE = 1/5) to give 24 as a white solid (1.9 g, 88% yield). (MS: [M+ Naj”
331.0)

Step 5: acetate 25

BzO

OMe OAc 25
{0236} A solution of 24 (0.71 g, 2.3 mmol) in HOAc (14 mL) and water {6 mL) is
heated under reflux for 30 minutes. After cooling to room temperature, the mixtuse 18 co-

evaporated with toluene (10 ml » 4) and the resalting residue 1s dissolved m Py/AcO (10/1
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v/v, 10 mL} followed by addition of DMAP (50 mg, 0.46 mmel). After stirring for 4 houwrs,
the mixture 1s concentrated and purified by silica gel column chromatography (EA/PE = 1/3)

to give 28 as a white solid {0.75 g, 92% vield). (MS: [M+Nal* 375.0)

Step 6: guanosine 27

BzO

OMe OAc 26

{8237} To a suspension of 258 (500 mg, 1.42 mmol) and AM-isobutyrylguanine {300
mg, 2.13 mmol} in BCM (20 mL) at 80 °C is added BSA (1.8 mL, 7.4 mmol} and stirred for
{ hour before addition of TMSOTE(0.77 ik, 4.26 mmol}. After stimving at 80 °C for 3 hours,
the muxture is cooled to room temperature before sodium bicarbonate agueous solution (30
mkb)} 1s added. The mixture is then exiracted with DCM (50 mL x 3} The combined organic
layers are dried over anhydrous sodium suifate, concentrated, and punified by silica gel
column chromatography (MeOH/DCM = 1720 to 1/10) to give 26 as a white powder (624 mg
85% vield). (MS: [M+H]' 514.2)

>

Step 7: B4
0O
N
<, I NH
~
i NHbu
OMe OH B4

{0238} To asolution of 27 {8.49 g, 0.96 mumol) in MeOH/THF /water (4/5/1 viviv, 20
ml) is added sodium hydroxide agueous solution (10 M, 0.25 mL, 2.5 mmol) at 0 °C. After
stirring for 30 minutes. HOAc s added and the mixture 15 concentrated and purified by silica
gel column chromatography (MeOH/DCM = 1/10 to 1/5) to give B4 as an oil (322 mg, 92%
vield). (MS: [M+H]" 368.2)
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Step 1: acetate 28

O
N
<f/ E NH
g
N NHibu
OAc OAc 27

{8238] To asolution of 15 (7.0 g, 20 mmol) in MeCN {100 mL) 13 added BMAP (1.2
g, 10 mumol) and Acx0 (7.5 ml, 80 numol) at § °C. After stirring at room temperature
overnight, the nixture is concentrated and purified by silica gel flash chromatography
(MeOH/DCM = 1/20 10 1/10) to give 27 as a white solid (8.77 g, 92% vield}. (MS: [M+H]"
480.0)

Step2: prepargyl ether 29

OAc OAc 28
[08248] To a solution of 27 (480 mg, 1.0 mmol) in 1,4-dioxane (1 mL) is added PPhs
{656 mg, 2.5 mmol}, propargyl bromide (0.15 mL, 2 mmol) and a solution of DEAD (0.49
mk, 2.5 mmeol) in dioxane (1 mL) at 0 °C. After stirring for 2 hours, the mixture is
concentrated and purified by silica gel colunm chromatography (MeOH/BCM = 1/50 to 1/20)

to give 28 as a white solid (440 rog, 47% vield). (MS: [M+H}* 518.2)

Step3: BS
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1)
HO N Nﬁl\NHMU
OH 5H BS

{0241} To a solution of 28 (150 mg, 0.17 mmol) in THF (4.5 mL) and MeOH (0.3
mlL) 15 added sodium hydroxide agueous solution (1 M, 0.5 mL) at 0 °C. Afier stirring for 1
hour, HOAc (0.1 mb} is added and the mixture ts concentrated and purified by silica gel
column chromatography (MeOH/DCM = 1720 to 1/10) to give BS as a white solid (40 mg,
64% vield). (MS: [M+H]" 392.0)
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Step 1: deazapurine 29

Cl
-
/ N
B PN
TBSO o N NH;
O. O

K

[8242] To asolution of 3 (40.0 g, 131 mmol) and carbon tetrachlonde (33.6 g, 218
nmmol, 21 mb) in THF (500 mL) at 78 °C 15 added HMPT (22.5 g, 138 muimol, 25 mL) over
15 min. After stirring for 2 hours with brief periods of slight warming to prevent gel
formation, the mixture is concentrated to about 70 mL. To a suspension of KOH (25.8 g, 460
mmol) in MeCN (600 mL) is added TDA-1 (425 g, 13.14 romol, 4.2 mL.). Aflter stitring at
25 °C for 10 minutes, 2-amino-6-chloro-7-deazapuring (22.2 g, 131 mmol) is added. The
mixture is stirred for another 10 minutes before the THF solution obtained above is added.
Alfter stirring for 2 hours, the mixture 15 filtered, concentrated, and purified by sthica gel

colunm chromatography (EA/PE = 3/17) to give 29 (2.20 g, 15% vield). (MS: [M+H]" 455.3)

Step 2: alcohol 30

HO N7 N K,

7<3u

10243] To a muxture of 28 (13.7 g, 30.1 mmol} in dioxane (10 mL) is added a solution
of sodium hydroxide {11.7 g, 291 mmol} in water (100 mL}) at 25 °C. After stirring at 80 °C
for 64 hours, the mixture is cooled to 0 °C, neutralized with AcOH to ~pH 7, and extracted
with EtQAc (100 mL # 3}, The combined organic layers are dried over anhydrous sodium

sulfate, filtered, and concentrated to give crude 30, (MS: [M+1]7323.1)
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Step 3: silyl ether 31

KY

{0244} To a solution of crude 30 (9.7 g, 30.1 mmol) and [mid (4.1 g, 60.3 mmol} in
DCM (10 mL} is added TBSCI1{9.08 g, 60.3 mmoly at 25 °C. After stisring for 16 hours, the
mixture is diluted with DCM (100 mL), washed with brine (80 mL), dried over anhydrous
sodium sulfate, filtered, concentrated, and purified by silica gel column chromatography
{EA/PE = 1/4 t01/1 then MeOH/DCM = 1/50) to give 31 (9.0 g 68% vield} as a solid. (MS:
IMHH] 437.2)

Step 4: isebutyrate 32

32

{0245} To asolution of 31 (9.0 g, 20.6 mmol) and TEA (4.2 g, 41 .2 mmol) in DM
{80 ml} 15 added isobutvryl chloride (3.29 g, 30.9 mmol) at 0 °C. After stirring at 25 °C for
16 hours, the mixture 15 diluted with DCM (100 mL). washed with saturated sodium
bicarbonate agueous solution {50 mL x 2} and brine {50 mL), dried over anhydrous sodium
sulfate, filtered, concentrated, and purified by silica gel column chromatography (EA/PE =

1/5 10 1/2) to give 32 as a white solid (4.2 g, 40% vield). (MS: [M+H]" 507.2)

Step 5: B6

82
SUBSTITUTE SHEET (RULE 26)



WO 2017/161349 PCT/US2017/023093

O
/ ! NH
N{QL\NH:‘bu
OH  OH B6

[0246] A solution of 32 (4.2 g, 8.29 munol) in DCM (6wl and TFA (24 mL) is
stured at 23 °C for 1 hour before concentrated. The residue 15 then treated with hydrogen
chioride (4M in MeOH, 10 mL) at 0 °C. After stirring at 25 °C for 10 minutes, the mixture is
concentrated to give crude B6 as a white solid (2.92 g, 99% vield). (MS: [M+H]" 353.0)
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Step 1: proparyl ether 34

NH,
N X

¢ |
HO N Ngj

OH // 34

{8247] To a solution of adenosine (33) (5.0 g, 18.7 mmol) in DMF (200 mL) at 0 °C
1s added sodium hydride (60% dispersion in mineral o1l, 1.0 g, 25 nuvol) followed by the
TBAL{1.5 g 4.06 mmol) and propargyl bromide {2.12 mi, 20.9 mumol). Afler stirring at 55
°C for 2 days, the mixture is purified by silica gel column chromatography (MeOH/BCM =
7793} followed by re-crvstallization from ethanol to give 34 as a pale vellow solid (2.56 g,

43%).

Step 2: BAL

H \// BA1

[6248] To asolution of 34 (1.4 g, 4.59 mmol, co-evaporated twice with Pyyin Py (20
k) 1s added TMSCL (2.4 mL, 18.9 numol). After stirring for 30 minutes, benzovl chlonde
(0.7 mL, 6.0 mmol} is added and the mixture is stirred for 3 hours before addition of water
(10 mbL} and ammonium hydroxide agueous solutioin (15 mL) at 0 “C. Afier stirring for 20
minutes at roown temperature, the mixture 18 extracted with DCM (25 ml x 3). The
combined organic layers are dried over ashydrous sodiur sulfate, concentrated, and purified
by silica gel column chromatography (MeOH/DCM = 5:95) to give BA1 as a white foam

(1.73 2, 92%). (MS: |M+H]" 410.2)
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Step 1: pyrazelopyrimidine 36

Cl

7Y N

N\N | [/’J
NT N
36

{0249} To asolution of 35 (10.0 g, 56.5 nymol) in THF (80 mL) is added DIPEA (7.3
g, 56.5 nunol, 9.9 ral). After strning at 0 °C for 10 munutes, a solution of hydrazine (1.81 g,
56.5 numol, 2.0 mb) in THF (20 mL} 1s added. The mixture is then stirred at 20 °C for 2
hours before concentrated. After addition of BCM (160 mL) and H20 (100 mi} o the
residue, the layers are separated and the aqueous layer 1s extracted with DCM (100 mL x 3).
The combined organic layers are washed with brine (100 mL), dried over anhydrous sodium
sulfate, filtered, concentrated, and purified by stlica gel colomn chromatography (EA/PE =

1/15 10 1/8) to give 36 as a vellow solid (3.10 g, 35% yield). (MS: [M+H]™ 155.1)

Step 2: pyrazolopyrimidine 37

NH,

7 SN

N\N § 41
NT N
37

{0250} To a solution of 36 (200 mg, 1.29 mmol) in THF (2.0 mL) is added
ammonium hyvdroxide (2.0 mL). After stirning at 20--30 °C for 2 hours, the mixiure is
concentrated, triturated with MeCN (0.5 mb), and collected by filteration to give 37 as ared

sofid (100 mg, 57% vield).

Step Jstribenzoate 38
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NH,
N
1
S s
N
CBz OBz 38

[8251] To a suspension of 37 (20.0 g, 148 numol) and 13 (101 g
(1.2 L} 1s added boron trifluoride diethv! etherate (30.5 g, 215 mmol, 26.5 mb). After stirring

200 nunol) in MeCN

>

at 75-85 °C for 2 hours, the mixture is concentrated and purified by silica gel colwmn
chromatography (EA/PE = 1/5 10 2/1) 1o give 38 as a yvellow solid (35.0 g, 40% vield). (MS:
M+H]" 580.3)

Step 4: benzamide 39

BzO

OBz OBz 39
{08252} To asolution of 38 (10.0 g, 17.3 mmol} in DCM (100 mL}) 15 added DMAP
(421 me, 3.45 mmol} and TEA (524 g, 51 8 mmol, 7.2 mL} followed by benzoyl chioride
(291 g, 20.7 mmol, 2.4 mL} dropwise. After stirring at 20-25 °C for 8 hours, the mixture is
concenirated and punfied by silica gel colunm chromatography (HA/PE = 1/5 to 11/} to give

3% as a white solid (9.0 g, 76% vield). (MS: [M+H]" 684.1)

Step 5: BA2

88
SUBSTITUTE SHEET (RULE 26)



WO 2017/161349 PCT/US2017/023093

OH OH BA2

{0253} To asolution of 3% (1.0 g, 1.46 mmol) in THF (1.5 mL), MeOH (1.2 mL) and
H20 (0.3 ml) is added lithiwm hydroxide agueous solution (5 M, 0.53 mL}. After stirring at
0-25 °C for 2 hours, the mixture is newtralized with citric acid (1 M) to ~pH 7 before removal
of the volatiles. The solid in the aqueous solution is then collected by filtration to give BA2

as an off-white solid (300 mg, 54% yield). (MS: {M+H]" 372.2)
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Step 1: trifluersethyl ether 40
TBDPSO

{0254] To asolution of 22 (0.4 g, 0.93 mumol) in DMF (& mL} is added sodium
hydride (48 mg, 1.12 mmol) at 0 °C and the mixture is stirred for 30 minutes before 2,22~
trifluoroethyl triflucromethanesulfonate (0.165 mL, 1.12 mmol) is added slowly. After
stirring at O °C for 3 hours, water (3 mL) is added the nuxture is concentrated and purified by
silica gel column chromatography (EA/hexanes = 1/10) to give 40 as a white solid (218 mg,

46% vield).

Step 2: bezoate 41
BzO

{0285} To asolution of 48 (1 4 g, 2.74 pymol) in THF (25 mL) is added TBAF (33
mkb, 3.3 mniol} at 0 °C. After stirring at room temperature for 4 hours, water (2 mL) 1s added
and the mixtwre is extracted with EA. The organic layer is washed with water and brine, and
concentrated. The residuoe is then dissolved in DCM followed by addition of and TEA (1.92
mk., 13.8 mmol) benzoyl chlonde (0.42 mL, 3.6 mimol). After stirting for 1 hour, water (1

mL} is added and the mixture 1s concentrated and purified by silica gel column

chromaiography (EA/PE = 1/5) to give 41 as a white solid (0.795 g, 77% vield).

Step 3: acetate 42

BzO OAc

TFEO OhAc
42
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{8256} A solution of 41(0.79 g, 2.1 mumol) in HOAc (17.5 mL) and water (7.5 mL} is
stirred at reflux for 30 minutes before cooled to room temperature, and co-evaporated with
toluene (10 mL « 4}, The residue is then dissolved in Py (12 ml) followed by addition of
Acx( (G.8 mL, 8.4 mumol). After stirring for 6 hours, the mixture is concenirated and purified
by silica gel column chromatography (FA/PE = 1/4) to give 42 as a white solid (0.82 g, 91%

vield).

Step 4: guanosine 43

0
N
</ ; NH
N - -
Bz0 N NHbu

TFEQ  QAc 43
[0257] To a suspension of 42 (800 mg, 1.9 mmol) and N-isobutyrylguanine (633 mg,
2 86 mmol}) in dichloroethane (25 mL} at 80 °C 1s added BSA (2.74 ml., 10.1 mmol) and
stirred for 1 hour before addition of TMSOTT (1.03 mL, 5.7 mmot). After stirring for 3 hours
at 100 °C, the mixture 1s poured into sodium bicarbonate agueous sohution {60 ml) and
extracted with DCM {60 mL x 3). The combined organic layers are dried over anhydrous
sodium sulfate, concentrated, and purified by silica gel column chromatography

(MeOH/DBCM = 1/20 1o 1/10) to give 43 as a white solid (938 mg, 85% vield).

Step 5: BAS

TFEO OH BA3
{0258] To a solution of 43 (0.5 g, 0.86 mmol) in MeOH (& mL), THF (10 mL) and

water {2 mL) is added sodiurn hydroxide aqueons sohution {10 M, .34 mL) at 0 °C. After
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stirring for 30 minutes, HOAc is added and the mixture is concentrated and purified by silica
gel column chromatography (MeGH/DCM =1/10 to 1/3} to afford BA3 as an o1l (348 mg,
93% yield).
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Step 1: pyrazele 44

{8259} To a soluiion of 2 (75 g, 395 mmel) in MeOH {600 mL) is added hydraznne
hydrate (120 mL) at 25 °C. After stirning for 2 howrs, the mixture 1s concentrated and the
residue is dissolved in EtOH (600 mL) before addition of (ethoxymethylena)malononitrile
{110 g, 901 mmol). After stirring at 78 °C for 30 minutes, the mixture is coneentrated and
purified by silica gel colurn chromatography (EA/PE = 1/20 10 1/15) 1o give 44 as a pale

vellow solid (42 g, 38% vield).

Step 2: thicurea 45

{0260} To asolution of 44 (16.0 g, 57 mmol) in MeOH (75 mbL) and water (25 mL) s
added ammontuim hydroxide (280 mL} and hydrogen peroxide {150 mb). After stirring at
25 °C for 16 hours, the mixture ts poured into sodium sulfite aqueous solution (2 L) and then
extracted with EA (700mL x 3}. The combined organic lavers are dried over anhydrous
sodium sulfate, filtered, and concentrated. The residue is then dissolved in acetone (90 mL)
before benzovl isothiocyanate (6.96 g, 42.7 mmol, 5.75 mb} is added at 25 °C. After stirring

at 60 °C for 4 howrs, the mixture is concentraled {o give crude 48 as a yellow solid.

Step 3: pyrazelopyrimidinone 46
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{8261} To a solution of the crude 45 obtained above in MeOH (150 mL) is added
sodium hvdroxide agueous solution (0.7 M, 80 mL) followed by methvliodide (6.8 g, 47.9
nmmol, 3.0 mb). After stirring at 20 °C for 2 hours, the nuxture is neutralized with HOAc to
~pH 6 followed by addition of water {80 mL}, and extracted with EA (100 mbL x 3). The
combined organic layers are dried over anhydrous sodium sulfaie, {iltered, and concentrated.
The residue 1s then dissolved in MeOH (30 mL) and sodium hvdroxide aqueous solution (1.4
M, 250 mL} 1s added. After stirring at 100 °C for 2 hours, the mixture is concentrated and the
residue is co-evaporated with toluene (200 mL < 3} and dissolved in BCM (500 mL). Imid
(18.5 g, 271 mmol), DMAP (1.66 g, 13.6 mmol), and TBSCL (40. 9 ¢, 271 nunol) are then
added. After stirring at 25 °C for 18 houss, saturated sodium bicarbonate aqueous solution (1
L} is added and the mixture is extracted with EA (500 mL = 3). The combined organic layers
are dried over anhydrous sodium sulfate, filiered, concentrated, and purified by stlica gel
colurn chromatography (MeOH/DCM = 1/60 to 1/30) o give 46 as a white solid (8.50 g,

34% vield over five steps}.

Step 4: isebutyrate 47

NHibu

{0262] To asolution of 46 (23.4
chioride {11.4 g, 107 mmol, 11.2 mL} at

53.5 mmol) in Py (120 md) is added isobutyryl

8
2

5 °C. After stirring at 25 °C for 16 hours,
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ammonium hydroxide (0.5 mbL} is added and the mixture 15 stirred for 30 minutes before
concentrated. The residue is then dissolved in EtOAc (1.5 L), washed with saturated
ammonium hydroxide agqueous solution (300 mL « 3} and brine (500 mL), dried over
anhydrous sodium sulfate, filtered, concentrated, and purified by silica gel column
chromaiography (EA/PE = 1/10 10 1/3) to give 47 as a light vellow solid (24.0 g, 88% yield).
(MS: [M+Na]* 530.1)

Step 5: BB1

CH  OH
BB1

{4263} A solution of 47 (10.0 g, 19.7 mamol) in HOAc (6 mL) and water 3 mL} is
stirred at 65 °C for § hours. The reaction muxture 15 then concentrated and triturated with
PCM (15 mL}. The solid 1s collected by filteration to give curde BBY as a white solid (4.0 g).
(MS: [M+H]" 354.0)
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Step 1: acetonide 49

{0264} To asolution of 48 (50 g, 135 numel) in acetone (500 ol 15 added 2.2-
dimethoxypropane {85 g, 816 mwol, 100 mL) and concentrated sulfuricacid {132 g 13.5
mmol, 0.72 mL). After stirring at 25 °C for 30 minute, saturated sodium bicarbonate agueous
solution (30 mL) is added. The sclution is filtered, concenirated, and purified by silica gel
coluron chromatography (MeOH/DCM = 1/200 to 1/50) to give 49 as a white solid (35 g,
63% vield). (MS: [M+H|"412.1)

Step 2: azide S0

{0265] To asolution of 49 (5.0 g, 12.2 mmol) in Py (50 mL} 1s added
methanesulfonyl chloride (2.1 g, 18 mmol, 14 mL) at 0 °C. After stirring at 25 °C for | hour,
DBCM (200 mL) 15 added, and the solution 1s washed with saturated sodium bicarbonate
agueous solution followed by brine, dried over anhvdrous sodium sulfate, and concentrated.
The residue is then dissolved in DMF (50 mL) followed by addition of sodium azide 3.4 g,
52.3 mumol). After stirming at 30 °C for 16 hours, DCM (400 mL) 1s added. The mixlure is
washed with water (300 ml.), brine, dried over sodium sulfate, concentrate, and purified by
silica gel column chromatography (EA/PE = 1/1) to give 50 as a light yellow solid (4.0 g).

(MS: [M+H]" 437.1)
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Step 3: BC1

OH oOH B
[0266] A solution of 80 (50 g, 115 mmol) in TFA (125 mL) and water (125 mL) is
stirred at 25 °C for § hours before concentrated, co-evaporaled twice with toluene, and
dissolved m MeOH (50 mL). The mixture is then neutralized by sodium bicarbonate aqueous
solution (1%) and triturated with MTBE. The solid 1s collected, washed with MTBE, dried.
and dissolved in DMF (400 mL}. Pd/C (10% w/w, 10 g} is then added and the mixture is
stirred under an atmosphere of hyvdrogen (15 psi) at 25 °C for 6 hours before filtered and

concentrated to give crude BCT as a vellow o1l (39 g}, (MS: [M-H]" 371 1)
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Step 1: indole 52

OTol

52

{0267] To asolution of indole (305 mg, 2.6 mmol) in MeCUN (10 mL}) is added
sodium hydride (160 mg, 4.0 nwool) at ¢ °C and stirred for 30 nwnutes before 51 (1.0 g, 2.6
mmol) is added. After stirring for 1 hour, saturated sodium bicarbonate aqueous solution (5
mk} is added and the mixiure is extracted with EA (20 mL = 3). The combined organic lavers
are washed with saturated sodium bicarbonate aqueous solution and brine, concentrated, and
purified by silica gel column chromatography (EA/hexanes = 1/4) 10 give 52 as a yvellow ol

(886 mg, 71% yield). (MS: [M+H]" 470.2)

Step 2: BC2

BC2

{0268} To a solution of 52 (610 mg, 1.3 mmol) in MeOH (9 mL) is added sodium
methoxide (5.4 M in methanol, 0.54 mL}. After stirring for 1 hour, hydrochloric acid (5 M,
0.5 mL} s added at 0 °C and the solulion 15 stivred for 10 minules before concentrated and
purified by silica gel column chromatography (MeOH/DCM = 1/9) to give the desired

product as a white solid €197 mg, 92% vield). (MS: [M+H}" 234.1)

102
SUBSTITUTE SHEET (RULE 26)



WO 2017/161349 PCT/US2017/023093

O

I

L
T
2|0
m@
5=

54

OTol

TolO

1. Mg, Iy Cul

2.5
53

Br

103
SUBSTITUTE SHEET (RULE 26)



WO 2017/161349 PCT/US2017/023093

Step 1: pyrene 54

QTol

54

{0269} To a solution of 33 {560 myg, 2 mamol} in THF 15 added magnesium (34 mg, 2.3
mmol) followed by a small amount of todine. After stirring at 55 °C for 3 howrs, copper(l}
wodide (213 mg, 1.1 mmol}is added at 0 °C. The muxture i3 stirred at room temperature for 45
minutes before 51 (367 mg, 0.98 mmol) 1s added at 40 °C. After stirring for 2 hours, saturated
ammontum chioride agqueous solution (2 mL) and DCM (20 mL) are added. The layers are
separated and the organic laver is washed by saturated sodium bicarbonate aqueous solution
and brine, dried anhydride sodium sulfate, concentrated, and purified by silica gel column

chromatography (EA/hexanes = 1/10 to 1/5) to give 54 as a white solid (52 mg. 10%).

Step 2: BC3

OH BC3

{0276} To a solution of 34 {230 mg, 0.4 nwmol) in MeOH (8 mL) 15 added sodium
methoxide (30% in MeOH, 0.23 mL, 1.2 mmol) at room temperature. After stirring for 1
hour, saturated ammonivum chloride (5 mL) is added and the mixture is extracied by EA (10
mb % 3}, The organic layers are washed with brine, dried over anhydrous sodium sultfate, and

concentrated to give crude BC3 as a white solid (150 mg).
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Step 1: alcohol 56
0

{0271} To asolution of 55 (91 4 g, 481 mmol) in Py (600 mL) is added trity] chloride
(160.7 g, 577 mmol). After stirring at 60 °C for 16 hours, the mixture is concentrated and co-
evaporated with toluene for three times. The residue is partitioned between DUM (400 mL)
and saturated sodium bicarbonate aqueous solution {750 mL). The layers are separated and
the agueous phase 15 extracted with DCM (400 mL x 2). The combined organic layers are
dried over anhydrous sodium sulfate, filtered, concentrated, and purified by silica gel colurmn
chromatography (EA/PE = 1/10 to 1/5) to afford 56 as a white solid (180.5 g, 87% vield).
(MS: [M+Nal* 455.0)

Step 2: ketong 87
T

T

10272} To a solution of 56 (176 g, 407 mmol) in MeCN (1.0 L} is added IBX (228 g,

57

814 mmeol). After stirring at 90 °C for 6 hours, the mixture is filtered and concentrated to give

crude 37 as a light vellow ofl (175 g). (MS: IM+Na]* 4353.0)

Step 3: ester 58
o

) 0
MQQQC

58

{0273] To a solution of sodium hydride (20.1 g, 502 mumol) in THF (1.0 L) is added
methyl 2-dimethoxyphosphorylacetate (96.3 g, 529 mmol, 76.5 mL) at 0 °C dropwise over 15

minutes. After stirring for 60 munutes, crude 87 (175 g) obtained above in THF (500 mL} is
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added dropwise at 0 °C. After stirning at 25 °C for 16 hours, water {50 mL) is added at 0 °C
and the volatiles are removed and brine (300 mL) 1s added. The muxture is then exiracted
with DCM (500 ml. # 3). The combined organic layers are dried over anhydrous sodium
suifate, filtered, and concentrated. The residue {198 ¢ of 216 g obtained above) is then
dissolved in EA (500 mb) and PA/C (10% wiw, 10 g) is added. Afier stirring under a
hydrogen atmosphere (20 psi} at 25 °C for 16 hours, the mixture is filiered and the filirate is
concentrated and purified by silica gel colunm chromatography (EA/PE = 1/15 10 1/10) to
give 58 as a white solid (120 g, 66% vield) (MS: [M+Naj' 511.1)

Step 4: alcohol 59
TrO

L

{0274} To a solution of hithium aluminum hydnde (6.21 g, 164 nuyool) in THF (200

mb} s added 88 {20.0 g, 40 9 mmol) in THF (50 mL) sfowly at 0 °C. After stiring at 25 °C

HO 59

for 16 hours, the reaction is quenched by sequential addition of water (6.2 mL}, sodium
hydroxide aqueous solution (15%, 6.2 mL), and water {18.6 mL}. The mixture is then dried
over anhydrous sodium sulfate, filtered, concentrated, and purified by silica gel column

chiromatography (EA/PE = 1/10 to 1/4) to give 59 as a white solid. (MS: [M+Na]' 483.2)

Step S: alcohol 60
HQ ..... .

-
BnO 60
{82758} To a solution of sodiwm hydride (60% w/iw, 6.95 g, 174 romol) m THF (200
mb} s added 89 (20.0 g 43 4 mmol) in THF (80 mL) at -20 °C dropwise over 5 mimutes.
Adfter stirring at 25 °C for 2 hours, benzy! bromide (22.3 g, 130 mmol, 15.5 mb} is added
dropwise and the mixiure is stirred at 80 *C for 16 hours before water (2 mL) 1s added at
0 °C. The mixture is diluted with water {200 mL) and extracted with DCM (200 mL # 3). The

combined organic layers are dried over anhydrous sodiurn sulfate, filtered and concentrated.
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The residue is then dissolved in BCM (200 mL} and DCA (5.48 g, 42.5 mmol, 12.0 mL) s
added. Afier stirring at 25 °C for 3 howrs, saturated sodium bicasbonate agueous solution is
added at 0 °C. The mixture 15 ther: extracted with DCM (150 mL x 3}, The combined organic
solvent are dried over anhydrous sodiam sulfate, filtered, concentrated, and purified by silica
gel column chromatography (EA/PE = 1510 1/2) to give 68 as ayellow otl (12.1 g, 90%

vield).

Step 6: benzoate 61
BzC

0\7/\
BnC 61

{0276} To a solution of 68 (24.0 ¢, 78 mmol) in DCM (500 mL} is added benzovl
chloride (16.4 g, 116.7 mmol, 13.6 wL) and TEA (23.6 g, 233.5 mmol, 32.4 mL). After
stirring at 25 °C for 16 hours, the mixture 18 concentrated and purified by silica gel column
chromatography (HA/PE = 1/15 10 1/10) to give 61 as a light yellow o1l (30.0 g, 93% yield).
(MS: [M+Naj* 435.1)

Step 7: acetate 62
B20 OAc

CAc

BnO 62
8277] A nuxiure of 61 (29.0 g, 70.3 mmol) and water (3.0 mL) in HOAc (220 ml} is

stirred at 70 °C for 16 howrs before saturated sodium bicarbonate aqueous soluwtion is added.
The mixture 13 then extracted with DCM (400 mlL % 3). The combined organic lavers are
concentrated and the residue is dissolved in Py (30 mL) foilowed by addition of Ac0 (28.5
g, 280 mmol, 26 mb). After stirring at 20 °C for 16 hours, saturated sodiwm bicarbonate
aqueous solution is added and the mixture 18 then extracted with DCM {560 mL x 3}. The
combined organic layers are concentrated and purified by stlica gel column chromatography

(BA/PE = 1/10 {0 1/5) to give 62 as a white solid (31.1 g, 97% yield}. {(MS: [M+Na]" 479. 1)
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Step 8: purine 63

CC{OINPhH,
NN
*?J\
Bz N NHibu
BnO 63

[3278] To a suspension of (*-diphenylcarbamoyl-M-isobutyryiguanine (5.47 g, 13.1
mmol) i MeCN (150 mL) 1s added BSA (11.6 g 57.0 mumol, 14.1 mL)at 20 °C. Aller
stirring at 63 °C for 30 minutes. the volatiles are removed and the residue is dissolved in
MeUN (200 mb) before 62 (5.00 g, 11.0 mmol} n MeCN (50 mL) and TMSOTF (365 g,

16.4 mmol, 3.0 mL} are added at 15 °C. After stirring at 63 °C for 50 minutes, the mixture is
cooled to 0 °C, poured mito saturated sodium bicarbonate aqueous sohution and extracted with
EA (150 mL # 3). The combined organic layers are dried over anhydrous sodium sulfate, and
concentrated, and purified by silica gel flash chromatography (EA/PE = 1/3 10 1/1} to give 63

as a white solid. (MS: [M+H]' 813.1)

Step 9: guanegsine 64

O
NH
{/l\
BzO N NHibu
BAO 64

{8275] A solution of 63 (16.2 g, 19.9 mmol) in 90% TFA aqueous solution {60 mL)1s
stirred at 20 °C for 36 minutes before poured into saturated sodium bicarbonate aqueous
solution at 0 °C and extracted with EA (100 mL x 4}, The combined organic layers are dried
over anhydrous sodium sulfate, concentrated, and purified by silica gel flash chromatography

{EA/PE = 1/110 1/0} to give 64 as a white solid {(11.4 g, 93% yield). (MS: [M+H]' 618.1)
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Step 10: silyl ether 65

O
NH
//’i\
BzO N NHbu
TIPSO 85

{0286] To a solution of 64 (15.0 g, 24.3 mmol) in EtOH (500 mL} is added Pd/C
{10% w/w, 2.0 g) and concentrated hydrochloric acid (10 drops). After stirring at 50 °C onder
an atmosphere of hydrogen (45 psi) for 15 hours, the mixture is filtered and solid is washed
with EtOH (100 mbL = 3). The filtrate is concentrated and one-third of the residue is dissolved
in DMF (60 mL) followed by addition of Imid {1.57 g, 23.0 mmol), DMAP (46.9 mg, 0.38
mmol) and trissopropyisilvl chlonde (2.22 g, 11.5 mumol, 2.5 mL}. After stirring at 20 °C for
16 hours, saturated sodium bicarbonate agueous solution (20 ml) and water (100 mL) are
added. The mixture is then extracted with EA (100 mL > 2). The combined organic lavers are
dried over anhydrous sodium sulfate, filtered, concentrated, and purified by silica gel column
chromatography (EA/PE = 1/5 to 2/1} to give 65 as a white solid (4.52 g, 86% vield). (MS:
[M+H]" 684.4)

Step 11: BC4

TIPSO BC4
{0281] To a solution of 65 (3.0 g, 4.4 mmol) in EtOH (30 mL) 1s added sodium

hydroxide agueous solution {2 M, 31 mL) at 0 °C. After stirring at 0 °C for 30 minute, the
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mixtore s neutralized by addition of hydrochioric acid solution (1 N} and HOAc at 0 °C.
Toluene (30 mL) s then added and ruxture is concentrated to give crude BC4 as a white

solid (3.0 g). (MS: [M+H]" 538.2)
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Step 1: alcohol 66

[0282] To asolution of 18 (2.0 g, 53.66 mmol) in Py (56 mL) at 0 °C is added 1,3-
dichioro-1,1,3,3-tetraisopropyldisiioxane {1.79 g, 5.66 mmol, 1.8 mL} slowly. After stirring
at 0 °C for 30 minutes and 25 °C for 12 hours, the solution 15 concentrated and purified by
silica gel column chromatography (MeOQOH/DCM = 1/20) to give 66 (1.6 g, 47% yield). (MS:
[M+H]' 596.3)

Step 2: purine 67

Si %
‘\\l/ \b - 5
\(‘sawg OH &

{0283} To asolution of 66 (8.0 g, 13.5 mmwl) and 2-(4-nitrophenvilethanol (3.37 g,
20.2 mrooly in THF (100 mL) is added DIAD (6.81 g, 33.7 mmol, 6.6 mL) and PPhs (.83 g,
33.7 mmol} at 25 °C slowly. After stirring at 25 °C for 12 hours, water (5 mL) is added and
the muxture 1s concentrated and purified by sihica gel column chromatography (MeOH/DCM

= 1/20) to give 67 as a pale yellow solid (4.5 g, 44% vield). (MS: [M+H]" 745.3)

Step 3: aleohol 68
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[0284] To asolution of 67 (420 g, 5.64 mmol} in MeCN {40 mL) at 25 °C 15 added
IBX (3.16 g, 11.3 mmol). After stirring at 80 °C for 12 hours, the mixture is filtered and
concentrated, and dissolved in THF (50 mL}. Sodium triacetoxyborohydride (5.7 g, 27.0
mmol) 1s then added at 0 °C slowly. After stirring at 25 °C for 6 hours, water (5 ml) 15 added
and the mixture is concentrated and purified by silica gel column chromatography

(MeOH/DCM = 1/20) to give 68 as a pale vellow otl (1.0 g, 33% vield). (MS: [M+H]" 745.3)

Step 4: azide 69

\( Y

{0285} To asolution of 68 (2.2 g, 2.95 mmol) and DMAP (1.44 g, 11.8 mmol) in
BCM (140 ml) and Py (10 mL) is added trifluoromethanesulfonic anhydride (1.33¢,4.72
mmol, 0.78 mb} at 0 °C slowly. After stirring at 0 °C for 1.5 hours, the nuxture 1s
concentrated. The residue is then dissolved in DMF (10 mL) and sodium azide (0.49 g, 7.53
mmol}) is added. After stirring at 60 °C for 6 houus, the solution is concentrated and purified
by preparative HPLC (MeOH/water with 0.1% HCOOH: 40-100%) to give 69 as a pale
vellow solid (1.50 g, 79% vield). (MS: [M+H]}" 770.4}

Step 5: BCS
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OH 3 BCS

{0286 To asolution of 69 (2.50 g, 3.25 mmol) in THF (12 mL) is added TBAF (13.1
2. 50.1 mumol) and HOAc (1.50 g, 25.0 mmol, 1.43 mL} at 15 °C slowly. After stirring at
15 °C for 12 hours, the mixture is concenirated. The residue 1s then dissolved in DCM (20
ml.), washed with water (8 ml < 2), dried over anhydrous sedium sulfate, filtered, and
purified by silica gel column chromatography (MeOH/DCM = 1/20) to give BCS as a pale

vetlow solid (900 mg, 53% vield). (MS: |M+H}" 528 2}

{0287} The following compounds are prepared essentially by the method for

Intermediates BC3 and BC4 above.

Table 1. Intermediates BC6 and BC7

Starting Material Product Reference of
Preparation
TolO
BC3
OTol
5%
BC4
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Step 1: benzoate 70

OH oH 10
{0288] To asolution of 33 {120 g, 449 mmol) n Py (1.0 L) is added TMSCI (390 g,
3.59 mol, 454 mL). After stirring at 0 °C for 2 hours, benzoyl chioride (316 g, 2.25 mol, 261
ml} 1 added dropwise and the mixture is stirred at 25 °C for 14 hours before cooled to ¢ °C.
Water (240 mL) is then added and the mixture is stirred at 25 °C for 30 minutes before
ammonium hydroxide (460 mL) is added at 0 °C. After stirring for 2 hours, the mixture is

concentrated to give 78 as a white solid (150 g, 90% yield).

Step 2: diod 71

oH o T
{0289} To a solution of 70 (150 g, 404 mmel) in Pv (500 mL) is added DMTrCl (274

2. 808 mmol), TEA (81.8 g, 808 mmol, 112 mL) and DMAP (4.93 g, 40.4 mmol) at 0 °C.
After stirring at 25 °C for 16 hours, saturated sodivurm bicarbonate aqueous solution (1 L) 15
added and the mixture 15 extracted with EtOAC {600 mbL x 3}, The combined organic lavers
are dried over anhydrous sodium sulfate, filtered, concentrated, and purified by silica gl
column chromatography (EA/PE /4 to 1/2 then MeOH/DCM 1/100 10 1/20) o give T1 as a
white solid (65.0 g, 24% vield).

Step 3: silyl ether 72
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OH OTBS 72

{0290} To asolution of 71 {65.0 g, 96.5 mmol) in Py (500 mbL) 15 added silver mitrate
(32.8 g, 193 numol) and TBSCL(29.1 g, 193 mol) at 25 °C. After sturing at 25 °C for |
hour, saturated sodium bicarbonate aqueous solution (1 L) is added and the mixture is
extracted with EtOAc (600 mL x 3). The combined organic layers are dried over anhydrous
sodium sulfate, filtered, concentrated, and purified by silica gel column chromatography

{(EA/PE =14 to 1/1) to give 72 as a white solid (20.0 g, 26% vield).

Step 4: AZ

’P@N\P/O OTBS

i A2
OCE

{0291} To asolution of 72 (12.0 g, 15.2 mmol) in DIPEA (15 rol) and DCM (30 mL)
is added DMAP (744 mg, 6.09 mmol) and 2-cyanosthyl N N-
diisopropylchlorophosphoramidite (5.41 g, 22.9 mmol} at 25 °C. After stirring for 2 hours,
the mixture 1s purified directly by basic silica gel column chromatography (EA/PE = 1/4

tol/1yto give A2 as a white solid {(13.0 g, 86% vield}.

Step 5: Al
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10292 To a solution of A2 (3.8 g, 3.9 mmol} in MeCUN (20 mL) 1s added water (0.1
ml.) and pyridinium trifluoroacetate (1.1 g, 5.8 mol) at 25 °C and stirred for § minuies
before rert-butylamine (14.0 g, 0.19 mmol) is added. After stirring for 15 munutes, the
volatiles are removed and the residue is dissolved in DCM (20 mL). A solution of DCA (1.9
g, 14.6 mmol} in DCM (20 mL) is then added. After stirring for 30 minutes, TEA (3 mL) is
added and the mixture is concentrated and pusified by reverse-phase silica gel columu
chromatography (MeCN with 0.1% TEA/water = 0% to 100%) to give AleTEA salt as a
white solid (1.5 ¢, 71% vield). (MS: [M+H]" 549.2)
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{8293} To a solution of AZ (494 mg, 0.5 mmol} and triphenylphosphine {197 mg,
0.75 romol}, and 2-{fer¢-butyidimethylsilyloxy)ethanol (132 mg, 0.75 mmol) i THF {5 mL})
is added DIAD (0.15 b, 0.75 romol). After stirning at room temperature for 5 hours, the
mixture is concentrated and purified by silica gel column chromatography (EA/hexanes = 1/9

to 1/4) to give AB1 as a white solid (230 mg, 40% vield).
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Step 1: diol 73

DMTrHN

OH OH 73
{0294} To a solution of crude BCI (39 g) in Pv (40 mL) is added DMTrC1 (359 ¢,
106 mmol) at 0 °C. After stirring at 23 °C for 16 hours, MeOH (50 mL) is added and the
mixiure is concentrated. The residue is then dissolved m DCM (600 mL), washed with
saturated sodium bicarbonate agqueous solution and brine, concentrated, and purified by silica
gel column chromatography (MeOH/DCM = 1/100 o 1/50) to give 73 as a pale yellow solid
(34.0 g, 48% vield over two steps). (MS: [M+H]" 673.2)

Step 2: silyl ether 74

OH OTBs 74

{0295] To a solution of 73 (1.0 g, 1.49 mmol) in Py (10 mL) is added silver nitrate
(380 mg, 2.24 mmol, 0.38 mL} at 0 °C. After stirring for 15 minutes, TBSCH (270 mg, 1.79
mmeol) is added and the mixture 1s stirred at 25 °C for 2 hours before saturated sodium
bicarbonate aqueocus solution is added. The nuxture is then extracted with EA (10 mL) and
the organic layer is washed with brine, concentrated, and purified by silica gel column
chromatography (EA/PE = 1/5) to give 74 as a pale vellow solid (400 mg, 34% yield). (M5
IM+H]' 787.3)

Step 3: ACT
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H\P/ OTBS

& on AC
{8296} To asolution of 74 (1.0 g, 1.27 mmol) in Py (10 mL) is added diphenyl

phosphite (80%, 744 mg, 2.54 mmol, 0.61 mb). Afier stirring at 20 °C {or | hour, EA (2 mL)
and saturated sodium bicarbonate aqueous solution (2 mi.} are added and the mixture is
stirred for 1 hour. The layers are separated and the organic laver is concentrated. The residue
is then dissolved im DCM (1.0 mL) and BCA (164 mg, 1.27 mmol, (.1 mL} 1s added. After
stirring at 25 °C for 30 minutes, TEA (1 mL) 15 added and the solution is concentrated and
purified by reverse-phase silica gel column chromatography (MeCN with 0.1% TEA/water =

0% 10 100%) to give ACT as a white solid (500 mg, 72% vield). (M8 [M+H]" 549 2)
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Step 1: alcohol 73

DMTrO

H 75
{0297] To asolution of BC2 (348 mg, 1.49 mmol} in Py (15 mL} is added DMAP (18

mg, 0.15 mmol) and BMTTCE{0.66 g, 1.94 nuvol). Afier stirring overnight, MeOH (3 mL) is
added and the mixiure is concentrated and purified by silica gel column chromatography

(EA/hexanes = 1/4) to give 75 (662 mg, 3% vield). (MS: [M+H]' 536.2)

Step 2: AC2

AC2

E
OCE

{0298] To a solution of 78 (0.2 g, 0.37 mmol) in DCM (4 mL) is added DIEPA (0.15

g, 1.2 mmol, 0.2 mL} and 2-cyanoethyl N V-diisopropylehlorophosphoramidite (0.14 ¢, 0.56
mmol, 0.13 mL). Afier stirting for 4 hours, the mixture 15 concentrated and purified by silica
gel column chromatography (EA/hexanes with 1% TEA = 1/4) to give ACZ (232 mg, 85%

vield) (MS: [M-NPr+H201" 653.2)
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Step 1: silyl ether 76

76

{8299 To asolution of 16 (11.0 g, 16.8 mmol} in DCM (80 ml) 15 added TBSCI
{7.59 ¢, 50.3 mmol) and Imid (3.43 g, 50.3 mmol). After stircing at 25 °C for 16 howurs,
sodium bicarbonate aqueous solution (5%, 30 mL) ts added and the mixture is extracted with
DBCM (60 mb = 3} The combined organic lavers are washed with brine {100 mL), dried over
anhydrous sodium sulfate, filtered, concentrated, and purified bv basic silica gel colunm

chromatography (EA/PE =1/510 1/1} 10 76 as a white solid (2.1 g, 16% vield}.

Step 2: G2

DMTrO

TBSO On, NP,

| G2
OCE

{0300} To a solution of 76 (900 mg, 1.17 mmol} in THF (4.0 mL) and DIEPA (4.0
mL) is added DMAP (14.3 mg, 0.12 mmol) followed by 2-cyanoethy] N.N-
ditsopropylchlorophosphoranidite (415 mg, 1.76 nwnol) dropwise at 0 °C. After stirring at
2025 °C for 2 hours, sodium bicarbonate aqueous solution (5%, 15 mL) is added at 0 °C.
The mixture is then diluted with water {15 mL) and exiracied with EA {15 mL x 3). The
combined organic layers are washed with brine (10 mb). dried over anhydrous sodium
sutfate, filtered, concentrated, and purified by silica gel colunm chromatography {acetone/PE

= 1/10 to 1/3) to give 2 as a white solid (600 mg, 53% yield).
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Step 3 G

[0361] To asolution of G¥ (7.0 g, 7.22 mmel} in MeCN (30 mL) s added water {0.11
mbL) and pyridinium trifluoroacetate {4.18 g, 21.7 mmol) at 23 °C. After stirring at 25 °C for
15 manutes, fert-butylamine (37 mL) is added and the mixture is stirred at 25 °C for 45
minutes before concenirated. The residue is then dissolved in DCM (30 mL) and a solution of
DCA in DCM (6% v/v, 30 mL} s added dropwise. After stirring at 20-25 °C for 30 minutes,
PCM (30 mL} and TEA (4 mb) are added. The mixture 1s then concentrated, dissolvedin a
mixture of MeCN (5 mL) and water (5 mL), and purified by C18 reverse-phase medium
pressure liquid chromatography (MeCN with 0.1% TEA/water = 0% to 60%) to give

G1-TEA salt as ayellow solid {2.30 g, 56% vield). (MS: [M+H]" 532.3)
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Step 1: diol 77

NHbu

OH OH
77

{0302} To a solution of two batches of the crude BB1 (8.0 g) obtained above in Py
(50 mi} 15 added DMT1C1 (9.2 g, 27 2 mimol}. After stirning at 20-30 °C for 1 hour, MeOH
(10 mL) 15 added and the mixture is concentrated and purified by silica gel column
chromaiography (EA/PE = 1/5 1o MeOH/DCM = 1/20) to give 77 as ayellow solid (11.0 g,
30% vield over two steps). (MS: [M+Na]* 678.2)

Step 2 silyl ether 78

N NHibu

78
{0303} To asolution of 77 (9.0 g, 14.0 mamol) in Py (50 mL) 1s added TBSC1 (248 g,
16.5 mmol) and silver nitrate {5.83 g, 34.3 mmol). After stirring at 25-30 °C for 30 minutes,
saturated sodium bicarbonate aqueous solution is added. The mixture is then exiracied with
BCM (200 mL x 2}, and the combined organic layers are washed with waler {50 mL), brine
{50 mL), dried over anhiydrous sodium suifate, filtered, concentrated, and purified by silica
gel column chromatography (EA/PE = 1/10 to 1/5 to 1/3} to give 78 as a white foam {1.50 g,

14% yield). (MS: [M+Na}* 792.2)

Step 3: GB1
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N NHibu

TBSO SN

! GB1
OCE

{0304} To asolution of 78 (2.50 g, 3.3 mmwol) in DIEPA (3 ml) and DCM (5 ml) is
added DMAP (200 mg, 1.62 mmol) and 2-cvanoethyl N N-diisopropvichiorophosphoramidite
{1.0 g, 4.22 mmpl). After stirring at 20-23 °C for 2 hours, the mixture is concenirated and
purified by silica gel column chromatography (EA/PE = 1/10 to 1/4) to give GB1 as a while
foam (2.30 g, 73% vield).

Step 4: GB2

N NHbu

TBSO O b
A\
O \O GB2

H

N

{8305 To a solution of GBI (2.30 g, 2.4 mmol) in MeCN (2.0 mL) is added water
{0.11 wl, 6.1 mmol) and pyridintum triftuoroacetate (687 mg, 3.56 mumol) at 25 °C. After
stirring at 25-30 °C for 30 minutes, the nuxiure is concentrated and the residue is dissolved
in MeCN (20 mL) before fers-butylamine (10.5 g, 144 mmol, 15.0 mbL} is added. After
stirring at 25-30 °C for 30 munutes, the mixture 15 concentrated and DCM (20 mL) followed
by addition of a solution of BCA m DCM (6% v/v, 18.2 mL). The mixture is stirred at 25-30
°( for 30 minutes before newtralized by TEA to ~pH 7, concentrated, and purified by C18
reverse-phase silica gel column chromatography (MeCN with 0.1% TEA/water = 0% to 40%)
to give GB2 as a white solid (800 mg, 63% vield). (MS: [M+H|" 532.0)
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Step 1: alcohol 79

DMTYO

OTIPS 75

[8386] To asclution of BCE (197 g, 2.4 mmod) in Pv {20 mb) is added DMTrCI (984
mg. 2.90 nuvol} at 25 °C. After sturring for 3 hours, MeOH (30 mb) 15 added and the mixture
is concentrated, and purified by basic silica gel flash chromatography (EA/PE=1/5t0 4/1) to

give 79 as a light yellow powder (1.65 g, 82% vield). (MS: {M+H]" 840.2)

Step 2: GC1

7\ "
onps O O Gel

{8387] To asolution of 79 (2.0 ¢, 2.38 mmol) in Pv (15 mL) 15 added diphenyl
phosphite (1.7 g, 7.1 mmol, 1.4 mL). After stirring at 20 °C for 30 minutes, saturated sodium
bicarbonate aqueocus solution (30 mL) 1s added and the mixture is stirred for | hour. The
mixture is then extracted with EA (30 mL x 3). The combined organic lavers are washed with
saturated sodium bicarbonate aqueous solution {20 mL) and brine (20 mL}, dned over
anhydrous sodium sulfate, and concentrated. The residue is then dissolved in DCM (40 ml}
followed by addition of water (0.4 mL) and DCA (6% v/v in DCM, 40 mL}. After stirring at
20 °C for 13 munutes, the mixture 1s neutralized to ~pH 7 by TEA, concentrated, and purified
by reverse-phase silica gel colurn chromatography (MeCN/water = 25% to 90%]) 1o give

GC1 as a white solid (1.3 g, 90% yield). (MS: [M+H]" 602.1)

134
SUBSTITUTE SHEET (RULE 26)



PCT/US2017/023093

WO 2017/161349

OH Cudd @

© _....;Q#%_D o _.....O\FS_D

135

SUBSTITUTE SHEET (RULE 26)



WO 2017/161349 PCT/US2017/023093

Step 1: alcohol 80

OH N, 80
10308} To a solution of BCS (900 mg, 1.71 mmol} in Py (10 mL} 15 added DMTr(Ci
(809 mg, 2.39 mmol) at 15 °C. After stirning at 15 °C for 12 hours, MeOH (0.5 mL) is added
and the mixtwre 1s concentrated and pusified by silica gel column chromatography

{(MeOH/DCM = 1/50) to give 88 as avellow ofl (1.0 g, 71% vield). (MS: [M+H]" 528.2)

Step 2: GC2
ONPE

ap
DMTrO N N/)\NHibu

O

TBSO NH. GC2

{0308} To asolution of 88 (2.05 g, 2.47 mmol) in BMF (5.0 mL}) is added [mud (673
mg, 9.88 mmol) and TBSCL (745 mg, 4.94 mumol, 0.61 wml) at 15 °C. After stirring at 13 °C
for 12 hours, the mixiure is concentrated and the residue 1s triturated with water (10 mb). The
solid is then collected and washed with water {10 mL x 2). PE (10 mbL x 2}, dried, and
dissolved in THF {18 mL} before PPhs (1.11 g, 4.24 mmol}) is added at 15 °C. After stirring at
15 °C for 2.5 hours, water (0.16 mL) 13 added and the mixtwre 1s stirred at 50 °C for 12 hours.
The solution s then concentrated and purified by reverse-phase preparative-HPLC (MeQH
with 0. 1% TEA/water = 20% to 80%;, to give G2 as a white solid {900 mg, 53% vield).
(MS: [M+H] 918.1)

18316} The following compounds are prepared essentially by the method for
Intermediates A, A2, ACY AC2. G1, G2, GC1, and GC2 above.
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{8311} To a solution of crude G (obtained from 187 mg of G2+TEA salt, (.2 mmol,
containing Py*DCA sait) in MeCN (.5 mL) is added a solution of A2 {0.26 g, 0.26 mmol} in
MeCN (0.2 mL). After stirning for 30 minutes, DDTT (46 mg, 0.22 mmol) 1s added and the
mixiure is stirred for 1 hour before concentrated. The residue 1s dissolved in DCM (4.8 mL)
and water {0.036 mL) and DCA (6% in DCM, 4.8 mL) are added. After stirsing for 10
minutes, Py {1 mL) is added and the nuxture is concentrated and purified by silica gel column
chromatography (MeOH/DCM = 1/10 10 1/5) to give C1+Py salt as a white solid (86 mg, 35%
vield). (MS: [M+H]" 1148.0)
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{8312} To a mixture of Al {1.0 g, 1.82 mmol, co-evaporated MeCN 20 mL # 3) and
G2 (2.3 g, 237 mmol, co-evaporated with MeUN 20 mL ~ 3} 1s added tetrazole {0.45 M in
MeCN, 10 mL} at 25 °C and stirred for 1 hour before elemental sulfur (1.75 g, 6.84 mmol) is
added. After stirring for 1 howr, MeCN (20 mL) is added and the rmxture is filtered and
concenirated. The residue is dissolved i DCM (100 mL} and DCA (1.96 g, 15.2 mmol, 1.25
ml) is added. After stirring at 25 *C for 2 hours, saturated sodium bicarbonate aqueous
solution (100 mL) is added. The layers are separated and the aqueous laver is extracted with
EA {100 mL x 3}. The combined organic layers are dried over anhydrous sedium sulfate,
filiered, concentrated, and purified by reverse-phase silica gel column chromatography
{MeCN with 0.1% TEA/water = 0% to 100%) to give C2eTEA salt as a white solid (100 mg,

5% vield). (MS: {{M+2H]*}/2 574.6)
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{8313} To asolution of AZ (510 mg, 0.52 mmaol, co-evaporated with MeCN 5 mL x
3y in MeCN (1 mL) treated with 3A MS (100 mg) for 30 minutes is added a mixture of G1
{250 mg, 0.47 mmol, co-evaporated with MeCN 5 ml x 3) and pyridimum tnifluoroacetate
{109 mg, 0.56 mmol, co-evaporated with MaCUN 5 mb x 3) in MeCN (1.5 mL) treated with 3
AMS (50 mg) for 30 minutes. After stirring for 4 hours, TBHP (5.5 M in decane, 0.26 mL) is
added and the mixture is stirred for 30 nunutes before sodium bisulfite agueous solution
{33%, 0.24 mL) is added at 0 °C. The mixture is then stirred at room temperature for 10
minutes before filtered and concentrated. The residue is dissolved in DCM (6.2 mL) followed
by addition of water (0.09 mL) and DCA {0.37 mL) in DCM (6.2 mL). After stirring at room
temperature for 10 minutes, Py (0.73 mL. 9.05 mmol) and DCM (35 mb) are added. The
mixture i$ washed with water (10 mL < 2} and the combined aqueous layers are extracted by
dichloromethane (10 ml « 2). The combined organic lavers are dried over ashydrous sodium
sulfate, concentrated, and purified by silica gel columw chromatography (MeOH/CHoCly/Py =
10:89.5:0.5 10 25:74.5:0.5) to give €3 as a white solid (250 mg, 47%). (MS: |M+H]" 1132.2)
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{8314} To a solution of G1 {500 mg, 0.94 mmol, co-evaporated with MeCN 10 mi »
3} and pyridinium tnfluoroacetate 218 mg, 1.13 romol, co-evaporation with MeCN 10 mlL =
33 in MeCN (3 mL) treated with 3 A MS (100 mg) for 30 minutes is added a solution of A2
{976 mg, 0.99 mmol, co-evaporated with MeUN 10 mL x 3) in MeCN (2 mL} treated with 3
A MS (200 mg) for 30 minutes. After stirring at room temperature for 2.5 hours, the mixture
is concentrated and co-evaporated with MeCN (10 mL « 2). The residue is then dissolved in
DCM (20 mL) followed by addition of borane dimethy! sulfide complex (2 M in THF, 0.94
mi, 1.88 mmol) dropwise. After stirring at room temperature for 1 howr, MeOH (0.17 mL} i

added at 0 °C and stirred for 20 minutes before concentrated to give crude CAL
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Step 1: squaramide 81

DMTYO

TBSC  HN OMe
/ 81
27N
) \O

{83138] To asolution of GC2 (802 mg, 0.87 mmoly in DMF (5 mb) 13 added 3,4~
dimethoxy-~3-cyclobutene-1,2-dione (186 mg, 1.31 mmol) at 15 °C slowly. After stirring at
15 °C for 2 hours, the mixture is concentrated and purified by reverse-phase preparative
HPLC (MeCN with 0.1% TEA/water = 0% to 100%) to give a mixture of the desired product
and an unidentified byproduct (0.7 g, ca. 84% purity). (MS: [M+H]' 1028.4)

Step 2: CC1

A cet

[8316] To asolution of 81 (ca. 84% pure, 0.6 g) oblained above and ACY1 (064 g,
1.17 ramol) in DMF (5.0 mL) is added TEA (177 mg, 1.75 mmol, 0.24 mL) at 15 °C. After
stirring at 15 °C for 12 hours, the mixture 15 concentrated and the residue is dissolved in
DCM (5.0 mL) before DCA {470 mg, 3.65 mumol, 0.3 mL) is added. The mixture is then
stirred at 15 °C for 15 minutes before concentrated. The residue 1s purified by reverse-phase

preparative HPLC (MeCN with 0.1% TEA/water = 0% to 100%) to give CC1 as a while
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solid (0.54 g, 40% vield over two steps). (MS: [M+HJ 1242.3)

163
SUBSTITUTE SHEET (RULE 26)



PCT/US2017/023093

WO 2017/161349

£33

voa 'z

WAL LoV L

N

N
=
J?ﬂ/ M

FdNO

...... OLLNG

[Ae15]

O L) ..
ﬂk/_a.\ SeT NN
1 H 7N

A C
S

164

SUBSTITUTE SHEET (RULE 26)



WO 2017/161349 PCT/US2017/023093

Step 1: sulfamate 82

TBSO HN.___O.
A
o0

82 NO,

{08317} To asolution of 4-nitropheny! chlorosulfate (0.31 g, 1.31 mmol) in DCM (1.0
mb} is added a solution of of GC2 (0.40 g, 0.44 mmol}, 4-nitrophenol (0.61 g, 4.4 mmol) and
TEA(0.73 mL, 5.23 mmol} in DCM (5 mL) at 78 °C. After stirring for 30 minutes, the
misture is warmed to room temperature, difuied with BCM 20 mlL), and washed with water
{20 rol. x 3). The combined aqueous lavers are extracted with DCM (20 mL x 2) and the
combined organic layers are dried over anhydrous magnesium sulfate, filtered, concentrated,
and purified by silica gel column chromatography (EA/PE with 1% TEA = 1/5 to 1/2) 1o give

82(0.30 g, 59 % vield) as a white solid. (MS: [M+H]* 1118.9)

Step 2: CC2

CC2
[0318] To a solution of 82 (0.2 g, 0.18 mmol) in THF (1.0 mL), 4A MS (0.05 g) and
TEA (0.12 mL, 0.89 mmol) ts added ATE (0.12 g, .21 mmol). After stirring for 12 howrs,

the mixture is dituted with THF (2 ml), filtered, and concentrated. The residue is then
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dissolved in DCM (5.0 mL) before waler (0.1 mL) and a solufion of DCA {(0.46 mi) m DCM
(5.0 mL) are added. Afier stirring {or 15 minutes, the mixture is neutralized with TEA to ~pH
7 before concentrated and purtfied by reversed-phase C18 silica gel column chromatography
{MeCN with 0.5% TEA/water = (% 10 40%) to give CC2 {0.11 g, 44% vield) as 2 white
solid. (MS: [M+H]* 1226.0)

EXAMPLES
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Step 1: (4

NHbu

2 "OH P
g\ L nd o c4

NHBz

{0319} To asolution of A4 (1.0 g, 1.01 ooy and G1 (1.07 g, 2.02 romol) m MeCN
(10 mL}Yis added Py=DCA (420 mg, 2.02 mmol}. After stirring at 20 °C for 2 hours, TBHP
(70% in water, 0.65 mL, 5.05 mmol} is added and the mixture is stirred for 1 hour before
sodium bicarbonate agueous solution (30 rol.) 15 added. The nuxiure 15 extracted with ethyl
acetate (100 mb) and the organic layer is washed with brine (30 mL). dried with anhvdrous
sodium sulfate, filtered, and concentrated. The residue is then dissolved in a mixture of DCM
{20 mL), TFA (1.0 mi} and triethyisilane (5.0 mL). After stirring for 2 hours, the mixture is
neutralized with solid sodiom bicarbonate to ~pH 7. The mixture i3 then fltered and the solid
is washed with EA (50 mL = 3} The filtrate is concentrate and purified by preparative HPLC
(MeCN with 0.1% TEA/water = (% to 30%) to give C4<TEA as a white solid {620 mg, 49%
vield). (MS: [IMHH]F 11311

Step 2: phosphodiester 83
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Na.

NHBz

10326} To a solution of €4 (583 mg, 0.515 mmol} in Py (10 mL) is added DMOCP
{583 mg, 3.16 mmol) at 20 “C. After stirting for 2 hours, iodine {654 mg, 2.58 mmol} is
added and the mixture is stirred for 1 howr before saturated sodiurn sulfate agueons solution
(30 mL} and saturated sodium bicarbonate aqueous solution (30 mb) 15 adde. The mixture is
then extracted with EA (100 mL}, washed with brine {60 mL}, dried over anhydrous sodium
suifate, filtered, concentrated, and purified by reversed-phase silica gel column
chromaiography (MeCN with 0.1% TEA/water = 20% 1o 40%) to give 83°TEA as a white
solid (172.0 mg, 31% vield). (MS: [M+H]* 1076.1)

Step 3: bisphosphodiester 84

NH,

{0321} A solution of 83 (100 mg, 0.093 mmol) in MeOH (1.0 mL} and ammomum
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hydroxide (1.0 mL) s stirred at 50 °C for 12 hours. The mixture is then concentrated and
purified by reverse-phase silica gel column chromatography (MeCN with 0.1% TEA/water =

20% to 40%) to give 84 as a yellow solid (27.0 mg, 32% vield). (MS: [M+H]" 902.5)

Step 4: E3

Nas

NH,

{0322} A solution of 84 (27 mg, 0.030 mmol) in TEA3HF (10 ml) 1s stirred at 30 °C
for 3 hours. The mixture is then neutralized with cold triethyiammonium bicarbonate to ~pH
7, concentrated, and purified by a C18 reverse-phase silica gel columun chromatography
{MeCN with 0.1% TEA/water = 0% to 20%) to give ESTEA as a white solid (5.2 mg, 26%

vield). (MS: [M+H]' 673.7)

170
SUBSTITUTE SHEET (RULE 26)



PCT/US2017/023093

WO 2017/161349

dD0ONG

§0

NAHN

AHEeYHL T
PO —

HOPHN "1

NOHN

LD

£2

I/ﬂ“\\
HN

o}

O
il

HS—d—0™7 o

TN

v 300

i
S8LC o7 TN,

m o m LA
_N & —~ O LG
£

RIH-SI 1 JO sissypuig og spduwmyy

e

171

SUBSTITUTE SHEET (RULE 26)



WO 2017/161349 PCT/US2017/023093

Step 1: 8

NHbu

Ty T Wy
N
NHBz

[0323] To a mixture of A4 (500 mg, 0.50 mmol, co-evaporated with MeCN 5 mb x |
and toluene 10 mL x 2} and &1 (322 mg, 0.61 mmol, co-evaporated with MeCN 5 mL x |
and tohuene 10 mi x 2} is added tetrazole (0.45 M in MeCN, 4.0 mL). After stirring at 25 °C
for 2 hours, DDTT (240 rog, 1.2 mmol) is added and the mixture is stirred for 16 hour before
filiered and concentrated. The residue is then dissolved in DCM (10 mL) followed by
addition of water (0.1 mL) and DCA (0.21 rol). After stirring for 10 minutes, TEA (1 mL) is
added and the nuxture 15 concentrate and purified by reverse-phase silica gel coluron
chromatography {(MeCUN with 0.1% TEA/water = 0% io 100%:} to give {5«TEA as a white
solid (250 mg, 35% yield). (MS: {[M+2H[)/2 574.6)

Step 2: phosphorothioate 85
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{8324} To a solution of T8 (600 mg, 0.423 mmol, co-evaporated with Py 3 mL = 2)in
Py (5.0 mL} i3 added BMOCP (313 mg, 1.69 mmol} at 25 °C. After stirring for 2 hours, 3H-
1,2-benzodithiol-3-one (142 mg, 0.85 nunol) 1s added and the mixture is stirred for 2 hours
before sodium bicarbonate aqueous solution (5%, 10 mL} is added. The mixture is then
extracted with EA (10 mL x 3} The combined organi¢ fayers are dried with anhydrous
sodium sulfate, filtered, concentrated, and purified by reverse-phase HPLC (MeCN with
0.1% TEA/water = 0 to 1009%) to give four diastereomers of 85°TEA as white solids. Isomer
1 (28 mg) (MS: [M+H]" 1160.9); Isomer 2 {25 mg) (MS: [M+H]" 1160.9); Isomer 3 (50 mg)
(MS: [M+H|* 1160.9); Isomer 4 (52 mg) (MS: [M+1]" 1160.9)

Step 3: E15-E18

NH,

[0325] Each of the isomers of 858-TEA (25 mg, 0.022 mmol) in ammonium hydroxide
(5.6 mL} and MeOH (4.0 mL) is stirred at 50 °C for 16 hours. The mixture is then purged
with nitrogen at room temperature for 5 minutes before concentrated. The residue is dissolved
i TEA (0.5 wl) and Py (0.2 rol}, and TEA=3HF (0.7 mL} is added. Afler stirring at 50 °C
for 24 hours, triethylammonium bicarbonate aqueous solution (1M, 5 mL) is added and the
mixiure is purified by a reverse-phase silica gel column chromatorgraphy (MeUN with 0.1%

TEAAvater = 0% to 30%) to give E15-E18 as white solids.
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Step 1: phosphoramidate 44

OTBS O
/
Q-—P=0

f”N | N} N 86

4
S )

NHBz ©

{8326] To asolution of C3 {16 mg, 0.014 mmol, co-evaporation with Py 1 ml x 3} in
Py (0.5 mL) is added DMOCP (10.4 mg. 0.056 nunol}. After sturing for 135 minutes, NIS (4.1
mg, 0.0183 mmol) and morpholine (0.012 mL, 0.141 mmol} are added and the mixture is
stirred for 1 hour before sodium bisulfite agueous solution {0.14%, 1 mL) and sodium
bicarbonate {80 mg} is added. The mixture is then extracted with DCM (5 mk x 3), dried
over anhydrous sedium sulfate, and concentrated. The residue is then stirred in MeCN {0.5
mkL) and #-butylamine {0.5 mL} at room temperature for 15 minutes before concentrated. The
resulting residue is then co-evaporated with MeCN (I mL x 3) and purified bv HPLC to give
86 as a white solid (2.4 mg, 15%). (MS: [M+H]" 1046.2)

Step 2: £24
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{0327} To 86 (2.4 mg, 0.0021 mmol) is added methylamine (33% in EtOH, 0.3 mL).
After stirring at room temperature for 16 hours, the mixture 1s concentration and the residue
is stirred in & mixture of TEA and TEA=3HF in THF (0.036 mL/0.018 mi/0.3 mb} at 35 °C
for 18 hours. MeCUN (1.0 mL) 15 then added and the solid 1s collected by centrifugation,
washed with MeCN (1 mL x 2) to give E24 as a white solid (0.6 mg, 38% vield). (MS:
IM+HJ 744.0)

176
SUBSTITUTE SHEET (RULE 26)



PCT/US2017/023093

WO 2017/161349

dHE=v3L T
CHNBIN L
NoHN

HMN

i2

/ﬁ\\zm

O

N

»

N

ZgHN

Z/&/r
¢ 17
2\\#./2\\

O -
CHNng, 2
O OSSl  fHgevagdia
o OH v4188
o) ADOWG L

NAIHN

Q,

CH

Ny

=]

\\Z N
S

O

Oy O osEl

N
330 O

S7 30 siwapudg g spdureyy

177

SUBSTITUTE SHEET (RULE 26)



WO 2017/161349 PCT/US2017/023093

Step 1: beranophesphate §7

NHbu

No_-N
K\ § hg{> ©BH; 87

NHBz

{8328 To a solution of €3 (100 mg, 0.088 mmol, co-evaporated with Py 4 mL = 3} in
Py (3 mL) 1s added DMOCP (57 mg, 0.337 mmol). After stirring for 135 munutes, BSTFA
(0,10 L, 0.371 mmot) is added dropwise and the muxture is stirred for 20 minutes before
borane N, N-diisopropyiethvlamine complex {0.092 mi.. 0.530 nunol) is added. The mixtue is
then stirred for 3 hours before concentrated and puridied by silica gel column
chromatography (MeOH/DCM = 1/19 10 1/9) to give semi-pure CE-protected 87 as avellow
solid. The semi-pure CE-protected B7 obtamed above is stirred in a mixture of MeUN {1 mL)
and ~butylamine (0.5 mL) for 10 minutes before concentrated. The residue is then co-
evaporated with MeCN (4 mL x 3) and purified by reverse-phase HPLC (MeCN with 0.1%
TEA/water = 40% to 90%) to give 87 as a white solid (11 mg, 12% over two steps). (MS:

[M] 10732

Step 2: K23
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; N NH,
E25

{0325] To 87 (5.7 mg, 0.0033 mmol) is added methylamine (33% in EtOH, 1 mi).
After stirring at room temperature for 18 hours, the mixture 1s concentration and the residue
is stirred in a mixture of TEA (0.08 mbL) and TEA<3HF {(0.04 mL) in THF (0.5 mL) at 35°C
for 18 hours. MeCUN (1.2 mL) 15 then added and the solid 15 collected by centrifugation,
purified by reverse-phase HPLC (MeCUN with 0.1% TFA/water = 0% 10 20%} to give E25 as
a white solid (2.5 mg, 61% yield} (MS: [M| 671.2)
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Step 1: CB1

TRSO P NHbu

o3l

N

NHBz

{0330} To a solution of GB3 (160 mg, 0.25 mmol, co-evaporated with MaCN 1 mb x
3) and pyridinmum triftuoroacetate (35 mg, 0.39 mmel, co-evaporation with MeCN 1 mL x 3)
in MeCN (1 mL) treated with 3 A MS (500 mg) for 30 minutes is added a solution of A4 (355
mg, 0.36 mol, co-evaporated with MeCN 1 mL » 3) in MeCN (1 mL) treated with 3 A MS
{700 mg) for 30 minutes. After stirring af room femperature for 2 hows, TBHP (5.5 M in
decane, 0.164 mL, 0.9 mmol} is added and the mixture is stirred for 30 minutes before
sodium bisulfite aqueous sotution (33%, 0.15 mL)1s added at 0 °C. The wuixture 15 then
concenirated and the residue 1s dissolved in DCM (4.8 mL) followed by addition of water
{0.054 mL) and dichloroacetic acid (6% in methylene chloride, 4.8 mL). Afier stirring for 10
min, the Py (1.5 mL) is added and the mixture is concentrated and purified by silica gel
coluron chromatography (MeOH/DCM = 1/10 to 1/4 with 1% Pv) to give CB1+Py as a white
sofid (213 mg, 66% vield).

Step 2: phosphorothisate 88
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{0331] To a solution of CB¥ (60 mg, 53 pumol) in Py (1 mL} 1s added DMOCP (30
mg, 162.5 umol}. After stirnng for 10 minutes, water (0.027 mL) and 3#-1,2-benzodithiol-3-
one {13 mg, 0.077 mmol) are added. The muxture is stirred for 5 minutes before pouring nto
a solution of sodium bicarbonate (210 mg) in water (7.5 mi). After stirring for 5 nunutes, the
mixture is extracted by EA/diethyi ether (1:1, 10 mL x 3}, The combined organic layers are
concentrated to give a yellow solid {100 mg). To a sohution of the vellow solid obtained
above in MeCN (0.5 mL) is added rer-butylamine (0.5 mwl). After sturing for 10 minutes, the
mixture is concentrated and purified by HPLC (MeCN/water with 4.1% TFA: 50% to 100%)
to give two diastersomers of 88. Isomer 1 (7 me) ((MAH]T 977.0); Isomer 2 (16 mg) (MS:
IMAH]T 977.0)

Step 3: EB1 and EB2
Q
i NH
*A\
N NH,
N
¢ !
I EB1 and EB2
Nas
NH,
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{8332} To the Isomer 1 of 88 (7 mg) 1s added methyiamine {33% in ethanol, 1 ml}.
Afier stirring at room temperature for 12 hours, the nixture 1s concentrated and the residue is
dissolved in TFA aqueous solution (3% v/v. 1 ml). After stirring for 2 hours, the mixture is
concentrated and punified by HPLC (MeCN/water with 0.1% TFA, 0% to 45%} to give EB1
as a white solid (2.5 mg, 57% yield). (MS: [M+H]" 689.0)

{0333] To the Isomer 2 of 63 (16 mg) is added methylamine (33% in ethanol, 2 mL)
at 0 °C. After stirring at room temperature for 12 hours, the mixture is concentrated and the
residue is co-evaporated with a mixture of Py/TEA (5 mb/2 mL x 3} before dissolved in Py
{0.04 mL). TEA (0.25 mL) and TEA<3HF (0.15 mL are then added. Aflter stirring at 55 °C for
3 hours, acetone {2 mbL) is added. The solid 15 collected (10 mg) by filtration and purified by
HPLC (MeCN/water with 0.1% TFA, 0% to 30%) to give EB2 as a white solid (5 mg, 45%
vield), (MS: [M+H]" 689.0, IM-H] 687.0)

Example F: Synthesiz of EC25
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0
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N0 NT SN NH,
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HO O
OH O
N O O—P—0H
f N 4 CICH,CHO
U E1 B
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HO~P
HO O

OH O
O—P—0H

o
NN I
| N()IN) O EC25
W

{8334] To asolution of E1<TEA salt (10 mg, 0.0114 mmol) in water (0.3 mL) is
added 2-chloroacetaldehyde (0.015 mi., 0.118 numol) and sodium hydroxide aqueous solution
(1 M, 0.012 mL, 0.012 mmol). After stirring at 37 °C for 18 hours, the mixture is
concentrated and purified by reverse-phase HPLC (MeCN/water with 0.1% TFA = 0% io

30%) to give KC26 as a white solid. (MS: [M]~ 697.1)

{0334] The following compounds are preparad essentially by the methods above.
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[8336] Selected physical data of the example compounds are summaried below,
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{#8337] Stereochemical mformation of represented compounds i given below.

Table 8. P-Cenfiguration of Examples E23 and EB3

£23
[Re,Rp]
isomer 4
HOM; 0 0
[Rpj HO O
e Ry /
N S T
H E /'“
N N
NH» isomer 1

BIOLOGICAL TESTING

{8338} Senal ditutions of cGAMP analog compounds in phosphate buffer saline
{PBS) are mixed with THP1 luciferase reporter cells in a 96-well plate at 0.2x10%well, in the
presence or absence of | nM of Perfringolysin O (PFO), which can facihitate coropound
uptake by forming open channels on the plasma membrane. 16 hours later, 15 ul of the
media from each well is transferred to a new plate, and luminescence is measured. Fold
increase in luominescence compared to PBS stimulated cells is plotied against logarithm of

concentrations of each compound, and ECso is calculated using Graphpad.

Table 6. Activity of cyclic dinucleotides and analogs

256
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THPI-SGLuc |  THP4SG-Luc THP{-I8G-Luc |  THP4SG-Luc
Example with PFO, without PFO, Example with PFQ, without PFO,
£C0ss, nM ECss, pM ECs0, ni ECas, uM
E1 A EA1D A
E2 A A EAtY A A
E3 A A EB1 c B
E4 A A £82 A A
E5 c C £B3 A A
E6 A A EB4 ¢ B
E7 A A EBS B c
E8 B c £86 ¢ C
ES A A EB7 o C
Ei0 c c EC1 A A
Ei1 B c EC2 B B
Ef2 A A £C3 B A
Ef3 B8 C EC4 c C
Ei4 8 ¢ ECS B B
EiS c c ECS c c
Et6 A A ECY ¢ C
Et7 c C ECS C C
Ei% A A ECY c C
Ei8 c c EC10 ¢ c
E20 B A ECH1 A c
E21 8 A ECH2 A A
E22 8 A EC13 B A
E23 A A EC14 c c
E24 B A ECHS B A
E25 A A EC16 C C
EA1 8 C ECH7 ¢ c
EA2 A A ECtB c c
EA3 c C ECH9 ¢ c
EA4 B8 A EC20 o C
EAS5 c c ECTY c c
EAS C C EC22 ¢ C
EAT ] A EC23 o C
EAB B A EC24 A A
EAS A A EC26 B c
A <100 nM A< 30 UM A <100 niv A <30
Aoy | BIBI000 g 30100 pm O | B100-10000M | B 30-100 M
¢ >1000 niv £ >100 uM ¢ >1000 nM ¢ >100 uM
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{0339] 223 -cGAMYP can be degraded by the enzyvme ecto-nucleotide

pvrophosphatase/phosphodiesterase (ENPP1) which is present in fetal bovine serum (FBS)

{Li etal., 2015, Nat Chem Biol, 11, 235). To test if cGAMP analogues have improved

stability, 5 uL of of synthetic ¢cGAMP analogues (100 uM stock) were incubated with 45 plL

of FBS in a final volume of 50 uL at 37 °C for 1. 2 and 4 hours. At the indicated time, 10 uL

of the reaction mixture was taken out and mixed with 10 uL phosphate buffered saline (PBS),

then heated at 95 °C to denature proteins, which were removed by centrifugation at 13000 g

for 5 minutes. The supematants were delivered to THP1-ISG-luctlerase cell ling in the

presence of PF0 to measure the activity of remaining ¢cGAMP analogues, as describad above

Category A indicates less than 10% decrease of activity after 4-hour incubation, B indicates

10-75% decrease of activity after 4-hour incubation, and C mndicates more than 75% loss of

activity after 4-hour incubation,

Table 7, Stability of cyclic dinucleotides and analopues in fetal hovine serum

Example Reduction_ of actiyity after FBS Example Reductian_ of acti\(ity after FBS
incubation incubation
Et EA7 A
E2 c EAS A
E3 A EAiD G
E6 [ EAft A
E7 C EB1 A
EZ A £B2 B
ES A EB3 A
E16 ] EB4 A
Ef8 B EBS A
E20 A ECH A
E21 B EC2 A
E22 A EC3 8
E23 B ECS A
E25 A ECH3 A
EAT A ECi5 A
EA4 A EC24 A
EAS A EC26 A
Activity A<t0% Activity A <18%
Code B >10% Code B >10%
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| } € >75% N € >75% i

{6340} The following series of prophetic examples are also compounds of the present

mvention:
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bed
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Gdd
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Obd

Gl
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gid

Eid
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Pi4

P13
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P15
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CLAIMS:
1 A compound of Formula a, or a pharmaceutically acceptable salt thereof,
Formula fa
wherein:

aand b are independently O or land a+ b =1, whenais 1, bis ¢ and R* is not

present; and when ais 0, b is T and R* is not present:
X and X? are independently O, S or Sein a five-membered ring;

LY, starting from the carbon alpha to X!, and L2, starting from the carbon alpha to X2,
are independently ~-CH20-P{O)R-0- -CH20-P(SIRE-0-, -CY WY IIO-PIOR-CLYHY H)-, -
CHoNHSOoNH-, -CHaNHC(ONH-, -CHaNHC(S)NH-, -CHNHC(NH)NH-, -
CH:NHC{OYCH-, -CHoNHSOCHo-, -CHuCHC(ONH-, -CH2CHRSOuNH-, ~-CHaNHG 4-

¢ N\ =N N /N f
N | of N ;

dioxocyclobuten-1,2-diyJNH-,
cis 0,1, 01 2;
d, e, and f are independently O or 1;
Y1 ¥2 Y3 and Y*are independently Hor F;

R%is hydroxvl, thiol, Creatkyl, Creatkyl selectively functionalized with one or
more halogen, thiol, hydroxvl, carbonyl, carboxyi, carbonyloxvi, Crealkoxy, Ci-
shydroxyalkoxy, amino, Crsalkylarine, di{fCrealkyDaming, or azide groups. Ci-
calkoxy, Crealkoxy selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyi, carboxyl, carbonyloxyl, Crshydroxyalkoxy, amino, Ci-
salkylamine, di{CiealkyDanuno, or azido groups, Cssalkenyl-O-, Cssalkynyl-O-,

oligo(ethylene glycol), poly(ethylene glycol), borano {-BHs7), or -NRR?;
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R’ and R¥are independently hydrogen, Cisalkyl, Cicalkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Ciealkoxy. Cishydroxyatkoxy, ammo, Crealkylamino, di{C1.
salkylyamino, or azido groups, cyclic -{(Cisalkyl}-, cyelic «(Crealkyl)-
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonyloxyl, Crealkoxy, Cshydroxyalkoxy, arsino, C1.
salkylamino, or di{Crsalkvljamino groups, cyclic -(Cisoxaalkyl)-, or cyclic -
(Creoxaalkyl)- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cichydroxyalkoxy, amino, Ci1-

salkylarmno, or di{CiealkyDamine groups;

R! and R? are independently aromatic rings or hetercaromatic rings with the following

general structure including its tautomeric forms:

87
;;7 . "vv‘l"f’ "‘"gm
: i3
Z3 - : i Iy 25’(211)?1
’ N
9( Zz\i‘;lz1 26/ W2

2 and b are independently Cor 1;

W' and W? are independently hydrogen, halogen, hydroxyl, Crsalkyl, Ci-
salkyi selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonvloxyl, Crsatkoxy, Crchydroxvalkoxy, amino, Crsalkylamino, di(Ci.
calkyiyamino, or azido groups, Crealkoxy, Crealkoxy selectively functionalized with
one ot more halogen, thiol, hvdroxyl, carbonyl, carboxyl, carbonyloxyl, Ci-
shydroxvalkoxy, amino, Crsalkylamino, di(Crealkylyamino, or azido groups, Cs.
salkenyi-O-, CssalkynykO-, oligo(ethvlene glveol), poly(ethylene glycol), azido, or -
NRRS;

728728 7 7N 77 and 28 are independently CH or N

il present, 27, 78 2° 7! and Z! are independently CH or N, and then W' is

CHor N;
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R®, R* and R are independently hydrogen, halogen, hydroxyl, amino, Cisalkvi, Ci-
salkyl selectively funclionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonyloxyl, Ciealkoxy, Cishvdroxyalkoxy, amino, Creatkylamine, (G-
calkvhamino, or azido groups, Crealkoxy, Crealkoxy selectively functionalized with one or
more halogen, thiol, hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino,

Crealkylamino, di{CiealkyDamino, or azido groups, Cssalkenyl-O-, Cssalkynyl-0-,

oligo{ethvlene glycol), poly{ethylene glycol), azido, or -NR'RE; and

the compound s not 23 -cGAMP.

A The compound of claim 1 wherein the compound of Formula Ib, or a

pharmaceutically acceptable salt thereof,

Formula b
wherein:

X! and X* are independently 0, S or Se;

FRZB EW V2% and 7Y are independently CH or N;

L', starting from the carbon aipha to X', and L7, starting from the carbon alpha to X2,
are independently ~CH20-P(O)R -0 ~CH20-P(S)RE-O-, -C(Y HY20-POIR-COYIHY ), -
CHNHSO:NH-, -CHNHC(O)NH-, -CH:NHC(S)NH-, -CHNHC(NH)NH-, -
CHNHC(OYCH2-, -CHoNHSO:CHa-, -CHoCH2C(O)NH-, -CH2CH280:NH-, -CH:2NH(3,4~

C N\ /N ¥
=N . N3z, |
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cis0, Lor2;
d, e, and f are independently 0 or 1;
YL Y5 Y and Y*are independently H or F;

RO is hydroxyl, thiol, Crealkyl, Creatkyl selectively functionalized with one or
more halogen, thiol, hydroxvl, carbonyl. carboxyl, carhonvioxyl, Crsalkoxy, Cr.
shydroxyalkoxy, amino, Crsatkylamino, di(Crealkylamino, or azido groups, Ci.
salkoxy, Crsalkoxy selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, C1.
salkyiamino, di{CisatkyDamino, or azido groups, Cssalkenyl-0-, Casalkynyl-O-,

oligo(ethylene glveol), poly{ethylene glycol), borano (-BHz™), or -NRR,

R” and R® are independently hydrogen, Cicalkyl, Cisalky! selectively
funciionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonylonyi, Crealkoxy, Cishydroxyatkoxy, amino, Cisatkylamino, di{1.
salkyDamino, or azido groups, cyclic «{Ciealkyl}-, cvehic «{Crealkyl)-
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonvi,
carboxyl, carbonyloxyl, Cialkoxy, Cichydroxvalkoxy, amino, Ca.
salkylamino, or di{Cisalkyyamino groups, cyclic {Cisoxaalkyl)-, or cyclic -
(Cr.coxaalkyl)- selectively functionalized with one or more halogen, thiol,
hvdroxyl, carbonyl, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, C1.

salkylamino, or di{Cisalkyllamino groups;

R* and R* are independently hydrogen, halogen, hydroxyl, amino, Cisalkyl, Cisalky!
selectively functionalized with one or more halogen, thiol, hvdroxyl, carbonyl, carboxyl,
carbonyloxyl, Cisalkoxy, Cichydroxyalkoxy, aming, Creatkylamino, di(Crsalkvl}amino, or
azido groups, Crsalkoxy, Cirsalkoxy selectively fimctionalized with one or more halogen,
thiol, hydroxyl, carbonyl, carboxyl, carbonyloxyl, Crshydroxvalkoxy, anino, Ci-
salkylamino, di{Crealkyhamino, or azido groups, Cssalkenyl-0-, Cs-salkyovl-O-,

oligo(ethyiene giyeol), poly{ethylene glycol), azido, or -NR'RY; and

the compound is not a previously disclosed compound, including 2°3°-cGAMP.

3. The compound of claim 1, wherein a compound of Formula ke, or a

pharmaceutically acceptable salt thereof,
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Formula {¢
wherein;
ZUEE ZW 28 20 and 2V are independently CH or N

R? and R* are independently hydrogen, halogen, hvdroxyl, amino, Cisalkyl, Cisalkyl
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Crealkoxy, Cishydroxyvalkoxy, amino, Crsatkylamino, di{Crsalkylamino, or
azido groups, Crsalkoxy, Cisalkoxy selectively functionalized with one or more halogen,
thiol, hydroxyl, carbonyi, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, (i
salkylamino, di{Crealkyllanino, or azido groups, Casatkenvi-0-, Cs.satkvavi-0-,

oligo{ethylene glycol), poly(ethylene glycol), azido, or -NR'RY,

R” and R® are independently hydrogen, Cisalkvl, Crealkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Crsalkoxy, Cishydroxyalkoxy, amino, Cicalkylamino, di{Ci-
salkylamino, or azido groups, cvelic -{Crealkvi)-. cyclic (Crsalkyl)- selectively
fimectionalized with one or more halogen, thiol, hvdroxyl, carbonyl, carboxyl,
carbonyloxyl, Cisalkoxy, Cishydroxyatkoxy, amino, Cisalkylamino, or di{Ci-
salkyDamino groups, cyclic -{Crsosaalkyl}-, or eyclic -(Crooxaalkyl)- selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Crchvdroxyalkoxy, amino, Cisalkylamino, or di{Cisalkvl}amino

groups;

R and RY are independently hydroxyl, thiol, Crsalkyl, Crsalkyl selectively

functionalized with one or more halogen, thiol, hvdroxyl, carbonyl, carboxyl, carbonyloxyl,
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Cisalkoxy, Crehydroxyalkoxy, amino, Crsatkylamino, di(Ciealkyljamino, or azido groups,
Cisalkoxy, Crealkoxy selectively functionalized with one or more halogen, thiol, hydroxyl,
carbonyl, carboxyl, carbonyloxyl, Crchydroxyalkoxy, anuno, Crealkyvlaroino, di(Ci.
calkvhamino, or azido groups, Cs-salkenyl-O-, Cisalkynyl-0-, oligo{ethylene olycol},

poly{ethylene glycol), borano (-BHz7), or -NR'R®,

the oxvgen atom in ong or both of the tetrabydrofuranyl nngs of Formula Ie can be

optionally replaced by a sulfur or a selenium atom; and

the compound is not 2°3°-cGAMP.

4. The compound of claim 1, wherein a compound of Formula ¥d, or a

pharmaceutically acceptable salt thereof,

Formuola Id
wherein:
X! and X2 are independently O, S or Se;

L!, starting from the carbon alpha to X', and L7, starting from the carbon alpha to X2,
are independently ~-CH20-P(O)RO-0- -CHRO-P(SIRE-0- -CYHYHO-POREC(YHY -, -
CHNHSO:NH-, -CHNHC(OWNH-, -CHNHC(S)NH-, -CHNHC(NH)NH-, -
CHaNHC(OYCH»-, -CHaNHSO2CHa-, -CHaCH2C(O)NH-, -CHCH280NH-, -CHoNH(3 4~

At
c N\ /‘N f

dioxocyclobuten~1, 2-diyiNH-,
cis 0,1, 0r2;
d, &, and { are independently O or I;

Y1 Y2 Y7, and Y* are independently H ot F;
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R is hydroxyl, thiol, Crealkyl, Creatkyl selectively functionalized with one or
more halogen, thiol, hydroxyl, carbonyl, carboxyl, carbonvioxyl, Cirsalkoxy, Ci-
shydroxyalkoxy, arano, Crsalkylanine, di{Crsatkylyamivo, or azido groups, Ci.
salkony, Crsalkoxy selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Crehydroxyalkoxy, amino, C1.
salkylamino, di{Cisalkyl)amino, or azido groups, Cssalkenyl-0-, Cssalkynyl-O-,

oligo(ethylene glycol), poly(ethvlene glycol), borano (-BH3 ). or -NRRY;

R” and R® are independently hydrogen, Cisalkyl, Cisalkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonvioxyi, Ciealkoxy, Cishydroxvalkoxy, ammo, Crealkylamuino, di{C1.
salkyljamino, or azido groups, cyclic -{(Cisalkyl}-, cyclic -(Crealkyl)-
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonyloxyl, Crealkoxy, Crehydroxyalkoxy, amino, C1-
salkylamino, or di{Cisalkviamino groups, cychc -{Cisoxaalkyh)-, or cychic -
{Creoxaalkyl}- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cishvdroxyalkoxy, amino, Ci1-

salkylarmno, or di{CicalkyDamine groups;

R* and R* are independently hvdrogen, halogen, hydroxyl, amino, Cialkyl, Cisalkyl
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonvloxyl, Cicalkoxy, Ci-shvdroxyalkoxy, amine, Crsatkylamino, di(CisalkyDamino, or
azido groups, Cisalkoxy, Cisalkoxy selectively functionalized with one or mors halogen,
thiol, hyvdroxyl, carbonyi, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, Ci.
eallvlaming, di{Cisalkyljamino, or azido groups, Casalkenyl-0-, Casalkvnvi-0O-,

oligo{ethylene glycol), poly(ethylene glycol), azido, or -NRRY:

R and R™ are independently selected from the group consisting of:
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70 I 71 g1S Zls g1 g18 719 700 721 g g% i 7S g6 g2l gk
720 70 7373 7B 73 FH 7 and ¥ are each independently CH or N; and

W, WH W, WO W WE and WY are independently hydrogen. halogen,
hydroxyi, Crealkyl, Crsalkyl selectively functionalized with one or more halogen,
thiol, hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cisalkoxy, Crshvdroxyalkoxy,
aming, Creatkylamino, di{CrsalkyDamine, or azido groups, Crsatkoxy, Cisatkoxy
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, Cicalkylamino, di(Ci-
calkyyamino, or azido groups, Cs.salkenyl-0-, Casalkynyl-O-, oligo{ethylene glycol),

poly{ethylene glycol), azido, or -NR'R®,
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5 The compound of claim 1, wherein a compound of Formula fe, or a
pharmaceutically acceptable salt thereof,
G .
wox?

R15—p
R4 \x‘*

Formula fe

wherein:

X3, X4 X5 and X° are independently O, NH, CH», CHF, or CF»;

R’ and R are independently selected from the group consisting of:

70 g i gIs Zl6 gi7 g8 719 g0 21 g2 g5 g4 gis g g2l and g
are cach independently CH or N; and

W3, W W3, WO and W7 are independently hydrogen, halogen, hydroxyi, Ci.
aatkyl, Crealkyl selectively functionalized with ene or more halogen, thiol, hydroxyl,
carbonyl, carboxyl, carbonvloxyl, Crsalkoxy, Crshydroxyalkoxy, amino, Ci-
salkylamine, di{Cisalkyl}amino, or azido groups, Cisalkoxy, Ciealkoxy selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Ciehydroxyatkoxy, amino, Cieatkylamino, di(Cisalkylamino, or
azido groups, Cssalkenyl-O-, Cs.satkynyl-O-, oligo{ethylene glycol), polv{ethviene

glveol), azido, or -NR'RS;
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R’ and R¥are independently hydrogen, Cisalkyl, Cicalkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Ciealkoxy. Cishydroxyatkoxy, ammo, Crealkylamino, di{C1.
salkylyamino, or azido groups, cyclic -{(Cisalkyl}-, cyelic «(Crealkyl)-
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonyloxyl, Crealkoxy, Cshydroxyalkoxy, arsino, C1.
salkylamino, or di{Crsalkvljamino groups, cyclic -(Cisoxaalkyl)-, or cyclic -
(Creoxaalkyl)- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cichydroxyalkoxy, amino, Ci1-

salkylarmno, or di{CiealkyDamine groups;

R* and R* are independently hvdrogen, halogen, hvdroxyl, amino, Cialkyl, Crealkyl
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Crealkoxy, Cishvdroxyalkoxy, amine, Crealkylaming, di{CrealkyDamino, or
azido groups, Crsalkoxy, Crealkoxy selectively functionafized with one or more halogen,
thiol, hydroxyl, carbonyi, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, Ci-
salkylamino, di{Crsatkyhamine, or azido groups, Casatkenyl-0-, Cs-salkyavi-O-,

oligo{ethvlene glycol), poly(ethylene glycol), azido, or -NR'R®:

R¥ and R are independently hvdroxyl, thiol, methoxy, ethoxy, amino, N-
methylamino, N N-dimethylamino, N-ethylamino, N N-diethylamino, N-morpholino, or
borano (-BH3 )

the oxygen atom in one or both of the {etrabvdrofuranvi rings of Formula e can be

optionally replaced by a sulfur or a selenium atom; and

the compound 1s not 273" -cGAMP.

6. The compound of claim 1, wherein a compound of Formula ¥f, or a

pharmaceutically acceptable salt thereof,
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Formula If
wherein:

X! and X? are independently O, S or Se;

ZI2ZB FW 78 71 and 7' are independently CH or N;

LY starting from the carbon alpha to X!, and L%, starting from the carbon alpha to X2,
are independently ~-CHO-P(OYR®-0- -CH20-P(SIRS-0-, -COY WY HO-PIOWRO-C(Y3HYH)-, -
CHNHSONH-. -CHNHC{O)NH-, -CHNHC(SNH-, -CHNHC(NHINH-, -
CHoNHC{O)YCH -, -CHoNHSO2CHo-, -CHoCHC(ONH-, -CH2CHRS8ONH-, -CHaNH(3 . 4-

c N\ /N ){

dioxocyclobuten-1,2-diyhNH-,
cis 0, Lor2;
d, e, and f are independently 0 or 1;
Y1 Y2 Y and Y*are independently H or F;

RO is hydroxvl, thiol, Crealkyl, Crealkyl selectively functionalized with one or
more halogen, thiol, hydroxvi, carbonyl, carboxvi, carbonvioxvi, Crsalkoxy, (i
shydroxyvalkoxy, amino, Cirsatkylamine, di(CrealkyDamino, or azido groups. Ci-
satkoxy, Crealkoxy selectively functionalized with one or roore halogen, thiol,
hydroxyl, carbonyi, carboxyl, carbonyloxyl, Cishydroxyatkoxy, amino, Ci-
salkylamino, di{CisatkyDamino, or azido groups, Cs.salkenyl-0-, Casalkynyl-O-,

oligo(ethylene glveol), poly{ethylene glycol), borano (-BHa7), or -NR'R®,
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R’ and R¥are independently hydrogen, Cisalkyl, Cicalkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Ciealkoxy. Cishydroxyatkoxy, ammo, Crealkylamino, di{C1.
salkylyamino, or azido groups, cyclic -{(Cisalkyl}-, cyelic «(Crealkyl)-
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonyloxyl, Crealkoxy, Cshydroxyalkoxy, arsino, C1.
salkylamino, or di{Crsalkvljamino groups, cyclic -(Cisoxaalkyl)-, or cyclic -
(Creoxaalkyl)- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cichydroxyalkoxy, amino, Ci1-

salkylarmno, or di{CiealkyDamine groups;

R* and R? are independently hvdrogen, halogen, hvdroxyl, amino, Cisalkyl, Crealkyl
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Crealkoxy, Cishvdroxyalkoxy, amine, Crealkylaming, di{CrealkyDamino, or
azido groups, Crsalkoxy, Crealkoxy selectively functionafized with one or more halogen,
thiol, hydroxyl, carbonyi, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, Ci-
salkylamino, di{Crsatkyhamine, or azido groups, Casatkenyl-0-, Cs-salkyavi-O-,

oligo{ethvlene glycol), poly(ethylene glycol), azido, or -NR'R®; and

the compound is not 2°2°-cGAMP.

7. The compound of claim 1, wherein a compound of Formula Ig, or a

pharmaceutically acceptable salt thereof]

Formula fp
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wherein:
ZVR gl 78 28 7% and 7V are independently CH or N,

R’ and R’ are independently hvdrogen, halogen, hydroxyl, amine, Cisalkyl, Cisalkyl
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Crealkoxy, Cishvdroxyalkoxy, amino, Crsatkylamine, di{Crsalkylamino, or
azido groups, Ciealkoxy, Crsalkoxy selectively functionalized with one or more halogen,
thiol, hydroxyl, carbonvi, carboxyl, carbonyloxyl, Cishyvdroxyalkoxy, amino, C-
calkvlamine, di(CycalkyDamino, or azido groups, Cisatkenvl-0-, Ci.salkvnvi-0-,

oligo{ethylene glycol), poly(ethylene glycol), azido, or -NR'RY;

R7 and R® are independently hydrogen, Crsalkyl, Crealkyl selectively
functionalized with one or more halogen, thiol, hvdroxyl, carbonyl, carboxyl,
carbonyloxyl, Crealkoxy, Crshydroxyalkoxy, amino, Crealkylamino, di{Cr.
salkyDaming, or azido groups, cvelie {Creatkvh-, evdlic -(Crealkyly- selectively
functionalized with one or more halogen, thiol, hvdroxyl, carbonyl, carboxyl,
carbonyloxyl, Creatkoxy. Crehvdroxyalkoxy, amino, Cisalkylamino, or di(Cy.
sadkyDamino groups, cyclic ~{Crsoxaalkyi}-, or cyclic -{(Cisoxaatkyi)- selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Crehydroxyatkoxy, amino, Creatkylamino, or di{(CrsalkyDamino

Sroups;

R? and RY are independently hydroxyl, thiol, Cisalkyl, Cisalkyl selectively
finctionalized with one or more halogen, thiol, hvdroxvl, carbonyl, carboxyl, carbonyloxyl,
Crealkoxy, Crehvdroxyalkoxy, amine, Crealkylamino, di{Crealkylamino, or azido groups,
Crsalkoxy, Crealkoxy selectively functionalized with one or more halogen, thiol, hydroxyl,
carbonyl, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amine, Creatkyiamino, di(C:.
salkyhamine, or azido groups, Casatkenyl-0-, Cssalkynvi-O-, oligofethylene glyeol),

poly(ethylene glycol), borano (-BHs7), or -NR'RY;

the oxygen atom in one o1 both of the tetrahydrofuranyi rings of Formula g can be

optionally replaced by a sulfur or a selenium atom; and

the compound is not 2°2°-cGAMP.

8. The compound of claim 1, wherein a compound of Formula th, ora

pharmaceutically acceptable salt thereof,
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Formula kb
wherein:
X! and X? are independently O, S or Se;

LY, starting from the carbon alpha to X!, and L, starting from the carbon alpha to X2,
are independently ~-CH2O-P(O)R®-0- -CH20-P(SIRS-0-, -COY WY HO-PIOIRO-CY HYH-, -
CHNHSO:NH-, -CHNHC(ONH-, -CHNHC(SNH-, -CHNHC(NHINH-, -
CHNHC(OYCHo-, -CHoNHSOCHo-, -CH2CHRC(OWNH-, -CHoCH2SO:NH-, -CHaNH(3 4-

bt b
[+ N\ N N> fN }f
N~ or TN )

i

dioxocyclobuten-1 2-divliNH-,
cis0, 1, or2;
d, e, and fare independently 0 or 1;
Y1 Y2, Y7, and Y are independently H or F,

RO is hydroxvl, thiol, Ciealkyl, Crealkyl selectively functionalized with one or
more halogen, thiol, hydroxyl, carbonyl, carboxyl, carbonyloxvl, Cisalkoxy, C1.
shydroxyalkoxy, amino, Cisalkylamino, di{Cisatkylamino, or azido groups, Ci-
salkoxy, Crealkoxy selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonvl, carboxyl, carbonyloxyl, Cishydroxyatkoxy, amino, Ci-
catkylamino, di{CiealkvDamino, or azido groups, Cs-satkenyl-0-, Casalkynyi-0-,
oligo(ethvlene glveol), poly{ethylene glycol), borano (-BH3), or -NRRY,

R and R® are independently hydrogen, Cisalkyl, Cicalkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonylonyl, Crealkoxy, Cishydroxvatkoxy, amine, Cisalkylamine, di{C1-
salkyamino, or azido groups, cyelic -{(Crsalkyi)-, cyclic Crealkyl)-

selectively functionalized with one or more halogen, thiol, hydroxyl, carbonvl,
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carboxyl, carbonylonyl, Crealkoxy, Crshydroxyalkoxy, amino, Ca.
salkylamino, or di{Cisaikyamino groups, eyclic «{(Cisoxaalkyl)-, or cyclic -
(C1.soxaalkyl}) selectively functionalized with one or more halogen, thiol,
hvdroxvl, carbonyl, carboxvl, carbonyloxyl, Cishydroxyalkoxy, amino, Ci-

salkylamino, or di{Crsalkyvljamine groups;

R? and R’ are independently hydrogen, halogen, hydroxyl, amino, Crealkyl, Cisalkyl
selectively fimctionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Crsalkoxy, Cishydroxyvalkosy, amine, Cisalkvlamino, di(CrsalkyDamino, or
azido groups, Ciealkoxy, Crsalkoxy selectively functionalized with one or more halogen,
thiol, hydroxvi, carbonyl, carboxyl, carbonyloxyl, Crshydroxyalkoxy, anino, Ci-
calkylamino, di{Cr.catkyhamino, or azido groups, (s.satkenyl-O-, Cisalkynvl-O-,

oligo(ethylene glycol). poly(ethylene glycol), azido, or -NRR?;

R and R are independently selected from the group consisting of:

Wl
20
. g * N ZZ;.
18 ’J\
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71 g1zl g15 gI6 gl 718 719 70 72 g2 g% it 7S gl g2l g%
72 FN g 7 7B 7% 73 7% and 27 are each independently CH or N; and

W W WS WO, W WS, and WY are independently hydrogen, halogen,
bydroxyl, Creatkyl, Crealkyl selectively functionalized with one or more halogen,
thiol, hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cisalkoxy, Cishydroxyalkoxy,
amino, Ciealkylamino, di{Cisalkylamino, or azido groups, Cisalkoxy, Cisalkoxy
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonvioxyl, Ci.shvdroxyalkoxy, amino, Cicalkylamino, di(C:-
calkyyamino, or azido groups, Cssalkenyl-0-, Cssalkynyl-O-, oligo{ethylene glycol),

poly(ethylene glycol), azido, or -NR'R?,

9. The compound of claim 1, wherein a compound of Formula li, or a

pharmaceutically acceptable salt thereof,

0
Rﬁmgm}@

Formula I

wherein:
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X3, X5, X6 and X7 are independently O, NH, CHz, CHF, or CF2;

RY and R™ are independently selected from the group consisting of:

NH, We

702 71 74 g15 Z16 717 ZI8 719 g0 g2l gn g0 g2 705 726 g2 and 778
are each independently CH or N; and

WoWE WS WO and W are independently hydrogen, halogen, hydroxyl, Ci-
salkyl, Crealkyl selectively functionalized with one or roore halogen, thiol, hydroxyl,
carbonyl, carboxyl, carbonvloxyl, Cirsalkoxy, Crehydroxyalkoxy, anano, Ci-
salkyiamine, di{CisalkyDamino, or azido groups, Cisalkoxy, Crsalkoxy selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxvl, Cichvdroxyalkosy, amino, Cisalkylamino, di(Cisalkylamino, or
azido groups, Cssatkenyi-O-, Ci.salkynyl-0-, oligo{ethylene glycol), poly{ethviene
glveol), azido, or -NRR®;

R’ and R® are independently hydrogen, Cisalkyl, Cisatky selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxvi, Crealkoxy, Cishydroxyatkoxy, amino, Cisalkylamino, di{C1-
salkyDamino, or azido groups, cyclic «{Cisaikyl}-, cyclic «(Crsalkyl)-
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyi,
carboxyl, carbonyloxyl, Crealkoxy, Crshydroxvalkoxy, ammo, Ci.
salkylamino, or di{Crsalkylamino groups, cychic {(Cisoxaalkyl)-, or cyclic -
{Crsoxaalkyl)- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyvloxyl, Cishvdroxyalkoxy, amino, Ci.

satkylarmimo, or di{Crealkyyamino groups;
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R® and R’ are independently hvdrogen, halogen, hydroxyl, amino, Crealkyl, Cisalkyl
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Crealkoxy, Cichydroxyalkoxy, amino, Cisalkvlamine, di(CrsalkyDanno, or
azido groups, Crsalkoxy, Cisalkoxy selectively functionalized with one or more halogen,
thiol, hydroxyl, carbonyi, carboxyl, carbonyloxyl, Ciehydroxyalkoxy, amino, Ci-
calkviamino, di{Cealkvi)amino, or azide groups, Cssalkenyl-O-, Cssalkvnyl-O-,

oligo{ethylene glycol), poly{ethylene glycol), azido, or -NR'R®;

R' and R'® are independently hydroxyl, thiol, methoxy, ethoxy, amino, N-
methylaminoe, N N-dimethviamino, N-gthvlamino, N N-diethylamino, N-morpholino, or

borano (-BHs7);

the oxvgen atom in one or both of the tetrahydrofuranyl rings of Fornwla Ii can be

optionally replaced by a sulfur or a selenium atom; and

the compound is not 2°2°-cGAMP.

10, A compound selected from the group consisting oft
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11, A compound selected from the group consisting of:
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12, A compound according to the formula:

13, A compound according 1o the formula;
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4. A compound according to the formula:

0

N
7 NH
<N | A

NH,

15, A compound according 1o the formula;
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16. A compound according to the formula:

0

N
/e NH
<N | A

NH,

17. A compound according to the formula;
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18. A compound according to the formula:

19, A compound according 1o the formula;

312
SUBSTITUTE SHEET (RULE 26)



WO 2017/161349 PCT/US2017/023093

20, A compound according to the formula:

21, A compound according 1o the formula;
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22, A compound according to the formula:

23 A compound according 1o the formula;
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24 A compound according to the formula:

25 A compound according 1o the formula;
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6. A compound according to the formula:

27, A compound according to the formula;

o/\\\\%
N g
/4
AL A

NH,
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28. A compound according to the formula:

29 A compound according 1o the formula;
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30, A compound according to the formula:

31, Acompound according to the formula:
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32 A compound according to the formula:

33 A compound according to the formula:
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34 A compound according to the formula:
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36, A compound according to the formula:

37 Acompound according to the formula:

38, A compound selected from the group consisting of:
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39, A compound selected from the group consisting of:
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44, A compound according to the formula:

41, A compound according to the formula:
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42, A compound according to the formula:

43 A compound according 1o the formula;
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44 A compound according to the formula:

45 A compound according to the formula:

0
N
a NH
< N&E\NHZ
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46. A compound according to the formula:

O

boranophosphates of the formula:
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48. A compound selected from the group consisting of {Re}- and {(Sp)-

boranophosphates of the formula;

49 A compound according 1o the formula;
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50, A compound according to the formula:

31 A compound according to the formula:
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52 A compound according to the formula:

O

53, A compound according to the formula:
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54 A compound according to the formula:

35 A pharmaceutical composttion comprising a compound of formwla I, or a

pharmaceutically acceptable salt thereof.

56. A pharmaceutical composttion wherein the composition is a compound of
formula I in a pharmaceutical formulation including a nanoparticle or another delivery

vehicle.

37 A pharmaceutical compositicn wherein the composition is a compound of

formuda ¥ in combination with at least one further therapeutic agent.

58, A pharmaceutical composttion of clairn 37 wheretn the additonal therapeutic
agent is an tnwnune checkpoint inhibitor including but is not limited to antibodies against PD-

i, PD-L1 or CTLA-G.

59, A pharmaceutical composition of claim 57 wherein the additional therapeutic

agent is radiation neluding stereiotactic body radiation therapy (SBRT).
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60, A pharmaceutical composttion of claim 57 wherein the additional therapeutic
agent is an anti-neoplastic agent, including chemotherapeutic agent and therapeutic

antibodies.

61. A pharmaceutical composition wherein the composition is a compound of
formula I in a pharmaceutical formulation with an immunogen of a cancer cell (tumor

antigen) or of an infectious pathogen,

62. A pharmaceutical composition of claim 37 wherein the composition further

comprises one or more of pharmaceutically acceptable carriers, diluents and excipients.

o

63, A method of inducing or promoting an Inimune response comprising
administering fo a patient in nead thereof, an effective amount of a compound of formula &, or

a pharmaceuticaily acceptable sait thereof.

64. A method of inducing or promoting an Uninune response comprising
adnunistering to a patient in need thereof, an effective amount of a pharmaceutical

composition according to claim 63.

65, A method of indacing or promoting a STING-dependent immune response
comprising administering to a patient in need thereof, an effective amount of a compound of

formula k. or a pharmaceutically acceptable salt thereof.

66, A method of inducing or promoting a STING-dependent imnune response
comprising adnunistering to a patient i need thereof, an effective amount of a

pharmaceutical compostiion according to claim 63.
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67. A method of treating cancer comprising adminisiering to a patient in need
thereof, a therapeutically effective amount of a compound of formula I, or a pharmaceutically

acceptable salt thereof

68. A method of treating cancer comprising administering to a patient in need
thereof, a therapeutically effective amount of a pharmaceutical composition according to

claim 67,

69. A method of treating cancer comprising administering to a patient in need
thereof, a therapeutically effective amount of a pharmaceutical composition comprising a
compound of formula ¥, or a pharmaceutically acceptable salt thereof, in combination with
imnune checkpoint antibodies, mcluding but 1s not limited to, antibodies against PD-1, PD-

L1 or CTLA-4.

76. A method of treating cancer comprising admunistering to a patient in need
thereof, a therapeutically effective amount of a pharmaceutical composition comprising a
compound of formula I, or a pharmaceutically acceptable salt thereof, in combination with

radiation including stereiotactic body radiation therapy (SBRT).

71, A method of treating cancer comprising administering to a patient in need
thereof, a therapeutically effective amount of a pharmaceutical composition comprising a
compound of formula §, or a pharmaceutically acceptable salt thereof, in combination with an

anti-neoplastic agent, including chemotherapeutic agent and therapeutic antibodies.

72, A method of treating infectious diseases comprising adminisiering to a patient
in need thereof, a therapeutically effective amount of a compound of formuia |, or a

pharmaceutically acceptable salt thereof.
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73, A method of treating infectious diseases comprising admunistering to a patient
in need thereof, a therapeutically effective amount of a pharmaceutical composition

according to claims 72.

74, A method of treating immune disorders comprising administering to a patient
in need thereof, a therapeutically effective amount of a compound of formula |, or a

pharmoaceutically acceptable salt thereof,

75. A method of treating immune disorders comprising administering to a patient
mneed thereof, a therapeutically effective amount of a pharmaceutical composition

according to claims 74.

76. A vaccine compostion comprising an antigen or antigen composition and a
compound of Formula £ or a pharmaceutically acceptable sait thereof, for use in the

treaiment or prevention of a disease,

77, The use of a compound of Formula §, or a pharmaceutically acceptable salt
thereof, for the manufacture of a vaccine composition comprising an antigen or antigen

composition for the treatment or prevention of a disease.

78. A method of treating or preventing a disease comprising the administration to
a patient suffering from or susceptible to the disease, a vaccine composition comprising an
antigen or antigen composition and a compound of Formuia |, or a pharmaceutically

acceptable salt thereof.

79. A method of treating or preventing a disease comprising administering o a
patient in need thereof, a therapeutically effective amount of a compound of formula k, or a

pharmaceutically acceptable salt thereof, wherein the patient 1s a mammal.
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80. A method of treating or preventing a disease comprising administering o a
patient in need thereof, a therapeutically effective amount of a compound of fornula @, ora

pharmaceutically acceptable salt thereof, wherein the patient 1s a human.
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