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CYCLEC DENUCLEQTIDE COMPOUNDS AND METHODS OF USE

CROSS-REFERENCE TO RELATED APPLICATIONS

[001] Ths application clmms the benelit of ULS. Provisional Applicaiion No.
62/310.3064, filed March 18, 2016, U S, Provisional Application No. 62/355 382, filed June
28, 2016, and U 8. Provisional Application No. 62/396,140, filed September 17, 2016, the

entire contents of each of whach s berebyv mcorporated by reference hereim,
TECHNICAL FIELD

{802] The present invention provides novel cyclic di-nuclestide cGAMP analops,
pharmaceuiical compositions thereof, ther syuthenic methods and therr use i medical
therapy. In particular, the compounds of the invention enhance the body’s rmmune responses
by activating STING Stimulator of Inferferon Genes) and are useful {or the immunotherapy
of cancer, infectious diseases and immume disorders. The compounds are also useful as

adpavants for developrog vacones agarnst cancer and wifectious diseases.
BACKGROUND

{003] Cyiosolic DNA induces type-1 interferons and other cytokines that are
important for immune defense against microbial infections and malignant cells but can also
result in autormmunity. This DNA signaling pathway requires the adaptor protein STING
{Summuator of Interferon Genes} and the transeription factor IRF3, but the mechanism of
DNA sensing was unclear untid recently. WO 2014099824 to The Universtty of Texas
disclosed that mammalian cytosolic extracts synthesized cyclic-GMP-AMP (¢GAMP) in
vitro from ATP and GTP in the presence of DNA but not RNA. DNA transfection or DNA
virus infection of manwnahian cells also fnggered cGAMP production. ¢cGAMP bound to
STING, lead to the activation of 1RF3 and induction of type-I interferons including
interferon-f (IFN-8). Thus, cGAMP represents the first cychic di-nucleotide in metazoa and 1t
functions as an endogenous second messenger that triggers mterferon production in response
to cyiosolic DNA.

{004] Through biochenucal fractionation and quantitative mass spectrometry, the
inventors on WO 2014099824 also identified a cGAMP synthase (¢GAS). which belongs to

the nucleotidytiransterase family. Overexpression of ¢GAS aclivated the transcription factor
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IRF3 and induced IFN 1n a STING- dependent manner. Knockdown of ¢GAS mhibited IRF3
activation and IFN induction by DNA transfection or DNA virus infection. ¢GAS bound to
PNA inthe cytoplasm and catalvzed cGAMP synthesis. These results indicate that cGAS 15 2
cytosolic DNA sensor that induces mnterferons by producing the second messenger cGAMP.
The mveniors on WO 2014099824 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'-0OH of AMP and 5°-phosphate
of GMP; this molecule 15 referred to as 2°3"-cGAMP.

{008] 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 i the form of a composition comprising one or more
cyclic purine dinucleotides which activate or mtubit STING-dependent TBK1 activation and
the resulting production of type | interferon.

{8071 WO 2015077354 Al to The University of Chicago discloses Methods and
compositions for ireating cancer by intratumorally admimstening a stimulator of mterferon
genes (STING) agonist. [n some embodiments, there are provided compositions and methods
concerning methods for treating cancer in a subject compiising administering to the subject
an effective amount of a stimnulator of interferon genes (STING) agonist, wherein the STING
agomist 15 administered intratumoratly.

1008] WO 2015161762 to Fudan University discloses the use of cyclic dinucleotide
cGAMP for preparing antitumor drugs, wherein the fumor 13 gastric cancer, lung cancer,
colon cancer, liver cancer, prostate cancer or pancreatic cancer. cGAMP was shown to mhibit

the growth of human tumor cell hines in 1mmune compromised nuce.

compounds, of 4 pharmacentically accepiable salt and tavtowers thereof, compositions,
combinations and reedicarsends contaming said compounds and processes for thetr
preparation. The ivention afso relates to the use of said compounds, conbinations,
compositions and medicaments, 1 the reaiment of diseases and conditiong in which
modulation of STING s beneficial, for example inflarmmation, allergic and avtoimmune
diseases, indfections diseases, cancer snd as vaceing adiuvanis,

{016] WO 2014179335 to Memorial Sloan Kettering Cancer Center discloses
compositions, methods, kits, and assays related to the use and/or exploviation of 1somers of

cGAMP as well as the structure of the enzvme ¢GAS.
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{#11] There 13 still anead for the discovery and development of new cyclic di-
nucteotide cGAMP analogs for use in medical therapy. Specifically, cGAMP analogues with
hetier potency, stability and specificity than endogenous ¢ AMP are st needed. cGAMP
analogues wiih superior safety and efficacy m animal models of human diseazes, including

cancer and infectious diseases, have vet to be developed.
SUMMARY OF THE INVENTION

{012] Formulalencompasses Formulafa - li.

{013] In one aspect, the present invention provides a compound of Formulda fa

Formula ka
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 L?, starting from the carbon alpha to X2,
are independently -CHO-P(O)RS-0- -CHYO-P(SIRE-0-, -CY Y HO-P(ORSC(Y Y H)-, -
CHNASO:NH-, -CHNHC(OINH-, -CHaNHC(SINH-, -CHNHC(NHINH-, -
CHoNHC{OYCHz-, -CHNHSOCHo-, -CH2CH2C{O)NH-, -CH2CH280:NH-, -CH:NH(3 4-

c N\ /N f
NN o Ny, |

dioxocyclobuten-1,2-diy)NH-,
cis 0,1, 0r2;
d, e, and f are independently O or I;

YU Y2 Y3, and Y* are independently H or F,
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R"is hydroxyl, thiol, Cisalkyl, Ciealkyl selectively functionalized with one or
more halogen, thiol, hydroxyl, carbonyl, carboxyl, carbonvioxyl, Cisalkoxy, Ci.
shydroxyalkoxy, armne, Crsalkylanuno, di(Crsatkyiyamino, or azido groups, Ci.
salloxy, Crsatkoxy selectively functionalized with one or more halogen, thiol,
hydroxyi, carbonyl, carboxyl, carbonyloxyl, Cichydroxyalkoxy, amino, Ci-
salkvlamino, di{Ciealkyvlamino, or azido groups, Cs.salkenyl-O-, Cs.salkynyl-O-,

oligo(ethyiene glycol), polv{ethylene glycol), borano (-BH37), or -NR'RY,

R’ and R are independently hydrogen, Crsalkyl, Cisalkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxvl, Crsalkoxy, Cishvdroxyatkoxy, amino, Crealkylanuno, di{Ci-
salkylyamino, or azido groups, cvelic -{Cisalkyl)-. cyelic (Crsalkyl)-
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonvl,
carboxyl, carbonvioxvl, Crealkoxy, Crehydroxyalkoxy, amino, Ci-
salkylanuno, or di{Crsalkyilamino groups, cychic -{Cisoxaalkyl}-, or cychic -
{Creoxaalkyly- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Crehydroxyalkoxy, amino, Ci-

salkylamino, or di{Cisalkyllanuno groups;

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

general structure including its tautomeric forms:

5. .78
7;7'3" ”’W1 Pid “‘};10
5 i
73 MZ4 i ~— Z%‘( M>h
i /I\
A
Q(Z&}i’ﬁ 26/ W2

g and b are independently 0 or 1;

W' and W? are independently hydrogen, halogen, hvdroxyl, Crsalkyl, Ci-
satkvl selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonyloxyl, Crsalkoxy, Crehydroxyalkoxy, amino, Crealkylamino, di(Cr-
salkyllamino, or azido groups, Crealtkoxy, Ciealkoxy selectively functionalized with

one or more halogen, thiol, hvdroxvl, carbonyl, carboxyl, carbonyloxyl, Ci-
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shydroxvalkoxy, amino, Cisalkylaming, di{Cisalkyllamine, or azido groups, Cs-
satkenyi-0-, Casalkynvl-0-, oligo{ethylene glycol), polv(ethvlene glveol), anido, or -
NR'RY:

782273 78 77, and Z° are independently CH or N;

i present, 27 78, 2% 7' and Z!! are independently CH or N, and then W' is
CH or N; and

R? RY and R? are independently hydrogen, halogen, hydroxyl, amino, Crsalkyl, Ci-
salkyl selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonvioxvl, Cisalkoxy, Cishvdroxyatkoxy, amino, Crsalkylamino, di(Ci-
salkyDamino, or azido groups, Crsalkoxy, Cisalkoxy selectively functionalized with one or
more halogen, thiol, hydroxyl, carbonyl, carboxyl, carbonyloxvl, Cishydroxyalkosy, amino,
Crsalkylamino, di{Cisalkyljamino, or azido groups, Cssalkenyl-0-, Casalkynyl-0O-,

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 cormpound of Formula Ib

NH, Formula Ib

wheremn:

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

Z12 78 218 78 7% and ZV are independently CH or N;

LY, starting from the carbon aipha to X7, and L2, starting from the carbon aipha to X7,

are independently -CH20-P(OYR-0- -CH0-P(SIR-O-. -COY Y O-POIRS-CYNYH-, -
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CHoNHSOoNH-, -CH:NHC{O)NH-, -CH:NHC(S)NH-, -CH:NHC(NH)NH-, -
CHoNHC(OYCHz-, -CHoNHSO:CH2-, -CH2CHC(ONH-, -CH2CH2S80NH-, -CH:2NH((3 4~

/\Y'\(\Q% W\
N N-+)

° NN N,/ f
dioxocyclobuten-1,2-diyl jNH-, N .ot N :
cis 0,1, 0r2;

d, e, and { are independently 0 or 1;
YL Y2 Y, and Y* are independently H or F;

R®1s hydroxyl, thiol, Cisalkyl, Cisalkyl selectively functionalized with one or
more halogen, thiol, hyvdroxyl, carbonyl, carboxyl, carbonvioxyl, Cisalkoxy, Ci.
shydroxvalkoxy, amino, Crsalkylamino, di(Crsatkyviyamino, or azido groups, Ci.
salkoxy, Crsatkoxy selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyi, carbonylosyl, Crehydroxyalkoxy, aming, Ci-
salkviamino, di{Crsalkvlamino, or azido groups, Cssalkenyl-0-, Cssalkynyl-O-,

oligoethylene glycol). polv(ethvlene glycol), borano (-BHs), or -NR'R®;

R’ and R® are independently hydrogen, Crealkyl, Ciealkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonvioxyl, Crealkoxy, Crehvdroxyatkoxy, amino, Ciealkylanuno, di{Ci.
salkylyamino, or azido groups, cvelic -(Cisalkyl)-, cyelic -(Crsalkvl)-
selectively functionalized with one or more halogen, thiol, hvdroxyl, carbonyl,
carboxyl, carbonvioxyl, Crsalkoxy, Cishydroxyalkoxy, amino, Ci-
salkylanuno, or di{Crsalkyllamino groups, cychic -{Cisoxaalkyvl)-, or cyelic -
(Creoxaalkyly- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonvloxyl, Cishydroxyalkoxy, amino, Ci1-

salkylamino, or di{CisalkyDanuno groups; and

R* and R? are independently hvdrogen, halogen. hvdroxyl, amino. Crsalkyl, Crsalkyl
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Crsalkoxy, Cishvdroxyalkoxy, amino, Crealkylamino, di{Crsalkyljamino, or
azido groups, Cisalkoxy, Cirsalkoxy selectively functionalized with one or more halogen,
thiol, hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cishydroxyvatkoxy, amino, Ci.
salkylamino, di{Cisalkyljamino, or azido groups, Cssalkenyi-0-, Cs.satkynvi-0O-,

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

{#18]  In another embodiment, the present nvention provides a compound of

Formula k¢
r:} M
N
NH; Formula le
wherein;

20 7V 21 70 7 and 7V are independantly CH or N;

R* and R* are independently hydrogen. halogen, hydroxyl, amino, Crealkyl, Cisalkyl
selectively functionalized with one or more halogen, thiol, hvdroxyl, carbonyl, carboxyl,
carbonyloxyl, Cisalkoxy, Cishvdroxyalkoxy, aming, Ciealkylamino, di{Cisalkvl)amino, or
azido groups, Crsalkoxy, Crsalkoxy selectively functionalized with one or more halogen,
thiol, hvdroxyl, carbonyl, carboxyl, carbonyloxyl, Crshydroxvalkoxy, anuno, Ci.
salkyvlamino, di{Cicalkylamuno, or azido groups, Us.salkenyi-0-, Cssalkynvl-0-,

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

R” and R® are independently hydrogen, Ciealkyl, Crealkyl selectively
functionalized with one or more halogen, thiol, hyvdroxyl, carbonvl, carboxyl,
carbonyloxyl, Cisalkoxy, Crehydroxyatkoxy, amino, Cisalkylamine, di{Ci.
satkvlamino, or azido groups. cyclic -{Cisaliyl}-, cyclic {Cisalkyl)- selectively
functionalized with one or more halogen, thiol, hvdroxyl, carbonyl, carboxyl,
carbonyloxyl, Crealkoxy, Crshydroxvalkoxy, anuno, Crealkylamino, or di(C1-
salkyamino groups, cyclic ~{Cieoxaalkvly-, or cychic -{(Creoxaalkyl}- selectively

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

groups; and

R” and R are independently hvdroxyl, thiol, Cisalkyl, Crsalkyl selectively
functionahized with one or more halogen, thiol, hydroxyl, carbonvl, carboxyl. carbonyioxyl,
Crsalkoxy, Cichvdroxyalkoxy, amino, Crsalkylamine, di{Cisalkvl)amino, or azido groups,
Craalkoxy, Crealkoxy selectively functionalized with one or more halogen, thiol, hydroxyl,
carbonyl, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, Crsatkviamino, di{Ch-
salkyllamino, or azido groups, Ca.satkenvi-O-, Cssalkynvl-0-, oligofethylene glycol),
poly(ethylene glyeol), borano (-BHs™), or -NR'R,

or a pharmacentically acceptable salt thereof.

{016] In another embodiment, the oxygen atom n one or both of the
tetrahvdrofuranyl rings of Formula e is replaced by a sulfur or a selenium atom.

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

Formula Rd

Formula Id
wherein:

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

5

L', starting from the carbon aipha to X', and L?, starting from the carbon alpha to X2,

are independently -CH0-P(OYRS-O- -CHO-B(S)IRS-O-, -CLY HYLO-PIOIRS-CYHY Y-, -
CHANHSONH-, -CHNHC(O)NH-, -CHNHC(S)NH-, -CHNHCO(NHINH-, -
CHNHC(OYCH-, -CHNHSOhCHa-, -CHyCHC(ONH-, -CHCHSONH- -CHaNH(3 4

/%3/\6‘0’)% W
N N~

© NN Nz, / f
dioxocyclobuten-1.2-div)NH-, N , OF N ;

cis 0, 1,0r2;
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d, e, and f are independently U or {;
YL YE Y, and Y are independently H or F,

RO 1s hydroxvi, thiol, Ciealkyl, Creatkyl selectively functionalized with one or
more halogen, thiol, hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cisalkoxy, C1.
shydroxvalkoxy, amino, Crsalkylamino, di(Creatkyviyamino, or azido groups, C1-
satkoxy, Crsatkoxy selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Crchydroxyalkoxy, amino, Ci-
salkylamino, di{Ciealkylyamino, or azido groups, Cs.satkenyl-O-, Cisalkynyl-O-,

oligo(ethviene glycol), poly(ethylene glycol), borano (-BHa), or -NR'RS;

R’ and R® are independently hydrogen, Crsalkyl, Ciealkyl selectively
functionalized with one or more halogen, thiol, hyvdroxyl, carbonyl, carboxyl,
carbonvioxyl, Cialkoxy, Cishydroxvatkoxy, amino, Cisalkylamuno, di(Ch-
salkylyamino, or azido groups, cyelic {Cisalkyi}-, cyelic (Crsalkyvl)-
selectively functionalized with one or more halogen, thiol, hvdroxyl, carbonvl.
carboxvl, carbonvioxvl, Crealkoxy, Cishydroxyalkoxy, amino, Cr.
salkylamino, or di{Crsalkvi}amino groups, cyclic -{Cisoxaalkyvi)-, or cyclic -
{Creoxaalkyl}- selectively funchionalized with one or more halogen, thiol,
hydroxyl, carbouyl, carboxyl, carbouyloxyl, Cishydroxyvalkoxy, aroino, Ci-

salkylamino, or di{Cisalkyllamino groups;

R* and R* are independently hvdrogen, halogen, hydroxyl, amino, Ci-salkyl, Cisalkyl
seleciively functionalized with one or more halogen, thiol, hvdroxyl, carbonyl, carboxyl,
carbonvloxyl, Cisalkoxy, Cishvdroxvalkoxy, amine, Crsatkviamino, dCrsalkvi}amino, or
azido groups, Crsalkoxy, Crealkoxy selectively functionalized with one or more halogen,
thiol, hvdroxyl, carbonyl, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, Ci.
salkylamino, di(Crsalkyljamivo, or azido groups, Casalkenyl-0-, Cs-salkynvi-O-,

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

R and R® are independently selected from the group consisting of’
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NH, w3
.,;'17 = N 4“ZZC‘ S8 222
A ) z8 | L
35’515 N ?4’8 N

212D ZB, ZM, st, Z”’, Z”, Zlg, Zi‘)5 ZQOj ZZ!3 ZM, 2239 ZM, ZZSD ZZG, 22"/: Zéb
FP 2O FH FR, 7P 7, 7, 7, and 777 are each independently CH or N and

WO W WO, WEWT W and WP are indspendently hydrogen, halogen,

hvdroxyl, Crealkyl, Crealkyl selectively fimetionalized with one or more halogen,

thiol, hydroxyl, carbonyl, carboxyl, carbonvioxyl, Cisalkoxy, Crshvdroxyalkoxy,

anino, Crsalkylaminoe, d(Cisalkvhamino, or azido groups, Crealkoxy, Cisalkoxy

selectively functionalized with one or more halogen, thiol, hvdroxyl, carbonyl,

carboxyl, carbonvioxyl, Crehydroxvalkoxy, amino, Cisalkylamine, di(Ci-

salkylamino, or azido groups, Cs-satkenyl-0-, Cs.salkynyl-0-, oligo{ethviene glycol),

polv(ethvlene glycol), azido, or -NRRY,
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or a pharmaceutically acceptable salt thereof.
{418] In another embodiment, the present nvention provides a compound of

Formula fe

Formula fe

wherein:

X3, X4 X, and X° are independently O, NH. CHo, CHF, or CF2;

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

Abhd ,and v ,

Z2 g glé z1s glo Z17 I8 719 70 gu1 7)) 23 g 7S g6 g2 ang 708
are each mdependently CHor N; and

W, W WO, WO and W are independently hydrogen, hatogen, hydroxyl, Ci-
satkvl, Creatkyl selectively functionalized with one or more halogen, thiol, hydroxyl,
carbonyl, carboxyl, carbonyioxvl, Cisalkoxy, Cishvdroxvatkoxy, amino, Ci-
salkylanuno, di{CisalkylDamino, or azido groups, Ciealkoxy, Crealkoxy selectively
functionalized with one or more halogen, thiol, hydroxyl, carbony!, carboxyl,
carbonyloxyl, Cishydroxvalkoxy, aming, Cicalkylamino, di(Cisalkyljamino, or
azido groups, Cs-salkenyl-O-, Casalkynyl-0-, oligo{ethylene glycol}, poly{ethylene

glveol), azido, or -NR'RY,;
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R’ and R¥are independently hydrogen, Crsalkyl, Cisalkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonvl, carboxyl,
carbonyloxvl, Crealkoxy, Cishydroxyatkoxy, amino, Crealkylanuno, di{Ci-
salkylyamino, or azido groups, cyclic -{Cisalkyi}-, cyelic «(Crealkyl)-
selectively functionalized with one or more halogen, thiol, hvdroxyl, carbonvl,
carboxyl, carbonyloxyl, Crealkoxy, Cishydroxyatkoxy, amino, Ci.
salkylamino, or di{Cisalkyvl)amino groups, cychic -(Cisoxaatkyl}-, or ¢yclic -
(Creoxaalkyly- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, Ci-

salkylamino, or di{Cisalkyamine groups;

R* and R? are independentily hvdrogen, halogen, hvdroxyl, amino, Cisaltkyl, Crsalkyl
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Cisalkoxy, Cishvdroxvalkoxy, amino, Crealkylamino, di{CiealkyDaming, or
azido groups, Crsalkoxy, Crealkoxy selectively functionalized with one or more halogen,
thiol, hvdroxyl, carbonyl, carboxvl, carbonyloxyl, Crshydroxvalkoxy, amino, Ci-
satkylamino, di{Crsalkylamino, or azido groups, Casaltkenyl-0-, Cs.salkynvi-0O-,
oligo{ethylene glycol), poly(ethylene glycol), azido, or -NR'R®: and

R¥ and R are independently hvdroxyl, thiol, methoxy, ethoxy, amino, N-
methylaming, N N-dimethylamino, N-ethylamino, N N-diethy lamino, N-morpholino, or
borano (-BH3);

or a pharmaceutically acceptable salt thereol.

{019] In another embodument, the oxygen atom in one or both of the
tetrahydrofurany! rings of Formula ke 15 replaced by a sulfur or a selenium atont

{820]  In another embodiment, the compound is:
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{022] In another embodiment, the compound 1s:
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{024] In another embodiment, the compound 1s:
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{025]  In another embodiment, the compound is:

{026] In another embodiment, the compound 1s:
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1027} {in another embodiment, the compound 1s:

{028] In another embodiment, the compound 1s:
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{030] In another embodiment, the compound 1s:
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{032} In another embodument, the corpound is:
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{034] In another embodiment, the compound is:
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{035] In another embodiment, the corpound is:

{036] In another embodiment, the compound is:
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{637} In another embodiment, the corapound is:

{038] In another embodiment, the compound is:
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{040} In another embodiment, the compound is:
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Formula If

wherein:
X' and X% are independently 0, S or Se;
F3Z8 PR 78 7 and 7V are independently CH or N;

L starting from the carbon alpha to X!, and L7, starting from the carbon alpha to X2,
are independently -CH20-P(O)RS-0- -CH20-P(SIRS-0-, -CLY YYIHO-PIOR-CLYIHY)-, -
CHoNHSGoNH-, -CHoNHC(ONH-, ~CHoNHC(SNH-, -CHNHC(NH)NH-, -

23
SUBSTITUTE SHEET (RULE 26)



WO 2017/161349 PCT/US2017/023093

CHoNHC(O3CHz-, -CHoNHSG:CHa-, -CH2CH2C(OINH-, -CH:CH280NH-, -CH:NH(3 4-

MQ%Q W\
¥ N\ /N f
=N o Ny, |

dioxocyclobuten-1,2-divi)NH-,
cis 0,1, 0r2;
d, e, and { are independently 0 or 1;
Y Y2 Y. and Y* are independently H or F:

RO is hydroxvl, thiol, Ciealkyl, Crealkyl selectively functionalized with one or
more halogen, thiol, hvdroxyl, carbonyl, carboxyl, carbonvioxyl, Cisalkoxy, Ci-
shydroxvalkoxy, amino, Cisalkylamino, di{Cisalkylyamino, or azido groups, Ci-
salkoxy, Crealkoxy selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Creéhvdroxyalkoxy, amino, C1-
salkvlamino, d{CrealkyDamino, or azdo groups, Cs-salkenyl-0-, Cisalkynyl-0-,

oligofethylene glycol), polv(ethviene glveol), borano (-BH3), or -NR'RY,

R7 and R¥ are independently hydrogen, Cisalkyl, Crealkyl selectively
functionalized with one or more halogen, thiol, hvdroxyl, carbonyl, carboxyl,
carbonyloxvl, Crsalkoxy, Ciehydroxyatkoxy, amino, Ciealkylamino, di{Ci-
salkyDamino, or azido groups, cyclic -(Cirealkyl)-, cyclic (Creatkyl)-
selectively functionalized with one or more halogen. thiol, hydroxyl, carbonyi,
carboxyl, carbonvioxyl, Crsalkoxy, Crchydroxyalkoxy, amino, C1-
salkylamino, or d{Cisalkylyamine groups, cychic «(Creoxaalkyly-, or cvelic -
{Creoxaalkyl}- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonvloxyl, Crchydroxyalkoxy, amino, Ci-

salkvlamino, or di{Cisalkyllamine groups; and

R and RY are independently hvdrogen, halogen, hydroxyl, amino, Crealkyl, Cisalkyl
selectively funciionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Crealkoxy, Ciehvdroxyalkoxy, amino, Crsalkylamino, di{Cisalkyi}amino, or
azido groups, Cisalkoxy, Crsalkoxy selectively functionalized with one or more halogen,
thiol, hydroxyl, carbonyl, carboxyl, carbonvloxyl, Cishvdroxvalkoxy, amino, Ci.
salkviamino, di{Cisalkyliamino, or azido groups, Cs.salkenyl-0-, Csosatkynyvi-0-,

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

{842] In one embodiment, the present mvention provides a compound of Formula Ig

Formula fg
wherein;
Z1 Bzl 7 718 and Y are independently CH or N;

R* and R’ are independently hvdrogen, halogen, hydroxyl, amino, Cr-salkyl, Cisalkyl
seleciively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Cisalkoxy, Cishvdroxvalkoxy, amine, Crsatkviamino, dCisalkvljamino, or
azido groups, Crsalkoxy, Crsalkoxy selectively functionalized with one or more halogen,
thiol, hvdroxyl, carbonyl, carboxvl, carbonyloxyl, Crshydroxvalkoxy, amino, Ci.
salkylamino. di(Cisalkyl)anuuo, or azido groups, Casalkenyl-0-, Cs.salkynvl-O-,

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

R7 and R? are independently hydrogen, Cisatkvl, Crsalkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Crealkoxy, Crshvdroxyatkoxy, amino, Cisalkyviamano, difCi.
salkyllanuno, or azido groups, cyclic -(Cisalkyl}-, cyclic -{(Cisalkyl)- selectively
functionalized with one or more halogen, thiol, hvdroxyl, carbonyl, carboxyl,
carbonyloxyl, Cirealkoxy, Crshydroxyatkoxy, amino, Cisalkylamino, or di{(Ci-
salkyDamino groups, cyclic ~(Crsoxaalkvl)-, or eychic ~(Creoxaalkyl}~ selectively
functionalized with one or more halogen, thiol, hydroxyl, carbony!, carboxyl,
carbonyloxyl, Cishydroxyalkoxy, amino, Crealkylamine, or di{Cisalkyljamino

groups; and
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R” and RY are independently hvdroxyl, thiol, Cisalkyl, Crealkyl selectively
fonctionalized with one or more halogen, thiol, hydroxyl, carbonvl, carboxyl, carbonyloxyl,
Crealkoxy, Crshydroxyalkoxy, amino, Crsalkvlanuno, di{Cisalkylanune, or azide groups,
Crsalkoxy, Crealkoxy selectively functionalized with one or more halogen, thiol, hydroxyl,
carbonyl, carboxyl, carbonvloxyl, Crehydroxvalkoxy, amino, Crealkylamino, di{Ci-
salkvhamino, or azido groups. Cs-satkenyl-O-, Cs.salkynyvl-0-, oligo{ethylene glycol),
poly{ethylene glycol), borano (-BHs™), or -NR'RY:

or a pharmaceutically acceptable salt thereof.

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

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

Formula Bk

Formula Ih
wherein:
X' and X are independently O, 8 or Se;

L', starting from the carbon alpha to X!, and L, starting from the carbon alpha to X%,
are independently -CH20-P(ORE-0- -CH2O-P(SIRE-O-, -CCY H{YHO-PIOR-COY WY Y-, -
CHaNHSONH-, -CHNHC(OYNH-, -CHNHC(S)NH-, -CHaNHC(NH)NH- -
CHONHC(OCHz-, <CHoNHSG:CH:-, -CHCHC(OINH-, -CHCH280NH-, -CHNH(3 4-

‘.1
c N\ N N /N f
N~ Lor N :

dioxocyclobuten-1.2-divi)NH-,
cis 0,1, 0r2;
d, e, and { are independentlv O or 1

J

YL Y2 Y3, and Y* are independently H or ¥,
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R"is hydroxyl, thiol, Cisalkyl, Ciealkyl selectively functionalized with one or
more halogen, thiol, hydroxyl, carbonyl, carboxyl, carbonvioxyl, Cisalkoxy, Ci-
shydroxyalkoxy, armne, Crsalkylanuno, di(Crsatkyiyamino, or azido groups, Ci.
salloxy, Crsatkoxy selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Crehydroxyatkoxy, amine, Ci-
salkvlamino, di{Ciealkyvlamino, or azido groups, Cs.salkenyl-O-, Cs.salkynyl-O-,

oligo(ethyiene glycol). polv{ethylene glycol), boranc (-BH37), or -NRRY,

R’ and R are independently hydrogen, Crsalkyl, Cisalkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxvl, Crsalkoxy, Cishvdroxyatkoxy, amino, Crealkylanuno, di{Ci-
salkylyamino, or azido groups, cvelic -{Cisalkyl)-. cyelic (Crsalkyl)-
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonvl,
carboxyl, carbonvloxyl, Crealkoxy, Crehydroxyatkoxy, amino, Ci-
salkylanuno, or di{Crsalkyilamino groups, cychic -{Cisoxaalkyl}-, or cychic -
(Creoxaalkyly- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Crehydroxyalkoxy, amino, Ci-

salkylamino, or di{Cisalkyllanuno groups;

R* and R° are independenily hvdrogen, halogen, hvdroxyl, amino, Cisalkyl, Crsalkyl
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Cisalkoxy, Cishvdroxvalkoxy, amine, Crsalkylamino, di{Crsalkvlamino, or
azido groups, Crealkoxy, Crsalkoxy selectively functionalized with ong or more halogen,
thiol, hvdroxyl, carbonyl, carboxvl, carbonyloxyl, Cichydroxyvalkoxy, amino, Ci.
salkylamine, di{Cisalkyljamuno, or azido groups, Cssalkenyl-0-, Cs.satkynyvi-0O-,

oligo{ethylene glycol), poly(ethvlene glycol), azido, or -NR'R3;

RY gnd R are independently selected from the group consisting of:
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, with at least one of RM and RY being

732 N 236

Z‘Qﬁ zl?j ij ZISj Zléj Z”, Zlg, Zlg., 220’ ZH_ 222, Az237 2243 ;,125j szv: z2’7j Zl&y
7P 7N 73 72 7B 7 73 7% and 777 are each independently CH or N; and

WWE WO WO W WP and WY are independently hydrogen. halogen,
hvdroxyi, Crealkyl, Crsalkyl selectively functionalized with one or more halogen,
thiol, hvdroxyl, carbonyl, carboxyl, carbonvloxyl, Cisalkoxy, Crshvdroxyalkoxy,
amino, Crsalkylamine, di{Ciealkyliamino, or azido groups, Cisatkoxy, Cisalkoxy
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, Crsatkylamino, di{Ci.
salkylyamino, 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 salt thereof.

{4458]  In another embodiment, the present nvention provides a compound of

Fornmula ¥i

X3 é? —~R16

i

Q Formula B
wherein:

33, X, X8, and X are independently O, NH, CHy, CHF, or CFa;

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

NH, Wi
ZM Z":'{’ ZZO
/ NH : NN Nz
13 16 18
Z\ 12 I ";”?j\; Zx‘ 15 i 'f’g Z\ I l\
Zif'" N" T NH, ?-z’—'° N Z1 o1 g

, and
ZEZ’ ZB“, le@’ le, ZH', Z”, ZIS’ 219, ZM, ZZI, 222“’ ZZB’ ZM, 225’ 226’ 227’ and ZZ%
are each mdependently CH or N; and

W W W, WO and W are independently hydrogen, halogen, hydroxyl, Ci-
salkyl, Crealkyl selectively functionalized with one or more halogen, thiol, hydroxyl,
carbonyl, carboxyl, carbonyloxvl, Crealkoxy, Cichvdroxyatkoxy, amino, Ci-
satkviamino, di(Cisalkyljamino, or azido groups, Cisalkoxy, Ciealkoxy selectively
functionalized with one or more halogen, thiol, hvdroxyl, carbonyl, carboxyl,

carbonyloxyl, Cishyvdroxvalkoxy, amino, Creatkylamino, di{Crsalkyljamino, or
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azido groups, Csisalkenyl-0-, Csasalkynyvl-0-, oligofethyiene glycol), poly(ethvlene

glycol), azido, or -NR'RS;

R’ and R® are independently hydrogen, Ciealkyl, Cicalkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyioxyl, Crealkoxy, Crshydroxvatkoxy, amino, Crsalkyviamine, di{C1-
salkylamino, or azido groups, ¢yclic {Crsalkyl}y-, cychc «Crsalkyl)-
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonyloxyl, Crsalkoxy, Cishydroxvalkoxy, amino, Ci.
salkylamino, or di{Cisalkyljanuno groups, cyclic {Cisoxaalkvl)-, or cyclic -
(C1eoxaalkyl)- selectively functionalized with one or more halogen, thiol,
hvdroxyl, carbonyl, carboxyl, carbonyloxyl, Cishydroxvatkoxy, amino, C1.

salkylamino, or di{Cisalkyllaming aroups:
2 ] o 2

R* and R” are independently hydrogen. halogen, hydroxyl, amino, Crsalkyl, Cisalky!
selectivelv functionalized with one or more halogen, thiol, hvdroxyl, carbonyl, carboxyl,
carbonvloxyl, Cisalkoxy, Cishvdroxvalkoxy. amino, Creativiamino, diCrsalkvijamino, or
azido groups, Crsalkoxy, Crsalkoxy selectively functionalized with one or more halogen,
thiol, hydroxvl, carbonyl, carboxvl, carbonyloxyl, Crshydroxvalkoxy, anino, Ci-
calkyiamino, di(Crsatkylamino, or azido groups, Cssalkenyl-0-, Cs-salkynyl-O-,
oligo(ethylene glycol), poly(ethylene glycol), azido, or -NR'RY; and

RY and R'® are independently hydroxyl, thiol, methoxy, ethoxy, amino, N-
methylamino, N N-dimethylamino, N-ethvlamino, N N-diethylamino, N-morphohino, or
borano (-BH3);

or a pharmaceutically acceptable salt thereof.

{#346] In another embodiment, the oxygen atom inr one or both of the
tetraby drofuranvi rings of Formula ¥ is replaced by a sulfur or a selenium atom,

{047] In another embodiment, the compound is:
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{042] In another aspect, the present invention provides a pharmaceutical
composition comprising a compound of Formula I or 4 pharmaceutically acceptable salt
thereof, and one or more pharmaceutically acceptable escipients.

{356]  In another aspect, the present invention provides a method of treating a disease
or conditton in which modulation of STING is beneficial comprising: administening to a
patient in need thereof a compound of Formula T or a pharmaceutically acceptable salt
thereof.

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

which modulation of STING 15 beneficial.
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{8321 In another aspect, the present invention provides a compound of Formuia [ or
a pharmaceunfically acceptable salt thereof, for use in therapy.

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

[054] In another aspect, the present invention provides a compound of Formulal 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.

[{188] In another aspect, the present invention provides a method of treating cancer
comprising: adnunistering a therapeutically effective amount of a compound of Formula L or
a pharmaceutically acceptable salt thereof, to a patient in need thereof

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

{8371 In another aspect, the present invention provides pharmaceuatical 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 least one further therapeutic agent, and one or more of pharmaceutically
acceptable excipients.

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

{060} 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 1n the treatment of a disease or
condition for which modulation of 8TING is beneficial.

{#61] In another aspect, the present invention provides a pharmaceutical
composition comprising: a compound of Formuda 1, or a pharmacewtically 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 condiion for which modulation of STING 1s beneficial comprising: admirnustering

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

{063] In another aspect, the present mvention provides a method of treating cancer
comprising: admimistering to a patient in need thereof a therapeutically effective amount of a
pharmaceutical composition comprising: a compound of Formuda l, or a pharmaceutically
acceptable salt thereof, and at least 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 mcludes but 1s not hmited to immune checkpoint inhibitors, such as
humanized antibodies against PD1, PD-L1, CTLA4 and other molecules that block effective
anti-fumor Imnme responses.

{065] In another aspect, the present mvention provides a method of treating cancer
comprising: administering to a patient n need thereof a therapeutically effective amount of a
pharmaceuntical composition comprising: a compound of Formula §, or a pharmaceutically
acceptable salt thereof, and at least one further therapeutic agent. The therapestic agent
includes but is not limited to imroune checkpoint inhibitors, such as humanized antibodies
against PD1, PD-L1, CTLA4 and other molecules that block effective anti-tumor tmnmine
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 inchides radiation, sach as high-dose radiation, which directly kills tumor
cells, enhances presentation of tumor antigens and activates the STING pathway.

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

{068] In another aspect, the present invention provides a pharmaceutical
composition comprising: a compound of Formula I, or a pharmaceutically accepiable salt

thereof, and at least one further therapeutic agent for use 1o the treatment of cancer. The
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therapeutic agent includes another chemotherapeutic agent that selectively kills tumor cells
and enhances presentation of tumor antigens.

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

{4701 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.

1871} 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 composttion comprising: a compound of Formula §, 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
ncludes radiation and/or another chemotherapeutic agent.

{072} In another aspect, the present invention provides a method of treating cancer
comprising: administering to a patient in need thereof a therapeutically etfective amount of a
pharmaceutical composition comprising: a compound of Formula I, 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 mjected directly to tumors, or systemically, including mjection into muscles {(intra-
muscular), skins (subcutaneouns and intra-dermal), peritoneal (intraperitoneal}, tyvmph nodes
(intralymphatic) or veins (intravenous).

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

{074] In another aspect, the present invention provides a compound of Formuda L, or
a pharmaceutically acceptable salt thereof, or a pharmaceutical composition 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.

1075] In one embodiment, the pharmaceutical composition is a vaccine.
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[#876] In another embodiment, the present mvention provides a method of mducing
or promoting an immnune response comprising: adminisiering 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 a fumor antigen.

{077] In another embodirment, the present invention provides a method of inducing
or proruoting an imnwme response comprising: adrmirustering to a patient n need thereof a
therapeutically effective amount of a pharmaceutical composttion comprising a compound of
Formula I, or a pharmaceutical composition thereof, as an adjuvant, a fumor antigen, or a
pharmaceutical compostiion thereof, such as ananoparticle or a delivery vehicles that
enhances the cellular uptake of the adjuvant and tumor antigen.

{878] In another aspect, the present invention provides a pharmaceutical
composition comprising: a compound of Formula 1, or a pharmaceuotically acceptable salt
thereof, as an adjuvant and an immunogen for a target pathogen.

18791 In another aspect, the present invention provides a compound of Formula [, or
a pharmaceutically acceptable salt thereof, for use as a vaccine adjuvant.

{080] In another embodiment, the present invention provides a method of mducing
or promoting an tnroune response coroprising: 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 I, or a pharmaceutically acceptable salt thereof

{182] 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 theraof.

[083] In another aspect, the present invention provides an immunogentc composition
comprising: an antigen or antigen composition and a conmpound of Fornulal 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
immunogenic composilion comprising an antigen or antigen composition, for the treatment or

prevention of a disease, including cancer and mufectious diseases,
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{383] In another aspect, the present invention provides a method of treating or
preventing a disease comprising: adminisiening to a patient suffering from or susceptible to
the disease, an iuounogenic composition comprising an antigen or antigen composition and
a compound of Formula I, or a pharmaceutically acceptable salt thereof.

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

{087] 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 mfectious diseases.

{088]  In another aspect, the present mvention provides a method of treating or
preventing disease comprising the admirustration to a patient suffering from or susceptible to
the disease, a vaccine composition comprising an antigen or antigen composttion and a
compound of Formuda L or a pharmaceutically acceptable salt thereof.

{089] In another aspect, the present invention provides a compound of Formula [, or
a pharmaceutically acceptable salt thereof, for use in the treatment of immune disorders,
ncluding autoimmune and autcinflammatory diseases.

{090] In another aspect, the present invention provides a compound of Formula L, 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 {reatment of immune disorders, including
autormmmune and autoinflarnmatory 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 I, 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 irmmune disorders, including autoimmune and autoinflammatory diseases.

093] 1t will be appreciated that all combinations of the above aspects/embodiments,
and other aspects/embodiments disclosed elsewhere herein, are contemplated and are further

embodiments of the invention.
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DETAILED DESCRIPTION

[094] The presend mvendion provides novel oGAMP analogs, pharmaceutical
conpositions thereof, and uses thereof n therapy. 2'3-cGAMP 15 an endogenous second
messenger produced by mammalian cells s a high affinity higand for 3TING, mducing
contormational changes theren, and a potent nducer of type-f tderferons. ¢GAS and the
c{1AS-cGAMP pathway is irnportant for triggering indlanmuatory responses to seff and
foreign DNA. As soch, cGAS 18 umportant for immune defense against microbial pathogens
that contain DNA and require DNA in their Hfe cveles. These pathogens mclude DNA
virgses, retroviruses ncluding BV, bactena including mycobacteniunt wberculosis, fungi
and parasites. ¢AS can also detect turor DNA and 15 important for the body’s ntrinsic
oy agamnst mahionant cells. Achvation of the cGAS-CGAMP-STING pathway 18
woportant for cancer rnunotherapy.

{0893]  As a potent inducer of type-1 mterferons, cGAMP {and hence the cGAMP
analogs of the present invention} provides a rattonal immone adjuvant As such, a compound
of Foruba ¥ or a pharmacentically acceptable salt thereof, woay be used as a vacaine
adjuvant, particularhy with mucosal vaceines, and may be formulated wih fromunogens and
delivered as have been cvelic-di-GMP and o-di- AMP a5 vaccine adjuvants {5eg, 8.

Pedersen, et al. PLoS ONE, Nov 2011, 6, 11, 226973, Ebensen of al | Vaceoine 29, 2011,

b

L’{Q

5230-32200 Chenet al | Vaccine 28, 2010, 3680-3045). In fact, such adjuvants are often more
effective because oFAMEP (and the cGAMP analogs of the present inverdion) 15 more potent
than ¢-di-GMP in indacing nterferons,

1096] In one aspect, the invention provides a pharmaceutical composttion
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 ancther embodiment, the pharmaceutical composition is a compound of
Formula I 1n a pharmaceutical fornulation including a nanoparticle or ancther delivery
vehicle. In another embodiment, the pharmaceutical composition 15 3 compound of Formula §
in combtnation with at least one further therapeutic agent, which inchudes but 1s not limited to
immune checkpoint inhibitors such as antibodies against PD-1, PD-L1 or CTLA-4. The
therapeutic agent used in combination with a compound of Formula T also includes radiation
of tumors or a chemotherapeutic agent that targets tumor cells.

8971 In another aspect, the mvention provides a pharmaceyiical composition

comprising & compound of Formouls | or a pharmaceutically scceptable salt thereof as an
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adjuvant and an vmmmogen for a tareet pathogen. In one embodiment, the pharmacsutical
composifion 1s a vacane. In another embodunent, the present mvenhion provides a method of
mducing or promoling an Uranune response cornprising: adounisiening {0 a paient mneed
thereof an effective amount a pharmacentical composilion comprising a compound of
Formuola | or a pharmaceutically acceptable salt thereol, as an adjuvant and an immanogen
for a target pathogen

0981 As used herein:

{#99] The terms “halo” and “halogen’, alone or in combination with other groups,
refers 1o fluoro-, chioro-, bromo- and 1odo-.

{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 Cre alkyl groups include but not humited o metheyvl, ethyl, n-propyl, iso-propyl,
n-butyl, sec-butyl and fert-buty! groups. More preferred are Ci4 alkyls.

18161} The term “Ci alkoxyrefers to, alone or in combination with other groups,
RO~ where R’ 18 Ci=6 alkyl.

{6102} The term “haloCrsalkyl”, alone or in combimation with other groups, refers 1o
a Ci alkyl group substtuted with one or more halo suctsitutents, for example CFs and
CHCF,

10163} The tern "s coropound of the invention” or “2 compound of Formala 17
mctudes all solvates, complexes, polvmaorphs, radiclabeled derrvatives, tautomers,
sterzoisomers, and opfical isomers of the compounds of Fornwila 1 and salis thereot. tnless
otherwise specified.

104} The term "effective amount” means that amount of 8 drug o pharmaceutical
agent that will elicnt the lological or medical response of a hissue, systemy, anireal or human
that 15 being sought, for instance, by a researcher or climcian.

18165} The terrn "therapeutically effective amount” means any amount which, as
compared 1o g eorresponding subject who has not received such aroount, resulis in mproved
treatment, healing, preverdion, or amehoration of a disease, disorder, or side effect, or
decrease w the rate of advancement of 2 disease or disorder, The term also inchudes within its
scope amounts effechive io enhance normal physiological funcion

{0106} The term "prophyiaxis” includes prevention and refers (0 a yocasure or
pracedure which 18 1o prevent rather than cure or treal a disease. Preventing refers o a

reduction sk of acquinng or developing a disease causing at least one chnical symplom of
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the disease not 1o devaloping a subject that may be exposed to a disease-cansing agent of a
subject predisposed to the disease 1o advance of disease ouisel

0107} The werm "pharmaceutically acceptable” refers 1o those compounds, materials,
compositions, and dosage forms which are, within the scope of sound medical judgment,
ssiable for use 1o contact with the fissues of human beings and animals without excessive
toxicity, ritation, or other problem or complication, commensurate with a reasonable
benefit/risk ratio.

{108} The term "pharmaceutically acceptable excipients” inchudes all diluents,
carriers, binders, ghdants, and other components of pharmacentical formulaiions with which
the compound of the mvention 1§ adminstered.

{8169} The compounds of the imvention may exist in solid or hiquid form. In solid
form, compound of the mvention may exust o a continuurs of solid siates rangiog from fully
amorphous 1o fully crvstatbne,

{116 The term 'amorphous’ refers to a state in which the matenal lacks long range
order at the molecular level and. depending upon the temperatore, mav extubit the physical
properites of a solid or a hguid. Typieally, such matenials do not give distinctive Xeray
diffraction patterns and, while extubiing the properties of a sohid, are roore formally
deseribed as a bguid, Upon heating, 3 change from solid to ligad properties coours which 13
characterized by a change of state, tvpically second order (glass transifion’}.

{0111} The terro 'arvstalling refers 0 a sehd phase i whach the maistial has g regular
ordered internal structure at the molecular level and gives a distinctive X-ray diffraction
pattern with defined peaks. Such matenials when heated sutticiently will aleo exhibit the
properiies of a bgad, bot the change from sohd to liquid 18 characterized by a phase change,
bepteally fivst order (mehing pond’)

8112} The compounds of the investion may have the abifity to crvstathize in more
than one form, a characterishie, which 18 known 23 polvmorphasin, and it 1¢ understood that
such polymerphic forms ("polvmorphs™) are witluo the scope of the invention. Polvmarphism
generatly can ocour as a response 1o changes in temperature or presswre o both and can also
result from variations in the crysiallization process, Polvmorphs can be distinguushed by
various phvsical characlenstics known in the art such a3 x-ray diffraction patierns, solubility
and meling poud

18113} The compound of Formnla | may exist in selvaled and unsolvaied forms. As
used herern, the term "solvaie” refers 1o a complex of varable stoichiometry formed by a

sotute (o this rovention, a coropound of Fornida ¥or o salt) and a selvent. Such solvents for
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the purpose of the invention may not mterfere with the biclogical activity of the solute. The
siilled artisan will appreciate that pharmaceutically accepiable solvates may be formed for
crvstaltine compounds wherein solvent molecules are meorporated wio the crvstalline lattice
during crysiathization. The meorporated solvent molecules may be water molecudes or non-
agueous such as ethanol, isopropancl, DMS$G, acetic acid, sthanolamine, and ethvl acetate
mefecuies. Crvstathine lattice incorporated with water molecules are typically referrad 10 as
"ydrates”. Hydrates mclude sioichiometric bydrates as well as conpositions condainmg
variable amownts of water, The present mvention meludes al such solvates,

1141 1t s also noted that sorse compounds may form tatomers, Tautomers' refer to
compounds that are interchangeable {orme of a particular compound stracture, and that vary
i the displacement of hydrogen aloms and electrons. Thus, two struchies mway be in
sguilibrivm through the wovement of re electrons and an stom (usuatly H). For sxaraple,
encds and Ketones are tautomers because they are rapdly merconverted by reatroent with
etther acud or base. 1t 15 understond that all tautomers and ruxtures of tautomers of the
compounds of the present invention are included within the scope of the compounds of the
present mvention.

{03118} The compounds of Fornula L ray be in the form of a salt. Typically, the salis
of the present invention are pharmaceutically acceptabls salta. Salts encompassed within the
terrn "pharmaceuheally acceptable salls” refer 10 non-ioxac salte of the cormpounds of thg
myvention. For areview on suttable salts, see e.g, Berge et al, J Pharm Sau 1977, 66, 119
Suttable pharmacentically acceptatde salis can include acid addition salts. A pharmaceutically
accepable acid addition salt can be formed by reaction of a compound of Formuda T with a
suifable morgare or organic acd {such as hvdrobromie, hydrochlorne, sulfuric, nitrie,
phaosphorie, p-loluenesulionie, benzenesutfonic. methanesubtfonie, ethanesulfonic,
naphthalenesulfonic such as 2-naphithalenesulfonic), optionally in a suitable solvent such as
an organc solvent, to give the salt whech 13 usually solated for example by crvetallizabion
and filtration. A pharmaceutically acceptable acid addition salt of a compound of Formula |
can be, for example, a frvdrobromude, hydrachlonide, sulfate, mitrate, phosphate, p-
iotuenesul{onate, benzenesulfonate, methanesnifonate, ethanesulfonate, or
naphthalenesutionate {e.g. Z-naphthalenesultonate) salt. OGther von-pharmaceuticatly
acceplable salis, e g ifluoroacetales, mway be used, for exarople 1o the solation of
compinds of the invention, and are inchuded within the scope of thus invention

18115] The mvention mclodes within s scope all possible stoichiometnie and non-

stoichiometric forms of the compounds of Formada L
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{1171 While 11 15 possible that, for use in therapy, the compound of the mvention
may be admunisterad as the vaw chenacal, 111is possible to present the compound of the
mvention as the active ngredient wn a pharmaceutical coraposttion. Such corupositions can be
prepared in a nanner well known in the pharmaceutical art and comprise at least one active
compound, Accordingly, the inventico further provides pharmacentical compositions
comprising & compound of the overtion and one or roore pharmaceutically acceptable
excipients. The excipieni{s) must be acceptable in the sense of being compatible with the
other ingredients of the compostiion and not deleterious o the recipent thereof. In
accordance with another aspect of the mvention there s also provided a process for the
preparation of a pharmaceutical coroposiion meluding the sgent, or pharmaceutically
acceptable salts thereof, with one or more pharmacentically acceptable exciptenis. The
pharmaceutical composition can be for use 1 the treatient and/or prophyiaas of any of the
conditions described herein,

{3118} Generally, the compound of the mvention 15 administered m 3
pharmacentically etfective amount. The amount of the compound actually adminisiered will
tvpreatly be determined by a physician, 1o the light of the relevant circumstances, nchuding
the condition to be treated. the chosen route of adnunistration, the actual compound
adranisiered, the age, weight, and response of the individual patient, the sevenity of the
patient’s svinpiowss, and the hke. Pharroacentical compositions may be presenied o unit dose
forms coniatning a predeternuned amount of aciive ngredient per untt dose. The term "unit
dosaze forms” refers to physicatly discreta units suitable as unitary dosages for human
subjects and other mammals, each onit containing a predetenmined quantity of active material
calculated o produce the desired therapeutic effect, wy association with a suiable
pharmaceutical excipient, vehicle or carmer. Typeal unit dosage forves mmchude prefilled,
premeasured ampulas or syringes of the lupmd compositions or pills, tablets, capsules or the
like m the case of solid composiiions,

0119] Preforrad unit dosage compositions are those containing a daily dose or sub-
dose, or an appropriate fraction thereot, of an active ingredient. Such unit doses may
therefore be administered once or more than once a dav. Such pharmacentical compostiions
may be prepared by any of the methods well known in the pharmacy ard.

4126} Pharmaceutical composiiions ray be adapted for admanisiraticn by any
appropriate route. {or exampie by the oral {including buccal or sublingual), rectal, mhaled,
uriranasal, topical Gncluding buccal, subhngoal or ransdermal}, vaginal or parenteral

(nchuding subcwtancous, wiramuscalar, intravenous or tdraderveal) route. Such coropositions
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may be prepared by any method known in the art of pharmacy, for examyple by bringing into
aasoctation the active mgredient with the carner(s) or exciplent(s}.

{3121} Pharmaceutical compostiions adapted for oral adnunisiraiion may be presented
a8 discrete units such as capeules or tablals; powders or gramdes; solotions or suspansions i
agueous of non-aguecus Hauids; edible foars or whips: or otlin-water hguid emulsions or
water-in- ol hquid enuidsions.

122} For instance, for oral adnunisiration in the form of a tablet or capsule, the
aciive drug componeni can be combimed with an oral, non-toxic pharmaceutically acceptable
mert escipient such as ethanol, ghveerol, water and the like Powders are prepared by
reducing the compound {o a suilable fine size and nuing wih a suvelarly prepared
pharmaceutical excipient such as an edible carbohydrate, as, for example, starch or mannitol.
Flavoring, preservaiive, disperang and coloning agent can alao be present.

10123 Capsules are made by prepanng a powder maxture, as described above, and
filling formed gelatin sheaths. Exciptents including glidants and hubricarts such as colloidal
silica, tale, magnesium stearate, calcium stearate or solid polvethviene glyeol can be added o
the powder mishure before the filhing operation. A disindegrating or solubiiizing agent such as
agar-ggar, calciom carbongie or sodivwre carbonaie can also be added o iroprove the
avatlability of the medicament when the capsule s ingested.

10124] Moreover, when desived or necessary, exciplents incloding suitable binders,
ghidanis, jubricanis, sweeiening agenis, favors, disindegrating agenis and colonmyg agentds can
afse be wncorporated into the maxiure. Suitable inders mclude starch, pelatin. natural sugars
such as glucose or beta-lactose, com sweeteners, natural and synthetic gums such as acacia,
tragacanth or sodiom alginate, carboxyvmethviceliulose, polvethylens glycol, waxes and the
hike. Lubricants used w these dosage forms imclude sodium oleste, sodivm stearaie,
magnesium stearate, sodium benzoate, sodium acetate, sodium chionide and the like.
Prentegrators include, without hmitation, starch, methvl cellnlose, agar, benfontte, xanthan
gum and the hike. Tablets are fornmulated, for example, by preparing a powdsr mixiure,
gramilating o slugging. adding a fubricant and disindegrant and pressing into tablets. A
powder mixiure is prepared v mixing the compound, suitably comminmited, with a dilueni or
base a3 descnibed above, and optionally, with g binder such as carboxymethyicetinlose, an
shiginate, gelatin, or polyvinyi pyrrohdone, a solution retardant such as paraltin, g resorplion
accelerator such as a quaternary salt and/or an absorption agent such as bentoute, kaokm or
dicalciam phosphate. The powder misture can be gramidated by wetting with a binder such as

syrup, starch paste, acadia mucilage or solufions of cellulosic or polvimeric materials and
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forcing through a screen. As an alternative to granclating, the powder muxture can be run
throush the tablet machine and the result is impertectly formed slugs broken into granules.
The granules can be fubricated to prevent sticking fo the tablet fornung dies by means of the
addition of stearic acid, a stearate sali, talc or runeral o1l The lubnicated mixiure is then
comprassed inio tablete. The cormpounds of the present invention can also be combined with
a free Howing juert carrier and compressed indo fablets directly without going through the
gramulating of sliugging steps. A clear or opague profective coating consisting of a sealing
coat of shellac, a coating of sugar or polymeric malerial and a polish coating of wax can be
provided. Dyestutts can be added o these coatings to dishinguish different onit dosages.

{1251 Oral flnds such as solution, suspensions, syrups and elixirs can be prepared in
dosage unit form so that a given quantity contains a predetermmned amount of the compound.
Syrups can be prepared by dissolving the compound 1o a suttably Savored agueous sohution,
while eliirs are prepared through the use of g non-toxic alecholic vehicle, Suspensions can
be formulated by dispersing the compound in a non-toxic vehicle. Solubilizers and
emulsifiers such as ethoxyliated 1sostearyl slechols and polvoxy ethylene sorbutol ethers,
preservanives, flavor additive such as peppermint ol or natural sweeteners or saccharin or
pther arnficial sweeteners, and the ke can gleo be added.

18126} Where appropriate, dosage wnit composttions for oral adnvmsiration can be
microencapsulated. The composiion can also be prepared {o prolong or sustam the release as
for example by coating or embedding particulate moalerial n polvmers. wax ot the ke

{4827} The compounds of the invention may also be adrmmsterad in the form of
hiposome delvery sysiems, such as small unilametiar vesicles, large untlameliar vesicles and
st larnellar vesicles. Liposomes can be formed from a variety of phosphohipids, such as
cholesterol, stearvianune or phosphandyicholines. Pharmaceutical corpposions adapted for
transdermal adminisiration may be presented as discrete patches intended to remain in
utiimate contact with the epidernas of the reciprent for a prolonged peniod of time.

{0128 Pharmaceutical composiiions adaptad for topical adovmistration may he
formulated as cintments. creans, suspensions, lotions, powders, solutions, pastes, gels,
spravs, asrosols or oils,

111251 For treatments of the eve or other extemal fssues, for example mouth and
skin, the compostiions are preforably applied as a topical cintment or ¢rearn. When
formulated in an oindment, the active ingredient may be emploved with etther a paraffinic or a
water-miscible omtment base, Alternatively, the active ingredient may be formulated 1o 4

cream with an oud-in-waler cream base or a water-in~-oi base,
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[#136] Pharmaceutical compositions adaptad for topical administrations 1o the eve
meiude eve drops wherein the active ingredient 1 dissolved or suspended i a suntable carnier,
especially an aquenus solvent.

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

3132} Pharmaceutical composiiions adapied for rectal admumstrafion may be
presented as supposilorias of as enemas.

{4133} Dosage forms for nasal or inhaled admnisiration may conventently be
formudated as aerosols, solutions, suspension drops, gels or dry powders,

{£1.34] Composiions for mirsnasal admimstration nchude agueous compositions
adransstered o the nose by drops or by pressurised pump. Switable compositions contain
water a3 the diluent or carvier for this purpose. Corposthons for admuustration o the lung or
nose may comtam one of more excipients, for example one or more suspending agents. one or
more preservatives, one or more surfactants, one or more torucity adjusting agents, one of
more co-solvents, and may inchide components to control the pH of the composition, for
example a buffer svetem. Further, the composiiions may contan other excipients such as
autiowidands, for exanple sodivm metabisulphute, and tasie-masking agerds. Coropositions
may aleo be administered 1o the nose or other regions of the respiratory tract by nebulization.
Intranasal cornposibions may permed the coropound{s} of Formuda ¥ or {8} pharmaceatically
acceptable salils) thereol 1o be delivered 10 all areas of the nasal cavities {the farget tissug}
andd further, may permit the compound(s) of Formula { or {a} pharmaceutically acceptable
salt{s) thereot to remain inn contact with the target tissue for longer periods of tme. A suitable
dosing regime for imtranasal compositions would be for the patient to mbale stowhy through
the nose subsequent to the nasal cavity boing cleared. During ihalation, the comoposiiion
wonid b adminustered to one nostiil winle the other 15 manually comprassed. This procedure
wortld then be repeated for the other nostril, Tvpreally, one or fwo sprays per nostrd would be
adrunisiered by the above procedure one, two, or three times each day, weallv once daily. OF
particuiar interest are intranasal compositions suitable for once- daily administration.

{1138} The suspending agent(s}, if inchuded, will 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 fotal weight of the
composition, Examples of pharmacentically scoeptable suspending agenis include, bt gre vot
fimuted to, Avicef {(nucrocrvsialline celinfose and carboxvmethyiceliulose sodivmy,
carboxymethyicellulose sodiom, veegum, fragacanth, bentonite, methylceliolose, xanthan

gum, carbapal and polvethviene ghvends,
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{136} Compositions for adminisiration to the lung o nose may contain ong or more
excipients may be protected from mucrobial or fungal contarmination and growth by inclusion
of one or roore preservatives. Examples of pharroacentically acceptable anti-oucrohial agents
or preservatives include. g are not Hinuted fo, guaternary ammonnim compounds (for
exarnple benzatkonium chionde, benzethonnin chionde, cetnimide, cetvipyridiniom chloride,
tauralkomum chioride and mynisty! picolintom chlonde), mercunal agents (for avanple
phenyimercuric mtrate, phenyimercuric acetate and thimerosal), alcoholic agends (for
example chlorobulancl, phenyiethy! alcohol and benvyl aleohol), antibacienial esters (for
exampie esters of pars-bvdroxybenzoic acid), chelating agente such as disodium edetate
(EDTA)Y and other ant-nucrebial agents such a8 chlorhexidine, chiorocresol, sorbic and and
i salts (such as potassium sorbate) and polyryvxan. Examples of pharmaceotically
acceptable anti-fungal agents or preservatives inelude, but are not hwuted {o, sodnm
benzoate, sorbic acid, sodiurn propionate, methyiparaber, sthyiparaben, propviparaben and
butviparaben. The preservative(s), if included, may be present in an amount of from 0.001 1o
1% £v/w), such as from 0.01 5% o (.5% {w/w) based on the total weight of the composition.
Composiions (for exarople whersin af least one compound 18 m suspension may wnchide one
or mare surfactants which functions 1o faciliate dissolution of the medicament parucles in
the agueous phase of the composition. For example, the amount of swrfactant used 13 an
amovnt which will nol cause foamang during mpang, Examples of pharmaceutically
accepiable surfaciants nclude fatly alcohols. esiers and ethers, such as polvoxysthylene (20}
sorbitan monooleate {Polvsarbate 80}, macrogol ethers, and polovamers. The surfactant may
be presend in an amount of between about 0.01 to 109 (wiw}, such as from 0.01 10 0.75%
{wiw}, for example about 0.5% (w/w}, based on the total waight of the corposition

0137} Ove or more tenicity-adjusting ageot{s} may be mcluded to achieve toniely
with body fhads e g fluids of the nasal cavity, resulting i reduced levels of unitancy.
Examples of pharmacentically accepiable tonicitv-adjusting agents mclude, but are not
Hiroited to, sodinm chlonde, dextrose, xyhiol, caloium chioride, glocose, glyeerine and
sorbited. A tonicity-adjusting agent, if present, may be incliuded 1o ap arsount of from 0 1 1o
10% {w/w), such as from 4.5 10 5.5% (w/w), for example abowd 5.0% {w/w)}, based on the
total weight of the composition,

0138} The composiiions of the mvendion may be buffered by the addition of suiable
buffering agents such as sodiom citrate, ciinie acud, irometamol, phosphates such as disodium
phosphate (for example the dodecabvdrate, heptahy drate, dibvdrate and anhydrous forms), or

sodim phosphate and mivtures thereol
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[1#135] A buffering agent, if present, may be included m an amount of from 0.1 to 5%
{wiw}, for example 1o 3% {w/w) based on the total weaight of the coraposition.

0148} Examples of taste-masking agents mclude sucralose, sucrose, sacchann ot a
salt thereof, fructose, dentrose, glycerol, com syrap, aspartame, acesulfame-K, witol,
sorbiiol, ervthritol, ammonin gly ovrchinnate, thaumatin, neotame, mannuol, menthol,

encalypius oil. camphaor, a natursl flavounng agend, an artificial favourng agent, and
combinations thereol.

841} One or more co-solveni{s) may be incloded to ard sohubulily of the medicament
compoundi{s} and/or other excipients. Examples of pharmaceutically acceptable co-solvents
mclude. but are not lineied to, propyiene glyeol, dipropviene glveol, ethyviene glveol,
glvcerel, ethanol, polvethviens ghveols tfor example PEG300 or PEG400Y, and methanol. In
one embodunent, the co~solvent 1s propvlens glveol,

108142} Co-solveni(s), i present, mav be included 1n an aroount of from 0.05 1o 30%,
{w/w}), such as from 1 o 25% {w/w), for example from | to 10% {w/w} based on the toial
weight of the composiiion.

143] Compositions for inhaled adrunistration inchide agueous, organic or
squenus/srganic makires, dry powder ar erystathine coroposiions adroirustered 1o the
respiratory tract by prassunced puvop or inhaler, for example, reservoir drv powder inhalers,
vnit-dose dry powder inhalers, pre-metered multi-dose dry powder whalers, nasal mwhalers or
pressurised agrosol inhalers, nebulisers or insufflators. Suitable composiions condam waler as
the diluent or carrigr for this purpose and may be provided with conventional excipients such
as buffering agents, tonicity modifying agents and the bke Aqueous compostitons may also
be admimstered to the nose and other regions of the respiratory tract by nebulisahon. Such
compositions roay be agueous soluions or suspensions or acrosols delivered from pressurised
packs, such as a metered dose mhaler, with the use of a sutiable higuefied propeliant

18144} Compositions for administration topically to the nose (for example, for the
treatment of thinitisy ot o the lung, inchude pressunsed asrasol corpposiiions and aqueous
conmpositions delivered to the nasal cavitizs by pressurnised pump. Compositions which are
non- pressusised and are suitable for administration fopically {0 the nasal cavity are of
particudar joterest, Swtable corposiions conimn water a3 the diluent or carner oy ths
purpose. Agueous compaosiiions for gdmirustralion to the hung or nose may be provided with
conventional excipienis such as buffering agenis, tomeity-modifying agents and the fike

Agusous compositions mway also be admanistered to the nose by nebahisahion,
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B 145] A fhad dispenser may typicatly be used fo deliver a fhud composition (o the
nasal cavities. The fhad composition may be agueous of nov-agueous, but tvpically aguecns,
Such a fhnd dispenser may have a dispensing nozzle or dispensing orifice through which a
metered dose of the fhnd composition 13 dispensed upon the application of g user-applied
toree 1o a pump mechanism of the fud dicpenser. Such Bwd dispensers are generally
provided with a reservoir of multiple metered doses of the fluid coroposition, the doses being
dispensable upon sequential pump actuations. The dispensing nozzle or onfice may be
configured {or insertion into the nostiilz of the user for spray dispensing of the flud
composition o the nasal cavity,

0146} Doy powider compositions for topical dehivery to the Jung by inhalghion may.
tor example, be presented in capsules and carindges of for example gelatine, or blisters of for
sxarople lannnated abuopuum toil, for use m an nbaler or sufllator. Powder blend
compositions generally contain a powder raix for inhalation of the conpound of Formulaor
a pharmaceutically acceptable salt thereof and a suitable powder base
{carrter/diluent/exciptent substance} such as mono-, di-, or polvsaccharides {for example
tactose or starch). Drv powder compositions roay aleo mclade, in additionto the drug and
carrier, a further exciprent (for evample 2 ternary agent such as a sugar ester for example
celiobivee oclancetate, calcium sigarate, oF magnesium siearate,

101471 Pharmaceutical compostiions adapted for parental administration inclade
aqueous and nonagquenus stenioc miechion solutions which may conlain anti-oxidanis. buffers,
bacteriostats and solites which render the composition tsotonic with the biood of the intended
recipient; and aqueows and non-aqueous stertde suspensions which may inclhude suspending
agents and thickening agends. The compositions may be presented i umi~dose or multi-dose
coutarners, for example sealed aropoules and vials, and may be stored 1 a freere-dnied
{vophilized} condition requunng only the addition of the sterife liguid carnier. for example
water for injections, frmmediatelv prior 1o use. Exfemporansons wnjection schitions and
suspensions may be prepared from sterite powders. grarutes and tablets.

1148} 1t chould be undersioond that in addition o the ingredients particutarly
menitoned above, the compositions may include other agents conventional in the arf having
segard 1o the type of fonmuilation n question, for exarople, these swiable for oral
admimstration may inchude flavarmg agents.

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

mayv contain antibody(ies) or antibody fragment(s) or an antigenic component including but
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not limited to protem, DNA, live or dead bacterta and/or viruses or virus-like particles,
together with one or more components with adjuvant activity including but not limited to
alununiurs salts, o1l and water enwilsions, heat shock proteins, lipid A preparations and
derivatives, elveolipids, other TLR agonists such as CpG DNA or similar agents, cyiokines
such as GM-CSF or IL-12 or simular agents.

10156} A therapeutically effective amourt of the agent will depend upon a numbaer of
factors including, for example, the age and weight of the subject, the precise condition
requitring treatment and 1S severtty, the nature of the formudation, and the rouie of
admimstration, and will wlhmately be at the discretion of the attendant phvsician or
veternanan, In particubar, the subject to be treated 15 a mammal, particularly a fernan,

{8151} The agent may be adnunistered 1o a daly dose. This amount may be givenm a
single dose per day or wore usually i a manber {such as two, three, four, five or sixd of sub-
doses per dav such that the tofal daily dose s the same.

18152 Switably. the amount of the compound of the invention admirustered according
to the present mvention will be an amount selected from about 0.01 mg to about 1 g per day
{calculated as the free or unsalted compound).

{0153} The compounds of Formula 1 and pharmaceutically acceptable salts thereof
may be employved 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 adminstered together or separately and, when admunistered
separately, administration may occur simultansously or sequentially, in any order, by any
convenient route in separate or combinad pharmaceutical compositions. The amounts of the
compound(s) of Formmda T or pharmaceutically acceptable salt(s) thereof and the other
pharmaceutically active agent(s) and the relative timings of adrairustration will be selected in
order to achieve the desired combined therapeutic effect. The compound(s) of Formula | or
pharmaceutically acceptable salt(s) thereof and further therapeutic agent(s) may be emploved
in combination by adnunistration simultanecusly in a unitary pharmaceutical composition
including both compounds. Altemnatively, the combination may be administerad separately in
separate pharmaceutical compositions, each including one of the compounds in a sequential
manner wherein, for example, the compound of the mvention is administered fivst and the
other second and vice versa. Such sequential adnunistration may be close in time (e.g.
simultaneousty) or remote in time. Furthermore, it does not matter if the cormpounds are

admunistered in the same dosage form, e.2. one compound may be administered topically and
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the other compound may be administered orally. Suitably, both compounds are administered
orafly.

{0154] The combmations may be presented as a combination kit. By the term
"combination kit" "or kit of parts" as used herein 1s meant the pharmaceutical composition or
compositions that are used to admunister the combination according to the mvention. When
both compounds are adnunistered simultaneously, the combination kit can contain both
compounds in a single pharmaceutical composition, such as a fablet, or in separate
pharmaceuatical compostiions. When the compounds are not administered simultaneously, the
combination kit will contain each compound in separate pharmaceutical compositions either
in a single package or in separate pharmaceutical compositions i separate packages. The
combination kit can also be provided by mstruction, such as dosage and adnvnistration
mstructions. Such dosage and advymistration 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 mstructions 1o a patient.

{8155] When the combination is admimistered separately in a sequential manner
wherein one 18 administered first and the other second ot vice versa, such sequential
administration may be close in time or remote in time. For example, adnunistration of the
sther agent several munutes to several dozen minutes after the adnunistration of the first
agent, and administration of the other agent several howrs to several days after the
administration of the first agent are included, wherein the lapse of fime 15 not limuted. For
example, one agent may be administered once a day, and the other agent may be administered
2 or 3 times a day, or one agent may be administered once a week, and the other agent may
be adminstered once a day and the hike. Tt will be clear to a person skilled m the ari 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 alky] esters, or as solvates, for example hvdrates, to optimize the activity
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,

{#0186] When combined in the same composition it will be appreciated that the two
compounds must be stable and compatible with each other and the other cornponents of the
composition and may be formulated for administration. When formulated separately they
mayv be provided in any conventent composition, conveniently, in such a manner as known

for such compounds in the art.
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{3157} When the compound of Formula I is 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
nvention is a ammal. In another embodiment, the patient is a human. The compounds of
the invention are useful in the treatment of diseases and conditions in which modulation of
STING is beneficial, including cancer. As modulators of the imumune response, the
compounds of Formula I and pharmaceutically acceptable salts thereot may also be useful, as
stand-alone, in combination or as adjuvants, in the treatment of diseases and conditions n
which modulation of STING is benaficial.

{0159] In one aspect, the disease or condition to be treated 15 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, uterus, ovartes, stomach, colon, breast, esophagus,
small mtestine, bowel, endocrine system, thyroid gland, parathyroid gland, adrenal gland,
urethra, prostate, penis, testes, ureter, bladder, kidneyv or liver; rectal cancer; cancer of the
anal region; carcinomas of the falopian tubes, endometrium, cervix, vagina, vulva, renal
pelvis, renal cell; sarcoma of soft tissue; myxoma; rhabdomy oma; fibroma; lipoma; teratoma;
cholangiocarcinoma; hepatoblastoma; angiosarcoma; hemagioma; hepatoma; fibrosarcoma;
chondrosarcoma; myeloma; chronic or acute leukemia; lymphocytic lymphomas; primary
CNS lvmphoma; neoplasms of the CNS; spinal axis tumours; squamous celf carcinomas;
synovial sarcoma; malignant pleural mesotheliomas; bram stem glioma, pitaitary adenoma;
bronchial adenoma; chondromatous hanlartoma; mesothelioma; Hodgkin's Disease; or a
combination of one or more of the foregoing cancers.

[8166] In a further aspect, the present invention provides a compound of Forrulaf or
a pharmaceutically 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 thereot a therapeutically effective amount of g
compound of Formuida I or 4 pharmaceutically acceplable salt thereof.

{0162} In a further aspect, the present mvention 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 emploved with other therapeutic
methods of cancer treatment, e.g., in anti-neoplastic therapy, combination therapy with
ironune checkpoint inhibitors, other chemotherapeutic, hormonal, antibody agents as well as
surgical and/or radiation treatments.

{0164} Trumune checkpoint inhubitors, 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 fung cancers, renal cell
carcinoma and bladder cancer (Sharma and Allison, 2013, Science 343, 56). However, still
only a small percentage of cancer patients benefit from the checkpoint mhibitor therapies, in
part because msufficient number of anti-tumor immune cells, such as CDS T cells, are
generated and/or mfiltrated into the tumors. Activation of the ¢GAS-STING pathway
activates anti-turnor imnmumty , including the production and mifiltration of tumor-specific
CD8 T cells. Therefore, cGAMP analogues are expected to function svnergistically with
immune checkpoint inhibitors and the combination therapies are likely to bring therapeutic
benefits 10 a larger percentage of cancer patients.

{4168} In a further aspect, the present mvention provides a pharmaceutical
compaosition comprising a compound of FormulaT or a pharmaceutically acceptable salt
thereof, and at least one immume checkpoint mhibitor,

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

{167} In a further aspect, the present invention provides a pharmaceutical
composition comprising a compound of Formula I or pharmaceutically acceptable sall
thereof, and at least one inunune checkpoint inhibitor for use 1 treating cancer.

{0168} In a further aspect, the present invention provides the use of a pharmaceutical
composition comprising a compound of Formula 1 or a pharmaceutically acceptable salt
thereof, and at least one imnwmne checkpoint inhibitor in the manufacture of a medicarment for
the treatment of cancer.

{8169] In a Turther 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 composttion comprising a compound of Formula I or a pharmaceutically
acceptable salt thereof, and at least immune checkpoint inhibitor,

{0176} In a further aspect, the present invention provides a pharmaceutical

composition comprising a compound of Formula I or a pharmaceutically acceptable salt
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thereof, at least one immune checkpoint inhibtior, and one or more of pharmaceutically
acceptable carriers, diluents and excipients,

{0171} 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 info 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 imvention provides a pharmaceuiical
composition comprising a compound of Formula @ or a pharmaceutically acceptable salt
thereof, in combination with radiation therapy such as SBRT.

{0173} In a further aspect, the present invention provides a pharmaceutical
composition comprising a compound of Formula I or pharmaceutically acceptable salt
thereof, in combination with radiation therapy such as SBRT for use in treating cancer.

{3174} In a further aspect, the present invention provides the use of a pharmaceutical
composition comprising a compound of Formula T or a pharmaceutically acceptable salt
thereof, in combination with radiation therapy such as SBRT in the mavufacture of a
medicament for the treatment of cancer.

{0175} In a further aspect, the present invention provides a method of trealing 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 radiation therapy such as SBRT.

{4176} In a further aspect, the present mvention provides a pharmaceutical
compaosition comprising a compound of Formula 1 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 cycle, signal transduction, DNA metabolism and angiogenesis
and/or by promoting DNA damage, apoptosis and necrosis. These agents compiise that
largest class of molecules currently used for cancer therapies. Anti-neoplasiic agents
selectively kill tumor cells, although many of them also kil normal cells, thereby generating
severe side effects. Processing of dead tumor cell associated antigens by antigen presenting

cells teads fo the generation of tumor-specific eytotoxic T cells. This process can be enbanced
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by ¢GAMP analogues. Therefore, combination of ¢cGAMP analogues with anti-neoplastic
agents are likely to generate syuergistic 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 I or a pharmaceuticatly acceptable 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 1 or a pharmaceutically acceptable salt
thereof, and at least one anti-neoplastic agent for use in therapy.

{0188] In a further aspect, the present imvention provides a pharmaceuiical
composition comprising a compound of Formula I or pharmaceutically acceptable salt
thereof, and at least one anti-neoplastic agent for use in freating cancer.

{0181} In a further aspect, the present invention provides the use of a pharmaceutical
composition comprising a compound of Formula I or a pharmaceutically acceptable salt
thereof, and at least one anti-neoplastic agent in the manufacture of a medicament for the
treatment of cancer.

{182} In a further aspect, the present mvention provides a method of treating cancer,
comprising: adnunistering to a patient in need thereof a therapeutically effective arnount of a
pharmaceutical composition comprising a compound of Formuia I or a pharmaceutically
accepiable salt 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 combunation. Typical anti-neoplastic agents useful include anti-
microtubule agents such as diterpenoids and vinca alkalods: platinum coordination
complexes; alkylating agents such as nitrogen mustards, oxazaphosphorines, alkvisuifonates,
nitrosoureas, and iriazenes; antibiotic agents such as anthracvclins, actinomvcins and
bleomycins; topoisomerase I mhibitors such as epipodophyllotoxing; antimetabolites such as
purine and pynimidine analogues and anii-folate compounds; topoisomerase [ inhibitors such
as camptothecins; hormones and hormonal analogues, signal transduction pathway mhibitors;
non-receptor tyrosine angiogenesis inhibitors; immunotherapeutic agents; proapoptotic

agents; and cell cycle signaling inhubttors.
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{3188] Anti-mucrotubule or antt-mutotic agents are phase specific agents active
against the microtubules of tumor cells during M or the mitosis phase of the cell cyvele.
Examples of anti~-moicrotubule agents mclude diterpenoids and vinca alkaloids.

{0186} Diuterpenoids, 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
death foliowing. Examples of diterpenoids include paclitaxel and iis analog docetaxel.

{0187} 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 1s unable to polymerize nto
microtubules. Mitosis 15 beheved to be arrested 1 metaphase with cell death following,
Examples of vinca alkaloids nclude vinblastine, vincristine, and vinorelbine.

10188} Platinum coordination complexes are non-phase specific anti-cancer agents,
which are interactive with BDNA. The platinum complexes enter tumor cells, undergo,
aguation and form wntra~ 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, 1o DNA
through nucleophilic moteties of the DNA molecule such as phosphate, amuno, sulthydryl,
hydroxyi, carboxyl, and imidazole groups. Such alkviation disrupts nucleic acid function
leading to cell death. Exarmples of atkviating agents mclude rutrogen mustards such as
cyclophosphamude, melphalan, and chiorambucil; alkyl sulfonates such as busulfan;
nitrosoureas such as carmustine; and triazenes such as dacarbazine.

{8198} Antibiotic anti-neoplastics are non-phase specific agents, which bind or
intercalate 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 antibiotic anti-neoplastic agents include actinomycins such as dactinomyein,
anthrocveling such as daunorubicin and doxorubicin, and bleomycins.

{0191} Topoisomerase Il inhibitors include epipodophvilotoxins,
Eptpodophyliotoxins are phase specific anti-neoplastic agents derived from the mandrake
plant. Epipodophyllotoxins tvpically affect cells i the 5 and Gz phases of the cell cycle by

forming a ternary complex with fopoisomerase Il 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} Antiroetabolite 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 pyvrimiding base synthesis and thereby limiting DNA synthests. Consequently, 8
phase does not proceed and cell death follows. Examples of antimetabolite anii-neoplastic
agents include fluorouracil, methotrexate, cviarabine, mecaptopurine, thioguanine, and
gemctiabine.

{0193} Camplothecins, including, camptothecin and camptothecin derivatives are
available or under development as Topotsomerase I mhibitors. Camptothecins cylotoxic
activity is believed to be related to its Topoisomerase I inhibitory activity. Examples of
camptothecins include, but are not lumited to minotecan, topotecan, and the various optical
forms of 7-(4- methylpiperazino-methyviene)-10,11-ethvlenedioxy-20-camptothecin described
below.

{3194} Hormones and hormonal analogues are useful compounds for treating cancers
m which there 13 2 relationship between the hormone(s) and growth and/or lack of growth of
the cancer. Exanples of horroones and hormonal analogues useful in cancer treatroent
inchude adrenocorticosteroids such as predmisone and predmisolone which are useful in the
treatment of malignant lymphoma and acule leukemia i chitldren; amnoghutethinude and
other aromatase inhubitors such as anastrozole, letrazole, vorazole, and exemestane useful m
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 endorvetria | carcinoma; estrogens, and anti-estrogens
such as fulvestrant, flutamide. nilutaride, bicalutarmde, cyproterone acetate and Sa-
reductases such as finasteride and dutasteride, useful in the treatment of prostatic carcinoma
and benign prostatic hypertrophy; anti~esirogens such as tamoxifen, toremifene, raloxifene,
droloxifene, 1odoxyfene, as well as selective estrogen receptor modulators (SERMS) useful in
the treatment of hormone dependent breast carcinoma and other susceptible cancers; and
gonadotropin- releasing hormone (GnRH) and analogues thereof which stimulate the release
of leutimizing hormone (LH) and/or {oliicle stimulating hormone (FSH) for the treatment
prostatic carcinoma, for instance, LHRH agomists and antagagonists such as goserelin acetate
and luprolide.

{0195} Signal transduction pathway inhibitors are those inhibitors, which block or

mnhibit 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
mvention include inhibitors of receptor tyrosine kinases, non-receptor tyrosine kinases,
SH2/SH3domain blockers, serine/threonine kinases, phosphotidyl inositol-3 kinases,
myoinostiol signaling, and Ras oncogenes.

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

{8197] Receptor tyrosine kinases are transmembrane proteins having an extracellular
higand binding domain, a fransmembrane domain, and a tyrosine kinase domain, Receplor
tvrosine kinases are involved 1n the regulation of cell growth and are generally termed growth
factor receptors. Inappropriate or uncontrolled activation of many of these kinases, 1.¢.
aberrant kinase growth factor receptor activity, for example by over-expression or mutation,
has been shown to result 1n uncontrolled cell growth. Accordingly, the aberrant activity of
such kinases has been linked to malignant tissue growth. Consequently, mhubitors of such
kinases could provide cancer treatment methods. Growth factor receptors include, for
example, epidermal growth factor receptor (EGFr), platelet derived growth factor receptor
(PDGFr), erbB2, erbB4, ret, vascular endothelial growth factor receptor (VEGFr). tyrosine
kinase with immumnoglobulin-like and epidermal growth factor homology domains (TIE-2),
wsulin growth factor -1 (IGF) recepior, macrophage colony stimudating factor (cfims), BTK,
ckit, cmet, fibroblast growth factor (FGF) receptors, Trk receptors (TrkA, TrkB, and Trk(),
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 ohigonucleotides. Growih {actor receptors and agents that mhibit 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
"Growth factor receptors as targets”, New Molecular Targets for Cancer Chemotherapy, ed.
Workman, Paul and Kerr, David, CRC press 1994, London.

{0198] Tyrosine kinases which are not growth factor receptor kinases are termed
nonreceptor tyrosine kinases. Non-receptor tvrosine kinases useful in the present invention,
which are targels or potential targets of anti-cancer drugs, include ¢Sr¢, Lek, Fyvn, Yes, Jak,
cAbl, FAK (Focal adhesion kinase), Brutons tyrosine kinase, and Ber-Abl. Such non-receptor
kinases and agenis which inhibit non-receptor tyrosine kinase function are described, eg., in
Sinh, S. and Corey, 8.1, (1999} Journal of Hematotherapy and Stern Cell Research 8 (3} 465

- 80; and Bolen, 1B, Brugge. I8, (1997} Annual review of Immunology. 135: 371-404.
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{#199] SH2/SH3 domain blockers are agents that disrupt SH2 or SH3 domain binding
i a vanety of enzymes or adaptor proteins including PI3-K p85 subunit, Sre famuly kinases,
adaptor molecules (She, Crk, Nek, Grb2) and Ras-GAP. SH2/SH3 domains as targets for
anti-cancer drugs are discussed in Smuthgall, T.E. (1995), Jowrnal of Pharmacological and
Toxicological Methods. 34(3) 125-32.

{02006} Intubitors 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, 10ta, zeta). T
kB kinase famuly (1 KKa, 1 KKb), PKB fanuly kinases, akt kinase family members, and TGF
beta receptor kinases. Such Serine/Threonine kinases and mhibitors thereof are described,
e.g., i Yamamoto, T. et al, (1999}, Journal of Biochemustry. 126 (5) 799-803; Brodi, P ef al.
{2000), Biochemical Pharmacology, 60. 1101-1107; Massague, I, and Weis- Garcia, F.
{1996} Cancer Swrveys. 27:.41-64; Philip, P A and Harris, A L. (1995}, Cancer Treatment
and Research. 78: 3-27; Lackey, K et al Bioorganic and Medicinal Chenustry Letters, (10),
2000, 223-226; U.S. Patent No. 6,268,391; and Martinez-lacaci, L, et al, Int. J. Cancer
(2000), 88(1), 44-52.

{0201} Inhibitors of Phosphotidy! mnositol-3 Kinase family members mcluding
blockers of PI3-kinase, ATM, DNA-PK, and Ku are also useful in the present invention. Such
kinases are discussed, e.g, m Abraham, R.T. (1996}, Current Opinion in Immunology. 8 {3}
412-8; Canman, C.E.. Lim, D.S. {1998), Oncogene 17 (25) 3301-3308; Jackson, S.P. (1997},
International Journal of Biochemistry and Cell Biology. 29 (7):935-8; and Zhong, H. et al.
Cancer Res., (2000} 60(6), 1541-1545.

{0202] Also useful in the present invention are Myo-inositol signaling inhubitors such
as phospholipase € blockers and My oinosttol analogues. Such signal mhibitors are described,
e.g., 1 Powis, (3., and Kozikowskr A, (1994} New Molecular Targets for Cancer
Chemotherapy ed, Paul Workman and David Kerr, CRC press 1994, London.

10203} Another group of signal transduction pathway inhibitors are inhibitors of Ras
Oncogene. Such mhibitors mclude inhibitors of famesyliransferase, geranvl-geranyl
transferase, and CAAX proteases as well as anti-sense ohgonucleotides, nibozymes and
immunotherapy. Such mhibttors have been shown to block ras activation m cells containing
wild tvpe murtant ras, thereby acting as antiproliferation agents. Ras oncogene inhibition 1s

discussed in Scharovsky, 0.G,, et al. (2000}, Journal of Biomedical Science. 7(4) 292-8;
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Ashby, MLN. {1998}, Current Opinton in Lipidology. 9 (2} 99 - 102; and BioChim. Biophys.
Acta, {19899 1423(33:19-30.

{0204] Antibody antagonsts o receptor kinase higand binding may also serve as
signal transduction inhibitors. This group of signal transduction pathway inhibitors imncludes
the use of humanized antibodies to the extracellular ligand 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 Tvrosine Kinase Signalling in Breast cancer.erbB
Family Receptor Tyrosine Kinases, Breasi cancer Res., 2000, 2(3), 176- 183}, and 2CB
VEGFR2 specific antibody (see Brekken, R AL 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-angiogernic agents such as non-receptor MEK angiogenesis inhibitors
may also be useful, as well as those which mnhibit the effects of vascular endothelial growth
factor {e.¢ , the anti-vascular endothelial cell growth factor antibody bevacizumab
fAvasun™]}, and compounds that work by other mechanisms (e g., hnonude, mhibitors of
integrin ovf33 function, endostatin and angiostatin).

{0206} In one aspect, the present invention provides a pharmaceutical composition
comprising a compound of Formula I or a pharmaceuiically acceptable sali thereof, and at
least one anti-neoplastic agent which is an anti-macrotubule agent, platinum coordination
complex, alkyiating agent, antibiotic agent, topotsomerase I inhibitor, antimetabolite,
topoisomerase I inhibitor, hormones and hormonal analogue, signal transduction pathway
mwhibitor, non-receptor tyrosine MEK angiogenesis inhibitor, immunotherapeutic agent,
proapoptotic agent, or cell cycle signaling inhibrtor.

{0207} 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 anti-ueoplastic agent selected from duerpenoids and vinca alkalowds.

{0208] In another aspeact, the present invention provides a pharmaceutical
composition comprising a compound of Formula 1 or a pharmaceutically acceptable salt
thereof, and al least one anti-neoplastic 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 compound of Formula I or a pharmaceutically acceptable salt

thereof, and at least one anti-neoplastic agent which is a signal transduction pathway

58
SUBSTITUTE SHEET (RULE 26)



WO 2017/161349 PCT/US2017/023093

mhibitor. In one embodiment, the signal transduction pathway inhibitor ts an mhibitor of a
growth factor receptor kinase VEGFRZ, TIEZ, PDGFR, BTK, erbB2, EGFr, IGFR-1, TrkA,
TrkB, TrkC, or c-fms. In another embodiment, the signal transduction pathway inhabitor s an
mnhibitor of a serme/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 fanuly of kinases. In another embodiment, the signal transduction
pathway inhibitor 1s an inhibitor of ¢-src. In another embodiment, the signal transduction
pathway inhibitor is an inhibitor of Ras oncogene selected from miubttors of farnesyl
transferase and geranvigeranyl transferase. In another embodiment, the signal fransduction
pathway inhibiior 15 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 EGF1/erbB2 whibitor, for example N-{3-Chloro-4-[(3-fluorobenzyl) oxy Jphenyl} -6-{ 5~
{{12- (methanesulphonyl) ethyllamino} methvh-2-furvil-4-quinazolinanune.

18216} In another aspect, the present invention provides a pharmaceutical
composition comprising a compound of Formula I or 2 pharmaceutically acceptable salt
thereof, and at least one anti-neoplastic agent which 1s a cell cvcle signaling imhibitor. In one
ernbodiment, the cell cycle signaling inhibitor is an inhibitor of CDXK2, CDK4 or CDK6.

18211} Compounds of Forrda | may be prepared by methods known w the art of
organic synthesis as set forth 1o the schemes below and/or the specific Examples desenbed
below. Inall of the methods. 113 well ondersiood that profecting groups for sensifive or
reactive groups mayv be enydoved where necessary in accordance with general principles of
chamistry. Profecting groups are manipulated according to standard methods of organic
synthess (T W, Green and PG M Wals (1999} Protective Groups i Organic Synthess,
3% edifion, John Wiley & Sons) These groups are removed at a convenient stage of the
compound synthesis using methods that are readilv apparent o those skilled in the art. The
setection of processes as well as the reachon conditions and order of thery execution shall be
consisient with the preparation of compounds of Formula |

0212} s understood that the exanples and embodiments described herain are for
itustrative purposes only and that vanous modifications or changes in light thereot will be
suggested to persons skilled i the art and are 0 be included within the spuit and puraiew of
this apphication and scope of the appended claims.

10213} The following hist provides definttions of certain abbreviations as used herein,
Howill be appreciated that the Bist s not exhaustive, but the meaning of those abbreviations

not herem below defined will be readidly apparent {o those skilled 1 the art: Ac s acetyl;
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AcOH 1s acetic acid; A3 15 acetic anhvdride; AIBN s 2,27 -azohisisobulyroninile; Br s
benzyl, B3 A 1o N, O-bis(trimethvisilvhacetamide; BSTFA 15 N0+
his(trimethylstyitrifluoroacetanude; Bu i3 butyl; Be s benvoyl, CAN 15 cone aromwmuum
nitrate; CE 15 2-cvanoethyl; BCA ¢ dichloroacetic actd, BUM 1¢ dichloromethane, BDTT i
1.2 4-dithiszole-3-thione; DEAD 15 disthy] azodicarboxylate; DIAD s ditsopropyl
azodicarboxylate; THPEA s N N-diisopropyiethylamine; DMAP 15 4-
{dimethyianunojpyriding, DME 15 N V-dimetiyiformamide, DMOCP 15 Z-chloro-3,5-
dimethyl-1.3, 2-dioxaphosphorinane Z-oxide, DMSO 13 dimethylsuiphoxide; BMTris 4.4°-
diwoethoxyinityl, EIOAc s ethyl acetaie: EiGH s ethanol, HMPT 18 hexametbviphosphorous
triamide; HPLC 15 high performance Hgud chromatography: fha s obutyrvl; IBX 5 2-
todoxvbenzois acid: bnid 13 ivudazole; 'Pris isopropvl; KOH 15 potassium hydroxude; Me 1s
miethyl, MeCN 15 acetonitride; MeOH i3 methanol, MTBE i3 roethyv ferf-buty ] ether; Ms 13
methanesulfonyl; PA/C 15 palladium on activated charcoal: NIS 15 N-iodosucciniide; NPE 15
2-{4-nitrophenyilethyl; PE 15 petroleum ether; Ph is phenvl PMB is p-methonybenzyl, PPl
i3 friphenyliphosphine; Py 1o pyndine. TBAF 13 tetra-n-butviammomum ffuonde, TBAL 13
tetrabulylammoniurg rodide; TBDPS 5 revf-butyidiphenylailyl, TBHP i3 rers-Buted
hydroperoxide: TBS s fer-butvidioethvisivh TCDLis 11 -theocarbonyldinoudarole; TDA-
ts tris{2-¢2-methoxvethoxy sethviiamne, TEA o tnethviamine;, This
triftuoromethanesulfonvh TFA 18 tifluoroaceiic acid, TFE 18 2,2 2-inlluorosthvl THE 13
tetralvdrofuran: TIPS 1 tniisopropylalyl TLC 15 thin-layer chromatography, TMS 15
trimethyisiiylh TMSOTT s trimethylsilyl trifluoromethanesulfonate; Tol is p-toluoyl: Tris

triivi

INTERMEDIATE PREPARATIONS
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Step 1: acetonide 2

18214} To a suspension of D-Ribose (1) (160 g, 1.07 mol) in acetone (2.0 L} 15 added
concentrated sulfuric acid {(10.7 g, 107 mmol, 5.8 mL} at 27 °C dropwise. After stirring for 12
hours, solid Sodiurn bicarbonate (100 g) 15 added. The nuxture 15 then filtered and the filirate

is concentrated to give crude 2 (215.0 g).

Step 2: silyl ether 3

{0215} To a solution of crude 2 (215 g, 1.13 mol} in DCM (1.5 L) 15 added TBS(!
(170 g, 1.13 molyand TEA (172 ¢, 1.69 mol} at 0 °C. After stirring at 27 °C for 12 hours, the
mixture is filtered, concentrated, and punified by silica gel cohuron chromatography (EA/PE =

1100 to 1/50) 1o give 3 as a colorless il (285 g, 83% vield).

Step 3: deazapurine 4
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{8216} To asolution of 3 (60.0 g, 197 08 mmol) and carbon tetrachloride (67.3 g, 438
mimol, 42 mb) in THF (1.2 L) 15 added HMPT (63.0 g, 386 mmol, 70 mL} dropwise at -
78 °C and stirred at 27 °C for 2 hours. To another solution of 6-¢hloro-7-deazapurine (24 2 g,
158 mmol) and KOH (16.6 g, 296 mmol) in MeCN (1.2 L) 1s added TDA-1 (637 g, 197
mmol) at 27 °C followed by the THF solution obtaimed above. After stirring at 27 °C for 12
hours, the reaction mixture is filtered, concentrated, and purified by silica gel coluron

chromatography (EA/PE = 1/50 10 1/10) to give 4 as avellow o1l (15.3 g, 18% vield).

Step 4: adenine §

{02171 A solution of 4 {28.6 g, 64.9 mmol) 1 dioxane (150 mL) and anwoonium
hydroxide aqueous solution (500 rol} 1s stirred at 120 °C for 30 hours i a sealed autoclave.
The volatiles are then removed and the aqueous solution 1s extracted with EA (300 mL = 3},
The combined organic layers are washed with brine (100 mL), dried over anhydrous sodium
sutfate, filtered, concentrated, and partially punfied by silica gel column chromatography
(EA/DCM = 1/1) to give a vellow foam (9.65 g). This residue 1s then dissolved in THF (50
mb) and treated with TBAF trihydate (10.9 g, 34 4 mmol} at 27 °C. After stirring for 2 hours,
the mixture is concenirated and purified by silica gel column chromatography (EA/DCM =

Vlto /110 give $(5.56 g, 79% vield) as vellow sohid.

Step 5: benzoate 6
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{0218] To asolution of §(7.26 ¢, 23.7 mmol) in DUM (60 mL} is added Imid (4.834 g,
71.1 mmol) and TBSCH(5.36 g, 35.6 mmol) at 27 °C. After stirring at 27 °C for 1.5 hours,
water {100 mL) 15 added and the muxture 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 obtained above in DCM (100 ml) 15
added benzoy! chloride (5.14 g, 36.6 nwmoly at 27 °C. After sturing for 12 hours, water (200
mb.} 1s added the mixture 15 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 = 1/530 to 1/10) to give 6 as ayellow foam (8.12 g, 64% vield).

Step 6: B1
NHBz
N
74 | N
P
N
OH OH 81

10219} Asolutionof 6 (15.2 g, 28.9 mumol) in TFA (90 mL) and DCM (20 mb) 15
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 BY as a vellow solid

(10,16 g, 93% vyield).
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Step 1: aniline 8
o

HoN

3

N

»

PMBHN N 8

{8228} To a solution of S-amino-4,6-dichioropyrinudine {63.0 g, 384 mmol) in -
BuOH (300.0 mL}) is added p-methoxybenzylamine (58.0 ¢, 423 mmol, 55 mL) and DIPEA
(99.3 g, 768 mumol, 134 mL). After stirning at 100-110 °C for 15 hours, the volatiles are

removed before MTBE (100 mL} is added. The solid is collected by filtration and washed
with EA 1o give 8 as an off-white solid (55.0 g, 34% vield). (MS: [M+H]" 263.0)

Step 1: azapurine 9

cl
N AN
7 N
N: { {;}
N
pMg N9

{0221} To asolution of 8 (10.0 g, 37.8 mmol} in a mixture of DCM (200 mkL), AcOH
{100 mL}, and water (100 mL) 15 added sodium nitrite (2.87 g, 41.6 mmol, 2.3 mL) at 0 °C.
After stirming at 0-25 °C for 1 hour, DCM (30 mL) and saturated sodium bicarbonate aqueous
solution {30 mL} are added. The lavers are then separated and the aqueous phase is extracted
with DCM (150 mL x 3}. The combined organic phases are dried over anhvdrous sodium
sutfate, filtered, concenirated, and purified by silica gel column chromalography (EA/PE =

1/3)to give 9 as a light vellow solid (6.0 g, 88% yield). (MS: [M+H}" 276.0)

Step 3: azaadenine 10

NH,
fo}é I N
- g
P N 10

[0222] To asolution of 9 (6.0 g, 21.8 mmol) in 1 4-dioxane (30 mL) is added

ammontum hydroxide agueous solution (30 mL). After stirring at 30-40 °C for 5 hours, the
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sofid 15 collected by filtration to give 18 as a white solid (4.0 g, 70% vield). (MS: [M+H]'
257.1)

Step 4: azaadenine 11

NHBz
N NS
/ N
N\" | )
s
N
pve N M

{0223} To asolution of 16 (17.0 g, 66,3 mmol} in Py (100 mL) is added DMAP (8 92
g, 73.0 numol), Troid (13.6 g, 199 nunol) and benzovi chloride (14.0 g, 99.5 mmol, 11.6 mkL).
After stirning at 110120 °C for 18 hours, 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 sodiur sulfate, filtered, concentrated, and purified by silica gel colunm
chromatography (EA/PE = 1.1} to give 11 as an off~whate solid (17.0 g, 68% vield). (MS:
IMHH]T 361.2)

Step 5: azaadenine 12

I
i
-
R

{0224] To asuspension of 11 {6.40 g, 17 8 munol) n MeCN (60 mb} 15 added a
solution of CAN (29.2 g, 53.3 mmol} and sodium bicarbonate (1.49 g, 17.76 ramol} in water
{60 mL} at 0 °C. After stirring al 0-25 °C for 12 hours, the mixture is neutralized with
sodiurg bicarbonate to ~pH 7. The solid 15 collected by filtration to give 12 2.6 g, 57%

vield). (MS: [M+HI* 241.1)

Step 6: azaadenosine 14
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Bz0O

OBz OBz 14
{8225} To asolution of 12 (9.30 ¢, 38.7 mmol) and 13 {20.5 g, 40.7 mmol) in MeCN
{350 mL} 15 added tin{fV) chionde (30.3 g, 116 mmol, 13.6 mlL) at 0 °C. After stirring at -
25 °C for 24 hours, the reaction mixture 1s poured mto saturated sodium bicarbonate aquecus
solution {300 mL). The sohid 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 ¢, 21% yield). (MS: [M+H]" 684 9)

Step 7: B2

OH  OH B2
{0226] To asolution of 14 (6.1 g, 8.9 mmol) in a muxture of THF (35 mL} and MeOH
(28 mL} 15 added lithtum hydroxide agueous solution (1M, 16.0 mL) at 0 °C. After stirring at
(=25 °C for 3 hours, the miaxture 1s neutralized with citric acid aqueous solutton (1M) to ~pH
7 and then concentrated and purified by sitlica gel columm chromatography (MeOH/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

O
N
-
N NHibu
CH  OH 16

{0227} To asolution of 15 (880 mg, 2.5 numol) in Py (10 mbL} 1s added a solution of
DMTrCl (940 mg, 2.6 mamol} in Py {5 mL). After stirnng for 3 hours, the mixture is
concentrated and purified by silica gel colunmm chromatography (MeOH/DCM = 1/20 to 1/10)
to provide 16 as a white foar (1.23 g. 75% vield). (MS: [M+H]' 656.2)

Step 2: aleoheod 17

OH OTRS 17
{08228} To asolation of 16 (900 mg, 1.4 mumol) and Imud (280 mg, 415 mmol) in Py
{15 mbL}1s added TBSCL (310 myg, 2.05 munol). After stirring for 4 hours, the volatiles are
removed and the residue is dissolved m DCM (50 mL), washed with saturated sodium
bicarbonate aqueous solution and brine, dried over anhydrous sodium sulfate, concentrated,
and purified by silica gel column chromatography (EA/toluene = 1/3 to 2/3) to provide 17 as

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

Step 3: thiocarbamaie 18
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DMTYO

imid OTBS

T

g 18
{6229} To asolution of 17 (500 mg, 0.65 mmol) in DMF (6 mL} 1s 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 layer is extracted with ethyl acetate (25 mL x 3}. The
combined organic fayers are washed with water (20 k), brine (20 mL x 2}, dried over

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

Step 4: silyl ether 19

N NHibu

oTBS 18
{0230} To a degassed solution of crude 18 in {oluene (10 mL} at 110 °Cis added a
degassed solution of AIBN (57 mg, 0.34 mmol), tributvitin hydnde (0.51 mL., 1.94 mmol) m
toluene (3 mL) over 30 minutes. After stirring at 110 °C for 6 hours, the mixture is cooled to
room temperature, concentrated, and punified by silica gel column chromatography
{(EA/hexanes = 1/3 to 2/1) to give 19 as a vellow oil {195 mg, 40% vield over two steps).
(MS: [M+H] 754.2)

Step 5: DMTr-B3
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G
N

7 NH
<N | Py

NHbu

OH  DMTr-B3
{8231} To asolution of 19 (190 mg, 0.252 mmol) in THF (5 mL) is added TBAF {1
M in THF, 0.50 mL). After stirring at room temperature for 2 hours, water (5 mlb) 15 added
and the mixture is extracted with EA (8 mbL x 3), dried over anhydrous sodium sulfate,
concentrated, and purified by silica gel column chromatography (MeOH/BCM = 1/20) to

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

10232} To asolution of 20 (12.8 g, 67.0 mmol} in Py (300 mL) is added TBDPSCI
{21.0 mL, 80.4 mmol}. After stirring for 3 h, MeOH (25 mL) 15 added and the mixture is
concentrated. The residue is dissolved m diethy] 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

{diethy! ether/PE = 1/2) to give 21 as a white solid (27.2 g, 95% vield). (MS: [M+Nal" 451.2)

Step 22 aleohol 22

OH 07j\
23

{8233} A solution of 21 (27.2 g, 63.7 mmol) in DMSO (200 mL} and Acx0 (50 mL)
1s stirred for 16 hour before pouring o 1ce water (200 mL). The muxture is extracted with
diethvl ether (100 rol. x 3} and the corbined organic layers are washed with sodium
bicarbonate aqueous 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 stiring for 3 nunutes, water
(100 mL} 1s added and the layers are separated. The organic layer is then concentrated and
purified by stlica gel column chromatography (diethvl ether/PE = 1/2) to give 22 as a white

solid (204 g, 75% vield over two steps). (MS: {M+Nal" 451.2)

Step 3: methyl ether 23
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{0234} To asolution of 22 (4.0 g, 9.33 mmol} in DMF (45 mL} 1s added sodium
hydride (484 mg, 12,1 nywol) at 0 °C and stirred for 30 minutes before methy! jodide (0.64
mb, 10.3 mmol) 15 added slowly. After stirring for 3 hours, water (3 mL) is added and the
volatiles are removed and punfied by silica gel column chromatography (EA/PE = 1/10} o

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

Step 4: benzoate 24
BzO

OMe 07[\
24

{02358] To asolution of 23 (3.1 g, 7.0 mmol) in THF (50 mL) 15 added TBAF (8.4
mb., 8.4 mmol) at 0°C. Afier stirring for 4 h at room temperature, water (5 mL) and EA are
added. The lavers are separated and the organic layer 1s washed with water and brine,
concentrated, and the resulting residue is dissolved 1in BCM followed by addition of TEA (4.9
mb, 35 mmol) and benzoy! chloride (0.98 ml, 8.4 mmol). Atter stirring for | hour, water (3
mb.}1s added and the volatiles are removed. The residue is purified by silica gel column
chromatography (EA/PE = 1/3) to give 24 as a white solid (1.9 g, 88% yield). (MS: {M+ Na}”
331.0)

Step 3: 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} 1s
heated under reflux for 30 minutes. After cooling to room temperature, the mixture 18 co-

evaporaled with tolnene (10 b # 4) and the resulting residue 15 dissolved 1 Py/Ac:0 {10/1
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viv, 10 mL} followed by addition of DMAP (50 mg, 0.46 mmol}. After stirring for 4 hours,
the mixture 1s concentrated and pusified by silica gel column chromatography (EA/PE = 1/3)

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

Step 6: guanosine 27

O

N
7 NH
< P

B0 NHibu

OMe OAc 26

{8237} To a suspension of 28 (500 mg, 1.42 romol) and N -isobutyrylguanine (500
mg, 2.13 munol) in BCM (20 mb) at 80 °C is added BSA (1.8 mL, 7.4 mmol) and stirred for
1 hour before addition of TMSOTI(0.77 nil, 4.26 mmol). After stiming at 80 °C for 3 hours,
the nmixture 1s cooled to room temperature before sodium bicarbonate agueous solution (50
mkb) is added. The muxture 15 then exiracted with DCM {50 mL « 3} The combined organic
lavers are dried over anhydrous sodium sulfate, concentrated, and purified by stlica gel
cotumn chromatography {(MeOH/DCM = 1/20 to 1/10) to give 26 as a white powder (624 mg,
85% vield). (MS: [M+H]' 514.2)

Step 7: B4

N NH/bu

OMe OH B4
{0238] To asolution of 27 {0.49 g, 0.96 mmol} in MeOH/THF/water (4/3/1 viv/v, 20
mb}1s added sodium hyvdroxide agueous solution (10 M, 0.25 mL, 2.5 mmol) at 0 °C. After
stirring for 30 minutes, HOAc 1s added and the mixture 1s concentrated and purified by silica
gel column chromatography (MeQOH/DCM = 1/10 to 1/5) to give B4 as an ot (322 mg, 92%
yield). (MS: [M+H]* 368.2)
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Step 1: acetate 28

N NHibu

OAc OAc 27
{8239} To asolution of 15 (7.0 g, 20 mmol) in MeCN {100 mL) 13 added DMAP (1.2
g, 10 nwool) and Ac2Q (7.5 ml, 80 numol) at 0 °C. After sturing at room teroperature
overnight, the mixture is concentrated and purified by sihica gel flash chromatography
{(MeOH/DCM = 1/20 10 1/10) 1o give 27 as a white solid (8.77 g, 92% vield). (MS: [M+H]
480.0)

Step2: propargyl ether 29

AcO

OAc OAc 28
[68240] To a solution of 27 (480 mg, 1.0 mmol) in 1,4-dioxane (1 mL) 15 added PPhs
{656 mg, 2.5 mmol), propargyl bronude (0.15 mL, 2 mmol) and a solution of DEAD (0.49
mkb, 2.5 mmol) in dioxane (1 ml) at 0 °C. After stirring for 2 hours, the nuxture is
concentrated and purified by silica gel column chromatography (MeORH/DCM = 1/50 to 1/20)

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

Step3: BS
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OH OH BS
{0241} To asolution of 28 (150 mg, 0.17 mmel) m THF (4.5 mL) and MeOH (0.5

mk} 15 added sodium hydroxide agueous solution (1 M, 0.5 mL} at 0 °C. Alier stirring for 1
hour, HOA¢ (0.1 mL) 1s added and the mixture is concentrated and purified by silica gel
coluron chromatography (MeQH/DCM = 1/20 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

TBSO

{08242} To asolution of 3 (40.0 g, 131 mmol) and carbon tetrachlonde (33.6 g, 218
mmol, 21 mL) in THF (300 mbL) at -78 °C 15 added HMPT (22 5 g, 138 mmol, 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) i MeCN (600 mL) is added TDA-1 (425 g, 13.14 mamol, 4.2 mL). After stirting at
25 °C for 10 minutes, 2-amino-6-chioro-7-deazapurine (22.2 ¢, 131 mmol) is added. The
muxture 15 stirred for another 10 minutes before the THF solution obtained above 1s added.
Alfier stirring {or 2 hours, the mixture 1s filtered, concentrated, and purified by sthica gel

colunw chromatography (EA/PE = 3/17) to give 28 (9.20 g, 15% vield). (MS: [M+H]" 455.3)

Step 1: aleohol 3¢

36

18243} To a mixture of 29 (13.7 g, 30.1 mmol} in dioxane (10 mL) 15 added a solution
of sodium hydroxide (11.7 g, 291 mmol) in water {100 mL) at 25 °C. After stirning at 80 °C
for 64 hours, the mixture is coolad to 0 °C, peutralized with AcOH to ~pH 7, and extracted
with EtOAc (100 mL ~ 3). The combined organic layers are dried over anhvdrous sodium

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

TBSO

3

{0244] To a solution of crude 30 (9.7 ¢, 30.1 mmol} and Imid (4.1 g 60.3 mmnol} in
DCM (10 mL} 15 added TBSCI (9.08 g, 60.3 mmol) at 25 °C. After stirring for 16 hours, the
mixture is dibuted 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 to1/1 then MeOH/DCM = 1/50) to give 31 (9.0 g, 68% vield) as a solid. (MS:
IM+H] ' 437.2)

Step 4: isobutyrate 32

N NH/bu

32

{0245] To asolution of 31 (8.0 g, 20.6 mmol) and TEA (4.2 ¢, 41 2 mmol) in DUCM
{80 mL} 15 added 1sobutyrvl chlonde (3.29 ¢, 30.9 mmol) at 0 °C. After stirning at 25 °C for
16 hours, the mixture 15 diluted with DCM (100 mL), washed with saturated sodium
bicarbonate aquecus solution {50 mbL 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
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O
/ ! NH
N¢i\NHmu
OH  OH B6

[0246] A solution of 32 (4.2 g, 829 mmol} in DCM {6 mL) and TFA (24 mlL} 15
stirred at 25 °C for 1 hour before concentrated. The residue is then treated with hydrogen
chioride (4M in MeOH, 10 mL) at 0 °C. After stirring at 25 °C for 10 munutes, the mixture is
concentrated to give crude B6 as a white sohid (2.92 g, 99% vield) (MS: [M+H]" 353.0)
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Step 1: proparyl ether 34

NH,
N Xy

¢ |
HO W N&l

H 0\/9’ 34

{0247} To asolution of adenosine (33) (5.0 g, 18.7 mmol) in DMF (200 mL) at 0 °C
1s added sodium hydride (60% dispersion tn mineral oil, 1.0 g, 25 nuool) followed by the
TBAL{1.5 g, 4 06 nunol) and propargyl bromide {2.12 mb, 20.9 nunol}. After stirring at 55
°C for 2 days, the mixture is purified by silica gel column chromatography (MeOH/DCM =

7/93) followed by re-crvstallization from ethanol to give 34 as a pale vellow solid (2.56 g,

Step 1: BAL

BA1

{06248} To asolution of 34 (1 4 g, 4.59 mmol, co-evaporated twice with Py} in Py (20
mb.)1s added TMSCL (2.4 mb, 18.9 nunol). After stirring for 30 minutes, benzoyl chlonde
(0.7 mL, 6.0 mmol} 1s added and the muxture is stirred for 3 hours before addition of water
(10 mL) and ammonium hyvdroxide agueous solutiom (15 mL) at 0 “C. Afier stirring for 20
minutes at room temperature, the nyxture is extracted with DCM (25 mlL % 3}. The
combined organic layers are dried over anhydrous sodium sulfate, concentrated, and purified
by silica gel column chromatography (MeOH/DCM = 5:95} to give BA1 as a white foam

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

cl

4 N

N\N | /;J
NT N
36

{0249} To asolution of 38 (10.0 g, 56.5 mmol) in THF (80 mL} 1s added DIPEA (7.3
g, 56.5 muimol, 9.9 mL). After stirring at 0 °C for 10 minutes, a solution of hydrazine (1.81 g,
56.5 mimol, 2.0 mL} 1in THF (20 mL} 1s added. The muxture is then stirred at 20 °C for 2
hours before concentrated. After addition of DCM (100 mL) and H20 (100 mL) to 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
suifate, fitered, concentrated, and purified by silica gel colomn chromatography {(EA/PE =

V1510 1/8) to give 36 as a vellow solid (3.10 g, 35% vield), (MS: [M+H]™ 153513

Step 2: pyrazolopyrimidine 37

NH,

/% N

N\N | &;
NTOON
37

{0256] To a solution of 36 (200 mg, 1.29 mmol} in THF (2.0 mL) is added
ammonium hydroxide (2.0 mL). After stirning at 20-30 °C for 2 howrs, the mixture s
concentrated, triturated with MeCN {0.5 L), and collected by filteration to give 37 as a red

solid (100 mg, 57% vield).

Step J:tribenzoate 38

87
SUBSTITUTE SHEET (RULE 26)



WO 2017/161349 PCT/US2017/023093

NH,
N
1)
h o
Bz0O N
OBz OBz 38

{06251} To a suspension of 37 (20.0 g, 148 mmol) and 13 (101 g, 200 munol) in MeCN
(1.2 L} 1s added boron trifluoride diethv! etherate (30.5 g, 215 mimol, 26.5 mbL). After stiming

>

at 75-85 °C for 2 hours, the mixture is concentrated and purified by silica gel column
chromatography (EA/PE = 1/510 2/1) to give 38 as a vellow solid (35.0 g, 40% vield), (MS:
[M+H]" 580.3)

Step 42 benzamide 39

Bz0O

OBz OBz 3%
{0252} To asolution of 38 (10.0 g, 17.3 mmol) 1 DCM (100 mL) 1s added DMAP
{421 mg, 3.45 mmol} and TEA (5.24 g, 51.8 mmol, 7.2 mL) followed by benzovl chioride
(291 g, 20.7 mmol, 2.4 mL} dropwise. After stirring at 20-25 °C for 8 hours, the mixture is
concentrated and punified by silica gel column chromatography (EA/PE = 1/5 to 11/) to give

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

Step 5 BAZ
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OH OH BAZ

{#283] To asolution of 39 (1.0 ¢, 1.46 mmol) in THF (1.5 mL}), MeOH (1.2 mL) and
Ho0 (0.3 mL) 15 added hithium hydroxide aquecus solution {5 M, 0.53 mL). After stirming al
(-25 °C for 2 hours, the nuxture is neutralized with citric acid (1 M) to ~pH 7 before removal
of the volatiles. The solid in the aqueous solution s then collected by filtration to give BA2

as an off-white solid {300 mg, 54% vield). (MS: {M+H|" 372.2}

89
SUBSTITUTE SHEET (RULE 26)



PCT/US2017/023093

WO 2017/161349

Ve

ra4

O34

dVING
QoY 2

SVOH L

HOEN

NN

£¥

WO

o341

24

OSdadi

¥8a TLOSIL

NHN

N

o)

116341

HeN

J\f\ \

L OsdagL

S5 0 UOHEIB OO

90

SUBSTITUTE SHEET (RULE 26)



WO 2017/161349 PCT/US2017/023093

Step 1: trifluorcethyl ether 46
TBEPSC

10254} To asolution of 22 (0.4 g, 0.93 mmol} in DMF (8 mL} is added sodium
hydride (48 mg, 1.12 mmol) at 0 °C and the mixture is stirred for 30 nunutes before 2,2,2-
trifluoroethyl trifluoromethanesutfonate (0.165 ml, 1.12 mmol) 15 added slowly. After
stirring at 0 °C for 3 hours, water {3 mL) is added the mixture is concentrated and purified by
silica gel column chromatography {(EA/hexanes = 1/10) to give 48 as a white solid (218 mg,

46% vield).

Step 2: bezoate 41
BzO

{0255] To asolution of 40 (1.4 g, 2.74 mmwol) in THF (25 mL) is added TBAF (3.3
mkb, 3.3 mmol} at 0 °C. After stirring at room temperature for 4 hours, water {2 mL) 1s added
and the mixture is extracted with EA. The organic layer 1s washed with water and brine, and
concentrated. The residue 1s then dissolved in DCM followed by addition of and TEA (1.92
mb., 13.8 mmol} benzoyl chloride (0.42 mL, 3.6 mmol). After stirring for | hour, water (1

mb} 15 added and the nuxture is concentrated and purified by silica gel column

chromatography (HA/PE = 1/5) to give 41 as a while solid (0.795 g, 77% vield).

Step 3: acetate 42

Bz OAgc

TFEO Ohc
42
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{32536} A solution of 41 {0.79 g, 2.1 mmol) in HOA¢ (17.5 mL) and water (7.5 mL}1s
stirred at reflux for 30 minutes before cooled to room temperature, and co-evaporaied with
toluene (10 mL 4}, The residue 1s then dissolved m Py (12 mL) followed by addition of
Acx( (0.8 mL, 8.4 mmol). After stirring for 6 hours, the mixture is concentrated and purified
by silica gel cohunn chromatography (EA/PE = 1/4) to give 42 as a white sohd (0.82 g, 91%

vield).

Step 4: guanesine 43

BzO

TFEO  QaAc 43

10257] To asuspension of 42 (800 mg, 1.9 mmol) and M-isobutvryviguanine (633 mg,

2 86 mmol) in dichloroethane (25 mbL) at 80 °C 1s added BSA (2.74 mL, 10.1 mmol) and
stirred for 1 hour before addition of TMSOTE (1.03 mL, 3.7 mmoly. After stirring for 3 hours
at 100 °C, the mixture 1s poured into sodium bicarbonate agueous solution (60 mbL) 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 t0 1/10) to give 43 as a white solid (938 mg, 85% vield).

Step 5: BAS

N NHbu

TFEO OH  BA3
{0258} To a solution of 43 (0.5 g, 0.86 mmol) in MeOH (8 mL), THF (10 mL} and

water {2 mL} is added sodiurn hydroxide aqueous solution {10 M, 0.34 mL) at 0 °C. After
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stirring for 30 minutes, HOAc 1s added and the mixture is concentrated and purified by silica
gel column chromatography (MeQH/DCM =1/10 to 1/5) to afford BA3 as an ot (348 mg,
93% yield).
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Step 1: pyrazole 44

{682589] To a solution of 2 (75 g, 395 mmol} in MeOH (600 mL) 1s added hvdrazine
hydrate (120 mL) at 25 °C. After stirning for 2 hours, the muxture 1s concentrated and the
residue is dissolved in EtOH (600 mL} before addition of (ethoxymethylene)malononitrile
(110 g, 901 mmol), After stirring at 78 °C for 30 minutes, the mixture is concentrated and
purified by silica gel colurn chromatography (EA/PE = 1720 10 1/15) 1o give 44 as a pale

vellow solid (42 g, 38% vield).

Step 2: thiourea 48

HO

{0260} To a solution of 44 (16.0 g, 57 mmoly in MeOH (75 mL) and water (25 mL) 1s
added anwmonium hydroxide (280 mL) and hydrogen peroxide {150 mL}. After stirnng at
25 °{ for 16 hours, the mixture 1s 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 1sothiocyanate (6.96 g, 42.7 mmol, 5.75 mL) is added at 25 °C. After stirring

at 60 °C for 4 howrs, the mixture is concentrated to give crude 45 as a yellow solid.

Step 3: pyrazolopyrimidinene 46
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{#261] To a solution of the crude 45 obtained above in MeQH (150 mL) 15 added
sodium hvdroxide aqueous solution (0.7 M, 80 mL) followed by methyl todide (6.8 g, 47.9
mmol, 3.0 mL). After stirring at 20 °C for 2 hours, the mixture 1s neutralized with HOAc to
~pH 6 followed by addition of water {80 mL), and extracted with EA (100 mL % 3). The
combined organic lavers are dried over anhydrous sodnum sulfale, {iltered, and concentrated.
The residue 1s then dissolved m MeOH (30 mbL) and sodium hvdroxide agueous solution {1.4
M, 250 mL} 1s added. After stirring at 100 °C for 2 hours, the nuxture is concentrated and the
residue 1S co-evaporated with toluene {200 mL x 3} and dissolved in BUCM (500 mL). Irud
(18.5 g, 271 mmol), DMAP (1.66 g, 13.6 mmol), and TBSCI (40. 9 ¢, 271 nunol) are then
added. After stirring at 25 °C for 18 hours, saturated sodium bicarbonate agueous solution (1
L} is added and the mixture is extracted with EA (500 mL = 3). The combined organic iayers
are dried over anhydrous sodium sulfate, filiered, concentrated, and purified by silica gel
colurmn chromatography (MeOH/DCM = 1/60 1o 1/30) to give 46 as a while sohid (8.30 g

34% vield over five steps).

Step 4: isobutyrate 47

NH/bu

{0262} To asolution of 46 (23 4 g, 53.5 mmol) 1 Pv (120 mL) 15 added 1sobutyryl

chloride {11.4 g, 107 mmol, 11.2 mL} at 25 °C. After stirning at 25 °C for 16 hours,
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amimontum hydroxide (0.5 mb) 1s added and the muxture 13 stirred for 30 minutes before
concentrated. The residue s then dissolved in EtOAc (1.5 L), washed with saturated
ammonium hydroxide agueous solution (500 mL « 3} and brine {500 mL), dried over
anhydrous sodium sulfate, filtered, concentrated, and purified by sitica gel column
chromatography (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

N NHibu

OH  OH
BB

{0263] A solution of 47 {10.0 g, 19.7 mmol) in HOAc (6 mL) and waler (3 mL} is
stirred at 65 °C for $ hours. The reaction muxture 15 then concentrated and triturated with
PCM (15 mL}. The solid is collected by filteration to give curde BB1 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 ¢, 135 mmol) in acetone (500 mb) 1s added 2.2-
dimethoxvpropane (85 ¢, 816 mmol, 100 mL) and concentrated sulfunic actd (132 g 13.5
mmol, 0.72 mb}. After stirring at 25 °C for 30 minute, saturated sodium bicarbonate agueous
sotution (30 mL) is added. The selution is filtered, concenirated, and purified by silica gel
coluron chromatography (MeQH/DCM = 17200 to 1/50) to give 49 as a white sohd (35 g,
63% vield). (MS: [M+H]" 412.1)

Step 2: azide 56

10265} To asolution of 49 (5.0 g, 12.2 mmol) m Py (50 mL} is added
methanesutfonyl chloride (2.1 g, 18 mmol, 1.4 mL) at 0 °C. After stirnng at 23 °C for 1 hour,
BCM (200 mb) 15 added, and the solution 1s washed with saturated sodium bicarbonate
agqueous solution followed by brine, dried over anhvdrous sodium sulfate, and concentrated.
The residue is then dissolved i DMF (50 mL) followed by addition of sodium azide (3.4 ¢,
52.3 mumol). After stirring at 50 °C for 16 hours, DCM {400 mL) is added. The mixture is
washed with water (300 mL), brine, dried over sodium sulfate, concentrate, and purnified by
silica gel column chromatography (EA/PE = 1/1) to give 50 as a ight vellow solid (4.0 g).
(MS: [M+H] 43713
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Step 30 BCH

OH oOH  BCY
10266] A solution of 56 (50 g, 115 mumol) in TFA (125 mL) and water (125 mL} is
stirred at 25 °C for § hours before concentrated, co-evaporaied twice with tolueneg, and
dissolved in MeOH (50 mb). The mixture is then neutralized by sodium hicarbonate aqueous
solution (19 and triturated with MTBE. The solid 1s collected, washed with MTBE, dried.
and dissolved in DMF (400 mL}. PA/C (10% w/w, 10 g) 1s then added and the ruxture is
stirred under an atmosphere of hvdrogen (15 psi) at 25 °C for 6 hours before filtered and

concentrated to give crude BCT as avellow ol (39 @) (MS: [M~H]}" 371. 1)
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Step 1: indole 52

OTol

52
{8267} To asolution of indole (305 mg, 2.6 mmol} in MeCN (10 mL} is added
sodium hydride (160 mg, 4.0 mmol} at 0 °C and stirred for 30 minutes before 81 (1.0 g, 2.6
mmol} is added. After stirring for 1 hour, saturated sodium bicarbonate aqueous solution (5
mkL) 1s added and the mixture 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 columm chromatography (EA/hexanes = 1/4) to give 52 as a vellow ot

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

Step 2: BC2

BC2

{0268] To asolution of 82 (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, hvdrochloric acid (5 M,
(0.5 mL} 1s added at © °C and the solution 1 stirred for 10 minutes before concentrated and
purified by silica gel column chromatography (MeQH/DCM = 1/9) to give the desired

product as a white solid {197 mg, 92% vield). (MS: [M+H]" 234.1)
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Step 1: pyrene 54

OTol

54

{0269] To a solution of 83 {560 mg, 2 mmol} in THF 15 added magnesium (34 mg, 2.3
mmol) followed by a small amount of 1odine. After stirring at S5 °C for 3 howrs, copper(l)
todide (213 mg. L1 mmol) 1s added at 0 °C. The nuxture 13 stired at room temperature for 45
minutes before 81 (367 mg, 0.98 mmol) 1s added at 40 °C. After stirring for 2 hours, saturated
amimontum chioride aqueous sohution {2 mL) and DUM (20 mL} are added. The layers are
separated and the orgamic laver 1s 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

18278} To asolution of 534 (230 mg, 0.4 mmol) 1n MeOH (5 b} 15 added sodium
methoxide (30% in MeOH., 0.23 mL, 1.2 mmol) at room temperature. After stirring for 1
hour, saturated ammonium chionide (3 mbL} is added and the mixture 1s extracted by EA (10
mb x 3). The organic layers are washed with brine, dried over anhydrous sodium sulfate, and

concentrated to give crude BC3I as a white solid (150 mg).
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Step 1: alcohol 36
TrO

{0271} To asolution of 88 (914 g, 481 mmol) in Py (600 mL) is added iyl chlonde
{(160.7 ¢, 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 DCM (400 mL)
and saturated sodium bicarbonate agueous solution {750 mL). The layers are separated and
the agueous phase 15 extracted with DCM (400 mL = 2). The combined organic layers are
dried over anhydrous sodium sulfate, filtered, concentrated, and purified by silica gel column
chromatography (EA/PE = 1/10 to 1/5) to afford 36 as a white solid (180.5 g, 87% vield).
(MS: [M+Na]" 455.0)

Step 20 ketene 37
Tr

10272} To asolution of 86 (176 g, 407 mmol) in MeCN (1.0 L} 15 added IBX (228 g,
814 mmol}. After stirring at 90 °C for 6 hours, the mixture s filtered and concentrated to give

crude 87 as a light vellow ot (175 g}, (MS: [M+Na]" 433.0)

Step 3: ester 58
o

MeO,C

{0273} To a solution of sodium hydride (20.1 g, 502 mmol} in THF (1.0 L} 1s added

methyl 2-dimethoxyphosphorylacetate (96.3 g, 329 mmol, 76.5 mL) at 0 °C dropwise over 15

minutes. After stirring for 60 munutes, crude 87 (173 g) obtained above in THF {300 mL) is
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added dropwise at 0 °C. After stirning at 25 °C for 16 hours, water {30 mL) 15 added at 0 °C
and the volatiles are removed and brine (500 mL) 15 added. The mixiure is then exiracted
with DCM (500 md. « 3}, The combined organic layers are dried over anhydrous sodium
suifate, filtered, and concentrated. The residue {198 ¢ of 216 ¢ obtained above) s then
dissolved in EA (5300 mb} and PA/C (10% wiw, 10 g) 15 added. After stirring under a
hydrogen atmosphere (20 psi) at 25 °C for 16 hours, the mixture 15 filtered and the filtrate 1s
concentrated and purified by silica gel colunm chromatography (EA/PE=1/15t0 1/10) to

give 58 as a white solid (120 g, 66% vield) (MS: [M+Na}* 511.1)

Step 4: aleohol 59
O

o7k
{0274} To a solution of hithium aluminum hydnde (6.21 g, 164 nunol) in THF (200

ml} is added 58 (20.0 g, 40.9 mmol) in THF (50 mL) slowly at 0 °C. After stirring at 25 °C

HO 59

for 16 hours, the reaction 1s guenched by sequential addition of water (6.2 mL}, sodium
hydroxide aqueous solution (15%, 6.2 mL), and water (18.6 mL}. The mixture i3 then dried
over anhydrous sodium sulfate, filtered, concentrated, and purified by silica gel column

chromatography (EA/PE = 1/10 to 1/4) to give 89 as a white solid. (MS: {M+Na]* 483.2)

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

07k
Bro 80

{0275} To a soluiion of sodiwm hydride (60% w/w, 6.95 g, 174 mamol) in THF (200
mL) is added 59 (20.0 g, 43.4 mmol) in THF (80 mL) at -20 °C dropwise over 5 minutes.
After stirring at 25 °C for 2 howrs, benzy! bromide (22.3 ¢, 130 mmol, 15.5 mL) is added
dropwise and the mixtare is stirred at 80 °C for 16 hours before waler (2 mL) 15 added at
3 °C. The muxture 1s diluted with water {200 mL) and extracted with DCM (200 mi # 3). The

combined organic layers are dried over anhydrous sodium sulfate, filtered and concentrated.
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The residue ts then dissolved in BCM (200 mb} and BCA (548 g, 42.5 mmol, 12.0mL} s
added. Afier stirring at 25 °C for 3 hours, saturated sodium bicarbonate agueous solution is
added at 0 °C. The mixture 1s then extracted with DCM (150 mk x 3). The combined organic
solvent are dried over anhvdrous sodium sulfate, filtered, concentrated, and purified by silica
gel column chromatography (EA/PE = /510 1/2) to give 60 as ayellow ail (12.1 g, 90%

vield).

Step 6: benzoate 61
BzO

BnO 61
{8276} To asolution of 66 (24.0 g, 78 mmol} in BCM (500 mL} 1s added benzoyi
chloride (16.4 g, 116.7 mmol, 13.6 wmb) and TEA (23.6 g, 2335 mmol, 32.4 mL). After
stirring at 25 °C for 16 hours, the mixture 15 concentrated and purified by silica gel column
chromatography (EA/PE = 1/15 to 1/10) to give 61 as a light yellow oil (30.0 g, 93% yield).
(MS: [M+Nal" 435.1)

Step 7: acetate 62

Bz0O

BnO 62
82777 A muxture of 61 {29.0 g, 70.3 mmol) and water (3.0 mL) m HOAc¢ (220 L)} is

stirred at 70 °C for 16 hours before saturated sodium bicarbonate aqueous solution is added.
The maxture 15 then extracted with DCM (400 ml # 3). The combined organic lavers are
concentrated and the residue is dissolved in Py (30 mbL) followed by addition of Acx0 (28.5
g, 280 ramol, 26 mL). After stirnng at 20 °C for 16 hours, saturated sodium bicarbonate
agueous solution i1s added and the muxture is then extracted with DCM {500 mL x 3}. The
combined organic fayers are concentrated and purified by silica gel column chromatography

(EA/PE = 1/10 to 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

OC{OINPh,
NN
f?l\
B0 N NHbu
BnO 63

10278} To a suspension of O%-diphenylcarbamoyl-NM-isobutvrylguanine (5.47 g, 13.1
mmol) in MeCN (130 mL) ts added BSA (11.6 g, 57.0 mmol, 141 mL) at 20 °C. After
stirring at 63 °C for 30 minutes, the volatiles are removed and the residue 15 dissolved in
MeCN (200 mL) before 62 (5.00 g, 11.0 mmol} in MeCN (50 mL) and TMSOTf 365 g,
i6.4 mmol, 3.0 mL} are added at 15 °C. After stirring at 63 °C for 50 nunutes, the muixture is
cooled to 0 °C, poured mto saturated sodium bicarbonale agueous sohition and extracted with
EA (150 mL x 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} fo give 63

as a white solid. (MS: [M+H] &13.1)

Step 9: guanosine 64

O
NH
'f/’J\
820 N NHbu
BnO 64

{8279} A solution of 63¢16.2 g, 19.9 mmol) in 90% TFA aqueous solution (60 mL) s
stirred at 20 °C for 30 minutes before poured into saturated sodium bicarbonate aqueous
solution at O °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 = 1/1 10 1/0} to give 64 as a white solid (11.4 g, 93% vield). (MS: [M+H]" 618.1)
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Step 10: silyl ether 68

O
NH
f)’J\
Bz0 N NE b
TIPSO 85

10280} To asolution of 64 (15.0 g, 24 3 mmol) m EtOH (500 mL) 1s added Pd/C
{10% w/w, 2.0 g} and concentrated hydrochloric acid (10 drops). Afier stirring at 50 °C under
an atmosphere of hydrogen (45 psi) for 15 hours, the mixture 1s filtered and solid is washed
with BEtOH (100 mbL > 3). The filtrate 1s 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
mimol) and tritsopropyisilvl chlonde 2.22 g, 11.5 mmol, 2.5 mL}). After stirring at 20 °C for
16 hours, saturated sodium bicarbonate aqueous solution (20 b)) and water (100 mlL) are
added. The nuxture is then extracted with EA (100 mL x 2). The combined organic layers are
dried over anhydrous sodiom sulfate, filtered, concentrated, and purified by silica gel colurun
chromatography (EA/PE =1/5 to 2/1) to give 65 as a white sohid (452 g, 86% vield). (MS:
[MAH] 684.4)

Step 11: BC4

TIPSO BC4
{0281} To a solution of 658 (3.0 g, 4.4 mmol) m EtOH (30 mL) 1s added sodium

hydroxide aqueous solution (2 M, 31 mb) at 0 °C. After stirring at 0 °C for 30 minute, the
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mixture is neutralized by addition of hydrochloric acid solution (1 N} and HOAc at 0 °C.
Toluene (30 mL) is then added and muxture 15 concentraied to give crude BL4 as a white

solid (3.0 g). (MS: [M+H]* 538 2)
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Step 1: alcohol 66

10282} To asolution of 185 (2.0 g, 5.66 mmol) in Py (536 mL) at 0 °C is added 1,3~
dichloro-1,1,3,3-tetraisopropyidistioxane (1.79 g, 5.66 mmol, 1.8 mL} slowly. Afier stirring
at 0 °C for 30 munutes and 25 °C for 12 hours, the solution 1s concentrated and purified by
silica gel colurnn chromatography (MeOH/DCM = 1/20) 1o give 66 (1.6 g, 47% vield). (MS:
[MHH]' 596.3)

Step 2: purine 67

{0283} To asolution of 66 (8.0 g, 13.5 mmwl) and 2-(4-nitrophenvi)ethanol (3.37 g,
20.2 mmol} in THF (100 mL) 1s added DIAD (6.81 g, 337 mmol, 6.6 mL} and PPhs (8 83 ¢,
33.7 nwool} at 25 °C slowly. After stirring at 25 °C for 12 hours, water {5 mL) 15 added and
the nuxture 1s concenirated and purified by silica 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: alcohol 68
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{0284} To asolution of 67 {420 g, 5.64 mmol) in MeCN (40 mL} at 25 °C 1s 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 triacetoxyborohvdride (5.7 g, 27.0
mumol) is then added at 0 °C slowly. Afier stirring at 25 °C for 6 hours, water (5 mL} 15 added
and the mixture 15 concentrated and purified by silica gel column chromatography

{(MeOH/DCM = 1/20) to give 68 as a pale vellow ot (1.0 g, 33% vield). (MS: [M+H]" 7453}

Step 4: azide 69

{0285] To asolution of 68 (2.2 g, 2.95 mmol) and DMAP (1.44 g, 11.8 mmol) in
BCM (140 wl) and Py (10 mL) 15 added trifluoromethanesulfonic anhydride (133 ¢, 4.72
mmol, 0.78 mb.} at 0 °C slowly. After stirring at 0 °C for 1.5 hours, the maxture 18
concentrated. The residue is then dissolved in DMF (10 mL) and sodium azide (.49 ¢, 7.53
mmiol) 18 added. After stirning at 60 °C for 6 hours, 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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BCS

16286] To asolution of 69 {2.50 g, 3.25 mmol) in THF (12 mL) 15 added TBAF (131
2. 50.1 mmol) and HOAc (1.50 g, 25 0 mmol, 1.43 mb)at 15 °C slowly. After stirring at
15 °C for 12 hours, the mixture is concentrated. The residue 1s then dissolved in DCM (20
mi.), washed with water (5 mL x 2}, dried over anhydrous sodium sulfate, filtered, and
purified by silica gel columm chromatography (MeOH/DCM = 1/20) to give BCS as a pale
vetlow solid (900 mg. 533% 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 F;??;;?;?O?
TolO
8C3
OTol
51
NH
KA
N NHbu BC4
55
BCY
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Step 1: benzoate 78

OH ¢oH 10
[0288] To a solution of 33 {120 g 449 mmol) in Py (1.0 L) is added TMSCI (390 g,
3.59 mol. 454 mb). After stirring at 0 °C for 2 hours, benzoyl chioride (316 g, 2.25 mol, 261
mb.) 15 added dropwise and the suxiure 15 stirred at 25 *C for 14 hours before cooled to 0 °C.
Water (240 mL) is then added and the mixture 1s stirred at 25 °C for 30 minutes hefore
ammonium hydroxide (460 mL) 1s added at 0 °C. After stirring for 2 hours, the mixture is

concentrated to give 70 as a white solid (150 ¢, 90% vield).

Step 2: diol 71

oH oH 71
{0289] To asolution of 78 (150 g, 404 mmol) in Py (500 mL) is added DMTr(1{274

g, 808 mmol), TEA (81.8 g, 808 mwnol, 112 mL) and DMAP {(4.93 g, 40.4 mmol) ai 0 °C.
After stirring at 25 °C for 16 hours, saturated sodium bicarbonate aqueous solution (1 L) 15
added and the mixture 15 extracted with EtOAc (600 mL x 3). The combined organic layers
are dried over anhyvdrous sodiom sulfate, filtered, concentrated, and purtfied by silica gel
column chromatography (EA/PE /4 to 1/2 then MeOH/DCM 1/100 10 17200 to give T1 as a
white solid (65.0 g, 24% vield).

Step 3: silyl ether 72
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OH OTBS 72

{0296} To asolution of 71 {65.0 g, 96.5 mmol) in Py (500 mL) 13 added silver mirate
{32.8 g, 193 mmol} and TBSCI (29.1 g, 193 mmol) at 25 °C. After stirring at 25 °C for |
hour, saturated sodium bicarbonate aqueous solution {1 L) s added and the mixture is
extracted with EtOAc (600 mL x 3). The combined organic layers are dried over anhyvdrous
sodiur sulfale, filtered, concentrated, and purified by silica gel column chromatography

(EA/PE = 1/4 to 1/1) to give 72 as a white solid (20.0 g, 26% vield).

Step 4: A2

iPQN\P/Q OTBS

i A2
OCE

{0291] To asolution of 72 (12.0 g, 15.2 mimol} in DIPEA (15 mL) and DCM (30 mL)
is added DMAP (744 mg, 6.09 mmol) and 2-cyanoethyl N N-
dusopropyichlorophosphoramidite (5.41 g, 22.9 mmol} at 25 °C. After stirring for 2 hours,
the mixture 18 purified directly by basic silica gel column chromatography (EA/PE = 1/4

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

Step 5: Al
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108292} To asolution of A2 (3.8 g 3.9 mmol} in MeCN (20 mL) 1s added water (0.1
ml) and pyridimium trifluoroacetate (1.1 g, 5.8 mmol) at 25 °C and stirred for § munuies
before rert-butylamine (14.0 g, 0.19 mmol) 1s added. After stiring for 15 nwoutes, 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} s
added and the mixture is concentrated and purified by reverse-phase silica gel columu
chromatography (MeCN with 0.1% TEA/water = 0% 1o 100%) to give Al*TEAsaltas a
white solid (1.5 g, 71% vield). (MS: [M+H]}" 549.2)
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{8293] To asolution of A2 (494 mg, 0.5 mmol) and triphenylphosphine (197 mg,
0.75 ramol}, and 2-{fert-butyldimethyisibvioxy)ethanol (132 mg, 0.75 mmol) i THF (5 mL)
is added DIAD (0,15 rok., 0.75 momol). After stirnng at roon temperature for 5 hours, the
mixture 18 concentrated and purified by silica gel column chromatography (EA/hexanes = 1/9

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

OH OH 73
[8294] To a solution of crude BC1 (39 g) in Pv (40 mL) is added DMT(C1 {359 g,
106 mmol} at 0 °C. After stirring at 25 °C for 16 hours, MeOH (50 mL} is added and the
muxture 19 concentrated. The restdue is then dissolved i DCM (600 mL), washed with
saturated sodium bicarbonate aqueous solution and brine, concentrated, and purified by silica
gel column chromatography (MeOH/DCM = 1/100 10 1/50) to give 73 as a pale vellow solid
(34.0 g, 48% vield over two steps). (MS: [M+H] 673.2)

Step 2: silyi ether 74

OH oOTBs 74

10295} To asolution of 73 (1.0 g, 1.49 mumol) in Py (10 mL) is added silver nitrate
{380 mg, 2.24 mumol, 0.38 mL} at 0 °C. After stirring for 15 minutes, TBSC1 (270 mg, 1.79
mmol) is added and the mixture 1s stirved at 25 °C for 2 hours before saturated sodium
hicarbonate aqueous solution 18 added. The nuxture 1s then extracied with EA (10 mL) and
the organic layer is washed with brine, concentrated, and purnified by silica gel column
chromatography (EA/PE = 1/5) to give 74 as a pale vellow solid (400 me, 34% vield). (MS:
IM+H]' 787.3)

Step 3: ACT
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ACH

{8296] To asolution of 74 (1.0 ¢, 1.27 mmol) in Py (10 mL) 1s added diphenyi
phosphite (80%, 744 mg, 2.54 mmol, 0.61 mL). After stirring at 20 °C {or | hour, EA (2 mL)
and saturated sodium bicarbonate agueous solution (2 mbL) are added and the nuxture is
stirred for 1 hour. The layers are separated and the organic laver is concentrated. The residue
is then dissolved m DUM (1.0 mL} and DCA {164 mg, 1.27 mmol, 0.1 mL} is added. After
stirring at 25 °C for 30 nunutes, TEA (1 mL) 15 added and the solution 15 concentrated and
purified by reverse-phase silica gel column chromatography {MeCN with 0.1% TEA/water =

0% to 100%) to give ACT as a white solid (500 mg, 72% vield). (MS: [M+H]" 349.2)
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Step 1: alcohol 75

DMTrO

H 75
{0297} To asolution of BC2 (348 mg, 1.49 mmol} in Py (15 mL) is added DMAP (I8

mg, 0.15 mmol) and DMTrCL(0.66 g, 1.94 mmol). After stirring overnight, MeOH (3 mL) 5
added and the mixture 1s concentrated and purified by silica gel colummn chromatography

(EA/hexanes = 1/4) to give 75 (662 mg, 83% vield). (MS: [M+H]" 536.2)

Step 20 AC2

’. '!
EAN AC3

E
OCE

{0298} To a solution of 78 (0.2 g, 0.37 mmol) in DCM (4 mL) 1s added DIEPA (015
g, 1.2 mmol, 0.2 mL} and 2-cyanoethy]l N, N-diisopropyichlorophosphoramidite (0.14 g, 0.56
mmol, 0.13 k). Afiler stirring {or 4 hours, the mixture 1s concentrated and purified by silica
gel colunn chromatography (EA/hexanes with 1% TEA = 1/4) to give ACZ (232 mg, 85%

vield). (MS: [M-N"Pr+Hh0]' 653.2)
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Step 1: silyl ether 76

NHbu

78

{0299] To asolution of 16 (1.0 g, 16.8 mmol) 10 DCM (80 mL) 1s added TBSCI
(7.59 g, 50.3 mmol} and Inmid (3.43 g 50.3 mmol}. After stirring at 25 °C for 16 hours,
sodium bicarbonate aqueous solution (5%, 30 mL) ts added and the mixture 13 extracted with
PCM (60 ol x 3). The combined organic layers 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} to 76 as 3 white solid (2.1 g, 16% vield).

Step 2: G2

DMTIO N NHibu

TBSO On, NP,

| G2
OCE

[#300] To a solution of 76 (900 me, 1.17 mmol) in THF (4.0 mL) and DIEPA (4.0
ml) 15 added DMAP (14.3 mg, 0.12 mmol) followed by Z-cvanoethvi N N-
ditsopropyichlorophosphoranudite (415 mg, 1.76 nunol) dropwise at 0 °C. Afler sturring at
2025 °C for 2 hours, sodium bicarbonate aqueous sohution (5%, 15 mL) 1s added at 0 °C.
The muxture 15 then diluted with water (15 mbL) and extracted with EA (15 mL x 3). The
combined organic layers are washed with brine (10 mL), dried over anhydrous sodium
sutfate, filtered, concentrated, and purified by stlica gel colunm chromatography (acetone/PE

= /10 to 1/3) to give G2 as a white solid {600 mg, 53% yield}.
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Step 3: 1

{6361} To asolution of G1 (7.0 g, 7.22 mwnol} in MeCN (30 mL) 15 added water {0.11
mb.) and pyridiniurn trifluoroacetate (4.18 g, 21.7 mmol} at 25 °C. After stirring at 25 °C for
15 minutes, feri-butylamine {37 mL) is added and the mixture is stirred at 25 °C for 45
minutes before concentrated. The residue 15 then dissolved in DCM (30 mL) and a solution of
DCA i DCM (6% v/v, 30 mL} 15 added dropwise. After stirring at 20-25 °C for 30 minutes,
PCM (30 mL} and TEA (4 mbL} are added. The mixture s then concentrated, dissolvedina
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%j) to give

G1*TEA salt as avellow solid (2.30 g, 56% vield). (MS: [M+H]}* 532.3)
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Step 1: disl 77

N NHibu

77
{0302] To asolution of two batches of the crude BB1 (8.0 g) obtained above in Py
(50 mL} 13 added DMTr(C1 (9.2 g, 27 2 numol). After stirring at 20-30 °C for 1 hour, MeOH
(10 mL} 15 added and the mixture 1s concentrated and purified by silica gel column
chromatography (HA/PE = 1/5 to MeOH/DCM = 1/20) to give 77 as ayellow sohid (11.0 ¢,
30% vield over two steps). (MS: [M+Na}' 678.2)

Step 2: silyl ether 78

N NHibu

78
{6303} To asolution of 77 (9.0 g, 14.0 mmoly m Py (S0 mb) 15 added TBSC1 (248 ¢,
16.5 mmol) and silver nifrate (5.83 g, 34.3 nunol). After stirring at 25-30 °C for 30 minutes,
saturated sodium bicarbonate aqueous solution 1s added. The mixture is then extracted with
BCM (200 mL x 2}, and the combined organic layers are washed with water (50 mL), brine
(50 rol), dried over anhydrous sodium sulfate, filtered, concentrated, and purified by silica
gel column chromatography (EA/PE = 1/10 10 1/5 to 1/3) o give 78 as a white foam (1.50 g,

14% vield). (MS: [M+Naj* 792.2)

Step 3 GBI
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N NH/bu

TBSO On NP

| GB1
OCE

{6364} To asolution of 78 (2.50 g, 3.3 mmwol) in DIEPA (3 mL) and DCM (3 mL) 18
added DMAP (200 mog, 1.62 mmol) and 2-cvanoethyl N N-diisopropvichlorophosphoramidite
{1.0g, 422 mmol). Afler stirring at 20-25 °C for 2 hours, the mixture is concentrated 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

O
| NH
P
N NHibu
TBSO  O_ _H
/N
HO O GB2

{0305} To asolution of GBI (2.30 g, 2.4 mmol) in MeCN (2.0 mL) is added water
{0.11 mL, 6.1 mmol) and pynidinium trifluorcacetate (687 mg, 3.56 mmol} at 25 °C. After
stirring at 25-30 °C for 30 minutes. the nuxiure 15 concentrated and the residue is dissolved
in MeCN (20 mL) before fers-butylamine (10.5 g, 144 mmol, 15.0 mbL) 1s added. After
stirring at 25-30 °C for 30 munutes, the mixture is concenirated and DCM (20 mL) followed
by addition of a solufion of DCA 1 DCM (6% v/v, 18.2 ml). The ruixture 1s stirred at 25-30
°( for 30 minutes before neutralized by TEA to ~pH 7, concentrated, and purified by C18
reverse-phase stlica 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

DMTrO NH/bu

OTIPS 79

{8306} To asolution of BC4 (1.97 g, 2.4 mnol} in Pv (20 mL)} 15 added DMTCI (984
mg, 2.90 mwnol) at 25 °C. After sturing for 3 hours, MeOH (30 mb) is added and the mixture
is concentrated, and purified by basic silica gel flash chromatographv (EA/PE=1/5t0 4/1) 1o

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

Step 2: GCH

0
N
<, I NH
S
HO NT N7 TNHibu
O _H

ft
oTps O OH Gel

{83071 To asolution of 79 (2.0 g, 2.38 mmol) m Py (15 mL) 15 added diphenyvl
phosphite (1.7 g, 7.1 mmol, 1.4 mL). After stiming at 20 °C for 30 muinutes, saturated sodium
hicarbonate aqueous solution {30 mbL) 1s added and the mixture s 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 mbL) and DCA (6% v/v in DCM, 40 mL}. After stirring at
20 °C for 15 minutes, the mixture 1s newtralized to ~pH 7 by TEA, concentrated, and purified
by reverse-phase sihiea gel colurn chromatography (MeCN/water = 25% (o 90%) o give

GC1 as a white solid (1.3 g, 90% vield). (MS: [M+H]" 602.1)
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Step 1: alcohol 88

OH N, 80
10308} To a solution of BCS (900 mg, 1.71 mmol} in Py (10 mL) 1s added DMTrCl
{809 mg, 2.39 mumol) at 15 °C. After stirning at 15 °C for 12 hours, MeOH (0.5 mL) is added
and the mixture 18 concentrated and purified by silica gel column chromatography

{(MeGH/DCM = 1/50) to give 80 as avellow o1l (1.0 g, 71% yield). (MS: [M+H}" 528.2)

Step 2: GC2

TBSO  NH, GC2

{0302} To asolution of 88 (2.05 g, 2.47 mmol} in DMF (5.0 mL} 1s added Imid (673
mg, 9.88 mmol) and TBSCI (745 mg, 4.94 mnol, 0.61 mL) at 135 °C. After stirring al 15 °C
for 12 hours, the mixture s concentrated and the residue 1s triturated with water (10 mb). The
solid 15 then collected and washed with water (10 mL x 2. PE {10 mL x 2), dried, and
dissolved in THF (18 mL} before PPhs (1.11 g, 4.24 mmol) 1s added at 15 °C. After stirring at
15°C for 2.5 hours, water (0.16 wmL} 13 added and the mixture 15 stirred at 50 °C for 12 hours.
The solution is then concentrated and purified by reverse-phase preparative-HPLC (MeQOH
with 0. 1% TEA/water = 20% to 80%), to give GC2 as a white solid {900 mg, 58% vield}.
(MS: [M+HJ* 918.1)

10316} The following compounds are prepared essentially by the method for

Intermediates Al A2 ACE AC2, G1, G2, GCY, and GC2 above.
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{8311} To asolution of crude G1 (obtained from 187 mg of G2<TEA salt, 0.2 mmol,
contamning PysDCA salt) m MeCN (0.5 mL) 15 added a solution of A2 (0.26 g, 6.26 mamol} in
MeCN (0.2 mL}. After stirning for 30 nunutes, DDTT (46 mg, 0.22 mmol) is added and the
mixture is stirred for 1 hour before concenirated. The residue is dissolved in DCM (4.8 mL)
and water (0.036 ml} and DCA (6% in DCM, 4.8 mL) are added. After stirring 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 muxture of Al {1.0 g, 1.82 mmol, co-evaporated MeCN 20 ml » 3) and
G2 (23 g, 2.37 mmol, co-evaporated with MeCN 20 ml < 3} 1s added ietrazole (0.45 M in
MeCN, 10 mL) at 25 °C and stirred for 1 hour before elemental subfur (1.75 ¢, 6.84 mmol}is
added. After stirring for 1 howr, MeCN (20 mL) 1s added and the mixture is filtered and
concentrated. The residue is dissolved i DCM (100 mL) and DCA (1.96 g, 13.2 mmol, 1.25
mb) s added. After stirring at 25 °C for 2 hours, saturated sodiurn bicarbonate aqueous
solution (100 mL) is added. The layers are separated and the agueous layer is extracted with
EA (100 mL x 3}. The combined organic layers are dried over anhydrous sodivim suifate,
fitiered, concentrated, and punfied by reverse-phase silica gel column chromatography
{MeCN with 0.1% TEA/water = 0% 1o 100%) to give CZ+TEA sall as a white solid (100 mg,

59% vield). (MS: {{M+2H|?'}/2 574.6)
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{8313} To asolution of A2 (510 mg, 0.52 mmol, co-evaporated with MeCN 5 mb x
3y in MeCN (I 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 ol x 3} and pyridinium tnifluoroacetate
(109 mg, 0.56 mmol, co-evaporated with MeCN 5 mL x 3) in MeCN (1.5 mL) treated with 3
A MS (50 mg} for 30 minutes. After stirring for 4 hours, TBHP (5.5 M in decane, 0.26 mkL) is
added and the mixture 1s stitred 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 oL} in DCM (6.2 mL). After stirning at room
temperature for 10 munutes, Py (0.73 mL, 9.05 mmol) and DCM (35 mbL) are added. The
mixture 18 washed with water {10 mL x 2} and the combined aqueous lavers are extracted by
dichloromethane (10 ml » 2). The combined organic layvers are dried over anhydrous sodium
sutfate, concentrated, and purified by silica gel colunw chromatography (MeOH/CH2Ch/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 asolution of &1 {500 myg, 0.94 mmol, co-evaporated with MeCN 10 mi. »
3y and pyridinium tnfluoroacetate (218 mg, 1.13 mumol, co-evaporation with MeCN 10 mL «
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 MeCN 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 n
DCM (20 ml) followed by addition of borane dimethy! sulfide conplex (2 M in THEF, 0.94
mi., 1.88 mmol} dropwise. After stirning at room temperature for 1 hour, MeOH (0.17 mL) is

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

TBSC  HN OMe

7 N

81

{08315} To asolution of GC2 (802 mg, 0.87 mmol} in BMF (5 mb) is 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

Hy, 0 OTBS

& ce

{4316} To asolution of 81 {ca. 84% pure, 0.6 g) oblained above and ACYL (0.6d g,
1.17 ramol} 10 DMF (5.0 mL) 15 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 mmol, 0.3 mL} is added. The mixture is then
stirred at 15 °C for 15 mimutes 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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soiid (0.54 g, 40% vield over two steps). (MS: [M+H]" 1242.3}
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Step 1: sulfamate 82

TBSO HN_ O
A
00

82

{8317} To a solution of 4-nutrophenyl chlorosulfate (0.31 g, 1.31 mmol) in DCM (1.0
mb.}1s 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
mixture is warmed 1o room temperature, diluted with DCM (20 mL), and washed with water
{20 ml x 3). The combimed aqueous layers are exiracted with DCM (20 mL x 2) and the
combined organic layers are dried over anhydrous magnesium sulfate, filtered, concentrated,
and purified by stlica gel column chromatography (EA/PE with 1% TEA = 1/5 10 1/2) to give

82030 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}) s added AT (012 ¢, 0.21 mmol). After stirring for 12 hours,

the mixture is diluted with THF (2 mL), filtered, and concentrated. The residue is then
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dissolved in BCM (5.0 mL) before water (0.1 mL} and a solution of DCA {0.46 mL} in DCM
{5.0 k) are added. Afier stirring for 15 manutes, the mixtare is neutralized with TEA to ~pH
7 before concentrated and purified by reversed-phase C18 silica gel column chromatography
(MeCN with 0.5% TEA/water = (% 10 40%) to give CLC2 {0.11 g, 44% vyield) as a2 white
solid. (MS: [M+H]' 1226.0)

EXAMPLES
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Step 1: (4

N C4

NHBz

{0319} To asolution of A4 (1.0 g, 1.01 muvol)y and G1 (1.07 g, 2.02 ramol) in MeCN
(10 mb}1s 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) 1s added and the mixtare is stirred for 1 hour before
sodium bicarbonate agueous solution (30 ml) is added. The muxture is extracted with ethyl
acetate (100 ml) 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 mL} and triethvisilane (5.0 mL). After stirring for 2 houss, the mixture is
neutralized with solid sodium bicarbonate to ~pH 7. The mixture 15 then filtered 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 = 0% 10 30%) to give C4<TEA as a white solid {620 mg, 49%
vield). (MS: [M+H]" 1131.1)

Step 2: phosphodiester 83
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NHBz

{0320} To a solution of 4 (583 mg, 0.515 mmeol} in Py (10 mL) 15 added DMOCP
{583 mg, 3.16 mmol) at 20 °C. After stirning for 2 hours, iodine (654 mg, 2.38 mmol) is
added and the maxtore 15 stirred for 1 hour before saturated sodivm sulfate aqueous solution
{30 mL) and saturated sodium bicarbonate aqueous solution (30 mb) 15 adde. The muxture 18
then extracted with EA {100 mL}, washed with brine {60 mL}, dried over anhydrous sodiom
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 while
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 ammonium
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hydroxide (1.0 mL} 1s stirred at 50 °C for 12 hours. The nuxture 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 vellow 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 nunol) in TEA=3HF (10 mL) 1s stirred at 30 °C
for 3 hours. The mixture s then neutralized with cold triethylammonium bicarbonate to ~pH
7, concentrated, and purified by a C18 reverse-phase silica gel column chromatography
{MeCN with 0.1% TEA/water = 0% to 20%) to give ES*TEA as a white solid (5.2 mg, 26%

vield). (MS: [M+H]" 673.7)
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Step 1: 8

NH/bu

N ~
f/ | OH /F‘i\
/ HO 'O c5

NHBz

{0323] To a mixture of A4 (500 mg, 0.50 mmol. co-evaporated with MeCN 5 mb x 1
and toluene 10 mL x 2} and G1 (322 mg, 0.61 mmol, co-evaporated with MeCN 5 mL x 1
and toluene 10 ml x 2} is added tetrazole {0.45 M in MeCN, 4.0 mL}. After stirning at 25 °C
for 2 hours, DDTT (240 mg, 1.2 mmol) is added and the mixture is stirred for 16 hour before
filtered and concentrated. The residue is then dissolved in DUM (10 mL) followed bv
addition of water (0.1 mL) and DCA (0.21 wl). After stirring for 10 minutes, TEA (1 mL) s
added and the nuxture 15 concentrate and purified by reverse-phase silica gel coluron
chromatography (MeCN with 0.1% TEA/water = 0% to 100%) to give {5«TEA as a white
solid {250 mg, 35% vield). (MS: {{M+2H|*")/2 574.6)

Step 2: phosphorothioate 85
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{8324} To asolution of T8 (600 mg, .423 mmol, co-evaporated with Py 3 mL = 2} in
Py (5.0 mL} 15 added DMOCP (313 mg, 1.69 mmol) at 25 °C. After siivring for 2 houwrs, 34~
1,2-benzodithiol-3-one (142 mg, 0.85 mmol) 1s added and the rmxture 15 stirred for 2 hours
before sodium bicarbonate agueous solution (5%, 10 mb) is added. The mixture is then
extracted with EA (10 mL x 3}, The combined organic layers are dried with anhydrous
sodium sulfate, filtered, concentrated, and purified by reverse-phase HPLC (MeCN with
0.1% TEA/water = 0 o 100%) to give four diastereomers of 85 TEA as white solids. Isomer
128 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 (32 mg) (MS: IM+1]" 1160.9)

Step 3: E15-E18

NH,

10325} Each of the isomers of 85:TEA (25 mg, 0.022 mmol) in anyoonium hydroxide
(5.6 mL) and MaOH (4.0 mL) is stirred at 50 °C for 16 hours. The mixture is then purged
with nitrogen at room teraperatare for 5 minutes before concentrated. The residue is digsolved
in TEA (0.5 mbL) and Py (0.2 roL), and TEA=3HF (0.7 L) is added. After stirring at 50 °C
tor 24 hours, triethylammonium bicarbonate aqueous solution (1M, 5 mL} is added and the
mixture 18 purified by a reverse-phase silica gel column chromatorgraphy (MeCUN with 6.1%

TEA/water = 0% 10 30%} to give E15-E18 as white solids.
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Step 1: phosphoramidate 44

Na

NHBz

{08326} To a solution of C3 (16 mg, 0.014 nunol, co-evaporation with Py 1wl x 3)in
Py (0.5 mL)1s added DMOCP (10.4 mg. 0.056 mumol}. After stirring for 15 minutes, NIS (4.1
mg, 0.0183 mmol) and morpholine (0.012 mL, 0.141 mmol} are added and the nuxture is
stirred for 1 hour before sodium bisulfite aguecus solution (0.14%, 1 ml) and sodium
bicarbonate (80 mg) is added. The mixture 1s then extracted with DCM (3 mL x 3), dried
over anhydrous sodium sulfate, and concentrated. The residue 13 then stirred in MeCN (0.5
mb) and #-butyiamine (0.5 mL} at room temperature for 15 minutes before concentrated. The
resulting residue s then co~evaporated with MeCN (1 mL x 3) and purified by HPLC to give

86 as a white solid (2.4 mg. 15%). (MS: [M+H]" 1046.2)

Step 2: £24
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E24

{0327} To 86 (2.4 mg, 0.0021 mmol) 1s added methvlamine (33% in EtOH, 0.3 mL).
After stirring at room temperature for 16 hours, the mixture 1s concentration and the residue
is stirred in a mixture of TEA and TEA3HF in THF (0.036 mL/G.018 mL/0.3 mL} at 35 °C
for 18 hours. MeCUN (1.0 mL) 15 then added and the solid 1s collected by centrifugation,
washed with MeCN (I mL x 2) to give £24 as a white solid (0.6 mg, 38% vield). (MS:
IM+H]* 744.0)
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Step I: beranophosphate §7

O
| NH
A
N NHbu
N
(,/k
| 87
N
NHBz

{3328} To a solution of C3 (100 mg, 0.088 mmol, co-evaporated with Py 4 mL = 3} in
Py (3 mL} s added DMOCP (57 mg, 0.337 mmol). After strring for 15 nunutes, BSTFA
(0,10 mL, 0.371 mmol) 1s added dropwise and the muxture is stirred for 20 minutes before
borane N, N-diisopropylethylamine complex (0.092 mL. 0.530 nmumol) is added. The nuxtue is
then stirred for 3 hours belore concenirated and pundied by silica gel column
chromatography (MeOH/DCM = 1/19 1o 1/9} to give semi-pure CE-protected 87 as avellow
solid. The semi-pure CE-protected 87 obtamed above 18 stirred in a mixture of MeCN (1 mL)
and ~butylamine (0.5 mL) for 10 minutes before concentrated. The residue is then co-
evaporated with MeCN (4 mL » 3) and punified 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: £25
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E25

{0329] To 87 (5.7 mg, 0.0033 mmol) 1s added methviamine (33% i EtOH, 1 mL).
After stirring at room temperature for 18 hours, the mixture 1s concentration and the residue
is stirred 1n a mixture of TEA (0.08 mL) and TEA3HF (0.04 mL)in THF (0.5 mi)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% to 20%) to give E25 as
a white solid (2.5 mg, 61% yield} {MS: {M]| 671.2)
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Example ¥: Svnthesis of EB1 and £B2
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Step 1: UB1

CB1

Naw

NHBz

10330} To a solution of GB3 (160 mg, 0.25 mmol, co-evaporated with MeCUN 1 mbL x
3) and pyridinium trifluoroacetate (35 mg, 0.39 mmol, 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 mmol, co-gvaporated with MeCN 1 mL » 3} in MeCN (1 mL) treated with 3 A MS
{700 mg) for 30 minutes. After stirring at room temperature for 2 hows, TBHP (3.5 M n
decane, 0.164 mL, 0.9 mmol) is added and the mixture i3 stirred for 30 minutes before
sodiur bisul{ite agueous solution (33%, 0.15 mL} 1s added at 0 °C. The mixture is then
concentrated and the residue 1s dissolved in DCM (4.8 mL) followed by addition of water
{0.054 mL) and dichioroacetic acid (6% in methylene chloride, 4.8 mL). After stirring for 10
min, the Py (1.5 mb} 15 added and the mixture is concentrated and purified by silica gel
coluron chromatography (MeQH/DCM = 1/10 to 1/4 with 1% Pv) to give CB1+Py as a white
solid 213 mg, 66% vield).

Step 2: phosphorothioate 88
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% o
HOmP::
TBSC O

Na

NHBz

10331} To asolution of CBE (60 mg, 53 umel) in Py {1 mL} is added DMOCP (30
mg, 162.5 pmol). After stirning for 10 minutes, water (0.027 mL) and 3/4-1 2-benzodithiol-3-
one (13 mg, 0.077 mmol) are added. The maxture 15 stivred for S minules before pouring into
a solution of sodium bicarbonate (210 mg) in water (7.3 ml.). After stirning for 5 nunutes, the
mixture is extracted by EA/diethy] ether (1:1, 10 mL x 3}, The combined organic layers are
conceniraled to give a vellow solid (100 mg). To a sohution of the vellow solid obtained
above in MeCN (0.5 mL} 1s added rerf-butvlamine (0.5 mwl). After sturring for 10 minutes, the
mixture is concenirated and purified by HPLC (MeCUN/water with §.1% TFA: 50% to 100%)
to give two diastercomers of 88. Isomer 1 (7 mg) ((M+H]" 977.0); Isomer 2 (16 mg) (MS:
IV 977.0)

Step 3: EB1 and EB2
Q
i NH
';’J\
N TNH,
N
~ 0
L EB1 and EB2
Nas
NH,
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{8332} To the Isomer 1 of 88 (7 mg} 1s added methylamine {33% in ethanol, 1 mb).
After stirring at room temperature for 12 hours, the mixture is concentrated and the residue s
dissolved in TFA aqueous solution (3% v/v. | mL). After stirring for 2 hours, the nuxture is
concentrated and purified 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)

10333} To the Isomer 2 of 63 (16 mg) 1s added methylanine (33% m ethanol, 2 mL)
at 0 °C. After stirning at room temperature for 12 hours, the mixture is concentrated and the
residue 1S co-evaporated with a mixture of Py/TEA (5§ mL/2 mL x 3} before dissolved in Py
{0.04 wl). TEA (0.25 mL) and TEA3HF (015 mL are then added. After stirring at 55 °C for
3 hours, acetone (2 mb} 15 added. The solid 1s 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, [M-H| 687.0)

Example ¥: Synthesis of EC25
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NN 1
(9 | /}> i y CICH,CHO
Na o~y NaOH, H,0
NH,

~N
{8334} To asolation of E¥*TEA sali {10 mg, 0.0114 mmol) 1o water (0.3 mL) 1s
added 2-chloroacetaldehyde (0.015 mi. 0.118 nunol) and sodium hydroxide agueous solution
(I 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% 1o

30%) to give BC26 as a white sohd. (MS: [M} 697.1)

{0335} The following compounds are prepared essentially by the methods above.
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Table 3. Examples El to E25, KA1 0 FAILEBI o EB7, and ECL 1o EC24
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Exampie fntermediate 1 intermediate 2 Structiure o N
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{8336} Sclected physical data of the example compounds are summaried below.
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Table 4. Physical data of cyelic dinuclestide and analogs

characteristic

Example Structure 'H NMR data "~ Pﬁi\gMF;n(;if:ta Ms';n{j;ta
8 {ppm)* pp
8.58 (s, 1H)
8.56 (s, 1H)
8.16 (s, 1H)
6.45 (s, 1H) 0.1 L
£ 622(d J=B85Hz | —0.9 [M~+H]
i) e o 675.1
5.89 (m, 1H) 50 °C
5.31 {m, 1H)
50 °C
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| ¥44

[M+H}"
E2
658.0
8.31 (s, 1H)
8.29 (s, 1H)
7.88 (s, 1H)
G619 (s, 1H) 12
s 592 (d"iJHj 87 Hz, o8 [M—H]
571(ddd, J=8.4
: i ’ Na* sait G687.2
8.3, 4.3 Hz, 1H) in Do

5.09 (ddd, J= 8.8,
69 42Hz 1H)

MNa™ salt in D0
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8.25 (s, 1H)
8.23 (s, 1H)
8.02 (s, 1H)
6.18 (s, 1H)

5.96 (d, J = 8.6 Hz,

1H)

5.43 (td, J= 8.1, 3.9

Hz, 1H)

52.4
—-2.4

[(M+HT"

681.%

E7

isomer 2

8.29 (s, 1H)
8.26 (s, 1H)
7.85 (s, 1H)
6.17 (s, 1H)

5.92 (d, J = 8.5 Hz,

1H)

5.61 (ddd, J = 7.9,
7.9, 4.0 Hz, 1H)
5.20 (ddd, J = 8.8,
8.8, 4.1 Hz, 1H)

551
-2.5

[M+H

621.0
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¥ae

E8

8.59 (s, 1H)
8.18 (s, 1H)
8.01 (s, 1H)
6.18 (s, 1H)
5.98 (s, 1H)

[(M+HT"

681.%

Eg

isomer 2

8.35 (s, 1H)
8.13 (s, 1H)
7.95 (s, 1H)
6.12 (s, 1H)
5.92 (s, 1H)

544
-1.6

[M+H

621.0
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ST

£i6

isomer 1

8.19 (s, 1H)
8.10 (s, 1H)
7.83 (s, 1H)

6.00 (d, J = 3.7 Hz,

1H)

5.84 (d, J = 5.0 Mz,

1H)

33.8
-0.4

[(M+HT"

657.2

211

isomer 2

8.08 (s, 1H)

8.01 (s, 1H)

7.85 (s, 1H)
6.00 (1H)
5.76 (1H)

[M+H

657.2
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87T

£ié

8.06 (s, 1H)
8.03 (s, 1H)
7.23(d, J=3.7 Hz,
1H)

6.50 (d, J= 3.7 Hz,
1H)

6.10 (d, J = 6.4 Hz,
1H)

5.87 (d, J = 8.5 Hz,
1H)

5.26 (ddd, J = 8.5,
6.8, 4.2 Hz, 1H)
5.06 (ddd, J = 8.0,
4.7,2.8 Hz, 1H)

in DMSC-de

57.¢
51.7

in DMSO-
ds

[(M+HT"

706 .1

217

isomer 3

[M+H

7061
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67T

£i8

8.23 (s, 1H)
8.18 (s, 1H)
7.43 (d, J = 3.8 Hz,
1H)

8.52 (d, J = 3.8 Hz,
1H)

6.19 (s, 1H)
5.89 (d, J = 8.5 Hz,
1H)

5.23 (m, 1H)
4.95 (m, 1H)

in CDLCN

in CD2CN

[(M+HT"

706 .1

E19

8.84 (s, 1H)
8.58 (s, 1H)
6.58 (d, J = 4.6 Hz,
1H)

6.24 (d, J = 8.5 Hz,
1H)

5.79 (m, 1H)
5.80 (m, 1H)

in D=0

509
567

in D20

[M+H

708.2
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0€T

E20

isomer 1

8.57 (s, 1H)
7.83 (d, J = 3.8 Hz,
1H)
7.62(d, J= 3.8 Hz,
1H)

7.06 (d, J = 3.8 Hz,
1H)

6.84 (d, J = 3.8 Hz,
1H)
8.61(d, J= 6.2 Hz,
1H)

6.48 (d, J= 8.4 Hz,
1H)

5.69 (ddd, J = 8.0,
4.6, 3.1 Hz, 1H)
5.63 (ddd, J = 12.1,
8.4, 4.3 Hz, 1H)

in DG

7.8

in D0

(M+H]

7053
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1€T

£21

8.34 (s, 1H)
762 (d, J = 3.8 Hz,
1H)

7.33 (d, J= 3.8 Hz,
1H)

.94 (d, J = 3.8 Hz,
1H)

6.28 (d, J= 3.8 Hz,
1H)
6.13(d, J= 5.4 Hz,
1H)
6.10(d, J = 8.4 Hz,
1H)

in DMSC-ds

54.¢
50.1

in DMSO-
ds

[(M+HT"

7051

£22

isomer 3

8.35 (s, 1H)
7.65(d, J = 3.8 Hz,
1H)

7.09 (d, J= 3.8 Hz,
1H)

8.97 (d, J = 3.7 Hz,
1H)

5.28 (d, J= 3.7 Haz,
1H)

6.11(d, J= 7.9 Hz,
1H)

.07 (d, J = 8.5 He,
1H)

5.28 (dd, J= 8.6, 4.4
Hz, 1H)

5.01 (m, 1H)

in DMSO-ds

59.7
58.9

in DMSO-
s

[M+H]*

7051
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(454

£23

isomer 4

8.35 (s, 1H)
7.69 (d, J = 3.8 Hz,
1H)

7.07 {d, J = 3.8 Hz,
1H)
£.95 (d, J = 3.7 Hz,
1H)

.31 (d, J = 3.7 Hz,
1H)

6.13 (d, J = 7.2 Hz,
1H)

6.06 (d, J = 8.5 Hz,
1H)

5.05 (m, 1H)
4.99 (m, 1H)

in DMSQC-dhs

58.5
50.9

in DMSO-
ds

[(M+HT"

7051

£24

O
N

I NH
<N NANHZ

8.32 (s, 1H)
8.02 (s, 1H)
7.98 (s, 1H)
6.18 (s, 1H)

6.07 (d, J = 8.7 Hz,

1H)

5.63 (ddd, J = 9.1,
5.0, 5.0, 1H)

56
~1.4

[M+H

744G
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€€T

£28

8.55 (s, 1H)
8.45 (s, 1H)
8.29 (s, 1H)
6.27 (s, 1H)

5.96 (d, J = 8.3 Hz,

1H)
5.56 (m, 1H)
5.03 (ddd, J = 9.4,
8.5, 4.2 Hz, 1H)

-1.3

EAT

8.07 (s, 1H)
7.37 (d, J = 3.8 Hz,
1H)

7.09 (d, J = 3.8 Hz,
1H)

8.65 (d, J = 3.7 Hz,
1H)

6.35 (d, J = 3.7 Hz,
1H)

6.08 (d, J= 7.4 Hz,
1H)

6.04 (d, J= 8.4 Hz,
1H)

4.85 (m, 1H)
4.81 (m, 1H)

in DMSO-ds

0.98
0.98

in DMSO-
da

[M+H

86731
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reT

8.29 (s, 1H)
8.25 (s, 1H) .
7.89 (s, 1H) [M+H]
6.17 (s, 1H) 1.1 .
6.01(d, J=8.6Hz, | -2.3 757.9
EAZ 1H)
5.69 (ddd, J= 87, | Na'sat "
87,40 Hz, 1H) | in D0 [M-H]
5.0 (m, 1H) 550
Na' salt in D20
8.26 (s, 1H) (M H}*
8.23 (s, 1H)
7.86 (s, 1H) 713.0
6.27 (s, 1H) 1.6
EA3 592(d, J=86Hz, | 23
1H) (M-
563 (m, 1H)
540 {m, 1H) 711.0
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S€T

8.19 (s, 1H)
8.18 (s, 1H)
8.15 (brs, 1H)
6.25(d J=33Hz, | 554 .
£A4 1H) 53.5 [M+H]
5.92 (d, J = 8.5 Hz, 671
1H) in CDL.CN o
5.24 (m, 2H)
in CI.GN
50.8 .
58.1 [M+H]
EAS :
incD,on | 797

isomer 2
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9¢€T

8.62 (s, 1H)
8.55 (s, 1H)
7.69 (d, J = 3.7 Hz,
1H)
6.59 (d, J = 3.7 Hz,
1H) 58,1 .
6.41(d, J=84Hz, | 56.0 [M+H]
EAS
) 706.0
B.37(d, J=46Hz, | inL0O 0.
1H)
5.59 (m, 1H)
5.51 (m, 1H)
in D.0
56.7 .
55.6 [M+H]
EA7 :
inco,on | B0

isomer 2
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LET

chs w7 | M
inco,en | 1008
NH, isomer 3
o)
N
NH
/4
< | <¢1\ 8.41 (s, 1H)
e N N7 TNH, 8.26 (s, 1H)
. 7.85 (s, 1H)
6.17 (s, 1H) IMF
EAS 5.90 (d, J = 8.6 Hz,
1H) 671.2

f’ E /> @E’E%HB

[ isomer 2

5.76 (ddd, J = 8.8,
8.6, 4.1 Hz, 1H)
5.08 (m, 1H)
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8€T

EATD

8.32 (s, 1H)
8.26 (s, 1H)
7.86 (s, 1H)
6.16 (s, 1H)

5.92 (d, J = 8.5 Hz,

1H)
587 (m, 1H)
5.21 (m, 1H)

EA1Y

8.43 (s, 1H)
8.41 (s, 1H)
6.19 (s, 1H)

6.07 (d, J = 8.2 Hz,

1H)

[MAH}

669.2
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6€T

£81

8.16 (s, 1H)
7.48 (d, J = 3.3 Hz,
1H)

7.18 (d, J = 3.3 Hz,
1H)

.50 (d, J = 3.5 Hz,
1H)

6.49 (d, J= 3.5 Hz,
1H)
6.29(d, J= 5.1 Hz,
1H)

6.09 (d, J = 8.7 Hz,
1H)

5.49 (m, 1H)
5.17 (m, 1H)

57.7
-0.2

[(M+HT"

689.0

EB2

isomer @

8.16 (s, 1H)
7.33 (d, J = 3.8 Hz,
1H)

7.07 {(d, J = 3.8 Hz,
1H)

5.44 (d, J = 3.8 Hz,
1H)

6.33 (d, J = 3.8 Hz,
1H)

6.27 (d, J = 2.5 He,
1H)
6.01(d, J= 8.5 Hz,
1H)

5.48 (dd, J = 8.8, 8.5,
4.1 Hz, 1H)
5.00 (ddd, J = 7.1,
7.1, 4.7 Hz, 1H)

52.0
-1.1

[M+H

689.0

6¥€191/L10T OM

€60€T0/L10TSN/LDd



(97 AT 1LAdHS A1LNILLS9NS

(1) 44

£B3

8.28 (s, 1H)
8.25 (s, 1H)
£.95 (d, J = 3.8 Hz,
1H)

6.29 (d, J = 3.8 Hz,
1H)

6.15 (s, 1H)
5.93 (d, J = 8.7 Mz,
1H)

5.55 (m, 1H)
4.99 (m, 1H)

[(M+HT"

680.0

EB4

isomer @

8.48 (s, 1H)
8.26 (s, 1H)
7.03(d, J = 3.7 He,
1H)

6.38 (d, J= 3.7 Hz,
1H)

8.17 (d, J = 2.7 Hz,
1H)

5.99 (d, J = 8.4 Hz,
1H)

5.63 (m, 1H)
5.11 (ddd, J= 8.7,
6.6, 4.5 Hz, 1H)

56.1
~0.7

[M+H

620.0
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e

EBS

8.26 (s, 1H)
8.23 (s, 1H)
6.94 (d, J= 3.7 Hz,
1H)

.26 (d, J = 3.7 Hz,
1H)

6.14 (s, 1H)
5.92 (d, J= 8.5 Hz,
1H)

5.55 (m, 1H)
5.00 (m, 1H)

EBSs

isomer 1

8.55 (s, 1H)
8.26 (s, 1H)
7.55 (s, 1H)
8.22 (s, 1H)
6.08 (d, J = 8.6 Hz,
1H)

5.81 (ddd, J = 10.4,
8.6, 4.0 Hz, 1H)
5.32 (ddd, J = 8.9,
8.8, 4.3 Hz, 1H)

541
52.5
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£87

8.59 (s, 1H)
8.28 (s, 1H)
7.79 (s, 1H)
6.21 (s, 1H)

5.05 (d, J = 8.6 Hz,

1H)

5.88 {ddd, /= 10.5,

8.8, 4.1 Hz, 1H)
5.31 (ddd, J= 8.4,
84,41 Hz, 1H)

55.4
542

ECH

isomer 4

8.15 (s, 1H)
7.89 (s, 1H)
7.35¢d, J= 3.8 Hz,
1H)

6.27 (s, 1H)
.26 (d, J= 3.8 Hz,
1H)

598 (d, J= 8.6 Hz,
1H)

5.75 (ddd, J= 9.2,
9.1, 4.1 Hz, 1+)
5.07 (m, 1H)

52.0
-1.3

[M+H

7721
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19 44

EC2

isomer 2

8.15 (s, 1H)
7.97 (s, 1H)
7.56 (d, J = 3.8 Hz,
1H)

.37 (d, J = 3.8 Hz,
1H)

6.30 (d, J= 3.1 Hz,
1H)

.02 (d, J = 8.5 Hz,
1H)

5.78 (ddd, J = 12.8,
8.5, 4.1 Hz, 1H)
5.18 (m, 1H)

56.3
-0.8

EC3

O
N

I NH
<N NANHZ

8.15 (s, 1H)
7.87 (s, 1H)
7.33(d, J = 3.8 Hz,
1H)

6.27 (s, 1H)
6.24 (d, J = 3.8 Hz,
1H)

5.98 (d, J = 8.6 Haz,
1H)

5.68 (ddd, J = 8.5,
8§.45, 4.0 Hz, 1H)
5.08 (ddd, J=7.7,
7.5, 4.5 Hz, 1H)

~1.4
—2.4

[M+H

756.2
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e

EC4

7.03 (d, J = 3.7 Hz,
1H)

6.88 (m, 1H)
6.34 (d, J = 3.7 He,
1H)
6.31(d, J= 3.7 Hz,
1H)
£.08 (m, 1H)
5.93 (m, 1H)
5.05 (m, 1H)
4.98 (m, 1H)

in DMSO-ds / D20

61.1
~0.4

[M+H}"

705.0

ECS

isomer 2

7.02 (d, J = 3.7 Hz,
1H)

6.92 (d, J= 3.7 Hz,
1H)

6.33 (m, 2H)
8.09(d, J= 8.7 He,
1H)

5.92 (d, J= 7.9 Hz,
1H)

4.94 (m, 1H)
4.81 (m, 1H)
4.80 (m, 1H)
4.43 (m, 1H)

in DMSO-ds / D20

53.1
~0.8

[M+R]

7049
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S

ECS

isomer 1

8.11 (s, 1H)
8.11 (s, 1H)
7.59 (d, J = 3.8 Mz,
1H)

7.20 (d, J = 3.9 Hz,
1H)
£.40 (m, 2H)
6.22 (m, 2H)
5.23 (ddd, J = 9.0,
8.8, 4.2 Hz, 1H)
4.94 (m, 1H)

52.9
-1.0

[(M+HT"

673.8

EC7

isomer 2

8.103 (s, 1H)
8.102 (s, 1H)
7.67 (d, J = 3.9 Hz,
1H)

7.34 (d, J= 3.9 Hz,
1H)

6.58 (d, J = 3.8 Hz,
1H)
8.51(d, J= 3.8 Hz,
1H)

6.42 (d, J= 8.4 Hz,
1H)

.23 (d, J = 6.5 Hz,
1H)

592.1
0.1

[M+H

8673.0
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9T

ECE

8.27 (s, ZH)
8.05 (s, 1H)
7.47 (d, J = 3.8 Hz,
1H)

.92 (d, J = 3.7 He,
1H)

6.65 (d, J= 3.7 Hz,
1H)
£.30 (m, 2H)
5.99 (d, J = 8.2 Hz,
1H)

5.01 (m, 1H)
4.85 (m, 1H)

in DMSQC-da

48.5
0.9

in DMSO-
ds

[M+H}"

689.2

ECS

isomer 2

8.29 (s, 2H)
8.04 (s, 1H)
7.50 (d, J = 3.8 Hz,
1H)
6.82(d, J = 3.7 He,
1H)

6.59 (d, J= 3.8 Hz,
1H)
6.35(d, J = 3.7 Hz,
1H)

6.29 (d, J = 8.5 Hz,
1H)

5.98 (d, J = 8.5 Hz,
1H)

511 (m, 1H)
4.40 (m, 1H)

in DMSO-d;

571
1.4

in DMSO-
ds

[+

&58%.1
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EC1G

8.28 (s, 1H)
8.26 (s, 1H)
7.83 (s, 1H)
6.26 (s, 1H)

596 (d, J= 8.6 Hz,

1H)
5.76 (ddd, J = 8.8,
8.6, 4.1 Hz, 1H)
5.08 (m,1H)

~1.6
—-2.7

EC11

8.32 (s, 1H)
8.27 (s, 1H)
7.93 (s, 1H)
.47 (m, 1H)

597 (d, J= 8.3 Hz,

1H)
5.58 (m, 1H)
5.18 (m, 1H)
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EC12

8.30 (s, 1H)
8.25 (s, 1H)
7.84 (s, 1H)
6.16 (s, 1H)

5.88 (d, J = 8.4 Hz,

1H)

5.73 (ddd, J = 8.0,

8.0, 8.0 Hz, 1H)
5.08 (m,1H)

~1.0
—-2.4

[(M+HT"

703.0

EC13

8.36 (s, 1H)
8.18 (s, 1H)
7.84 (s, 1H)

6.29 (d, J= 8.1 Hz,

1H)

5.99 (d, J = 8.4 Hz,

1H)

5.38 (ddd, J = 8.1,
7.9, 4.4 Hz, 1H)
5.09 (ddd, J = 8.3,
4.2, 4.2 Hz, 1H)

[M+H

757.0
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6¥¢

ECi4

8.89 (s, 1H)
8.13 (s, 1H)
6.88 (d, J = 3.8 Hz,
1H)

6.34 (d, J = 3.8 Hz,
1H)

6.28 (d, J= 8.1 Hz,
1H)

.10 (d, J = 8.1 Hz,
1H)

5.17 (m, 2H)

58.7
-1.5

[(M+HT"

689.9

EC1S

isomer 2

8.35 (s, 1H)
7.93 (s, 1H)
8.77 (d, J = 3.8 Hz,
1H)
6.25(d, J= 8.1 Hz,
1H)

6.17 (d, J = 3.8 Hz,
1H)
8.10(d, J = 8.1 Hz,
1H)

5.19 (ddd, J= 8.8,
4.6, 4.6 Hz, 1H)
5.14 (ddd, J = 8.5,
4.4, 4.4 Hz, 1H)

[M+H

620.0

6¥€191/L10T OM

€60€T0/L10TSN/LDd



(97 AT 1LAdHS A1LNILLS9NS
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EC18

8.03 (s, 1H)
7.88 (m, 1H)
7.58 (d, J = 8.0 Hz,
1H)

7.44 (d, J = 3.4 Hz,
1H)

7.20 (m, 2H)
6.59 (1, J = 6.5 Hz,
1H)

8.55 (d, J = 3.4 Hz,
1H)

6.05 (d, J= 8.5 Hz,
1H)

5.55 (m, 1H)
5.20 (m, 1H)

i
LR L

[M+H]

7231

eC17

isomer 1

8.03 (s, 1H)
7.67 (m, 1H)
7.58 (m, 1H)

7.44 (d, J= 3.4 Hz,

1H)

7.18 (m, 2+)
6.57 (i, J = 6.4 Hz,
1H)

6.52 (m, 1H)
6.02 (d, J= 8.5 Hz,
1H)

5.57 (m, 1H)
5.20 (m, 1H)

53.0
-1.0
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1sT

EC18

isomer 2

8.16 (s, 1H)
7.68 (d, J= 7.8 Hz,
1H)
7.62(d, J= 8.1 Hz,
1H)

7.52 (d, J = 3.5 Hz,
1H)
7.26 (m, 1H)
7.19 (m, 1H)
8.61 (m, 2H)
.05 (d, J= 8.3 Hz,
1H)
5.50 (m, 1H)
5.31 (m, 1H)

EC19

8.08 (m, 1H)
7.99 (m, 1H)
7.97 (s, 1H)

7.84 (d, J = 8.3 Hz,

1H)

7.69 (d, J= 7.2 Hz,

1H)

7.59 (m, 2H)
7324, J=7.7 Hz,
1H)
£.02 (m, 2H)
5.52 (ddd, J = 8.7,
8.7. 4.2 Hz, 1H)
5.08 (m, 1H)

[M+H]

734.0
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EC20

ispomer 1

9.12 (s, 1H)
8.29 (d, J = 9.3 Hz,
1H)

8.12 (m, 5H)
8.00 (s, 2H)
7934 J= 7.8 Hz,
1H)

.18 (m, 2H)
5.36 (m, 2H)

62.8
~0.7

[M+H]

7421

EC21

isomer 2

9.08 (s, 1H)
8.28 (d, J = 9.3 Hz,
1H)

8.11 (m, 5H)
7.98 (s, 2H)
7.93(t, J= 76 Hz,
1H)

5.17 (dd, J= 105,53

Hz, 1H)
.13 (d, J = 8.0 Hz,
1H)

5.46 (m, 1H)
5.13 (m, 1H)

56.5
-0.8

[M+HT"

7420
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€5C

EC22

8.21 (s, 1H)
8.14 (s, 1H)
7.82 (s, 1H)

619 (d, J=7.7 Hz.

1H)

6.00({d, J=3.1Hz,

1H)

[(M+HT"

689.0

EC23

8.15 (s, 1H)
7.91 (s, 1H)
7.44 (s, 1H)
6.17 (s, 1H)

588 (d, J=98.0Hz,

1H)
5.13 (m, 2H)

-1.24

[M+H

672.9
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EC24

8.31 (s, 1H)
8.26 (s, 1H)
7.84 (s, 1H)
8.17 (s, 1H)

5.86 (d, J = 8.4 Hz,

1H)
5.88 (m, 1H)
5.08 (m, 1H)

~1.0
-2.2

EC25

9.08 (s, 1H)
8.38 (s, 1H)
7.96 (s, 1H)
7.90 (s, 1H)
7.57 (s, 1H)
8.28 (s, 1H)

5.95 (d, J = 8.5 Hz,

1H)

5.64 (ddd, J = 8.3,
8.3, 4.2 Hz, 1H)
5.08 (ddd, J = 8.8,
8.5, 4.3 Hz, 1H)

-1.3
~2.0
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(o4
N
n

EC28

3.15 (s, 1H)
8.40 (s, 1H)
8.02 (s, 1H)
7.90 (s, 1H)
7.63 (s, 1H)
.32 (s, 1H)

5.98 (d, J = 8.6 Hz,

1H)

5.72 (ddd, J = 8.7,
8.7, 4.1 Hz, 1H)
5.11 (ddd, J = 8.8,
6.8, 4.3 Hz, 1H)

-1.3
~2.3

M- HF

778.0

* In NathPOJ/NaHPO/D3-O unless otherwise mentioned.
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{3337} Sterecochemucal information of represented compounds 1s given below,

Table 8, P-Configuration of Examples £23 and EB3

o
£93 HO (RO
[Rp.Rp] o)
R/
0 Q--—*EPE""S}"
0
O\
HOJ?\’:Q O
Rpl HO
™o (Rs;msaf
N N o7

NH, isomer 1

BIOLOGICAL TESTING

{8338} Sertal dilutions of cGAMP analog compounds in phosphate buffer saline

{PBS) are mixed with THP uciferase reporter cells in a 96-well plate at 0.2x10%well, in the

presence or absence of 1 nM of Perfringolysmn O (PFO), which can facilitate corapound

uptake by forming open channels on the plasma membrane. 16 hours later, 15 pb of the

media from each well is transferred to a new plate, and luminescence 1s measured. Fold

increase in fuminescence compared to PBS stinnilated cells 1s plotted against logarithm of

congentrations of each compound, and ECso 15 calculated using Graphpad.

Table 6. Activity of eyclic dinucleotides and analogs
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THP1-8G-Luc | THPISG-Luc THP1-ISG-Luc THPISG-Luc
Example with PFO, without PFQ, Example with PFO, without PFO,
ECse, nM ECss, 1M ECs0, n ECso, M
E1 A A EA1D A A
E2 A A EA11 A A
E3 A A EB1 c B
E4 A A £B2 A A
E5 c c EB3 A A
ES A A EB4 ¢ B
E7 A A EBS B c
E3 8 c £86 c c
E9 A A EBT C C
£10 c C EC1 A A
Ei1 B c EC2 B B
E2 A A EC3 B A
E13 ] c EC4 c c
£i4 8 ¢ ECS B B
Ei5 c c ECE c c
E16 A A ECT c c
Et7 c c ECS c c
E18 A A ECS c c
E{9 ¢ c EC10 ¢ c
E20 8 A EC11 A c
E2i 8 A EC12 A A
E22 8 A EC13 B A
E23 A A EC14 c c
E24 B A EC15 B A
E25 A A EC16 c c
EA1 8 c EC17 c c
EAZ2 A A EC18 ¢ c
EA3 ¢ c EC19 ¢ c
EA4 8 A EC20 c c
EAS C c EC21 c c
EAS C c EC22 c c
EAT7 B8 A EC23 c c
EAB ] A EC24 A A
EAS A A EC26 B c
A <190 ni A <30 uM A <100 nM A <30 uM
Aoty | BROCIR00 g 50 100 i A 1 B100-10000M | B 30-100
¢ >1000 ni ¢ >100 pM C >1000 nM C >100 pM
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{0339] 2°3°-cGAMP can be degraded by the enzyme ecto-nucleotide

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

{(Lietal, 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 kL

of FBS in a final volume of 30 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 yL phosphate buffered saline (PBS),

then heated at 95 °C 1o denature proteins, which were removed by centnfugation at 13000 g

for 5 ymnutes. The supernatants were delivered to THP1-ISG-luctlerase cell fine in the

presence of PFO to measure the activity of remaming ¢GAMP analogues, as described above.

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

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

activity after 4-hour incubation.

Table 7. Stability of cyclic dinuclestides and analogues in fetal bovine serum

Example Reducticn_ of aa:ti\_rity after FBS Example Reduciion_ of acti\{ity after FBS
incubation incubation

Et c EA7 A

E2 ¢ EAS A

E3 A EAlG c

£6 c EALY A

E7 c EB1 A

EB A gEg2 B

£8 A EB3 A
E16 B EB4 A
E18 B EBS A
E20 A £CH A
E21 B EC2 A
E22 A EC3 8
E23 B ECS A
E25 A ECH2 A
EA1 A ECi5 A
EA4 A EC24 A
EAS A EC26 A

Activity A <18% Activity A <10%

Code B >10% Code B >10%
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l l C>75% I ! C»78%

{03406} The following senes of prophetic examples are also compounds of the present

mvention:
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Ps
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P10

P8
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P14

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

aand b are independently Oor 1 and a+ b=1, whenais 1, bis 0 and R*is not

present; and when ais 0, b is 1 and R* is not present;
X} and X? are independently O, S or Se in a five-membered ring;

LY, starting from the carbon aipha to X', and L%, starting from the carbon aipha to X7,
are independently -CHaO-P(OR®-0O- -CHyO-P(SIRE-O-, -CYYYHO-PIORE-CLY3HY -, -
CHoNHSO:NH-, -CHNHC(O)NH-, -CHaNHC(8INH-, -CH2NHC(NH)NH-, -
CHNHC{OYCH2-, -CHoNHS O CHo-, -CH2CH2C{OWNH-, ~-CHoCH2SO:NH-, -CHaNH(3 4-

C N\ N N /N f
N~ ,of N :

dioxocyclobuten-1,2-diy)NH-,
cis 0,1, 0r2;
d, e, and f are independenily O or |;
Y1 Y2 Y3 and Y* are independently H or F;

RO is hydroavi, thiol, Crealkyi, Crsatkyl selectively functionalized with one or
more halogen, thiol, hydroxyl, carbonyl, carboxvl, carbonylosvl, Crsalkoxy, Ci
shydrosyalkoxy, anuno, Cisalkylamino, di{Crsalkylyamino, or azudo groups, Ci-
salkoxy, Creatkoxy selectively functionalized with one or more halogen, thiol,
hydroxvl, carbonyl, carboxyl, carbonyloxyl, Crshydroxyalkoxy, anino, Ci-
salkylamino, di{Cisalkylamino, or azido groups, Cs.salkenvl-0-, Cisalkynyl-O-,

oligo{ethylene glycol), polv(ethyiene glycol). borano (-BHs™), or -NR'R®;
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R’ and R¥are independently hydrogen, Crsalkyl, Cisalkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonvl, carboxyl,
carbonyloxvl, Crealkoxy, Cishydroxyatkoxy, amino, Crealkylanuno, di{Ci-
salkylyamino, or azido groups, cyclic -{Cisalkyi}-, cyelic «(Crealkyl)-
selectively functionalized with one or more halogen, thiol, hvdroxyl, carbonvl,
carboxyl, carbonyloxyl, Crealkoxy, Cishydroxyatkoxy, amino, Ci.
salkylamino, or di{Cisalkyvl)amino groups, cychic -(Cisoxaatkyl}-, or ¢yclic -
(Crsoxaalkyly- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, Ci-

salkylamino, or di{Cisalkyamine groups;

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

general structure including its tautomeric forms:

A
;;7;: B v\ﬁ e }gﬂ‘:
E i
) 74 ﬂ(Z”)
73 D 25 h

g and b are imndependently O or 1;

W' and W? are independently hydrogen, halogen, hydroxyl, Crsalkyl, Ci-
salkyl selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonvioxyl, Crsatkoxy, Cichydroxyalkoxy, amino, Cisalkylamino, di(Cs.
salkyljamino, or azido groups, Crealkoxy, Crealkoxy selectively functionalized with
one or more halogen, thiol, hvdroxyl, carbonvl, carboxvl, carbonyloxyl, Ci-
shydroxvalkoxy, amino, Cisalkylamine, di{Crealkviyamino, or azido groups, Cs.
salkeeny -0, Cssalkyny -0, oligo{ethviene giveol), poly{ethylene glveol), azido, or -
NR'RS:

2L 7220, 70 2, and 20 are independently CH or N;

i present, 27, 78, 7° 71 and Z!! are independently CH or N, and then Wiis

CHorN;
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R’ RY and R are independently hydrogen, halogen, hvdroxyl, amino, Crsalkvl, (1.
salkyl selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonyloxyl, Cisalkoxy, Cichvdroxyalkoxy, amino, Crealkylamino, di(Ch.
calkvhamino, or azido groups, Creatkoxy, Ciealkoxy selectively functionalized with one or
more halogen, thiol, hvdroxyl, carbonyl, carboxyl, carbonyloxyl, Cishydroxvalkoxy, amino,
Cisalkylamino, di{Ci.salkyDamino, or azido groups, Cs-salkenyl-0-, Cssalkyoyl-0-,

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

the compound 1s not 2°3 -cGAMP.

2 The compound of claim 1 wherein the compound of Formula Ih, or a

pharmaceutically acceptable salt theraof,

O
I NH
’?L\
N NH,
N
X
Nas
NH; Formula Ib
wherein:
X' and X7 are independently O, 8 or Se;
FR 78 F 7V 2 and 7V are independently CH or N;

L1, starting from the carbon alpha to X!, and L, starting from the carbon alpha to X2,
are independently ~CH20-P(OYRE-0- -CH20-P(S)R-O-, -C{Y YYIO-POWRE-COYVIHYH-, -
CHoNHSOoNH-, -CHNHC{ONH-, -CH:NHC{S)NH-, -CHzNHC(NH)NH-, -
CHoNHC(OYCHz-, -CHoNHSO:CHe-, -CHCH2C(ONH-, ~-CH2CHz80NH-, -CH:NH(3 4~

/%(\6‘0% M
C N\ /N f
=N o Ny |
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cis0, 1 or2;
d, e, and f are independently O or {;
YL Y2 Y7, and Y* are independently H or F;

RO is hydroxyl, thiol, Creatkyl, Crsalkyl selectively functionalized with one or
more halogen, thiol, hydroxyl, carbonyl, carboxvl, carbonyloxyl, Crealkoxy, Cr
shydroxyalkoxy, amino, Crsalkylamine, di(Crsalkviamino, or azido groups, Ci-
salkoxy, Cieatkoxy selectively functionalized with one or more halogen, thiol,
hydroxyi, carbonyl, carboxyl, carbonyloxyl, Ci.chydroxyalkoxy, amino, Ci.
satkviamino, di(Cisalkylamino, or azido groups, Cssatkenvi-0-, Casalkynyl-O-,

oligo{ethylene glyeol), poly{ethylene glycol), borano (-BHz7), or -NR'R?;

R’ and R® are independently hydrogen, Ciealkyl, Cicalkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Crealkoxy, Cishydroxyvatkoxy, amine, Cisalkyvlamino, difCi-
salkyDamino, or azido groups, cyclic «{Cisalkyvi)-, cyehie «(Crealkyl)-
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonvl,
carboxyl, carbonvioxyl, Cisalkoxy, Cishydroxvalkoxy, amino, Ci.
salkylamino, or di(Cisalkyl)anuno groups, cyclic «{Cisoxaalkvl)-, or cyclic -
(Crooxaalkyh)- selectively functionalized with one or more halogen, thiol,
hvdroxyl, carbonyl, carboxyl, carbonvloxyl, Cishydroxvatkoxy, amino, C1.

salkylamino, or di{Cisalkyllamino groups;

R* and R* are independently hydrogen, halogen, hydroxyl, amino, Ciealkyl, Cisalky!
selectivelv functionalized with one or more halogen, thiol, hvdroxyl, carbonvl, carboxyl,
carbonvloxyl, Cisalkoxy, Cishvdroxvalkoxy, amino, Creatkyiamino, di(Crsalkvijamino, or
azido groups, Crsalkoxy, Crsalkoxy selectively functionalized with one or more halogen,
thaol, bvdroxyl, carbonyl, carboxvl, carbonyloxyl, Crshydroxvatkoxy, amino, Ci-
salkviamino, di{Crsalkyhamino, or azido groups, Cssalkenyl-O-, Ci-salkynvl-O-,

oligo{ethviene glycol), poly{ethylene glycol), azido, or -NR'R?; and

the compound 1s not a previously disclosed compound, including 2°3°-cGAMP.

3. The compound of claim 1, wherein a compound of Foroulale, or a

pharmaceutically acceptable salt thereof,
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Formula ¢
wherein:
ZVEE 2 78 2% and 7V are independently CH or N;

R* and R*® are independently hvdrogen, halogen, hvdroxyl, amino, Crealkyl, Crsalkyl
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Ciealkoxy, Cishvdroxvalkoxy, aminoe, Crsalkylamino, di{Crsalkvlamino, or
azido groups, Crealkoxy, Cirsalkoxy selectively functionalized with one or more halogen.
thiol, hvdroxyl, carbonyl, carboxvl, carbonyloxyl, Cichydroxyalkoxy, amino, Ci1
satkylamino, di{Crsalkyllamine, or azido groups, Cssalkenyi-0-, Cssalkynvi-0O-,

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

R and R® are independently hydrogen, Ciealkyl, Crealkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Cisalkoxy, Crshydroxyalkoxy, amino, Cisalkylamine, d(Ci-
salkylyamino, or azido groups, cychic -(Cisalkyl)-, cyclic «(Cisalkyl)- selectively
functionalized with one or more halogen, thiol, hvdroxyl, carbonyl, carboxyl,
carbonvioxyl, Cisalkoxy, Cishydroxyatkoxy, amino, Crsalkylamine, or di{Ci-
salkyDamino groups, cyclic ~{Crsoxaatkvit}-, or cyclic -(Crsoxaalkyl)~ selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Cichvdroxyalkoxy, amino, Cisalkviamino, or di{Cisalkyljamino

groups;

R? and R are independently hydroxyl, thiol, Cisalkyl, Crsalkyl selectively

functionalized with one or roore halogen, thiol, hvdroxyl, carbonyl. carboxyl, carbonyloxyl,
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Crsalkoxy, Crshydroxyalkoxy, amino, Creatkvlamino, di{Cisalkyljamino, or azido groups,
Cisalkoxy, Crealkoxy selectively functionalized with one or more halogen, thiol, hydroxyl,
carbonyl, carboxyl, carbonyioxyl, Cishydroxyalkoxy, anunoe, Crealkvlarne, di(Ci.
calkvlamino, or azido groups, Cssalkenyl-0O-, Cisalkynyl-G-, oligo(ethylene glvcol},

poly{ethylene glycol), borano (-BH:7), or -NR'RY,

the oxvgen atom in one or both of the tetrahydrofurany! 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 ¥4, or a

pharmaceutically acceptable salt thereof,

Formula Id
wherein:
X' and X? are independently O, 8 or Se;

L!, starting from the carbon aipha to X!, and L%, starting from the carbon alpha to X?
are independently ~-CHO-P(OIRE-0- -CHLO-P(SIRS-O-, -C(Y HYO-POR-CIYIHY*)-, -
CHNHSOsNH-, -CHNHC(OWH-, -CHNHC(SINH-, -CHNHC(NH)NH-, -
CHNHC(OYCH-, -CHaNHSO:CHs-, -CH:CHaC(O)NH-, -CHCHaSONH-, -CHoNH(S 4-

C N\ /N f

2

dioxocyclobuten-1,2-diyl}NH-,
cis0, 1, 0r2;
d, e, and { are independently O or 1;

YL Y2 Y3, and Y* are independently Hor F,
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R"is hydroxyl, thiol, Cisalkyl, Ciealkyl selectively functionalized with one or
more halogen, thiol, hydroxyl, carbonyl, carboxyl, carbonvioxyl, Cisalkoxy, Ci-
shydroxyalkoxy, armne, Crsalkylanuno, di(Crsatkyiyamino, or azido groups, Ci.
salloxy, Crsatkoxy selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Crehydroxyatkoxy, amine, Ci-
salkvlamino, di{Ciealkyvlamino, or azido groups, Cs.salkenyl-O-, Cs.salkynyl-O-,

oligo(ethyiene glycol). polv{ethylene glycol), boranc (-BH37), or -NRRY,

R’ and R are independently hydrogen, Crsalkyl, Cisalkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxvl, Crsalkoxy, Cishvdroxyatkoxy, amino, Crealkylanuno, di{Ci-
salkylyamino, or azido groups, cvelic -{Cisalkyl)-. cyelic (Crsalkyl)-
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonvl,
carboxyl, carbonvloxyl, Crealkoxy, Crehydroxyatkoxy, amino, Ci-
salkylanuno, or di{Crsalkyilamino groups, cychic -{Cisoxaalkyl}-, or cychic -
(Creoxaalkyly- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Crehydroxyalkoxy, amino, Ci-

salkylamino, or di{Cisalkyllanuno groups;

R* and R? are independently hvdrogen, halogen, hvdroxyl, amino, Crsalkyl, Crsalkyl
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Cisalkoxy, Cishvdroxvalkoxy, amine, Crsalkylamino, di{Crsalkvlamino, or
azido groups, Crealkoxy, Crsalkoxy selectively functionalized with ong or more halogen,
thiol, hvdroxyl, carbonyl, carboxvl, carbonyloxyl, Cichydroxyvalkoxy, amino, Ci.
salkylamine, di{Cisalkyljamuno, or azido groups, Cssalkenyl-0-, Cs.satkynyvi-0O-,

oligo{ethylene glycol), poly(ethvlene glycol), azido, or -NR'R3;

RY gnd R are independently selected from the group consisting of:
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Z‘Q“ zl?j ZMﬁ ZISj Zléﬁ Z”. Zlg, ZW‘ 220’ ZH_ 222, Z23~ 2243 Z2Sﬁ szv‘ 227, ZQS‘
72 ZR FR 7R FR 7 7R, 7 and 7V are each independently CH or N; and

WW WO WO W W and W are independently hydrogen. halogen,
hydroxyi, Creatkyl, Cisalkyl selectively funciionalized with one or more halogen,
thiol, hydroxyl, carbonyl, carboxvl, carbonyloxyl, Cisalkoxy, Crshvdroxyalkoxy,
amino, Creatkylamine, di{Creatkyhamino, or azido groups, Creatkoxy, Crealkoxy
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, Crsatkylamino, di{Ci.
salkylamino, or azido groups, Us.satkenyl-O-, Casalkynyl-O-, oligo{ethylene glycol),

poly{ethviene glycol), azido, or -NR'R®,
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S. The compound of claim 1, wherein a compound of Fornulafe, or a

pharmaceutically acceptable salt thereof,

Formula fe

wherein:

X3, XH X and X° are independently O, NH, CHz, CHF, or CFz;
R and R are independently selected from the group consisting of:
‘\NS

N 222

F

ZZ 1 W4

7 gis gl 715 716 717 18 719 g0 g2l g0 05 g2 gds g g7 and g2
are each independently CH or N and

W W WS, W and W are independently hydrogen, halogen, hydroxyl, Ci.
salkyl, Crsatkyl selectively functionalized with one or more halogen, thiol, hydroxyl,
carbonyl, carboxyl, carbonvioxyl, Ciealkoxy, Crehydroxyalkoxy, amino, Ci-
salkylamino, di{Cicalkylamino, or azido groups, Cisalkoxv, Crealkoxy selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Crshvdroxyatkoxy, amino, Ci<alkylamino, di(Cisalkylyamino, or
azido groups. Casalkenyl-O-, Cssalkvnyl-O-, oligefethylene glycol), polv{ethvlene

glveol), azido, or -NR'RE;
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R’ and R¥are independently hydrogen, Crsalkyl, Cisalkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonvl, carboxyl,
carbonyloxvl, Crealkoxy, Cishydroxyatkoxy, amino, Crealkylanuno, di{Ci-
salkylyamino, or azido groups, cyclic -{Cisalkyi}-, cyelic «(Crealkyl)-
selectively functionalized with one or more halogen, thiol, hvdroxyl, carbonvl,
carboxyl, carbonyloxyl, Crealkoxy, Cishydroxyatkoxy, amino, Ci.
salkylamino, or di{Cisalkyvl)amino groups, cychic -(Cisoxaatkyl}-, or ¢yclic -
(Crsoxaalkyly- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, Ci-

salkylamino, or di{Cisalkyamine groups;

R* and R? are independentily hvdrogen, halogen, hvdroxyl, amino, Cisaltkyl, Crsalkyl
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Cisalkoxy, Cishvdroxvalkoxy, amino, Crealkylamino, di{CiealkyDaming, or
azido groups, Crsalkoxy, Crealkoxy selectively functionalized with one or more halogen,
thiol, hvdroxyl, carbonyl, carboxvl, carbonyloxyl, Crshydroxvalkoxy, amino, Ci-
satkylamino, di{Crsalkylamino, or azido groups, Casaltkenyl-0-, Cs.salkynvi-0O-,

oligo{ethylene glycol), poly(ethylene glycol), azido, or -NRR®;

R¥ and R are independently hvdroxyl, thiol, methoxy, ethoxy, amino, N-
methylaming, N N-dimethylamino, N-ethylamino, N N-diethy lamino, N-morpholino, or
borano (-BH ).

the oxvgen ator in one or both of the tetrahydrofuranyvl nngs of Formula Ie can be

optionally replaced by a sulfur or a selenium atom; and

the compound is not 2°3"-cGAMP.

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

pharmaceutically acceptable salt thereof,
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Formula if
wherein:

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

ZR 75, 7% 75 2% and 2V are independently CH or N;

LY starting from the carbon alpha to X!, and L?) starting from the carbon alpha to X2,
are independently ~-CH20-P(OYR-0- -CH20-P(S)R-O-, -COY WY HO-PIOIRO-C(YHY -, -
CHNHSO:NH-, -CHNHC{O)NH-, -CHNHC(S)NH-, -CHNHC(NH)NH-, -
CH:NHC{O)CHa-, -CHoNHSO2CHy-, -CHoCHoC(ONH-, ~-CH2CH2SONH-, -CHaNH(3 4-

C N\ N N~ fN }f
N~ . or N ;

dioxocyclobuten-1,2-diy jNH-,
cis0, 1 or2;
d, e, and fare independently O or {;

YL ¥4 Y and Y are independently H or F;

?

RO is hydroxvl, thiol, Crealkyl, Crealkyl selectively fimctionalized with one or
more halogen, thiol, hydroxvl carbonyl, carboxvl, carbonyloxvi, Crsalkoxy, Cr
shydroxyalkoxy, amino, Cisalkylamino, di(Cicalkviamino, or azido groups, Ci-
satkoxy, Cisatkoxy selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Ci.chydroxyalkoxy, amino, Ci.
salkylamino, di{Ciealkyvlamino, or azido groups, Cs.satkenyl-O-, Cirsalkynyl-O-,

oligo(ethvlene glveol), poly{ethylene glycol), borano (-BHz ), or -NR'R?;
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R’ and R¥are independently hydrogen, Crsalkyl, Cisalkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxvl, Crealkoxy, Cishydroxyatkoxy, amino, Crealkylanuno, di{Ci-
salkylyamino, or azido groups, cyclic -{Cisalkyi}-, cyelic «(Crealkyl)-
selectively functionalized with one or more halogen, thiol, hvdroxyl, carbonvl,
carboxyl, carbonyloxyl, Crealkoxy, Cishydroxyatkoxy, amino, Ci.
salkylamino, or di{Cisalkyvl)amino groups, cychic -(Cisoxaatkyl}-, or ¢yclic -
(Crsoxaalkyly- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amino, Ci-

salkylamino, or di{Cisalkyamine groups;

R* and R° are independentily hvdrogen, halogen, hvdroxyl, amino, Cisalkyl, Crsalkyl
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Cisalkoxy, Cishvdroxvalkoxy, amino, Crealkylamino, di{CiealkyDaming, or
azido groups, Crsalkoxy, Crealkoxy selectively functionalized with one or more halogen,
thiol, hvdroxyl, carbonyl, carboxvl, carbonyloxyl, Crshydroxvalkoxy, amino, Ci-
satkylamino, di{Crsalkylamino, or azido groups, Casaltkenyl-0-, Cs.salkynvi-0O-,

oligo{ethylene 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 ora

pharmaceutically acceptable salt thereof,

Formula fg
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wherein:
ZR R ZW 7 7% and 72V are independently CH or N;

R¥ and R’ are independently hvdrogen, halogen, hydroxyl, amino, Crsatkyl, Cisalkyl
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonvloxyl, Creatkoxy, Cishvdroxyatkoxy, amino, Cisalkylamine, di{Cisalkyllamino, or
azido groups, Crealkoxy, Crealkoxy selectively functionalized with one or more halogen,
thiol, hydroxyl, carbonyl, carboxyl. carbonvloxyl, Cishvdroxyvalkoxy, amino, Ci-
salkviaming, di(Cisalkyliamino, or azido groups, Cs.salkenyl-0-, Cs.salkynyvi-O-,

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

R7 and R® are independently hydrogen, Crealkyl, Crealkyl selectively
functionalized with one or more halogen, thiol, hydroxvyl, carbonyl, carboxyl,
carbonyloxyl, Ciwalkoxy, Crehydroxyalkoxy, anuno, Crealkyviamino, di(Cy.
sallyljaming, or azido groups, cvelic (Crealkvi)-, evclic <(Crsalkyl)- selectively
functionalized with one or more halogen, thiol, hvdroxyl, carbonvl, carboxyl,
carbonyloxyl, Crealkoxy, Cichvdroxyalkoxy, amino, Cisalkylamino, or d{Cy-
salkyiamino groups, eyclic -(Ci-soxaatkvi}-, or cychic -{Ciooxaalkyh)- selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Cishvdroxyalkoxy, amino, Creatkylamino, or di{ CisalkvDamno

groups;

R’ and R are independently hvdroxyl, thiol, Cisalkyl, Cisalkyl selectively
functionalized with one or more halogen, thiol, hvdroxyl, carbonyl, carboxyl, carbonyloxyl,
Crealkoxy, Crehvdroxyalkoxy, amine, Creatkviamino, di{Crealkyljamino, or azido groups,
Crsalkoxy, Crealkoxy selectively functionalized with one or more halogen, thiol, hydroxyl,
carbonyl, carboxyl, carbonyloxyl, Cishydroxyalkoxy, amine, Creatkylamino, di{Cr.
salkyDyamine, or azido groups, Casalkenvl-O-, Cssalkvuvl-O-, oligofethylene glycol).

poly{ethvlene glyeol), borano (-BH37), or -NR'RY,

the oxygen atom in one or both of the tetrahydrofuranyl rings of Fornwla Ig 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 b, ora

pharmaceutically acceptable salt thereof,
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Formula th
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 X%,
are independently -CH20-P(O)R®-0--CH20-P(SIRE-0O-, -COYNYHO-PIOIR-CLY WY H-, -
CHINHS 0NH-, -CHINHC(O)NH-, -CHNHC(SNH-, -CHNHC(NH)NH-, -

CHNHC{OY CHo-, -CHNHSGoCH-, -CHoCHRC(OONH-, -CHaCH2SONH-, -CHNH(G 4-

C N\ N N~ /N }f
N~ _or N :

dioxocyclobuten-1,2-diy )NH-,
cis 0,1, or2;
d, e, and fare independently O or |
Y1 Y2 Y7 and Y* are independently H or F;

RO is hydroxvl, thiol, Crsalkyl, Crealkyl selectively functionalized with one or
more halogen, thiol, hydroxyl, carbonyl, carboxyl, carbonyloxyl, Crsalkoxy, Ci-
shydroxyalkoxy, anmino, Cisalkylamino, di(Ciealkyiyamino, or azido groups, Ci-
salkoxy, Creatkoxy selectively functionalized with one or more halogen, thiol,
hydroxyi, carbonyl, carboxyl, carbonvioxyl, Cichydroxyalkoxy, amino, Ci.
satkviamino, di{Crsalkylyamino, or azido groups, Cssatkenyl-0-, Cisalkynyl-0O-,

oligo(ethylene glyeol), poly{ethylene glycol), borano (-BHz ™), or -NRRY;

R’ and R® are independently hydrogen, Ciealkyl, Cisalky! selectively
funcuonalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonvioxyl, Crealkoxy, Cishydroxvatkoxy, amino, Crsalkviamine, dy(C1-
salkyDamino, or azido groups, cyclic «{Crsalkvi)-, cyclic «{(Crealkyl)-

selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl.
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carboxyl, carbonyloxyl, Crsalkoxy, Cishydroxvalkoxy, amino, Ci.
salkylamino, or di{Cisalkylanuno groups, cyclic {Cisoxaalkyvl)-, or cyclic -
(C1eoxaalkyl- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonyloxyl, Cishydroxvalkoxy, amino, C1.

salkylamino, or di{Cisalkvl}amino groups;

R* and R? are independently hydrogen, halogen, hydroxyl, amino, Crsalkyl, Cisalkyl
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxvl, Crsalkoxy, Cishydroxyalkoxy, amino, Crealkyvlamino, di{Ciealkyljamino, or
azido groups, Crealkoxy, Crsalkoxy selectively fumctionalized with one or more halogen
thiol, hvdroxvl, carbonyl, carboxvl, carbonyloxyl, Créhydroxvalkoxy, anuno, Ci-
calkviamino, di{Cicalkvl)amino, or azido groups, Cs.satkenyi-O-, Cs.salkynvl-O-,
oligo(ethviene glycol), poly(ethylene glycol), azido, or -NR'R?,

W and R are independently selected from the group consisting of®

NH, we
;27-14 NH ZZG = 22
el L ) L
3 N NH, { Ze

LSS SN W

225

z | )
Ay {;‘,L\
?23 N
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ZR gl gl 15 Z16 FI7 718 719 720 721 720 703 gt gdS gk g g%
72 ZN FR 7 7R 7 ER 7% and 277 are each independently CH or N; and
WWE WO, WO, W WP and W0 are independently hvdrogen, halogen,
hydroxyl, Creatkyl, Crealkyl selectively functionalized with one or more halogen,
thiol, hvdroxyl, carbonyl, carboxyl, carbonyvloxyl, Cisalkoxy, Cishydroxyalkoxy,
amino, Cisalkylamino, di{Crealkylamino, or azido groups, Crealkoxy, Cisalkoxy
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyl, carbonvloxyl, Ci.shvdroxyvalkoxy, amino, Crsalkylamino, di{Cs.
salkviyamino, or azido groups, Cssalkenyl-0O-, Cisalkynyl-O-, oligo{ethylene glycol),

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

9. The compound of claim 1, wherein a compound of Formula Hi, ora

pharmaceutically acceptable salt thereof,

Formula ¥

wherein:
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X3, X5, X8 and X7 are independently O, NH, CHz, CHF, or CFz;

RY and R’ are independently selected from the group consisting of;

ZR g3 7 gls gl giT I8 gi9 gl g g2 03 g 08 76 g and 708
are each mdependently CH or N; and

WEWH WS, WO and W7 are independently hydrogen, halogen, hydroxvl, Ci-
salkyl, Creatkyl selectively functionalized with one or more halogen, thiol, hvdroxyl,
carbonyl, carboxyl, carbonyloxyl, Cisalkoxy, Crehydroxyalkoxy, amino, Ci-
salkylamino, di{Cisalkyllamino, or azido groups, Cisaltkoxy, Crealkoxy selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonvl, carboxyl,
carbonyloxyl, Cishydroxyalkoxy, amino, Crsalkylamine, di(Cicalkylamino, or
azido groups. Cssalkenyl-O-, Ci.salkynyl-0O-, oligo{ethylene glycol), poly{ethvlene

glveoly, azido, or -NR'R®;

R’ and R® are independently hydrogen, Cisalkyl, Cisalkyl selectively
functionalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxvl, Crealkoxy, Cishydroxyatkoxy. amino, Crsalkylanuno, di{Ci-
salkyDamino, or azido groups, cyclic -{Cisalkyl}y-, cyehic «(Crealkvl)-
selectively functionalized with one or more halogen, thiol, hydroxyl, carbonyl,
carboxyi, carbonvloxyl, Crealkoxy, Cishydroxyvalkoxy, amino, Ci.
salkylamino, or di{Cisalkylyamino groups, cychic -(Cisoxaatkyvl)-, or cyclic -
{Crsoxaalkyly- selectively functionalized with one or more halogen, thiol,
hydroxyl, carbonyl, carboxyl, carbonvloxyl, Cichydroxyalkoxy, amino, Ci-

salkvlamino, or di{Crsalkyllanuno groups;
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R° and RO are independently hvdrogen, halogen, hydroxyl, amino, Crealkyl, Crsalkyl
selectively funchonalized with one or more halogen, thiol, hydroxyl, carbonyl, carboxyl,
carbonyloxyl, Creatkoxy, Cichydroxyalkoxy, amino, Crsalkviamino, di{Cicalkylyamino, or
azido groups, Cisalkoxy, Cisalkoxy selectively functionalized with one or more halogen,
thiol, hydroxyi, carbonyl, carboxyl. carbonyloxyl, Ciehydroxyalkoxy, amino, Ci-
salkviamino, di(Cisalkvlamino, or azido groups, Cs.salkenvl-0O-, Cs.satkynyl-0-,

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

R' and R are independently hydroxyl, thiol, methoxy, ethoxy, amino, N-

methvianuno, N N-dimethylaming, N-ethylamano, N N-diethylamino, N-morpholine, or

horano (-BH5 )

the oxygen atom in one or both of the tetrahydrofuranyi rings of Fornula i 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 of;
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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 to the formula:

309
SUBSTITUTE SHEET (RULE 26)



WO 2017/161349 PCT/US2017/023093

14 A compound according to the formula:

15, A compound according to the formula:
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16, A compound according to the formula:

17. A compound according to the formula:

311
SUBSTITUTE SHEET (RULE 26)



WO 2017/161349 PCT/US2017/023093

18. A compound according to the formula:

19, A compound according to the formula;
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20, A compound according to the formula:

21, A compound according to the formula:
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22, A compound according to the formula:

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

25 A compound according to the formula:
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26, A compound according to the formula:

27. A compound according to the formula:
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28 A compound according to the formula:

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

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

(]

A compound according to the formula;

(o)
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34 A compound according to the formula:

s
.4

A compound according to the formula;
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36, A compound according to the formula:

37 A compound according to the formula:

38, A compound selected from the group consisting of:
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and

39, A compound selected {rom the group consisting of:
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40, A compound according to the formala:

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

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

45, A compound according to the formuola:

0
N
NH
¢ |
N{;J\NHQ
333

SUBSTITUTE SHEET (RULE 26)

PCT/US2017/023093



WO 2017/161349 PCT/US2017/023093

46, A compound according to the formula:

boranophosphates of the formula:
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48, A compound selected from the group consisting of {Re}- and {5p)-

boranophosphates of the formula;

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

51, A compound according to the formula:
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52, A compound according to the formula:

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

55 A pharmaceuntical composition comprising a compound of formula i ora

pharmaceutically acceptable salt thereof

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

vehicle,

57. A pharmaceutical composition wherein the composition is a compound of

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

58, A pharmaceutical composttion of elaim S7 wherein the additonal therapeutic
agent is an tmynune checkpoint inhibitor including but is not limited to anttbodies against PD-

1, PD-L1 or CTLA-4

59 A pharmaceutical composition of claim 57 wherein the additional therapeutic

agent 1s radiation including stereiotactic body radiation therapy (SBRT).

338
SUBSTITUTE SHEET (RULE 26)



WO 2017/161349 PCT/US2017/023093

60, A pharmaceutical composition 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 18 a compound of
formula § in a pharmaceutical formulation with an immunogen of a cancer cell (fumor

antigen) or of an infectious pathogen.

62. A pharmaceutical composition of claim 537 wherein the composition further

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

63, A method of inducing or promoling an 1mnune response Comprising
administering {0 a patient in nead thereof, an effective amount of a compound of formula £, or

a pharmaceutically acceptable salt thereof.

64. A method of inducing or promoting an Ummune response Comprising
adninistering to a patient in need thereof, an effective amount of a pharmaceutical

composition according to claim 63,

65, A method of inducing or promoting a STING-dependent immune response
comprising admimstenng 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 tmmune response
comprising administering to a patient 1 need thereof, an effective amount of a

pharmaceuntical composition according to claim 63,
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67. A method of treating cancer comprising administering to a patient m need
thereof, a therapeutically effective amount of a compound of formula ¥, or a pharmaceutically

acceptable salt thereof

68 A method of treating cancer comprising admiunistering 1o a patient in need
=) fa
thereof, a therapeutically effective amount of a pharmaceutical composition according to

claim 67,

69, A method of treating cancer comprising administering 1o a patient in need
thereof, a therapeutically effective amount of a pharmaceutical composition comprising a
compound of formula 1, or a pharmaceuntically acceptable salt thereof, in combination with
immune checkpoint antibodies, inchuding but 1s not hmited to, antibodies against PD-1, PD-

L1or CTLA-4.

70. 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 formmula 1, or a pharmacentically acceptable salt thereof, in combination with

radiation including steretotactic 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 sali thereof, in combination with an

anti-neoplastic agent, mcluding chemotherapeutic agent and therapeutic anfibodies.

72, A method of treating infectious diseases comprising administering 10 a patient
i need thereof, a therapeutically effective amount of a compound of formuia f, ora

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

according to claims 72.

74, A method of treating immune disorders comprising administering {0 a patient
n need thereof, a therapeutically effective amount of a compound of formula L, or a

>

pharmaceutically acceptable salt thereof,

75, A method of treating immune disorders comprising administering 1o a patient
i need thereof, a therapeutically effective amount of a pharmaceutical composition

according to claims 74

76. A vaccine compostiion comprising an antigen or antigen composition and a
compound of Formula §, or a pharmaceutically acceptable salt thereof, for use in the

treatment or prevention of a disease.

77, The use of a compound of Formula ¥, or a pharmaceutically acceptable salt
thereof, for the mamuifacture 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 o
a patient suffering from or suscepiible to the disease, a vaccine composiiion compiising an
antigen or antigen compostiion and a compound of Fornuia §, 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 |, or a

pharmaceutically acceptable salt thereof, wherein the patient 1s 2 mammal.
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80, A method of treating or preveniing a disease comprising administering {o a
patient in need thereof, a therapeutically effective amount of a compound of formulal, ora

pharmaceutically acceptable salt thereof, wherein the patient 1s 2 human.
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