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MODULATORS OF 8-NUCLEOTIDASE, ECTO
AND THE USE THEREOF

CROSS-REFERENCES TO RELATED APPLICATIONS

10601} This application is an application claiming priority benefit under 35 U S.C. § 119(e} of

U.S. Provisional Application No. 62/276,564 filed January 8, 2016 and U.S. Provisional
Application No. 62/324,077 filed April 18, 2016, each of which is herein incorporated by

reference in its entirety for all purposes.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT

106627 NOT APPLICABLE

REFERENCE TO A "SEQUENCE LISTING,” A TABLE, OR A COMPUTER
PROGRAM LISTING APPENDIX SUBMITTED ON A COMPACT DISK

1068637 NOT APPLICABLE

FIFELD
10604} Provided herein are, for example, compounds and compositions for inhibition of

adencsine by S'-nucleotidase, ecto, also known as CD73, and pharmaceutical compositions

comprising same. Also provided herein are, for example, methods of treating or preventing a
disease, disorder or condition, or a symptom thereof, mediated by inhibition of adenosine by 5'-

nucleotidase, ecto.
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BACKGROUND OF THE INVENTION
1006063} Purinergic signaling, a type of extracellular signaling mediated by purine nucleotides
and nucleosides such as ATP and adenosine, involves the activation of purinergic receptors in
the cell and/or in nearby cells, resulting in the regulation of cellular functions. Most cells have
the ability to release nucleotides, which generally occurs via regulated exocytosis (see
Praetorius, H A.; Leipziger, J. (1 March 2010) Ann Rev Physiology 72(1}: 377-393). The
released nucleotides can then be hydrolyzed extracellularly by a vartety of cellular membrane-

bound enzymes referred to as ectonucleotidases.

[0666] Ectonucleotides catalyze the conversion of ATP to adenosine, an endogenous
modulator that impacts multiple systems, including the immune system, the cardiovascular
system, the central nervous system, and the respiratory system. Adenosine also promotes
fibrosis in a variety of tissues. In the first step of the production of adenosine, ectonucleoside
triphosphate diphosphohydrolase 1 (ENTPD1}, also known as CD39 (Cluster of Differentiation
39}, hydrolyzes ATP to ADP, and then ADP to AMP. In the next step, AMP 1s converted to
adenosine by 5'-nucleotidase, ecto (NTSE or 5NT), also known as CD73 (Cluster of

Differentiation 73}

10807} The enzymatic activities of CD39 and CD73 play strategic roles in calibrating the
duration, magnitude, and chemical nature of purinergic signals delivered to various celis (e g,
immune celis). Alteration of these enzymatic activities can change the course or dictate the
putcome of several pathophysiological events, including cancer, autoimmune diseases,
infections, atherosclerosis, and ischemia-reperfusion injury, suggesting that these ecto-enzymes

represent novel therapeutic targets for managing a variety of disorders.

[06068] CD73 inhibition with monoclonal antibodies, siRNA, or small molecules delays tumor
growth and metastasis (Stagg, J. (2010) PNAS U.S. A 107:1547-52). For example, anti-CD73
antibody therapy was shown to inhibit breast tumor growth and metastasis in aniroal models
(Stagg, J. (26 Jan 2010) PNAS U.S A, 107(4):1547-52). In addition, the use of antibodies that
specifically bind CD73 has been evaluated for the treatment of bleeding disorders (e.g,,
hemophilia) (USP 9,090,697). Recently, there have been several etforts to develop
therapeutically usetul CD73 small molecule inhibitors. For exarmple, Bhattarai et al. ({2015} 1

Med Chem 58:6248-63) have studied derivatives and analogs of o,f-Methylene-ADP (AGQPCP),
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one of the most metabolically stable, potent and selective CID73 inhibitors known, and purine
CD73 dertvatives have been reported in the patent hiterature (WO 2015/164573). However, the
development of small molecules has been hampered due to, for example, less than ideal

metabolic stability.

10869} In view of the role played by CD73 in cancer, as well as a diverse array of other
diseases, disorders and conditions, and the current lack of CID73 inhibitors available to medical
practitioners, new CD73 inhibitors, and compositions and methods associated therewith, are

needed.

BRIEF SUMMARY OF THE INVENTION
[00106] The present invention relates to compounds that modulate the conversion of AMP to
adenosine by S-nucleotidase, ecto (NTSE or 5NT; also known as CD73), and compositions (e.g.,
pharmaceutical compositions) comprising the compounds. Such compounds, including methods
of their synthests, and compositions are described in detail below.
{0611} The present invention also relates to the use of such compounds and compaositions for
the treatment and/or prevention of a diverse array of diseases, disorders and conditions mediated,
in whole or inn part, by CD73. CD73 inhibitors have been linked to the treatment of a diverse
array of disorders, including cancer, fibrosis, neurological and neurodegenerative disorders (e.g.,
depression and Parkinson's disease), cerebral and cardiac ischemic diseases, immune-related
disorders, and disorders with an inflammatory component. {See, e.g., Sorrentino et al (2013)
Oncolmmunol, 2:€22448, dot: 10.4161/0on¢1.22448; and Regateiro et al. (2012) Clin. Exp.
Immunol, 171:1-7]. In particular embodiments, the compounds described herein act to inhibit
the immunosuppressive activity and/or the anti-inflarnrmatory activity of CD73, and are useful as
therapeutic or prophylactic therapy when such inhibition is desired. Unless otherwise indicated,
when uses of the compounds of the present invention are described herein, it 1s to be understood

that such compounds may be in the form of a composition {e.g., a pharmaceutical composition).

108121  Asused herein, the terms “CD73 inhibitor”, “CD73 blocker”, “adenosine by 5'-
nucleotidase, ecto inhibitor”, “NTSE inhibitor”, “SNT inhibitor” and all other related art-
accepted terms refer to a compound capable of modulating, etther directly or indirectly, the

CD73 receptor in an in vitro assay, an in vivo model, and/or other means indicative of

(98]
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therapeutic efficacy. The terms also refer to compounds that exhibit at least some therapeutic

benefit in a human subject.

18613} Although the compounds of the present invention are believed to effect their activity by
inhibition of CD73, a precise understanding of the compounds’ underlying mechanism of action
is not required to practice the invention. For example, the compounds can also effect their
activity, at least in part, through modulation (e.¢ , inhibition} of other components of the
purinergic signaling pathway (e.g., CD39). The purinergic signaling system consists of
transporters, enzymes and receptors responsible for the synthesis, release, action, and
extraceliular inactivation of (primarily) ATP and its extracellular breakdown product adenosine
{Sperlagh, B. et al. (Pec 2012) Neuropsychopharmacologia Hungarica 14(4):231-38). Because
inhibition of CID73 results in decreased adenosine, CD73 inhibitors can be used for the treatment
of diseases or disorders mediated by adenosine and its actions on adenosine receptors, including
Al Aqa, Agp and A3 [see Yegutking GG (May 2008) Biochimica Biophysica Acta 1783(5):67 3~
94).

[0014] For purposes of the present disclosure, the purinergic signaling process can be
described as comprising the following components. The purinergic receptors (P1, P2X and
P2Y), a first component, are membrane receptors that mediate various physiological functions
{e.g., relaxation of gut smooth muscle) as a response to the release of ATP or adenosing; in
generad, all cells have the ability to release nucleotides into the extracellular environment,
frequently through regulated exocytosis. The nucleoside transporters {(INTs), a second
component, are membrane transport proteins which transport nucleoside substrates (e g,
adenosine) across cell membranes; the extracellular concentration of adenosine can be regulated
by NTs, possibly in the form of a feedback loop connecting receptor signaling with transporter
function. As previously described, the ectonucleotidases (CD73 and CD39) hydrolyze
nucleotides released into the extracellular environment and comprise a further component.
Aunother component of the purinergic signaling process comprises the panuexins; in particular,
the pannexin-1 channel (PANX1) is an integral component of the PZX/P2Y purinergie signaling

pathway and the key contributor to pathophysiological ATP release.

[0615] In one particular aspect, the present invention provides compounds having Formula (I):
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or a pharmaceutically acceptable salt, hydrate, or solvate thereof, wherein each R' is
independently selected from the group consisting of hydrogen, optionally substituted C;-Ce
alkyl, optionally substituted aryl, and -C(R*R*)-0-C(0)-OR’, or two R' groups are optionally
combined to form a 5- to 7-membered ring; each R” is independently selected from the group
consisting of H and optionally substituted C-Cs alkyl; each R’ is independently selected from
the group consisting of H, C;-Cs alkyl, and optionally substituted aryl; R is selected from the
group consisting of H and optionally substituted C-C; alkyl; X is selected from the group

counsisting of O, CH,, and S; A is selected from the group counsisting of:

N e Aoz
. /Jj f\< _7/3 U é%i
/D/Z\ I~ »"’U”“% ana NTh/
~

cach of which is optionally substituted with from 1 to 5 R® substituents, and wherein the
subscript 1 is an integer from O to 3; Z is selected from the group consisting of CH,, CHR®, NR®,
and O; each R’ is independently selected from the group consisting of H, CH;, OH, CN, F,
optionally substituted C1-Cy alkyl, and OC(O)-C-Ce alkyl; and optionally two R® groups on
adjacent ring vertices are joined together to form a 5- to 6-membered ring having at least one

heteroatom as a ring vertex; and Het 1s selected from the group consisting of
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wherein the wavy line indicates the point of attachment to the rematnder of the compound, and
wherein R” is selected from the group consisting of H, NH,, NHR', NHC(O)R', NR'R", R’, OH,
SR’ and OR”, R" is selected from the group consisting of H, halogen, NH,, NHR', NR'R", R/,
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OH, and OR’; each R® and R% is independently selected from the group consisting of H, halogen,
haloalkyl, NH,, NHR', NR'R’, R’, OH, and OR"; each R and R s independently selected from
the group consisting of H, halogen, and optionally substituted C,-Cy alkyl; and

cach R is independently selected from the group consisting of optionally substituted C1-Cyo
alkvl, optionally substituted Cs-Cy cycloalkyl, optionally substituted 4-7 membered
cycloheteroalkyl, optionally substituted aryl, optionally substituted arylalkyl, optionally
substituted heteroaryl, and optionally substituted heteroarylatkyl, and optionally, two R groups
attached to a nitrogen atom are joined together to form a 4-7 membered heterocyclic ring.

[0816] Excluded from the above are compounds wherein the combination of X, A, and Het

results in

Raa

Y
1] {] RS
. =] et 4 N
HO™ L > L0 M<N‘—J*;\ =

OH OH \\(QY N RC
RIS  ORY

wherein R is H or the two R® groups are combined to form an acetonide; and either

(i} R®and R® are hydrogen and R* is -OFt, -OCH,Ph, -SCH,Ph, -NH,, methylamino, ethylamino,
dimethylaming, diethylamino, N-methyl-N-ethylamino, phenylamino, benzylamino, 2-
phenylethylamino, N-benzyl-N-ethylamino, dibenzylamino, 4-aminobenzylamino, 4-
chiorobenzylamine, 4-nitrobenzylamino, or 4-sulfamoyibenzylamino; or

(i) RCis hydrogen, R"is -NH,, and R°® is bromo, chloro, aminomethyl, or thicethyl; or

{ii1) R®is hydrogen, R?is benzylamino, and R® is bromo.

10617} In some embodiments, the present invention contemplates methods for treating or
preventing cancer in a subject {e.g., a human} comprising administering to the subject a
therapeutically effective amount of at least one CD373 inhibitor described herein. The present
invention includes methods of treating or preventing a cancer in a subject by administering to the
subject a CD73 inhibitor in an amount effective to reverse or stop the progression of CD73-~
mediated immunosuppression. In some embodiments, the CD73-mediated immunosuppression
is mediated by an antigen-presenting cell (APC).

[0818] Examples of the cancers that can be treated using the compounds and compositions

described herein include, but are not limited to; cancers of the prostate, colorectum, pancreas,
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cervix, stomach, endometrium, brain, liver, bladder, ovary, testis, head, neck, skin {including
melanoma and basal carcinoma), roesothelial hining, white blood cell (including lymphoma and
leukemia) esophagus, breast, muscle, connective tissue, lung {including small-cell lung
carcinoma and non-small-cell carcinoma), adrenal gland, thyroid, kidney, or bone; ghioblastoma,
mesothelioma, renal cell carcinoma, gastric carcinoma, sarcoma, choriocarcinoma, cutanecus
basocellular carcinoma, and testicular seminoma. In some embodiments of the present
invention, the cancer is melanoma, colon cancer, pancreatic cancer, breast cancer, prostate
cancer, lung cancer, leukemia, a brain tumor, lymphoma, sarcoma, ovarian cancer, or Kaposi’s
sarcoma. Cancers that are candidates for treatment with the compounds and compositions of the

present invention are discussed further hereafter.

108191 The present invention contemplates methods of treating a subject receiving a bone
marrow transplant or peripheral blood stem cell transplant by administering a therapeutically
etfective amount of an CD73 inhibitor sufficient to increase the delayed-type hypersensitivity
reaction to tumor antigen, delay the time-to-relapse of post-transplant malignancy, increase

relapse-free survival time post-transplant, and/or increase long-term post-transplant survival.

108201 In certain embodiments, the present invention contemplates methods for treating or
preventing an infective disorder {e.g., a viral infection) 10 a subject (e g, a human) comprising
administering to the subject a therapeutically effective amount of at least one CD73 inhibitor
{e.g., a novel inhibitor of the instant invention). In some embodiments, the infective disorder is a
viral infection {e.g., a chronic viral infection}, a bacterial infection, a fungal infection, ora
parasitic infection. In certain embodiments, the viral infection is human immunodeficiency virus

or cytomegalovirus.

10621} In still other embodiments, the present invention contemplates methods for treating
and/or preventing immune-related diseases, disorders and conditions; diseases having an
nflammatory component; as well as disorders associated with the foregoing; with at least one
D73 inhibitor of the instant invention. Examples of immune-related diseases, disorders and

conditions are described hereafter,

10622} Other diseases, disorders and conditions that can be treated or prevented, in whole or in
part, by modulation of CD73 activity are candidate indications for the CD73 inhibitor

compounds of the present invention.
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108231 The present invention further contemplates the use of the CD73 inhibitors described
heretn in combination with one or more additional agents. The one or more additional agents
may have some CD73-modulating activity and/or they may function through distinet
mechanisms of action. In some embodiments, such agents comprise radiation {e.g., localized
radiation therapy or total body radiation therapy) and/or other treatment modalities of a non-
pharmacological nature. When combination therapy is utilized, the CD73 inhibitor(s) and the
one additional agent(s) may be tn the form of a single composition or multiple compositions, and
the treatment modalities can be admirnistered concurrently, sequentially, or through some other
regimen. By way of example, the present invention contemplates a treatment regimen wherein a
radiation phase is followed by a chemotherapeutic phase. The combination therapy can have an

additive or synergistic effect. Other benefits of cormbination therapy are described hereafter.

10024} In some embodiments, the present invention further comprises the use of the CD73
inhibitors described herein in combination with bone marrow transplantation, peripheral blood

stem cell transplantation, or other types of transplantation therapy.

100251 In particular embodiments, the present invention conternplates the use of the inhibitors
of CD¥73 function described herein in combination with immune checkpoint inhibitors. The
blockade of immuue checkpoints, which results in the amplification of antigen-~specific T cell
responses, has been shown to be a promising approach in human cancer therapeutics. Examples
of immune checkpoints (ligands and receptors), some of which are selectively upregulated in
various types of tumor cells, that are candidates for blockade include PD1 (programmed cell
death protein 1), PDL1 (PD1 ligand); BTLA (B and T lymphocyte attenuator); CTLA4
{cytotoxic T-lymphocyte associated antigen 4); TIM3 (T-cell membrane protein 3), LAG3
{lymphocyte activation gene 3); A2aR (adenosine A2a receptor AZaR}; and Killer Inhibitory
Receptors. Immune checkpoint inhibitors, and combination therapy therewith, are discussed in

detail elsewhere herein.

108261 In other embodiments, the present invention provides methods for treating cancerin a
subject, comprising administering to the subject a therapeutically effective amount of at least one
CD73 inhibitor and at least one chemotherapeutic agent, such agents including, but not limited to
alkylating agents (e g., nitrogen mustards such as chlorambucil, cyclophosphamide, isofamide,

mechlorethamine, melphalan, and uracil mustard; aziridines such as thiotepa, methanesulphonate

9
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esters such as busulfan; nucleoside analogs (e.g., gemcitabine}; nitroso ureas such as carmustine,
lomustine, and streptozocin; topoisomerase | inhibitors (e.g., irinotecan); platinum complexes
such as cisplatin and carboplatin; bioreductive alkylators such as mitomycin, procarbazine,
dacarbazine and altretamine), DNA strand-breakage agents {e.g., bleomycin), topoisomerase 1
inhibitors {e.g., amsacrine, dactinomycin, daunorubicin, idarubicin, mitoxantrone, doxorubicin,
etoposide, and teniposide); DNA minor groove binding agents (e.g., plicamydin}; antimetabolites
{e.g., folate antagonists such as methotrexate and trimetrexate; pyrimidine antagonists such as
fluorcuracil, fluorodeoxyuridine, CB3717, azacitidine, cytarabine, and floxuridine; purine
antagonists such as mercaptopurine, 6-thioguanine, fludarabine, pentostatin; asparginase, and
ribonucleotide reductase inhibitors such as hydroxyurea); tubulin interactive agents {e.g.,
vineristing, estramustine, vinblastine, docetaxol, epothilone derivatives, and paclitaxel),
hormonal agents (e g, estrogens; conjugated estrogens; ethinyl estradiol; diethylstilbesterol;
chlortrianisen; idenestrol; progestins such as hydroxyprogesterone caproate,
medroxyprogesterone, and megestrol; and androgens such as testosterone, testosterone
propionate, fluoxymesterone, and methyhtestosterone); adrenal corticosteroids (e.g., prednisone,
dexamethasone, methylprednisclone, and prednisclone); leutinizing hormone releasing agents or
gonadotropin-releasing hormone antagonists (e.g., leuprolide acetate and goserelin acetate); and
antthormonal antigens (e.g., tamoxifen, antiandrogen agents such as flutamide; and antiadrenal
agents such as mitotane and aminoglutethimide). The present invention also contemplates the
use of the CD73 inhibitors in combination with other agents known in the art {e.g., arsenic

tripxide) and other chemotherapeutic agents that may be developed in the future.

{0627} In some embodiments drawn to methods of treating cancer, the administration of a
therapeutically effective amount of an CD73 inhibitor in combination with at feast one
chemotherapeutic agent results in a cancer survival rate greater than the cancer survival rate
observed by administering either agent alone. In further embodiments drawn to methods of
treating cancer, the administration of a therapeutically effective amount of an CB73 inhibitor in
combination with at least one chemotherapeutic agent results in a reduction of tumor size or a
slowing of tumor growth greater than reduction of the tumor size or tumor growth observed by
administration of either agent alone.

[0628] In further embodiments, the present invention contemplates methods for treating or

preventing cancer in a subject, comprising administering to the subject a therapeutically effective

16
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amount of at least one CD73 inhibitor and at least one signal transduction inhibitor (8T}, Ina
particular embodiment, the at least one ST1 1s selected from the group consisting of ber/abl
kinase inhibitors, epidermal growth factor (EGF) receptor inhibitors, her-2Z/neu receptor
inhibitors, and farnesyl transferase inhibitors (FTIs). Other candidate ST agents are set forth

elsewhere herein.

108291 The present invention also contemplates methods of augmenting the rejection of tumor
cells inn a subject comprising administering an CD73 inhibitor in conjunction with at least one
chemotherapeutic agent and/or radiation therapy, wherein the resulting rejection of tumor cells is
greater than that obtained by administering etther the CD73 intubitor, the chemotherapeutic

agent or the radiation therapy alone.

100381 In further embodiments, the present invention provides methods for freating cancerin a
subject, comprising administering to the subject a therapeutically effective amount of at least one

CD73 inhibitor and at least one immunomodulator other than an CD73 inhibitor,

10631} The present invention contemplates embodiments comprising methods for treating or
preventing an infective disorder {(e.g., a viral infection) in a subject (e.g., a human) comprising
administering to the subject a therapeutically effective amount of at least one CD73 inhibitor and
a therapeutically effective amount of an anti-infective agent(s), such as one or more

antimicrobial agents.

10632} In additional embodiments, treatment of an infective disorder is effected through the
co-administration of a vaccine in combination with administration of a therapeutically effective
amount of an CD73 wnhibitor of the present invention. In some embodiments, the vaccine is an
anti-viral vaccine, including, for example, an anti-HIV vaccine. In other embodiments, the
vaccine s effective against tuberculosis or malaria. In still other embodiments, the vaccineis a
tumor vaccine {e.g., a vaccine effective against melanoma); the tumor vaccine can comprise
genetically modified tumor cells or a genetically modified cell line, including genetically
modified tumor cells or a genetically modified cell line that has been transfected to express
granulocyte-macrophage stimulating factor (GM-CSF). In particular embodiments, the vaccine

includes one or more imrounogenic peptides and/or dendritic cells.

11
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108331 In certain embodiments drawn to treatment of an infection by administering an CD73
inhibitor and at least one additional therapeutic agent, a symptom of infection observed after
administering both the CD73 inhibitor and the additional therapeutic agent is improved over the
same symptom of infection observed after admunistering either alone. o some embodiments, the
symptom of infection observed can be reduction in viral load, increase in CD4™ T cell count,
decrease in opportunistic infections, increased survival time, eradication of chronic infection, or

a combination thereof

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Figure 1 depicts a simplified representation of extracellular purinergic signaling.

DETAILED BESCRIPTION OF THE INVENTION
100351 Before the present invention is further described, it is to be understood that the
invention 1s not limited to the particular embodiments set forth herein, and it is also to be
understood that the terminology used herein is for the purpose of describing particular

embodiments only, and is not intended to be limiting.

[0636] Where a range of values 1s provided, it is understood that each intervening value, to the
tenth of the unit of the lower limit unless the context clearly dictates otherwise, between the
upper and lower limit of that range and any other stated or intervening value in that stated range,
i3 encompassed within the invention. The upper and lower himuts of these smaller ranges may
independently be included in the smaller ranges, and are also encompassed within the invention,
subject to any specifically excluded limit in the stated range. Where the stated range includes
one or both of the limits, ranges excluding either or both of those included limits are also
included in the invention. Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood by one of ordinary skill in the art to

which this invention belongs.

106377 It must be noted that as used herein and in the appended claims, the singular forms “a,”
“an,” and “the” include plural referents unless the context clearly dictates otherwise. It is further
noted that the claims may be drafted to exclude any optional element. As such, this statement is
imtended to serve as antecedent basis for use of such exclusive terminology such as “solely,”
“only” and the like in connection with the recitation of claim elements, or use of a “negative”

limitation.

12
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108381 The publications discussed herein are provided solely for their disclosure prior to the
filing date of the present application. Further, the dates of publication provided may be different

from the actual publication dates, which may need to be independently confirmed.

General

100391 The number of subjects diagnosed with cancer and the number of deaths atiributable to
cancer continue to rise. Traditional treatment approaches comprising chemotherapy and
radiotherapy are generally difficult for the patient to tolerate and become less eftective as cancers
{e.g., tumors) evolve to circumvent such treatments. Recent experimental evidence indicates that
CD73 inhubitors may represent an important new treatment modality for cancer (e.g., breast

cancer} treatment.

[0048] Promising data also support the role of inhibitors of CD73 function to inhibit the anti-
inflammatory activity of CD73 and/or the immunosuppressive activity of CD73, and thus CD73
inhibitors may be useful to treat, for example, immunosuppressive diseases (e.g., HIV and
AlDs). Inhibition of CD73 may also be an important treatment strategy for patients with

neurological or neuropsychiatric diseases or disorders such as depression.

108411 The present invention is drawn to, inter alia, small molecule compounds having CD73
inhibitory activity, as well as compaositions thereof, and methods of using the compounds and
compositions for the treatment and prevention of the diseases, disorders and conditions described

herein.

Befinitions
100421 Unless otherwise indicated, the following terms are intended to have the meaning set

forth below. Other terms are defined elsewhere throughout the specification.

108431 The term "alkyl®, by itself or as part of ancther substituent, means, unless otherwise
stated, a straight or branched chain hydrocarbon radical, having the mumber of carbon atoms

designated (7.e. ;- means one to eight carbons). Examples of alkyl groups include methyl,
ethyl, n-propyl, 1sopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, n-pentyi, n-hexyl, n-heptyl, n-

octyl, and the like.

[0044] The term "cycloalkyl” refers to hydrocarbon rings having the indicated number of ring

atoms {e.g., Cis cycloalkyl) and being fully saturated or having no more than one double bond

13
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between ring vertices. "Cycloalkyl” is also meant to refer to bicyclic and polyeyclic hydrocarbon

rings such as, for example, bicyclo[2 2. 1}heptane, bicyclo[2.2 2joctane, ete.

10045] The term "cycloheteroalkyl” refers to a cycloalkyl ring having the indicated number of
ring vertices {or members} and having from one to five heteroatoms selected from N, O, and §,
which replace one to five of the carbon vertices, and wherein the nitrogen and sulfur atoms are
optionally oxidized, and the nitrogen atom(s) are optionally quaternized. The cycloheteroalkyl
may be a monocyclic, a bicyclic or a polycylic ring system. Non limiting examples of
cycloheteroalkyl groups include pyrrolidine, imidazolidine, pyrazoliding, butyrolactam,
valerolactam, imidazolidinone, hydantoin, dioxolane, phthalimide, piperidine, 1,4-dioxane,
morpholine, thiomorpholine, thiomorpholine-S-oxide, thiomorpholine-S,S-oxide, piperazine,
pyran, pyridone, 3-pyrroline, thiopyran, pyrone, tetrahydrofuran, tetrhydrothiophene,
quinuchidine, and the ike. A cycloheteroalkyl group can be attached to the rematnder of the
molecule through a ring carbon or a heteroatom. When ‘optionally substituted’ is used to
describe etther of the terms "cycloheteroalkyl™ or "cycloheteroalkyl-alkyl”, it is meant to refer to
those groups wherein the cycloheteroalikyl or alkyl portion is optionally substituted as in the
definitions below that refer to the alkyl portion. For example, an optionally substituted
cycloheteroalkyl-alloyl group can be optionally substituted on either or both of the

cycloheteroalkyl and alkyl portions as in the definitions for alkyl substituents below.

[0046] Asused herein, a wavy line, "an", that intersects a single, double or triple bond in any
chemical structure depicted herein, represent the point attachment of the single, double, or triple
bond to the remainder of the molecule. Additionally, a bond extending to the center of a ring
{e.g., a phenyl ring) is meant to indicate attachment at any of the available ring vertices. One of
skill in the art will understand that multiple substituents shown as being attached to a ring will
occupy ring vertices that provide stable compounds and are otherwise sterically corapatible. For
a divalent component, a representation is meant to include either ortentation (forward or reverse).
For exaraple, the group “—C{O)NH-" 1s meant to include a linkage in etther

orientation: ~-C{O)NH- or -NHC{(}-, and similarly, “-O-CH,CH,-" is meant to include

both -O-CH,CH;- and -CH,CH,-0O-.

106477 The terms "alkoxy,” "alkylamino" and "alkylthio" (or thicalkoxy) are used in their

conventional sense, and refer to those alkyl groups attached to the remainder of the molecule via

14
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an oxygen atom, an amino group, or a sulfur atom, respectively. Additionally, for dialkylamino
groups, the alkyl portions can be the same or different and can also be combined to form a 3-7
membered ring with the nitrogen atom to which each is attached. Accordingly, a group
represented as dialkylamino or -NR?RP is meant to include piperidinyl, pyrrolidinyl,

morpholinyl, azetidinyl and the like.

108481 The terms "arylalkyl" and "hetercarylalkyl” are used in their conventional sense, and
refer to those groups wherein an aryl group or a heteroaryl group is attached remainder of the
molecule via C;-Cs alkylene linker. An exemplary embodiment of "arvlallyl” is phenylmethyl
{or benzyl). Similarly, an exemplary embodiment of "heteroarylalkyl" 1s, for example, 3-
pyridylpropyl. When “optionally substituted’ is used to describe either of the terms "arvlatioyl”
or "hetercarylalkyl", it is meant to refer to those groups wherein the aryl or heteroary! portion is
optionally substituted as in the definmtions below, and the alkyl portion 15 optionally substituted

as in the definitions below.

[0649] The terms "halo" or "halogen,” by themselves or as part of another substituent, mean,
uniess otherwise stated, a fluorine, chlorine, bromine, or iodine atom. Additionally, terms such
as "haloalkyl," are meant to include monchaloalkyl and polyhaloalkyl. For example, the term
"Cy-4 haloalkyl™ is mean to include trifluoromethyl, 2,2 2-trifluoroethyl, 4-chlorobutyl, 3-

bromopropyl, and the like.

{0656 The term "aryl" means, unless otherwise stated, a polyunsaturated, typically aromatic,
hydrocarbon group which can be a single ring or multiple rings (up to three rings) which are
fused together or linked covalently. Non-limiting examples of aryl groups include phenyl,

naphthyl and biphenyl.

10051} The term "heteroaryl” refers to aryl groups {or rings) that contain from one to five
heteroatoms selected from N, O, and S, wherein the nitrogen and sulfur atoms are optionally
oxidized, and the nitrogen atom(s) are optionally guaternized. A heteroaryl group can be
attached to the remainder of the molecule through a hetercatom. Non-limiting examples of
heteroaryl groups include pyridyl, pyridazinyl, pyrazinyl, pyrimindinyl, triazinyl, quinolinyl,
quinoxalinyl, quinazolinyl, cinnolinyl, phthalazioyl, benzotriazinyl, purioyl, benzimidazolyl,
benzopyrazolyl, benzotriazolyl, benzisoxazolyl, ischenzofurvl, isoindolyl, indolizinyl,

benzotriazinyl, thienopyridinyl, thienopyrimidinyl, pyrazolopyrimidinyl, imidazopyridines,

Ju—
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benzothiaxolyl, benzofuranyl, benzothienyl, indolyl, quinolyl, isoquinolyl, isothiazolyl,
pyrazolyl, indazolyl, pteridinyl, imidazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl,
thiadiazolyl, pyrrolyl, thiazolyl, furyl, thienyt and the like. Substituents for a heteroaryl ring can

be selected from the group of acceptable substituents described below.

100521 The above terms {e.g., "alkyl," "aryl" and "heteroaryl"), in some embodiments, will be

optionally substituted. Selected substituents for each type of radical are provided below.

108531 Optional substituents for the alkvl radicals (inchuding those groups often referred to as
alkylene, alkenyl, alkynyl and cycloalkyl) can be a variety of groups selected from:

halogen, -OR’, -NR’R” -8R’ -SiR’R7R”" -OC{OHR’, -C{OR’, -CO.R’, -CONR'R”,
-OC{OINR’R”, -NR”C{(O)R’, -NR'-C(O)NR7R”’, -NR”C{O)R’, -NH-C(INH,}=NH,
SNRTC(NHz)=NH, -NH-C(NH=NR", -S(OR’, -S{(ORpR’, -S{ORpNRR”, -NR’S(ORR”, -CN
and -NO; in a number ranging from zero to {2 m’+1}, where nt’ 1s the total number of carbon
atoms in such radical. R, R” and R™ each independently refer to hydrogen, unsubstituted Ci-5
alkyl, unsubstituted aryl, aryl substituted with 1-3 halogens, unsubstituted C;-g alkyl, C;-galkoxy
or Cy-g thicaltkoxy groups, or unsubstituted aryt-Ci-4 alkyl groups. When R and R” are attached
to the same nitrogen atom, they can be combined with the nitrogen atom to form a 3-, 4-, 5, 6-,
or 7-membered ring. For example, -NR'R” is meant to include 1-pyrrolidinyl and 4-

morpholinyl.

[0654] Similarly, optional substituents for the aryl and hetercaryl groups are varied and are
generally selected from: -halogen, -OR’, -OC{O)R’, -NR’R”, -5R’, -R’, -CN, -NGO,, -

CO:R’, -CONR'R”, -C(OR’, -OCIOINR’R”, -NRC(OR’, -NR7C{O)R’, -NR’-

C(ONR7R”’, -NH-C{NH}=NH, -NR’C{INH,=NH, -NH-C(NH,}=NR’, -S{O)R’, -

S{O)R’, -S(ORNRR”, -NR’S{UORLR”, -Nj3, perfluore{(;-Cyjatkoxy, and perfluoro(C;-Cylalkyl,
in a number ranging from zero to the total number of open valences on the aromatic ring system;
and where R7, R” and R” are independently selected from hydrogen, Cisalkyl, Ci.g haloalkyl,
Cs.s cycloalkyl, Cos alkenyl and Chg alkynyl. Other suitable substituents include each of the

above aryl substituents attached to a ring atom by an alkylene tether of from 1-4 carbon atoms.

1006351  Two of the substituents on adjacent atoms of the aryl ot heteroaryl ring may optionally
be replaced with a substituent of the formmla -T-C({0)-{CH,)¢-U-, wherein T and U are

independently -NH-, -O-, -CH;- or a single bond, and ¢ is an integer of from 0 to 2.
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Alternatively, two of the substituents on adjacent atoms of the aryl or heteroaryl ring may
optionally be replaced with a substituent of the formula -A-(CH,)-B-, wherein A and B are
independently -CH,-, -0~ -NH-, -8~ -8(0)-, -8(C -, -S{0);NR’- or a single bond, and ris an
integer of from 1 to 3. One of the single bonds of the new ring so formed may optionally be
replaced with a double bond. Alternatively, two of the substituents on adjacent atoms of the aryl
or heteroaryl ring may optionally be replaced with a substituent of the formula -(CH))-X-{CHy )
, where s and t are independently integers of from 0 to 3, and X 15 -O-, -NR’~, -8-, -5(C}-, -
S(O);-, or -S(0)NR - The substituent R’ in -NR - and -S(O})LNR - is selected from hydrogen or

unsubstituted Cy-¢ alkyl.

[0056] As used herein, the term "hetercatom” is meant to include oxygen (), nitrogen (N},

sulfur (§) and silicon (51).

100577 The term "pharmaceutically acceptable salts" is meant to include salts of the active
compounds which are prepared with relatively nontoxic acids or bases, depending on the
particular substituents found on the compounds described herein. When compounds of the
present invention contain relatively acidic functionalities, base addition salts can be obtained by
contacting the neutral form of such compounds with a sufficient amount of the desired base,
either neat or in a suitable inert solvent. Examples of salts derived from pharmaceutically-
acceptable inorganic bases include aluminum, ammonium, calcium, copper, ferric, ferrous,
lithium, magnesium, manganic, manganous, potassium, sodium, zine and the like. Salts derived
from pharmaceutically-acceptable organic bases include salts of primary, secondary and tertiary
amines, including substituted amines, cyclic amines, naturally-occuring amines and the like, such
as argining, betaine, caffeine, choline, NN -dibenzylethylenediamine, diethylamine, 2-
diethvlaminoethanol, 2-dimethylamincethanol, ethanolamine, ethylenediamine, N-
ethylmorpholine, N-ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine,
isopropylamine, lysine, methylglucamine, morpholine, piperazine, piperidine, polyamine resins,
procaine, purines, theobromine, tricthylamine, trimethylamine, tripropylamine, tromethamine
and the like. When compounds of the present invention contain relatively basic functionalities,
acid addition salts can be obtained by contacting the neutral torm of such compounds with a
sufficient amount of the desired acid, either neat or in a suitable inert solvent. Examples of

pharmaceutically acceptable acid addition salts include those derived from inorganic acids like
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hydrochloric, hydrobromic, nitric, carbonic, monohydrogencarbonic, phosphoric,
meonohydrogenphospheoric, dibhydrogenphosphoric, sutfuric, monohydrogensulfuric, hydriodic, or
phosphorous acids and the like, as well as the salts derived from relatively nontoxic organic acids
like acetic, propionic, isobutyrie, malonic, benzoic, succinic, suberic, fumaric, mandelic,
phthalic, benzenesulfonic, p-tolylsulfonic, citric, tartarie, methanesulfonic, and the like. Also
included are salts of amino acids such as arginate and the like, and salts of organic acids like
glucuronic or galactunoric acids and the like (see, for example, Berge, S M., et al,
“Pharmaceutical Salts”, Jouwrnal of Pharmaceutical Science, 1977, 66, 1-19). Certain specific
compounds of the present invention contain both basic and acidic functionalities that allow the

compounds to be converted into either base or acid addition salts.

108581 The neutral forms of the compounds may be regenerated by contacting the salt with a
base or acid and 1solating the parent compound in the conventional rwanner. The parent form of
the compound ditfers from the various salt forms in certain physical properties, such as solubility
in polar solvents, but otherwise the salts are equivalent to the parent form of the compound for

the purposes of the present invention.

108591 1In addition to salt forms, the present invention provides compounds which arein a
prodrug form. Prodrugs of the compounds described herein are those compounds that readily
undergo chemical changes under physiological conditions to provide the compounds of the
present invention. Additionally, prodrugs can be converted to the compounds of the present
invention by chemical or biochemical methods in an ex vive environment. For example,
prodrugs can be slowly converted to the compounds of the present invention when placed ina

transdermal patch reservoir with a suitable enzyme or chemical reagent.

10668} Certain compounds of the present invention can exist in unsolvated forms as well as
solvated forms, including hydrated forms. In general, the solvated forms are equivalent to
unsolvated forms and are intended to be encompassed within the scope of the present invention.
Certain compounds of the present invention may exist in multiple crystalline or amorphous
forms. In general, all physical forms are equivalent for the uses contemplated by the present

invention and are intended to be within the scope of the present invention.

{0661} Certain compounds of the present invention possess asymmetric carbon atoms (optical

centers) or double bonds; the racemates, diastercomers, geometric isomers, regiotsormers and
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individual isomers (e.g., separate enantiomers) are all intended to be encompassed within the
scope of the present invention. When a stercochemical depiction is shown, it 1s meant to refer
the compound in which one of the isomers is present and substantially free of the other 1somer.
‘Substantially free of” another isomer indicates at least an 80/20 ratio of the two 1somers, more
preferably 90/10, or 95/5 or more. In some embodiments, one of the isomers will be present in

an amount of at least 99%.

10062} The compounds of the present invention may also contain unnatural proportions of
atomic tsotopes at one or more of the atoms that constifute such compounds. Unnatural
proportions of an isotope may be defined as ranging from the amount found in nature to an
amount consisting of 100% of the atom in question. For example, the compounds may

1y or carbon-14

incorporate radicactive isotopes, such as for example tritium ('H), iodine-125 (
(**C), or non-radicactive isotopes, such as deuterium (“H) or carbon-13 (7’C). Such isotopic
variations can provide additional utilities to those described elsewhere within this application.
For 1nstance, isotopic variants of the compounds of the invention may find additional utility,
including but not limited to, as diagnostic and/or imaging reagents, or as cytotoxic/radiotoxic
therapeutic agents. Additionally, isotopic variants of the compounds of the invention can have
altered pharmacokinetic and pharmacodynamic characteristics which can contribute to enhanced
safety, tolerability or efficacy during treatment. All isotopic variations of the compounds of the
present invention, whether radicactive or not, are intended to be encompassed within the scope

of the present invention.

[0063] The terms “patient” or “subject” are used interchangeably to refer to a human or a non-

human animal {e.g., a mammal).

[0664] The terms “administration”, “administer” and the like, as they apply to, for example, a
subject, cell, tissue, organ, or biological fluid, refer to contact of, for example, an inhibitor of
D73, a pharmaceutical composition comprising same, or a diagnostic agent to the subject, cell,
tissue, organ, or biological fluid. In the context of a cell, administration includes contact (e.g., in
vitro or ex vivo) of a reagent to the cell, as well as contact of a reagent to a fluid, where the fluid

is in contact with the cell.

[0665] The terms “treat”, “treating”, treatment” and the like refer to a course of action {(such as

administering an inhibitor of CD73 or a pharmaceutical composition comprising same) initiated
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after a disease, disorder or condition, or a symptom thereof, has been diagnosed, observed, and
the bike so as to eliminate, reduce, suppress, mitigate, or ameliorate, either temporarly or
permanently, at least one of the underlying causes of a disease, disorder, or condition afflicting a
subject, or at least one of the symptoms associated with a disease, disorder, condition afflicting a
subject. Thus, treatment includes inhibiting (e.g., arresting the development or further
development of the disease, disorder or condition or clinical symptoms association therewith) an

active disease.

[0666] The term “in need of treatment” as used herein refers to a judgment made by a
physician or other caregiver that a subject requires or will benefit from treatment. This judgment
ts made based on a variety of factors that are in the realm of the physician’s or caregiver's

expertise.

[0067] The terms “prevent”, “preventing”, “prevention” and the like refer to a course of action
{such as administering an CD73 inhibitor or a pharmaceutical composition comprising same)
initiated in a manner {e.g., prior to the onset of a disease, disorder, condition or symptom
thereof) 50 as to prevent, suppress, inhibit or reduce, either temporarily or permanently, a
subject’s risk of developing a disease, disorder, condition or the like (as determined by, for
example, the absence of clinucal symptoms) or delaying the onset thereof, generally in the
context of a subject predisposed to having a particular disease, disorder or condition. In certain
instances, the terms also refer to slowing the progression of the disease, disorder or condition or

inhibiting progression thereot to a harmful or otherwise undesired state.

[0868] The term “in need of prevention” as used herein refers to a judgment made by a
physician or other caregiver that a subject requires or will benefit from preventative care. This
judgment is made based on a variety of factors that are in the realm of a physician’s or

caregiver’s expertise.

[0669] The phrase “therapeutically etfective amount” refers to the administration of an agent
to a subject, either alone or as part of a pharmaceutical composition and either in a single dose or
as part of a series of doses, in an amount capable of having any detectable, positive effect on any
symptom, aspect, or charactenistic of a disease, disorder or condition when administered to the
subject. The therapeutically effective amount can be ascertained by measuring relevant

physiological effects, and it can be adjusted in connection with the dosing regimen and
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diagnostic analysis of the subject’s condition, and the like. By way of example, measurement of
the serum level of an CD73 inhibitor {or, e.g., a metabolite thereof) at a particular time post-

administration may be indicative of whether a therapeutically effective amount has been used.

{06761 The phrase “in a sufficient amount to etfect a change” means that there is a detectable
difference between a level of an indicator measured before {e.g , a baseline level) and after
administration of a particular therapy. Indicators include any objective parameter {e.g., serum

concentration} or subjective parameter {e.g., a subject’s feeling of well-being).

18671} The term “small molecules” refers to chemical compounds having a molecular weight
that is fess than about 10kDa, less than about 2kDa, or less than about 1kDa. Small molecules
include, but are not limited to, inorganic molecules, organic molecules, organic molecules
containing an inorganic component, molecules comprising a radicactive atom, and synthetic
molecules. Therapeutically, a small molecule may be more permeable to cells, less susceptible

to degradation, and less likely to elicit an immune response than large molecules.

10672} The term “hgand” refers to, for example, a peptide, a polypeptide, a membrane-
associated or membrane-bound molecule, or a complex thereof, that can act as an agonist or
antagonist of a receptor. A ligand encompasses natural and synthetic ligands, e.g., cyiokines,
cytokine variants, analogs, muteins, and binding compositions derived from antibodies, as well
as small molecules. The term also encompasses an agent that is neither an agonist not
antagonist, but that can bind to a receptor without significantly influencing its biological
properties, e.g., signaling or adhesion. Moreover, the term includes a membrane-bound higand
that has been changed by, e.g., chemical or recombinant methods, to a soluble version of the
membrane-bound ligand. A ligand or receptor may be entirely intracellular, that 1s, it may reside
in the cytosol, nucleus, or some other intracellular compartment. The complex of a ligand and

receptor is termed a “ligand-receptor complex.”

106731 The terms “inhibitors” and “antagonists”, or “activators” and “agonists” refer to
inhibitory or activating molecules, respectively, for example, for the activation of, e.g, a ligand,
receptor, cofactor, gene, cell, tissue, or organ. Inhibitors are molecules that decrease, block,
prevent, delay activation, inactivate, desensitize, or down-regulate, e.g., a gene, protein, ligand,
receptor, or cell. Activators are molecules that increase, activate, facilitate, enhance activation,

sensitize, or up-regulate, €. g., a gene, protein, ligand, receptor, or cell. An inhibitor may also be
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defined as a molecule that reduces, blocks, or inactivates a constitutive activity. An “agonist” is
a molecule that interacts with a target to cause or promote an increase o the activation of the
target. An “antagonist” is a molecule that opposes the action(s) of an agenist. An antagonist
prevents, reduces, inhibits, or neutralizes the activity of an agonist, and an antagonist can also
prevent, inhibit, or reduce constitutive activity of a target, e.g., a target receptor, even where

there is no identified agonist.

[0074] The terms “modulate”, “modulation” and the like refer to the ability of a molecule (e g,
an activator or an inhibitor) to increase or decrease the function or activity of CI373, either
directly or indirectly. A modulator may act alone, or it may use a cofactor, e.g., a protein, metal
ton, or small molecule. Examples of modulators include small molecule compounds and other
bigorganic molecules. Numerous libraries of small molecule compounds {e.g., combinatorial
hbraries) are commercially available and can serve as a starting point for identifying a
modulator. The skilled artisan is able to develop one or more assays (e.g., biochemical or cell-
based assays) in which such compound libraries can be screened in order to identify one or more
compounds having the desired properties; thereafter, the skilled medicinal chemist is able to
optimize such one or more compounds by, for example, synthesizing and evaluating analogs and
derivatives thereof. Synthetic and/or molecular modeling studies can also be utilized in the

tdentification of an Activator.

106751 The “activity” of a molecule may describe or refer to the binding of the molecuie to a
figand or to a receptor; to catalytic activity, to the ability to stimulate gene expression or cell
signaling, differentiation, or maturation; to antigenic activity; to the modulation of activities of
other molecules; and the like. The termn “proliferative activity” encompasses an activity that
promotes, that is necessary for, or that is specifically associated with, for example, normal cell

division, as well as cancer, tumors, dysplasia, cell transformation, metastasis, and angiogenesis,

100761  Asused herein, “comparable”, “comparable activity”, “activity comparable to”,
“comparable effect”, “effect comparable t0”, and the like are relative terms that can be viewed
quantitatively and/or qualitatively. The meaning of the terms is frequently dependent on the
context in which they are used. By way of example, two agents that both activate a receptor can
be viewed as having a comparable effect from a qualitative perspective, but the two agents can

be viewed as lacking a comparable effect from a quantitative perspective if one agent is only able
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to achieve 20% of the activity of the other agent as determined in an art-accepted assay (e.g., a
dose-response assay) or in an art-accepted animal model. When comparing one result to another
result (e.g., one result to a reference standard), “comparable” frequently (though not always)
means that one result deviates from a reference standard by less than 35%, by less than 30%, by
fess than 25%, by less than 20%, by less than 15%, by less than 10%, by less than 7%, by less
than 5%, by less than 4%, by less than 3%, by less than 2%, or by less than 1%. In particular
embodiments, one result is comparable to a reference standard if it deviates by less than 15%, by
less than 10%, or by less than 5% from the reference standard. By way of example, but not

limitation, the activity or effect may refer to efficacy, stability, solubility, or immunogenicity.

106771 “Substantially pure” indicates that a component makes up greater than about 50% of
the total content of the composition, and typically greater than about 60% of the total content.
More typically, “substantially pure” refers to compositions in which at least 75%, at least 85%, at
least 90% or more of the total compeosition is the component of interest. In some cases, the
component of interest will make up greater than about 90%, or greater than about 95% of the

total content of the composition.

108781 The terms “specifically binds” or “selectively binds”, when referring to a
higand/receptor, antibody/antigen, or other binding pair, indicates a binding reaction which 13
determinative of the presence of the protein in a heterogeneous population of proteins and other
biologics. Thus, under designated conditions, a specified ligand binds to a particular receptor
and does not bind in a significant amount to other proteins present in the sample. The antibody,
or binding composition derived from the antigen-binding site of an antibody, of the contemplated
method binds to its antigen, or a variant or mutein thereof, with an affinity that 1s at least two-
fold greater, at least ten times greater, at least 20-times greater, or at least 100-times greater than
the affinity with any other antibody, or binding composition derived therefrom. In a particular
embodiment, the antibody will have an affinity that is greater than about 10’ liters/mol, as

determined by, e.g., Scaichard analysis (Munsen, et al. 1980 Analyt. Biochem. 107:220-239).

186791 The term “response,” for example, of a cell, tissue, organ, or organism, encompasses a
change in biochemical or physiological behavior, e.g., concentration, density, adhesion, or
migration within a biological compartment, rate of gene expression, or state of differentiation,

where the change is correlated with activation, stimulation, or treatment, or with internal
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mechanisms such as genetic programming. In certain contexts, the terms “activation”,

“stimnulation”, and the like refer to cell activation as regulated by internal mechanisms, as well as

by external or environmental factors; whereas the terms “inhibition”, “down-regulation” and the

like refer to the opposite effects.

100861 The terms “polypeptide,” “peptide,” and “protein”, used interchangeably herein, refer
to a polymeric form of amino acids of any length, which can include genetically coded and non-
genetically coded amino acids, chemically or biochemically modified or derivatized amino acids,
and polypeptides having modified polypeptide backbones. The terms include fusion proteins,
including, but not limited to, fusion proteins with a heterologous amino acid sequence, fusion
proteins with heterclogous and homologous leader sequences, with or without N-terminus

methionine residues; immunologically tagged proteins; and the like.

[0081] Asused herein, the terms “variants” and “homologs” are used interchangeably to refer
to amino acid or DNA sequences that are similar to reference amino acid or nucleic acid
sequences, respectively. The term encompasses naturally-occurring variants and non-naturally-
occurring variants. Naturally-occurring variants include homologs (polypeptides and nucleic
acids that differ in amino acid or nucleotide sequence, respectively, from one species to another),
and allelic variants (polypeptides and nucleic acids that differ in amino acid or nucleotide
sequence, respectively, from one individual to another within a species). Thus, variants and
homologs encompass naturally occurring DNA sequences and proteins encoded thereby and their
tsoforms, as well as splice variants of a protein or gene. The terms also encompass nucleic acid
sequences that vary in one or more bases from a naturally-occurring DNA sequence but still
translate into an amino acid sequence that corresponds to the naturally-occurning protein due to
degeneracy of the genetic code. Non-naturally-occurring vartants and homelogs include
polypeptides and nucleic acids that comprise a change in amino acid or nucleotide sequence,
respectively, where the change in sequence is artificially introduced (e.g., muteins); for example,
the change 1s generated in the laboratory by human intervention (“hand of man”). Therefore,
non-naturally occurring variants and homologs may also refer to those that differ from the
naturally-occurring sequences by one or more conservative substitutions and/or tags and/or

conjugates.
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100821 The term “muteins” as used herein refers broadly to mutated recombinant proteins.
These proteins usually carry single or multiple amino acid substitutions and are frequently
derived from cloned genes that have been subjected to site-directed or random mutagenesis, or

from completely synthetic genes.

234X

[0083] The terms “DNA”, “nucleic acid”, “nucleic acid molecule”, “polymuclectide” and the
like are used interchangeably herein to refer to a polymeric form of nucleotides of any length,
either deoxyribonucleotides or ribonucleotides, or analogs thereof. Non-limiting examples of
polynucleotides include linear and circular nuclete acids, messenger RNA (mRNA),
complementary DNA {(cDNA), recombinant polynucleotides, vectors, probes, primers and the

like.
5-Nucleotidase, ecto and Inhibition Thereof

100847 Human CD73 (also referred to as 5'-nucleotidase, ecto; NT5E; or 5NT) is a 574 amino
actd residue protein {Accession No. AAH6593). Eukaryotic CD73 functions as a noncovalent
homodimer with two structural domains, wherein the N- and C-terminal domains are connected
by a hinge region that enables the enzyme to undergo large domain movements and switch

between open and closed conformations (Knapp, K. et al. (2012) Structure 20:2161-73).

100851  Asused herein, the terms “CD73 inhibitor”, “CID73 blocker”, “adenocsine by 5'-
nucleotidase, ecto inhibitor”, “NTSE inhibitor”, “SNT inhibitor” and all other related art-
accepted terms refer to a compound capable of modulating, etther directly or indirectly, the
CD73 receptor in an in vitro assay, an in vivo model, and/or other means indicative of
therapeutic efficacy. The terms also refer to compounds that exhibit at least some therapeutic
benefit in a human subject. An CD73 inhibitor may be a competitive, noncompetitive, or
irreversible CD73 inhibitor. “A competitive CD73 inhibitor” 1s a compound that reversibly
inhibits CD73 enzyme activity at the catalytic site; “a noncompetitive CD73 inhibitor” is a
compound that reversibly inhibits CD73 enzyme activity at a non-catalytic site; and “an
ureversible CD73 inhibitor” is a compound that irreversibly eliminates CD73 enzyme activity by

forming a covalent bond (or other stable means of inhibiting enzyme function} with the enzyme.

100861 (D73 inhibitors can modulate purinergic signaling, a type of extracellular signaling

mediated by purine nuclectides and nucleostdes such as ATP and adenosine. Purinergic

[\
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signaling involves the activation of purinergic receptors in the cell and/or in nearby cells,
resulting in the regulation of cellular functions. The enzymatic activity of CD73 plays a strategic
role in calibrating the duration, magnitude, and chemical nature of purinergic signals delivered to
various cells {¢.g., immune cells). Alteration of these enzymatic activities can change the course
or dictate the outcome of several pathophysiclogical events, including cancer, autoimmune and
inflammatory diseases, infections, atherosclerosis, and ischemia-reperfusion injury, suggesting

that these ecto-enzymes represent novel therapeutic targets for managing a variety of disorders.

106871 Studies using tissues that overexpress CD73 and using CD73 knock-out mice have
provided evidence that CD73 inhibitors have potential utility for melanomas, lung cancer,
prostate cancer, and breast cancer {see, e.g., Sadej R. (2006) Melanoma Res 16:213-22).
Because higher expression levels of CD73 are associated with tumor neovascularization,
imvasiveness, resistance to chemotherapy, and metastasis, CD73 inhibitors can be used to control

tumor progression and metastasis. Other potential utilities are discussed elsewhere herein.

[0088] As set forth above, although the compounds of the present invention are believed to
exert their activity by inhibition of CD73, a precise understanding of the compounds” underdying
mechanism of action is not required to practice the invention. For example, the compounds can
also exert their activity, at feast 1o part, through modulation {e.g., inhibition) of other components
of the purinergic signaling pathway {e.g., CD39). The purinergic signaling system consists of
transporters, enzymes and receptors responsible for the synthesis, release, action, and
extracetiular inactivation of {primarily) ATP and its extracellular breakdown product adenosine
(Sperlagh, B. et al. (Dec 2012) Neuropsychopharmacologia Hungarica 14(4):231-38). Figure |
depicts a siraplified representation of extracellular purinergic signaling (see, e.g., North R4 (Oct
2002} Physiclogical Reviews 82(4):1013-67). As indicated therein, there are several potential
opportunities for modulation of the signaling process. However, as will be apparent to the

skilled artisan, some of these opportunities are more tractable than others.

identification of CB73 inhibitors Possessing Desirable Characteristics

100891 The present invention 1s drawn, 1 part, to the identification of inhibitors of CD73 with
at least one property or characteristic that is of therapeutic relevance. Candidate inhibitors may

be identified by using, for example, an art-accepted assay or model, examples of which are will
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be apparent to the skilled artisan. The assay used to determine the CD73 inhibitory activity of

the compounds described herein is set forth in the Experimental section.

10656]  Afier identification, candidate inhibitors can be further evaluated by using technigues
that provide data regarding characteristics of the inhibitors (e.g., pharmacokinetic parameters).
Comparisons of the candidate inhibitors to a reference standard (which may the “best-of-class”

of current inhibitors) are indicative of the potential viability of such candidates.

108911 CD73 inhibitors that can serve as reference or benchmark compounds include o, B-
Methylene-ADP (AOPCP) and its derivatives and analogs described by Bhattarai et al. ((2015) 1
Med Chem 58:6248-63) and the purine CD73 derivatives reported in PCT Publn. 2015/164573.
Other reference compounds subsequently identified by the skilled artisan can also be used to

assess the viability of candidate CD73 inhibitors.

Compounds of the Invention

[0092] Provided herein are compounds having Formula (I}

0 o &
1 i !
RL PP A Het
17 R{”
(D

or a pharmaceutically acceptable salt, hydrate, or solvate thereof, wherein,

cach R' is independently selected from the group consisting of hydrogen, optionally substituted
C1-Ce alkyl, optionally substituted aryl, and —C{R'R*)-0-C(O)OR’, or two R} groups are
optionally combined to form a 5- to 7-membered ring;

each R” is independently selected from the group consisting of H and optionally substituted C,-
Ce alkyl;

each R’ is independently selected from the group consisting of H, C1-Cs alkyl, and optionally
substituted aryi;

R’ is selected from the group consisting of H and optionally substituted C,-Cg alkyl;

X 1s selected from the group consisting of (O, CH;, and §;

A is selected from the group consisting of:
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M 2 AT N
Rjj/ f\g‘i U j>—§
)_{“ I~ f\@/ﬁ ma W
e

each of which is optionally substituted with from 1 to 5§ R® substituents, and wherein the
subscript nn is an integer from 0 to 3;

7 is selected from the group consisting of CH,, CHR®, NR®, and O;

each R” is independently selected from the group consisting of H, CHi, OH, CN, F, optionally
substituted C-Cs alkyl, and OC(0)-C;-C, alkyl; and optionally two R groups on
adjacent ring vertices are joined together to form a 5- to 6-membered ring having at least
one hetercatom as a ring vertex; and

Het 1s selected from the group consisting of:
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dy,
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wherein the wavy line indicates the point of attachment to the remainder of the compound, and

wherein:
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R* is selected from the group consisting of H, NH,, NHR', NHC(O)R', NR'R’, R/, OH, SR and

7

OR ',
R” is selected from the group consisting of H, halogen, NH,, NHR', NR'R’, R7, OH, and OR;
RS and R® are independently selected from the group consisting of H, halogen, haloalkyl, NH,,
5 NHR' NRR' R , OH Q}R ‘)R
SOR’, -X'-NH,, -X'-"NHR', -X'."NR'R’, -X'-0OH, -X'-OR’, -X*-8R and -X'-SO,R;
R® and R are independently sefected from the group consisting of H, halogen, and optionally
substituted C;-Cg alkyl;
each X' is C;-Cyalkylene; and
10 each R is independently selected from the group consisting of optionally substituted C-Cyo
alkyl, optionally substituted C;-Cyy alkenyl, optionally substituted C,-Cjp alkynyl,
optionally substituted C5-C; cycloalkyl, optionally substituted C3-C- cycloalkylC -
Caalkyl, optionally substituted 4-7 membered cyclohetercalkyl, optionally substituted 4-7
membered cycloheterocalkylCi~-Caalkyl, optionally substituted aryl, optionally substituted
15 arylCy-Cyalkyl, optionally substituted arylC,-Cjalkenyl, optionally substituted arylCy-
Cyalkynyl, optionally substituted heteroaryl, optionally substituted heteroaryliC-Cialkyl,
optionally substituted heteroarylC,-Cialkenyl, optionally substituted heteroaryiC,-
Caalkynyl, and optionally, two R groups atiached to a nitrogen atom are joined together
to form a 4- to 7-membered heterocyclic ring, optionally fused to an aryl ring;
20 with the proviso that the compounds are other than those compounds wherein the combination of

X, A, and Het results in

I Rem{f\r)\

PP

H "\/"\
O o OHQW
RIS  DORY

wherein R® is H or the two R® groups are combined to form an acetonide; and either
(i} R"and R®are hydrogen and R*is -OFt, -OCH,Ph, -SCH,Ph, -NH;, methylamino, ethylamino,
25 dimethylamino, diethylamino, N-methyl-N-ethylamino, phenylamino, benzylamino, 2~
phenylethylamino, N-benzyl-N-ethylamino, dibenzylamino, 4-aminobenzylamino, 4-

chiorobenzylamino, 4-nitrobenzylaming, or 4-sulfamoylbenzylamino; or

30
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(i) Ris hydrogen, R"is -NH,, and R° is bromo, chloro, aminomethyl, or thioethyl; or

(i1} R®is hydrogen, R®is benzylamino, and R® is bromo.

[0693] For the above formula, the term ‘optionally substituted’ is used in connection with alkyl
groups, cycloalkyl groups, cycloheteroalkyl groups, aryl groups and hetercaryl groups. Within

each of these groups, some selected optional substituents are as follows:

Alkyl groups: halogen, -OR’, -NR'R”, -8R’, -SiR’R"R™”, -OC(OR’, -C{OR", -CHR7, -
CONRUR”, -OC(O)NR'R”, -NR”C(OWR’, -NR*-C{OINR R, -NRC(OLR’, -CN and -NO,. R,
R” and R’ each independently refer to hydrogen, unsubstituted Ci-4 alkyl, or Cy.4 haloalkyl.
When R’ and R” are attached to the same nitrogen atom, or when R” and R are attached to the
same nitrogen, they can be combined with the nitrogen atom to form a 3-, 4-, 5-, 6~ or 7~

membered ring. For example, -NR’R” is meant to include 1-pyrrolidinyl and 4-morpholinyl.

Cycloalkyl groups and cycloheteroalkyl groups: The selected substituents noted above for ‘alkyl
groups’ are also usetul with cycloalkyl and cycloheteroalkyl groups. Addtionally, each of the

cycloalkyl and cycloheteroatkyl groups can be optionally substituted with oxo (=0).

Aryl groups and heteroaryl groups: -halogen, -OR’, -OC{OMR’, -NR'R”, -R’, -CN, -NOy, -
COR’, -CONR'R”, -C{O)R’, -OC(OINR’R”, -NR7”C(O)R’, -NR7C{ORR’, -NR*-C{O)NRR™”, -
S(ORR’, -S(CRNR'R”, -NR'S(O),R”, and perfluoro{C-Cyalkyl, where R’, R and R™” are

independently selected from hydrogen, Cy. alkyl, C)4 haloalkyl and Cs cycloalkyl.

10094} Iu one selected group of embodiments, compounds of Formula (I) are provided wherein

A has the formula;

f%{ ifﬁ

which is optionally substituted with from i to 5 R®.

18695} In another selected group of embodiments, compounds of Formula (1) are provided

wherein A has a formula selected from the group consisting of:
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5%{07«»2 !%(07»‘2 5&(0\]«»‘@ f“’«»(@z»’% f%{‘:}f"z
HQ“;\ ------ “OH W “OH Ho F Ho E
b1 b2 b3 b4 b5

;{%{0 z‘ ;W% ;{\d\?&% and gva
b6 b7 b8 b9

[0696] In some selected embodiments, any one of al through al6 can be independently
combined with any one of bl through b9, to provide selected embodiments of Formula (I). For
example, provided herein are compounds of Formula (I) having the following combinations of
Het-A-:al/bl; al/b2; al/b3; al/b4; al/b5; al/b6; al/b7; al/bg; al/b9; a2/bl; a2/b2; a2/b3;
a2/b4; a2/bS; a2/b6; a2/b7; a2/b8; a2/69; a3/bl; a3/b2; a3/b3; a3/b4d; a3/bS; a3/b6; a3/b7; a3/bg;
a3/b9; ad/bl; ad/b2; ad4/b3; ad/b4; ad/b5; ad/b6; ad/b7; ad/b8; ad/b9; a5/b1; a5/b2; a5/b3; a5/b4;
a5/h5; as/b6; aShT, aS/bB; a5/b9; ad/bl; ab/b2; a6/b3; ab/b4; a6/bS; a6/b6; a6/b7; ab/b8; a6/b 9,
aZ/bl; a7/b2, a7/b3, a7/b4; a7/b5; a7/b6; a7/b7, a7/08; a7/b9; a8/b1; a&/b2; a8/b3; a8/b4; a8/b5s,;
a8/bo; a®/b7; a8/b8; a8/b9; a%/b1; a9/b2; a9/b3; a9/b4; a%/b5; a®/b6; a9/b7; a%/b&; a%/b9; all/bl;
al0/b2; a10/b3; all/b4; al0/bs; al10/bo; al0/b7; al0/b8; a10/b9; all/bl, all/b2; a11/b3; all/b4;
all/b5; all/bo; all/b7; all/b8; all/b9; al2/bl; al2/b2; al2/b3; al2/b4; al2/b5; ai2/b6; al2/b7;
al2/b8; al2/b9; al3/bl; al3/b2; al3/b3; al3/b4; al3/b5; al3/b6; al3/b7; a13/b8; al3/b9; ald/bi;
ald/b2; ald/b3; ald/b4; al4/b5; ald/b6; ald/b7; al4/b8; ald/b9; al5/bl; al5/b2; al5/b3; al5/b4;
alS/bs; al5/b6; als/hb7, alS/bB; a15/b9; al6/bl; alo/b2; al6/b3; al6/b4; al6/bs; ala/be; al6/h7,
al6/b8; or al6/bo.

{06971 In still other selected embodiments, compounds of Formula (1) are provided wherein

Ra
N '\N
Re i fk
{N 'N’)\Rc
i,

Het has the formula:

32



(V4]

WO 2017/120508 PCT/US2017/012587

(al}.
In some selected embodiments, R is other than H.

[0098] In yet other selected embodiments, compounds of Formula (I) are provided that are

represented by one of the following subformulae:

Ra
o o N

R O O N
P re—(" N f:é g pe—¢ i N
HO” ‘\/ X M<N”Jj\ /;E\Rc HO"on” onX Q_<N ’N"’QLRC

OH OH \“"’(97’ N oH on%

n
=

RIG  ORY Rg@
R@ R&
o 0 N\/L\ g O N
{i i N 1] H =
&’ N e || N
H@f?\v/?\ R -<N’”i;\ . HO F’\/F’\ R —<N""‘i\ {/i\
OH OHW NT O Re OH OH W NZ ge
ORY RS F
Re R®
o 0 N\/L o
N §1 1 N
e i Y LI g N
HO" ?\‘/P\ R~ AL HO iy _<N SN
OH OH \N(O NTUNT T Re OH OHW NT RE
RSG F F  Ore
RE Re
O O N N
i1 i =~ t H AN
Re- {" N PP e ] N
HO g\v/ "\ HQ L N A
oH  OH 7‘;} N”’i\ e SH OonK N N&L\Rc
and W
pe
RSG  ORe

wherein each R is independently selected from the group consisting of H and C{0)-C-Cs alkyl.
Still further selected embodiments of the subformulae above, are those wherein X 15 oxygen. In

other selected embodiments of the subformulae above, X is oxygen and R is hydrogen. In still
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other selected embodiments of the subformulae above, X is oxygen, R® is hydrogen, and each R®

i3 hydrogen.

166991 In another group of selected embodiments, compounds of Formula (I) are provided

wherein Het is selected from:

Ra RA R®
N X N BN
N N N N
eSS BT o)
NTONT RS N R® NN Y Re
v, e, wd,

wherein R?, R and R® have the meanings provided with reference to Formula (I) above. In some
further selected embodiments, R’ is H, X is O, and each R' is H. In still other selected
embodiments, R is H, X is O, each R' is H, R®is H, and R" is selected from the group consisting
of NH,, NHR and N(}ﬁ)z . In yet other selected embodiments, R is H, X115 O, each R'is H R
is H, R® is other than H, and R is NHR'.

10100]  Sull other selected embodiments of the Formula (1), are compounds having a

subtormulae selected from the following:

M. _Rf
N

M. .R
N
LB eN\;/*N LB an
HO L T, ) MO N |
oH OHY N 1 O\fN R

HG  OH HO  F

(TTa) (Tila)
H“N’R? H\N,;ﬁ
o o Q \()\
HO/;‘:};{;@Q\ o 6:"’}!\5\51@5 ngi;“i\;}@ o QSAN;EE\C‘
Y ~
H(‘fm a’@H and Hd: F
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(1ib) (IIb)
wherein R’ and R® have the meanings provided with respect to Formula (I), and certain selected

ermbodiments as described herein.

10101} Also provided herein, in one group of embodiments, are compounds having the

formuia:

=5
R ‘o zvi\X/L\A,Het
R RY (IVa)

or a pharmaceutically acceptable salt, hydrate, or solvate thereof, wherein,

each R' is independently selected from the group consisting of hydrogen, optionally substituted
C;-Ce alkyl, optionally substituted aryl, and ~CR'R*)-0-C(0)-OR’, or two R groups are
optionally combined to form a 5- to 7-membered ring;

cach R” is independently selected from the group consisting of H and optionally substituted C;-
Ce alkyl;

each R’ is independently selected from the group consisting of H, C1-Cq allkyl, and optionally
substituted aryl;

R’ is selected from the group consisting of H and optionally substituted C;~Cs alkyl;

Xis O

A 1s selected from the group consisting of:
M A“Q’A\ m C}

Het is selected from the group consisting of:

and

L2
(V4]
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Ra Ra Ra
R%NR7 A x> N
NN ¢ 1 Red [
Y WE R NN R
o wd,

wherein the wavy line indicates the point of attachment to the remainder of the compound, and
wherein:

R* is selected from the group consisting of H, NH,, NHR', NHC(O)R', NR'R’, R’, OH, SR’ and
OR7;

R is selected from the group consisting of H, halogen, NH,, NHR', NR'R’, R", OH, and OR’,

W

RC and R? are independently selected from the group consisting of H, halogen, haloalkyl, NH.,
NHR', NR'R', R, OH, OR’, SR,
SO,R’, X -NH,, -X' -NHR, -XNR'R -X-0H, -X-OR -XSR7 and -X'-80,R;
10 R®and R are independently selected from the group consisting of H, halogen, and optionally
substituted C;-Co alkyl;
each X'is C-Chalkylene; and
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each R is independently selected from the group consisting of optionally substituted C;-Cyo
alkyl, optionally substituted C;-Cip alkenyl, optionally substituted C;-Cyp alkynyl,
optionally substituted C5-C; cycloalkyl, optionally substituted C3-C- cycloalkylC -
Cyalkyl, optionally substituted 4-7 membered cyclohetercalkyl, optionally substituted 4-7
membered cycloheteroatkyliCi-Caalkyl, optionally substituted aryl, optionally substituted
arylCy-Caalkyl, optionally substituted arylC,-Cyalkenyl, optionally substituted arylCy-
Cyalkynyl, optionally substituted heteroaryl, optionally substituted heteroaryliC-Cialkyl,
optionally substituted heteroarylC,-Cialkenyl, optionally substituted heteroaryiC,-
Caalkynyl, and optionally, two R’ groups attached to a nitrogen atom are joined together
to form a 4- to 7-membered heterocyclic ring, optionally fused to an aryl ring.

10102} In one selected group of embodiments, the compounds of formula (IVa) are those

#(iz%

HO F

wherein A is

101831  In another selected group of embodiments, the compounds of formula (I1Va}) are those

wherein Het is selected from the group consisting of:

] Re Rﬂ Rf Ra Ra
N 2 X X 2
R 1L S R L e N
/N"\N Re N NS O Re N NT T Re NTNT T Re
A, “n. WA, A,

[0104] In still another selected group of embodiments, the compounds have the formula;

HO F (IVb)
or a pharmaceutically acceptable salt, hydrate, or solvate thereof.
18185] In one selected group of embodiments, the compounds of formula (IVb) are those
wherein R is selected from the group consisting of NH,, NHR', NR'R’, SR’ and OR’. In one

selected group of embodiments, the compounds of formula (Ib} are those wherein R® is selected
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from the group consisting of halogen, R', OR’, SR,
SOR, -XENH,, -XENHRT, XNRR -X-0H, -X0RT, -X-SR and -XC-SOR
[0166] In yet another selected group of embodiments, the compounds of formula (IVb) are

those wherein RS 1s H.
Methods of Synthesis

101671  In general, the compounds provided herein can be prepare by conventional methods as

described in the Examples below.

Modifications to Enhance Inhibitor Characteristics

10108] It 1s frequently beneficial, and sometimes imperative, to improve one of more physical
properties of the treatment modalities disclosed herein and/or the manner in which they are
administered. Improvements of physical properties include, for example, methods of increasing
water solubility, bioavailability, serum half-life, and/or therapeutic half-life; and/or modulating

biological activity.

10109} Modifications known in the art include pegylation, Fe-fusion and albumin fusion.
Although generally associated with large molecule agents {e.g., polypeptides), such
modifications have recently been evaluated with particular small molecules. By way of example,
Chiang, M. et al. (J. Am. Chem. Soc., 2014, 136(9):3370-73) describe a small molecule agonist
of the adenosine 2a receptor conjugated to the immunoglobulin Fc domain. The small molecule-
Fc conjugate retained potent Fe receptor and adenosine 2a receptor interactions and showed
superior properties compared to the unconjugated small molecule. Covalent attachment of PEG
molecules to small molecule therapeutics has also been described (Li, W et al | Progress in
Polymer Science, 2013 38:421-44).

Therapeutic and Prophylactic Uses

[0110] The present invention contemplates the use of the CD73 inhibitors described herein in
the treatment or prevention of a broad range of diseases, disorders and/or conditions, and/or the
symptoms thereof. While particular uses are described in detail hereafter, it is to be understood
that the present invention is not so limited. Furthermore, although general categories of

particular diseases, disorders and conditions are set forth hereafter, some of the diseases,
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disorders and conditions may be a member of more than one category, and others may notbe a

member of any of the disclosed categories.

10111}  Oncology-related Disorders. In accordance with the present invention, an CD73

inhibitor can be used to treat or prevent a proliferative condition or disorder, including a cancer,
for example, cancer of the uterus, cervix, breast, prostate, testes, gastrointestinal tract {e.g.,
esophagus, oropharynx, stomach, small or large intestines, colon, or rectum), kidney, renal cell,
bladder, bone, bone marrow, skin, head or neck, liver, gall bladder, heart, lung, pancreas,
salivary gland, adrenal gland, thyroid, brain (e.g., gliomas), ganglia, central nervous system
(CINS) and peripheral nervous systerm (PNS), and cancers of the hematopoietic system and the
ummune system {e.g., spleen or thymus}. The present invention also provides methods of
treating or preventing other cancer-related diseases, disorders or conditions, including, for
example, immunogenic tumors, non-immunogenic tumors, dormant tumors, virus-induced
cancers {e.g., epithelial cell cancers, endothelial cell cancers, squamous cell carcinomas and
papillomavirus), adenocarcinomas, lymphomas, carcinomas, melanomas, leukermias, myelomas,
sarcomas, teratocarcinomas, chemically-induced cancers, metastasis, and angiogenesis. The
invention contemplates reducing tolerance to a tumor cell or cancer cell antigen, e.g., by
modulating activity of a regulatory T-cell and/or a CDB+ T-cell (see, ¢.g., Ramirez-Montagut, et
al. (2003 ) Oncogene 22:3180-87; and Sawaya, et al. (2003) New Engl. J. Med. 349:1501-09). In
particular embodiments, the tumor or cancer is colon cancer, ovarian cancer, breast cancer,
melanoma, lung cancer, glioblastoma, or leukemia. The use of the term(s} cancer-related
diseases, disorders and conditions is meant to refer broadly to conditions that are associated,
directly or indirectly, with cancer, and includes, e.g., angiogenesis and precancerous conditions
such as dysplasia.

[0112] In certain embodiments, a cancer be metastatic or at risk of becoming metastatic, or
may occur in a diffuse tissue, including cancers of the biood or bone marrow (e.g, leukemia). In
some further embodiments, the compounds of the tnvention can be used to overcome T-cell

tolerance.

[0113] In some embodiments, the present invention provides methods for treating a

proliferative condition, cancer, tumor, or precancerous condition with an CD73 inhibitor and at
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least one additional therapeutic or diagnostic agent, examples of which are set forth elsewhere

herein.

10114} Imnmune-related Disorders and Disorders with an Inflammatory Component. As used

herein, terms such as “immune disease”, “immune condition”, “immune disorder”,
“inflarnmatory disease”, “inflammatory condition”, “inflarnmatory disorder” and the like are
meant to broadly encompass any immune-related condition {e.g., an autoimmune disease) or a
disorder with an inflammatory component that can be treated by the CD73 inhubitors described
herein such that some therapeutic benefit is obtained. Such conditions frequently are
inextricably intertwined with other diseases, disorders and conditions. By way of example, an
“immune condition” may refer to proliferative conditions, such as cancer, tumors, and
angiogenesis, including infections {acute and chronic}, tumors, and cancers that resist eradication

by the imnmune system.

[0115] The CD73 wshibitors of the present invention can be used to increase or enhance an
immune response; to improve immunization, including increasing vaccine efticacy; and to
merease inflammation. Immune deficiencies associated with immune deficiency diseases,
immunosuppressive medical treatment, acute and/or chronic infection, and aging can be treated
using the compounds disclosed herein. The CD73 inhibitors can also be used to stimulate the
immune system of patients suffering from iatrogenically-induced immune suppression, including

those who have undergone bone marrow transplants, chemotherapy, or radiotherapy.

101161  In particular embodiments of the present disclosure, the CD73 inhibitors are used to
increase or enhance an imnung response to an antigen by providing adjuvant activity. Ina
particular embodiment, at least one antigen or vaccine 1s administered to a subject in
combination with at least one CI373 inhibitor of the present invention to prolong an immune
response to the antigen or vaceine. Therapeutic compositions are also provided which include at
least one antigenic agent or vaccine component, including, but not limited to, viruses, bacteria,
and fungi, or portions thereof, proteins, peptides, tumor-specific antigens, and nucleic acid

vaccines, in combination with at feast one CD73 inhibitor of the present invention.

101171 Microbial-related Disorders. By inhibiting the immunosuppressive and anti-

inflammatory activity of CD73, the present invention contemplates the use of the CD73

inhibitors described herein 1o the treatment and/or prevention of any viral, bacterial, fungal,
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parasitic or other infective disease, disorder or condition for which treatment with an CD73
inhibitor may be beneficial. Examples of such diseases and disorders include HIV and AIDS,
staphylococcal and streptococcal infections (e.g., Staphvlococcus aureus and streptococcus
sanguinis, respectively), leishmania, toxoplasma, trichomonas, giardia, candida albicans, bacillus
anthracis, and pseudomonas aeruginosa. Compounds of the invention can be used to treat sepsts,

decrease or inhibit bacterial growth, and reduce or inhibit inflammatory cytokines.

10118] CNS-related and Neurological Disorders. Inhibition of CD73 may also be an important

treatment strategy for patients with neurclogical, neuropsychiatric, neurcdegenerative or other
diseases, disorders and conditions having some association with the central nervous system,
including disorders associated with impatrment of cognitive function and motor function.
Examples include Parkinson's disease, extra pyramidal syndrome (EPS), dystonia, akathisia,
tardive dyskinesia, restless leg syndrome (RLS), epilepsy, periodic limb movement in sleep
{(PLMS), attention deficit disorders, depression, anxiety, dementia, Alzheimer's disease,
Huntington's disease, multiple sclerosis, cerebral 1schernia, hemorrhagic stroke, subarachnoid

hemorrhage, and traumatic brain injury.

101191 Other Disorders. Embodiments of the present invention contemplate the administration

of the CD73 inhibitors described herein to a subject for the treatment or prevention of any other
disorder that may benefit from at least some level of CD73 inhibition. Such diseases, disorders
and conditions include, for example, cardiovascular (e g, cardiac ischemia), gastrointestinal
{(e.g., Crohn’s disease), metabolic {e.g., diabetes), hepatic (e.g., hepatic fibrosis, NASH, and
NAFLD), pulmonary {(e.g., COPD and asthma), ophthalmologic (e.g., diabetic retinopathy), and

renal {e.g., renal failure) disorders.

10126} In some embodiments, the CDY73 inhibitors of the present invention may be used to
inhibit statin-induced adenosine production, or reduce or decrease increases in blood glucose

caused by a statin in a subject taking a statin (e.g., lovastatin and pravastatin)
Pharmaceutical Compositions

10121} The CD73 inhibitors of the present invention may be in the form of compositions
suttable for administration to a subject. In general, such compositions are “pharmaceutical

compositions” comprising an CD73 inhibitor(s) and one or more pharmaceutically acceptable or
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physiologically acceptable diluents, carriers or excipients. In certain embodiments, the CD73
inhibitors are present in a therapeutically acceptable amount. The pharmaceutical compositions
may be used in the methods of the present invention; thus, for example, the pharmaceutical
compositions can be administered ex vivo or in vivo to a subject in order to practice the

therapeutic and prophylactic methods and uses described herein.

101221 The pharmaceutical compositions of the present invention can be formulated to be
compatible with the intended method or route of administration; exemplary routes of
administration are set forth herein. Furthermore, the pharmaceutical compositions may be used
in combination with other therapeutically active agents or compounds as described herein in
order to treat or prevent the diseases, disorders and conditions as contemplated by the present

invention.

101237 The pharmaceutical compositions containing the active ingredient {(e.g., an inhibitor of
CD73 function) may be in a form suitable for oral use, for example, as tablets, capsules, troches,
lozenges, aqueous or oily suspensions, dispersible powders or granules, emulsions, hard or soft
capsules, or syrups, solutions, microbeads or elixirs. Pharmaceutical compositions intended for
oral use may be prepared according to any method known to the art for the manufacture of
pharmaceutical compositions, and such compositions may contain one or more agents such as,
for example, sweetening agents, flavoring agents, coloring agents and preserving ageunts in order
to provide pharmaceutically elegant and palatable preparations. Tablets, capsules and the like
contain the active ingredient in admixture with non-toxic pharmaceutically acceptable excipients
which are suitable for the manufacture of tablets. These excipients may be, for example,
diluents, such as calcium carbonate, sodium carbonate, lactose, calcium phosphate or sodium
phosphate; granulating and disintegrating agents, for example, corn starch, or alginic acid;
binding agents, for example starch, gelatin or acacia, and lubricating agents, for example

magnesium stearate, stearic acid or talc.

[0124] The tablets, capsules and the like suitable for oral administration may be uncoated or
coated by known techniques to delay disintegration and absorption in the gastrointestinal tract
and thereby provide a sustained action. For example, a time-delay material such as glyceryl

monostearate or glyceryl distearate may be employed. They may also be coated by techniques

known in the art to form osmotic therapeutic tablets for controlled release. Additional agents

42



-

0

WO 2017/120508 PCT/US2017/012587

include biodegradable or biocompatible particles or a polymeric substance such as polyesters,
polyaruine acids, hydrogel, polyvinyl pyrrolidone, polyanhydrides, polyglycolic acid, ethylene-
vinylacetate, methylcellulose, carboxymethylcellulose, protamine sulfate, or lactide/glycolide
copolymers, polylactide/glycolide copolymers, or ethylenevinylacetate copolymers in order to
control delivery of an administered composition. For example, the oral agent can be entrapped
in microcapsules prepared by coacervation techniques or by interfacial polymerization, by the
use of hydroxymethylcellulose or gelatin-microcapsules or poly {methylmethacrolate)
microcapsules, respectively, or in a colloid drug delivery system. Colloidal dispersion systems
include macromolecule complexes, nano-capsules, microspheres, microbeads, and lipid-based
systems, including oil-in-water emulsions, micelles, mixed micelles, and liposomes. Methods
for the preparation of the above-mentioned formulations will be apparent to those skilled in the

art.

[0125] Formulations for oral use may also be presented as hard gelatin capsules wherein the
active ingredient 18 mixed with an inert solid diluent, for example, calcium carbonate, calcium
phosphate, kaolin or microcrystalline cellulose, or as soft gelatin capsules wherein the active
ingredient 1s mixed with water or an otl medium, for example peanut oil, liquid paraftin, or olive

oil.

[0126] Aqueous suspensions contain the active materials in admixture with excipients suitable
for the manutacture thereof. Such excipients can be suspending agents, for example sodium
carboxymethyicellulose, methylcellulose, hvdroxy-propylmethylcellutose, sodium alginate,
polyvinyl-pyrrolidone, gum tragacanth and gum acacia; dispersing or wetting agents, for
example a naturally-occurring phosphatide (e.g., lecithin), or condensation products of an
alkylene oxide with fatty acids {e.g., polyoxy-ethylene stearate), or condensation products of
ethylene oxide with long chaio aliphatic alcohols (e.g., for heptadecaethyleneoxycetanol), or
condensation products of ethylene oxide with partial esters derived from fatty acids and a hexitol
{(e.g., polyoxyethylene sorbitol monooleate), or condensation products of ethylene oxide with
partial esters derived from faity acids and hexitol anhydrides {e.g., polyethyvlene sorbitan

monooleate). The aqueous suspensions may also contain one or more preservatives.

101277 Oily suspensions may be formulated by suspending the active ingredient in a vegetable

oil, for example arachis oil, olive oil, sesame oil or coconut otl, or in a mineral oil such as liquid
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paraffin. The cily suspensions may contain a thickening agent, for example beeswax, hard
paratfin or cetyl alcohol. Sweetening agents such as those set forth above, and flavoring agents

may be added to provide a palatable oral preparation.

{0128} Dispersible powders and granules suitable for preparation of an aqueous suspension by
the addition of water provide the active ingredient in admixture with a dispersing or wetting
agent, suspending agent and one or more preservatives. Suitable dispersing or wetting agents

and suspending agents are exemplified herein.

101291 The pharmaceutical compositions of the present invention may also be in the form of
oil-in-water emulsions. The oily phase may be a vegetable oil, for example olive o1l or arachis
otl, or a mineral oil, for example, liquid paraffin, or mixtures of these. Suitable emulsifying
agents may be naturally occurring gums, for example, gum acacia or gum tragacanth; naturally
occurring phosphatides, for example, soy bean, lecithin, and esters or partial esters derived from
fatty acids; hexitol anhydrides, for example, sorbitan monooleate; and condensation products of

partial esters with ethylene oxide, for example, polyoxyethylene sorbitan monooleate.

[01306] The pharmaceutical compositions typically comprise a therapeutically effective amount
of an CD73 inhibitor conterplated by the present invention and one or more pharmaceutically
and physiologically acceptable formulation agents. Suitable pharmaceutically acceptable or
physiologically acceptable diluents, carriers or exciptents include, but are not limited to,
antioxidants {(e.g., ascorbic acid and sodium bisulfate), preservatives (e.g., benzyl alcohol,
methyl parabens, ethyl or n-propyl, p-hydroxybenzoate), emulsifying agents, suspending ageuts,
dispersing agents, solvents, fillers, bulking agents, detergents, buffers, vehicles, diluents, and/or
adjuvants. For example, a suitable vehicle may be physiological saline solution or citrate
buffered saline, possibly supplemented with other materials common in pharmaceutical
compositions for parenteral administration. Neutral buffered saline or saline mixed with serum
albumin are further exemplary vehicles. Those skilled in the art will readily recognize a variety
of buffers that can be used in the pharmaceutical compositions and dosage forms contemplated
heretn. Typical buffers include, but are not limited to, pharmaceutically acceptable weak acids,
weak bases, or mixtures thereof. As an example, the buffer components can be water soluble
materials such as phosphoric acid, tartaric acids, lactic acid, succinic acid, citric acid, acetic acid,

ascorbic acid, aspartic acid, glutamic acid, and salts thereof. Acceptable buffering agents
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include, for example, a Tris buffer, N-(2-Hydroxvethyl)piperazine-N'-(2-ethanesulfonic acid}
(HEPES), 2-(N-Morpholinojethanesultonic acid (MES), 2-(N-Morpholinojethanesulfonic acid
sodium salt (MES), 3-(N-Morpholino)propanesuifonic acid (MOPS), and N-

tris[Hydroxymethyljmethyl-3-aminopropanesulfonic acid (TAPS).

101311  After a pharmaceutical coraposition has been formulated, it may be stored in sterile
vials as a solution, suspension, gel, emulsion, solid, or dehydrated or fyophilized powder. Such
formulations may be stored either in a ready-to-use form, a lvophilized form requiring
reconstitution prior to use, a liquid form requiring dilution prior to use, or other acceptable form.
In some embodiments, the pharmaceutical composition is provided in a single-use container
{(e.g., a single-use vial, ampoule, syringe, or autoinjector (similar 1o, e.g., an EpiPen®)), whereas

a multi-use container (¢.g., a multi-use vial) is provided in other embodiments.

10132] Formulations can also include carriers to protect the composition against rapid
degradation or elimination from the body, such as a controlled release formulation, including
liposomes, hydrogels, prodrigs and microencapsulated delivery systems. For example, a time
delay material such as glyceryl monostearate or glyceryl stearate alone, or in combination with a
wax, may be employed. Any drug delivery apparatus may be used to deliver an CD73 inhibitor,
imcluding roplaots (e.g., implantable purops) and catheter systems, slow injection puraps and

devices, all of which are well known 1o the skilled artisan.

[0133] Depot injections, which are generally administered subcutaneously or intramuscularly,
may also be utilized to release the CD73 inhibitors disclosed herein over a defived period of
time. Depotinjections are usually etther solid- or oil-based and generally comprise at least one
of the formulation components set forth herein. One of ordinary skill in the art 1s familiar with

possible formulations and uses of depot injections.
[0134] The pharmaceutical compositions may be in the form of a sterile injectable aqueous or

oleagenous suspension. This suspension may be formulated according to the known art using
those suitable dispersing or wetting agents and suspending agents mentioned herein. The sterile
injectable preparation may also be a sterile injectable solution or suspension in a non-toxic
parenterally-acceptable diluent or solvent, for example, as a solution in 1,3-butane diol.

Acceptable difuents, solvents and dispersion media that may be employed include water,
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Ringer's solution, isotonic sodium chloride solution, Cremophor EL™ (BASF, Parsippany, NJ)
or phosphate buffered saline (PBS), ethanol, polyol {e.g,, glycerol, propylene glycol, and hiquid
polyethylene glycol), and suitable mixtures thereof. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending medium. For this purpose any bland fixed
otl may be employed, including synthetic mono- or diglycerides. Moreover, fatty actds such as
oleic actd, find use in the preparation of injectables. Prolonged absorption of particular
injectable formulations can be achieved by including an agent that delays absorption (e.g,,
aluminum monostearate or gelatin}.

101351 The present invention conternplates the administration of the CD73 inhibitors in the
form of suppositories for rectal administration. The suppositories can be prepared by mixing the
drug with a suitable non-uritating excipient which is solid at ordinary temperatures but liquid at
the rectal temperature and will therefore melt in the rectum to release the drug. Such materials

include, but are not limited to, cocoa butter and polyethylene glycols.

101361 The CD73 inhubitors contemplated by the present invention may be in the form of any
other suitable pharmaceutical composition {e.g., sprays for nasal or inhalation use} currently

known or developed in the future.

Routes of Administration

10137} The present invention contemplates the administration of CD73 inhibitors, and
compositions thereof, in any appropriate manner. Suitable routes of administration include oral,
parenteral {e.g., intramuscular, intravenous, subcutaneous {e.g., injection or implant),
intraperitoneal, intracisternal, intraarticular, intraperitoneal, intracerebral (intraparenchymal} and
intracerebroventricular), nasal, vaginal, sublingual, intraocular, rectal, topical {e.g, transdermal),
buccal and inhalation. Depot injections, which are generally administered subcutaneously or
intramuscularly, may also be utilized to release the CD73 inhibitors disclosed herein over a

defined period of time.
10138] Particular embodiments of the present invention contemplate oral administration.
Combination Therapy

[013%9] The present invention contemplates the use of CD73 inhibitors in combination with one

or more active therapeutic agents {(e.g., chemotherapeutic agents) or other prophylactic or
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therapeutic modalities (e g, radiation). In such combination therapy, the various active agents
frequently have different, complementary mechanisms of action. Such combination therapy may
be especially advantageous by allowing a dose reduction of one or more of the agents, thereby
reducing or eliminating the adverse effects associated with one or more of the agents.
Furthermore, such combination therapy may have a synergistic therapeutic or prophylactic effect

on the underlying disease, disorder, or condition.

10140] Asused herein, “combination” is meant to include therapies that can be administered
separately, for example, formulated separately for separate administration {e.g., as may be
provided in a kit), and therapies that can be administered together in a single formulation (ie, a

“co-formulation”).

10141} In certain embodiments, the CD73 inhibitors are administered or applied sequentially,
e.g., where one agent is administered prior to one or more other agents. In other embodiments,
the CD¥73 inhibitors are administered simulianeously, e.g., where two or more agents are
administered at or about the same time; the two or more agents may be present in two or more
separate formulations or combined into a single formulation (i.¢, a co-formulation). Regardless
of whether the two or more agents are administered sequentially or simultaneously, they are

considered to be administered in combination for purposes of the present invention.

10142} The CD73 nhibitors of the present invention may be used in combination with at least
one other (active) agent in any manner appropriate under the circumstances. In one embodiment,
treatment with the at least one active agent and at least one CD73 inhibitor of the present
invention is maintained over a period of time. In another embodiment, treatment with the at least
one active agent 1s reduced or discontinued (e g., when the subject 1s stable), while treatment
with an CD73 inhibitor of the present invention is maintained at a constant dosing regimen. Ina
turther embodiment, treatment with the at least one active agent is reduced or discontinued (e.g.,
when the subject 18 stable), while treatment with an CD73 inhuibitor of the present invention is
reduced (e.g., lower dose, less frequent dosing or shorter treatment regimen}. In yet another
embodiment, treatment with the at least one active agent is reduced or discontinued {(e.g., when
the subject is stable), and treatment with the CD73 inhibitor of the present invention is increased
{¢.g., higher dose, more frequent dosing or longer treatment regimen). In yet another

embodiment, treatment with the at least one active agent is maintained and treatment with the
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CD73 inhibitor of the present invention is reduced or discontinued {e.g., lower dose, less
frequent dosing or shorter treatment regimen). In yet another ermnbodirment, treatment with the at
least one active agent and treatment with the CD73 inhibitor of the present invention are reduced

or discontinued {e.g., lower dose, less frequent dosing or shorter treatment regimeny),

101431 Oncology-related Disorders. The present invention provides methods for treating

and/or preventing a proliferative condition, cancer, tumor, or precancercus disease, disorder or

condition with an CD73 inhibitor and at least one additional therapeutic or diagnostic agent.

[0144] In certain embodiments, the present invention provides methods for tumor suppression
of tumor growth comprising administration of an CD73 inhibitor described herein in
combination with a signal transduction inhibitor (STI) to achieve additive or synergistic
suppression of tumor growth. As used herein, the term “signal transduction inhibitor” refers to
an agent that selectively inhibits one or more steps in a signaling pathway. Signal transduction
inhibitors (8T1s) of the present invention include: (1) ber/abl kinase inhibitors {e.g., GLEEVEC);
(i) epidermal growth factor (EGF) receptor inhibitors, including kinase inhibitors and
antibodies; (111} her-2/neu receptor inhubitors (e g, HERCEPTIN); (iv) inhibitors of Akt family
kinases or the Akt pathway {e.g., rapamycin}; (v} cell cycle kinase inhibitors {(e.g., flavopiridol);
and (vi) phosphatidyl inositol kinase inhibitors. Agents involved in in immunorodulation can
also be used in combination with the CB73 inhibitors described herein for the suppression of

tumor growth in cancer patients.

101451 Exaroples of chemotherapeutic agents include, but are not limited to, alkylating agents
such as thiotepa and cyclosphosphamide; alkyl sutfonates such as busulfan, improsulfan and
piposultan; aziridines such as benzodopa, carboquone, meturedopa, and uredopa; ethylenimines
and methviamelamines including altretamine, triethylenemelamine, trietylenephosphoramide,
triethylenethiophosphaoramide and trimethylolomelamime; nitrogen mustards such as
chiorambucil, chlornaphazine, cholophosphamide, estramustine, ifosfamide, mechlorethamine,
mechlorethamine oxide hydrochloride, melphalan, novembichin, phenesterine, prednimustine,
trofosfamide, uracil mustard; nitrosureas such as carmustine, chlorozotocin, fotemustine,
lomustine, nimustine, ranimustine; antibiotics such as aclacinomysins, actinomyein,
authramycin, azasering, bleomycins, cactinomycin, calicheamicin, carabicin, caminomycin,

carzinophilin, chromomycins, dactinomycin, daunorubicin, detorubicin, 6-diazo-5-oxo-L-
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norleucine, doxorubicin, epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins,
mycophenolic acid, nogalamycin, olivomycins, peplomycin, pothiromycin, puromycin,
quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, zorubicin;
anti-metabolites such as methotrexate and S-fluorouracil (5-FU); folic acid analogs such as
denopterin, methotrexate, pteropterin, trimetrexate; purine analogs such as fludarabine, 6-
mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as ancitabine, azacitidine, 6-
azauridine, carmofur, cytarabine, dideoxyurnidine, doxifturidine, enocitabine, floxuridine, 5-FU;
androgens such as calusterone, dromostanolone propionate, epitiostanol, mepitiostane,
testolactone; anti-adrenals such as aminoglutethimide, mitotane, trilostane; folic acid replenisher
such as frolinic acid; aceglatone; aldophosphamide glycoside; aminolevulinic acid; amsacrine;
bestrabucil; bisantrene; edatraxate; defofamine; demecolcine; diaziquone; elformithine;
elliptinium acetate; etoglucid; gallium nitrate; hydroxyurea; lentinan; lonidamine; mitoguazone;
mitoxantrone; mopidamol; nitracrine; pentostatin, phenamet; pirarubicin; podophyllinic acid; 2-
ethvlhvdrazide; procarbazine; razoxane; sizofiran; spirogermanium, tenuazonic acid; triaziquone;
2,2' 2"richlorotriethylamine; urethan; vindesine; dacarbazine; mannomustine; mitobronitol;
mitolactol; pipobroman; gacytosine; arabinoside ( Ara-C); cyclophosphamide; thiotepa; taxoids,
e.g., paclitaxel and doxetaxel; chlorambucil; gemcitabine; ¢-thioguanine; mercaptopurine;
methotrexate; platinurn and platinum coordination complexes such as cisplatin and carboplatin;
vinblastine; etoposide (VP-16); tfosfamide; mitomycin C; mitoxantrone; vincristine; vinorelbine;
navelbine; novantrone,; teniposide; daunomycin; aminopterin; xeloda; tbandronate, CPT11;
topoisomerase inhibitors; difluoromethylornithine (DMFQO); retinotc acid; esperamicins;

capecitabine; and pharmaceutically acceptable salts, acids or derivatives of any of the above.

[0146] Chemotherapeutic agents also include anti-hormonal agents that act to regulate or
inhibit hormonal action on tumors such as anti-estrogens, including for example tamoxifen,
raloxifene, aromatase inhibiting 4(5)-imidazoles, 4-hydroxytamoxifen, trioxifene, keoxifene,
onapristone, and toremifene; and antiandrogens such as flutamide, nilutamide, bicalutamide,
leuprolide, and goserelin; and pharmaceutically acceptable salts, acids or derivatives of any of
the above. In certain embodiments, combination therapy comprises administration of a hormoune

or related hormonal agent.
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101477 Additional treatment modalities that may be used in combination with an CD73
inhibitor include radiotherapy, a monoclonal antibody against a tumor antigen, a complex of a
monoclonal antibody and toxin, a T-cell adjuvant, bone marrow transplant, or antigen presenting

cells {e.g., dendritic cell therapy).

[0148] Immune Checkpoint Inhibitors The present invention contemplates the use of the

inhibitors of CD73 function described herein in combination with immune checkpoint inhibitors.

101491 The tremendous number of genetic and epigenetic alterations that are characteristic of
all cancers provides a diverse set of antigens that the immune system can use to distinguish
tumor cells from their normal counterparts. In the case of T cells, the ultimate amplitude (e g,
levels of cytokine production or proliferation} and quality (e.g., the type of immune response
generated, such as the pattern of cytokine production) of the response, which is initiated through
antigen recognition by the T-cell receptor (TCR), is regulated by a balance between co-
stimulatory and tnhibitory signals (immune checkpoints). Under normal physiological
conditions, immune checkpoints are crucial for the prevention of autcimmunity (i e, the
maintenance of self-tolerance) and also for the protection of tissues from damage when the
tmmune system is responding to pathogenic infection. The expression of immune checkpoint

proteins can be dysregulated by tumors as an important immune resistance mechanism,

101536] Examples of immune checkpoints (ligands and receptors), some of which are
selectively upregulated in various types of tumor cells, that are candidates for blockade include
PD1 (programmed cell death protein 1); PDL1 (PD1 ligand); BTLA (B and T lymphocyte
attenuator), CTLA4 (cytotoxic T-lymphocyte associated antigen 4); TIM3 (T-cell membrane
protein 3); LAG3 (lymphocyte activation gene 3); A2aR (adenosine AZa receptor A2aR); and
Killer Inhibitory Receptors, which can be divided into two classes based on their structural
features: 1) killer cell immunoglobulin-like receptors (KIRs), and i1) C-type lectin receptors
{members of the type I transmembrane receptor family). Other less well-defined imrune
checkpoints have been described in the literature, including both receptors {e.g., the 28B4 (also
known as CD244) receptor) and ligands (e.g., certain B7 family inhibitory ligands such B7-H3
{also known as CD276) and B7-H4 (also known as B7-81, B7x and VCTN1}). [See Pardoll,
{April 2012) Nature Rev. Cancer 12:252-64].
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[0151] The present invention contemplates the use of the inhibitors of CD73 function
described herein in combination with inhibitors of the aforementioned immuune-checkpoint
receptors and ligands, as well as yvet-to-be-described immune-checkpoint receptors and ligands.
Certain modulators of immune checkpoiuts are currently available, whereas others are in late-
stage development. To illustrate, when it was approved for the treatment of melanoma in 2011,
the fully humanized CTL A4 monoclonal antibody ipilimumab (YERVOY, Bristol-Myers
Squibb) became the first immune checkpoint inhibitor to receive regulatory approval tn the US.
Fusion proteins comprising CTLA4 and an antibody (CTLA4-1Ig; abatcept (ORENCIA; Bristol-
Myers Squibb)) have been used for the treatment of rheumatoid arthritis, and other fusion
proteins have been shown to be effective in renal transplantation patients that are sensitized to
Epstein Barr Virus. PD1 antibodies are under development {e.g., nivolumab (Bristol-Myers
Squibb) and lambrolizumab (Merck}}, and anti-PDL1T antibodies are also being evaluated (e.g
MPDL3280A (Roche)). Nivolumab has shown promise in patients with melanoma, lung and

kidney cancer.

[01521 The present invention encompasses pharmaceutically acceptable salts, acids or

derivatives of any of the above.

10153] Metabolic and Cardiovascular Biseases. The present invention provides methods for

treating and/or preventing certain cardiovascular- and/or metabolic-related diseases, disorders
and conditions, as well as disorders associated therewith, with an CD73 inhibitor and at least one

additional therapeutic or diagnostic agent.

[0154] Examples of therapeutic agents useful in combination therapy for the treatment of
hypercholesterolemia {and atherosclerosis as well) include statins (e g, CRESTOR, LESCOL,
LIPITOR, MEVACOR, PRAVACOL, and ZOCOR), which inhibit the enzymatic synthesis of
cholesterol; bile acid resins {(e.g¢., COLESTID, LO-CHOLEST, PREVALITE, QUESTRAN, and
WELCHOL), which sequester cholesterol and prevent its absorption; ezetimibe (ZETIA), which
blocks cholesterol absorption; fibric acid {e.g., TRICOR), which reduces triglycerides and may
meodestly increase HDL; niacin (e.g., NIACOR), which modestly lowers LDL cholesterol and
triglyeerides; and/or a combination of the atorementioned {(e.g., VYTORIN (ezetimibe with

simvastatin}. Alternative cholesterol treatments that may be candidates for use in combination
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with the CD73 inhibitors described herein include various supplements and herbs (e g., garlic,

policosanol, and guggul).

101851 The present invention encompasses pharmaceutically acceptable salts, acids or

derivatives of any of the above.

[0156] Immune-related Disorders and Disorders Having an Inflammatory Component. The

present invention provides methods for treating and/or preventing immune-related diseases,
disorders and conditions; and diseases, disorders and conditions having an inflammatory
component; with an CD73 1nhibitor and at least one additional therapeutic or diagnostic agent.
101587} Examples of therapeutic agents useful in combination therapy are specific to the

underlying disease, disorder or condition, and are known to the skilled artisan.

[0158] Microbial Diseases. The present invention provides methods for treating and/or

preventing viral, bactenal, fungal and parasitic diseases, disorders and conditions, as well as
disorders associated therewith, with an CD73 inhibitor and at least one additional therapeutic or
diagnostic agent (e.g., one or more other antiviral agents and/or one or more agents not

associated with viral therapy}.

[0159] Such combination therapy includes anti-viral agents targeting various viral life-cycle
stages and having different mechanisms of action, including, but not limiting to, the following:
inhibitors of viral uncoating {e.g., amantadine and rimantidine); reverse transcriptase inhibitors
(e.g., acyclovir, zidovudine, and lamivudine}; agents that target integrase; agents that block
attachment of transcription factors to viral BNA; agents {e.g., antisense molecules) that impact
translation (e.g., fomivirsen); agents that modulate translation/ribozyme function; protease
inhibitors; viral assembly modulators (e.g., rifampicin), antiretrovirals such as, for example,
nucleoside analogue reverse transcriptase inhibitors {e.g., azidothymidine (AZT), ddl, ddC, 3TC,
d47T); non-nucleoside reverse transcriptase inhibitors {e.g., efavirenz, nevirapine), nucleotide
analogue reverse transcriptase inhibitors; and agents that prevent release of viral particles (e g,
zanamivit and oseltamivir). Treatment and/or prevention of certain viral infections (e.g., HIV)

frequently entail a group (“cocktail”) of antiviral agents.

101601 Other antiviral agents contemplated for use in combination with an CD73 inhibitor

include, but are not limited to, the following: abacavir, adetovir, amantadine, amprenavir,
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ampligen, arbidol, atazanavir, atripla, boceprevirertet, cidofovir, combivir, darunavir,
delavirdine, didanosine, docosanol, edoxudine, emtricitabine, enfuvirtide, entecavir, famciclovir,
tfosamprenavir, foscarnet, fosfonet, http://en wikipedia.org/wiki/Fusion inhibitor ganciclovir,
ibacitabine, imunovir, idoxuridine, imiquimod, indinavir, inosine, various interferons {e.g ,
peginterferon alfa-2a), lopinavir, loviride, maraviroc, moroxydine, methisazone, nelfinavir,
nexavir, penciclovir, peramivir, pleconaril, podophyllotoxin, raltegravir, ribavirin, ritonavir,
pyramidine, saquinavir, stavudine, telaprevir, tenofovir, tipranavir, trifluridine, trizivir,
tromantadine, truvada, valaciclovir, valganciclovir, vicriviroe, vidarabine, viramidine, and

zalcitabine,

[0161] The present invention contemplates the use of the inhibitors of CI73 function
described herein in combination with antiparasitic agents. Such agents include, but are not
hmited to, thiabendazole, pyrantel pamoate, mebendazole, praziquantel, niclosamide, bithionol,
oxamniquine, metrifonate, tvermectin, albendazole, eflornithine, melarsoprol, pentamidine,
benznidazole, mifurtimox, and nitroimidazole. The skilled artisan 18 aware of other agents that

may find utility for the treatment of parasitic disorders.

101621 Embodiments of the present invention contemplate the use of the CD73 inhibitors
described herein in combination with agents useful in the treatment or prevention of bacterial
disorders. Antibacterial agents can be classified in vartous manners, including based on
mechanism of action, based on chemical structure, and based on spectrum of activity. Examples
of antibacterial agents include those that target the bacterial cell wall (e.g., cephalosporins and
penicillins) or the cell membrane (e.g., polymyxins}, or interfere with essential bacterial enzymes
{e.g., sulfonamides, rifamycins, and quinolines). Most antibacterial agents that target protein
synthesis (e.g., tetracyclines and macrolides) are bacteriostatic, whereas agents such as the
aminoglycoside are bactericidal. Another means of categorizing antibacterial ageuots is based on
their target specificity; “narrow-spectrum’” agents target specific types of bacteria (e.g., Gram-
positive bacteria such as Streptococcus), while “broad-spectrum” agents have activity against a
broader range of bacteria. The skilled artisan is aware of types of anti-bacterial agents that are

appropriate for use in specific bacterial infections.

[0163] Embodiments of the present invention contemplate the use of the CD73 inhibitors

described herein in combination with agents useful in the treatiment or prevention of fungal
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disorders. Antifungal agents include polyenes (e.g., amphotericin, nystatin, and pimaricin};
azoles (e.g., fluconazole, itraconazole, and ketoconazole), allylamines (e.g., naftifine, and

terbinafine) and morpholines {e.g., amorcifine}; and antimetabolies (e.g., 5-flucrocytosine).

[0164] The present invention encompasses pharmaceutically acceptable salts, acids or

derivatives of the agents {and members of the classes of agents) set forth above.
Dosing

10165] The CD73 inhibitors of the present invention may be administered to a subject in an
amount that is dependent upon, for example, the goal of administration (e.g., the degree of
resolution desired); the age, weight, sex, and health and physical condition of the subject to
which the formulation is being administered; the route of administration; and the nature of the
disease, disorder, condition or symptom thereof. The dosing regimen may also take into
consideration the existence, nature, and extent of any adverse effects associated with the agent{s}
being administered. Effective dosage amounts and dosage regimens can readily be determined
from, for example, safety and dose-escalation trials, in vivo studies (e.g., animal models), and

other methods known to the skilled artisan.

101661 In general, dosing parameters dictate that the dosage amount be less than an amount
that could be irreversibly toxic to the subject {the maximum tolerated dose (MTD)) and not less
than an amount required to produce a measurable effect on the subject. Such amounts are
determined by, for example, the pharmacokinetic and pharmacodynamic parameters associated

with ADME, taking into consideration the route of administration and other factors.

[0167] An effective dose {ED) is the dose or amount of an agent that produces a therapeutic
response or desired effect in some fraction of the subjects taking it. The “median effective dose”
or ED50 of an agent 1s the dose or amount of an agent that produces a therapeutic response or
desired effect in 50% of the population to which it 1s administered. Although the EDSO 1
commonly used as a measure of reasonable expectance of an agent’s eftect, it is not necessarily
the dose that a clinician might deern appropriate taking into consideration all relevant factors.
Thus, in some situations the effective amount is more than the calculated ED SO, in other
situations the effective amount is less than the calculated EDSO, and in still other situations the

effective amount is the same as the calculated EDS0.
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[0168] In addition, an effective dose of the CD73 inhibitors of the present invention may be an
amount that, when administered in one or more doses to a subject, produces a desired result
relative to a healthy subject. For example, for a subject experiencing a particular disorder, an
effective dose may be one that improves a diagnostic parameter, measure, marker and the like of
that disorder by at least about 5%, at least about 10%, at least about 20%, at least about 25%, at
least about 30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%,
at least about 80%, at least about 90%, or more than 90%, where 100% is defined as the

diagnostic parameter, measure, marker and the like exhibited by a normal subject.

[0169] In certain embodiments, the CD73 inlubitors contemplated by the present invention
may be administered {e.g., orally} at dosage levels of about .01 mg/kg to about S0 mg/kg, or
about | mg/kg to about 25 mg/kg, of subject body weight per day, one or more times a day, to

obtain the desired therapeutic effect.

10176} For administration of an oral agent, the compositions can be provided in the form of
tablets, capsules and the like containing from 1.0 to 1000 milligrams of the active ingredient,
particularly 1.0, 3.0, 5.0, 10.0, 15.0, 20.0, 25.0, 50.0, 75.0, 100.0, 150.0, 200.0, 250.0, 300.0,
400.0, 500.0, 600.0, 750.0, 800.0, 900.0, and 1000.0 milligrams of the active ingredient.

10171} In certain embodiments, the dosage of the desired CD73 inhibitor is contained in a
“unit dosage form”. The phrase “unit dosage form” refers to physically discrete units, each unit
containing a predetermined amount of the CD73 inhibitor, either alone or in combination with
one or more additional agents, sutficient to produce the desired effect. It will be appreciated that
the parameters of a unit dosage form will depend on the particular agent and the effect to be
achieved.

Kits

101721 The present invention also conteraplates kits comprising an CD73 inhibitor, and
pharmaceutical compositions thereof. The kits are generally in the form of a physical structure
housing various components, as described below, and may be utilized, for example, in practicing

the methods described above.

101731 A kit can include one or more of the CD73 inhibitors disclosed herein (provided in,

e.g., a sterile container), which may be in the form of a pharmaceutical composition suitable for

(W]
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administration to a subject. The CD73 inhibitors can be provided in a form that is ready for use
{e.g., a tablet or capsule) or in a form requiring, for example, reconstitution or dilution {e.g., a
powder} prior to administration. When the CD73 inhibitors are in a form that needs to be
reconstituted or diluted by a user, the kit may also include diluents (e g, sterile water), butfers,
pharmaceutically acceptable excipients, and the like, packaged with or separately from the CD73
inhibitors. When combination therapy is contemplated, the kit may contain the several agents
separately or they may already be combined in the kit. Each component of the kit may be
enclosed within an individual container, and all of the various containers may be within a single
package. A kit of the present invention may be designed for conditions necessary to properly

maintain the components housed therein {(e.g., refrigeration or freezing}.

[0174] A kit may contain a label or packaging insert including identifying information for the
components therein and instructions for their use (e.g, dosing parameters, clinical pharmacology
of the active ingredient(s), including mechanism of action, pharmacckinetics and
pharmacodynamics, adverse effects, contraindications, etc.). Labels or inserts can include
manufacturer information such as ot numbers and expiration dates. The label or packaging
insert may be, e.g , integrated into the physical structure housing the components, contained
separately within the physical structure, or affixed to a component of the kit {e.g., an ampule,

tube or vial}.

[0175] Labels or inserts can additionally include, or be incorporated into, a computer readable
medium, such as a disk {e.g., hard disk, card, memory disk), optical disk such as CD- or BVD-
ROM/RAM, DVD, MP3, magnetic tape, or an electrical storage media such as RAM and ROM
or hybrids of these such as magnetic/optical storage ruedia, FLASH media or memory-type
cards. In some embodiments, the actual instructions are not present in the kit, but means for

obtaining the instructions from a remote source, e.g., via the internet, are provided.

EXPERIMENTAL
101761 The following examples are put forth so as to provide those of ordinary skill in the art
with a complete disclosure and description of how to make and use the present invention, and are
not intended to limit the scope of what the inventors regard as their invention, nor are they
intended to represent that the experiments below were performed or that they are all of the

experiments that may be performed. 1t is to be understood that exemplary descriptions written in
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the present tense were not necessarily performed, but rather that the descriptions can be
performed to generate data and the like of a vature described therein. Efforts have been made to
ensure accuracy with respect to numbers used {e.g., amounts, temperature, etc.}, but some

experimental errors and deviations should be accounted for.

10177} Unless indicated otherwise, parts are parts by weight, molecular weight is weight
average molecular weight, temperature is in degrees Celsius (°C), and pressure is at or near
atmospheric. Standard abbreviations are used, including the following: wt = wildtype; bp = base
pair(s); kb = kilobase(s); nt = nuclectides(s}; aa = amino acid(s}; s or sec = second(s); min =
minute(s); h or hr = hour(s); ng = nanogram; pg = microgram; mg = milligram; g = gram; kg =
kilogram; dl or dL. = deciliter; pl or ul. = microliter; ml or mL = milliliter; { or L = liter; uyM =
micromolar; mM = millimolar; M = molar; kDa = kilodalton; 1. m. = intramuscular{ly); i.p. =
mtraperitoneal{ly); 8C or 8Q = subcutaneous(ly), QD = daily; BID = twice daily; QW = weekly;
M = monthly; HPLC = high performance liquid chromatography; BW = body weight; U = unit;
us = not statistically significant; PBS = phosphate-butfered saline; IHC =
tmmunchistochemistry; DMEM = Dulbeco’s Modification of Eagle’s Medium; EDTA =

ethylenediaminetetraacetic acid.
[0178] LC: Agilent 1100 sertes; Mass spectrometer: Agilent GO120BA, single quad

LC-MS method: Agilent Zorbax Eclipse Plus C18, 4.6 x 100 mm, 3.5 uM, 35 °C, 1.5 mb/min
flow rate, 4 2.5 min gradient of 0% to 100% B with 0.5 min wash at 100% B; A = 0.1% of
formic acid / 5% acetonitrile / 94 9% water; B = 0.1% of formic acid / 5% water / 94.9%

acetonitrile
Flash column: ISCO R+

Reverse phase HPLC: ISCO-EZ; Columun: Kinetex 5 um EVO C18 100 A; 250 x 21.2 mm

{Phenomenex}
Example 1

Synthesis of [({[{ZR, 354K, 5K)-5-16-(cyclepentylaminos}-2-chlore-9H-purin-9-yi}-3.4-
dibvdroxyoxolan-2-yvijmethoxy}{hydroxyiphosphorylymethyliphosphonic acid
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|
N A\ HoN N A
4 ,l N <,: g M
OH N P OH R
W NT Cl g, EtOH, 60°C L o N7 e
"o o Step a HO O Stap b
W
i 1) ii fi
0o 0 Ny Cl—Po_R—Cl
I ¢ | o e
HO~P.__P-Q 2L
! } O N Y] Cl
OH OH &&7}
St {CH30)P0, 0 °C
HO  DH 2} 0.5M Et;NH* HCOy"

0°Cio RT; 28%

101791 Step a: A mixture of 2,6-dichloropurine riboside (321 rug, 1 mmol), cyclopentylamine
{103 puL, 1.05 mmol, 1.05 equiv.}, and triethylamine (146 b, 1.05 mmol, 1.05 equiv.}in
anhydrous EtOH (3 mL) was stirred at 60 °C for overnight. Reaction mixture was evaporated
and the crude product was used in the next step without purification. ESIMS [M+H]" for

CsH, CINsOy, caled 370.8, found 3702

101861 Step b: The product from Step a (370 mg, 1 rumol) was dissolved in trimethyl
phosphate (5 mL) and cooled to 0 °C (ice bath), then a cold solution of methylenebis{phosphonic
dichloride) (1.25 g, S mmol, 5 equiv.} in trimethyl phosphate (2 mL) was added dropwise. The
reaction mixture was stirred at ¢ °C for 3 h, and was then carefully quenched with 0.5 M
triethylammonium bicarbonate solution (7 mL) and stirred at 0 °C for 15 min, and then 2 h at
room temperature. The reaction mixture was purified by reverse phase HPLC (C18 column, O to
30% gradient of acetonitrile and water with 0.1% TFA) to give the product as a white solid in
28% vield (181 mg): 'H NMR (400 MHz, DMSO) 8 8.45 — 8.32 (m, 2H), 5.85(d, /= 5.5 Hz,
1H), 4.55 — 4.36 (m, 2H), 4.23 ~ 4.07 (m, 4H), 2.26 (t, J = 20.5 Hz, 2H), 2.04 — 1.85 (m, 2H),
1.77 — 1.46 (m, 6H). ESIMS IVMAH] for CioHosCINGOoP,, caled 528.8, found 528.1
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Example 2

Synthesis of ((({({ZR.3854R,5R)-5-(6-{({4-({tert-butyhbenzyl)amine)-2-chisro-9H-purin-9-yi}-
3 4-dihydroxytetrahydrofuran-2-yhimethoxyi(hydroxy)phosphorylimethylphesphonic acid

o o N ™Sy gy

HO-P._ PO Y N//{\c:;a
QH OHV
HO  OH

S [9181] The title compound was synthesized in similar fashion to Example 1 using 4-fevi-
butytbenzylamine in place of eyclopentylaming: 'H NMR (400 MHz, DMSO-ds) 6 8.91 (1, /=
6.3 Hz, TH), 8.43 (s, 1H), 7.33 (d, J= 8.2 Hz, 2F), 7.26 (d, J = 8.2 Hz, 2H), 5.86 (d, /= 5.8 Hz,
1H), 4.68 - 4.56 (m, 2H), 4.52 (, J= 5.4 Hz, 1H), 4.23 ~ 4.03 (m, 4H), 2.26 (1, J = 20.5 Hz, 2H),
1.25 (s, 9H). BSIMS [M+H]" for CopHa CINsOWP,, caled 606.1, found 606.2.

16 Example 3

Synthesis of (((({2R,385,4R,5R)-5-(2-chloro-6-(isopropylamine)-9H-purin-9-vi}-3,4
dihydroxytetrabhydrofuran-2-yljmethoxy}{(hydroxy)phosphoryljmethyl}phosphonic acid

HN*

:\z Sy
HO- P\/P )\

OH QHL«..(Y ©

15 [8182] The title compound was synthesized in similar fashion to Example 1 using
isopropylamine in place of cyclopentylamine: 'H NMR (400 MHz, DMSO-d;) 8 8.40 (s, 1H),
823(d,/=81Hz IH),585(d, /=59Hz, 1H, 451 (1 /J=55Hz, 1H), 436 (s, 1H), 424 -
4.03 (m, 4H), 2.25(t, J =205 Hz, 2H), 1.21 (dd, J= 6.6, 2.0 Hz, SH). ESI MS [M+H] for
C4Hp CINsGo P, caled 5021, found 502.1
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Example 4

Synthesis of ((({({ZR.354R,5R})-5-(2-chlore-6-(cyclopropylamine}-SH-purin-9-yi}-
3.4-dihydroxytetrabydrofuran-2-ylpmethoxyj(hydroxy)phesphoryiimethyl}phosphonic acid

A

HN
N B
g 9 ¢ N
HO-P._ _P-0 A
o~ a NN o
O OHW
HO  OH

[0183] The title compound was synthesized in simtlar fashion to Example 1 using
cyclopropylamine in place of eyclopentylamine: "H NMR. (400 MHz, DMSO-ds) § 8.54 (s, 1H),
842 (s, 1H), 586(d, /J=58Hz 1H), 452 (,.J=54Hz, 1H}, 428 -4.03 (m, 4H), 2.97 (s, 1H),
2.25(t,J = 20.5 Hz, 2H), 0.75 (s, 2H), 0.64 (s, 3H). ESI MS [M~+H]" for Cy HCIN:OuP;, caled
500.1, found 500.1

Example §

Syunthesis of (((({ZR,35,4R,5K}-5-(2-chloro-6-(neopentylaming }-9H-purin-9-yi}-3.4-
dihydrexytetrahydrofuran-2-yiymethoxyj(hydroxy)phosphoryl)methyljphosphonic acid

HN«*/

2 9
HO-P._.P~0 o NJ\ P
OH QHL\\(—Y
HO  OH

[0184] The title compound was synthesized in simtlar fashion to Example 1 using
neopentylamine in place of cvclopentyiamine: '"H NMR (400 MHz, DMSO-d;) 8 8.42 (s, 1H),
832{,./J=64Hz 1H), 585(d, /= Hz, 1H}, 452 (1, /=54 Hz, 1H), 431 - 4.04 (m, 4H},
3.82(d, J=7.0 Hz, 1H), 3.42 - 3.17 (m, 2H), 2.26 (t, J = 20.5 Hz, 2H), 0.91 (s, 9H).ESI MS
IMAH]T for C6HCHINOoP;, caled 530.1, found 530.2
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Example 6

Synthesis of ((({({ZR.354R,5R)-5-(2-chlore-6-(isopropyl{methyljamino -9 H-purin-9-yi}-
3 4-dihydroxytetrahydrofuran-2-yhimethoxyi(hydroxy)phosphorylimethylphosphonic acid

no-B._Eo ff/i\

OH QH

Q) ’.»
> 2,

5 HO OH
{01851 The title compound was synthesized in similar fashion to Example 1 using N-
methylisopropylamine in place of cyclopentylamine: 'H NMR (400 MHz, DMSO-d.) § 8.42 (s,
1H}, 588(d, /=59 Hz 1H), 450 J=54Hz 1H),422-417 (m, 1H), 411 (d, /=64 Hz,
3H), 3.03 (s, 3H), 2.26 (t, J=20.5 Hz, 2H), 1.23 (s, 6H). ESI MS [M+H] for CisHy CINsQoP,
10 caled 516.1, found 516.1

Lo d

Exarmple 7

Synthesis of ({({{{2ZR 33 4R 3R)-5-(6-{(3.5-bis(trifluoromethyl}benzyDamine}-9H-purin-9-yi}-
3.4-dihydroxytetrahvdrofuran-2yljmethoxy)(hydroxy)phosphoryiimethyl}phosphenic acid

HN NS CF3
N N
2 9 qﬁ;)“?*
HO-P._P-0 NS CFs
OH OHW
15 HO  OH

[0186] The title compound was synthesized in similar fashion to Example 1 but using 6-

chloropurine riboside and 3, S-bis{triffunromethyl frenzylamine in step a: 'H NMR (400 MHz,

DMSO-dg) 6 8.67 (s, 1H), 8.47 (s, 1H}, 8.26 (s, 1H}, 8.07 (s, 2H}, 7.99 (s, 1H}, 5.94(d, /=57

Hz, 1H), 488 (s, 2H), 461 (t, /=54Hz, 1H), 423 (t, /=42 Hz, 1H}, 420-4.04 (m, 3H), 2.25
20 {t,J =205 Hz 2H). ESIMS [M-H] for CyHzFeNsOoP,, caled 650.1, found 6502
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Example 8

Synthesis of (({({{ZR.354R,5R)-5-(6-{{4-bromobenzyl)amino)}-9H-purin-9-yi}-
34-dihydroxytetrahydrofuran-2-yhimethoxyi(hydroxy)phosphorylimethylphosphonic acid

HNT NS
P
N _
o 9 NN
HO-P._P-0 . NJ\N,;F
OH QHL\{M7’
5 HO  OH

10187} The title compound was synthesized in similar fashion to Example 1 but using 6-

chloropurine riboside and corresponding amine in step a: 'H NMR (400 MHz, DMSO-ds) § 8.60

(s, 1H), 844 (s, 1H), 824 (s, 1H), 749 (d, /=83 Hz, 2H), 7.29(d, /=83 Hz, 2H), 594 (d, /=

57 Hz, 1H), 467 (5, 2H), 461 (t, /=53 Hz, 1H), 423 {{, /=42 Hz, 1H), 419405 (m, 3H),
16 225, J=20.5Hz 2H) ESIMS [M-H] for CisH: BrNsOoP,, caled 592.0, found 592.1.

Example

Synthesis of ((({{ZR.35,4R,5R)-5-(6-({4-{tert-butyl)benzyl)amine}-9H -purin-9-yi}-
3. 4-dihydroxytetrahydrofuran-2-vhmethoxy)(hydroxy)phosphorylimethyl)phosphonic acid

O O <,N !\N = By
N

i 1
HO“F;’VF;’"‘? o
OH {Z)Hﬁ\(j
15 HO  OH

10188] The title compound was synthesized in similar fashion to Example 1 but using 6-

chloropurine riboside and corresponding amine in step a: 'H NMR (400 MHz, DMSO-d,) § 8.62

(s, 1H), 8.45 (s, 1H), 8.26 (s, 1H), 7.37 — 7.22 (m, 4H), 5.94 (d, J= 5.7 Hz, 1H), 4.67 (s, 2H),

4,60 (t,J=54Hz, 1H), 423 (t, J=4.1 Hz, 1H), 4.20 - 4.05 (m, 3H), 2.25 (1, J = 20.5 Hz, 2H),
20 124 (s, 9H). ESIMS [M-H] for C;H5oNsQO¢P,, caled 5701, found 5703
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Example 10

Synthesis of ((({({ZR.354R,5R)-5-(6-{{{1,1'-biphenyl|-4-yimethy}amine)}-2H-purin-9-vi}-
34-dihydroxytetrahydrofuran-2-yhimethoxyi(hydroxy)phosphorylimethylphosphonic acid

HN’“szj\
2 9 q”\f*j@ 7
Hamg;/g;a o NN
5 HO  OH
10189} The title compound was synthesized in similar fashion to Example 1 but using 6-
chloropurine riboside and corresponding amine in step a: H NMR (400 MHz, DMSO-d) 6 8.67
(s, 1HD), 8.46 (s, 1H), 8.27 (s, 1H), 7.66 — 7.57 (mn, 4H), 7.49 — 7.40 (m, 4FL), 7.37 - 7.30 (m, 1H),
5.95(d, J= 5.7 Hz, 1H), 4.76 (s, 2H), 4.61 (t, /= 53 Hz, 1H), 4.24 (1, J= 4.1 Hz, 1H), 420 -
10 4.06(m, 3H), 2.25(t, /=205 Hz, 2H) ESIMS [M-H] for CpHysNsOoP,, caled 590.1, found

590.2.
Example 11

Synthesis of (((((ZR,385,4R,58)-3,4-dihydroxy-5-(6-({4-(trifluoromethyl)benzyl)amino}-
SH-purin-%-vijtetrahydrofuran-2-yimethoxyj(hydroxy)phosphoryljmethyl)phosphonic

15 acid

1 i
HO-P._ P-0

{ {
OH OH Q

f i
N“‘\N{)"j

~ »
> 7,

HO OH
[0196] The title compound was synthesized 1n similar fashion to Example 1 but using 6-
chloropurine riboside and corresponding amine in step a: 'H NMR (400 MHz, DMSO-dy) 8
20 B8.08(s, 1H), 846 (s, 1H), 825 (s, 1H), 767 (d, /=8.1Hz, 2H), 7.54 (d, /=8.1 Hz, 2H), 5.95
{d, /J=58Hz 1H), 479 (s, 2H), 461 (t, /=53 Hz, 1H},4.24(t, J=4.1 Hz, 1H), 420 -4.06
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(m, 3H), 2.25 (t, /= 20.5 Hz, ZH). ESIMS [M-H] for CioH: F3NsOoP,, caled 5821, found
582.2.

Example 12

Synthesis of (((((ZR,385,4R,58)-3,4-dihydroxy-5-(6-({4-methylbenzyljamino)
-SH-purin-9-yijtetrahydrofuran-2-yhmethoxyj{hydroxy)phosphervl}methyl)phosphonic

o o «N:Ez;@m

acid

S
OH GHW
HO  OH

[0191] The title compound was synthesized 1n similar fashion to Example 1 but using 6-
chloropurine riboside and corresponding amine in step a; "H NMR (400 MHz, DMSO-d;) 6 8.61
(s, 1H), 8.45 (s, 1H}, 826 (s, 1H), 722(d, /=78 Hz 2H), 710{(d, /=78 Hz, 2H), 594 {d, /=
57Hz, 1H), 4.67 (s, 2H), 460 (1, /=54 Hz, 1H), 423 (t, /=42 Hz, 1H), 419 ~-4.04 (m, 3H),
231 - 218 (m, SH). ESIMS [M-HJ for C9HNsOoP,, caled 528.1, found 528.2.

Example 13

Synthesis of ((({{2R,35,4R,5K}-5-(6-((3,5-dichlorsbenzyljamino}-9H-purin-9-yi}-

3.4-dihydroxytetrahydrofuran-2-yijmethoxyj(hydroxy)phosphorylimethyljphosphonic acid

»ﬁj Cl

10192} The title compound was synthesized in similar fashion to example 1 but using 6-
chloropurine riboside and corresponding amine in step a: 'H NMR (400 MHz, DMSO-ds) &
8.61 (s, 1FD), 8.46 (s, 1H), .26 (s, 1H), 7.48 (1, /= 2.0 Hz, 1H), 7.39 (5, 2H), 5.95(d, /= 5.7 Hz,
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1H), 4.70 (s, 2H), 4.61 (t, /= 5.4 Hz, 1H), 4.24 (t, J= 4.2 Hz, 1H), 4.20 - 4.05 (m, 3H), 2.26 (t, J
=20.5 Hz, 2H). BESIMS [M-HT for C1sHaxCLNsO6P, caled 5821, found 582.2.

Example 14

Synthesis of {({{{ZR354R 3R)-5-(6~{benzylamino}-2-methyl-9H-purin-9-yi}
-3,4-dibydroxytetrahydrofuran-2-yiimethoxy) hydroxyjphosphorylimethyljphosphenic

acid

HN | = HN | X
<N By A MeySn, PaPPhs)s <N | Py KoCOy
N Y N NP 1200 VA MeOH, r.t
acd DAc Stepa AcS  DAc Step b
HN/\® HN
N H / H !
{N N 1) CLPOCH,POCL, </N | =N
o o N (CHZO)PO, 0 °C 2 D
NN NeH N™ N7 “CH
Ho~ T g : Y4 3
OH OH /\ij 2) 0.5M EtzsNH* HCO4™ A\(_
Ho' oM 0rCtort HO  ow

Step ©

101931 Step a: To a nitrogen purged reaction nuxture of the iodo derivative (1.03 g, 1.7 mmol}
and tetramethyltin (470 ul, 3.34 mmol) in NMP (10 mL) was added Pd(PPhz), (196 mg, 0.17
mmol, 10 mol%) and the reaction mixture was heated at 120 °C for overnight. LCMS indicated
product formation. It was cooled to room temperature, diluted with water, extracted with ethyl
acetate, dried (MgSQy), filtered and concentrated. The residue was puritied by tlash column to

get the product (1 g). ESIMS [M+H]" for Cy4HyNsO-, caled 498.2, found 498.3

10194] Step b To a solution of the acetate derivative from Step a (1 g, 2.01 mmo) in methanol
{5 mL) was added K,CO; (276 mg, 2 mmol) and the reaction mixture was stirred atrt for | h.
Then, 1t was diluted with dichloromethane, filtered through a pad of silica. The filtrate was

concentrated and purified by flash colurn (ISCO, 40 g column, 0 to 20 % methanol in

jop}
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dichloromethane, 20 min) to get the compound as off white solid (450 mg, 60%) ESI MS
IM-+HT for CisHyi NsOy, caled 372.2, found 372.2

10195] Step ¢ The product from Step b (150 mg, 0.4 mmol) was dissolved in trimethyl
phosphate (3 mL) and cooled to 0 °C {ice bath), then an ice cold solution of
methylenebis(phosphonic dichloride) (504 mg, 2 mmol, S equiv.) in trimethy! phosphate (1 mL)
was added dropwise. The reaction mixture was stirred at 0 °C for 3 h, and was then carefully
gquenched with 0.5 M triethylammonium bicarbonate solution (8 mL) and stirred at 0 °C for 15
min, and then 2 h at room temperature. The reaction mixture was purified by reverse phase
HPLC (C18 column, 0 to 30% gradient of acetonitrile and water with 0.1% TFA) to give the
product as a white solid: "H NMR {400 MHz, DMSO-d;s) 0 848 - 8.32 (m, ZH), 738 - 7.18 (m,
$H), 5.92 (d, /= 6.0 Hz, 1H), 4.71 (s, 2H), 4.55 (t, /= 5.5 Hz, 1H), 4.19 - 3.98 (m, 4H), 2,44 (s,
3H), 2.23 (t, J=20.5 Hz, 2H). ESIMS [M-HY for CioHsNsOsP,, caled 528.1, found 528.2.

Example 15

Synthesis of (((((ZR,3854R,58)-5-(6-(benzylamino)-2-vinyl-SH-purin-9-yi)-
3,4-dihydroxytetrahydrofuran-2-yhmethoxyj(hydroxy)phosphoryvlmethyl}phesphonic acid

SO 7
s "0
f 7 DD
<NEW

OH
PA{PPhy)s, KxC0; L\CD/
‘ / 1,2-Dimathoxyethane:H.O (9:1) f 1 (‘3 %)
PR 85 °C; 72% HG oM CI—P._R-Cl
o ¢
Step a
P Stepb (CHZO)PO, 0 °C

2} 0.5M EtgNH* HCOy

0°C to RT; 8%

HN/\‘ Hg\;;
o o > 0 9 qu‘\‘N
HO—P._ -0 NJ\ /K/ 10% PUIC, Hy 1 atm,  HOPL_B-0 N N’J\//’

i o)
H OH H o OH
* oY oY
- 35% |-,

Q > “
& 7, Ny

HO  DH Step ¢ HO  OH
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[0196] Step a: A mixture of N-benzyl-2-chloropurine riboside (783 mg, 2 mmol),
vinylboronic acid pinacol ester (462 mg, 3 mmol, 1.5 equiv.), KoCO5 (828 mg, 6 mmol, 3 equiv.)
and Pd{PPhs ), in 1,2-dimethoxvethane H,0 (9:1, 10 mL} was stirred under N; at 85 °C for 1 day.
Reaction mixture was cooled down to room terperature, diluted with EtOAc (100 rul) and
washed with Ho(O (50 mL}. Organic layer was separated, dried over MgSQy, filtered and
evaporated to give yellow solid. Crude product was washed with MTBE (50 mL}) and used

directed in the next step (550 mg, 72%).

[6197] Step b : The title compound was synthesized in similar fashion to example 1. 'H NMR
(400 MHz, DMSO-ds) 8 8.39 (s, 1H), 7.38 (4, /= 7.0 Hz, 2H), 7.29 (t, /= 7.6 Hz, 2H), 7.25 -
7.15 (m, 1H), 6.64 (dd, /= 17.2, 10.4 Hz, 1H), 639 (dd, J= 17.2, 2.4 Hz, 1H), 5.94(d, /= 6.0
Hz, 1H), 5.55 (d, /= 10.5 Hz, 1H), 4.73 (s, 2H), 4.63 (1, /= 5.5 Hz, 1H), 428 ~ 4.00 (m, 4H),
2.25(t, J=20.4 Hz, 2H). ESIMS [M+H]" for CaoHasNsOoPs, caled 5421, found 542.2.

[0198] Step ¢ Product from step b (40 mg, 0.06 mmol) was dissolved in MeQOH (10 mL),
purged with N and 10% Pd/C (50% wet, 30 mg) was added. Reaction mixture was vigorously
stitred under Hj (balloon) for Zh and after filtration the product was purified by RP18 HPLC
(H,0+0.1% TF A/acetonitrile+0.1% TFA) to give white solid (14 mg, 35%): "H NMR (400 MHz,
DMSO-d;) 5 8.52 — 8.18 (m, 2H), 7.33 — 7.27 (m, 2H), 7.27 — 7.18 (m, 2H), 7.15 (, /= 7.2 Hz,
1H), 5.86 (d, /= 6.0 Hz, TH), 4.64 (s, 2H), 4.55 (t, J= 5.5 Hz, 1H), 4.19 — 3.98 (m, 4H), 2.70 —
2.61 (m, 2H), 2.16 (1, J=20.5 Hz, 2H), 1.16 (1, /= 7.6 Hz, 3H). ESIMS [M+H]" for
CooHz7Ns(3oP;, caled 544.1, found 5442,

Example 16

Synthesis of ({({{{ZR,3I54R 5R)-5-(2-allyl-6-(benzylamine}-9H -purin-9-yi}-3.4-
dihydroxytetrabydrofuran-2-yijmethoxy}(hyvdroxy)phosphorylimethylphosphonic acid

&7
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[0199] The title compound was synthesized in similar fashion to Example 15: '"H NMR (400

MHz, DMSO-dg) 5 8.46 (s, 1F), 8.37 (s, 1H), 7.41 — 7.34 (m, 2H), 730 (t, J = 7.5 Hz, 2F), 7.25
~7.18 (m, 1H), 6.17 ~ 6.03 (m, 1H), 5.92 (d, J = 6.0 Hz, 1H), 5.28 — 5.00 (m, 2H), 4.70 (s, 2H),
4.60(t,.J=5.6 Hz, 1H), 4.27 - 4.02 (m, 4HD), 3.49 (d, /= 6.8 Hz, 2H), 2.24 (1, J = 20.5 Hz, 2H).
ESIMS [M+HT for CyiHasNsO9P,, caled 556.1, found 556.3.

Example 17

Synthesis of (({({{ZR,354R,5R})-5-(6-(benzylamino)-2-propyl-SH-purin-9-yi}-3.4-
dihydroxytetrabhydrofuran-2-yijmethoxy}(hyvdroxy)phosphorylimethylphosphonic acid

HN Ny
HQ"%\/E‘%”Q Q,N/J!\N”?L\/\\

OH OH %(O\/f

~ -
> -,

HO O
[0200] The title compound was synthesized in similar fashion to step ¢ of Example 15 'H
NMR (400 MHz, DMSO-ds) & 8.40 (s, 2H), 8.29 (s, 1H), 7.29(d, /= 7.6 Hz, 2H), 7.23 (t, J =
7.5 Hz, 2H), 7.15 (1, J= 7.2 Hz, 1H), 5.86 (d, J = 6.0 Hz, 1H), 4.64 (s, 2H), 4.54 (1, J = 5.5 Hz,
1H), 4.19 — 3.94 (m, 4H), 2.71 — 2.55 (m, 2H), 2.17 (t, J=20.5 Hz, 2H), 1.66 (g, J= 7.4 Hz,
2H), 0.93 — 0.70 (m, 3H). ESIMS [M+H] for CyH3oN:=0sP;, caled 558.1, found 558.2.

Example 18

Syunthesis of [{({[(ZR.354R,5R)-5-]6-(benzylamine)-2-methoxy-9H-purin-9-yi}-3,4-
dibvdroxyoxolan-2-yvijmethoxy}{hydroxy)phosphorylymethyliphosphonic acid

68
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HNY‘\E N
<,N\.{/J\\‘N N 25% NaOMe N \
OH L MeOH 60 °Ci78% ¢CT Y 7 —

i H
~y ~y
HO o Step a HO  ©OH Step b
HN f RN ; (i? (?
o o NSy N )cim;ﬁ\/ﬁmca
H {i ’
HO-P.__P-0 <l . o
gl o. N TN TomMe
OH QHL..O}
\_/ {CH40)P0, 0 °C
T 2) 0.5M Et;NH' HCOy

0°C o RT; 14%

[0261] Step a: The known niboside (250 mg, 0.64 mmol) was dissolved in 25% NaOMe in
MeOH solution (2 mL}) and stirred at 60 °C for overnight. The reaction mixture was
concentrated under reduced pressure and the residue was then diluted with H,O (15 mL) and
acetic acid until neutral pH. The product was collected by filtration {white solid, 180 mg, 73%).

ESIMS [M+H] for Ci3HNsOs, caled 388 .4, found 388.1.

[0202] Step b: The title compound was obtained using a simtlar procedure as for example 1 1o

give a white solid (37 mg, 14%): 'H NMR (400 MHz, DMS0) § 8.48 (s, 1H), 8.20 (s, 1H), 7.37

~7.17 (m, SH), 5.82 (d, /= 5.9 Hz, 1H), 4.64 (d, J= 5.0 Hz, 3H), 4.28 — 4.00 (m, 4H), 3.80 (s,

3H), 2.23 (1, J= 20.5 Hz, 2H). ESI M8 [M+H]" for CoHysNsOoPs, caled 546.4, found 546.1.
Example 19

Synthesis  of [({{(ZR.35,4R,5R)-5-[6-(benzylamino)-2-(methylamine}-9H -purin-9-yi|-3.4-
dihydroxyoxolan-2-vijmethoxy}(hvdroxy)phosphorylimethyl]phosphonic acid

69
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_ ol o
HO 5?\/5;‘ 0 )\ LCHy
OH OH

(CH30)PO, 0 °C
H@‘" OH 2) 0.5M EfzNH* HCOy
0°C o RT, 15%
102031 Step a: The known riboside (250 mg, 0.64 mmol} was dissolved in 40% MeNH; in

H; O solution (2 mL) and stirred at 60 °C for overnight. The reaction mixture was then
concentrated under reduced pressure and the residue was dituted with HoO (15 mL). The product
was collected by filtration (white solid, 210 mg, 85%). ESIMS [M+H]" for CsH3N¢Qy, calcd
3874, found 3873,

(V4]

[0204] Step b: The title compound was obtained using a similar procedure as for Example 1

to give white solid (38 mg, 15%): "H NMR (400 MHz, DMISO) 6 8.08 (5, 1H), 742 - 7.19 (m,

3}{; 5.79 (d J=61Hz, 1H), 4.75 - 4.45 (m, 3H), 424 — 4.02 (m, 4H), 2.81 (s, 3H), 2.22 (t, J =
16 204F H). ESIMS [M-HY for Ci1oHaeNsOoPs, caled 543 4, found 5432

Example 20

Synthesis of ((({{ZR.35,4R,5R)-5-(6-{benzylamino)-2-(dimethylamins}-3H-purin-9-yi}-3.4-
dihydroxytetrahydrofuran-2-ylymethoxy ) hydroxy)phosphorylymethyDphosphonic acid

HN/\J/\
o 0 <,
HO- P\/P o J\ )\N/

OH QHW |

© ”
N -,

HO OH

Ju—
(V4]
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[0285] The title compound was synthesized in similar fashion to Example 19 but using
dimethylamine in step a; 'H NMR (400 MHz, DMSO-ds)  8.15 (s, 1H), 8.09 (s, 1H), 7.36 (d, J
=72Hz 2H) 729, J=75Hz 2H), 721 (t,./=72Hz, 1H), 581 (d,./J=55Hz, 1H), 468~
457 (m, 3H), 4.26 =420 (m, 1H), 4.20-4.00 (m, 3H), 306 (5, 6H), 2.24 (t, /=204 Hz, 2H).

S ESIMS [M+H] for CocHaeNe(3sP,, caled 559.1, found 559.2.

Example 21

Synthesis of ({({{ZR,IV 4R 5R)-5-(6-{benzylamino}-2-{pyrrolidin-1-y}-9H -purin-9-yi}-3,4-
dihydroxytetrabhydrofuran-2-yijmethoxy}(hyvdroxy)phosphorylimethylphosphonic acid

o o0 \/L\/\}/\
HO- P\/F’O /f\,}\

OH OH%\(J N D

10

10206] The title compound was synthesized in similar fashion to Example 19 but using
pyrrolidine in step a° 'H NMR (400 MHz, DMSO-ds) 5 8.15 (s, 2H), 7.42 — 7.14 {m, 5H), 5.82
{d, /=55Hz 1H), 471 -4.51(m, 3H),4.26 (1, /=43 Hz, 1H), 421 - 4.00 (m, 3H), 3.46 (5,

15 4H), 223 (t, /=204 Hz, 2H), 1.89 (s, 4H). ESIMS [M+H]" for CyHy NsOoP,, caled 585.1,
found 585.2.

Example 22

Synthesis of ({({{{ZR,3I54R 5R)-5-(6-{benzylamino)}-2-{piperidin-1-y1}-9H -purin-9-yi}-3,4-
20 dihydroxytetrahydrofuran-2-ylimethoxy} hyvdroxy)phosphorylimethylphosphonic acid

\/k

0
HO- P\/P() /f\/

OH OH N(_j\f N

N/\,
[
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10287} The title compound was synthesized in similar fashion to Example 19 but using
piperiding in step a: 'H NMR (400 MHz, DMSO-ds) 6 8.20 (s, 1H), 8.10 (s, 1H), 7.38 - 7.33
{m, 2H}, 7.33 - 7.25 {m, 2H), 7.25 - 7.16 {m, 1H), 581 (d, /=56 Hz, 1H), 466 - 4.52 (m, 3H)},
420, =43 Hz, 1H), 417 -400(m, 3H), 3.74 -3.62 (m, 4H), 224 (t, /=20 5Hz, 2H), 1.64
~1.38 (m, 6H). ESIMS [M-HT for CaH351 NeOsPo, caled 597 .2, found 597.3.

Example 23

Synthesis of ({({{{ZR,3I54R 5R)-5-(6-{benzylamineo}-2-morpholino-2H-purin-2-y1}-3,4-
dihydroxytetrahydrofuran-2-yijmethoxy}(hyvdroxy)phosphoryl)methylphosphonic acid

HMN Ry

| |

N SN

g o M N{”\NA\
OH QHW k\/(‘)

HO  OH
10208} The title compound was synthesized in similar fashion to Example 19 but using
morpholine in step a; 'H NMR (400 MHz, DMSO-ds) § 8.24 — 8.02 (m, 2H), 7.37 — 7.17 (i,
5H), 5.79 (d, /= 5.9 Hz, 1H), 4.72 — 4.51 (m, 3H), 4.23 ~ 3.99 (m, 4H), 3.61 (s, $H), 2.23 (t, /=

20.5 Hz, 2H). ESIMS [M-HY for CpHyeNgO 1Py, caled 599.2, found 5993

Example 24

Synthesis of ({({({{ZR,3Y,4R,3R)-5-(6-{benzylamino}-2-(isopropylthio)- 9 -purin-9-y1)}-3,4-

dihydroxytetrabhydrofuran-2-yljmethoxy}{(hydroxy)phosphoryljmethyl}phosphonic acid
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[0209] Step a: A solution of compound X (5 g, 10.2 mmol) in MeOH (60 ml}) was treated
with ammonia gas for 10 mins at -20 °C. The nuxture was then warmed to room temperature and
stirred until the reaction was complete. Nitrogen was then bubbled through the reaction to
remove excess ammonia gas. The mixture was concentrated and purified by prep-HPLC to give

the desired product {750 mg, 20%).

10218} Step b: The product from Step a (0.36 g, 1 mmol}, benzyl amine (0.115 mL, 1.05
mmol, 1.05 equiv.), and E:N (015 mL, 1.1 mmol, 1.1 equiv.} in anhydrous EtOH (3.3 mL) was
stirred at 70 °C for 4 hours. The reaction mixture was then cooled to room temperature,

concentrated and used without further purification.

10211}  Step ¢: The product from Step b was dissolved in trimethy] phosphate (5 mL) and
cooled to 0 °C (ice bath), then a cold solution of methylenebis(phosphonic dichlonide) (1.2 g, 15
mmol, 5 equiv.) in trimethyl phosphate (3 mL} was added dropwise. The reaction mixture was
stirred at O °C for 3 b, and was then carefully quenched with 0.5 M triethylammonium
bicarbonate solution (6 mL) and stirred at 0 °C for 15 min, and then 2 h at room temperature.
The reaction mixture was purified by reverse phase HPLC (C18 column, 0 to 40% gradient of
acetonitrile and water with 0.1% TFA) to give the product as a white solid in 6% yield (38 mg):
'H NMR (400 MHz, DMSO-dg) § 8.53 (s, 1H), 8.27 (s, 1H), 737~ 7.17 (m, SH), 5.84 (d, /= 5.8
Hz, 1H), 4.65 (s, 2H), 4.56 (t, J= 5.5 Hz, 1H), 4.24 — 4.17 (m, 1H), 4.17 — 4.01 (m, 3H), 3.82
3.71 (m, 1H), 2.24 (t, J = 20.5 Hz, 2H), 1.28 (d, J = 6.8 Hz, 6H).. ESI MS [M+H]" for
Ca1HasNsO6P, S, caled 5901, found 590.2
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Example 25

Synthesis of ((({{ZR.3854R,5R)-5-(6-(benzylamino)-2-(isopropylsulfonyl}-9H-purin-9-y1)-3.4-
dihydroxytetrahydrofuran-2-yljmethoxy}(hyvdroxy)phosphoryl)methyl)phosphonic acid

5
03] i
N SN : N N :
A m-CPBA ¢ 19 BniNHs, Et,N
o i N'/;\S/\\ SO ——— o N NS g N
CH,CL i EtOH
O
HO ] HO _
1o  OH Step a HG  OH Step b
N 1} CLPOCH,POCL, N ,
(‘3 (i? <, 3 ~HN i {CH303,P0, 6 °C </ ] N
Ho-b_p-o AL o O A Ao

on” OH kO N 287 2) 0.5M EtzNH HCOg e O oS
v " 0 °C to RT; 33% v A
HO O Step ¢ HO  OH
102121 Step a: The product from Step a of Example 24 (4.5 g, 12.5 mmol) in methylene
chloride (50 mL) was treated with m-CPBA (2.2 g, 38.2 mmol} portion-wise. The reaction was
stirred at room teroperature until complete. The mixture was diluted with methylene chloride

10 {200 mL), washed with aqueous NaHS0; twice, dried over NapS(Oy, and concentrated. The

residue was puritied by prep-HPLC to give the desired product as a white solid (780 mg, 16%).

2131 Step b The product from Step a (0.393 g, T mmol), benzyl amine (0.115 mL, 1.05
mmol, 1.05 equiv.), and EzN (015 mi, 1.1 munol, 1.1 equiv.} in anhydrous EtOH (3.3 mL} was
stirred at 70 °C for 4 hours. The reaction mixture was then cooled to room temperature,

15 concentrated and used without further purification.

[0214] Step ¢: The product from Step b was dissolved in trimethyl phosphate (4 mL} and
cooled to 0 °C (ice bath), then a cold solution of methylenebis{phosphonic dichlonide) (12 g, S
mmol, 3 equiv.) in trimethyl phosphate (2 mlL) was added dropwise. The reaction mixture was
stirred at O °C for 3 h, and was then carefully quenched with 0.5 M triethylammonium

20 bicarbonate solution (6 mL} and stirred at 0 °C for 15 min, and then 2 h at room temperature.
The reaction mixture was purified by reverse phase HPLC (C18 column, 0 to 40% gradient of

acetonitrile and water with 0.1% TFA) to give the product as a white solid 1n 22% yield (50 mg):
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"H NMR (400 MHz, DMSO-ds) § 9.21 (1, J=6.2 Hz, 1H), 8.66 (s, 1H), 7.42 ~ 7.15 (m, 5H),
597(d,/=61Hz, 1H), 474 - 466 (m, 2H), 460 (dd, J=6.1, SO Hz, 1H), 426422 (m, 1H),
419407 (m,4H), 378 (p, J=68Hz, 1H), 226 (t, /J=205Hz, 2H), 1.12(dd, /=68 24 Hz,
6H). ESIMS [M+HT for Cy HyoNsOy P, S, caled 622.1, found 622.2

Example 26
Synthesis of ({({{ZR.IVNAY,5R}-5-(6~-amino-2-fluore-9H-purin-$-yi}-3,4-
dihydroxytetrahydrofuran-2-yijmethoxy}(hydroxy)phosphoryl)methyliphosphonic acid

NH,
N
HO~Po _P-0 < B
~ - B
N 0 X NT O E
OH OHN\\/ zj’
HO  OH

10215} The title compound was synthesized in similar fashion to step b of Example 1 using
corresponding alcohol: 'H NMR (400 MHz, DMSO-d,) 8 8.17 (s, 1H), 8.02 - 7.72 (m, 2H), 6.15
(d, /=43 Hz, 1H), 430 - 4.09 (m, 4H}, 400 -3 88 (m, 1H), 2.24 (¢, /=205 Hz, 2H}). ESIMS
[M+HT for € H-FNsOoP,, caled 444.0, found 444.1.

Example 27
Synthesis of ((({((2R, 3K 4R 3R)-5-(6-amino-9-purin-9-yi)-4-fluore-3-

hydroxytetrahydrofuran-2-yhmethoxy)}{(bydroxy}phosphoryijmethyl)phosphonic acid

NH,

1 ¥ <{N\]E/gw

BB L

HO P\/E? 8] 5 N./\N/
OH C}Hw
HO  F

102161 The title compound was synthesized in stmilar fashion to step b of Example 1 using
corresponding alcohol: 'H NMR (400 MHz, DMSO-d,) § 8.45 (s, 1H), 8.26 (s, 1H), 7.92 (s,
2H), 627(dd, /=172, 28 Hz, 1H), 550 (ddd, /=52.5,45 28 Hz, 1H), 464 - 452 (m, 1H)},
4729 408 (m, 3H), 2.25 (t, /= 20.4 Hz, 2H). ESIMS [M+H] for CyHisFNsOsP, caled 428 1,

found 428.1.

~J
(V4]
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Example 28

Svnthesis [({J2R,3R 48 5R)-5-(6-amino-2-chloro-3H-purin-9-yi}-4-fluore-3-hydroxyoxolan-
2-ylimethoxy}(hydroxyphosphoryihmethyliphosphonic acid

5

NH, " o o0 NH,

< | o o <

OH L A HO- P\/F’ 0 PN

o N7 e o N e
(CHL0MLPO, 0 °C OH Onl
A 2) 0.5M EtyNH* HCO5 A
HO  F 0°C to RT HG  F

102171  The title compound was synthesized in similar fashion to Example 1 using
commercially available alcohol. NMR (400 MHz, DMSO-di) 6 828 (d, /=22 Hz, 1H), 7.92

10 (s, 2FD), 6.36 (dd, /= 14.3, 4.6 Hz, 1H), 5.26 (dt, J=52.5, 4.3 Hz, 1H), 451 (dt, /= 18.6, 4.7 Hz,
1H), 4.19 (t, J = 6.0 Hz, 2H), 4.04 (t, /= 5.0 Hz, 1H), 2.26 (1, J = 20.5 Hz, 2H): MS: (ES) m/z
calculated for Cy;HsCIFNsOP, [M-HT 460.1, found 460.1.

Example 29

Ju—
(V4]

Synthesis of ((({(2R,3R48,5K)-5-(6-(benzylamins}-2-chloro-9H-purin-9-yi}-4-fluors-3-

hydroxytetrahydrofuran-2-yimethoxy)(hydroxy)phosphorylimethyl)phosphonic acid
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[0218] Step a: 2,6-dichloropurine (3.6 g, 18.8 mmol) was dissolved in 90 mL of acetonitrile
and treated with Cs,CO3 (7.5 g, 23 mmol, 1.2 equiv.). The mixture was stirred at room
temperature for 30 min. The known bromo derivative (8.75 g, 21 mmol, 1.1 equiv.) was
dissolved 1n 100 mL of acetonitrile and added to the mixture dropwise via an addition funnel.
The mixture was allowed to stir overnight at room temperature. The mixture was filtered on a
pad of silica gel and concentrated. The residue was adsorbed on silica and purified using column
chromatography (hexanes / ethyl acetate) to provide the product as a white solid in 77% yield
(7.72¢). 'H NMR (400 MHz, Chloroform-d) § 8.39 (d, J=3.0 Hz, 1H), 8.10 (ddt, /=85, 3.1,
0.9 Hz, 4H), 7.74 — 7.36 (m, 6H), 6.64 (dd, /= 21.8, 2.8 Hz, 1H), 5.83 - 5.69 (m, 1H), 5.40 (ddd,
J=499, 2.8 0.8 Hz, 1H), 4.89 — 4.77 (m, 2H), 4.62 (q, /= 4.0 Hz, 1H). ESIMS [M+H]  for
CouH,CHFNLOs, caled 5311, found S31.1.

10219]  Step b: The product from Step a (9.0 g, 17 mmol), benzyl amine (3 mi, 26 mmel, 1.5
equiv.}, and EtsN (5 mL, 34 mmol, 2.0 equiv.) in anhydrous EtOH (60 mL) was stirred at 70 °C
for 4 hours. The reaction mixture was then cooled to room temperature and the product was
collected by filtration and used without further purification {(white sclid, 8.9 g, 87%). ESIMS
IM+H]" for C3;HysCIFNsOs, caled 602.2, found 602.0.

10228] The above product (10.2 g, 17 mamol) and K,C0; (7 g, 51 mmol, 3 equiv) were
dissolved in 170 mL of methanol and stirred at room temperature for 4 hours. The reaction
mixture was then filtered and concentrated on a pad of silica gel. The reaction mixture was
purified using column chromatography (methylene chloride / methanol) to provide the product
was a white solid in 80% yield (5.3 g); "H NMR (400 MHz, DMSO-d;) § 8.97 (t, J=6.3 Hz,
1H), 8.31(d, J=2.0Hz, 1H), 7.36 — 7.18 (m, 5H), 6.34 (dd, J= 13.6, 4.7 Hz, 1H), 523 (dt, J =
52.6, 4.3 Hz, 1H), 4.66 (q,.J=7.3, 5.7 Hz, 2H), 4.43 (dt, /= 19.0, 4.8 Hz, 1H), 3.84 (g, /=4.9
Hz, 1H), 3.65 (g, J=12.0,6.2, 5.2 He, 2H). ). ESIMS IMAHTT for C17H1:CIFN5O;, caled
394 1, found 394 1.

10221} Step ¢: The product from Step b (800 mg, 2 mmol) was dissolved in trimethyl
phosphate (15 mL) and cooled to 0 °C (ice bath), then a cold solution of
methylenebis{phosphonic dichloride) (2.5 ¢, 10 mmol, 5 equiv.) in trimethy! phosphate (5 mL)
was added dropwise. The reaction mixture was stirred at 0 °C for 3 h, and was then carefully

gquenched with 0.5 M triethylammonium bicarbonate solution (15 mL) and stirred at 0 °C for 15
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min, and then 2 h at room temperature. The reaction mixture was purified by reverse phase
HPLC (C18 column, 0 to 40% gradient of acetonitrile and water with 0.1% TFA) to give the
product as a white solid in 22% vield (290 mg): "H NMR (400 MHz, DMSO-ds) § 8.99 (1, J=
6.3 Hz, 1H), 8.30 (d, ./ = 2.2 Hz, 1H), 7.40 — 7.18 (m, SH), 6.38 (dd, J = 14 3, 4.6 Hz, 1H), 5.45
~5.04 (m, TH), 4.65 (1, J=5.5 Hz, 2H), 4.54 ~ 442 (m, 1H), 4.19 (t, J= 6.1 Hz, 2H), 4.04 (1. J
5.1 Hz, 1H), 2.26 (t, J=20.5 Hz, 2H). ESIMS [M-HJ for C,sH,; CIFNsOP,, caled 550.8, found

550.2.

Example 30
Synthesis of ((({{2R,3R,45,5K}-5-(6-(benzyl{methyl)amineo}-2-chloro-9H -purin-9-yl}-4-
fluoro-3-hydroxytetrahydrofuran-2-yhmethoxyl(hydroxy)phosphorylymethyliphosphonic

acid

o o <f\/\‘
HO&E”&K\{Y "

102221 The title compound was synthesized in similar fashion to Example 29 using step a
product of example 29 and corresponding amine: 'H NMR (400 MHz, DMSO-d;) as a mixture of
rotamers 6 832 (d, /=2.1 Hz, 1H), 740 - 719 (m, 5H), 6.42 (dd, /=145, 4 6 Hz, 1H)}, 5.55 (5,
IH), 527 (dt, /=524 42 Hz 1H}, 495 (s, 1H), 450 (dt, /= 184,45 Hz, 1H), 4.19(, /=61
Hz, 2H), 4.05(q, J=50Hz 1H), 3.65(s, 1H),3.11 (5, 2H), 2.26 (t, /=205 Hz, ZH) ESI MS
IMAH]T for CoH 3 CHNSOgP,, caled 566.1, found 566.2

Example 31a
Synthesis of ((({(2R,3R48,5K)-5-(2-chloro-6-(methylamino }-9H-purin-9-yi}-4-fluoro-3-

hydroxytetrahydrofuran-2-yimethoxy)(hydroxy)phosphorylimethyl)phosphonic acid
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%
H@’gvg\@/«\if_)f“ﬂ | N,;L\Ci
OH  OH

HS F
[0223] The title compound was synthesized in similar fashion to Example 29 using step a
product of example 29 and corresponding amine: 'H NMR (400 MHz, DMSO-ds) 8 8.36 (q, J =
4.6 Hz, 1H), 8.27 (s, 1H), 6.45 (brs, 2H), 637 (dd, /= 14.3, 4.6 Hz, 1H), 5.25 (dt, J = 52.4, 4.3
Hz, 1H), 4.50 (dt, J = 18.6, 4.6 Hz, 1H), 4.19 {1, J = 5.9 Hz, 2H), 4.04 (q, J = 5.2 Hz, 1H), 3.33
(brs, 1H), 2.93 (d, J = 4.5 Hz, 3H), 2.26 (t, J= 20.4 Hz, 2H). ESI MS [M-HJ for
CoHCIENSG:P,, caled 4747, found 4741,

Example 31b
Synthesis of (({({{ZR. 3R 45,5K)-5-(2-chloro-6-(ethylamine}-9H-purin-9-yi}-4-fluore-3-

hydroxytetrahydrofuran-2-yhmethoxyi(hydroxy)phosphorviymethyl)phesphonic acid

S
4
HO’?‘V’E\QA{?Z:N | N//L\Ci
OH OH

HO ¥
10224] The title compound was synthesized in similar fashion to Example 29 using step a
product of example 29 and corresponding amine: 'H NMR (400 MHz, DMSO-~d;) § 8.43 (1, J =
5.7 Hz, 1H), 8.26 (s, 1H), 7.28 (brs, 2H), 6.37 (dd, J= 143, 4.6 Hz, 1H), 5.25 (dt, J =524, 43
Hz, 1H), 4.50 (dt, J=18.5, 4.6 Hz, 1H), 4.19 (t, J=6.1 Hz, 2H), 4.03 (g, ./ = 5.1 Hz, 1H), 3.87
(brs, 1H), 3.45 (m, 1H), 2.27 (t, J = 20.5 Hz, 2H), 1.17 {t, J = 7.2 Hz, 3H). ESI MS [M+H]" for
C3HCIFN:OgP,, caled 4907, found 490.1.

Example 32
Synthesis of (((((2R,3R.48,5R)-5-(2-chloro-6-(isopropylamine)-9H-purin-9-vl}-4-fluoro-3-
hydroxytetrahydrofuran-2-ylmethoxyj(hydroxy)phosphorviymethyljphosphonic acid
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HN/J\
ka
;.-;
Ho é?..;“”@H ”“‘“(_}j

102251  The title compound was synthesized in similar fashion to Example 29 using step a
product of example 29 and corresponding amine: 'H NMR (400 MHz, DMSO-d;) 5 8.27 (m,
2H}, 6.37(d, /=139 Hz, 1H), 5.28 (brs, 2H), 5.25 (4, /= 52.1 Hz, 1H), 4 98 (brs, 1H), 4.51 (d,
J=183Hz, 1H), 435 (sept, /=79 Hz, 1H), 419 (m, 2H), 4.04 (m, 1H), 226 (1, /=20 Hz,
2H), 1.21 (dd, /= 6.6, 2.1 Hz, 6H). ESTMS [M-HT for C 1 Hy CIFNsOgPs, caled 502.7, found
502.2.

Example 33

{{{{(2R, 3R 45, ,5R)-5-(2-chloro-6-(cyclopropylamine)-FH-purin-9-yl}-4-fluore-3-
hydroxytetrahydrofuran-2-viymethoxyi(hydroxy)phosphoryiimethyl)phosphonic acid

HN
N BN
NN
o 0 ¢
11 11 - <
PP o N N/L\CE
HO™ L 710
OH OH
HO'

10226] The title compound was synthesized in similar fashion to Example 29 using step a
product of example 29 and corresponding amine: "H NMR (400 MHz, DMS0O-d,) § 8.59 (s, 1H),
828{(d, J=21Hz 1H), 638 (dd, /= 142,46 Hz, 1H), 526 (ddd, /=525, 43,43 Hz, 1H),
451 (dt, J=185,45Hz 1H), 419, /=61 Hz, 2H), 403 (q,./=5.0 Hz, 1H), 2.98 (5, 1H),
236 -2.15(m, 2H), 0.82 — 0.48 (m, 4H). ESI MS [M-H] for Ci4HisCIFN:GgP,, caled 500.03,
found 500.0.

Example 34
Synthesis of (({({{ZR,3RA4A8,3R)-5-(2-chloro-6-({cyclopropylmethylDamino}-9H-purin-9-yi}-4-

fluore-3-hyvdroxytetra hydrofuran-2-
vimethoxyhydroxy)phosphorylimethyljphosphonicacid

80
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102271  The title compound was synthesized in similar fashion to Example 29 using step a

5 product of example 29 and corresponding amine: 'H NMR (400 MHz, DMSO-ds) 3 8.54 (s, 1H),
8.28 (s, 1H), 637 (dd, /=142 46 Hz, 1H), 5.25(ddd, /=525,43,43 Hz, 1H), 454 - 447
(o, 1H), 419 (1, /=63 Hz, 2H), 405 - 401 (m, 1H), 3.81 -3.74 (m, 1H), 330 -3.27 {m, 1H),
226(dd, /=20.5,205 Hz, 2H), 1. 1 - 1.3 (m, 1H), 048 - 0.37 (1, ZH), 0.28 - 0.26 (m, 2H).
ESIMS [M~H} for CisHaoCIFN:O3P;, caled 5141, found 514.0.

10 Example 35
Synthesis of (((((2R,3R,48,5K}-5-(2-chloro-6-(cyclopentylamino }-9H-purin-9-yi}-4-flucrs-3-
hydroxytetrahydrofuran-2-ymethoxy){(hydroxy)phosphorylmethyl)phosphonic acid

N N
0 i N

P
1\\/ !\
HO"4h OHO/\Q f

15 {06228} The title compound was synthesized in similar fashion to Example 29 using step a
product of example 29 and corresponding amine: 'H NMR (400 MHz, DMSO-ds) 6 8.41 (d, J =
7.8 Hz, 1H), 8.27 (s, 1H), 6.37 (dd, J= 14.4, 4.6 Hz, 1H), 5.25 (dt, /= 52.4, 43 Hz, 1H), 4.55 -
437 (m, 2H), 4.19 (4, /= 6.1 Hz, 2H), 4.03 (q, ./ = 5.1 Hz, 1H), 2.26 (¢, J = 20.5 Hz, 2H), 1.93 (s,
2H), 1.64(d, /=025 Hz, 6H} ESIMS IMAH]™ for C16Hy3CIFNsOgP,, caled 530.1, found 530.2

i

b

81
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Example 36
Synthesis of ((({({(ZR, 3R 45,58)-5-(2-¢chlore-6-({{S)-tetrahydrofuran-3-yhamino }-9H-purin-9-
vij-4-fluore-3-hydroxytetrahydroforan-2-

yiimethoxy)(hydroxy)phosphorylymethyl)phesphonic acid

r“"\a
Hpﬁg«i\/

N
o 0 <0
'i T N N{f'\

P\ 0
HO™ NS o)
OH OH Y

)
N

HO F

Cl

[0228] The title compound was synthesized 1o similar fashion to Example 29 using step a
product of example 29 and corresponding amine: 'H NMR (400 MHz, DMSO-ds) & 8.66 (d, ./ =
62 Hz, 1H), 831 (s, 1H), 6.38(dd, /= 143,46 Hz, 1H), 526 (ddd, /=524, 42, 24 Hz, 1H),
461467 (m, 1H),457-445(m, 1H}, 4.19(t,J=6.1Hz 2H), 404 {(q, /=50Hz 1H), 389
(dt,/=153,78Hz 2ZH),3.73(q, /=78 Hz 1H), 361 (dd, /=89 44 Hz 1H), 236-199
{m, 4H). ESIMS [M-H] for CisHaoCIFNsOoP,, caled 530.04, found 530.1.

Example 37

Synthesis of (((((ZRIRA5,5K)-5-(2-chloro-6-({{ R)-tetrahydrofuran-3-yDamino}-9H-purin-9-
vi}-4-fluore-3-hydroxytetrahydrofuran-2-
yhmethoxyihydroxy)phosphorylimethylphosphonic acid

[ o
H?‘Iﬂi\“k\/

N\/\\\N
/4
<N A

P P N
\\/\
© on m—;m

10236} The title compound was synthesized in similar fashion to Example 29 using step a
product of example 29 and corresponding amine: "H NMR (400 MHz, DMSO-d) § 8.65(d, /=
6.8 Hz, 1H), 831 (5, 1H), 639(dd, /=142, 46 Hz, 1H), 526 (ddd, /=524, 43,43 Hz, 1H),
4069 —-456(m, 1H),451(dt, /=186,46Hz, 1H}, 420(t, J=6.1Hz 2ZH), 404 (q, /=50 Hz

82
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1H), 389 (dt, J=18.6,79Hz, 2H), 3.74 (g, /=78 Hz, 1H}, 3.67 - 3.54 (m, 1H), 235190
{m, 4H). ESIMS [M~H] for CisHCIFN:O9Ps, caled 530.04, found 530.1.

Example 38
Syunthesis of (((((ZR,3R,45,5R}-5-(2-chloro-6-({tetrahydro-2H-pyran-4-yljamino }-9H-purin-

W

S-vi)-4-fluore-3-hydroxytetrahydrofuran-2-

yhmethoxy}hydroxyjphosphorylymethyl)phosphonic acid

P
\V/ ™
HO” o QHO/\‘(_(

10231} The title compound was synthesized in similar fashion to Example 29 using step a

10 product of example 29 and corresponding amine: 'H NMR (400 MHz, DMSO-d.) 8 8.47 - 8.34
{m, 1H}, 830 (s, 1H), 637 (dd, /=141, 48 Hz, 1H), 525 (ddd, J=524,43,43 Hz, 1H), 492
~4.65 (m, 1H), 459 -43%(m, 1H), 419, /=02 Hz 2H), 403 (q, /=51 Hz, 1H),3.8%(d, J
=113Hz 2H), 341 (t, J=114Hz 2H), 2.26 (dd, /=205 Hz, 2H), 1.92 - 1.45 (m, 4H). ESI
MS [M~H] for CieHnCIFN:OgP;, caled 544.06, found 544.1.

15 Example 39
Synthesis of ((({(2R.3R48,5R)-5-(2-chloro-6-(pyrrolidin-1-y1}-9H-purin-9-yi}-4-fluoro-3-
hydroxytetrahydrofuran-2-yhmethoxyj(hydroxy)phosphorvi}methyljphosphonic acid

N
N RS
N
d |
0 @ < : ’?k
B P QN TN o
HO 1 > 170

OH OH
WO F
20 [0232] The title compound was synthesized in similar fashion to Example 29 using step a
product of example 29 and corresponding amine: 'H NMR (400 MHz, DMSO-d,) § 827 (d, /=
21 Hz, 1H), 639(dd, /=141, 47 Hz, 1H), 526 (dt, /=525, 43 Hz, 1H), 450 (dt, /=18 5,
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4.6 Hz, 1H), 4.19 (t, /= 5.9 Hz, 2H), 4.05 (q, J= 5.3, 4.1 Hz, 3H), 3.60 (1, /= 6.8 Hz, 2H), 2.27
(t,J=20.5 Hz, 2H), 2.01 (p, /= 6.7 Hz, 2H), 1.92 (g, ./ = 6.7 Hz, 2H).ESI MS [M+H]" for
C15H21CEFN5()SPE, caled 5161) found 516.1

Example 40

W

Synthesis of ((((2R,3R.48,5R)-5-(2-chloro-6-(piperidin-1-yi}-9H-purin-9-yi)-4-fluore-3-

hydroxytetrahydrofuran-2-ylmethoxyj(hydroxy)phosphorviymethyljphosphonic acid

(
me
g </N iw’)l\ca

P P 0
i N
C}OH C}HO

HO F
102331 The title compound was synthesized in similar fashion to Example 29 using step a
10 product of example 29 and corresponding amine: 'H NMR (400 MHz, DMSO-d;) § 8.30 (d, J =
22Hz, TH), 639(dd, J= 143,46 Hz, 1H), 5.26(dt, J=524,43 Hz, 1H), 450 (dt, /= 18.4,
4.6Hz 1H), 419, J=60Hz 2H), 404 (q, /=50 Hz, 1H), 3.88 {(m, 2H), 2.27 (t, /=20.5 Hz,
2H), 1.64 (d, J = 31.0 Hz, 8H).ESI MS [M+H]" for C¢HosCIFN;OsP,, caled 530.1, found 530.2

Example 41
15 Synthesis of ({{({{ZR 3R 458,5R)-5-(2-chlore-6-morpholino-9H-purin-2-yi}-4-flusro-3-

hydroxytetrahydrofuran-2-yhmethoxy)(hydroxy)phosphoryiymethyl)phesphonic acid

O

)
N X
i N
7 i
g g O <NfN;J\ca
HO LT 10 5
O Ok

HS F
[0234] The title compound was synthesized 1o similar fashion to Example 29 using step a
20 product of example 29 and corresponding amine: 'H NMR (400 MHz, DMSO0-d.) § 8.34 (d, J=
2.1 Hz, 1H), 6.41(dd, /=139,46Hz, 1H), 527(dt, /=52.5,43 Hz, 1H), 451 {dt, /=185,
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4.6 Hz, 1H), 4.19(t, J= 5.8 Hz, 2H), 4.04 (q, J = 5.1 Hz, 1H), 3.79 — 3.67 (m, SH), 2.26 (t, /=
20.5 Hz, 2H). ESIMS [M+H]" for Ci5Hy CIFNsOsP,, caled 532.1, found 532.1

Example 42
Syunthesis of (((((ZR,3R,45,5K}-5-(2-chloro-6-(isoindelin-2-y1)-SH-purin-9-yi)-4-fluero-3-
hydroxytetrahydrofuran-2-ymethoxy){(hydroxy)phosphorylmethyl)phosphonic acid

.,

TR

i i
PP O GNT N7 o
HOY
O on O
HO F

[0235] The title compound was synthesized in similar fashion to Example 29 using step a

product of example 29 and corresponding amine: 'H NMR (400 MHz, DMSO-d,) § 837 (d, J =

2.1 Hz, 1H), 7.48 (dt, /=9.9, 4.7 Hz, 2H), 7.43 — 7.28 {m, 2H), 6.44 (dd, /=138, 4.7 Hz, 1H),
541 (s, 2H), 5.29 (dt, J = 52.6, 4.4 Hz, 1H), 4.98 (s, 2H), 4.54 (dt, J = 18.7, 4.7 Hz, 1H), 4.21 (1,

J=59Hz, 2H), 4.05 (q, J= 4.9 Hz, 1H), 2.27 (t, J=20.5 Hz, 25). ESI MS [M+H]" for
CoHy CIFNOgP,, caled 5641, found 5641

Example 43
Synthesis of ({({{{ZR,IR A48, 5R)-5-(2-chloro-6-({d-chlorobenzylhaming }-9 H-purin-9-yi)-4-

fluore-3-hydrexyietrahydrofuran-2-yhmethoxyj(hydroxy)phosphorylimethyijphosphonic

acid

HN l\
P N 0. N7 N o
HO =\/?o
OH OH
HO  F
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102361 The title compound was obtained using identical procedure as for Example 29 using
step a product of example 29 and corresponding amine: 'H NMR (400 MHz, DMSO-ds) § 9.01
(t, /=62 Hz, 1H), 8.32 (d,.J=2.1 Hz, 1H), 7.64 — 7.08 (m, 4H), 6.38 (dd, J = 14.3, 4.6 Hz, 1H),
526 (dt, J=52.5,43 Hz, 1H), 464 (q, /=73, 5.4 Hz, 2H), 451 (dt, J= 18.7, 4.6 Hz, 1H), 4.28
~ 411 (m, 2H), 4.04 (g, J=5.1Hz, 1H), 2.27 (1, /=205 Hz, 2H}. ESI M§ [M-H] for
CisHnChHFNsOgP,, caled 584.0, found 584.1.

Example 44
Synthesis of (((((ZR,IRA5,58)-5-(2-chloro-6-({4-fluorchenzyljamino )-8 H-purin-9-yi)-4-
fluore-3-hyvdroxytetrahydrofuran-2-ylmethoxy}(hydroxy)phosphoryiymethyl}phosphonic

acid

O 0

<
wofao ”“q

102371 The title compound was obtained using identical procedure as for Example 29 using
step a product of example 29 and corresponding amine: "H NMR (400 MHz, DM SQ-ds) § 9.00
{t,./ =63 Hz, 1H),8.31 (d,./= 22 Hz, 1H), 7.52 — 7.24 (m, 3H), 7.23 - 7.01 {m, 2H), 6.38 (dd,
J=143, 4.6 Hz, 1H), 5.26 (dt. J = 52.4, 4.3 Hz, 1H), 4.72 - 4.55 (m, 2H), 4.20 (t, /= 6.0 Hz,
3H), 4.04 (q, J=5.1 Hz, 1H), 2.27 (t, J=20.5 Hz, 2H). ESI MS [M-H] for C sHyCIF,NsOgP, |
calcd 568.0, found 568.2.

Example 45
Synthesis of (({({{ZR, IR A8,5R)-5-(2-chloro-6-{(3-methylbenzyljamine)-$H-purin-9-yi}-4-

fluero-3-hydroxyietrahydrofuran-2-yijmethoxy(hydroxy)phosphoryDmethyljphosphenic

avg
N\E,/'%ﬁi

acid

2 9 ¢ B PN
o N
HO” f’\fﬁy“a N
OH OH
HO
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[0238] The title compound was synthesized as a white solid (87.1 mg; 31%) in similar fashion
to Example 29 using step a product of example 29 and corresponding amine; 'H NMR (400
MHz, DMSO-d;) § 8.96 (t, J = 6.3 Hz, 1H), 8.30 (d, /= 2.2 Hz, 1H), 7.20 (t, J = 7.5 Hz, 1H),
717~ 7.10 (m, 2H), 7.04 (d, /= 7.4 Hz, 1H), 6.38 (dd, ./ = 14.3, 4.6 Hz, 1H), 5.25 (dt, J= 52 4,
43 Hz, 1H), 468 - 456 (m, 2H), 451 (dt, /= 184,46 Hz, 1H), 419 {,./7=60Hz 2H}, 4.03
(q./=5.1 Hz, 1H), 2.35 — 2.17 (m, 2H). ESI MS [M-HT for C;oHy,CIFN;O¢P,, caled 5641,
found 564 .2

Example 46
Synthesis of ((({(2ZR,3R48,5K)-5-(2-chloro-6-((3-flusrobenzyljamins -9 H-purin-9-yi}-4-
fluoro-3-hydroxytetrahydrofuran-2-yhmethoxyl(hydroxy)phosphorylymethyliphosphonic

acid

o 0 S Ps

i
p__P O N7 N
/ivx\ \f

O @Hgﬁ\i_{

102391  The title compound was synthesized as a white solid (65.1 mg; 23%) in simular fashion
to Example 29 using step a product of example 29 and corresponding amine; 'H NMR (400
MHz, DMSO-d:)39.02 (t, J=063Hz, 1H), 832(d, /J=22Hz 1H), 742 - 732 (m, 1H), 7.17
{(t, /=92 Hz 2H), 707 (td, /=84, 22 Hz, 1H), 639 (dd, /= 144, 4 6 Hz, 1H), 526 (dt, /=
525,43 Hz, 1H), 474 -4.60 (m, 2H), 4. 51 (dt, /=185, 47 Hz, 1H), 4206 -4.13 (m, ZH), 4.04
{9, /=5.0Hz 1H), 227 {1, /= 20.5 Hz, 2H). ESI MS [M-H] for CisH;oCIF:NsOgP,, caled
568.0, found 568.2

Example 47
Synthesis of ((({(2R,3R.48,5R)-5-(2-chloro-6-((3-chiorebenzyl)amine}-9H-purin-9-yi)-4-
fluoro-3-hydroxytetrahydrofuran-2-vimethoxy}{(hydroxyjphosphorylimethyliphosphonic

acid

&7
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NS cl
<fN\T,|/’”\~>N =
1 il N/A\N—;/\CE

[0246] The title compound was synthesized as a white solid (70.6 mg; 24%) in similar fashion
to Example 29 using step a product of example 29 and corresponding amine: 'H NMR (400

5 MHz DMSG-d5309.03 (1,./=62Hz, 1H), 833(d,./=22Hz, 1H), 745 - 727 (m, 4H), 6.39
(dd, J=14.4, 4.6 Hz, 1H), 526 (dt, /=524, 42 Hz, 1H), 4.74 - 4.58 (m, 2F), 4.51 (dt, J = 18.5,
46Hz 1H), 420, /=061Hz 2H), 404 {(q, J=51Hz 1H), 227 (t, /=205 Hz, 2H}. ESI MS§
[M-HY for CisHoCLFN:OsP;, caled 584.0, found 584 .0

Example 48
10 Synthesis of ((({({ZR, 3R 45,5R)-5-(2-chlore-6-((2-chlorobenzyl)amino}-9 H-purin-9-yi)-4-
fluore-3-hydroxytetrabhydrofuran-2-ylimethoxyj(hydroxyphosphorylymethyljphosphonic
acid
Ci
HN
o
H@’g\wg‘a © <N | N&L\Ci
O O
WO F
10241} The title compound was synthesized in similar fashion to Example 29 using step a
15 product of example 29 and corresponding amine: 'H NMR (400 MHz, DMSO-d,) § 8.99 (1, J =
6.1 Hz, 1H), 835 (5, 1H), 747 (dd, /= 6.0,3.3 Hz, 1H), 735 -7.22 (0, 3H), 6.40 (dd, /=14 2,
4.6 Hz 1H), 527 (dt,./=524,43 Hz, 1H}, 473 (d, /=52 Hz, 2H}, 452 (d, /= 18.5 Hz, 1H},
420 (t,J=6.2Hz, 2H), 4.05 (q, J= 5.1 Hz, 1H), 2.27 4, ./ = 20.5 Hz, 2H). ESI M8 [M+H] for
CheHopCHLFN:OgP,, caled 586.0, found 586.1

2

20 Example 49
Synthesis of (((({2R,3R.48,5R)-5-(2-chloro-6-((2-chiorobenzyl)(methyhamino)-2H-purin-9-

yh-4-fluore-3-hydroxytetrabydrofuran-2-
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yhmethoxy}hydroxyjphosphorylymethyl)phosphonic acid

Gl
\N
N X
i 1 /Nm
O
Ho g N
OH  OH
HO  F

5  [0242] The title compound was synthesized in similar fashion to Example 29 using step a
product of example 29 and corresponding amine: 'H NMR (400 MHz, DMSO-ds) § 8.32(d, /=
377Hz 1 H), 755~746{(m, 1 H), 731 (bs, 2H), 7.15(bs, 1 H), 6,41 (d, /=144 Hz, 1 H),
561 (bs, 1 H),526(d, /J=52.6Hz, 1 H), S.00 (b, 1 H), 449 (bs, 1 H), 4.17 (bs, 2 H), 4 03 (bs, 1
H), 3.70 (bs, 1 H), 3.18 (bs, 2 H), 2.25 (t, /= 20.4 Hz, 2 H). ESIMS [M+H] for

10 CeHpCHNsOGP,, caled 600.0, found 600.1.

Example 50
Synthesis of (((((ZR,IRA8,58)-5-2-chloro-6-({pyridin-4-ylmethyDamino}-9H-purin-9-yi)-4-
fluore-3-hyvdroxytetrahydrofuran-2-ylmethoxy}(hydroxy)phosphoryiymethyl}phosphonic

acid
13
HN’@

0 0 S P
PP O N TN o
HO e

OH OH

HO F

102431 The title compound was synthesized in similar fashion to Example 29 using step a
product of example 29 and corresponding amine: 'H NMR (400 MHz, DMSO-ds) § 9.13 (s, 1H),
8.66(d,./=57Hz 2H}, 837 (s, 1H), 7.65(d, /=56 Hz, 2H), 6.40(dd, /= 14.0, 4.6 Hz, 1H},

20 540-S5S08(m, 1H), 480(d,/=61Hz 2H), 453(d,./=183 Hz 1H), 4.19(5, 2H)}, 404 (d, /=
5.2 Hz, 1H), 2.25 (t, J = 20.4 Hz, 2H). ESIMS [M+H] for C17HCIFNgOP,, caled 553 1,
found 553.2
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Example 51
Synthesis of ((({((ZR, 3R 45,5K)-5-(2-chlore-6-(phenethylamino }-9H-purin-9-yi}-4-fluoro-3-

hydroxytetrahydrofuran-2-yhmethoxy)}{(bydroxy)phosphoryijmethyl)phosphonic acid

/\\ﬁ
HN Sy
N R_
i g, T
HO-P._P-0 NP
OH OH ho_C cl

N
-

HO F

(V4]

10244] The title compound was synthesized in similar fashion to Example 29 using step a
product of example 29 and corresponding amine: 'H NMR (400 MHz, DMSO-~d;)  8.50 (1, J =
5.7 Hz, 1H), 827 (s, 1H), 7.38 ~ 7.13 (m, 5H), 6.37 (dd, J = 14.4, 4.7 Hz, 1H), 5.25 (dt, J = 52.4,

10 42Hz 1H), 451(dt, /=185 46Hz 1H), 419, J=61Hz 2H), 404 (¢, /=51 Hz, 1H},
3.66 (d,./ =72 Hz, 2H), 2.92 (t, J= 7.5 He, 2H), 2.26 (1, ./ = 20.5 Hz, 2H).ESI MS [M+H]" for
CioHpn CIFN:OgP;, caled 5661, found 566.1

Example 52
Synthesis of (((({2R,3R.48,5R)-5-(6-{benzylamino}-2-methyl-9H-purin-9-yi}-4-fluore-3-
15  bydroxytetrabydrofuran-2-yhmethoxyj(hydroxy}phosphoryviimethyijphosphonic acid

HN’\®
N N
N N7 CH,

¢ ¢
P _P O
/Ev!\

HO F
[0245] The title compound was synthesized in similar fashion to Example 29 using 6-chloro-
Z-methylpurine in place of 2,6-dichloropurine: 'H NMR (400 MHz, DMSO-d,) § 8.51 (s, 1H),
20 823(s, 1H), 744 719 (m, SH), 6.44 (dd, /=15.0,46Hz, 1H), 541 -5.13 (m, 1H}, 472 (s,
2H},453(dd, /=184, 47 Hz, 1TH), 419, J=61Hz, 2H), 404 (4, /=51Hz, 1H), 246 (s,
3H), 2.26 {1, J=20.5 Hz, 2H). ESIMS [M+HT" for CgHp,FNsOgP,, caled 532.1, found 532.2
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Example 33
Synthesis of ((({((ZR, 3R 45,5K)-5-(6-{cyclopentylaming)-2-methyl-9H-purin-9-yi)-4-fluore-3-

hydroxytetrahydrofuran-2-yhmethoxy)}{(bydroxy)phosphoryijmethyl)phosphonic acid

o 9 <

P = G
H i V }

102461 The title compound was synthesized in similar fashion to Example 29 using 6-chloro-
2-methylpurine in place of 2,6-dichloropurine and cyclopentylamine in place of benzylamine: 'H
NMR (400 MHz, DMSO-d) 6 8.50 (s, 1H), 830 (s, 1H), 6.45(dd, /=144, 46 Hz, 1H), 525

10 (dt,/=525,43Hz 1H),453(dt, /J=183,45Hz 1H),420{,/=061Hz 2H), 404 (q, /=
5.0 Hz, 1H), 2.26 (t, J = 20.5 Hz, 2H), 1.98 (s, 2H), 1.82 —~ 1.46 (m, 6H) ESI MS [M-+H] for
Ci7Hz6FNsOP;, caled 5101, found 510.2

Example 54
Synthesis of (((((ZRIRA8,5K)-5-(6-(benzylamino)}-2-(trifluoromethy)-9H-purin-9-yi}-4-

Ju—
(V4]

fluore-3-hyvdroxytetrahydrofuran-2-ylmethoxy}(hydroxy)phosphoryiymethyl}phosphonic

acid

ae
<

9 9 N ~p
P N TCF
o © ’
OH OH

HO F
20 [92471 The title compound was synthesized 1o similar fashion to Example 29 using 6-chloro-

2-trifluoromethylpurine in place of 2,6-dichloropurine: 'H NMR (400 MHz, DMSO-d;) § 9.11
(d, /J=03Hz 1H),849(d, /J=21Hz 1 H),739-735(m, 2H), 734 -727(m, 2 H), 7.25 -
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720(m, 1H),648(dd, /=140,47Hz 1 H),530(dt, /=524,43 Hz, 1 H),520(bs, 1 H),
4701, J=STHz, 1H),456(dt, /=186, 47Hz, 1 H), 421, /=62Hz 2H), 406 (g, J
5.1 Hz, 1 H), 2.26 (t, /=205 Hz, 2 H). ESIMS [M+H] for C oH, F4NsOgP,, caled 586.1,
found 586.2.

Example 5§
Synthesis of ((({{ZR 3R 45,5R})-5-(6-{cyclopentylamins}-2-(triflusremethyl}-9H-purin-9-yi)-
4-fluoro-3-hydroxytetrahydrofuran-2-ylimethoxy} hydroxyphosphorymethyljphosphonic

acid

1>
HN
N N
N
0 L,
H i\\"/‘\
O oh GHQ <

[0248] The title compound was synthesized 1o similar fashion to Example 29 using 6-chloro-
2-triflucromethylpurine in place of 2,6-dichloropurine and cyclopentylamine in place of
benzylamine: "H NMR (400 MHz, DMSO-ds) § 8.59 — 8.40 (m, 2 H), 6.47 (dd, /= 13.9, 4.7 Hz,
TH), 530(dt,J=524,43Hz 1 H), 511 (bs, 1 H),452(dd, /=281, 141 Hz, 2 H), 421 (t,J
=60Hz 2H),406(q J=52Hz 1H),226( J=204Hz 2H), 208-19(m, 2 H), 1.80-
1.50 (m, 6 H). ESIMS [M+H] for C7HuFNsOsP;, caled 564.2, found 564.1

Example 56
Synthesis of ((({{ZR. 3R 48,5R)-5-(6-(benzylamino)-2-phenyl-9H-purin-9-yi}-4-fluoro-3-
hydroxytetrahydrofuran-2-yhmethoxy)(hydroxy)phosphoryiymethyl)phesphonic acid
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step a

HN/\‘ ----B(GH}z

PA(PPh)s, KpGO4

G N
Bz THE, Hy0
Bz0 F
step b
K004
step ¢ MaOH
1 O 0 [*TY ’i Y
N Ci—P g Gl Ny L
o o ¢
? N < ™ P
P ) G N {
T . ,
HO' (> w@ﬂ (CHyOWPO, 0°C  HO \f L
2)OSMEGNHHCOy T
0°CtoRT

[0249] Step a: Product of step b (1) from Example 29 (750 mg, 1.25 mmol), phenvlboronic
actd (229 mg, 1.88 mmol), and potassium carbonate (518 mg, 3.75 mmol) were suspended in 3:1
THF H20 (103 mL). This mixture was degassed by N sparge for 10 minutes. Subsequently
Pd(PPhy)s (144 mg, 0.13 mmol) was added and the resulting mixture was degassed for an
additional 5 minutes then sealed and heated to 80 °C overnight. After cooling to room
temperature the reaction was diluted with EtOAc and washed with water and brine. The organics
were dried over MgS8Q,, filtered and concentrated under reduced pressure. The crude material
was comprised of a mixture mono- and di-debenzoylated products which was used directly in

step b.

102561 Step b: The product from step a was dissolved 1o methavol (12.5 mL) and potassium
carbonate (518 mg, 3.75 mmol) was added. The resulting suspension was stirred overnight at
room temperature then portioned between EtOAc and water. The organics were washed with
brine then dried (MgS0y) and concentrated under reduced pressure. The desired product was
obtained following column chromatography (S:0;, 0 to 10% gradient of MeOH and CH,Cly) as a
white solid (41 mg, 8% two-steps). ESI MS [M-+f§-ﬂ+ for Co3HnFINsGa, caled 436.2, found 436.3.

102511 Step ¢: The title compound was obtained using identical procedure as for Example 1 to
give white solid: "H NMR (400 MHz, DMSO-ds) & 8.58 (s, 1H), 8.44 — 832 (m, 2H), 8.29(d, J
=24 Hz, 1H), 740 - 7.50 (m, SH), 731 (dd, /= 8.3, 6.9 Hz, 2H), 7.24 - 7.15 {m, 1H}, 6.59 (dd4,
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J=154,4.6 Hz, 1H), 530 (dt, J=52.4, 4.1 Hz, 1H), 4.82 (s, 2H), 4.69 — 4.48 (m, 1H), 4.22 (d,
J=66Hz, 2H), 408 (q, /= 5.1 Hz, 1H), 2.27 (t, J = 20.5 Hz, 2F). ESI MS [M-H] for

Cz;gHngNsOng, caled 5921, found 592.2.

Example 87
Synthesis of (((((2R,3R.48,5R)-5-(2-benzyl-6-(benzylamine}-9H-purin-9-yi}-4-fluore-3-
hydroxytetrahydrofuran-2-yhmethoxyj(hydroxy)phosphorvi}methyljphosphonic acid

step a

HN/\®
i R BF4K
<L # ¢
o, NN o o, N
Bz0 PACl{(dppf), 8,005 Bz0”
i THF, H0 \

BzO F Bz F
step b
KL
step ¢ MeOH
1) g 2 HN f S
orph-o o
a i/
28 o N
“@/éﬁ"l‘aﬁa/\{z (CH01PO, 0°C  HO 5
wg % 2) 0.5M EtzNH™ HCOy he % ©
0°Cto RT

102521 Step a: Product of step b (1} from Example 29 (391 mg, 0.659 mmol), potassium
benzyltrifluoroborate (391 mg, 1.98 mmol), and cesium carbonate (1.07 g, 3.30 mmol) were
suspended in 20:1 THE H,O (6.5 mL}. This mixture was degassed by Nz sparge for 10 minutes.
Subsequently Pd(PPh:1,Cl, (96 mg, 0.132 mmol) was added and the resulting mixture was
degassed for an additional 5 minutes then sealed and heated to 80 °C for 48 hours. After cooling
to room temperature the reaction was diluted with EtOAc and washed with water and brine. The
organics were dried over MgSQ0,, filtered and concentrated under reduced pressure. The desired
product was obtained following column chromatography (810, EtOAc/Hexane) as a beige solid

{174 mg, 40%:).

102531 Step b: The product from step a (174 rug, 0.265 mmol) was dissolved in methanol
2.65 mL) and potassium carbonate {110 mg, 3.75 mmol} was added. The resulting suspension

was stirred at room temperature for 1.5 hours then partioned between EtOAc and water. The
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organics were washed with brine then dried (MgSO4) and concentrated under reduced pressure.
The desired product was obtained following column chromatography (510, 0 to 10% gradient of
MeQOH and CH,Cl;) as a white solid {102 mg, 86%). ESI MS [M+H]" for C;yHxFNsO;5, caled
450.2, found 4503,

10254} Step ¢ The title compound was obtained using identical procedure as for Example 1 to
give white solid: 'H NMR (400 MHz, DMSO-ds) § 8.54 (s, 1H), 8.22 (s, 1H), 7.61 ~ 6.94 (m,
10H), 6.44 (dd, J=15.1, 4.6 Hz, 1H), 523 (dt, J=52.4, 4.1 Hz, 1H), 4.82 — 4.40 (m, 3H), 4.18
{t,.7=6.5 Hz, 2H), 4.03 (dd, 7= 10.9, 5.9 Hz, 3H), 2.26 (1, J = 20.5 Hz, 2H). ESI MS [M-H] for
CasHogFINsOgPs, caled 606.1, found 606.3.

Example 38
Synthesis of ({({{{2R IR 48 3R)-5-(6-{cyclopentylaminoe}-2-{piperidin-1-ylmethyl}-2H -purin-
9-yij-d-fluore-3-hydroxytetrahydrofuran-2-

yhmethoxy y(hydroxy)phosphorylymethyl)phosphonic acid

Ne)
(V4]
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o o~ )
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step o

[0285] Step a: Product of step a from Example 35 (10.0g, 17.24 mmol), phenylvinytboronic
acid (3.83 g, 2586 mmol), and sodium carbonate (5.44 mg, 51.72 mmol) were suspended in 3:1
THF:H,O (100 mL). This mixture was degassed by N, sparge for 10 minutes. Subsequently

5 Pd(PPhsl (1.99 g 1.72 mmol) was added and the resulting mixture was degassed for an
additional & minutes then heated to reflux overnight. After cooling to room temperature the
reaction was diluted with EtOAc and washed with water and brnine. The organics were dried over
MgSQ;,, filtered and concentrated under reduced pressure. The desired product was obtained
following column chromatography (810, 5% to 50% EtOAc/Hexane) as a colorless solid (8.06

10 g, 72%).

[0256] Step b: To a suspension of the product from step a (8.06 g, 12.04 mmol), sodium
periodate (15.5 g, 72 4 mmol), and 2,6-lutidine (Z2.80 mL, 24 1 mmol} in 2:1 THF-H,0 {127 5
ml.) was added potassium osmate dihydrate (100 mg, 0.30 mmol). The resulting thick

suspension was stirred overnight at room temperature then partitioned between EtOAc and
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water. The organics were washed sequentially with water and brine, dried over MgS(, and
concentrated under reduced pressure. The title compounds was obtained following column
chromatography (Si0;, Et0Ac/Hexane) as an off-white oil (6.74 g, 97%). ESI MS [M+H] for
C30H,eFNOs, caled 574.2, found 574 .4,

102571  Step ¢ 1) To a solution of the product of step b (500 mg, 0.87 mumol) in dichloroethane
(4.5 mL) was added piperidine (104 ul, 1.05 mmol) followed sodium triacetoxyborohvdride
(223 mg, 1.05 mmol) in a single portion. The reaction was stirred at room temperature overnight
then partitioned between EtOAc and water. The organics were washed with brine, dried over
MgSO, and concentrated under reduced pressure to atford the title compound which was used

without further purification. ESI MS [M+HT for C3sHzoFNgOs, caled 643.3, found 643 3.

[0258] Step ¢: 2) The above crude product was dissolved in methanol (8.7 mL} and potassium
carbonate (362 mg, 2.62 mmol}) was added. The resulting suspension was stirred at room
temperature overnight then partitioned between EtOAc and water. The organics were washed
with brine then dried (MgS0.) and concentrated under reduced pressure. The desired product
was obtained following column chromatography (510;, 0 to 100% gradient of MeOH and
CH;Cly) as a white solid (151 mg, 40% two-steps). ESI MS [M+H]" for Cy1H3FNgO;, caled
435.2, found 4353,

10259] Step d. The title compound was obtained using identical procedure as for Example 1 to
give white solid: "H NMR (400 MHz, DMSO-ds) § 9.40 (s, 1H), 8.58 — 8.03 (m, 2H), 6.45 (dd, J
= 14.1, 4.8 Hz, 1H), 5.25 (dt, J = 52.5, 4.3 Hz, 1H), 4.59(d, ./ = 16.3 Hz, 2H), 4.40 (s, 1H), 4.20
(t, J= 6.1 Hz, 2H), 4.04 (q, J= 5.1 Hz, 1H), 3.61 (s, 1H), 3.08 (s, ZH), 2.24 (1, ./ = 20.4 Hz, 2H),
2.06 —1.35 (m, 10H). ESI MS [M-H] for CyyH3sFNOgP,, caled 591.2, found 591 3.

Example 539
Synthesis of (((((ZR,IRA8,5K)-5-(6-{cyclopentylamine)-2-(methoxymethy}-9H-purin-9-yij-
4-fluoro-3-hydroxytetrahydrofuran-2-yhmethoxyj{(hydroxy)phosphorvijmethyl)phosphonic

acid
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102681 Step a: To a solution of the product of step b from Example 58 (1.0 g, 1.74 mmol) in

dichloroethane (20 mb.} was added sodium triacetoxyborohydride (443 mg, 2.09 mmol)ina
single portion. The reaction was stirred at room temperature overnight then partitioned between
EtOAc and water. The organics were washed with brine, dried over MgS0, and concentrated
under reduced pressure to afford the title compound which was used without further purification.

ESEMS {M+HT for CyaH30FNsOg, caled 576.2, found 576.3.

[0261]

were added TsCl (436 mg, 2.29 mmol) and triethylamine (400 uL, 2.87 mmol). The reaction was

Step b: 1) To a solution of the product of step a in dichloromethane (10 mL)yat 0 °C

allowed to warm to toom temaperature and stir overnight. The reaction was diluted with EtOAc
and washed with sat. NaHCO5, 10% citric acid, water and brine. The organics were dried over
MgSO; and concentrated under reduced pressure to afford the crude title compound (1.20 g, 94%

two-steps) which was used directly in the next step.

10262} Step b: 2) To a flask charged with crude tosylate (700 mg, 0.959 mmol} and potassium
carbonate (662 mg, 4.8 mmol) was added methanol (10 ml). The resulting suspension was stirred
overnight then diluted with EtOAc and washed with water and brine. The organics were dried
over MgSO04 and concentrated under reduced pressure. The title compound (85 mg, 23%) was
obtained following column chromatography (5i0y, 0 to 15% gradient of MeOH and CH,ClL).

ESIMS {M+H}+ for CiH FNsOy, caled 382.2, found 382.3.
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102631 Step ¢: The title compound was obtained using identical procedure as for Example 1 to
give white solid: 'H NMR (400 MHz, DMSO-ds) & 8.24 (s, 1H), 6.46 (dd, J= 14.9, 4.6 Hz, 2H),
5.24 (dt, J=52.5, 4.2 Hz, TH), 4.54 (dt, J= 18.3, 4.4 Hz, 2H), 4.40 (s, 2H), 4.20 (t, J = 6.1 Hz,
3H), 4.04 (1, /= 5.0 Hz, 1H), 3.37 (s, SH), 2.26 (t, J= 20.5 Hz, 2H), 1.96 (s, 3H), 1.81 — 1.41 (m,
10H) ESIMS [M-H] for C1sHzeFNsOgP;, caled 538.1, found 538.2.

Example 60
Synthesis of ((({{ZR.3R 45,5 })-5-(6-{cyclopentylamino}-Z-(hydroxy(phenyl}methyi}-9H-
purin-9-ylj-4-fluore-3-hydroxytetrahydrofuran-2-
viimethoxy(hydroxy)phosphoryl)methvljphosphonic acid

HND HNQ

step a

/Nfﬁ fN\/\k“N
¢ A PhdgBr <N /L /)\KGH
N
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o, N7 N7 eHo

3 O
BZO/X_I THF, 78 °0 BrO z
] HO

o " step b
KzCO3, MeCOH
— step o

D o

&) R cs——g gucs HN

N X Rl N .

a N ci Ci | N
E g o N N”I\(QH o N N/)\\I/OH
Haff)?i\/c‘);-aa Ph (CHz0)PO, 0°C HO b
2) 0.5M EtyNH* HCOy
HO  F 0°Cto RT HO F

10264} Step a: To a solution of the product of step b from Example 58 (330 mg, 0.58 mumol)
in THF (6 mL) at -78 °C was added phenylmagnesium bromide (3. 0M/EO, 0.86 mlL). The
reaction was stirred at this temperature for 1 hour then quenched with sat. NaHCO;. The crude
reaction mixture was partitioned between EtOAc and water. The organics were washed with
water and brine, dried over MgSO, and concentrated under reduced pressure. The crude material
was comprised of an 1someric mono-debenzoylated products which was used directly in step b

ESIMS [M+HT for C0H30FNsOs, caled 548.2, found 548.3.

[0265] Step b: The product from step a was dissolved in methanol (5.8 mL) and potassium

carbonate (240 mg, 1.74 mmol) was added. The resulting suspension was stirred at room
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temperature overnight then partioned between FtOAc and water. The organics were washed with
brine then dried (MgS04) and concentrated under reduced pressure. The desired product was
obtained following column chromatography (5i0;, 0 to 10% gradient of MeOH and CH,Cly) as a
white solid (118 mg, 46% two-steps). ESI MS [M+HT for CnHaFN:Oy, caled 444.2, found
444 3,

102661 Step ¢: The title compound was obtained using identical procedure as for Example 1
to give white solid (1:1 mixture of diastereomers): '"H NMR (400 MHz, DMSG-d,) & 8.78 — 7.85
(m, 4H), 7.49 (s, 4H), 7.41 — 7.08 (m, 8H), 6.47 (dd, J = 14.8, 4.6 Hz, 2H), 5.98 ~ 5.39 {m, 2H),
5.24 (dt, J=52.4, 42 Hz, 1H), 5.07 (s, 1H), 4.54 (d, /= 14.1 Hz, OH), 439 — 3.86 (m, 6H), 2.26
(t,/=20.5Hz 3H), 1.99(d, /=340 Hz, SH), 1.65{(d, J=152.4 Hz, 13H). ESI MS [M-H] for
CorsHioFNsO6P,, caled 600.2, found 600.3.

Example 61
Synthesis of (((((ZR,IRA5,5K)-5-(6-(benzylamino)-2~{phenylethynyD-9H-purin-9-yi}-4-

fluoro-3-hydroxytetrahydrofuran-2-ylhmethoxyj(hydroxy)phosphorylimethyljphosphonic

acid
siep a
HN/© HN/\®
{’N\(J\\“N @%H quqN L
0 e T - VA —
Bz0 RA(PPhy)sCly, Cul Bz0 ~
Et,N, DMF
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step ¢ MelH
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an cl i ¢
b3 NN N o N TN N D
. o
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10267} Step a: Product of step b (1} from Example 29 (750 mg, 1.24 mmol) was suspended in
in DMF (8.3 mL} and EtzN (260 ul} was added followed by pheny! acetylene (205 uL). This

mixture was degassed by Nj sparge for 10 minutes. Subsequently Cul (24 mg) and Pd(PPh;),Cl,
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(44 mg) were added and the resulting mixture heated to 80 °C overnight. After cooling to room
temperature, the reaction was diluted with EtOAc and washed with 10% citric acid (aqueous),
water and brine. The organics were dried over MgS8Q,, filtered and concentrated under reduced
pressure. The desired product was obtained following column chromatography (510,

EtOAc/Hexane) as a tan oil (762 mg, 92%).

102681 Step b: The product from step a (762 mg, 1.14 mmol} was dissolved in methanol (11.4
mbL}) and potassium carbonate (473 mg, 3.42 mmol) was added. The resulting suspension was
stirred overnight at room temperature then portioned between EtQOAc and water. The organics
were washed with brine the brine then dried (Na2804) and concentrated under reduced pressure.
The desired product was obtained following column chromatography ($10,, 0 to 10% gradient of
MeOH and CH,Cly) as a colorless oil. ESIMS [M-+HT for CsHy,FNs(Os, caled 460.2, found
460.2.

10269} Step ¢ The title compound was obtained using identical procedure as for Example 1 to
give white solid: "H NMR (400 MHz, DMSO-ds) § 8.65 (s, 1H), 8.37 (d, J= 2.3 Hz, 1H), 7.67 -
7.57 (m, 1H), 7.47 (td, J = 5.2, 2.1 Hz, 2H), 7.39 — 7.29 (m, 4H), 7.28 — 7.16 (m, 1H), 6.50 (dd, J
=15.2, 4.4 Hz, 1H), 5.28 (dt, J= 52.4, 4.1 Hz, 1H), 4.75 (s, 2H), 4.52 (d, J = 18.1 Hz, 1H), 4.20
(d, J=6.4 Hz, 2H), 4.06 (q, J = 5.0 Hz, 1H), 228 (t, J = 20.5 Hz, 2H). ESI MS [M-H] for
CaeHaaFINsOgPs, caled 6161, found 6163,

Example 62
Synthesis of (((({2R,3R.48,5R)-5-(6-{benzylamino}-2-phenethyl-9H-purin-9-yi}-4-fluore-3-

hydroxytetrahydrofuran-2-yimethoxy)(hydroxy)phosphorylimethyl)phosphonic acid
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/Nj\/KN PA/C, H, /N:(gm

AT kR - .
o, NN EtOH o NN
_____ { Xy,
HO  F O F j\/;/
step b
HN/\© 1 (n) %
& c ¢l
o O P
il il N N/\
Ho’?\/?\QA"\/OZ‘
OH OH \ S {CH;0PC, 0°C
ug % i\//;, 2) 0.5M EigNH* HCO,

0°C to RT

102781 Step a: To a solution of the product of step b from Example 61 (203 mg, .44 mmol)
in ethanol (4.4 mL) under a nitrogen atmosphere was added palladium on carbon (10 wi% wet,
20 mg). The nitrogen atmosphere was displaced with hydrogen and the stirred at room
temperature. After stirring overnight the reaction was diluted with EtOAc and filtered through
celite. The filtrate was concentrated under reduced pressure to afford the title compound (161
mg, 79%) which was used without further purification. ESI MS [M+H]™ for CysHFNsO;, caled
464 .2, found 464 4.

102711  Step b: The title compound was obtained using identical procedure as for Example 1 to
give white solid: "H NMR (400 MHz, DMSO-ds) § 8.60 — 8.14 (m, 2H), 7.58 — 6.91 (m, 11H),
6.44 (d, J=150Hz, 1H), 5.22 (d, J=52.4 Hz, 1H), 4.71 (s, 2H), 4.54 (dt, J = 18.4, 4.4 Hz, 1H),
419 (t,J = 6.2 Hz, 2H), 4.11 - 3.96 (m, 1H), 3.23 — 2.83 (m, 5H), 2.26 (t, /= 20.5 Hz, 2H). ESI
MS [M-H] for CycH30FNsOgP,, caled 6202, found 620.2.

Example 63
Synthesis of ((({ZRIRAY3R)-5-(6-(benzylamino)-2-ethynyl-9H-purin-9-yi}-4-fluoro-3-

hydroxytetrahydrofuran-2-yymethoxy){hydroxy)phosphoryl}methyl)phosphonic acid
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step ¢ MeOH
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N gy e ,F;\/Fi o Ny S
o o ¢ Cl C anm
;ZI’ ;:” o} N"J\N/J\\ e N I N/I e PO
o ~. ‘\\ \
HO é;-;\/ésr-eo/\q (CHiOKPO, 8 °C HG’\(#Z’
HC? = 2} 0.5M EtNHY HCOy H();‘ c
0°CtoRT

102721  Step a: Product of step b (1) from Example 29 (2.0 g, 3.32 munol) was suspended in in
DMF (7.4 mL) and diisopropylamine (2.3 mL) was added followed by trimethylsilyl-acetylene
(703 ul, 4.98). This mixture was degassed by N; sparge for 10 minutes. Subsequently Cul (125
mg, 0. 66 mmol) and Pd{PPh;»Cl (233 mg, 0.0.33 mmol) was added and the resulting mixture
was degassed for an additional 5 minutes then sealed and heated to 80 °C for 36 hours. After
cooling to room temperature the reaction was diluted with EtOAc and washed with sat. NHyCl
{aqueous}, water and brine. The organics were dried over MgSQ,, filtered and concentrated
under reduced pressure. The desired product was obtained following column chromatography

(510, 5% to 70% EtOAc/Hexane) as a beige solid (950 mg, 43%).

102731 Step b: The product from step a (950 mg, 1 43 mmol} was dissolved in methanol (14
mkb} and potassiom carbonate (592 mg, 4.29 mmol) was added. The resulting suspension was
stirred overnight at room temperature then partioned between FtOAc and water. The organics
were washed with brine then dried (Na;SO4) and concentrated under reduced pressure. The
desired product was obtained following column chromatography (810;, 0 to 10% gradient of
MeOH and CH,Cly) to afford the title compounds as a white solid (230 mg, 42%). ESI MS
IMAHT for CsHisFNsOs, caled 3841, found 384 .2,

10274} Step ¢ The title compound was obtained using identical procedure as for Example 1 to
give white solid: "H NMR (400 MHz, DMSO-d) 5 8.65 (s, 1H), 8.36 (d, /=22 Hz, 1H), 7.39 -
726 (m, SH), 728 - 717 {m, 1H), 6.44 (dd, /= 148, 4 5 Hz, 1H), 5.25{(dt, /=525, 4.1 Hz,

103



W

10

15

WO 2017/120508 PCT/US2017/012587

1H), 469 (s,2H), 451 (d, /J=18.1Hz, 1H), 419(d, /=71 Hz, ZH), 227 (t,./=20.5 Hz, 2H}.
ESIMS [M-HT for CooH FNsQgPs, caled 5401, found 540.2.

Example 64
Syunthesis of [{{[{(ZR,3545,5R)-5-[6-(benzyloxy}-2-chloro-SH-purin-9-yi}-4-fluore-3-

hydroxyoxolan-2-ylimethoxyi{hydroxy)phosphoryl)methyliphosphonic acid

- f y L W\/\C

OH N/‘j\\‘ /j\ -------------------------------
MNaH, r.t
Bz0 F Step 2 HO F Step b
QYR o o
| 1)
HO-P._P—0 2 o e

OH OH bu O NTC
\ (CH20MPO, 0°C
S 2) 0.5M Et,NH"

HO F
HCO3-
20°Ctort; 15%

102751 Step a: Under a nitrogen atmosphere, sodium hydride (90 mg, 2.26 mmol, 1.2 equiv,,
60% 1 otl} and benzy!l alcohol (10 mL) were stirred at r.t. for 15 min. Product of step b (1} from
Example 29 (1.00 g 1.88 mmol) was added and the mixture stirred at r.t. for 2 h. The reaction
mixture was purified directly by column chromatography (0-10% MeOH in dichloromethane) to
afford the desired product as a white solid (721 mg, 97%). ESI MS [M+ Hj for CH 1 CIFNL Gy,
calcd 3951, found 395.1.

102761 Step b: The product from Step a (197 mg, 0.5 mmol) was dissolved in trimethy!
phosphate (2.5 mL) and cooled to 0 °C. A solution of methylenebis{phosphonic dichloride) (624
mg, 2.5 mmol, 5 equiv.} in trimethyl phosphate (1.5 mL) was added dropwise. The reaction
mixture was stirred at 0 °C for 3 h and then carefully quenched at -20 “C with 0.5 M
triethylammonium bicarbonate solution (3.6 mL). The mixture was stirred at -20 °C for 15 min,

then stirred at O °C for 1S min, then stirred at r t. for 15 min. The mixture was washed with ethyl
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acetate (10 mL) three times. The aquecus layer was purified directly by reverse phase HPLC
{(C18 colurun, 0 to 50% gradient of acetonitrile and water with 0.1% TFA) to atford the desired
product as a white solid (40.2 mg, 15%): 'H NMR (400 MHz, DMSO-d,) § 8.55 (d,./= 2.1 Hz,
1H), 7.57 — 7.51 (m, 2H), 7.46 — 7.35 (m, 3H), 6.49 (dd, J= 13.6, 4.7 Hz, 1H), 5.61 (s, 2H), 5.30
(dt, J=52.4, 4.4 Hz, 1H), 4.53 (dt, J= 18.6, 4.7 Hz, 1H), 421 (1,./ = 6.0 Hz, 2H), 4.06 (g, J =
5.0 Hz, 1H), 2.27 (t, J = 20.6 Hz, 2H). ESI MS [M-H] for CsH;»sCIFN,;0¢P;, caled 551.0, found

N

551

Example 63
Synthesis of ((({(2R,3R48,5K)-5-(6-(benzylamins}-2-chloro-9H-purin-9-yi}-4-fluors-3-

hydroxytetrahydrofuran-2-yimethoxy)(hydroxy)phosphorylimethyl)phosphonic acid

ol
ct
71 \i (VJ\ 13 BriNH,, EtgN
O Lz 7 N nNHy, Elg
B N i e
Bz@”\( NN ' By By EtOH, 70 °C
R o N7
BzO F Cs,00;, ACN BzO 2} KCO3, MeOk
rt R r.t
Step a Bz0 F Step b
HN = N op _B-c HNT Sy
l i HaNE ' i
(f\‘a Dy & Ci Ci (; =y ~F
o 0 . A (MeO)RLPO, 0 °C ' | A
PP o NT G T o NT TG
HO™ 5}9/‘\1? 2) 0.5M EtNH' HCO; HOT Y
< D°Ctlort =
MO  F MO F

Biep o

10277} Step a: 2. 4-Dichiore-TH-pyrrolof2 3-dlpyrimidine (350 mg, 1.86 mmol) was dissolved
in 15 mL of acetonitrile and treated with Cs:C0O5 (788 mg, 2.42 mmol, 1.3 equiv.). The mixture
was stirred at room temperature for 60 min. 2-Deoxy-2-Huore-w-D-arabinofuranosy! bromide 3,
S~dibenzoate (787 rug, 1.86 mmol, 1 equiv.) was dissolved in 10 mL of acetonitrile and added to
the mixture dropwise via an addition funnel. The mixture was allowed to stir overnight at room
temperature. The mixture was filtered on a pad of silica gel and concentrated. The residue was
adsorbed on silica, purified using column chromatography (hexanes / ethyl acetate) to provide

the product as a white solid in 49% yield (480 mg).
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[0278] Step b: A mixture of the product from Step a (480 mg, 0.9 mmol}, benzyl amine (97
mg, 0.9 mmol,}, and EN (91 mg, 0.9 mmol,) in anhydrous EtOH (4 mL) was stirred at 65 °C
for 6 hours. Excess solvent removed inn vacuo. The residue was dried under high vacuum for 30
min. Methanol (4 wL) and K,C05 (249 mg, 1.8 mmel) were added and stirred tor | h. at room
temperature. LCMS indicated completion of the reaction. It was filtered and the filtrate was

concentrated. The residue was purified by flash column to get the product in quantitative yield

102791  Step ¢: The product from Step b (360 mg, 0.91 mmol) was dissolved in trimethyl
phosphate (4 mL) and cooled to 0 °C (ice bath)}, then a cold solution of methylenebis(phosphonic
dichloride) (801 g, 3.2 mmol, 3.5 equiv ) in timethyl phosphate (2 mL) was added dropwise.
The reaction mixture was stirred at 0 °C for 1 h, and was then carefully quenched with an ice-
cold 0.5 M triethvlammonium bicarbonate solution (11 mL} and stirred at 0 °C for 15 min, and
then T h at room temperature. The reaction mixture was purified by reverse phase HPLC (C18
column, O to 40% gradient of acetonitrile and water with 0.1% TFA} to give the product as a
white solid: "H NMR (400 MHz, DMSG-ds) 8 860 (1, J=60Hz, 1H), 759 -7.13 (m, 6H), 6.72
(s, TH), 6.49 (dd, J=15.7, 4.5 Hz, 1H), 5.45 - 5.04 (m, 1H), 4.80 — 4.57 (m, 2H), 442 (dt, /=
18.6, 4.4 Hz, 1H), 4.19-4,15 (m, 2H), 3.98 (q, /= 5.0 Hz, 1H), 2.26 (t, /= 20.5 Hz, 2H). ESI
MS [M-HT for CisHnCIFNLOg Py, caled 549 1, found 549.2

Example 66

Synthesis of ((({{ZR.3R45,3R)-5-(2-chloro-6-(cyclopentylamino)-9H-purin-9-yi}-4-fluoro-3-
hydroxytetrahydrofuran-2-yhmethoxy){(hydroxy)phosphorylmethyl)phosphonic acid

L0

HN
il i NAN{?\CE
Ho g ©
OH OH /Xz&
HO  F

102801 The title compound was synthesized in similar fashion to Example 65 using

cyclopentylamine in place of benzylamine: "H NMR (400 MHz, DMSO-ds) § 7.90(d, J = 7.2
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Hz, 1H), 7.24 (s, 1H), 6.72(d, J=3.6 Hz, 1H), 6.47 (dd, .J=15.9, 4.4 Hz, 1H), 5.15 (dt, J = 52.6,
4.1 Hz, 1H), 4.52 —4.35 (m, 2H), 415 (q, /= 6.3, 5.3 Hz, 2H), 3.97 (¢, /= 5.1 Hz, 1H), 2.23 (4,
J=205Hz, 1H), 1.98 (d, /= 10.6 Hz, 2H), 1.72 (s, 2H), 1.67 ~ 1.45 (m, 5H). ESI MS [M-H]’

for Cy-Hy CIFNLGP;, caled 527 1, found S27.2

Example 67

Synthesis of ({({{1-(6-(benzylamino}-9H -purin-9-ylipropan-2-yhoxy} hydroxy)phosphoryl)-
methyljphosphonic acid

10281} The title compound was synthesized in similar fashion to step b of Example 1 using
corresponding alcohol: "H NMR (400 MHz, DMSO-ds) 3 8.79 (s, 1H), 8.31 (d, J= 158 Hz,
2H), 746 -T7.13 (m, 5H), 492 - 462 (m, 2H), 449 -4.25 (m, 2H), 2.17 {td, /=204, 4 8 Hz,
2H), 1.14 (d, J= 6.3 Hz, 3H). ESIMS [M+H] for C16HnNsOP,, caled 442.1, found 442.1.

Example 68

Synthesis of (((2-(6-{benzvlamino}-9H-purin-9-yl)propoxy i{hydrexy)phosphoryl)-
methyliphosphonic acid

10282} The title compound was synthesized in similar fashion to step b of Example 1 using
corresponding alcohol: "H NMR {400 MHz, DMSO-ds) § 8.73 (s, 1H), 8.35 (s, 1H), 8.27 (s,
1H), 741~ 718 (m, 5H}), 496 - 482 (m, 1H),472 (s, 2H), 439419 (m, ZH), 2.18 (1, /=
205, 1.6 Hz, 2H), 1.55 (d, J = 7.0 Hz, 3H). ESIMS [M+H]" for C1sHNsO6P,, caled 442.0,
found 442.1.
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Example 69

Synthesis of ((((({QR3IR48,5R)-53-(2-chloro-6-{cyclopentylamine}-9H-purin-9-yi}-4-fluoro-
3-hydroxytetrahydrofuran-2-yhimethoxy}{hydroxy)phosphorylmethyl}-
phosphoryijbis{oxy}} bis{methylene} diisopropyl bis(carbonate)

e o o

ST SR N S TS .
i = b oo ¢l O-P._P-0 AL A
HO-P._.P-0 N A iProNEt, DMSO N NT SN e

o S O N el Oy 0.0 OH L\{izi
ﬁ CF,C0,H 5 R CF3CO:H
. PO \( HO F
102831 The methylene bisphosphounic acid (20 mg, 0.03 mmol, triflucroacetate salt of Example
66} was dissolved in 0.5 mL of DMSO. Hunig’'s base (0.18 mL, 1 mmol, 30 eq) was added
followed by chloromethyl isopropyl carbonate (0.13 mL, 1 mmol, 30 eq). The reaction mixture
was allowed to stir at room temperature for § days. The reaction mixture was purified by reverse
10 phase HPLC (C18 column, 0 to 40% gradient of acetonitrile and water with 0.1% TFA) to give
the product as a white solid in 14% vield (3.6 mg). "H NMR (400 MHz, DMSO-ds) § 8.42 (d, J
=7.7 Hz, 1H), 8.25 (s, 1H), 6.37 (dd, /= 15.2, 4.4 Hz, 1H), 5.67 ~ 5.43 (m, 4H), 5.24 (ddt, J =
52.1,7.7,4.1 Hz, 1H), 4.79 (pd, J = 6.2, 3.8 Hz, 2H), 4.57 — 4.38 (m, 1H), 437 — 4.19 (m, 2H),
4.06 (q,J=5.1Hz, 1H), 2.68 {t,J=21.2 Hz, 2H), 1.92 (s, 2H), 1.80 ~ 1.47 (m, 6H), 1.28 - 1.15
15 (m, 12H). ). ESIMS [M-H] for CysHseCIFN;O 4Py, caled 760.2, found 760.3

Example 70

Syunthesis of [{{[{25,35,4R,53R}-5-{2-chloro-6-[cyclopentyl(methyljamino|-9H-purin-9-yi}-
3,4-dihydroxyoxolan-2-yilmethoxyl{hydroxyphosphorylimethyljphosphonic acid

N
N
N

&

o 9 AL A

P =] O NN Cl

HO 1 100
OH QH/‘\( _____
20 HO oM

[0284] The title compound was synthesized in similar fashion to Example 1. "H NMR (400

MHz, DMSO-d,) § 8.42 (s, 1H), 5.88 (d, J = 5.9 Hz, 1H), 4.53 ~ 4.46 (m, 1H), 4.19 (dd, .J = 5.0,
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3.1 Hz, 1H), 4.15 - 4.06 (m, 3H), 3.17 (brs, 3H), 2.26 (t, J = 20.5 Hz, 2H), 1.94 ~ 1.53 (m, 9H).
ESIMS [M+H] for Ci7HyCINsOgP,, caled 542.1, found 542.2.

Example 71

Synthesis of [{{1-]{25,38,4R,5K)-5-[{6-(benzylamino)-2-chlore-9H-purin-9-yi}-3.4-
diiydroxyoxolan-2-yijethoxy}{hydroxy}phosphoryijmethyliphosphonic acid

HE‘;E HIN =§ EN
N\AN = /Nng =

¢ | < ]
L P
o N N/J\Ci DMP, CH,Cla, 1t o, S N)\cs 30 MeMgBr
Y Y
THF, -78°C fo rt
EE Step a iz Step b
5. 0 8. 0O

A I

D ﬂcs (‘5 gcs T
N , \N = i\‘/i N \N Lz
g Q Me vk, 2 PO{OMe)q, 0°C o A
AP P o NT CH o N
O on™ o M 2) 0.5M EtgNH* HCO5 HO
0°Ctort Pt
HO O i 5

Step ¢ X

[0285] Step a: The alcohol (4.8 ¢, 11.1 mmol} was dissolved in anhydrous CH,Cl, (100 mL)
and Dess-Martin periodinane (5.6 g, 13.3 mmol, 1.2 equiv.} was added. Reaction mixture was
stirred at room temperature for 3 h, then quenched with 10% Na;$,0; (20 mL) and saturated
NaHCO; (50 mL). Organic layer was separated, dried over MgSO,y, filtered and evaporated.
Crude aldehyde was purified by column chromatography (810;, CH,ChL— CH;Cl:MeOH, 9:1)
to give yellow solid (4.8g, quant.). ESI MS [M+H]" for CyeHy CIN5O,, caled 430.1, found 430.2

[0286] Step b: Product from Step a (860 mg, 2.0 mmol) was dissolved in anhydrous THF (20
mi.) and cooled to -78°C. 3M MeMgBr solution in Et;O (2 mL, 6 mmol, 3 equiv.} was added
dropwise and reaction mixture was stirred at -78°C for 10 min then slowly warmed up to room
temperature and stirred at rt for 2 h. Quenched with saturated NHCl (10 mbL), organic layer was
separated, dried over MgSQO,, filtered and evaporated. Crude product was used without further

purification. ESIMS [M+H] for CyHysCINsO,, caled 446.2, found 4463
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[0287] Step ¢: The phosphonylation step was performed in similar fashion to Example 1. 'H
NMR (400 MHz, DMSO-ds) 6 9.00 - 8.88 (m, 1H), 851 (s, 1H), 737 - 717 (m, SH), 581 {(d, J
=70Hz, 1H),470-451(m, 4H),432-425(m, 1H),3.83(dd, J=53,26Hz, 1H},222(,J
=720.5 Hz, 2H), 1.26 (d, J = 6.4 Hz, 3H). ESIMS [M+H]" for CoH,sCINsOsP,, caled 564.1,
found 564.1.

Example 72

Synthesis of [{({1-[(25,35,48,5R}-5-[6-(benzylamino)-2-chloro-9H-purin-9-yi}-3.4-
dihvdroxyoxelan-2-vljpropoxy}(hydroxyphosphoryiymethyi]phosphonic acid

HN/\.
? A

Et

o VP\Q "N g
i |

1O oH ™ O 7’

10288} The title compound was synthes&zed in snmﬂar fashion to Example 71. 'H NMR (400
MHz, DMSO-dg) $8.97 — 8 91 (m, 1FD), 8.53 (s, 1FD), 7.38 — 7.20 {m, 5H), 5.79(d, /= 7.4 Hz,
1H), 4.65 (d, J = 6.3 Hz, ZH), 4.62 ~ 4.56 (m, 1H), 4.54 — 4.46 (m, 1H), 434 (d, /= 5.5 Hz, 1H),
3.89(dd, J=6.1, 2.2 Hz, 1H), 2.22 (t, J=20.5 Hz, 2H), 1.69 (s, 1H), 1.58 (q, /= 7.1 Hz, 1H),
0.90 (t, J = 7.4 Hz, 3H). ESTMS [M+H]" for CyoHa7CINsOP,, caled 578.1, found 578.2.

Example 73

Synthesis of [({[{(ZR,3R 4R, 3R)-5-|2-chloro-6-{cyclopentylamino}-9H-purin-9-v1}-3,4-
dihydrexy-4-methyloxolan-2-yljmethoxy}{hydroxy)phosphoryl)methyljphosphonic
acid
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[0289] Step a: To pB-D-ribofuranose, 2-C-methyl-, 12,3 5-tetrabenzoate (4.0 g, 689 mmol, 1
equiv.) and 2,6-dichloropurine (1.43 g, 7.58 mmol, 1.1 equiv.) in acetonitrile 23 mLjat 0 °C
was added 1,8-Diazabicyclo[S.4.0lundec-7-ene (2.58 mL, 17.23 mmol, 2.5 equiv.} followed by
trimethylsilyl trifluoromethanesulfonate (S.11 mL, 28 25 amol, 4.1 equiv.) dropwise over 5
mimates. The reaction mixture was stirred at 0 °C for 15 minutes and heated at 65 °C for 5 hours.
After cooling to room temperature the reaction was diluted with dichloromethane, washed with
sat. aq. sodium bicarbonate (x2}), and brine (x1). The organics were dried over MgSQO,, filtered
and concentrated under reduced pressure. The desired product was obtained following column

chromatography (5102, 25% to 66% EtOAc/Hexane) as a white solid {1.30 g, 97%).

10296] Step b: 1) A product from Step a (1.3 g, 2.01 mmol), cyclopentylamine (297 pL, 3.01
mmol, 1.5 equiv.}, and triethylamine (560 ul, 4 02 mmol, 2.0 equiv.} were suspended in
anhydrous EtOH (6.7 mL). The mixture was stirred at 70 °C for 4 hours. After cooling to room
temperature the mixture was concentrated under reduced pressure and the material obtained used

without further purtfication.

10291} 2) The above product was dissolved methanol (20 mL) and potassium carbonate {1.00
g 7.63 mmol, 3.8 equiv.) was added. After stirring at ambient temperature for 2 hours the
residue was adsorbed on celite and purified using column chromatography (S10s, 0% to 10%

DCM/MeOH) as a colorless oil (612 mg, 79%, two steps).
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[0292]  Step ¢: The title compound was synthesized in similar fashion to Example 1. '"H NMR
{400 MHz, DMSO-s) 5838 (dd, J=182,8 1 Hz, 1 H),826(d, /=10.0Hz, 1 H), 586(s, 1
H).442(q, /=72 Hz | H), 427 (h, J=10.6, 10.0 Hz, 2 H), 4.06 (s, 3 H), 2.28 (t, /=204 Hz,
2HD, 1.93(d, /=163 Hz 2 H), 1.78 - 1.43 {m, 6 H). ESIMS [M-HY for C;H;sCIN:GsP,,
calcd 540.1, found 540.2.

Example 74

Synthesis of ((2R,35,4R,5R}-5-(2-chlore-6-(cyclopentylamino )-9H-purin-9-v1}-3,4-
dibydroxytetrahydrofuran-2-yiymethyl hydrogen ((hydroxy{methoxyjphosphoryl}
methyliphosphonate

L
HN/Q n 9 9 HN

CimPVP cl N Sy
«Nf\w ¢ o 0 P —
N N”’i\c; {CHL0)PO, 0°C P\/P ; NT O

HOW 2) MeOH, 40°Ctort TE0 Ohe OMe
HO  OH Step a
H@Q
NN
N
a
o o <I/;J\ ) Nal, acetone
il i C} N N CE

AP 85 °C
A
HO” OM OHG
- Step b

.

HO oM

[0293] Step a: The nucleoside (2.0 g, 5.4 mmol) was dissolved in trimethyl phosphate (30 mL)
and cooled to 0°C (ice bath), then cold solution of methylenebis{phosphonic dichloride} (4.0 g,
16.2 mmol, 3 equiv ) in trimethyl phosphate (15 mL) was added dropwise. Reaction mixture
was stirred at 0°C for 2h, then cooled to approx. -40°C and anhydrous MeOH (30 mL) was
added and slowly warmed up to room temperature. The reaction mixture was neutralized with
saturated NaHCOs (80 mL) and diluted with water (150 mL) and EtOAc (150 mL). The organic
layer was separated, dried over MgSQy, filtered and evaporated. The product was purified first
by column chromatography (510,, EtOAc—EtOAc:MeOH, 8:2) and then by RP18 HPLC
(H;0+0.1% TFA/acetonitrile+0. 1% TFA) to give the desired product as a white solid in 11%
vield (405 mg). ESIMS [M+H]" for CioHs CINsOoPy, caled 570.1, found 570.2.
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10294} Step b: To a solution of the product from step a (75 mg, 0.13 mmol} in acetone (1 mL},
was added sodium 1odide (50 mg, 0.33 mmol). This solution was heated to 65 °C for 6 h. The
solvent was evaporated; the residue was dissolved in water and purified by reverse phase HPLC
{C18 column, 0 to 40% gradient of acetonitrile and water with 0.1% TFA) to give the product as
a white solid in 62% vield (31 mg). H NMR (400 MHz, DMSO-ds) § 8.41 (d, J= 2.0 Hz, 1H),
836 (d,J=78Hz 1H), 5.85(d, /=56 Hz, 1H), 5.04 (brs, 1H), 4.53 (. J=5.5 Hz, 1H), 4.47 -
434 (m, 1H), 4.24 ~3.95 (m, 4H), 3.58(d, .7 = 11.3 Hz, 2H), 2.37 (dd, J = 20.5, 20.5 Hz, 2H),
207 -136(m, 8H). ESIMS {M+H]+ for Cy7H,,CINsQoP,, caled 542.8, found 542.2.

Example 75

Synthesis of [(2R.35,4R,5R)-5-{2-chioro-6-[cyclopentyl{methyllamino]-9H-purin-9-yi}-3,4-
dihiydroxyoxolan-2-yvijmethyl phenyl [{diphexmxyphesph@ryﬁ)methyﬁ}ph@sphanate

1D
N

N~rSn Ve g g ci f\
7 i TN ¢

§ §
<NJ\ A e @ Q < /J\

HOW OP(OMe);, 0°C  PhO” éph OP W
2) Phencl, TEA, 0°C to rt -
ﬁ A"’

10295} The alcohol (380 mg, 1 mmol) was dissolved in trimethy! phosphate (5 mL) and cooled

to 0°C (ice bath), then cold solution of methvienebis{phosphonic dichioride} (375 mg, 1.5 mmol,
1.5 equiv.} in trimethy] phosphate (3 mL) was added dropwise and reaction mixture was stirred
at 0 °C tfor 3 h. Solid phenol (470 mg, 5 mmol, S equiv.) was added and once dissolved TEA
{835 pL, 6 mmol, 6 equiv.) was added dropwise. The mixture was stirred at 0°C for 15 min then
at room temperature for overnight. Diluted with H,O (15 mlL) and the product was extracted
with MTBE (2 x 10 mL}. Combined organics were dried over MgSQO,, filtered and evaporated.
Crude product was purified by column chromatography {(810;, Hex— 100% Et(JAc) to give
white solid (80 mg, 10%). 'H NMR (400 MHz, DMSO-d;) 5 8.38 (d, J=43Hz, 1H), 7.41 -
733 (m, 4H), 732 =725 (m, 2H), 725 =711 {m, OH), 5.89 (dd, /=53, 3.2 Hz, 1H), 5.63 (dd,
J=60,44Hz 1H), 547 -541 (m, 1H), 462 -454(m, 1H), 449432 (m, 2H)}, 428 - 408
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(m, 1H), 3.67 ~ 3.47 (m, 2H), 3.35 (s, 3H), 1.90 ~ 1.52 (m, SH). ESIMS [M+H]" for
C3sH35CINsGo P, caled 770.2, found 7703

Example 76

Synthesis of bis (3-chlorophenyl) [({{{(ZR,35,4R,5K)-5-{2-chlore-6-[cyclopentyl(methyl)-
amino}-9H-purin-9-vi}-3,4-dibydroxyoxolan-2-vijmethoxy}(3-chlorophenoxy)phosphoryl)-

methyljphosphonate
. Q

10296} The title compound was symhe:sued in similar fashion to Example 75, "H NMR (400
MHz, DMSO-dq) & 8.32 (s, 1H), 7.43 — 7.34 (m, 2H), 7.34 — 7.05 (m, 10H), 588 (t, J=4.7 Hz,
1H), 562 (3, 1H), 543 (5, 1H), 459 - 436 {m, 3H}, 4.26 - 410 (m, 2H), 3.86 - 3.70 (m, ZH),
3.04 (s, 3H), 1.90 - 1 46 (m, 8H). ESIMS IMAH] for C35H3,C1LIN;OGP,, caled 872.1, found
872.2.

Example 77

Synthesis of bis (3,4-dichlorophenyl) {{{{(2R,35,4R 5R)-5-{2-chloro-6-
leyclopentyi(methyijamine-3H-purin-9-vl}-3.4-dihydroxyoxolan-2-ylijmethoxy}(3,4-
dichlorophenoxyphosphorylymethyljphosphonate
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/4 i
i o <N/i{\N/ Cl
\/P\
0
5o
HO  OH
cl

Cl

[6297] The title compound was synthesized in similar fashion to Example 75. "H NMR (400
MHz, DMSO-ds) & 8.27 (s, 1H), 7.65 — 7.57 (m, 2FH), 7.52 — 7.40 (m, 3H), 7.32 — 7.04 (m, 4H),
587 (1, J= 5.0 Hz, 1H), 5.63 (t, /= 6.1 Hz, 1H), 5.43 (dd, /= 5.6,3.7 Hz, 1H), 4.59 - 435 (m,
3H), 4.30 — 4.08 (m, 2H), 3.85 (t, J=22.0 Hz, 2H), 3.32 (s, 3H), 1.89 — 1.45 (m, SH). ESIMS
[MH+HT for CssHs3CHNsO0Ps, caled 974.0, found 974.2.

W

Example 78

Synthesis of methyl 2-({{({[(2R, 38 4R, 5K)-53-{2-chloro-6-{cyclopentyl{methyDamino}-SH-
10 purin-9-yi}-3,4-dihydrexyoxolan-2-viimethoxy}{2-(methoxycarbonyl)phenoxy|phosphoryl)-
methyl][2-(methoxycarbonyljphenoxyiphosphoryl}oxyibenzoate

15 [8298] The title compound was synthesized in similar fashion to Example 75. H NMR (400
MHz, DMSO-d) 8 8.31 — 8.27 (m, 1H), 7.82 — 7.74 (m, 3H), 7.57 — 7.49 (m, 2H), 7.46 — 7.39
(m, 1F), 7.36 — 7.17 (m, 6H), 5.83 (t, J= 5.9 Hz, 1H), 5.60 — 5.52 (m, 1H), 5.37 (s, 1H), 4.55 -
4.29 (m, 3H), 4.15 — 4.04 (m, 2H), 3.81 - 3.74 (m, 2H), 3.72 — 3.65 (m, 3H), 3.32 (s, 9H), 1.88 -
1.47 (m, 8H). ESIMS [M+H] for CyHysCINsO 5Py, caled 944.2, found 944.3.

20
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Example 79

Svnthesis of [({J(2R,3R,45,5R)}-5-(2-chloro-6-{{(15)-1-(4-fluorophenyljethyljamino}-9H-
purin-9-yi)-4-flucro-3-hydroxyoxolan-2-yijmethoxyi{hydroxy)phosphorylmethyi}-
phosphonic acid

N
0 9 Q
I I
HO OH OHQ

HO F
[0299] The title compound was synthesized in similar fashion to Example 29, 'H NMR (400

MHz, DMSO-ds) § 8.92 (d, J= 8.3 Hz, 1H), 828 (s, 1H), 7.45 (bs, 2H), 7.11 (td, /=9.1, 1.4 Hz,
2H), 6.34 (dd, J = 143, 4.6 Hz, 1H), 5.39 (bs, 1H), 5.31 - 5.12 (m, 1H), 5.14 (bs, 1), 448 (dt, /
= 18.5, 4.5 Hz, 1H), 4.17 (s, 3H), 401 (d, J= 5.2 Hz, 2H), 224 (t, /=204 Hz, 3H), 1.51 (d, /=

7.0 Hz, 3H). ESIMS [M+H]" for CoH,;CIF,NsOgP,, caled 584.1, found 584.2

Example 86

Synthesis of [({[{(ZR,3R,45,5K)-5-(2-chloro-6-{{(1R}-1-phenylethyljamino}-9H-purin-9-yi}-4-
fluoro-3-hydroxyoxolan-2-vijmethoxyj{hydroxyiphosphorylmethyljphosphonic acid
CHg

HN/\©
N N

A

g o
N o NN o

P P
HO O 10
OH OH

HCT; F
{0300} The title compound was synthesized in similar fashion to Example 29. '"H NMR (400

MHz, DMSO-dg) § 8.90 (d, ./ = 8.3 Hz, 1H), 8.28 (s, 1HD), 7.42 (d, J = 7.6 Hz, 2H), 7.29 (1, J =
7.5 Hz, 2H), 7.19 (bs, 1H), 6.34 (dd, /= 14.8, 4.4 Hz, 1H), 5.39 (bs, 1H), 5.23 (d, J= 52.6 Hz,
1H), 4.49 (d, /= 192 Hz, 2H), 4.17 (bs, 2H), 4.01 (d, /= 5.1 Hz, 1H), 2.24 (t, J= 20.6 Hz, 2H),
1.52 (d, /= 7.0 Hz, 3H). ESI MS [M+H]" for C1oHp4CIFNsOgP, caled 566.1, found 566.1

Example 81
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Synthesis of [{{[{(2R,3R.45,5R)-5-(2-chlore-6-{{(15)-1-phenylethyllamino}-SH-purin-9-yi)-4-
fluoro-3-hydroxyoxolan-2-ylimethoxyl{hydroxy)phosphorylmethyljphosphonic acid

CHa

10361} The title compound was synthesized 1n similar fashion to Emmpie 29 'H NMR (400

MHz, DMS8O-dg) §8.91 (d,./ = 8.3 Hz, 1H), 8.28 (s, 1H), 7.41¢d, /= 7.5 Hz, 2H), 7.29 (1, J

7.6 Hz, 2H), 7.20 (d, /= 7.6 Hz, 1H), 6.34 (d, /= 14.1 Hz, 1H), 5.39 (bs, IH), 521 (d, J=52.5

Hz, 1H), 447(d, /=183 Hz 2H), 417 (5, 2H), 401 (5, 1H), 224 (1, /=206 Hz, 2H), 1.52(d, J
10 =7.1Hz, 3H). ESIMS [M+H]" for CoHuCIFN;OsP, caled 566.1, found 566.1

Example 82

Synthesis of [{({[(ZR,3R.48,5R}-5-{6-(cyclopentylamine)-2-[hydroxy{oxan-4-yijmethyl}-9H-
15 purin-9-yl-4-flucre-3-hydroxyosolan-2-viimethoxyi{hydroxy)phosphorylymethyi}-
phosphonic acid

Ny SN K\;/Mgar ,wa o
<N N/J\CHO O <N | N
8207 Oz THF HO/\Q SH
Step s <

BzO F HO F

Step b

0
N\/K P\/F’\
2 N o} ct?, i "Gl
o o ! i ¢ ¢
i i N/\N/
HO’?\/?\O O ; P{O¥OMal,
OH OH OH

10302} Step a: The product of step b from Example 38 (1.00 g, 1.75 mmol) was dissolved in

20 THF (9 mL) and cooled to -78 °C. 4-tetrahydropyranylmagnesium bromide {9 mL, 8.75 mmol,
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0.2M in THF) was added dropwise. The reaction mixture was allowed to warm to r.t. and stirred
at rt. for 3h. The reaction mixture was cooled to 0 °C, methanol (50 mL) was added, and the

mixture stirred at r.t. for 14h. The reaction mixture was dry loaded onto silica gel and puritied by
sifica gel chromatography (0-10% MeOH in DCM) to afford the desired product as a white solid

(273 mg, 35%).

1038631 Step b: The title compound was synthesized as a white solid (44 mg; 29%) in similar
fashion Example 29."H NMR (400 MHz, DMSO-ds) § 6.60 — 6.40 (m, 1H), 5.26 (d, /= 53.3 Hz,
1H), 4.63 — 4.39 (m, 2H), 430 - 4.13 (m, 2H), 4.13 - 3.97 (m, 1H), 3.94 — 3.75 (m, 2H), 3.38 -
3.13 (m, 2H), 2.26 (1, J =204 Hz, 2H), 2.17 — 1.85 (m, 3H), 1.85 — 1.22 (m, 12H). ESI MS [M-
HI for C3H3:FNOoP,, caled 6062, found 6063,

Example 83

Synthesis of (((((ZR,IRA8,5K)-5-(2-¢chloro-6-(cyclopentyl{methyDamino}-9H-purin-9-yi)-4-
fluore-3-hydrexyietrahydrofuran-2-ymethoxyj(hydroxy)phosphorylimethyijphosphonic

acid
\NQ
N X
N

4

2 9 SN
HG,« !v i\ 0 N Ci

OH OHO

HO F

[0364] This compound was obtained similar fashion to Example 29. "H NMR (400 MHz,
DMSO-dsy 6 8.7 (brs, 2H), 830 (d, /= 2.1 Hz, 1H), 6,40 (dd, /= 143, 4 6 Hz, 1H), 6.09 (brs,
1H), 525(dt, /=525, 43 Hz, 1H), 4.53-4.43 (m, 1H), 423-4.14 (m, 2H}, 4.09 - 3 98 (m, 1H),
228 (dd, ./ = 20.5 Hz, J = 20.5 Hz, 2H), 2.5 (s, 3H), 1.96 — 1.44 (m, 9H). ESI MS [M+H] for
C1oHysCIFN:OgP,, caled 544 8, found: 544 2

Example 84

Synthesis of ((ZR.3R,48,5K)-5-(2-chloro-6-{cyclopentyl{methyljamino)-9H-purin-9-vi}-4-
fluoro-3-hydroxytetrahydrofuran-2-yhmethyl  hydrogen{(hydroxy(methoxy)phosphoryl)
methyljphosphonate
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L\{)Zf (CH30)PO, 0 °C MaQ MeQ L«.\\/ ?f

; 2) MeOH
HO F Step a HO F
~
N Nal {5 equiv.).
K acstone
i I <?’ | N 80 °C
MeO—-P._.P~0 N/\N()\Ci
OH OH O\‘/’ Step b

10305]  Step a- 2-chloropurine fluororiboside (579 mg, 1.5 mmol) was dissolved in trimethyl
phosphate (7.5 mL) and cooled to 0 °C (ice bath), then a cold solution of
methylenebis(phosphonic dichloride) (1.87 g, 7.5 mmol, 5 equiv.) in trimethyl phosphate (4.5
mi.} was added dropwise. The reaction mixture was stirred at 0 °C for 3 h, and was then
carefully quenched with methanol (7 mL) and stirred at O °C for 30 min, then 1 h at room
temperature and then 3 h at 40 °C. The reaction mixture was concentrated under vacuum and
dissolved in ethyl acetate (20 mL). The organic layer was washed with saturated aqueous
NaHCO;, dried over sodium sulfate and evaporated to dryness. The residue was purified by
column chromatography {gradient of methanol in dichloromethane 0 to 10%) to afford the
desired product as a pale yellow solid (701 mg, 80%). "H NMR (400 MHz, DMSO-d,) § 8.32
{dd, /=120,23 Hz 1H) 642(dd, /=155 44 Hz, 1H},6.15(, J=48Hz 1H), 543 -507
(m, 1), 4.60 — 4.39 (m, 1H), 427 (q, /= 7.3, 5.7 Hz, 2H), 4.12 - 4.03 (dq, J = 9.6, 5.3 Hz, 1H),
3.69 —3.59 (m, 9H), 2.96 — 2.74 (m, 2H), 2.50 (s, 3H), 2.04 — 1.42 (m,9H). ESI MS [M+H]" for
CyoH;3; CIFNsO:P;, caled 586.9, found 586.2.
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[0306] Step b: To a solution of the product from step a (58 mg, 0.1 mmol) in acetone (1 mL),
was added sodium iodide (75 mg, 0.5 mumol). This solution was heated to 60 °C for 24 h. The
solvent was evaporated, the residue was dissolved in water and purified by reverse phase HPLC
{C18 column, O to 30% gradient of acetonttrile and water with 0.1% TFA) to give the product as
a white solid in 65% vield {42 mg). H NMR (400 MHz, DMSO-ds) § 8.31 (d, J = 2.2 Hz, 1H),
6.40 (dd, J=14.6, 4.6 Hz, 1H), 5.25 (dt, J=52.4, 42 Hz, 1H), 4.48 (dt, J= 183, 4.4 Hz, 1H),
418 (t, J = 6.1 Hz, 2H), 4.04 (m, 2H), 3.58 (d, ./ = 112 Hz, 3H), 2.5 (s, 3H). 2.39 (dd, /= 204
Hz, J =204 Hz, 2H), 2.00 — 1.42 (m, 9H). ESI MS [M+H]" for C1sH.CIFNsOP,, caled 558.8,
found 558.2.

Example 85

Synthesis  of ((2R,IR.45,3R)-5-(2-chloro-6-{cyclopentyl(methylamine)-SH-purin-9-yi)-4-
fluore-3-hydroxvytetrahydrofuran-2-yiymethyl hydrogen {({dimethoxyphosphoryljmethyl)
phosphonate

and

Synthesis of methyl hydrogen ((({(2R,3R 45 .5R)-5-(2-chloro-6-{cyclopentyl(methyljamine)-
9H-purin-9-yi}-4-fluore-3-hydroxytetrahydrofuran-2-ylimethoxy}(methoxy)phosphoryi)

me-thylyphosphonate
W

\N/O Nal {1 equiv.) HO  F

N acetone
i i {' | h N RT *
MeO—-P._P-0 N P Step a

o 0 ]
HO"%\/ %’G <N/l AN

MeO MeO Q
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103671 Step a: To a solution of the product from example 83, step a (150 mg, 0.26 mmol) in
acetone (3 mL), was added sodium iodide (40 mg, 0.26 mmol). This solution was stirred at room
temperature for 24 h. The solvent was evaporated, the residue was dissolved in water and
purified by reverse phase HPLC (C18 column, 0 to 30% gradient of acetonitrile and water with
0.1% TFA) to give ({(2R 3R 45, 5R)-5-(2~chloro-6-(cyclopentyl{methyhamino-9H-purin-9-y1 -4~
fluoro-3-hydroxy-tetrahydrofuran-2-yhmethy! hydrogen {({dimethoxyphosphorylmethyl}-
phosphonate as a white solid in 20% vield (35 mg). "H NMR (400 MHz, DMSO-ds) 3 8.31 (d, J
=22 Hz 1H), 641 (dd, /=149 4 5Hz, 1H), S.25(dt, J=1523,4.1 Hz, 1H), 453-4.43 {(m, 1H),
4.24 —4.12 {m, 2H), 4.08-4.02 (m, 1H), 3.66 (d, J= 2.0 Hz, 3H), 3.63 (d, /= 2.0 Hz, 3H), 2.60
(dd, ./ =208 Hz, J=20.8 Hz, 2H), 2.50 (s, 3H), 2.01 — 1.55 {m, 9H}. ESI M§ IMA+HT for
CioHpoCIFNO:P,, caled 572.9, found 572.3.

[0308] Methyl hydrogen (((({(2R 3R 48, SR)-5-(2-chloro-6-(cyclopentyl{methylamino}-9H-
purin-9-yl}-4-fluoro-3-hydroxytetrahydroturan-2-yDimethoxy){methoxy)phosphorylmethyl -
phosphonate as a white solid as 1:1 mixture of diasterecisomers in 30% yield (52 mg). 'H NMR
(400 MHz, DMSO-ds) 6 8.34 (d, ./ = 2.3 Hz, 0.5H, 1" dia), 8.30 (d, /= 2.3 Hz, 0.5H, 2™ dia),
654632 (m, 1H), 538 ~5.11 (m, 1H}, 4.59-439 (m, 1H), 426 (m, 2H}, 4.07 {(m, 1H), 3.64
(d, /=113 Hz, 3H),3.59(d, J=11.2, 1.5H, 1* dia), 3.59(d, J=11.2, 1.5H, 1" dia), 2.69-2.53
{m, 2, 2.5 (s, 3H), 1.97 — 1.52 (m, 9H). BESI MS [M+H]" for C1oH0CIFN;OxP,, caled 572.9,
tfound 572.2.

Example 86

Synthesis of ((({{ZR. 3R 45,5R)-5-(2-chlore-6-(cyclopentyl(methyl)amino}-YH-purin-9-yi)-4-
fluoro-3-hydroxytetrahydrofuran-2-vhmethoxy){methoxy)phosphorylymethyl}phosphonic

acid
A
N B
N
¥ .
2 <NI>\

N™ T
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[0309] This compound was obtained as a 1.1 mixture of diasterecisomers in a manner simtlar
to Example 84. 'H NMR (400 MHz, DMSO-dy) 6 834 (d, /= 2.3 Hz, 0.5H, 1* dia), 8.29 (d, /=
2.3 Hz, 0.5H, 2™ dia), 6.52 ~ 6.32 (m, 1H), 6.07 (brs, 1H), 534 — 5.14 (m, 1H), 4.36 — 443 (m,
1H), 430 - 4.2 (m, 2H), 4.11 — 4.03 (m, 1H),3.63(d, /=112 Hz, | SH, 1¥ dia), 3.63(d, J =
11.2 Hz, 1.5H, 2 dia), 2.50 (s, 3H), 2.48 — 2.34 (m, 2H), 1.92 — 1.53 {m, 9H). ESI MS [M+H]
for C1oHy CIFNOgP,, caled 5583, found 558 2.

Example 87

Synthesis of [{{|[(ZR,35,4R,5R}-5-{6-chloro-4-(cyclopentylaming)- 1 H-pyrazolo|3.4-
dipyrimidin-1-vl}-3.4-dihvdroxyoxelan-2-vijmethoxy}{hydrexy)phosphorylimethyl]
phesphonic acid

ACO/\Q_}, /\vji /f ’:> O\

TAc 2 N HoN
N Z Y
N AN N l
/L\ 1) HMDS, (NH,),80, A OW N Ci 1) EtgN, MeOH ‘N, N“//J\C
G

reflux 0°Clort Hg/\\(if
2} TMS triflate, CHLCN, & ,
ot AcO Dao 23 NH3 in MeOH, 1t 0\ _’,0
H H
Step a Step b

O
HNT B 9 0

! !
ol G

G ol OP{OMe)s, 0°C
HO s\/ Ned 7 (OMe}s, )
OH OH / 2) 0.5M EtghH* HCO,
H(‘)C "QH GClort
Step ¢

103106} Step a: 4,6-Dichloro-1H-pyrazolof3,4-d]pyrimidine (25g, 132 mmol) and Amamonium
Sulfate (0.20 g, 1.5 mmol) were dissolved in 150 mL of hexamethyldisilziane. The mixture was
then warmed to retlux and stirred for 3 hrs. The mixture was then concentrated to dryness. The
solid residue was then taken up in 300 mL of acetonitriie, and the protected ribose (50.6 g, 159
mmol} was added. This mixture was cooled 0°C and TMSOTE (27 mL, 145 mmol) was added
dropwise. The mixture was then warmed to room temperature and allowed to stir overnight.

The mixture was then concentrated and taken up in ethyl acetate. The organics were washed

122
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with saturated NaHC (5 and brine. The organics were dried with MgSQ,, filtered and
concentrated. The crude residue was purified using column chromatography (Hexanes / Ethyl
Acetate) to provide the desired compound (48 g, 108 mmol) in 82% overall vield. "H NMR (400
MHz, DMSO-ds) 8 8.75 (s, 1H), 6.47 (d, /=32 Hz, 1H), .82 (dd, /=53, 3.2 Hz, 1H), 5.63 (1,
J=58Hz, 1H), 447 -4.40 (m, 1H), 437 -430(m, 1H}, 412 - 4.02 (m, 1H), 2.09 (s, 3H),
2.06 (s, 3H), 1.97 (s, 3H). ESIMS [M+Na] for CisHisCLNyNa0+, caled 469.0, found 469.0.

10311} Step b: Product from Step a (22 g, 49.3 mmol) was dissolved in MeOH (100 mL) and
cooled to 0 °C. Cyclopentylamine (5.1g, 51 8 mmol, 1.05 equiv.), and triethylamine (7.2 mi,
51.8 mumol, 1.05 equiv.) were added and reaction mixture was stirred at 0 °C for 15 min then at 1t
for 4 h. 7M NH; in MeOH (60 mL) was added and reaction was stirred at 1t for 1 day. Reaction
mixture was evaporated and the crude product was used in the next step without purification.

ESIMS [M+H]" for C;sH,,CINsOy, caled 370.1, found 370.2.

[0312] Step ¢: The phosphonylation step was carried out in similar fashion to example 1. 'H
NMR (400 MHz, DMSO-ds) 8 8.68 (d, /=72 Hz, TH), 824 (s, 1H), 6.00(d, /=42 Hz, 1H),
449 (t, J=47Hz, 1H), 441 (g, J=6.7Hz, 1H), 426 (t, J=4.7 Hz, 1H), 4.15 — 4.00 (m, 2H),
394 -384 (m, 1H), 2.16 (t, /=205 Hz, 2H), 2.04 - 1.91 (m, 2H}, 1.79 - 1.45 (m, 6H). ESI

MS [M+H]" for C16HsCINsOQoP,, caled 528.1, found 528.2.

Example 88

Synthesis of [{{[{(2R,38,4R,5R)-5-{4-(benzylamino)-6-chlore-1 H-pyrazole{3.4-d]pyrimidin-1-
yvij-3,4-dihydroxyoxolan-2-vijmethoxy}thydroxy)phosphoryviimethyliphosphonic acid

HN f =
NS T ~N &
o 0 Al
] i o N NAQE

HO o o Y
HO  OH ‘
[0313] The title compound was synthesized in similar fashion to Example 87 "H NMR (400

MHz, DMSO-d6} §9.38 — 9.18 (m, 1H), 8.35 — 8.16 (m, 1H), 7.39 - 7.19 {m, $H), 6.07 - 5.94
(m, 1H), 4.69 (d, J= 5.4 Hz, 2H), 4.58 — 4.44 (m, 1H), 430 — 4.20 (m, 1H), 4.15 — 4.01 (m, 2H),
396380 (m, 1H), 2.17 {t,./=20.9 Hz, 2H}. ESI MS [M-H} for CisH,CINGoP;, caled 548 1,
found 548.1.



(o

Ju—
(V4]

WO 2017/120508 PCT/US2017/012587

Example 89

Synthesis of [{{{{2R.I54R,58)-5-(6-chloro-4-{{{(1.5)-1-phenylethyl]amino}-1 H-pyrazolo]3,4-
dipyrimidin-1-y1)}-3,4-dihydroxyoxelan-2-yljmethoxy}hydroxy)phoesphorviimethyi]
phosphonic acid

Me
NG 7NN =
¢ 0o L
S B o. NN o
HO L D
N g4
KOG  ©OH

[0314] The title compound was synthesized in similar fashion to Example 87. 'H NMR (400
MHz, DMSO-ds) § 9.26 — 8.95 (m, 1H), 8.35 — 8.17 (m, 1H), 7.48 — 7.28 (m, 4H), 7.28 — 7.09
(m, 1), 6.09 — 5.87 (m, 1H), 5.42 (q, ./ = 6.9 Hz, 1H), 4.60 — 4.33 (m, 1F), 433 — 4.16 (m, 1H),
4.13 - 3.96 (m, 2ZH), 3.97 — 3.80 (m, 1H), 2.35 — 1.95 {m, 2H), 1.62 — 1.36 (m, 3H). ESI MS [M-
HJ for CyoHCINsGoP;, caled 5621, found 562.2.

Example 96

Synthesis of [({[{(ZR,38,4R,5K)-58-(6-chlore-4-{{(1R)-1-phenylethyljamino}-1 H-pyrazolo[3,4-
dipyrimidin-1-yi}-3.4-dihyvdroxyoxelan-2-vljmethoxy}{hydroxyjphospherylimethyi]
phosphonic acid

N
C’; E o N7 2
SN ™
"o 6 ()
HO  OH ‘
[0315] The title compound was synthesized in similar fashion to Example 87. "H NMR (400

MHz, DMSO-ds) $9.16 (d, /= 8 4 Hz, 1H), 8.32 (s, 1H), 7.48 — 7.30 (m, 4H), 7.28 — 7.15 (m,
1H), 6.09 ~ 5.79 (m, 1H), 5.47 ~ 5.36 (m, 1H), 458 ~ 4,42 (m, 1H), 432 ~ 4.19 (m, 1H), 4.17 -
3.95 (m, 2H), 3.95 - 3.79 (m, 1H), 2.18 (t, J = 208 Hz, 2H), 1.71 — 1.37 (m, 4H). ESI MS [M-
HY for C1oHyCINsOoP, caled 562.1, found 562.2.

Example 91

124
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Synthesis of [{({[{2R, 38,4 R ,5R}-5-(6-chloro-4-{{{4-chlorophenyljmethyljamino}-1 H-
pyrazolo{3,4-dipyrimidin-1-yi)-3.4-dihydroxyoxeolan-2-
yljmethoxy}(hydroxy)phosphorylmethyijphosphonic acid

HN RS
Co P
MN ol
NANACE

0
F’
;\/ N
HO” OH CBHO/%\( /

[0316] The title compound was synthesized in similar fashion to Exampie 87. "H NMR (400
MHz, DMSO-d) § 9.41 - 9.19 (m, 1H), 832817 (m, 1H), 743 - 730 (m, 4H), 6.02 (d, J =
29Hz IH), 468(d, J=44Hz 2H), 456 -4.45(m, 1H), 433 - 418 (m, 1H), 413 -3.80 (m,
2H), 362 -3.44 (m, 1H), 217 (t, J=20.4 Hz, 1H). ESIMS [M-H] for CisHy CLiNsQ6P,, caled
582.0, found 582.0.

Example 92

Synthesis of [({[{(ZR,35,4R,5R)-8-(6-chloro-4-{{(15)-1-(2-fluorephenyljethyl]aminoe}-1H-
pyrazele{3.4-dipyrimidin-1-yi}-3,4-dihydroxyoxolan-2-ylimethoxy}{hydroxyphosphoryi)-
methyljphosphonic acid

[0317] The title compound was synthesized in similar fashion to Example 87, 'H NMR (400
MHz, BMSO-d5) 89.28 -9.15 {(m, 1H), 833 (dd, /=1.5,07 Hz, 1H), 743 {(t, /=78 Hz, 1H),
7.29(dd, J=78, 56Hz 1H), 723 - 7.08 (m, 2H), 6.00(d, /=42 Hz, 1H), 5.65-551 (m, 1H),
448 {1, /=49 Hz 1H),426(t,J=45Hz, 1H)}, 405(dg, J=10.1,59,52 Hz, 2H), 3.88 (dt, J
=11.3,6.0Hz 1H), 220 -2.08 (t, /=204 Hz  2H), 1.53 (d, /= 6.8 Hz, 3H). ESIMS [M+H]"
for CyoHCIFNsQoP,, caled 5821, found 5821
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Example 93
Syunthesis of [{({[{(ZR.354R,5R)-5-(6-chloro-4-{{{(1 B}-1-(2-fluorophenylethyl]amino}-1H-
pyrazolo]3.4-dipyrimidin-1-yi)-3,4-dihydroxyoxolan-2-ylimethoxy}(hydroxyjphosphoryl)-
methyl] phosphenic acid

CHy F
NS
7 N =

0 N A

2

PP o

/E\/‘\
SR

[0318] The title compound was synthesized in similar fashion to Example 87. '"H NMR (400
MHz, DMSO-dy) §9.23 (d, /= 7.6 Hz, 1H), 8.34 (s, 1H), 7.44 (, J=7.8 Hz, 1H), 730 (q, /=
7.0 Hz, 1H), 7.18 (dt, J= 9.4, 6.4 Hz, 2H), 6.00 (d, /= 4.3 Hz, 1H), 5.60 (q, /= 7.1 Hz, 1H),
451 (t,J=4.6 Hz, 1H), 4.26 (t, /= 4.6 Hz, 1H), 4.05 (tt, /= 10.1, 5.8 Hz, 2H), 3.88 (dd, J =
11.0, 6.2 Hz, 1H), 2.17 (t, J=20.4 Hz, 2H), 1.53 (d, /= 6.7 Hz, 3H). ESIMS [M+H]" for
CioH CIFNsO9P,, caled 5821, found 5821

Cl

Example 94
Synthesis of [{({{{2R.3I8,4R 5R)-5-(6-chloro-4-{{{(18)-1-(3-fluorophenyllethyljamino}-1 H-
pyrazolo]3.4-dipyrimidin-1-yi)-3,4-dihydroxyoxolan-2-ylimethoxy}{hydroxy}-
phosphoryvijmethyliphesphonic acid

CHs
F
1O
N/ I\N -
9 0 PPN
P P.. 0 Y Ci
HOT IO
OH QHW
HO OH

[0319] The title compound was synthesized in similar fashion to Example 87. "H NMR (400
MHz, DMSO-ds) 59.17 (d, /= 7.9 Hz, 1H), 8.31 (s, 1H), 7.50 - 7.30 (m, 1H), 7.22(d, J=8.2
Hz, 2H), 7.06 (td, /= 8.7, 2.5 Hz, 1H), 6.00 (d, /= 4.2 Hz, 1H), 5.41 (t, /= 7.3 Hz, 1H), 4 48 (1,
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J=47Hz, 1H), 426 (t, J=4.8 Hz, 1H), 4.05 (dg, J=11.7, 6.5 Hz, 2H), 3.88 (dt, /=11.2, 6.2
Hz, 1H), 2.17 (t, J=20.5 Hz, 2H), 1.53 (d, J = 7.0 Hz, 3H). ESIMS [M+H]" for
CszzLCEFNngPz, caled 5821) found 582.1

Example 95

Synthesis of [{{[(2R,35,4R,5R)-8-(6-chloro-4-{{{(1B)-1-(3-fuorophenyljethyllamino}~1H-
pyrazelo{3,4-dipyrimidin-1-yi}-3.4-dihydroxyoxolan-2-yljmethoxyi{hydroxy)phosphoryi)-
methyijphosphonic acid

N
i;? g o N N
H/‘\v/‘\.
o e

HG  OH |
[6320] The title compound was synthesized in similar fashion to Example 87. "H NMR (400

MHz, DMSO-ds) $9.18 (d, /= 7.9 Hz, 1H), 831 (1, /= 0.9 Hz, 1H), 7.43 — 7.32 (m, 1H), 7.23
(d,.7 =88 Hz, 2H), 7.07 (, J = 8.6 Hz, 1H), 6.00 (d, /= 4.3 Hz, 1H), 542 (t, /= 7.3 Hz, 1H),
451 (t, J=4.5Hz, 1H),4.26(t,J=47Hz, 1H), 4.11 -3.98 (m, 2H), 3.88 (1, /= 8.6 Hz, 1H),
217 (4, J=20.5 Hz, 2H), 1.52(d, J = 7.0 Hz, 3H). ESIMS [M+H] for C15HCIFNsOsP,, caled
582.1, found 582.1

Example 96

Synthesis of [{({{{2R.3I8,4R 5R)-5-(6-chloro-4-{{{(18)-1-(4-fluorophenyllethyljamino}-1 H-
pyrazolo]3,4-dipyrimidin-1-yi}-3.4-dihydroxyoxolan-2-yljmethoxy}{hydroxyjphosphoryi}-
methyl]phosphonic acid

GHy
'a!
N/:?‘fm “F
(!:) Ci) \N //’[\
P P o) Y Ci
HO I 1D
N g 4
HO  OH
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j0321] The title compound was synthesized in similar fashion to Example 87. "H NMR (400
MHz, DMSO-d) §9.16 (d, J= 7.9 Hz, 1F), 8.30(d, J= 1.2 Hz, 1H), 7.42 (dd, /= 8.4, 5.4 Hz,
2H), 7.15 (td, J = 8.9, 1.2 Hz, 2H), 6.00 (d, J= 4.2 Hz, 1H), 5.40 (t, /= 7.3 Hz, 1H), 448 (1, J =
48 Hz 1H), 425, J=45Hz, 1H), 418 -395(m, 2H),395-382 (m, 1H), 2.16(t, /=204

1z, 2H), 1.52(d, J= 7.2 Hz, 3H). ESIMS [M+H]" for CisHCIFNsOoP,, caled 582.1, found
582.1

Example 97

Synthesis of [{{[(ZR,35,4R,5R}-5-(6-chloro-4-{{{(1R)-1-{4-fluorophenyljethyl]amino}-1 H-
pyrazelo{3,4-dipyrimidin-1-vi}-3.4-dihydroxyoxolan-2-yljmethoxyi{hydroxy}-
phosphoryijmethyliphosphonic acid

CHa

P
1\~/|\
HO™ > QHo/\(mf

HO OH

[0322] The title compound was synthesized in similar fashion to Example 87 'H NMR (400
MHz, DMSO-ds) §9.16 (d, J= 7.9 Hz, 1H), 8.30 (t,.J= 0.9 Hz, 1H), 7.42 (dt, J=6.1, 3.2 Hz,
2H), 7.23 — 7.08 (m, 2H), 6.00 (d, /= 4.3 Hz, 1H), 5.40 (t, J= 7.2 Hz, 1H), 450 (t, /=45 Hz,
1H), 4.26 (t, J=4.7 Hz, 1H), 4.15 - 3.98 (m, 2H), 3.87 (q, /= 8.1, 5.5 Hz, 1H), 2.16 (t. /=204
Hz, 2H), 1.52 (d, J = 6.9 Hz, 3H). ESI MS [M+H]" for CysHuCIFNsOsP,, caled 582.1, found
582.1

Example 98

Svnthesis of [({[(2R,35,4R,5R)-5-(6-chloro-4-{{(2-chlorophenylymethyljamino}-1H-
pyrazelo{3,4-d]pyrimidin-1-yi}-3,4-dihydroxyoexolan-2-ylimethoxy}{hvdroxy}-
phosphoryihmethyliphosphonic acid
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o
HN@
0! NTJ%N ~
HO™ svixi\GWN | NAGE
OH OH -
HO OH

[0323] The title compound was synthesized in similar fashion to Example 87, 'H NMR (400
MHz, DMSO-ds) 8§ 9.29 (s, 1H), 829 (d, J= 1.9 Hz, 1H), 748 (dd, /= 59,3.1 Hz, 1H), 743 (4,
J=59Hz 1H), 732 (dt, /J=6.6,2.5Hz, 2H), 6.07 - 6.00 (m, 1H), 484 - 4.69 (m, 2H)}, 4.51 {d,
J=50Hz, TH), 427 (s, 1H), 4.06 (s, 2H), 3.89 (s, 1H}, 2.16 (1, /= 20.6 Hz, 2H). ESIMS
IM+H]" for CaH,CLINOP,, caled 584.0, found 584.1

Example 99

Syunthesis of [{({[(ZR.354R,5R)-5-(6-chloro-4-{{(2-chlorophenylmethyl{(methylhamino}-1H-
pyrazolo|3.4-dipyrimidin-1-yi)-3,4-dihydroxyoxolan-2-
ylimethoxy}(hyvdroxy)phesphorylimethyljphosphonic acid

Ci
H;;C\N
? g N E N”’L\c;a
HO {‘;;E/c‘);?&( Y
HO OH

[0324] The title compound was synthesized in similar fashion to Example 87. 'H NMR (400
MHz, DMSO-do) § 8.41 (s, 1H), 7.49 (d, /= 7.4 Hz, 1H), 7.38 - 7.24 (m, 2H), 7.16 (d, /= 7.6
Hz, 1H), 6.08 (bs, 1H), 5.04 (bs, 2H), 4.50 (d, /= 30.8 Hz, 1H), 4.24 (d, ./ = 39.5 Hz, 1H), 4.06
(s, 2H), 3.89 (s, 1H), 3.37 (d, J = 54.8 Hz, 3H), 2.15 (t, /= 20.8 Hz, 2H). ESI MS [M+H]" for
CioHCHNsO0P,, caled 598.0, found 5981

Example 160
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Synthesis of [{{[{(2R,38,4R,5R})-5-(6-chloro-4-{{2-(2-chiorophenyljethyljamino}-1H-
pyrazolo{3,4-dipyrimidin-1-yi}-3.4-dihydroxyoxelan-2-yilmethoxy}{hydroxy)-

phosphoryijmethyl}phosphonic acid
L

MN Cl

N

O

g:s g:s N Cl
HO 1 > 10

OH OH

HC) OH
[0325] The title compound was synthesized in similar fashion to Example 87. 'H NMR (400

MHz, DMSO-3 0895 (1, /=506 Hz, 1H), 828 -8 10 (m, 1H), 748 - 739 (m, 1H), 733 (d, J
=6.4 Hz, 1H), 7.29 ~ 7.18 {m, 2H), 6.00 (d, /= 4.0 Hz, 1H), 4.50 (1. /=4.5 Hz, 1H), 4.25 (¢, J =
4.5 Hz, 1H), 4.06 (d, J = 14.9 Hz, 2H), 3.87 (t, J = 5.8 Hz, 1H), 3.69 (¢, J = 6.8 Hz, 2H), 3.10 -
3.00 (m, 2H}, 2.15(t, /=204 Hz, 2H). ESIMS [I\/HH}‘ for CisHCLNsOP,, caled 598.0,
found 5982

Example 161

Synthesis of [({[{(ZR,38,4R,5K)-58- {4-[benzyl(methyi)amine}-6-chlore-1 H-pyrazole]3.4-
dipyrimidin-1-yl}-3,4-dihydroxvoxolan-2-yijmethoxyi{hydroxy)phosphoryijmethyi}
phosphonic acid

N
o 0 - 2
F’ P._ O NT G
HO T NG
HG OH

[0326] The title compound was synthesized in similar fashion to Example 87. '"H NMR (400
MHz, DMSO-ds) § 8.35 (s, 11, 7.30 (dd, /= 20.4, 7.5 Hz, 5H), 6.07 (bs, 1H), 4.99 (bs, 1H),
453 (bs, {H), 4.28 (bs, 1H), 4.05 (s, 3H), 3.88 (s, 1H), 3.37 - 3.24 (m, 3H), 2.14 (t, /=209 Hz,
3H). ESIMS [M+HT for CoHosCINSOP,, caled 564.1, found 564. 1

Example 102

130
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Synthesis of [{{[{(2R,38,4R,5R}-5-{6-chloro-4-[cyclopentyl{methyl}amino}-1 H-pyrazelo{3,4-
dipyrimidin-1-vl}-3.4-dihydroxyoxolan-2-vijmethoxy}{hydroxy)phosphoryijmethyl}
phesphonic acid

HsC\NQ
”Tﬁ”
Al

O

P N i
HO” \\./' \

OH OH A(j’

HC) QH
(6327} The title compound was synthesized in similar fashion to Example 87. 'H NMR (400

MHz, BMSQO-d) 6831 (5, 1H), 6.06 (s, 1H),451(d, /=47 Hz, 1H), 4.28(d, /=51Hz, 1H),
414396 (m, 2H), 388 (s, 1H), 3.21 (5, 3H), 2.14 (1, /=199 Hz, 2H), 1.67 (bs, 8H}. ESI MS
IM-+HT for C-HyCINsOoP,, caled 542.1, found 542.2

Example 163

Synthesis of [{{[(ZR,35,4R,5R}-5-{6-chloro-4-(methylamino}-1 H-pyrazole|3.4-d]pyrimidin-
t-yi}-3.4-dihydrosyoxolan-2-vllmethoxy}(hydroxy)phosphorylmethyljphosphonic acid

_CH
HNT S

B N ol
HQ ‘\/“’
on O A‘(_\/&

HO OH
[0328] The title compound was synthesized in similar fashion to Example 87. 'H NMR (400

MHz, DMSGO-ids) 6 8.82 (s, 1H), 8.16 (s, 1H), 6.01 (bs, 1H), 450 (d, J =59 Hz, 1H), 426 (bs,
1H}, 4.05 (bs, 2H), 388 (bs, 1H), 295 (d, /J=4.6Hz, 3H), 2.15 (1, /=204 Hz, 2H). ESI MS
[M+HT for CiH o CINsO P, caled 474 .0, found 474 .2

Example 104

Synthesis of [{{[{2R,38,4R,5R)-5-(6-chloro-4-{{{(1R)-2,2,2-trifluore-1-phenylethyljamino}-
{H-pyrazols}3,4-dipyrimidin-1-vi}-3.4-dihydroxyoxolan-2-
yljmethoxy}(hydroxy)phosphorylmethyijphosphonic acid

U
(98]
Ja—
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CF,
HNJ\EO
o 0 TN ~
B R o N
O 6 Y
HO O

[0329] The title compound was synthesized in similar fashion to Example 87. 'H NMR (400
MHz, DMSO-ds) $9.82 (d, /= 9.3 Hz, 1H), 8.51 (s, 1H), 7.65 (d, /= 7.2 Hz, 2H), 7.56 — 7.31
(m, 3H), 6.33 (p, J= 8.8 Hz, 1H), 6.04 (d, /= 4.2 Hz, 1H), 450 (t, /= 4.4 Hz, 1H), 4.26 (1, J =
4.6 Hz, 1H), 4.16 — 4.00 (m, 2H), 3.90 (dd, J= 10.6, 5.8 Hz, 1H), 2.18 (t, /=20.5 Hz, 2H). ESI
MS [M-H] for CioHy CIF:NsGoP,, caled 6161, found 6162

Example 105

Synthesis of [({[{(ZR,38,4R,5K)-5-(6-chlore-4-{{(35})-oxolan-3-yljamine}-1H-pyrazole]3,4-
dipyrimidin-1-yi}-3.4-dihydroxyoxelan-2-vljmethoxy}{hydroxyiphosphorylmethyi]

phosphonic acid
Lo
G

g o NN
HOfi\.v/i\O

HS oM
[0338] The title compound was synthesized in similar fashion to Example 87 'H NMR (400

MHz, DMSO-d} 0 8.95(d, /=64 Hz, 1H), 826 (s, 1H), 6.01 (d, /=42 Hz, 1H), 469 - 459
{m, 1H), 450, /=42 Hz 1H), 426 {t, J=45Hz, 1H), 415-3.9%9 (m, 2H), 395 -3 81 (m,
3H),3.74(d, /=79 Hz, 1H), 3.67 - 3.58 (m, 1H), 235~ 2.06 (m, 3H), 1.98 - 1 80 (m, 1H). ESI
MS [M-H] for C;sH;CINsG 0Py, caled 528.1, found 528 2.

Example 106

Synthesis of [({[{(ZR,35,4K,5K)-8-]6-chloro-4-{cyclopentylamino)-1H-pyrazolo|3.4-
dipyrimidin-1-yl}-3,4-dihydroxyoxelan-2-vijmethoxy}{{|{(propan-2-
viexy)carbonylloxy}methoxyphosphoryhmethyl}{{{{propan-2-
viexylcarbonyljoxy}methoxyiphosphinic acid
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1D
Q ? 9 (;k
/J\O/LGAQ E?\/ Lj/

OH O
GYQ
T |
10331} The title compound was synthesized in similar fashion to Example 6% 'H NMR (400
MHz, DMSO-ds) 8 8.71 — 8.60 (m, 1H), 8.26 — 8.15 (m, 1H), 6.02 — 5.96 (m, 1H), 5.60 — 5.38
(m, SH), 4.87 — 4.68 (m, 2H), 4.51 — 4.37 (m, 2H), 433 - 3.79 (m, 5H), 2.74 — 2.53 (m, 2H),
207189 (m,2H), 1.79 - 142 (m, 7TH), 1.27 - 1.12 (m, 12H). ESI MS [M-H] for
C6HunCINsO15P, caled 758.2, found 758 3.

HN

Example 167

Synthesis of [{{[(2R,35,4R,5R}-5-(6-chloro-4-{{(1S)-1-phenylethylamino}-1H-pyrazoloi3.4-
dipyrimidin-1-yi}-3.4-dihyvdroxyoxelan-2-vljmethoxy}{{{(prepan-2-yloxyjcarbenyljoxy}-
methoxyphosphoryhmethyl}i{({{(propan-2-yloxyearbonyljoxy}methoxy)phosphinic acid

Me

o o 0 NOL L
I PP o NN e
T
oH O

o, 6 HO  OH
Ty
103321 The title compound was synthesized in similar fashion to Example 69. 'H NMR (400
MHz, DMSO-ds) 6917 (d,.J=79Hz, 1H), 832 - 827 (m, 1H), 742 - 728 {m, 4H), 7.26 -
720 (m, 1H), 6.01 (d, J=37Hz, 1H), 558 =532 (m, 6H), 484 - 4.69 (m, 2H), 449 - 437 (m,
1H), 437 -381(m, 5H), 2.72 - 252 {m, 1H), 1.53(d, /=69 Hz 3H}, 128~ 1.17 (m, 12H).
ESIMS [M-H] for CyoHynCINsC 5P, caled 794 2, found 794.2.

Example 108
Synthesis of [({{(2R.3R.45,5R)-5-{4-(benzylamino)-6-chlore-1H-pyrazole|3.4-dipyrimidin-1-
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yij-4-fluore-3-hydroxyoxolan-2-yljmethoxy}(hydroxy)phosphorylymethyliphosphonic acid

—

ol 1 HQN\O Q el . /i:>

HN
; HN\T&N\“’/ :
AT TEA, CH3ON, rt S
N E i N s 2 Y
N 2) o B a N
NN o - Y o, NN T
o HO
Bz} F A HO\\. .
CSQCO:;, CHgCN, rt H(f F
3.) KoCO3, MeOH, rt A B8
Step a
HIN 1)05—5 B
B
T N ctoo
o o N PO(OMe)s, 0°C
HO”B?\/?\G o W e
OH O N 2) 0.5M EtNH* HCOy
MG E 0°Ctort

Step b
103331 Step a: 4,6-Dichloro-1H-pyrazolo[3,4-dlpyrimidine (1.0 g, 5.3 mmol) was dissolved in
anhydrous CH3;CN (10 mL) and cyclopentylamine (478 mg, 5.6 mmol, 1.05 equiv.) was added
followed by TEA (779 ul, 5.6 mmol, 1.05 equiv.). The mixture was stirred at room temperature
for overnight, then anhydrous Cs:C0O5 (3.4 g, 10.6 mmol, 2 equiv.) and the bromide (2.2 g, 5.3
mmol) were added. Reaction mixture was stirred at room temperature for overnight then
evaporated. Crude residue was dissolved in MeOH (20 mL) and anhydrous K,C0: (2.2 g, 159
mmol, 3 equiv.) was added. The mixture was stirred at room temperature for overnight,
evaporated with silica gel and purified by column chromatography (510, Hex— 100% EtOAc)
to give product B first (800 mg, 41%) and then product A (600 mg, 30%). For B: ESIMS
IM+H]" for CsHy0CIFNsOx, caled 372.1, found 372.2.

103341 Step b: The phosphonylation step was carried out in similar fashion to Example 1
using product B from Step a: "H NMR (400 MHz, DMSO-ds) 8 8.76 (d, J = 7.2 Hz, 1H), 8.29
(s, 1H), 6.52(d, J=6.5 Hz, 1H), 5.50 — 5.29 (m, 1H), 4.75 (dt, /= 18.7, 7.5 Hz, 1H), 443 (b, J =
6.9 Hz, 1H), 431 —4.22 (m, 1H), 4.18 — 4.05 (m, 1H), 4.04 — 3.92 (m, 1H), 2.20 {t, J= 205 Hz,
2H), 2.05 — 1.93 (m, 2H), 1.80 - 1.46 (m, 6H). ESI MS [M+H]" for C;HzCIFN;OgP,
5301, found 5330.2.

caled

2

134
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Example 169

Syunthesis of [{({{(ZR.3K,45,5R) -5-(6-chlovo-4-{{(15)-1-phenylethyljamine}-1 H-pyrazole|{3.4-
dlpyrimidin-1-yi}-4-fluoro-3-hydroxyoxelan-2-ylimethoxyl(hydroxyphosphoryl)-
methyl]phosphonic acid

CHy
O
¢T§N '
0 ﬁ N7 g

N
11
/P\./" N {)

HO o oY

HO F
[0335] The title compound was synthesized in similar fashion to Example 108. "H NMR (400
MHz, DMSO-d)69.19(d, /=81 Hz, 1H), 833 (s, 1H), 740(d, /=79 Hz, 2H), 733 (t, J =
7.5Hz, 2H), 7.23(t, /=74 Hz, TH}, }, 634 (dd, /=143,46 Hz, 1H)}, 5309 (bs, 1H}, 531 -5.12
(m, 1H), 5. 14 (bs, 1H), 448 (dt, /=185, 45 Hz, 1H), 4.17 (5, 3H), 4.01 (d, /=52 Hz, ZH),
2.24 (t, J =204 Hz, 3H), 1.51 {d, /= 7.0 Hz, 3H) ESIMS [M+H]" for CisHCIFNsOgP,, caled
566.1, found 566.1

Example 118

Synthesis of [{({{{2R.IR45,5R) -5-(6-chloro-4-{{{1 R}-1-phenylethyljamino}-1 H-pyrazolo|3,4-

dipyrimidin-1-vl}-4-flusro-3-hydroxyexelan-2-ylimethoxy}{hydroxy}phosphoryi)-
methyllphosphonic acid

N
Q N &J\
PP O NT G
KO 10
OH OH

H@f F
[0336] The title compound was synthesized in similar fashion to Example 108. "H NMR (400
MHz, DMSO-ds) §9.18 (d,./ = 8.0 Hz, 1H), 8.33 (d, /= 1.2 Hz, 1H), 7.40 (d, J = 7.9 Hz, 2H),

733 (t,J=73Hz 2H), 7.24 (t, J= 7.6 Hz, 1H), 6.50 (d, /= 6.5 Hz, 1H), 5.51 - 5.23 (m, 2H),
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4.82 —4.66 (m, 1H), 4.22 (bs, 1H), 4.13 — 4.02 (m, 1H), 3.94 (bs, 1H), 2.17 (t, /= 20.5 Hz, 2H),
153 (4, /= 7.1 Hz, 3H). ESI MS [M+H]" for CoHa4CIFNsOgP,, caled 566.1, found 566.2

Example 111

Synthesis of [{({{{2R.IR45,5R)-5-(6-chloro-4-{{(1.8)-1-(2-fluorophenyljethyljamino -1 H-
pyrazols|3.4-dipyrimidin-1-yi)-4-fluers-3-hydrexyoxolan-2-vijmethoxyl{hyvdroxy)-
phosphoryvijmethyliphesphonic acid

¢ 9

~ “‘v |
HO OH QHO

Ho  F
(6337} The title compound was synthesized in similar fashion to Example 108. "H NMR (400

MHz, DMSO-ds) $9.27 (d, /= 7.6 Hz, 1H), 8.36 (s, 1H), 7.48 — 7.40 (m, 1), 7.37 — 7.25 (m,
1H), 7.22 ~ 7.13 (m, 2H), 6.51 (d, J= 6.6 Hz, 1H), 5.59 (p, /= 7.1 Hz, 1H), 5.49 - 5.26 (m, 1H),
474 (dt, J= 184, 7.6 Hz, 1FH), 430 — 4.17 (m, 1), 4.15 — 4.02 (m, 1H), 3.99 — 3.90 (m, 1H),
2.17 (4, J=120.5 Hz, 2H), 1.54 (d, /= 7.0 Hz, 3H). ESIMS [M+H]" for C1oHy;CIF,NsOP,,

calcd 584.1, found 584 .2.

Example 112

Synthesis of [{({J{ZR,IR,45,5R)-5-(6-chloro-4-{{{(1 R}-1-(2-fluorophenyl)ethyl]amine}-1H-
pyrazolo{3,4-dipyrimidin-1-yi}-4-fluore-3-hydroxyoxolan-2-yvijmethoxyl{hydroxy}-
phosphoryijmethyl}phosphonic acid

2 9 AW G

N
- P P\ C}
| |
e

136



16

WO 2017/120508 PCT/US2017/012587

[0338] The title compound was synthesized in similar fashion to Example 108. 'H NMR
{400 MHz, DMSO-ds) 6937 =916 (m, 1H), 836 (d, /=34 Hz 1H), 744 (d, /=8 4 Hz, 1H),
729, J=70Hz 1H), 718 (dt, /=10.6,50Hz, 2H), 651 (1, /=48 Hz, 1H), 5.60{(t, /=068
Hz, 1H), 553 =522 (m, 1H), 484 - 4.64 (m, 1TH), 431 -4.16 (o, 1H), 416 -4.00 (m, 1H),
3.94(p, J=3.7Hz, 1H), 2.18 (t,./ = 20.4 Hz, 2H), 1.54 (d, ./ = 7.2 Hz, 3H). ESI MS [M+H] for
CoHxCIFNsO3gP;, caled 5841, found 584 .2

Example 113

Synthesis of [{{[{(ZR 3R ,458,5K}-5-(6-chloro-4-{{(1.8}-1-(3-fluorophenyl)ethyl]amino}-1 H-
pyrazele]3.4-dlpyrimidin-1-yi}-4-fluore-3-hydroxyoxolan-2-vljmethoxyj{hydroxy)-
phosphoryijmethyiiphesphonic acid

HIN ;\F
5 ,I\N 3
N
(;;‘: ?,i o N N’?L\c:a
/\/\
HO 4 éHO/W

N

HO F
[0339] The title compound was synthesized in similar fashion to Example 108. "H NMR (400

MHz, DMSO-ds) §9.21 (d, J = 7.8 Hz, 1H), 8.33 (s, 1H), 7.46 — 7.30 (m, 1H), 7.27 - 7.16 (m,
2H), 7.12 - 7.00 (m, 1H), 6.51 (d, J= 6.5 Hz, 1H), 5.49 — 5.26 (m, 2H), 4.74 (dt, J = 18.4, 7.6
Hz, 1H), 429 - 4.18 (m, 1H), 4.14 ~ 4.02 (m, 1H), 4.00 - 3.89 (m, 1H), 2.17 (t, /= 20.5 Hz,

2H), 1.54 (d, J= 7.0 Hz, 3H). ESIMS [M+H]" for C1oH3CIF,NOsP,, caled 584.1, found 584.2.

Example 114
Synthesis of [{({{{2R.IR48,5R)-5-(6-chloro-4- {{(1 R)}-1-(2-fluorophenyljethyljamino}-1H-

pyrazolol3,4-dipyrimidin-1-yi}-4-fluero-3-hydroxyoxolan-2-vijmethoxyi(hydroxy)-
phosphoryijmethyliphosphonic acid
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[0340] The title compound was synthesized in similar fashion to Example 108. "H NMR (400
MHz, DMSO-dg) 59.21 (d, J= 8.0 Hz, 1), 8.34 (s, 1H), 7.42 — 7.32 (m, 1H), 7.27 - 7.20 (m,
2H), 7.12 - 7.03 (m, 1H), 6.51(d, J=6.5 Hz, 1H), 5.49 — 5.29 (m, 2H), 4.74 (dt, /= 18.8, 7.8
Hz, 1H), 4.29 - 4.18 (m, 1H), 4.15 - 4.03 (m, 1H), 3.99 - 3.90 (m, [F), 2.17 (1, /= 20.5 Hz,
2H), 1.54 (d, J = 7.0 Hz, 3H). ESIMS [M+H] for C1oHuCIFN:OgPs, caled 5841, found 584.2.

Example 1158

Synthesis of [{({[{2R,3R 48, ,5R)-5-(6-chlore-4-{{{18)-1-(4-fluorophenyl)ethyi]amine}-1 H-
pyrazolol3,4-dipyrimidin-1-yi}-4-fluoro-3-hydroxyoxolan-2-vijmethoxyi(hydroxy)-
phosphoryijmethyl}phosphonic acid

[0341] The title compound was synthesized in similar fashion to Example 108. 'H NMR
{400 MHz, DMSO-ds) 6922 (d, /=79 Hz, 1H), 834 (s, 1H), 745 (dd, /= 8.7, 5.6 Hz, 2H),
717, /=89Hz 2H), 6.52(d, /J=65Hz, 1H), 553 - 527 (m, 2H), 475 (dt, /=187, 7.6 Hz,
1H), 431 -4200m, 1H), 417 -404 (m, 1H),3.97({dd, J=7539Hz, 1H), 219, /=205
Hz, 2H), 1.54 (d, J= 7.0 Hz, 3H). ESIMS [M+H]" for C16H;3CIFNsOgP, caled 5841, found
584.2

Example 116
Svnthesis of [({J(2R,3R,45,5R) -5-(6-chloro-4-{{{1 R}-1-{4-fluorophenyllethyljamino}-1H-

pyrazele|3.4-dlpyrimidin-1-yi}-4-fluore-3-hydroxyoxolan-2-
vijmethoxy}(hydroxy)phosphorylimethyljphoesphonic acid
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[0342] The title compound was synthesized in similar fashion to Example 168, 'H NMR
(400 MHz, DMSO-ds) $9.21 (d, J=7.9 Hz, 1H), 8.34 (s, 1H), 7.54 — 7.37 (m, 2H), 7.17 (1, J =
8.8 Hz, 2H), 6.52 (d, J = 6.6 Hz, 1H), 5.60 ~ 5.23 (m, 2H), 4.76 (dt, J= 18.7, 7.6 Hz, 1H), 4.24

5 (dt,J=74, 48 Hz 1H), 4.09 (dt, J=10.9, 7.4 Hz, 1H), 3.96 (dt,.J= 10.7, 5.3 Hz, 1H), 2.19(t, J
=205 Hz, 2H), 1.54 (d, /= 7.1 Hz, 3H). ESIMS [M+H]" for CyoHa;CIF;NsOgPs, caled 5841,
found 584 .2

Example 117
10
Synthesis of [{{|[(ZR,38,4 R,5R}-5-{5-chloro-7-(cyclopentylamino}-3H-imidazo[4,5-b]pyridin-
3-yi}-3.4-dihydroxyoxelan-2-ylimethoxy}(hydroxy)phosphorylmethyl]phosphonic acid

AC)TQAQ cl /O
o AcO Q HN

SIS =

N Al oac {f f\ N Ny

¢ ﬁ N T > <( 5! 2
Dioxane

Step a GAG Step b RIS

IRy
HI G BTl
ct ol
fN X PO(OMe)s, 0°C
o o By

P TN o 2) 0.5M EtyNH* HCOy
HOY ,\/ S 3 3
OH OH A\\/ 7 g°Ciort
Stepe

15 [0343] Step a: To a solution of 5,7-Dichlorcimidazo[4,5-8pyridine (376 mg, 2 mmol} in
MeCN (14 mL} at r.t. was added N, O-Bis(trimethylsilyDacetamide (0.523 mL, 2 .14 mmol)

dropwise and the reaction mixture heated to &5 °C for 1 hour. The mixture was cooled to r.t. and
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a solution of beta-D-Ribofuranose 1,23 5-tetraacetate (720 mg, 2.28 mmol) in MeCN (7 mL)
and trimethylsilyl trifluoromethanesulfonate (0.471 mL, 2.60 mmol) were added sequentially
dropwise. The reaction mixture was heated to 85 °C for 4 hours. The mixture was cooled and
agqueous saturated sodium bicarbonate (50 mL) was added, subsequently extracted three times

with EtOAc (100 mL), dried over sodium sulfate and concentrated.

[0344] Step b: To the residue was added dioxane (2 mL} and cyclopentylamine (0.987 mL, 10
mmol). The mixture was heated to 100 °C for 16 hours. The reaction mixture was loaded onto
silica gel and purified by silica gel chromatography {0-10% MeOH in DCM) to afford the

desired product as a brown solid (298 mg, 40%).

[0345] Step ¢ The title compound was synthesized as a white solid (10 mg; 6%} in similar
fashion to Example 1. "H NMR (400 MHz, DMSO-ds) 6 8.40 (s, 1H), 7.12(d, J = 7.3 Hz, 1H),
6.40 (s, 1H), 5.91 (d, /=58 Hz, 1H), 4.53(t,.J =54 Hz, 1H), 4.23 —4.18 (m, 1H), 4.18 - 4.05
(m, 3H), 2.26 (t, J = 20.5 Hz, 2H), 2.04 — 1.91 (m, 2H), 1.76 — 1.64 (m, 2H), 1.64 — 1.48 (m,
4H3. ESTMS [M-HY for C-HpCINGOoP,, caled 5251, found 5252

2

Example 118
Synthesis of [({[{(ZR,3R,45,5R})-5-[5-chlore-7-(cyclopentylamine}-3H-imidazo}4,.5-

blpyridin-3-ylj-4-fluoro-3-hydroxyoxolan-2-ylimethoxy}(hydroxy)phosphoryl)-
methyliphosphonic acid
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[0346] Step a: To a solution of 5,7-Dichioroimidazof4,5-blpyridine (564 mg, 3 mmol) in
MeCN (18 mL} at r t. was added sodium hydride (130 mg, 3.24 mmol, 60% suspension in oil}.
The reaction mixture was stirred at r.t. for 30 minutes. A solution of 2,.3,5-Tr1-O-benzoyl-D-
ribofuranosyl bromide in MeCN (4 mL) was added at r.t. and the reaction mixture stirred at r.1.
for 14 hours. The reaction mixture was quenched by addition of methanol (5 mL) and sodium

bicarbonate (5 g), filtered through celite, and concentrated.

103471 Step b: 1} To the residue was added dioxane (5 mL) and cyclopentylamine (1 48 mL,

15 mmol). The mixture was heated to 100 °C for 20 hours. The reaction mixture was cooled to rt.

10348] 2) Potassium carbonate {4 g} and methanol (20 mL) were added at r.t. and the reaction
mixture was stirred at r.t. for 1 hour. Excess solvent was removed in vacuo and the crude residue
was purified by silica gel chromatography (0-15% MeOH 1 DCM) to afford the desired product

as a brown solid (499 mg, 45%).

[0349] Step ¢ The title compound was synthesized as a white solid (26 mg; 10%) in similar
fashion to Example 1. 'H NMR (400 MHz, DMSO-s) 6 8.24 (d, /=23 Hz, 1H), 7.19 (brs,
1H), 6.42 (dd, ./ = 154, 4.4 Hz, 1H), 6.42 (s, 1H), 5.23 (dt, J = 52.4, 4.1 Hz, 1H), 4.58 — 4.44 (m,

1H), 4.19(t, /= 6.1 Hz, 2H), 4.08 — 3.99 (m, 1H), 2.27 (t, J = 20.5 Hz, 2H), 2.04 — 1.90 (m, 2H),
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1.78 — 1.64 (m, ZH), 1.64 — 1 47 (m, 4H). ESI MS [M-H] for C7HuiCIFN,OP,, caled 527 .1,

found 527.2.

5 Example 119

Synthesis of [{{[{ZR,354K,5K)-5-]6-chloro-4-{cyclopentylamino}-1H-pyrazoln|3,4-
bipyridin-1-yi}-3,4-dihydroxyoxolan-2-yvijmethoxy}(hydroxy)phosphoryljmethyvij-
phosphonic acid

NHNH, N 0 o
. Etgzc&GEt Ni\F/l"\\OEi _______ M@Eﬁﬁ_@?ﬁ?‘_m}_ NO/’\EE/[KE/COZE‘& 15%, ag. NaOH
FHOH, raflux N*’E\ Na(O5t, BtOH ‘N/I\N/'*‘\\G refiux
o 2 el oy H
OMes Step a Step b Step o
i i (€ o]
X TFA e Ph-POCH
N‘//fjx T80 ¢ o L 170°C N
o Ohe N N o NTNT el NN
ACQW Step o PMB Stepd  PMB
S reflux
Acl Dac

1) HMDS, (NH1,80;

refiux Step §
23 TMS triflate, CH,ON,
rt

Ci /O HN/Q

7 = HoN
N‘N » : N )
" o A | |
o O 1) EtgN, EIOH o NN g
110°C HO/\< Y Vob b
Al Bac 2} NHy in MaOH, rt s {!:.E\/CXIE
HO  OH
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N 2) 0.5M EtaNH* HCOy
0°Ctort
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Q o P Step h
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NN Q N
1Y on QHQ/\(____Y
HO  on
16
10356] Step a: Ethy! (ethoxymethylene)cyanoacetate {(50.5 g, 299.0 mmol) was dissolved in

anhydrous EtOH (350 mL) then product hydrazine (50 g, 328 9 mmol, 1.1 equiv.} was added.
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Reaction mixture was stirred under reflux for overnight, then evaporated. Solid residue was
washed with MTBE to give white solid (55.5 g, 63%). ESIMS [M+H]" for C14HxN;0s, caled
2761, found 276.2.

[0351] Step b: Diethyl malonate (90 mL, 0.59 mole, 4 equiv.) was dissolved in anhydrous
EtOH (300 mL) and cooled to 0° C (ice bath). 21% solution of NaOFEt in EtOH (220 mL, 0.59
mole, 4 equiv.) was added dropwise (within 10 min.) then the cooling bath was removed and
reaction was stirred at room temperature for 15 min. Solid product from Step a (404 ¢, 147
mmol) was added in portions (within 2 min.) and the reaction mixture was stirred under reflux
for 5 days, then evaporated. The residue was diluted with HyO (1.2 L) and neutralized to pH~S
using AcOH. The product was filtered off, washed with H;O (200 mL) and dried under vacuum

(48.4 g 96%). ESIMS [M+H]" for Ci7H1sN30s, caled 344.1, found 344.2.

10352] Step ¢; Product from Step b (48 4 g 141.1 mmol) was dissolved in 15% agueous
NaOH (500 mL) and stirred under reflux for 5h. Cooled to 0° C and carefully neutralized with
AcOH until pH~5. White solid was filtered off, washed with H,O (100 mL) and dried under
vacuum (38 g, quant.). ESTMS [M+H]" for C14HuN;03, caled 272.1, found 272.2.

103531 Step d: The mixture of product from Step ¢ (38 g, 140.2 mmol) and phenylphosphonic
dichloride (79.5 mL, 560.8 mmol, 4 equiv.} was stirred at 170° C for 7 h then cooled to ~80° C
and poured into vigorously stirred ice. Brown, sticky material precipitated that upon extensive
stirring turned into solid. Iced cold mixture was neutralized with concentrated aqueous NH;
untd pH~7 and the product was extracted using CH,Cl, (2 x 400 ml). Combined organics were
dried over MgSQO,, filtered and evaporated to give product that was used without further

purification (24 g, 55%). ESIMS [M+H] for CisH;CLLN;0, caled 308.0, found 308.1.

10354} Step e Product fromo Step d (22 g, 71 .4 mmol) was dissolved in TFA (75 rull) and
stirred at 60° C for 12 b, then cooled down and poured into HyO (600 mL). Gray solid was
filtered off, washed with saturated NaHCO;, then with H,O and dried under vacuum. ESI MS
[M-+HT for CgHLCloN3, caled 188.0, found 188.1.

[0355]  Step f: Step f product was synthesized in similar fashion to Example 87. 'H NMR
(400 MHz, DMSO-ds) 5 8.55 (s, 1H), 7.72 (s, 1H), 6.48 (d, J=3.0 Hz, 1H), 5.90 — 5.83 {m, 1H),
567561 (m, 1H), 446 —4.38 (m, 1H), 4.33 (ddd, J= 12.1, 3.5, 1.2 Hz, 1H), 4.05 (ddd, J =
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12.2,5.1, 1.2 Hz, 1H), 2.09 (s, 3H), 2.06 (s, 3H), 1.96 (s, 3H). ESIMS [M+H]" for
Cm}thhN;Ou caled 446,()? found 446.1,

10356] Step g Step g product was synthesized in similar fashion to Example 87. ESIMS
IMHHT for CigHyCINGO,, caled 3691, found 369.2.

[0357] Step h: The title compound was synthesized in similar fashion to Example 87. 'H

NMR (400 MHz, DMSO-ds) 8 B.27 (s, 1H), 7.66(d, /=067 Hz, 1H), 6.22 (s, 1H), 6.08 (d, J =
42 Wz 1H), 451 (t, J=4.7Hz, 1H), 426 (¢, J=51Hz, 1H), 4.17 - 3.83 (m, 4H), 2.17 (. J =
20.5 Hz, 2D, 2.06 — 1.92 (m, 2H), 1.77 — 1.45 {m, 6H). ESIMS [M+H]" for C;;H,sCiN,OsP;,

caled 527.1, found 527 2.

Example 120

Synthesis of [({{(2R.38,4R,5R) -5-(6-chloro-4-{{(15)-1-phenylethyljamino}-1H-pyrazolo]3.4-
blpyridin-1-vyi}-3,4-dihydrexyoxolan-2-yljmethoxy!(hydroxy)phesphoryljmethyl}-

phosphonic acid
e
Z2ad N
0 9 “?fl
i i o N Cl
Ho g
OH OH
HO  OH

[0358] The title compound was synthesized in similar fashion to Example 119, "H NMR (400

MHz, DMSO-d6) 0 838 (s, 1H), 820 {d, /=72 Hz, 1H), 742 - 7.36 {m, 2H}, 7.35 - 727 (m,
2H), 724 -T718{m, 1H), 6.08 - 597 (m, ZH), 485 (s, 1H), 450 {1, J=45Hz 1H), 425 J=
48 Hz 1H), 414-397(m,2H), 393 -381 (m, 1H), 217, /=205Hz 2H)}, 1.52(d, /=062
Hz, 3H). ESIMS {M+HT for CuHCINGGoP, caled 5631, found 563 2.

Example 121

Synthesis of [({J{ZR,35,4R,5K) -5-{6-chlore-4-{{{(1R}-1-phenylethyl]amino}-1 H-pyrazolo[3,4-
bipyridin-1-yi}-3,4-dihydroxyoxolan-2-yvljmethoxy}(hydroxy)phosphoryljmethyij-
phosphonic acid
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[0359] The title compound was synthesized in similar fashion to Example 119, "H NMR (400
MHz, DMSO-ds) 8 8.38 (s, 1H), 8.20 (d, /= 7.2 Hz, 1H), 7.44 — 7.35 (m, 2H), 7.35 — 7.28 (m,
2H), 7.25 - 7.17 (m, 1H), 6.12 — 5.93 (m, 2H), 4.85 (5, 1H), 457 — 448 (m, 1F), 425 (1, /=49
Hz, 1H), 4.12 - 3.95 (m, 2H), 3.91 — 3.79 (m, 1H), 2.17 (t, J = 20.5 Hz, 2H), 1.51 (d, /= 6.6 Hz,
3H). ESIMS [M+H]" for CaoHasCINLOsP,, caled 5631, found 563 2.

Example 122
Synthesis of [{{[(2R,35,4R,5R}-5-(6-chloro-4-{{{15)-1-(2-flucrophenyljethyllamins}-1 H-
pyrazelo{3,4-blpyridin-1-yi}-3,4-dihyvdroxveselan-2-viimethoxyj(hydroxy}phesphoryi)-
methyijphosphonic acid

il
HN
7 R
o O Nl
I o NN o
HO 1170
OH OH

HS o
[0360] The title compound was synthesized in similar fashion to Example 119, "H NMR (400

MHz, DMSO-d5) 5 8.38 (s, 1H), 823 (d, J = 6.9 Hz, 1H), 7.42 - 7.34 (m, 1H), 7.33 - 7.09 (m,
3H), 6.06 (d, J=4.3 Hz, 1H), 5.97 (s, 1H), 5.04 (5, 1H), 4.53 — 4.47 (m, 1H), 4.25 (t, /= 4.7 Hz,
1H), 4.13 - 3.97 (m, 2H), 3.92 -~ 3.82 (m, 1H), 2.16 (d, J= 205 Hz, 2H), 1.56 (d, J= 6.4 Hz,
3H). ESIMS [M+H] for CaoHysCIFN,OoP5, caled 581.1, found 581.2.

Example 123

Syunthesis of [{({[(ZR.354R,5R)-5-(6-chloro-4-{{(1.5})-1-(4-fluorephenyljethyljamine}-1H-
pyrazolo{3,4-bipyridin-1-vi}-3,4-dihydroxyoxelan-2-yljmethoxy} (hydroxy)phosphoryil}-
methyl]phosphonic acid
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[0361] The title compound was synthesized in similar fashion to Example 119, "H NMR (400
MHz, DMS0O-dg} 6 8.36 (s, 1H), 818 (d, /=72 Hz, 1H)}, 746 - 739 (m, 2H), 7.19 - 7.10 {mm,
2H), 6.13 ~ 5.99 (m, 2H), 4.89 (s, 1H), 4.53 ~ 4.46 (m, 1H), 4.25 (t, ./ = 4.8 Hz, 1H), 4.12 - 3.97
(m, 2F), 3.92 = 381 (m, 1FD), 2.18 (t, J = 20.5 Hz, 2H), 1.50(d, ./ = 7.3 Hz, 3H). ESIMS
IM+H]" for CopHpsCHFN,O0P,, caled 5811, found 581 2.

Example 124

Synthesis of [({[(ZR,3R,45,5R)-5-{6-chloro-4-(cyclopentylamino}-1H-pyrazolo[3.4-
bipyridin-1-ylj-4-fluore-3-hydrexyoxelan-2-ylimethoxy}{(hvdroxy)phesphoryl}-
methyijphosphonic acid

HaN
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i - 4 Xy , .
i BzO F N\/\fi 140 °C e X,
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o o MooR A
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& Ctort
HG F

Step ¢

103621 Step a: To the mixture of 4,6-dichloro-1H-pyrazolof3,4-blpyridine (2.1 g, 11.1 mmol}
and the bromide (4.7 g, 11.1 mmol} in anhydrous CHy;CN (SO0 mL), Cs;C0;3 (4.3 g, 13.3 rumol,
1.2 equiv.} was added and reaction mixture was stirred at room temperature for overnight.

Evaporated with silica gel and purified by column chromatography (810,, Hex— Hex EtOAc,
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2:8) to give white solid (2.5 g, 42%). 'H NMR (400 MHz, DMSO-d;) § 8.53 (s, 1H), 8.05 (d, J =
R4 Hz, 2HD), 7.91 (d, J= 8.4 Hz, 2H), 7.75 - 7.65 {m, 2H), 7.65 — 7.51 (r, 3H), 7.49 — 7.41 {m,
2H), 6.96 (d, /= 6.6 Hz, 1H), 6.45 (dt, J= 15.8, 7.2 Hz, 1H), 6.19 ~ 5.97 (m, 1H), 4.78 - 4.53
(m, 3H). ESIMS [M+H] for CpsHsCLFN:Os, caled 530.1, found 530.2.

[0363] Step b: The mixture of the product from Step a (500 mg, 0.94 mmol),
cyclopentylamine (84 mg, 0.99 mmol, 1.05 equiv.), TEA (138 uL, 0.99 mmol, 1.05 equiv.} in
anhydrous EtOH (5 mL) was placed in pressure vial and heated to 110 °C for 2 days. Cooled to
room ternperature and K,CO5 (262 mg, 1.9 mmol, 2 equiv.) was added and reaction mixture was
stirred for overnight. Evaporated with stlica gel and purified by column chromatography (510;,
Hex— 100% EtOAc) to give white solid (170 mg, 49%). "H NMR (400 MHz, DMSO-ds) 5 8.28
(s, TH), 7.66 (d, J= 6.9 Hz, 1H), 6.53 (d, J= 6.6 Hz, 1H), 6.23 (s, 1H), 5.80 (d, /= 5.7 Hz, 1H),
5.45 — 5.23 (m, 1H), 4.82 — 4.61 (m, 2H), 3.98 (s, 1H), 3.80 — 3.50 {m, 3H), 2.09 — 1.89 (m, 2H),
1.76 — 1.46 (m, 6H). ESIMS IMAH] for Ci6Ha CIFN;O3, caled 371.1, found 371.3.

[0364] Step ¢ The title compound was synthesized in similar fashion to Example 1. 'H
NMR (400 MHz, DMSO-ds) & 8.30 (s, 1H), 7.69 (d, J= 6.7 Hz, 1H), 6.55 (d, /= 6.6 Hz, 1H),
6.23 (s, 1H), 5.48 — 5.25 (m, 1H), 4.77 (dt, J= 18.1, 7.6 Hz, 1H), 428 — 4.18 (m, 1H), 4.13 -
3.88 (m, 3H), 2.17 (t, = 20.5 Hz, 2H), 2.07 ~ 1.93 (m, 2H), 1.77 — 1.44 (m, 6H). ESIMS
[M+H] for Ci-HosCIFN,OsP,, caled 529.1, found 529.1.

Example 128

Synthesis of [({{{2R.IR 48 5R)-5-(6-chloro-4- {{{1.8)-1-phenylethyl]jamino}-1 H-pyrazolo]3,4-
blpyridin-1-yi}-4-flusro-3-hydroxyexolan-2-yljmethoxy}(hydroxy}phosphoryl)-
methyllphosphonic acid

[0365] The title compound was synthesized in similar fashion to Example 124. '"H NMR (400
MHz, DMSO-dg) 5 8.40 (s, 1), 8.23 (d, /= 7.1 Hz, 1), 7.44 — 7.37 (m, 2H), 7.37 - 7.28 (m,
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2H), 720 -7.16 (m, 1H}, 6.54(d, /=065 Hz, 1H} 6.04 (s, 1H}, 536 (dt, /=535, 7.1 Hz, 1H),
493 -467(m, 2H), 427 -419(m, 1H), 414 -402(m, 1H),398-385(m, 1H), 2.17(, J=
20.5 Hz, 2H), 1.52(d, /= 6.4 Hz, 3H). ESIMS [M+H]" for C;0HsCIFN,OP,, caled 5651,
found 565.2.

Example 126

Synthesis of [({[(ZR,3R,45,5R})-5-(6-chlore-4-{j(1R}-1-phenylethyljamino}-1 H-pyrazole|3,4-
bipyridin-1-yi}-4-fluore-3-hydroxyoxeolan-2-ylimethoxyi{hvdroxy)phosphoryl)-
methyljphosphonic acid

Nl
B A o NN e
HO 1100
OH OH
HO F

[0366] The title compound was synthesized in similar fashion to Example 124. "H NMR (400
MHz, DMSO-d) $8.41 (s, 1H), 8.22 (d, /= 7.1 Hz, 1H), 7.43 — 7.36 (m, 2H), 7.36 — 7.27 (m,
2H), 7.26 - 7.17 (m, 1H), 6.54 (d, /= 6.5 Hz, 1), 6.04 (s, TH), 5.37(dt, J = 53.7, 7.2 Hz, 1H),
4.96 - 4.67 (m, 2H), 4.27 — 4.18 (m, 1H), 4.13 - 4.01 (m, 1H), 3.97 - 3.87 (m, 1H), 2.18 (1, /=
20.5 Hz, 2H), 1.52(d, J = 6.4 Hz, 3H). ESIMS [M+H]" for CyoHsCIFNLOP,, caled 5651,

found 565.2.

Example 127

Synthesis of [{{[(2R,35,4R,5R}-5-(2-chloro-4-{{{(15)-1-(2-flucrophenyljethyllamins}-7TH-
pyrrolef2,3-dipyrimidin-7-y1}-3.4-dihydroxyexelan-2-vljmethoxy}(hydroxy}phosphoryl)-
methyl{phosphenic acid
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10367} Step a: To the mixture of 2 4-dichloro-7TH-pyrrolo{2,3-d]pyrimidine (14 .8 g, 78.9
mmol) and the bromide (40 g, 1183 mmol, 1.5 equiv.} in anhydrous CH;CN (600 mL), Cs,CO;
(38.6 g, 1183 mmol, 1.5 equiv.) was added and the reaction mixture was stirred at room
temperature for overnight. Evaporated with silica gel and purified by column chromatography
(8i0,, Hex— Hex EtOAc, 2:8) to give white solid (13.8 g, 39%). ESIMS [M+H] for
C17HisCHN:Or, caled 446.0, found 446.1.

[0368] Step b and Step ¢ were performed in similar fashion to Example 1. "H NMR (400
MHz, DMSO-dg) 6 838 (d, J=79Hz, 1H), 747 - 736 (m, 2H}), 7.32 - 723 {m, 1H), 7.20 -~
7.09 (m, 2H), 6.81 (s, 1H), 5.96 (d, J= 6.0 Hz, 1H), 5.58 (t, /=73 Hz, 1H), 429 (t, J=5.7 Hz,
1H), 4.14 - 396 (m, 4H), 224 (t, /= 20.5 Hz, 2H), 1.51 (d, /= 6.9 Hz, 3H). ESIMS [M+H]"
for CyaHysCIFN,OoP,, caled 381 1, found 581 2.

Example 128

Synthesis of [{{[(ZR,38,4R,5R}-5-(2-chloro-4-{{{(15)-1-(3-flucrophenyljethyllamins}-7TH-
pyrrole2,3-dipyrimidin-7-y1}-3,4-dihydroxyexelan-2-vljmethoxyj(hvdroxy)phosphoryi)-
methyl{phosphenic acid
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GH OH ONJ

103691 The title compound was synthcsu:(,d in smu}ear fashion to Example 127: 'H NMR (400
MHz, DMSO-d;) 68.34(d, /=8 1Hz, 1H}, 742 - 730 (m, 2H), 7.26 - 7.16 {m, ZH), 7.08 -
698 (m, 1H), 6.77 (s, 1H), 597 (d, /=60 Hz, 1H), 545 - 533 (m, 1H), 4.29(t, /= 5.5 Hz,
1H), 4.14 - 3.98 (m, 4H), 2.24 (d, /= 20.5 Hz, 2H), 1.51 (d, /= 6.8 Hz, 3H). ESIMS [M+H]"
for CooHysCIFNLOsP;, caled 381 1, found 581 2.

Example 129

Synthesis of [{({{{2R.38,4R,5R)-5-(2-chloro-4-{{(18)-1-(4-fluorophenyljethyljamine}-7H-
pyrrole]2,3-dipyrimidin-7-y1}-3,4-dihydrexyoxolan-2-yljmethoxyi(hvdroxy)-
phosphoryijmethyliphosphonic acid

HN f\
7 ]\N Z g
o * /)\
{i {i 8
P = ($) N Cl
HO 10
N
HO  OH

[6370] The title compound was synthesized in similar fashion to Example 127, "H NMR (400
MHz, DMSO-ds) 6 832 (d, J= 8.0 Hz, 1H), 746 - 7.34 {m, 3H), 7.17 - 7.08 (m, 2H), 6.76 (s,
1H), 597(d, /=03 Hz, 1H), 544 -533 (m, 1H), 429, /=58 Hz, 1H), 4.14 - 3.97 (m, 4H),
224 (d, J = 20.5 Hz, 2H), 1.50 (d, J= 6.9 Hz, 3H). ESIMS [M+H] for CoHasCIFN,OoP,,
caled 5811, found 581.2.

Example 130

Synthesis of [({{(2ZR,3R.48,5R)-5-(2-chloro-4- {{{(1 R)-1-phenylethyljamino}-7H-pyrrole}2,3-
dlpyrimidin-7-vl}-4-fluore-3-hydroxyexelan-2-viimethoxy}{hydroxy)phosphoryi}-
methyllphosphonic acid
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[0371] The title compound was synthesized in similar fashion to Example 65. "H NMR (400
MHz, DMSO-dg) §8.36 (d, J= 8.4 Hz, 1 H), 7.39 (d, /= 7.6 Hz, 2 H), 7.35 - 7.23 (m, 3 H), 7.21
(t, J=72Hz, 1 H),6.78 (s, | H), 6.44 (dd, /=155, 46 Hz, 1 H), 5.40 (, J=8.1 Hz, 1 H), 4.40
S (dt.J=188,46Hz 1 H), 413(d, /=67 Hz, 2 H), 3.95(q. J=5.1 Hz, 1 1), 222 (t. /=203
1z, 2 H), 1.51 (d, /= 7.0 Hz, 3 H). ESI MS [M-H] for CrsH2CIEN,ORP;,, caled 563 1, found

(4
(@)}
(42
N

Example 131

10 Synthesis of [({[(ZR,3R,45,5R)-5-(2-chloro-4- {{(1.5)-1-phenylethyljamino}-7H-pyrrolo]2,3-
dipyrimidin-7-yi}-4-fluore-3-hydroxyoxelan-2-yljmethoxyl{(hydroxy)phosphoryi}-
methyljphosphonic acid

/N
g g o N IN”’L\ca
HOJ‘\/’\O
OH OH
HG F

[0372] The title compound was synthesized in similar fashion to Example 65. 'H NMR (400

15 MHz, DMSO-ds} 8837 (d, /=83 Hz, 1 H}, 739(d, /=77Hz 2H),731(t,./=75Hz 2 H),
728 -716(m, 2 H), 0.79(s, 1 H), 644 {(dd, /= 158,4.5Hz, 1 H) 539(s, 1 H), 430(dt, /=
187,44 Hz, T H, 412 (m, 2H), 395(q, J=51Hz, 1 H), 223, J=205Hz 2H), 1 51 {d,J
= 7.0 Hz, 3 H). ESI MS [M+H] for C10HysCIFN,OP», caled 565.1, found 565.2.

20 Example 132
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Synthesis of [{{[(ZR,IR.45,5R)-5-(2-chloro-4-{{{15)-1-(3-fluorophenyljethyllamino}-TH-
pyrrolef2,3-dipyrimidin-7-yl}-4-flucre-3-hydroxyoxelan-2-vijmethoxyl{hydroxy}-

phosphoryihmethyliphosphonic acid
o0

o o
PP o NN
HO’"EV,\Q/\(
OH  OH
HG F

[6373] The title compound was synthesized in similar fashion to Example 65, 'H NMR (400
MHz, BDMSO-d5) 3840 (d, /J=80Hz 1 H), 740 - 716 (m, 4 H), 703 (1d, /=87, 2.6 Hz, | H),
6.78(d, /=39 Hz, 1 H), 045(dd, /=157, 44Hz, T H), 543 -534(m, 1 H), S.11(dt, J=
527,40Hz, 1 H), 438(dq, /=187, 45Hz 1H), 418 -4.06(m, 1 H),396{(q, /J=50Hz 1
H), 225(,./=205Hz 2H), 1.51 (d, /=69 Hz, 3 H). ESI MS [M-H] for CyoH»CIF;NyOsPs,
calcd 581.1, found 581.2.

Example 133

Synthesis of [({[{(ZR 3R ,45,5K)-5-(2-chloro-4-{{(1R}-1-{4-fluorophenyljethyljamino}-TH-
pyrrole|2,3-dipyrimidin-7-yi}-4-fluore-3-hydroxyoxolan-2-yljmethoxy}{hydroxy}-
O

phosphoryl)methyljphosphonic acid
CHs
gl
N F
0 <”i\ | Py
i i NN o

HO“‘E\/?\O O
OH OH

HC F
[0374] The title compound was synthesized in similar fashion to Example 65. 'H NMR (400
MHz, DMSO-de) 8837 (d, /J=81Hz, 1 H),742(dd, /=84, 55H2, 2H), 726 (,./=3.1Hz,
1TH)Y,722-709{(m,2H),677(d,/J=3.6Hz, 1 H),644(dd, /=155 45Hz 1 H), 543 -534
(m, LH), 514 (dt, /=527, 40Hz, 1 H),440(dt, /=187, 43 Hz, 1 H}, 420-4.02 (m, 2 H),
395(q,/=51Hz 1 H), 224 (t, /J=205Hz 2H), 1.50(d,./=7.0Hz 3 H).

ESIMS {]\AHHT for C)(\HMCH*;\4G§P), calcd 581.1, found 581.2.
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Example 134

Synthesis of [{({{{2R.IR45,5R)-5-(2-chloro-4-{{(18)-1-(4-fluorophenyljethyl]amine - TH-
pyrrolo|2,3-djpyrimidin-7-yi)-4-flusrs-3-hydroxyoexslan-2-yijmethoxyi(hvdroxy}-
phosphoryvijmethyliphesphonic acid

§He

72
2 o S
HO T
OH OH
HO F

[0375] The title compound was synthesized in similar fashion to Example 65. 'H NMR (400
MHz, DMSO-ds) 58.38 (d, J=7.7Hz, 1 H), 741 (dd, /J=8.6, 5.5 Hz, 2 H), 7.26 (s, 1 H), 7.18 —
7.08 (m, 2 H}, 6.77 (s, 1 H), 6.44 (dd, J= 15.6, 4.3 Hz, 1 H), 538 (5, 1 H), 5.24 — 4.96 (m, 1 H),

10 445-434(m, 1 H), 413 (s, 2H),3.95(d, J=52Hz | H), 223 (t, J=20.4 Hz, 2 H), 1.50(d, J
= 7.1 Hz, 3 H).ESTMS [M+H]" for CyoHzCIF,N,OgPs, caled 583.1, found 583.2.

Example 135
Synthesis of [{{J{ZR,IR,45,5R)-5-(2-chloro-4-{{{(1.5}-1-(2-fluorophenyljethvl]amino}-7H-
pyrrole)2,3-dipyrimidin-7-yl)-4-fluoro-3-hydroxvexolan-2-yijmethoxyi{hydroxy}-
15  phosphoryijmethyliphosphonic acid

o 9 g
HQ“Q?\-./’F?\G o
OH OH
HG F

[0376] The title compound was synthesized in similar fashion to Example 65. "H NMR (400
MHz, DMSO-ds) 8 8.46 (4, J=78 Hz, 1 H), 744 (t, T=7.8 Hz, 1 H), 7.28 (dt, F= 113, 45 Hz,

20 2H),7.17(q, =81, 74z 2 1), 683 (4, ] =3.9Hz, 1 F). 6.47 (dd, J= 157, 4.5 Hz, 1 F),
560(t, J=74Hz 1 H), 5.13(dt, J=52.5, 42 Hz, 1 F), 441 (dt, J = 18.8, 44 Hz, 1 H), 4.14 (td,
J=120,107,57Hz 2H),3.97(q, J=50Hz, 1 H), 227(, =205 Hz, 2 H), 1.53 (4, T =7.0
Hz, 3 H). ESIMS [M+H]T for CoHuCiFoN,OgP,, caled 5831, found 583 2.
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Example 136

Synthesis of [{{{{2R.IR,45,58)-5-C-chloro-4-{{J(1 R)}-1-(2-fluorophenyilethyljamino}-7TH-
pyrrole|2.3-dipyrimidin-7-yi)-4-fluoroe-3-hydroxyoxolan-2-yijmethoxy}{hydroxy)-
phosphoryvijmethyliphesphonic acid

o 9 4
HO™ P Py O
OH OH
HG E

10377] The title compound was synthesized in similar fashion to Example 65. 'H NMR (400
MHz, DMSO-ds) 5 8.44 (s, | H), 743 (t, J=78 Hz, | H), 7.28 (3, 2 H), 7.21 — 7.09 (m, 2 H),
6.44 (dd, /= 158,47 Hz, 1 H), 5.59 (s, 1 H), 5.14 (4, J=52.8 Hz, 1 H), 4.40 (d, J = 18.9 Hz, 1
H), 413 (5,2 H),3.95(d, J=57Hz, 1 H), 224 (t, /=207 Hz, 2 H), 1.51(d, J= 6.9 Hz, 3 H).
ESIMS [M+H]" for CagHyCIFaN4OgPy, caled 583.1, found 583 .2.

Example 137

Synthesis of [{({{{2R.IR 48 ,5R)-5-2-chloro-4-{{J(1 R)}-1-(3-fluorophenyllethyliamino}-7TH-
pyrrolo|2,3-djpyrimidin-7-yi)-4-flusro-3-hydroxyoexslan-2-yijmethoxyi{hvdroxy}-

phosphoryvijmethyliphesphonic acid
CHg

HIN 'i\F

o0
o o |
b o NN
HQ";\«"\O

OH OH

HO F
[0378] The title compound was synthesized in similar fashion to Example 65. "H NMR (400
MHz, DMSO-dy) §8.39 (4, /=81 Hz, 1 H), 7.35 (td, /=80, 7.5, 6.0 Hz, 1 H), 7.31 ~ 7.17 (m,
3H), 7.04 (td, /= 8.6,2.5Hz, 1 F), 6.81 —6.75 (m, 1 F), 6.45 (dd. J=15.6, 44 Hz, 1 H), 5.44 —
535 (m, 1H), 5.14(dt, J=52.8, 4.1 Hz, 1 H), 440 (dt,./ = 18.8, 44 Hz, 1 F), 4.19 — 4.09 (m, 1
H),3.95(q, /=5.0Hz, | H), 2.24 (t, /=205 Hz, 2 H), 1.50 (d, /= 6.9 Hz, 3 H). ESI MS [M-
HT for CagHpClF,N,OgPy, caled 5811, found 581.2.
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Example 138

Synthesis of [{({{{(2R.IY 4R 5R)-5-[6-chloro-4-{cyclopentylamino}-1H-imidazo[4,5-¢|pyridin-
1-yi}-3.4-dihydroxyexelan-2-yljmethoxy}{hydroxy)phosphorylmethylphosphonic acid

. L
Cl A N R Ny
AcT Vho <f | P Cyclopentylamine <7 | i
Ci

o

N
NP TMSOTLDBU  AcO 7’ Et,N, EtOH, 80 °C  HO 7’
H ACN, 1.8 -y Nt
Stap a AcO OAc 5tep ) HO O

Stepc

HN"L‘O b

1 {1
N\.«)%N Ci—P._R—CI

o © ¢l o oo
5 N/\’*/)\ca

} if
OH OH (CHO)PO, 8 °C
5 O°CtoRT

103791  Step a: To a solution of B-D-Ribofuranose-1,2,3,S-tetraacetate (4.07 g, 12.8 mmol) and
4,6-Dichloro-1H-imidazo[4,5-c]pyridine (2.0 g, 10.6 mumol) in ACN (64 mL) was added TMS-
10 OTF (4.6 ml, 25.6 mmol) via syringe. Subsequently DBU (1.9 mi., 12.8 mmol) was added
dropwise and the reaction was stirred at room temperature for 2 hours. The reaction was cooled
to 0°C and poured in a cold saturated solution of NaHCO;. This mixture was transferred to a
separatory funnel and extracted with DCM (3x). The combined organics were dried over MgSOy
and concentrated to dryness. The crude material (1.4 g) was used without further purification.

15 ESIMS [M+HT for C-Hi»CLNzO, caled 446.0, found 446.1.

1038081 Step b: To a screw-top flask containing the crude dichionide (1.4 g) was added
cyclopentylamine {7 mL). The vial was sealed and heated to 80°C overnight. The reaction was
cooled to room temperature and concentrated to dryness under reduced pressure. The crude
product was reconstituted in DCM and purified by column chromatography (810,, 0 to 15%

20 MeOH/DCM) to obtain the desired product (352 mg). ESI MS IMAH] for C ol CINGG,, caled
368.1, found 369.2.
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[0381] Step C: The title compound was synthesized in similar fashion to Example 1. 'H NMR
(400 MHz, DMSO-ds) § 8.33 (s, 1H), 7.05 (s, 1H), 6.88 (s, 1H), 5.77 (d, J = 5.9 Hz, 1H), 443
(br.s, 1H), 4.28 (dd, J= 5.9, 5.0 Hz, 1H), 4.21 ~ 4.04 {m, SH), 2.28 (t, J = 20.5 Hz, 2H), 2.05 ~
177 (m, 2H), 1.79 = 1,45 (m, TH). EST MS [M-H] for C7H;sCINGO6P,, caled 525.1, found
525.2.

Example 139

Synthesis of [{({{{2R.IR45,5R)-5-[6-chloro-4-{cyclopentylamino)-1 H-imidazo[4,5-¢|pyridin-
i-yi}-4-fluoro-3-hydroxyoxolan-2-yvijmethoxy}{hydroxy)phosphoryiimethyliphosphonic

acid
e,
B2C O wBr Ci HM
i /\(% N\/j\N <,N | Y
N

BzO Cyclopentylamine
<}N E Xy o (3; O = Cl
P ngccs ACN Bzl EtsN, EtOH, 80 °¢ HO
g Cl S
Smp a Step b HO  F
Btep ¢
[
HNT 1 9 0
,N Sy Ci—P_ ROl
o o ¢ Py o @
o ;5\/ p\o 0\,“‘5 e
OH OH / {CHa0RPC, 8 °C
Hdﬁ = 2} 0.5M EthHd. HCOg'
g°CtoRT

[0382] Step a: A solution of 4,6-Dichloro-1H-imidazo[4,5-clpyridine (2.0 g, 10.6 mmol) and
2-Deoxy-Z-fhuoro--D-arabincfuranosyl Bromide 3, S-Dhibenzoate (4.95 g, 11.7 mmol;, CAS:
97614-44-3) in 50 mL of acetonitrile was treated with Cs,C0O; (4.16 g, 12 8 mmol). The mixture
was allowed to stir for 3 hours at room terperature then diluted with ethyl acetate and washed
with water and brine. The organics were dried over MgS8Q, and concentrated under reduced
pressure. The crude product obtained was used without further purification. ESI MS [M+H] for

CzﬁH;gCEzFN@O@ caled 530‘1, found 530.2.

103831 Step b: To a screw-top flask containing the crude dichioride (3.5 g, 6.6 mmol} was

added cyclopentylamine (18 mL). The vial was sealed and heated to 80°C overnight. The
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reaction was cooled to room temperature and concentrated to dryness under reduced pressure.
The crude product was reconstituted in DCM and purified by column chromatography (810, 0
to 15% MeOH/DCM) to obtain the desired product. ESTMS [M+H]+ for CieHyCIFN,O5, caled

3711, found 371 2.

[0384] Step ¢: The title compound was synthesized in similar fashion to example 1: 'H NMR
(400 MHz, DMSO-d) 6822 (d, /=18 Hz, 1H), 7.06 (s, 2H}), 6.98 - 6.82 (m, 1H}, 637 (dd, /=
159, 44 Hz, 1H), 5.21 (dt, /=524, 3.8 Hz, 1H), 4.53 —4.33 (m, 2H), 4.21 (t, J= 5.8 Hz, 2H),
400 (g, /=49 Hz 1H}, 228 (1, /=204 Hz, 2H), 1.93 (s, ZH), 1.74 - 1.47 {m, 7H). ESI MS
[M-H] for CHy CIFN,OgP,, caled 5271, found 527 2.

Example 140

Synthesis of [({[{2R,3R.45,5R)-5-{6-chloro-4-{cyclopentyl{methyl}amino}-1 H-imidaze[4,5-
cipyridin-1-vi}-4-fluore-3-hydroxyoxelan-2-ylimethoxy}{hydroxyjphosphoryi}-

methyllphosphonic acid
-
Me. /Q

N
o O ¢
[l i N/\’/ACE
/PVP\ O
HO™ )
OH OH
HG  F

[0385] The title compound was synthesized in similar fashion to Example 139, 'H NMR (400
MHz, DMSO-ds) $8.24 (d, ./ = 1 8 Hz, 1H), 6.98 (d, /= 0.7 Hz, 1H), 6.39 (dd, /= 154, 4 4 Hz,
1H), 5.80 (p, J = 7.7 Hz, 1H), 5.41 ~ 5.03 (m, 1H), 4.43 (ddd, J=19.9, 5.4, 3.5 Hz, 1H), 431 -
414 (m, 2H), 4.01 (g, J = 4.9 Hz, 1H), 3.15 (s, 4H), 2.29 (t, J = 20.5 Hz, 2H), 1.94 — 1.47 (m,
OH). ESTMS [M-HY for CgHyCIFN,OxP,, caled 5411, found 541.2.
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Table 1: Specific Examples (Potency: CD73 ICsy: + means > 1 yM, ++ means 100 nM to 1 uM,
+++ means < 100 oM},

/O Potency
HN
o © N
TR Ty
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HO ! S
OH OHY N N/;l\(;g
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R
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Bioclogical Examples
Materials and Methods

10386] The following general matenals and methods were used, where indicated, or may be

used in the Examples below:

{0387} Standard methods in molecular biology are described in the scientific literature (see,
¢.g.. Sambrook and Russell (2001) Molecular Cloning, 3" ed., Cold Spring Harbor Laboratory

Press, Cold Spring Harbor, N.Y

2

and Ausubel, et al. (2001} Current Protocols in Molecular
Biology, Vols. 1-4, John Wiley and Sons, Inc. New York, NY ., which describes cloning in
bacterial cells and DNA mutagenesis {Vol. 1), cloning in mammalian cells and yeast (Vol. 2},

glycoconjugates and protein expression {Vol. 3), and bioinformatics (Vol. 4}).

[0388] The scientific literature describes methods for protein purification, including
unmunoprecipitation, chromatography, electrophorests, centrifugation, and crystallization, as
well as chemical analysis, chemical moditication, post-transiational modification, production of
fusion proteins, and glycosylation of proteins (see, e.g., Coligan, et al. (2000) Current Protocols
in Protein Science, Vols. 1-2, John Wiley and Sons, Inc., NY}.

[0389] Software packages and databases for determining, e g, antigenic fragments, leader
sequences, protein folding, functional domains, glycosylation sites, and sequence alignments, are
available (see, e.g., GCG Wisconsin Package (Accelrys, Inc, San Diego, CA); and DeCypher™
{TimeLogic Corp., Crystal Bay, NV).

10356] The literature 1s replete with assays and other experimental techniques that can serve as

a basts for evaluation of the compounds described herein.

(0391} Inhibition of Ecto-5 -nucleotidase Activity. Compounds were evaluated to determine

their ecto-5"~-nucleotidase (CD73) wnhibitory activity. Briefly, CHO-K1 cells stably transfected
with human CD73 were generated by LakePharma (Belmont, CA) using molecular cloning of
human CD73 (http://www aniprot. org/uniprot/P21589) and mammalian transient expression
vector (P21589.1). After antibiotic selection in CD OptiCHO cell media (Invitrogen, Catalog#
12681-011) containing 5 pug/mL Puromycin and 200 pg/mL Hygromycin B, a suspension pool of

CHO-CD73 cells was collected and {rozen in 7.5% DMSO in cell media without antibiotics.
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103921  On the day of the experiment, one vial of CHO-CD73 cells was thawed and suspended
in assay media which consisted of 20 mM HEPES, pH 7.4, 137 mM Na(l, 54 mM KC1, 1.3 mM
CaCly, 4.2 mM NaHCG; and 0.1% glucose. To test the ability of compounds to inhibit CD73
enzymatic activity, 2 ul. of 500 uM of compounds dissolved in DMSO (50x) were added to a
96-well polystyrene plate containing 58 uL of assay buffer. Next, 20 g, of CHO-CD73 cells in
assay buffer were added to assay plate followed by 20 pl. of 125 uM AMP (Adenosine 57-
meonophosphate monohydrate) 1o assay buffer. Final assay conditions consisted of 2500 cells per
well in 2% DMSO and 25 uM of AMP substrate. After 50 minutes of incubation (37 °C and 5%
CO,) and centrifugation at 225~g for 5 mins, 80 puL of supernatant were transterred to a 96-well
Spectra Plate (PerkinElmer, cat # 6005640) which was pre-dispensed with 20 ul. of PiColorLock
Gold colorimetric assay reagents (Thermo, cat# 30 300 30). The amount of inorganic phosphate
was determined by reading the absorbance at 620 nm on an EnVision Multilabel Plate Reader
{PerkinElmer). Enzymatic activity of CD73 was based on the amount of phosphate generated.
Percentage of activity was calculated based on DMSO and no cells control wells. ICsp values of
compounds were determined by four parameter non-linear regression fitting of percentage of

activity in GraphPad Prism software.

10393] Pharmacodynamic and Pharmacokinetic Evaluation. A pharmacodynamic assay can be

based on measuring CD73 mediated serum levels of adenosine. Adenosineg levels can be
determined by HPLC analysis, and serum compound levels can optionally also be determined in
the same HPLC run.

[0394] Particular embodiments of this invention are described herein, including the best mode
known to the inventors for carrying out the invention. Upon reading the foregoing, description,
variations of the disclosed embodiments may become apparent to individuals working in the art,
and it is expected that those skilled artisans may employ such variations as appropriate.
Accordingly, it is intended that the invention be practiced otherwise than as specifically
described herein, and that the invention includes all modifications and equivalents of the subject
matter recited in the claims appended hereto as permitied by applicable law. Moreover, any
combination of the above-described elements in all possible variations thereof 1s encompassed by

the invention unless otherwise indicated herein or otherwise clearly contradicted by context.
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10395] Al publications, patent applications, accession numbers, and other references cited in
this specification are herein incorporated by reference as it each individual publication or patent

application were specifically and individually indicated to be incorporated by reference.
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CLAIMS

1. A compound having the formula:

or a pharmaceutically acceptable salt, hydrate, or solvate thereof, wherein,

each R! is independently selected from the group consisting of hydrogen, optionally substituted
C1-Cs alkyl, optionally substituted aryl, and —-C(R?R?)-O-C(0)-OR?3, or two R* groups are
optionally combined to form a 5- to 7-membered ring;

each R? is independently selected from the group consisting of H and optionally substituted C1-
Ce alkyl;

each R® is independently selected from the group consisting of H, C1-Cg alkyl, and optionally
substituted aryl,

R® is selected from the group consisting of H and optionally substituted C1-Cs alkyl;

X is selected from the group consisting of O, CHy, and S;

Ais

Het is selected from the group consisting of:
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wherein the wavy line indicates the point of attachment to the remainder of the compound, and
wherein:
R? is selected from the group consisting of H, NH2, NHR’, NHC(O)R’, NR'R’, R’, OH, SR’ and
OR’;

R® is selected from the group consisting of H, halogen, NH2, NHR”, NR’R’, R?, OH, and OR’;
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R® and RY are independently selected from the group consisting of H, halogen, haloalkyl, NHz,
NHR’, NR’R’, R7, OH, OR’, SR,
SO2R’, -X!-NHz, -X!-NHR’, -X!-NR'R’, -X!-0OH, -X!-OR’, -X!-SR’ and -X*-SO2R";

R® and R" are independently selected from the group consisting of H, halogen, and optionally
substituted C;-Cs alkyl;

each X! is C1-Csalkylene; and

each R’ is independently selected from the group consisting of optionally substituted C1-Cio
alkyl, optionally substituted C>-C1o alkenyl, optionally substituted C>-C1o alkynyl,
optionally substituted C3-C- cycloalkyl, optionally substituted C3-C7 cycloalkylC;-
Caalkyl, optionally substituted 4-7 membered cycloheteroalkyl, optionally substituted 4-7
membered cycloheteroalkylC1-Caalkyl, optionally substituted aryl, optionally substituted
arylCi-Caalkyl, optionally substituted arylC»>-Csalkenyl, optionally substituted arylCo-
Caalkynyl, optionally substituted heteroaryl, optionally substituted heteroarylC1-Caalkyl,
optionally substituted heteroarylC1-Caalkenyl, optionally substituted heteroarylCo-
Caalkynyl, and optionally, two R’ groups attached to a nitrogen atom are joined together
to form a 4- to 7-membered heterocyclic ring, optionally fused to an aryl ring;

with the proviso that the compounds are other than those compounds wherein the combination of
X, A, and Het results in

Ra

(IP? (lP)I Re—(NIgN
oo \OWN B

wherein RY is H; and either

(i) R®and R® are hydrogen and R? is -OEt, -OCH.Ph, -SCH2Ph, -NH., methylamino, ethylamino,
dimethylamino, diethylamino, N-methyl-N-ethylamino, phenylamino, benzylamino, 1-
phenylethylamino, 2-phenylethylamino, N-benzyl-N-ethylamino, N-benzyl-N-
methylamino, dibenzylamino, 4-aminobenzylamino, 2-chlorobenzylamino, 3-
chlorobenzylamino, 4-chlorobenzylamino, 4-hydroxybenzylamino, 4-
methoxybenzylamino, 4-nitrobenzylamino, or 4-sulfamoylbenzylamino; or

(if) R®is hydrogen, R?is -NH>, and R® is bromo, chloro, aminomethyl, or thioethyl; or
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(iii) RCis hydrogen, R? is benzylamino, and R® is bromo; or

(iv) R®isamino, R® is hydrogen, and R* is -NH_, dimethylamino, diethylamino, benzylamino or
N-benzyl-N-methylamino; or

(v) RCischloro, R® is hydrogen, and R? is -NH>, benzylamino, 2-chlorobenzylamino, 1-
phenylethylamino, (S)-1-phenylethylamino, (R)- 1-phenylethylamino or N-benzyl-N-
methylamino; or

(vi) R®is iodo, R® is hydrogen, and R? is —\NH>, benzylamino or N-benzyl-N-methylamino; or

(vii) R*is amino, R® is hydrogen, and R® is piperazinyl, thioallyl or cyclohexylethylthio.

2. A compound of claim 1, wherein Het is:
Ra
N \N
R L
N~ “R®
~h .

3. A compound of claim 2, wherein R® is other than hydrogen.
4. A compound of claim 3, having a formula:

O
I I

Ra
N X
N
A
RIO ORI
wherein each RYis H.
5. A compound of claim 4, wherein X is oxygen.
6. A compound of claim 5, wherein R® is hydrogen.
7. A compound of claim 1, wherein R® is H.

8. A compound of claim 1, wherein R% is H, and X is O.

9. A compound of claim 1, wherein R® is H, X is O, and each R is H.
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10. A compound of claim 1, wherein Het is selected from

Ra Ra Ra
N N N N
N N N AN
ST, I,
NT N7 R N R® NN O Re
N, M, .,\,év

11. A compound of claim 2, wherein R® is H, X is O, and each R* is H.

12. A compound of claim 10, wherein R® is H, X is O, each R is H, R®is H, and R? is selected

from the group consisting of NH2, NHR and N(R")2.

13. A compound of claim 10, wherein R® is H, X is O, each R is H, R® is H, R® is other than H,
and R?is NHR'.

14. A compound of claim 4, having the formula:

H. R’
N
O O N
I I \N
- <7
HO 1 "1 >0 j\)\/
o N P ge

OH OH
HO  OH

15. A compound of claim 14, having the formula:

H. R’
N
o o N
|1 Il \N
LT
HO™ "1 f\
o N N//kCI

OH OH

16. A compound of claim 1, selected from the compounds of Table 1.
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17. A pharmaceutical composition comprising a compound of claim 1, and a pharmaceutically

acceptable excipient.

18. A combination comprising a compound of claim 1, and at least one additional therapeutic

agent.

19. A combination of claim 18, wherein the at least one additional therapeutic agent is a
chemotherapeutic agent, an immune- and/or inflammation-modulating agent, an anti-

hypercholesterolemia agent, or an anti-infective agent.

20. A combination of claim 18, wherein the at least one additional therapeutic agent is an

immune checkpoint inhibitor.
21. A kit comprising a compound of claim 1, and at least one additional therapeutic agent.

22. A kit of claim 21, wherein the at least one additional therapeutic agent is a chemotherapeutic
agent, an immune- and/or inflammation-modulating agent, an anti-hypercholesterolemia agent,

or an anti-infective agent.

23. A kit of claim 21, wherein the at least one additional therapeutic agent is an immune

checkpoint inhibitor.

24. A combination, kit or method of claim 20 or claim 23, wherein said immune checkpoint

inhibitor is selected from the group consisting of ipulimumab, nivolumab and lambrolizumab.

25. A compound having the formula:

or a pharmaceutically acceptable salt, hydrate, or solvate thereof, wherein,
each R is independently selected from the group consisting of hydrogen, optionally substituted
C1-Cs alkyl, optionally substituted aryl, and —-C(R?R?)-O-C(0)-OR?3, or two R* groups are

optionally combined to form a 5- to 7-membered ring;
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each R? is independently selected from the group consisting of H and optionally substituted C1-
Ce alkyl;
each R® is independently selected from the group consisting of H, C1-Cg alkyl, and optionally
substituted aryl;
R® is selected from the group consisting of H and optionally substituted C1-Cs alkyl;
X is selected from the group consisting of O, CHy, and S;
A is selected from the group consisting of:
b= e el O eV
J:ﬁ\ /\O)\ /\O)\ and \{HE/
each of which is optionally substituted with from 1 to 5 R® substituents, and wherein the
subscript n is an integer from 0 to 3;
Z is selected from the group consisting of CH2, CHR®, NR®, and O;
each R® is independently selected from the group consisting of H, CHs, OH, CN, F, optionally
substituted C1-Cs alkyl, and OC(0)-C1-Cs alkyl; and optionally two R® groups on
adjacent ring vertices are joined together to form a 5- to 6-membered ring having at least

one heteroatom as a ring vertex; and

Het is selected from the group consisting of:

Re R2 Rf R2 R% R Rb
NN Rl TN e N
N N/)\RC N N/)\RC NTONT R
ol ol e
wherein the wavy line indicates the point of attachment to the remainder of the compound, and
wherein:
R? is selected from the group consisting of H, NH2, NHR’, NHC(O)R’, NR’R’, R, OH, SR’ and
OR’;

R is selected from the group consisting of H, halogen, NHz, NHR?, NR’R’, R?, OH, and OR’;
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R® is selected from the group consisting of H, halogen, haloalkyl, NHz, NHR’, NR’R’, R’, OH,
OR’, SR, SO2R’, -X:-NHa, -X1-NHR’, -X!-NR'R’, -X!-OH, -X!-OR’, -X*-SR’
and -X-SO;R’;

R® and R" are independently selected from the group consisting of H, halogen, and optionally
substituted C;-Cs alkyl;

each X! is C1-Csalkylene; and

each R’ is independently selected from the group consisting of optionally substituted C1-Cio
alkyl, optionally substituted C>-C1o alkenyl, optionally substituted C>-C1o alkynyl,
optionally substituted C3-C- cycloalkyl, optionally substituted C3-C7 cycloalkylC;-
Caalkyl, optionally substituted 4-7 membered cycloheteroalkyl, optionally substituted 4-7
membered cycloheteroalkylC1-Caalkyl, optionally substituted aryl, optionally substituted
arylCi-Caalkyl, optionally substituted arylC»>-Csalkenyl, optionally substituted arylCo-
Caalkynyl, optionally substituted heteroaryl, optionally substituted heteroarylC1-Caalkyl,
optionally substituted heteroarylC1-Caalkenyl, optionally substituted heteroarylCo-
Caalkynyl, and optionally, two R’ groups attached to a nitrogen atom are joined together

to form a 4- to 7-membered heterocyclic ring, optionally fused to an aryl ring.
26. A compound of claim 25, wherein A is:
~o
which is optionally substituted with from 1 to 5 R®.

27. A compound of claim 26, wherein A is selected from the group consisting of:

Ot MO RO AR A

HO  ©OH F

APATAOR ROA o

28. A compound of claim 25, wherein Het is
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N
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wd,

29. A compound of claim 28, wherein R® is H, X is O, each R! is H, R®is H, RC is other than H,
and R? is NHR'.

30. A compound of claim 25, wherein Het is

Rf R®@
Re / | = N
N N/)\ RC
dy

31. A compound of claim 30, wherein R® is H, X is O, each R* is H, R® and R is H, R is other
than H, and R? is NHR".

32. A compound of claim 25, wherein Het is

Re Ra
Rb
N\/ | _
N™ N7 R
d,

33. A compound of claim 32, wherein R® is H, X is O, each R! is H, R® and R® is H, R® is other
than H, and R? is NHR".

34. A compound of claim 26, selected from the group consisting of
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Me
HN HN
7 ~N Z X
N\/tf\/)\ 0 NG
I I N I I N
P P 0 N Cl P (o) N Cl
HO” 1 "0 HO I 10
OH OH OH OH
HO  ©OH , HO  OH :
F
HN HN
AN A
N N j
I o. NN a TR o. NN ¢l
HO I 10 HO I "0
OH OH e (0]
HO ©OH HO ©OH

7 N F

Q@ 0 (Nt(i

Ho/Ff\/Fu’\o °
on OHW

and HO\\ ,/OH

35. A compound of claim 26 or claim 34, having the formula:

4’“\[-”1‘% ~F
M
O o —_ f,_J\

| 1 M T
M Cl
HO.-FI,H,_\_\_F_.-FI,H.O.-"\\;/'O ~
OH OH \

HO ~ ©OH

or a pharmaceutically accepted salt thereof.
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