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ECTONUCLEOTIBDASE INHIBITORS AND METHODS OF USE THEREQOF

RELATED APPLICATION
This application claims the benefit of prionity to U.S. Provisional Patent Application
No. 62/864,031, filed June 20, 2019, which application is hereby incorporated by reference

in its entirety.
BACKGROUND

CD73, also referred to as 57-nucleotidase (5°-NT) or ecto-5"-nucleotidase (HEeto
5°NTase}, i1s a membrane-bound cell surface enzyme whose primary role is to catalyvze the
conversion of extracellular nucleotides (e.g., AMP} to their corresponding nucleosides (e g,
adenosine). CD73 is found in most tissues and expressed on lvinphocytes, endothelial cells,
and epithelial cells. It is also widely expressed in many tumor cell fings and, notably, s
upregulated m cancerous tissues (Antonioli ef of., Nat. Rev. Cancer, 13: 842-857, 2013).

In tandem with CD39 {ecto-ATPase), CD73 generates adenosine from ATP/AMP,
which s often released from damaged or inflamed cells into the extracelhular environment.
Extracellular adenosine produced by CD73 interacts with G-protein coupled receptors on
target cells. An important downstream effect of this signaling is increased
nmunosuppression via a munber of pathways. For example, CD73 is a co-signaling
molecule on T lymphocytes. Under normal circumstances, extraceliular adenosine levels
promote a self-limiting immune response that prevents excessive mflammation and tissue
damage. For tumors, an advantage of abnormally increased CD73 is that the resulting
mcreased CD73-catalyzed adenosine levels vield mhibition of anti-tumor immune system
TeSponses.

Even though CD73 plays a role m cancer immunosuppression, higher expression of
D73 18 associated with a variety of stages of tumor progression, including tumor
vascularization, invasiveness, and metastasis, and with shorter breast cancer patient survival
time. Some of these observations result from CD73°s enzyme-independent function as an
adheston molecule required for lvmphocvte binding to the endothelium.

Overall, CD¥73 has become an important target for developing new cancer therapies,
cither as single agents or n combination with other cancer therapies. fndeed, combining
D73 monoclonal antibodies with antibodies for other chemotherapy targets enhances
response and survival in amimal cancer models (Allard ef af., Clin. Cancer Kes., 19:5626-

35, 2013).
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Many of the current cancer treatments and chemotherapeutic agents fail to
successfully treat all patients or all symptoms in treated patients, and many of these
therapies are assoctated with undesirable side effects. As certain cancers develop resistance
to various chemotherapeutic agents, alternate cancer therapies are needed. Thus, thereisa

need for additional compounds and methods for treating cancer and other discases.

SUMMARY
Disclosed herein are compounds of Formula (1)

R4 RS

L Het

or a pharmaceutically acceptable salt and/or prodrug thereof, wherem

Het s heterocyclyl or heteroaryl;

R124s selected from H, halo, hydroxy, cvano, azido, amino, -O-C(()-0-Cealky,
Cisacyloxy, and Crsalkoxy;

R is selected from H and halo;

R*is selected from H, halo, hydroxy, cyano, azido, amino, Cisacvioxy, -0-C{(O)-
O-Cisalkyl, and Crealkoxy;

R%is selected from H and halo;

R* is selected from H and alkyl;

R* is selected from aryl and heteroaryl;

R’ is selected from aralkyl and heteroaralkyi:

R® is selected from -C{OYOR?, -CIOINRDVRM, -S{0nR W and -P(O}ORVHOR?):

RY is independently selected from H, alkyl, cycloalkyl, eycloatkylalkyl,
heterocyelvl, heterocyelyvlalkyl, aryl, aratkyl, hetercaryl, and heteroaralkyl;

R!% is independently selected from alkyl, alkenyl, alkynvl, amino, cvcloalkyl,
cyeloalkvlalkyl, heterocvelvl, heterocyelyvlalkyl, arvi, aralkyl, heteroaryl, and heteroaratky!;

and
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RY R and RMare independently selected from H, alkyl, cycloalkyi,
cvcloatkylalkvl, heterocvelyl, heterocyelylalkyl, aryl, aralkyl, heteroaryi, heteroaralkyl; and

RY is selected from H, hydroxy, alkyl, cycloalkyl, eycloalkylalkyl, heterocyclyl,
heterocyelvialkyl, aryl, aralkyl, heteroaryl, heteroaralkyl;
provided that

if R* is unsubstituted or substituted tetrazolyl, and

R?is -C(OYOR?, then

R is not unsubstitated -CHo-pyridyl, unsubstituted -CHp-thienyl, -CHa-thienyl
substituted with a -C(O)OH group, unsubstituted benzyl, or benzyl substituted with a
trifluoromethyl, trifluoromethoxy, methoxyearbonyl, -C{OYOH, benzyloxy, or phenyl
group.

In certain embodiments, the present mvention provides a pharmaceutical
composition suitable for use in a subject m the treatment or prevention of cancer
comprising an effective amount of any of the compounds described herein (e.g., a
compound of the invention, such as a compound of Formula (1), or a pharmaceutically
acceptable salt thereof, and one or more pharmaceutically acceptable excipients. In certain
embodiments, the pharmaceutical preparations may be for use i treating or preventing a
condition or disease as described heremn.

Disclosed herein are methods of treating diseases and conditions that benefit from
the mhibttion of CD73, comprising administering to a subject in need thereof an effective
amount of a compound as disclosed herein {¢.g., a compound of Formula (I} or anv of the
embodiments thereof disclosed herein). In certain embodiments, the human subject 1s 1n
need of such treatment. These diseases nclude, but are not limuted to cancers, such as fung
cancer, kidnev cancer, skin cancer, breast cancer, and ovarian cancer. Other discases and
conditions that can be treated using the methods described herein include, but are not
limited to, neurological, neurodegenerative and CNS disorders and discases such as
depression and Parkingon’s disease, cerchral and cardiac ischemic discases, sleep disorders,
fibrosis, immune and inflammatory disorders.

Provided herein are combination therapies of compounds of formula (1) with
monoclonal antibodies and other chemotherapeutic agents that can enhance the therapeutic

benefit beyond the abihity of the adjuvant therapy alone.
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DETAILED DESCRIPTION

Defimitions

Unless defined otherwise, ali technical and scientific terms used herein have the
meaning commonly understood by a person skilled in the art of the present disclosure. The
following references provide one of skill with a general definttion of many of the terms
used in this disclosure: Singleton et al., Dictionary of Microbiology and Molecular Biology

2nd ed. 1994}, The Cambridge Dictionary of Science and Technology (Walker ed., 1988},
The Glossary of Genetics, 5th Ed.. R Rigger et al. {eds.}, Springer Verlag (1991}, and Hale
& Marham, The Harper Collins Dictionary of Biology (1991). As used herein, the
following terms have the meanings ascribed to them below, unless specified otherwise.

In some embodiments, chemical structures are disclosed with a corresponding
chemical name. In case of conflict, the chemical structure controls the meaning, rather than
the name.

In this disclosure, "comprises,” “comprising," "contaming” and "having" and the
like can have the meaning ascribed to them i U.S. Patent law and can mean " inchides,”
"mcluding,” and the like; "consisting cssentially of” or "consists cssentially” hikewise has
the meaning ascribed in U.S. Patent law and the term is open-ended, allowing for the
presence of more than that which is recited so long as basic or novel characteristics of that
which s recited are not substantially changed by the presence of morg than that which i
recited, but excludes prior art embodiments.

Unless spectfically stated or obvious from context, as used herein, the term "or" is
understood to be inclusive. Unless specifically stated or obvious from context otherwise, as

L1

used herein, the terms "a", "an", and "the" are understond to be singular or plaral.

The term “acyl” 1s art-recognized and refers to a group represented by the general
formula hvdrocarbylC{O)-, preferably alky1C(O)-.

The term “acylamine” is art-recognized and refers to an amino group substituted
with an acyl group and may be represented, for example, by the formula
hydrocarbylC{O)NH-.

The term “acvioxy” is art-recognized and refers to a group represented by the
general formula hydrocarbylC{O)Y0-, preferably alkviC(OY0-

The term “alkoxy” refers to an alkyi group, preferably a lower alkyl group, baving
an oxvgen attached thereto. Representative alkoxy groups include methoxy, ethoxy,

propoxy, tert-butoxy and the like.
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The term “alkoxvalkvl” refers to an alkyl group substituted with an alkoxy group
and may be represented by the general formula alkyl-O-alkyl.

The term “alkenyl”, as used herein, refers to an aliphatic group containing at least
one double bond and is intended to mchude both "unsubstituted alkenyls" and "substituted
atkenvls", the latter of which refers to alkenyl moictics having substituents replacing a
hydrogen on one or more carbons of the alkenyl group. Such substifuents may occur on
one or more carbons that are included or not included i one or more double bonds.
Moreover, such substituents include all those contemplated for alkyl groups, as discussed
below, except where stability is prohibitive. For example, substitution of alkeny! groups by
one or more alkyl, carbocyelvl, aryl, heterocyelyl, or heteroarvl groups is contemplated.

An “alkyl” group or “alkane” is a straight chained or branched non-aromatic
hydrocarbon which is completely saturated. Tvpically, a straight chained or branched alky
group has from 1 to about 20 carbon ators, preferably from 1 to about 10 uniess otherwise
defined. Examples of straight chained and branched alkyl groups include methyl, ethyl, n-
propyl, 1so-propyl, n-butvl, sec-butvl, tert-butvl, pentyl, hexyl, pentyl and octyl. A C4-Ce
straight chained or branched alkvl group is also referred to as a "lower alkyl” group.

Moreover, the term "alkyl” {or "lower alkyi"} as used throughout the specification,
examples, and claims is intended to include both "unsubstituted alkyvls" and "substituted
atkyls”, the latter of which refers to alkyl moicties having substituents replacing a hydrogen
on ong or more carbons of the hvdrocarbon backbone. Such substituents, if not otherwise
specified, can mclude, for example, a halogen, a hydroxyl, a carbonyl {such as a carboxyl,
an alkoxycarbonyl, a formyl, or an acyl), a thioccarbonyl (such as a thioester, a thioacetate,
or a thioformate}, an alkoxy, a phosphoryl, a phosphate, a phosphonate, a phosphinate, an
amino, an amido, an amidine, an indne, a cyano, a nitro, an azido, a sulthydryl, an
alkvtthio, a sulfate, a sulfonate, a sultamoyl, a sultfonamido, a sultonyl, a heterocyelvl, an
aralkvl, or an aromatic or heteroaromatic moiety.  will be anderstood by those skilled in
the art that the moieties substituted on the hyvdrocarbon chain can themselves be substituted,
if appropriate. For istance, the substituents of a substituted alkyl may include substituted
and unsubstituted forms of amino, azido, imino, amido, phosphoryt (including phosphonate
and phosphinate), sulfonyl (including sulfate, sutfonamido, sulfamoyvi and solfonate), and
silvl eroups, as well as ethers, alkylthios, carbonyls (including ketones, aldehvdes,

carboxvlates, and esters), -CFs;, -CN and the hike. Exemplary substituted alkyls are
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described below. Cycloalkyls can be further substituted with alkyls, alkenvls, alkoxys,
alkvtthios, aminoalkyvls, carbonvl-substituted alkvis, -C¥Fz, ~UN, and the hike.

The term “Cxy” when used m conjunction with a chemical moicty, such as, acyl,
acyloxy, atkyl, alkenyl alkvnyl, or alkoxy is meant to include groups that contain from x to
v carbons in the chain. For example, the term “Cyyalkyl” refers to substituted or
unsubstituted saturated hydrocarbon groups, including straight-chain alkyl and branched-
chain alkyl groups that contain from x to vy carbons in the chain, including haloalkyl groops
such as triflucromethyl and 2,2 2-tirftuoroethyl, etc. Ce alkyl indicates a hydrogen where
the group is 1o a tenminal position, a bond if imemal. The terms “Coyalkenvl” and “Ca.
valkynyl” refer to substituted or unsubstituted onsaturated aliphatic groups analogous in
tength and possible substitation to the alkyvls deseribed above, but that contain at least one
double or triple bond respectively.

The term “alkviamino”, as used herein, refers to an ammo group substituted with at
least one alkyl group.

The term “alkylthio”, as used hercin, refers to a thiol group substituted with an alkyl
group and may be represented by the general formula alkylS-.

The term “alkvnyi”, as used herein, refers 1o an aliphatic group containing at least
one triple bond and is intended to mnclude both "unsubstituted alkynyis" and "substituted
alkvnyis", the latter of which refers to alkynyl moicties having substitoents replacing a
hvdrogen on one or more carbons of the alkyny! group. Such substituents may occur on
ong or more carbons that are included or not included in one or more tniple bonds.
Moreover, such substituents include all those contemplated for alkyl groups, as discussed
above, except where stability is prohibitive. For example, substitution of alkyny] groups by
one or mare alkyl, carbocyelvl, arvi, heterocvelyl, or beteroaryl groups is contermplated.

The term “amide”, as used herein, refers to a group

wherein each R’ independently represents a hvdrogen or hydrocarbyl group, or two R
arg taken together with the N atom to which they are attached complete a heterocycle
having from 4 to § atoms in the ring stracture.

The terms “anune” and “amino” are ar-recognized and refer to both unsubstituted

and substituted amines and salts thereof, e ., a moiety that can be represented by

.
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wherein cach R independently represents a hydrogen or a hydrocarbyl group, or
two RO are taken together with the N atom to which they are attached complete a
heterocyele having from 4 to 8 atoms in the ring structure. The term “aminoalky!l”, as used
herein, refers to an alkyl group substituted with an amino group.

The term “aralkvl”, as used herein, refers to an alkyl group substituted with an ary
group.

The term “aryl” as used herein include substituted or unsubstituted single-ring
aromatic groups m which cach atom of the ring is carbon. Preferably, the ring isa 5-1t0 7-

159

membered ring, more preferably a 6-membered ring. The term “arvl” also mcludes
polyeyelic ring systems having two or more cyvelic rings in which two or more carbons are
common o two adjoining rings whergin at least one of the rings is aromatic, ¢.g., the other
cvelic rings can be cycloalkvls, cycloalkenvls, evcloalkynyls, arvis, heteroaryls, and/or
heterocyelvls. Arvl groups mclude benzene, naphthalene, phenanthrene, phenol, aniline,

and the like.

The term “carbamate” is art-recognized and refers to a group

O o
ﬁs\o/ﬂ\ R o fS\N/ﬂ\Q,RBZ

RC 3 RSS

4

[€2

wherein R and R independently represent hydrogen or a hydrocarbyl group, such as an
alkyl group, or R*? and R taken together with the intervening atom(s) complete a
heterocycle having from 4 to § atoms in the ring structure.

The terms “carbocvele”, and “carbocycelic”, as used herein, refers to a saturated or
unsaturated ring in which each atom of the ning is carbon. The term carbocvele includes
both aromatic carbocycles and non-aromatic carbocyeles. Non-aromatic carbocyeles
include both cycloalkane rings, 10 which all carbon atoms are saturated, and cycloalkene
rings, which contain at least one double bond.

The term “carbocycele”™ mceludes 5-7 membered monocyelic and 8-12 membered
bicyclic nings. Each ring of a bicyclic carbocycle may be selected from saturated,
paosaturated and aromatic rings. Carbocycle includes bicyclic molecules in which one, two

ot three or more atoms are shared between the two rings. The term “fused carbocyele”

-3
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refers 1o a bicyelic carbocycle in which each of the rings shares two adjacent atoms with the
other ning. Each ning of a fused carbocyele may be selected from saturated, unsaturated and
aromatic rings. In an exemplary embodiment, an aromatic ring, ¢.g., phenyl, may be fused
to a saturated or unsaturated ring, ¢.g., cyclohexane, cyelopentane, or eyclohexene. Auny
combination of saturated, unsaturated and aromatic bicyclic nings, as valence permits, is
mcluded in the definition of carbocyehic. Exemplary “carbocyeles™ mnclude cvelopentane,
cyelohexane, bicyelo|2 .2 Ttheptane, 1 5-cyclooctadiene, 1,23 4-tetrahydronaphthalene,
bicyclof4.2.0joct-3-ene, naphthalene and adamantane. Exeraplary fused carbocycles
include decalin, naphthalene, 1,23 4-tetrahydronaphthalene, bicyclo]4.2 Gjoctane, 4,5.6,7-
tetrahydro-1H-indene and bicvclol4.1 Othept-3-ene. “Carbocycles” may be substituted at
any one or more positions capable of bearing a hydrogen atom.

A “cycloalkyl” group is a cvclic hvdrocarbon which is completely saturated.
“Cvcloalkyl™ includes monocyelic and bicvelic rings. Typically, a monocychic cycloalkyl
group has from 3 to about 10 carbon atoms, more typically 3 to & carbon atoms unless
otherwise defined. The second ring of a bicyelic eyeloalkyl may be selected from saturated,
vosaturated and aromatic rings. Cyeloalky! includes bicyclic molecules in which one, two
ot three or more atoms are shared between the two rings. The term “fused cycloalkyl” refers
to a bicvelic cveloalkyl in which each of the rings shares two adjacent atoms with the other
ring. The second ring of a fused bicyclic cycloalkyl may be selected from saturated,
unsaturated and aromatic rings. A “cycloalkenyl” group is a cychic hydrocarbon containing
one or more double bonds.

The term “carbocyelylalkyi™, as used herein, refers to an alkyl group substitited
with a carbocvele group.

The term “carbonate” is art-recognized and refers to a group ~OC0:-R™, wherein
R represents a hvdrocarbyvl group.

The term “carboxy”, as used herein, refers to a group represented by the
formula -COH.

The term “ester”, as used herein, refers to a group -C{OYORY wherein R
represents a hydrocarbyl group.

The term “ether”, as used herein, refers to a hydrocarbyl group linked through an
oxygen to another hvdrocarbyl group. Accordingly, an ether substitucnt of a hydrocarbyl
group may be hvdrocarbyl-0O-. Ethers may be etther symametrical or unsymmetrical.

Examples of ethers include, but are not limited to, heterocvcle-O-heterocyele and aryl-0-

“8 .
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heterocyele. Ethers include “alkoxvalkyl” groups, which may be represented by the general
formula alkvi-O-alkyl,

The terms “halo” and “halogen™ as used herein means halogen and includes chloro,
fluoro, bromo, and icdo.

The terms “hetaralkyl” and “heteroaralkyl”, as used herein, refers to an alkyl group
substituted with a hetaryl group.

The term "heteroalkyl”, as used herein, refers to a saturated or unsaturated chain of
carbon atoms and at least one heteroatom, wherein no two heteroatoms are adjacent.

The terms “heteroarvl” and “hetarvl” include substituted or unsubstituted aromatic
single ring structurgs, preferably 5- to 7-membered nngs, more preferably 5- to 6-
membered rings, whose ring structures include at least one hetercatom, preferably one to
four heteroatoms, more preferably one or two heteroatoms. The terms “heteroaryl” and
“hetarvl” also mclude polyevelic ring svstems having two or more cyclic rings in which two
or more carbons are common to two adjoining rings wherein at least one of the rings is
hetergaromatic, ¢.g., the other cyclic rings can be cycloalkyls, cveloalkenyls, cycloalkynyis,
arvis, heteroaryls, and/or heterocyclyls. Heteroarvl groups include, for example, pyrrole,
furan, thiophene, imidazole, oxazole, thiazole, pyrazole, pynidine, pyrazine, pyridazine, and
pyrimidine, and the hike.

The term “heteroatom” as used herein means an atom of any ¢lement other than
carbon or hydrogen. Preferred heteroatoms are nitrogen, oxvgen, and suifur.

The terms “heterocyvelyl”, “heterocyele”, and “heterocyelic” vefer to substituted or
unsubstituted non-aromatic ring structures, preferably 3- to 10-membered rings, more
preferably 3- to 7-membered rings, whose ring structures inchude at least one heteroatom,
preferably one to four heteroatoms, more preferably one or two heteroatoms. The terms
“heterocyelyl” and “heterocvelic” also mclude polyevelic ning systems having two or more
cyclic rings n which two or more carbons are common to two adjoining rings wherein at
least one of the rings 1s heterocyclie, ¢.g., the other ¢vclic rings can be cycloalkyls,
cycloalkenyls, cycloalkynyls, arvls, heteroarvis, and/or heterocyelvls. Heterocvelyl groups
melude, for example, piperidine, piperazine, pyrrolidine, morpholine, lactones, lactams, and
the ke

The term “heterscyelyvlalkyl™, as used herein, refers to an alkyl group substituted

with a heterocyele group.

-G
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The term “hvdrocarbyl”, as used herein, refers to a group that is bonded through a
carbon atom that does not have a =0 or =8 substituent, and typically has at least one
carbon-hydrogen bond and a primarily carbon backbone, bot may optionally include
heteroatoms. Thus, groups like methyl, ethoxvethyl, Z-pyviidvl, and trifluoromethyl are
considered to be hyvdrocarbvl for the purposes of this application, but substituents such as
acetyl {which has a =0 substituent on the linking carbon) and ethoxy (which s inked
through oxvgen, not carbon) are not. Hydrocarbyl groups inchude, but are not limited to
arvl, heteroaryl, carbocycele, heterocyelyl, alkyl, alkenyl, alkynyl, and combinationg thereof.

The term “hvdroxyalkyl”, as used herein, refers to an alkvl group substituted with a
hydroxy group.

The term “lower” when used in conjunction with a chemical moiety, such as, acyl,
acvloxy, alkvl, alkenyl, alkvnyl, or alkoxy 18 meant to include groups where there are ten or
fewer non-hydrogen atoms in the substituent, preferably six or fewer. A “lower alkyl”, for
example, refers to an alky] group that contains ten or fewer carbon atoms, preferably six or
fewer. In certain embodiments, acyl, acyloxy, alkyl, alkenyl, alkynvl, or alkoxy
substituents defined hercin are respectively lower acvl, lower acvioxy, lower alkyl, lower
alkenyl, lower alkynyl, or lower alkoxy, whether they appear alone or in combination with
other substituents, such as in the recitations hydroxyvalkyl and aralky! {(in which ecase, for
example, the atoms within the aryl group are not counted when counting the carboun atoms
1 the alkvl substituent).

3 &C

The terms “polyeyelyl olyevele”, and “polyeyelic” refer to two or more rings
R . < 2 o Loty

{¢.g., cveloalkyls, cveloatkenyls, eyvcloalkynyls, arvls, heteroaryls, and/or heterocyclylsy
which two or more atoms are common to two adjoining nings, ¢.g., the rings are “fused
rings”. Fach of the nings of the polyeyele can be substituted or unsubstituted. In certain
embodiments, each ring of the polveycele contains from 3 to 10 atoms n the ring, preferably
from5t07.

The term “silyl” refers to a silicon moiety with three hydrocarbyl moicties attached
thereto.

The term “substituted” reters to moieties having substituents replacing a hvdrogen
on one or more carbons of the backbone. It will be understood that “sabstitution” or
“substituted with” includes the tmplicit proviso that such substitution is in accordance with
permitted valence of the substituied atom and the substituent, and that the substitution

results in a stable compound, e.g., which does not spontancously undergo transformation
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such as by rearrangement, cyclization, clinination, etc. As used herein, the term
“substituted” 18 contemplated to include all permissible substituents of organic compounds.
In a broad aspect, the permissible substituents mehude acyclic and cvelic, branched and
unbranched, carbocyclic and heterocyclic, aromatic and non-aromatic substituents of
organic compounds. The permissible substituents can be one or more and the same or
different for appropriate organic compounds. For purposes of this invention, the
hetergatoms such as nitrogen may have hyvdrogen substituents and/or any permissible
substituents of crganic compounds described herein which satisty the valences of the
hetercatoms. Substitucnts can include any substituents described herein, for cxample, a
halogen, a hyvdroxyl, a carbonyl (such as a carboxyl, an alkoxycarbonyl, a formyl, or an
acyl), a thiocarbonyl] (such as a thioester, a thicacstate, or a thioformate), an alkoxy, a
phosphoryl, a phosphate, a phosphonate, a phosphinate, an amino, an anudo, an amidine, an
Hing, a cvano, a nitro, an azido, a sulfhydryl, an alkylthio, a sulfate, a sulfonate, a
sulfamoyl, a selfonamido, a sulfonyl, a heterocyelvl, an aralkyl, or an aromatic or
heteroaromatic moiety. It will be understood by those skilled in the art that substitaents can
themselves be substituted, if appropriate. Unless specifically stated as “uvnsubstituted,”
references to chemical moieties herein are understood to include substituted vaniants. For
example, reference to an “aryl” group or motety implicitly includes both substituted and
unsubstituted variants.

The term “sulfate” is art-recognized and refers to the group ~-OSOsH, ora
pharmaceutically acceptable sait thereof.

The term “sulfonamide” is art-recognized and refers to the group represented by the

general formulac

%? 1R36 Qi? /R35
Ll o O
O Rﬁ/ “Rfi?

wherein R*® and R*" independently represent hydrogen or hydrocarbyl, such as alkyl, or R¥
and R°7 taken together with the intervening atom(s) complete a heterocvele having from 4
to § atoms in the ning structure.

The term “sulfoxide” is art-recognized and refers to the group -S{(0}-R**, wherein
RS represents a hydrocarbyl.

The term “sulfonate” is art-recognized and refers to the group SO:-H, ora

pharmaceutically acceptable salt thereof.
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The term “sulfone” is ari~-recognized and refers to the group -S{(0):-R*, wherein RY
represents a hvdrocarbyl.

The term “thicalkyl”, as used herein, refers to an alkyl group substituted with a thiol
roup.

The term “thioester”, as used herein, refers to a group -C{O)SRY or -SC{ORH
wherein R represents a hydrocarbyl,

The term “thicether”, as used herein, is equivalent to an cther, wherein the oxvgen 18
replaced with a sulfur.

The term “urea™ is art-recognized and may be represented by the general formula

O
rfg\;}j/iL.E:d,Rﬁ'z
Q41 RAt
wherein R*! and R* independently represent hydrogen or a hvdrocarbyl, such as alkyl, or
either occurrence of R* taken together with R*? and the intervening atom{s)complete a
heterocvele having from 4 to 8 atoms in the ring structure.

The term “protecting group” refers to a group of atoms that, when attached to a
reactive functional group in a molecule, mask, redace or prevent the reactivity of the
functional group. Typicallv, a protecting group may be selectively removed as desired
during the course of a synthesis. Examples of protecting groups can be found in Greene and
Wats, Protective Groups in Organic Chemistry, 3° Ed., 1999, John Wiley & Sons, NY and
Harnison et al., Compendium of Synthetic Organic Methods, Vols. 1-8, 1971-1996, John
Wiley & Sons, NY. Representative nitrogen protecting groups include, but are not limited
to, formyl, acetvl, trifluoroacetyl, benzyl, benzyloxyearbonyl (“CBZ™), tert-butoxycarbonyl
{“Boc™), tnmethylsilvl (TMS™), 2-trimethylsilyl-ethanesulfonyl (“TES”), trityl and
substituted trityl groups, allvloxycarbonyl, 9-fluorenylmethyloxycarbonyl (“FMOC™),
nitro-veratryloxyearbonyl (“NVOC™) and the like. Representative bvdroxyl protecting
groups include, but are not himited to, those where the hvdroxyl group is either acvlated
(esterified} or alkylated such as benzyl and trityl ethers, as well as alkyl ethers,
tetrahyvdropyranvi ethers, trialkvisilvl ethers {e.g., TMS or TIPS groups), glycol ethers, such
as ethylene glveol and propylene glycol derivatives and allvl ethers.

In certain embodiments, compounds of the mvention may be racemic. In certan
embodiments, compounds of the invention may be enniched in one enantiomer. For

example, a compound of the invention may have greater than about 30% ce, about 40% ce,
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about 50% ce, about 60% ce, about 70% ce, about 80% ce, about 90% ce, or even about
95% or greater ee. In certain embodiments, compounds of the invention may have more
than one stercocenter. In certain such embodiments, compounds of the invention may be
enriched 1n one or more diastercomer. For example, a compound of the invention may have
greater than about 30% de, about 40% de, about 50% de, about 60% de, about 70% de,
about 80% de, about 90% de, or even about 95% or greater de.

In certain embodiments, the therapeutic preparation may be enriched to provide
predominantly one enantiomer of a compound (e.g., of Formula (1)), An cnantiomernically
enriched mixture may comprise, for example, at feast about 60 mol percent of one
gnantiomer, or more preferably at least about 75, about 90, about 95, or even about 99 mol
percent. In certain embodiments, the compound enriched in one enantiomer 1s substantially
free of the other enantiomer, wherein substantially free means that the substance in question
makes up loss than about 10%, or less than about 5%, or less than about 4%, or less than
about 3%, or less than about 2%, or less than about 1% as compared to the amount of the
other enantiomer, €.g., in the composition or compound mixture. For example, ifa
corposition or compound mixture contains about 98 grams of a first enantiomer and about
2 grams of a second enantiomer, 1t would be said to contain about 98 mol percent of the
first enantiomer and only about 2% of the second enantiomer.

In certain embodiments, the therapeutic preparation may be enriched to provide
predominantly one diastercomer of a compound {(e.g., of Formula (1}). A diastcrecomerically
enriched mixture may comprise, for example, at least about 60 mol percent of one
diastereomer, or more preferably at least about 73, about 90, about 95, or even about 99 mol
pereent.

The term "subject” to which administration 1s contemplated mcludes, but 15 not
timited to, humans {(1.¢., a male or female of any age group, ¢.g., a pediatric subject {e.g.,
infant, child, adolescent) or adult subject (e.g., voung adult, middle-aged adult or senior
adult)} and/or other primates (e.g.. cyaomolgus monkeys, rhesus monkevys), mammals,
mcluding commercially relevant mammals such as cattle, pigs. horses, sheep, goats, cats,
and/or dogs; and/or birds, including commercially relevant birds such as chickens, ducks,
geese, quail, and/or turkeys. Preferred subjects are humans,

As used herein, a therapeutic that “prevents™ a disorder or condition refers to a
compound that, in a statistical sample, reduces the occurrence of the disorder or condition

in the treated sample relative to an untreated control sample, or delays the onset or reduces

5
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the severity of one or more symptoms of the disorder or condition relative to the untreated
controi sample.

The term “treating” includes prophylactic and/or therapeutic treatments. The term
“prophviactic or therapeutic™ treatment is art-recognized and includes administration to the
subject of onc or more of the disclosed composttions. If it is administered prior to clinical
manifestation of the unwanted condition (¢.g., disease or other unwanted state of the
subject) then the treatment 1s prophylactic (.o it protects the subject against developing the
powanted condition}, whereas if it is administered afier manifestation of the unwanted
condition, the treatment is therapeutic, {i.¢., it 15 intended to diminish, ameliorate, or
stabilize the existing unwanted condition or side effects thereof).

The term “prodrag™ is micnded to encompass compoonds which, under physiologic
conditions, are converted into the therapeutically active ageuts of the present vention
{c.g., a compound of Formula (I}). A common method for making a prodrug is to include
one or more selected moieties which are hydrolyzed under physiclogic conditions to reveal
the desired molecule. In other embodiments, the prodrug is converted by an enzyvmatic
activity of the subject. For example, esters or carbonates {¢.g., esters or carbonates of
alcohols or carboxylic acids) are preferred prodrugs of the present mvention. In certain
embodiments, some or all of the compounds of Formula (1) 1n a formulation represented
above can be replaced with the corresponding suitable prodrug, e.g., wherein a hydroxyl in
the parent compound is presented as an ester or a carbonate or carboxyvlic acid.

An “effective amount”, as used herein, refers to an amount that 15 sufficient to
achigve a desired biological effect. A “therapeutically effective amount™, as used herein,
refers to an amount that is sufficient to achieve a desired therapeutic effect. Forexample, a
therapeutically cffective amount can refer to an amouwnt that is sufficient to improve at least
one sign or symptom of cancer.

A “response” to a method of treatment can include a decrease in or amelioration of
negative symptoms, a decrease in the progression of a discase or symptoms thereof, an
mcrease in beneficial symptoms or clinical outcomes, a lessening of side cffects,
stabilization of disease, partial or complete remedy of disease, among others.

In some embodiments, the mvention provides a compound of formula (I):
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R4

Het

or a pharmaceutically acceptable salt and/or prodrug thereof, wheremn

Het is heterocvelyl or heteroaryl;

R!2is selected from H, halo, hydroxy, cvano, azido, amino, -G-C(O)-0-Cealkyl,
Crsacvioxy, and Crsalkoxy;

R is selected from H and halo;

R%is selected from H, halo, hydroxy, cvano, azido, amino, Creacyloxy, -0-C(O)-
0-Cisalkyl, and Crsalkoxy;

R is selected from H and halo;

R is selected from H and alkyl;

R* is selected from aryl and heteroaryl;

R’ is selected from aralkyl and heteroaralkyt:

R® is selected from -C{O0OR?, -C(OINRURM™, -S{(ORR Y and -PIOYWORINORYY,

R? is independently selected from H, alkyl, cycloatkyl, cyvcloalkylalkyl,
heteroovelyl, heterocyclvlalkyl, aryl, aralkyl, hetercaryl, and heteroaralkyl;

R is independently selected from alkyl, alkenvl, alkynyl. amino, cycloalkyl,
cvcloalkylalkvl, heterocvelyvl, heterocyelylalivl, arvi, aralkyl, heteroaryl, and heteroaratkyl;
and

RY R and R are independently selected from H, alkyl, cycloalkyl,
cycloalkvlalkvl, heterocvelvl, beterocyelvialkyl, arvl, aralkyl, heteroaryl, beteroaralkyl; and

R is selected from H, hydroxy, alkyl, cycloalkyl, cycloalkylalkyl, heterocyelyl,
hetergeyelylalkyl, arvl, aralkyl, heteroaryl, heteroaralkvl;
provided that

if R* is unsubstituted or substituted tetrazolyl, and

R is -C{OYOR’, then

R’ is not unsubstituted -CHz-pyridyl, unsubstituted -CHe-thienyl, -CHo-thienvi

substituted with a ~-C{O)YOH group, unsubstitited benzyl, or benzyi substituted with a
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trifluoromethvi, trifluoromethoxy, methoxyearbonyl, ~-C(O)YOH, benzyloxy, or phenvl
group.

In certain embodiments, R' is H or hydroxy. In certain embodiments, R is H. In
other embodiments, R* is H or hydroxy. In some embodiments, R is H. In preferred
embodiments, R' is hydroxy, R is H. R?®is hydroxv, and R* is H. In some embodiments,
R'%is Hand R is halo, preferably F.

In certain preferred embodiments, R is HL

In certain embodiments, the compound of Formula (I} has the following stracture:

pris H et

In certain such embodiments, R'? is in the a-configuration. For example, the compound of

Formula () may have the structure (A);

B Het

(1A}
In alternative embodiments, R'? is in the B-configuration. In some such embodiments, the
compound of Formula (I} may have the structure (IB):

4 =8
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in further embodiments of compounds of Formula (1), e.g.. as described above, R*
is in the o-contiguration. For example, the compound of Formula (1) may have the structure

(IC):

in alternative embodiments, R?? is in the B-configuration. In some such

embodiments, the compound of Formula (1) may have the structure (ID):

R4
RS
RG
1)
In certain preferred embodiments, the compound of Formula (I} has the structure
(IE}:
R4 RZS
RS
B Het
RS
f1i; tip =3 la

(1E)

In certain embodiments, R* is selected from arvl and heteroaryl, ¢ g., heteroaryl. In
certain preferred embodiments, R* is heteroaryl selected from thiazolyl, pyrazolyl, triazolyl,
oxazolyl and thienyl

In certain embodiments, R” is selected from aralkyl and heteroaralkyl. In certain

such embodiments, each aralkyl and hetercaralkyvl at R° is unsubstituted or substituted with
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one or mare substitucnts selected from carboxy, heteroaryl and aryl, preferably heteroaryl
ot arvl.

In certain preferred embodiments, R is aralkyl substituted on the aryl ring (6.8, a
benzyl substituted at a para-position of the phenyl ringywith a second aryl or heteroary! ring
{preferably a pheny! ring) unsubstituted or substituted with one or more substituents, e.g.,
selected from hydroxyl, cyano, alkyl, alkoxy, amido, carboxy, alkoxycarbonyi,
heterocyelyl, hetercaryl, and sulfonamido.

In certain preferred embodiments, R° is benzyl substituted on the phenyl ring {e.g.,

In some embodiments, R is -C(OYOR and R¥is Hor alkyl, e.g., H or Crealkyl.

In certain embodunents,
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Meal

in certain embodiments, Het s sclected from a 6-to 10-membered arvl, a 5- 10 8-
membered heterocvelvl, a 5- to 8~-membered monocyelic or 5- 1o 10-membered bicyclic
heteroaryl, and may be unsubstitoted or substituted with one or more substituents selected
from halo, alkoxy, and amino. In some embodiments, the Het substituents are selected

from halo and amino. In certain embodiments, Het 15 a nitrogen-coniaining heterocvelvl or
s g o o
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heteroaryl, preferably attached to the core ring via a nitrogen atom of the heterocyelvl or
heteroaryl ring.

in other embodiments, Het 1g

/ o]
whergin
Zis OR7 or NR'R®
R7 is selected from H, alkyl, aralkyl, heteroaralkyl, cvcloalkyl, and heterocyelyl; and
R®is H or alkyl.

In some embodiments, R7 is alkyl and R® is H.

Methods of Use

Provided herein are methods of inhibiting CD73 1n a cell, comprising contacting the
cell with a compound of the invention, such as a compound of formuda (), or a
phammaceutically acceptable salt thercof. In certain crobodiments, contacting the cell
occurs in a subject in need thereof, thereby treating a disease or disorder mediated by
adenosine.

Also, disclosed herein are methods of treating a disease or a disorder mediated by
adenosine comprising administering a compound the invention, such as a compound of of
Formula (1), or a pharmaceutically acceptable salt thereof. In some embodiments, disclosed
herein are methods of treating cancer comprising admimistering a compound the imvention,
such as a compound of Formula (1), or a pharmaceutically acceptable salt thergof.

Adenosine acts on a varicty of immune cells to induce immunosuppression, and the
mmunosuppressive effects of ectonucleotidases that enhance adenosine levels are also
associated with enhanced mfections of mammalian cells by parasites, fungi, bacteria, and
viruses. Apart from immunosuppressive effects, adenosine also has a role in modulating the
cardiovascular system {as a vasodilator and cardiac depressor), the central nervous systent
{CNS) (inducing sedative, anxiolytic and antiepileptic effects), the respiratory system

(inducing bronchoconstriction), the kidney (having biphasic action; inducing
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vasoconstriction at low concentrations and vasodilation at high doses), fat cells (inhibiting
tipolvsis}, and platelets {as an anti-aggregant}. Furthermore, adenosine also promotes
fibrosis (excess matrix production) in a variety of tissues. Therefore, improved treatments
targeting D73 would provide therapies for treating a wide range of conditions in addition
to cancer, including cercbral and cardiac ischemic disease, fibrosis, immune and
mflammatory disorders (¢.g., nflammatory gut motility disorder), neurological,
neurodegenerative and CNS disorders and discases (¢ .g., depression, Parkimson’s discase),
and sleep disorders.

in some cmbodiments, the discase or the disorder mediated by adenosine 1s selected
from cerebral 1schemic disease, cancer, cardiac ischemic disease, depression, fibrosis, an
immuone disorder, an inflammatory disorder (¢.g., imflammatory gut motility disorder),
neurological disorder or disease, neurodegencrative disorder or discase (¢.g., Parkinson’s
discase), CNS disorders and discases, and slecp disorders.

The methods described herein are usefuld for the treatment of a wide variety of
cancers, inchuding bladder cancer, bone cancer, bram cancer {(including glhioblastoma},
breast cancer, cardiac cancer, cervical cancer, colon cancer, colorectal cancer, esophageal
cancer, fibrosarcoma, gastric cancer, gastromtestinal cancer, head & neck cancer, Kaposi’s
sarcoma, kidney cancer (including renal cell adenocarcinomay, feukemia, liver cancer, lung
cancer (including non-smali cell lung cancer, small cell lung cancer, and mucoepidermoid
pulmonary carcinoma), lymphoma, melanoma, myeloma, ovarian cancer (jncluding ovaran
adenocarcinoma), pancreatic cancer, penile cancer, prostate cancer, testicular germeell
cancer, thyvmoma and thymic carcinoma.

In some embodiments, the subject has a cancer selected from breast cancer, brain
cancer, colon cancer, fibrosarcoma, kidney cancer, lung cancer, melanoma, ovarian cancer,
and prostate cancer. In certain embodiments, the subject has a cancer selected from breast
cancer, colon cancer, fibrosarcoma, melanoma, ovarian cancer, and prostate cancer. In
other embodiments, the subject has a cancer selected from brain cancer, breast cancer,
kidney cancer, lung cancer, melanoma, and ovarian cancer. In some embodiments, the
subject has head and neck squamous cell carcinoma, ovarian cancer, breast cancer or
esophageal cancer. In other embodiments, the subject has pancreatic cancer, esophageal
cancer, stomach cancer, head and neck cancer, colon cancer, lung cancer or kidney cancer,

In yet other embodiments, the subject has breast cancer. In some embodiments, the breast
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cancer is breast adenocarcinoma. In certain embodiments, the breast cancer 1s triple-
negative breast cancer.

In certain embodiments, the methods for treating or preventing cancer can be
demonstrated by one or more responses such as increased apoptosis, inhibition of tumor
growth, reduction of tumor metastasis, inhibition of tumor metastasis, reduction of
microvesse! density, decreased neovasculanzation, inhibition of tumor migration, tumor
regression, and increased survival of the subject.

In certain embodiments, the disease or the disorder mediated by adencsine is a
disease or disorder mediated by CD73 activity. In some embodiments, the compounds of
the invention, such as compounds of Formula (I), are useful as mhibitors of CD73.

In some embodiments, the methods described herein treat or prevent cardiovascular
discasc using inhibitors of CD73. Mutant genes encoding CD73 lead to extensive
calcification of lower-extrenuty arteries and small joint capsules, which is associated with
mncreased risk of cardiovascular disecase (Hilawre ef o/, N. Iingl. J. Med., 364(5): 432-442,
201 1)

in some embodiments, the methods disclosed herein treat or prevent cancer using
mhibitors of CD73. A CD73 small interfering RNA and anti-CD73 monoclonal antibodies
showed a significant effect in treating or preventing cancer {Antonioli ef al., Nat. Rev.
Cancer, 13 842-857 2013}, A tight correlation exists between (D73 expression and the
ability of cancer cells to migrate, invade, and adhere to the extracclular matnx (ECM)
{Antonioll 2013; Antoniolt ef ol |, Trends Cancer, {2} 95-109, 2016).

In some embodiments, the treatment or prevention of cancer by inhibitors of CD73
can be demonstrated by one or more responses s¢lected from activation, clonal expansion,
and homing of tumor-specific T cells (Antonioli 2016). In other emmbodiments, the methods
disclosed herein increase the number of effector T lvmphocytes (e.g., cviolviic effector T

Fymphocyics).

Combivation Treatments

In some embodiments, the method of freating or preventing cancer may comprise
administering a CD39 mhibitor conjointly with one or more other chemotherapeutic
agent(s). In ong embodiment, the CD73 inhibitor 15 a compound of the invention, such as a
compound of Formula (I}. Other chemotherapeutic agents can include CD73-specific

monoclonal antibodies which enhance the effects of other antibodies and therapies because
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of increascd overall immune svstem activity (Jower T-regulatory function and higher T-
etfector fimction, etc.} {Antonioh 2016}

In certain embodiments, the method of treating or preventing cancer may comprise
administering a compound of the wvention conjointly with one or more other
chemotherapeutic agent(s).

Chemotherapeutic agents that may be conjomntly administered with compounds of
the invention inclade: l-amino-4-phenviamino-9,10-dioxo-9,10-dihydroanthracene-2-
sulfonate (acid blue 253, 1-amino-4-]4-hydroxyphenyl-aming]-9,10-dioxo-9,10-
dihydroanthracenc-2-sulfonate, 1-amino-4-{4-aminophenviamine}-9,10-dioxo-9,10-
dihydroanthracene-2-sulfonate, -amino-4-{I-naphthvlamine]-9,10-dioxo-9,10-
dihydroanthracene-2-sulfonate, 1-amino-4-{4-fluoro-2-carboxyphenylamino}-9,10-dioxo-
9,10~-dihydroanthracene-2-sulfonate, 1-amino~4-{2-anthracenyliamino(-9,10-dioxo-9,10-
dibvdroanthracene-2-sulfonate, ABT-263, afatinib dimaleate, axitinib, aminoglutethimide,
amsacring, anastrozole, APCP, asparaginase, AZD35363, Bacillug Calmette-Guénn vaccine
{bcg), bicalutanude, bleomycin, bortezomib, B-methylene-ADP (AQPCP), buscrelin,
busulfan, cabazitaxel, cabozantinib, campothecin, capecitabine, carboplatin, carfilzonub,
carmustine, centinib, chlorambuci, chloroguine, cisplatin, cladribine, clodronate,
cobimetinib, colchicing, cnizotimb, cyclophosphamide, cyproterone, cvtarabing,
dacarbazine, dactinomycin, dauncrubicin, demethoxyvindin, dexamethasone,
dichloroacetate, dienestrol, dicthyistilbestrol, docetaxel, doxorubicin, epirubicin, eribulin,
erlotinib, estradiol, estramustine, etoposide, everolimus, exemestane, filgrastim,
fludarabine, fludrocortisone, fluorouracil, fluoxymesterone, flutamide, gefitinib,
gemcitabing, genisten, goserelin, GSK1120212, hyvdroxyurea, idarubicin, ifosfamide,
imatinib, interforon, irinotecan, ixabepilone, lenalidomide, letrozole, leucovorin, leuprolide,
levamisole, lomustine, lonidamine, mechlorethamine, medroxyvprogesterone, megesirol,
melphalan, mercaptopuring, mesna, metformin, methotrexate, miltefosine, mitomycin,
mitotane, mitoxantrone, MK-2206, mutamycin, N-(4-sulfamoviphenylcarbamothioyl)
pivalamide, NF279, N¥F449, nilutamide, nocodazole, octreotide, olapanb, oxaliplatin,
pachitaxel, pamidronate, pazopanib, pemexetred, pentostatin, perifosine, PF-04691502,
phicamvein, pomalidomide, porfimer, PPADS, procarbazine, guercetin, raltitrexed,
ramuciramab, reactive blue 2, ritaximab, rolofylline, romidepsin, nicaparib, sehumetinib,
sirolimus, sodium 2,4-dinitrobenzenesuifonate, soratenib, streptozocin, sunitimb, suramin,

talazopanb, tamoxifen, temozolomide, temsirolimus, teniposide, testosterone, thalidomide,
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thioguanine, thiotepa, titanocene dichloride, tonapofyiline, topotecan, trametinib,
trastuzumab, tretinoin, vehipartb, vinblastine, vincnistine, vindesine, vinorelbine, and
vormgstat (SAHA). In other embodiments, chemotherapeutic agents that may be comjointly
administered with compounds of the invention include: ABT-263, dexamethasone, 5-
fluorouracil, PF-04691502, romidepsin, and vorinostat (SAHA)}. In other embodiments,
chemotherapeutic agents that may be conjointly administered with compounds of the
mvention mclude: T-amino-4-phenylamine-9,10-dioxo-9, 10-dihyvdroanthracene-2-sulfonate
{acid blue 23), T-amino-4-{4-hydroxyphenyi-amino{-9.10-dioxo-9, 1 0-dihydroanthracene-2-
sulfonate, 1~amino-4-j4-aminophenylaminei-9,10-dioxo-9,10-dihydroanthracenc-2-
sulfonate, -aming-4-f L-naphthylamine|-9,10-diox0-9,10-dithydroanthracene-2-sulfonate, 1-
amino-4-{4-flucro-2-carboxyphenyiamine}-9,10-dioxo-9,10-dihydroanthracene-2-sulfonate,
1~amino-4-{2-anthracenylamino|-9,10~-dioxo-9, 10~-dihvdroanthracene-2-sulfonate, APCP, B-
methylene-ADP (AGPCP), capecitabine, cladribine, cyvtarabine, fludarabine, doxorubicin,
gemcitabine, N-{4-sulfamoviphenvlicarbamothioyl} pivalamide, NF279, NF449, PPADS,
quercetin, reactive blue 2, rolofylline sodium 2 4-dinttrobenzenesulfonate, sumarin, and
tonapofviline.

Many combination therapies have been developed for the treatment of cancer. In
certain embodiments, compounds of the invention {e.g., compounds of Formula (I} may be
conjointly administered with a combination therapy. Examples of combination therapies
with which compounds of the invention may be conjointly administered are included in

Table 1.

Table 1. Exemplary combinatorial therapies for the treatment of cancer

Name Therapeutic agents

ABY Doxorubicin, Bleomycin, Vinblastine

ABVD Doxorubicin, Bleomycin, Vinblastine, Dacarbazine
AC (Breast) Doxorubicin, Cyclophosphamide

AC (Sarcoma) Doxorabicin, Cisplatin

AC (Neuroblastoma) Cyclophosphamide, Dioxorubicin

ACE Cyclophosphamude, Doxorubicin, Etoposide

ACe Cyelophosphamide, Doxorubicin

AD Doxorubicin, Dacarbazine

5
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Name Therapeutic agents

AP Doxorubicin, Cisplatin

ARAC-DNR Cytarabine, Daunorubicio

B-CAVe Bleomycin, Lomustine, Doxorubicin, Vinblastine

BCVYPP Camustine, Cvelophosphamide. Vinblastine,
Procarbazine, Prednisone

BEALOPP Bleomycin, Etoposide, Doxorubicin, Cyclophosphamide,
Vincristine, Procarbazine, Prednisone, Filgrastim

BEP Bleomyein, Etoposide, Cisplatin

BIP Bleomyein, Cisplatin, Ifosfamide, Mesna

BOMP Bleomyein, Vincuistine, Cisplatin, Mitomycin

CA Cvtarabine, Asparaginase

CABO Cisplatin, Methotrexate, Bleomycein, Vincrstine

CAF Cyelophosphamide, Doxorubicin, Fluorouraci!

CAL-G Cyclophosphamide, Daunorabicin, Vincristine,
Prednisone, Asparaginase

CAMP Cyelophosphamide, Doxorubicin, Methotrexate,
Procarbazine

CAP Cyelophosphamide, Doxorubicin, Cisplatin

CAVY Cyelophosphamide, Doxorubicin, Vineristine

CAVE ADD CAV and Etoposide

CA-VPI6 Cyclophosphamide, Doxorubicin, Htoposide

CC Cyclophosphamide, Carboplatin

CDDP/VP-16

Cisplatin, Etoposide

CEF

Cyclophosphanude, Epirabicin, Fluorouracil

CEPP(B) Cyelophosphamide, Etoposide, Prednisone, with or
without/ Bleomycin

CEV Cyclophosphamide, Etoposide, Vincristine

CF Cisplatin, Fluorouraci! or Carboplatin Fluorouracd

CHAP Cyeclophosphamide or Cyclophosphamide, Altretamine,
Doxorubicin, Cisplatin

ChiVPP Chlorambucil, Vinblastine, Procarbazine, Prednisone
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Name Therapeutic agents

CHOP Cyclophosphamide, Doxorubicin, Vineristine, Prednisone

CHOP-BLEO Add Bleomvein to CHOP

CISCA Cyclophosphamide, Doxorubicin, Cisplatin

CLD-BOMP Bleomyein, Cisplatin, Vineristing, Mitomycin

CMF Methotrexate, Fluorouracil, Cyclophosphamide

CMEP Cyvclophosphamide, Methotrexate, Fluorouracil,
Prednisone

CMEVP Cyvclophosphamide, Methotrexate, Fluorouracil,
Vineristine, Predmisone

CMV Cisplatin, Methotrexate, Vinblastine

CNF Cyclophosphanude, Mitoxantrone, Fluorourac

CNOP Cyvelophosphamide, Mitoxantrone, Vincristine, Prednisone

OB Cisplatin, Vincristine, Bleomycin

CODE Cisplatin, Vincrstine, Boxorubicin, Etoposide

COMLA Cyclophosphamide, Vinenstine, Methotrexate,
Leucovorin, Cvtarabine

COMP Cyclophosphamide, Vinenstine, Methotrexate, Prednisone

Cooper Regimen

Cyclophosphamide, Methotrexate, Fluorouracil,

Vincristine, Prednisone

Cop Cyclophosphamide, Vincristine, Prednisone

COPE Cyclophosphamide, Vincristine, Cisplatin, Etoposide
COFPP Cyclophosphamide, Vincristine, Procarbazine, Prednisone
CP{Chronic Chlorambuct], Prednisone

tviphocytic levkemia}

CP {(Ovanan Cancer)

Cyclophosphamude, Cisplatin

CVD

Cisplatin, Vinblastine, Dacarbazine

CVI Carboplatin, Etoposide, Hosfamide, Mesna
VP Cyvelophosphamide, Vineristing, Prednisome
CvPP Lomustine, Procarbazine, Prednisone
CYVADIC Cyelophosphamide, Vineristing, Doxorubicin,

Dacarbazine

b2
~k




CA 03143496 2021-12-14

WO 2020/257429 PCT/US2020/038395
Name Therapeutic agents
DA Daunorubicin, Cyvtarabine
DAT Daunorubicin, Cvtarabine, Thioguanine
DAY Daunorubicin, Cyvtarabine, Etoposide
DCY Daunorubicin, Cytarabine, Thioguanine
DHAP Cisplatin, Cytarabine, Dexamethasone
D Doxorubicin, Hosfamide
DTIC/Tamoxifen Dacarbazine, Tamoxifen
pvp Daunorubicin, Vincristine, Prednisone
EAP Etoposide, Doxorubicin, Cisplatin
EC Etoposide, Carboplatin
EFP Etoposie, Fluorouracil, Cisplatin
ELF Etoposide, Leucovorin, Fluorouracil
EMA 86 Mitoxantrone, Etoposide, Cytarabine
EP Etoposide, Cisplatin
EVA Etoposide, Vinblastine
FAC Fluorouractl, Doxorabicin, Cyclophosphamide
FAM Fluorouracil, Doxorubicin, Mitomycin
FAMTX Mcethotrexate, Leucovorin, Doxorubicin
FAP Fluorouracil, Doxorubicin, Cisplatin
F-CL Fluorouracil, Leucovorin
FEC Fluorouracil, Cyclophosphamide, Eptrubicin
FED Fluorouracil, Etoposide, Cisplatin
FL Flotamide, Leuprolide
FZ Flutamuide, Goserelin acetate implant
HDMTX Methotrexate, Leucovornin
Hexa-CAF Altretanmine, Cyclophosphanude, Methotroxate,
Fluorouracil
IDMTX/6-MP Methotrexate, Mercaptopurine, Leucovorin
IE Hosfammide, Etoposie, Mesna
HoVP Hosfarmide, Etoposide, Mesna
IPA Ifosfanude, Cisplatin, Doxorubicin
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Name Therapeutic agents
M-2 Vincristing, Carmusting, Cvelophosphamide, Prednisone,

Melphalan

MAC-HI

Methotrexate, Leucovorin, Dactinomycin,

Cyclophosphamide

MACC

Methotrexate, Doxorubicin, Cyclophosphamide,

Lomustine

MACOP-B

Methotrexate, Leucovorin, Doxorabicin,

Cyclophosphamide, Vincristine, Bleomycin, Prednisone

MAID Mesna, Doxorubicin, Ifosfamide, Dacarbazine

m-BACOD Bleomycen, Doxorubicin, Cyclophosphamide, Vincristine,
Dexamethasone, Methotrexate, Leucovorin

MBC Methotrexate, Bleomycin, Cisplatin

MC Mitoxantrone, Cytarabine

MF Methotrexate, Fluorouracil, Leucovorin

MICE Hosfamide, Carboplatin, Etoposide, Mesna

MINE Mesna, Hosfamide, Mitoxantrone, Etoposide

mini~-BEAM Carmustine, Etoposide, Cyvtarabine, Melphalan

MOBP Bleomycin, Vincristine, Cisplatin, Mitomycin

MOP Mechlorethanmune, Vinernistine, Procarbazine

MOPP Mechlorcthanine, Vincristine, Procarbazine, Prednisone

MOPP/ABY Mechlorethamine, Vincristing, Procarbazing, Prednisone,
Dioxorubicin, Bleomvein, Vinblastine

MP (muluple Melphalan, Prednisone

myecloma)

MP {prostate cancer)

Mitoxantrone, Prednisone

MTX/6-MO

Methotrexate, Mercaptopurine

MTX/6-MP/VP

Methotrexate, Mercaptopurine, Vincristine, Prednisone

MTX-CDDPAdr

Methotrexate, Leucovonn, Cisplatin, Doxorubicin

MYV (breast cancer)

Mitomycin, Vinblastine

MYV {(acute mvelocytic

leukemia)

Mitoxanirone, Etoposide
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Name Therapeutic agents
M-YAC Methotrexaie Vinblasting, Doxorubicin, Cisplatin
MVP Mitomycin Vinblastine, Cisplatin
MVPP Mechlorethamine, Vinblastine, Procarbazine, Prednisone
NFL Mitoxantrone, Fluorouracil, Leucovorin
NOVP Mitoxantrone, Vinblastine, Vinenstine
OPA Vineristine, Prednisone, Doxorubicin
OPPA Add Procarbazine to OPA.
PAC Cisplatin, Doxorubicin
PAC-E Cisplatin, Doxorubicin, Cyclophosphamide
PA-CH Cisplatin, Doxorubicin
PCY Lomustine, Procarbazing, Vincristine
PFL Cisplatin, Fluorouracil, Leucovorin
POC Prednisone. Vincristine, Lomustine
ProMACE Predmisone, Methotrexate, Leucovorin, Doxorubicin,

Cyelophosphamide, Etoposide

ProMACE/cvtaBOM

Prednisone, Doxorubicin, Cyclophosphanide, Etoposide,
Cytarabime, Bleomycin, Vineristine, Mcethotrexate,

Leucovorin, Cotrimoxazole

PRoMACE/MOPP Prednisone, Doxorubicin, Cyclophosphamide, Etoposide,
Mechlorethamine, Vincristine, Procarbazine, Methotrexate,
Leucovorin

Pt/VM Cisplatin, Teniposide

PYA Prednisone, Vincristing, Asparaginase

PVB Cisplatin, Vinblasting, Bleomycin

PVDA Prednisone, Vincristine, Daumorubicim, Asparaginase

SMF Streptozocin, Mitomyein, Fluorouracil

TAD Mechlorethanune, Doxorubicin, Vinblastine, Vincristine,
Bleomyvein, Etoposide, Prednisone

T Methotrexate, Cvtarabine, Hydrocortisone

Topo/CTX Cyclophosphamide, Topotecan, Mesna
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Name Therapeutic agents

VAB-6 Cyclophosphamide, Dactinomyvein, Vinblastine, Cisplatin,
Bleomycin

/AC Vineristine, Bactinomycein, Cyclophosphamide

VACAdr Vineristing, Cyelophosphamide, Boxorubicin,

Dactinomycin, Vincristine
/AD Vineristing, Doxorubicm, Dexamethasone

VATH Vinblastine, Doxorubicin, Thiotepa, Flouxymesterone

YVBAP Vincristine, Carmusting, Doxorubicin, Prednisone

VBCMEP Vingeristine, Carmustine, Melphalan, Cyclophosphamide,
Prednisone

A% & Vinorelbine, Cisplatin

VCAP Vineristine, Cyvclophosphamide, Doxorubicin, Prednisone

v YVinorelbine, Doxorubicin

VelP VYinblastine, Cisplatin, fosfanmide, Mesna

viP Etoposide, Cisplatin, Hosfamide, Mesna

VM Mitomyvein, Vinblastine

VMCP Vineristing, Melphalan, Cyclophosphamide, Prednisone

VP Etoposide, Cisplatin

V-TAD Etoposide, Thiognanime, Daunorubicin, Cvtarabime

S5+ 2 Cytarabine, Daunorubicin, Mitoxantrone

743 Cytarabine with/, Davnorubicin or Idarabicin or
Mitoxantrone

Cm 1" Methylprednisolone, Vincristine, Lomustine,
Procarbazine, Hydroxvurea, Cisplatin, Cytarabine,
Dacarbazine

In some embodiments, the chemotherapeutic agents that may be conjointly
admumstered with compounds of the invention, such as a compound of Formula (1), include
a CD39 mhibitor. CD39 or ecto-mucleoside triphosphate diphosphohydrolase 1 (E-
NTPDasel or ENTPD 1) is a membrane-bound enzyme that catalvzes the conversion of

cxtracchiular adenosine triphosphate (ATP) and/or ADP {(adenosine diphosphate) to
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adenosine monophosphate (AMP). In one embodiment, the CD3% inhibitor is
polvoxometalate-1 (POM-1).

In other embodiments, the chemotherapeutic agents that may be conjointly
administered with compounds of the invention, such as a compound of Formula (1), include
known CD73 mhibitors. In some embodiments, the CD73 inhibitor is an anthraguinone
derivative (Baqi er al., J. Med. Chem., 53(5). 2076-2086, 2010, herein incorporated by
reference). In other embodiments, the D73 mlubitor i3 an sulfonic acid derivative (Raza
et al. Med. Chem., 8 1133-1139, 2012, hereinn incorporated by reference). In yet other
cmbodiments, the CD73 inhibitor is selected from 1-amino-4-phenviamine-9,10-dioxo-
9,10-dihydroanthracene-2-sulfonate (acid blue 25}, T-amino-4-[4-hydroxyphenyl-amino]-
9, 10-dioxo-9,10-dihydroanthracene-2-sulfonate, 1-amino-4-{4-aminophenylaminoe}-9,10-
dioxo-9,10-dihvdroanthracene-2-sulfonate, 1-aming-4-f -naphthyviamino}-9,10-dioxo-9,10~
dibydroanthracene-2-sulfonate, 1-amino-4-{4-fluoro-2-carboxyphenylamino}-9, 10-dioxo-
9,10-dihydroanthracene-2-sulfonate, 1-amino-4-{2-anthracenylamino]-9,10-dioxo-9,10-
dihydroanthracene-2-sulfonate, sodnum 2 4-dinitrobenzenesulfonate, N-(4-
sulfamoviphenvicarbamothioyl) pivalanude, APCP, f-methvlene-ADP (AOPCP), PPADS,
NE279, NF449, quercetin, reactive blue 2, and sumarin (Bag 2010; Raza 2012).

In certain embodiments, the combination of a compound of the invention, such as a
compound of Formula (1), with a second CD73 inhibitor or a D39 mhibitor may have a
synergistic effect in the treatment of cancer and other diseases or disorders mediated by
adenosine. Without wishing {o be bound by any theory, this svnergy may be observed
beeause CD39 and CD73 arc often on different cell types. The hypoxic tumor
microenvironment also induces greater levels of CD39 and CD73.

n some cmbodiments, the chemotherapeutic agents that may be conjontly
administered with compounds of the mvention, such as a compound of Formula (), include
an adenosine receptor whibitor. In other embodiments, the adenosine receptor inhibitor is
selected from rolofyviline, tonapofviline, ATL-444, istradefvlime, MSX-3, preladenant,
SCH-58,261, SCH-412.348, SCH~442,416, ST-1535, VER-~6623, VER-6947, VER-7835,
vipadenant, and ZM-241,385. In some embodiments, the adenosine receptor infubitor
targets the Aoa receptor as this subtype is predominantly expressed in most immune cells.

In other embodiments, the chemotherapeutic agents that may be conjointly

administered with compounds of the mvention, such as a compound of Formula (), include
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a nucleoside-based drug. In certain embodiments, the nucleoside-based drug is sclected
from gemcitabine, capecitabing, cytarabine, fludarabine and cladnbine.

In further embodiments, the combination therapy comprises a compound of the
nvention, such as a compound of Formula (1), conjointly administered with an
anthracycline. In other embodiments, the combination therapy comprises a compound of
the mvention, such as a compound of Formula (I}, conjointly admimistered with
doxorubicin, Combination treatment with an anti-CD73 antibody and doxorubicin has
demonstrated a significant chemotherapeutic effect (Young er af., Cancer Discov., 4{8}. 1-
10, 2014, herein incorporated by reforence).

In certain embodiments, the combination therapy comprises a compound of the
nvention, such as a compound of Formaula (1), conjointly administered with an Aza receptor
mhibitor and an anthracycline. In some embodiments, the anthracveline is doxorubicin,

=y
I
i

Combination treatment with an anti-CD73 antibody, an Aza recepior inhibitor, and
doxorubicin has demonstrated an increased chemotherapeutic effect (Antonich 2013).

In certain embodiments, the conjoint therapies of the invention comprise conjoint
administration with other types of chemotherapeutic agents, such as immunoc-oncology
agents. Cancer cells ofien have specific cell surface antigens that can be recognized by the
immuone system. Thus, immuno-oncology agents, such as monoclonal antibodies, can
selectively bind to cancer cell antigens and effect cell death. Other immuno-oncology
agents can suppress tumor-mediated inhibition of the native tmprune response or otherwise
activate the immune response and thus facilitate recognition of the turnor by the immune
system. Exemplary antibody immuno-oncology agents, inchude, but are not imited to,
abagovomab, adecatumumab, afutizomab, alemtuzumab, anatumomab mafenatox,
apolizumab, blinatumomab, BMS-936359, catumaxomab, durvalumab, epacadostat,
epratuzumab, indoximod, motuzumab ozogamicin, intelumumab, ipilimumab, 1satuximab,
fambrolizumab, MED 14736, MPDL3280A, nivolumab, obinutuzumab, ocaratuzumab,
ofatumumab, olatatumab, pembrolizumab, pidilizamab, ntuximab, ticthmumab,
samalizumab, and tremelimumab. In some cmbodiments, the antibody immune-oncology
agents are selected from anti-CD73 monoclonal antibody (mAD), anti-CD39 mAb, anti-PD-
1 mAb, and anti-CTLA4 mAb. Thus, in some embodiments, the methods of the invention
comprise conjoint administration of one or more immunc-oncology agents, such ag the

agents mentioned above.
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in some embodiments, the combmation therapy comprises a compound of the
mvention, such as a compound of Formula (I}, conjointly administered with anti-PD-1
therapy and anti-CTLA4 therapy. Combination treatment with an anti-CD73 monoclonal
antibody {mAb), anti-PD-1 mAb, and anti-CTLA4 mAb showed a significant
chemotherapeutic effect (Young 2014; Antonioli 2013).

In some embodiments, the combination therapy comprises conjoint administration
of a compound of the invention, sach as a compound of Formula (F), with anti-PD-1
therapy. In certain embodiments, the combination therapy comprises conjoint
administration of a compound of the invention, such as a compound of Formula (I}, with
oxaliplatin. In other embodiments, the combination therapy comprises conjoint
administration of a compound of the tnvention, such as a compound of Formula (1}, with
doxorubicin.

In certain embodiments, a compound of the invention may be conjointly
admimsicred with non-chenuical methods of cancer treatment. In certain embodiments, a
compound of the invention may be conjointly administered with radiation therapy. In
certain crobodiments, a compound of the invention may be conjointly admimistered with
surgery, with thermoablation, with tocused ultrasound therapy, with crvotherapy, or with
any combination of these.

In certain embodiments, compounds of the invention may be conjoinily
adounistered with onc or more other compounds of the invention. Moreover, such
combinations may be conjointly administered with other therapeutic agents, such as other
agents suitable for the treatment of cancer, immunological or neurclogical diseases, such as
the agents identified above. In certain embodiments, conjointly administering one or more
additional chemotherapeutic agents with a compound of the invention provides a
synergistic effect. In certain embodiments, conjointly administering one or more additional

chemotherapeutic agents provides an additive effect.

Pharmaceutical Compositions

In certamn embodiments, the present mvention provides a pharmaceutical preparation
suttable for use in a human patient, comprising any of the compounds shown above (e.g., a
compound of the invention, such as a compound of formula (1}, and one or more
pharmaceutically acceptable excipients. In certain embodiments, the pharmaceutical

preparations may be for use in treating or preventing a condition or disease as described
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hercin. Any of the disclosed compounds may be used n the manufacture of medicaments
for the treatment of any diseases or conditions disclosed herein.

The compositions and methods of the present imvention may be vtilized to treat a
subject 1n need thereof. In cortain embodiments, the subject is a mammal such as a haman,
or a non-human maramal. When administered to subject, such as a human, the composition
or the compound is preferably administered as a pharmaceutical composition comprising,
for example, a compound of the invention and a pharmaceutically acceptable carmer.
Pharmmaceutically acceptable carners are well known in the art and include, for exampie,
aqueous solutions such as water or physiologically buffered saline or other solvents or
vehicles such as glyeols, glyeerol, oils such as olive oil, or injectable organic esters. Ina
preferred embodiment, when such pharmaceutical compositions are for human
adounistration, particilarly for invasive routes of adnunistration {i.c., routes, such as
mjcction or implantation, that circurmvent transport or diffusion through an epithelial
barrier), the aqueous solution is pyrogen-free, or substantially pyvrogen-free. The excipients
can be chosen, for example, to effect delaved release of an agent or to selectively target one
or more celis, tissues or organs. The phammaccutical composition can be in dosage unit
form such as tablet, capsule (including sprinkle capsule and gelatin capsule), granule,
Ivophile for reconstitution, powder, solution, syrup, suppository, injection or the like. The
composition can also be present in a transdermal delivery system, e.g., a skin patch. The
composition can also be present in a solution suitable for topical administration, such as an
eve drop.

A pharmaceutically acceptable carrier can contain physiologically acceptable agents
that act, for example, to stabilize, increase solubility or to ncrease the absorption of a
compound such as a compound of the invention. Such physiologically acceptable agents
mnciude, for example, carbohvdrates, such as glucose, sucrose or dexirans, antioxidants,
such as ascorbic acid or ghitathione, chelating agents, low molgcular weight proteins or
other stabilizers or excipients. The choice of a phammaceutically acceptable carrier,
mcluding a physiologically accepiable agent, depends, for example, on the route of
administration of the composition. The preparation or pharmaceutical composition can be a
self~emulsifying drug delivery system or a self-microemulsifving drug delivery system.
The phamaceutical composttion {preparation} alsc can be a liposome or other polymer

matrix, which can have incorporated therein, for example,

B

a compound of the mmvention.

Liposomes, for example, which comprise phospholipids or other lipids, are nontoxic,
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physiologically acceptable and metabolizable carriers that are relatively straple to make and
administer.

The phrase "pharmaceutically acceptable” 1s emploved herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of a subject without
excessive toxicity, irniation, allergic response, or other problem or complication,
commensorate with a reasonable benefit/risk ratio.

The phrase "pharmaceutically acceptable carrier” as used herein means a
pharmaceutically acceptable matenal, coraposition or vehicle, such as a liquid or sohid
filler, diluent, excipient, solvent or encapsulating material. Each carner must be
"acceptable" in the sense of being compatible with the other ingredients of the formulation
and not mjurious to the subject. Some examples of materials which can serve as
pharmaceutically acceptable carriers include: (1) sugars, such as lactose, glucose and
sucrose; (2) starches, such as com starch and potato starch; (3) cellulose, and its derivatives,
such as sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate; (4) powdered
tragacanth; (5 malt; (6} gelatin; (7) talc; (8) excipients, such as cocoa butter and
supposttory waxes; {9} oils, such as peanut oil, cotionseed oil, safflower o1, sesame oil,
clive o1l, com oil and sovbean oil; (10} glyeols, such as propyviene glveol; (11} polyols, such
as ghycerin, sorbitol, mannitol and polvethviene glyeol; (12} esters, such as ethvl oleate and
cthyl laurate; (13) agar; (14) buffering agents, such as magoesium hydroxide and aluminum
hydroxide; (153 alginic acid; (16) pyrogen-tree water; (17) isotonic saling; (183 Ringer's
solution; (19} ethyl alcohol; (20} phosphate buffer solutions; and (21) other non-toxic
compatible substances employved in pharmaceutical formulations.

A pharmaceutical composition {preparation} can be adnunistered to a subject by any
of a number of routes of adminstration inchuding, for exampie, orally (for example,
drenches as in aqueous or non-agueous solutions or suspensions, tablets, capsules
{including sprinkle capsules and gelatin capsules), boluses, powders, granules, pastes for
application to the tongue); absorption through the oral mucosa (e.g., sublingually}; anally,
rectallv or vaginally (for example, as a pessary, cream or foam): parenterally (including
mtramusculardy, intravenously, subcutancously or intrathecally as, for example, a sterile
solution or suspension); nasally; intraperitoneally; subcutancousty; transdermally (for

example as a patch applied to the skin): and topically (for example, as a cream, ointment or

B

spray applied to the skin, or as an eve drop). The compound may also be formulated for
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inhalation. In certain embodiments, a compound may be simply dissolved or suspended in
sterile water. Details of appropniate routes of admunistration and compositions suitable for
same can be found in, for example, UK. Pat. Nos. 6,110,973, 5,763,493, 5,731,000,
5,541,231, 5,427,798, 5,358,970 and 4,172 896, as well as in patents cited therein,

The formulations may conveniently be presented in untt dosage form and mav be
prepared by any methods well known in the art of pharmacy. The amount of active
ingredient which can be combined with a carrier material to produce a single dosage form
will vary depending upon the subject being treated, the particular mode of administration.
The amount of active ingredient that can be combined with a carricr material to produce a
single dosage form will generally be that amount of the compound which produces a
therapeutic effect. Generally, out of one hundred percent, this amount will range from about
1 percent to about ninety-nine percent of active mgredient, preferably from about 5 percent
to about 70 percent, most preferably from about 10 percent to about 30 porcent.

Methods of preparing these formulations or compositions include the step of
bringing into association an active compound, such as a compound of the invention, with
the carricr and, optionally, one or morc accessory ingredients. o general, the formulations
are prepared by uniformly and intimately bringing mto association a compound of the
present mvention with liguid carriers, or finely divided solid carriers, or both, and then, if
necessary, shaping the product,

Formulations of the invention suitable for oral admunistration may be in the form of
capsules (including sprinkle capsules and gelatin capsules), cachets, pills, tablets, lozenges
{using a flavored basis, usually sucrose and acacia or tragacanth), Iyophile, powders,
granules, or as a solution or a suspension in an agqueous or non-aqueous higuid, or as an oil-
m-water or water-in-oil liguid cmulsion, or as an chixir or svrup, or as pastilles (using an
mnert base, such as gelatin and glycenn, or sucrose and acacia) and/or as mouth washes and
the hike, each containing a predetermined amount of a compound of the present invention as
an active gredient. Compositions or compounds may also be administered as a bolus,
clectuary or paste.

To prepare solid dosage forms for oral administration {capsules (including sprinkle
capsules and gelatin capsules), tablets, pills, dragees, powders, granules and the like), the
active ingredient is mixed with one or more pharmaceutically acceptable carriers, such as
sodium citrate or dicalcium phosphate, and/or any ot the following: (1) fillers or extenders,

such as starches, lactose, sucrose, glocose, mannitol, and/or silicic acid; {2) binders, such



CA 03143496 2021-12-14

WO 2020/257429 PCT/US2020/038395

as, for example, carboxvraethvicelulose, algmates, gelatin, polvvinyl pyrrolidone, sucrose
and/or acacia; (3) humectants, such as glveerol; (4) disintegrating agents, such as agar-agar,
calcium carbonate, potato or tapicca starch, alginic acid, certain silicates, and sodium
carbonate; (5) sohution retarding agents, such as paraffin; (6) absorption accelerators, such
as quaternary ammonium compounds; {7} wetting agents, such as, for example, cotyl
alcohol and glveerol monostearate; (8) absorbents, such as kaolin and bentonite clay; (%)
hibricants, such a talc, calcium stearate, magnesium stearate, solid polyethylene glveols,
sodium lauryl sulfate, and muxtures thereof, (10) complexing ageuts, such as, modified and
vomodified cyclodexirins; and (11) colorng agents. In the case of capsules (including
sprinkle capsules and gelatin capsules), tablets and pills, the pharmaceutical compositions
may also comprise buffering agents. Solid compositions of a similar type may also be
emploved as tillers in soft and bard-filled gelatin capsules using such excipients as lactose
or nuilk sugars, as well as high molecular weight polvethylene glyeols and the like.

A tablet may be made by compression or molding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared using binder (for example,
gelatin or hydroxypropyimethyl ecliulose), lubricant, inert diluent, preservative,
disintegrant (for example, sodium starch glveolate or cross-linked sodium carboxymethyl
cellulose), surface-active or dispersing agent. Molded tablets may be made by molding in a
suitable machine a mixture of the powdered compound moistened with an inert liquid
diluent.

The tablets, and other solid dosage forms of the pharmaceutical compositions, such
as dragees, capsules (including sprinkle capsules and gelatin capsules), pills and granuleg,
may optionally be scored or prepared with coatings and shells, such as enteric coatings and
other coatings well known in the pharmaceutical-formulating art. They may also be
formulated so as to provide slow or controlled release of the active mgredient therein using,
for example, hydroxypropyimethyl cellulose in varying proportions to provide the desired
release profile, other polvimer matrices, liposomes and/or microspheres. They may be
sterilized by, for example, filtration through a bactena-retaining filter, or by incorporating
sterilizing agents n the form of sterile solid compositions that can be dissolved n sterile
water, or some other sterile mjectable mediom immediately before use. These compositions
may also opticnally contam opacifying agents and may be of a composition that they
release the active ingredient{s) only, or preferentially, in a certain portion of the

gastrointestinal tract, optionally, in a delaved manner. Examples of embedding
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composttions that can be used inchide polymeric substances and waxes. The active
mgredient can also be m micro-encapsulated form, if appropriate, with one or more of the
above-described excipients.

Liquid dosage forms useful for oral administration include pharmaceutically
acceptable emulsions, Iyophiles for reconstitution, microemulsions, solutions, suspensions,
syrups and elixurs. In addition to the active ingredient, the higuid dosage forms may contain
mnert diluents commonly used n the art, such as, for example, water or other solvents,
cyelodextrins and derivatives thereof, solubilizing agents and emulsifiers, such as ethyl
alcohal, isopropvl aleohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,
propylenc glycol, 1,3-butvlene glyeol, oils (in particular, cottonseed, groundnot, com, germ,
clive, castor and sesame oils), glycerol, tetrahvdrofuryl aleohol, polvethylene glveols and
fatty acid csters of sorbitan, and mixturcs thercof,

Besides mert diluents, the oral compositions can also include adjuvants such as
wetting agents, emulsifving and suspending agents, sweetening, flavoring, colorning,
perfuming and preservative agents.

Suspensions, in addition to the active compounds, may contain suspending agents
as, for example, ethoxyviated 1sostearyl alcobols, polyvoxyethylene sorbitol and sorbitan
esters, microcrystalline cellulose, aluminem metahydroxide, bentonite, agar-agar and
tragacanth, and mixtures thereof.

Fommulations of the pharmaceutical compositions for rectal, vaginal, or urethral
administration may be presented as a suppository, which may be prepared by mixing one or
more active compounds with one or more suitable nonirritating excipients or carriers
comprising, for example, cocoa butier, polyethyvlene glveol, a suppository wax ora
salicvlate, and which is solid at room temperature, but liguid at body temperature and,
therefore, will melt m the rectum or vaginal cavity and release the active compound.

Formulations of the pharmaceutical compositions for administration to the mouth
may be presented as a mouthwash, or an oral spray, or an oral ointment.

Altematively or additionally, compaositions can be formulated for deliverv viaa
catheter, stent, wire, or other intraluminal device. Delivery via such devices may be
especially useful for delivery to the bladder, urcthra, ureter, rectum, or intestine.

Formulations which are suitable for vaginal administration also include pessaries,
tampons, creams, gels, pastes, foams or spray formulations containing such carriers as are

known i the art to be appropriate.
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Dosage forms for the topical or transdermal administration include powders, sprays,
owntments, pastes, creams, lotions, gels, solutions, patches and mhalants. The active
compound may be mixed under sterile conditions with a pharmaceutically acceptable
carrier, and with any preservatives, buffers, or propellants that may be required.

The ointments, pastes, creams and gels may contain, in addition to an active
compound, excipients, such as amimal and vegetable fats, oils, waxes, paraffins, starch,
tragacanth, cellulose derivatives, polyethylene glycols, silicones, bentonites, silicic acid,
tale and zing oxide, or mixtures thereof.

Powders and sprays can contain, in addition to an active compound, excipients such
as lactose, talc, silicic acid, alunminum hydroxade, caleiuim silicates and polyvamide powder,
or mixtures of these substances. Sprayvs can additionally contain customary propellants,
such as chlorofluorohydrocarbons and volatile unsubstituted hvdrocarbons, such as butane
and propane.

Transdermal patches have the added advantage of providing controlled delivery of a
compound of the present invention to the body. Such dosage forms can be made by
dissolving or dispersing the active compound in the proper medium. Absorption enhancers
can also be used {o increase the flux of the compound across the skin. The rate of such flux
can be controlled by either providing a rate controlling membrane or dispersing the
compound in a polvmer matrix or gel.

Ophthalmic formulations, cye omtments, powders, solutions and the hike, are also
contemplated as being within the scope of this invention. Exemplary ophthalmic
formulations are described in U.S. Publication Nos. 2005/0080056, 2005/0059744,
2005/0031697 and 2005/004074 and U.S. Patent MNo. 6,383,124, the contents of which are
ncorporated herein by reference. 1t destred, liquid ophthalmic formulations have
propertics similar to that of lacrimal fluids, agueous humor or vitreous humor or are
compatible with such fluids. A preferred route of administration s local administration
{e.g.. topical administration, such as eve drops, or administration via an implant).

The phrases "parenteral administration” and "administered parenterally” as used
herein means modes of administration other than enteral and topical adoinistration, usually
by tjection, and includes, without imitation, intravenous, intramuscular, mtraartenial,
intrathecal, mtracapsular, intraorbital, intracardiac, intradermal, intraperitoneal,
transtracheal, subcutancous, subcuticular, intraarticular, subcapsular, subarachnoid,

mitraspinal and intrasternal mjection and infusion.
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Pharmaceutical compositions suitable for parenteral administration comprise ong or
more active compounds m combination with one or more pharmaceutically acceptable
sterile isotonic aqueous or nonagueous solutions, dispersions, suspensions or ennidsions, or
sterile powders which may be reconstituted into sterile injectable solutions or dispersions
just prior to use, which may contain antioxidanis, buffors, bacteriostats, solutes which
render the formulation isotonic with the blood of the intended recipient or suspending or
thickening agents.

Examples of surtable agueous and nonaguecus carrigrs that may be emploved in the
pharmaceutical compositions of the invention inchude water, ethanol, polvols (such as
glycerol, propylene glycol, polyethylene glveol, and the bike), and suitable muxtures thereof,
vegetable oils, such as ohive oil, and injectable organic esters, such as ethyl oleate. Proper
flurdity can be maintained, for example, by the use of coating materials, such as lecithin, by
the maintenance of the required particle size in the case of dispersions, and by the use of
surfactants.

These compositions may also contain adjuvants such as preservatives, wetling
agents, emulsityving agents and dispersing agents. Prevention of the action of
microorganisms may be ensured by the mclusion of varous antibacterial and antifungal
agents, for example, paraben, chlorobutanocl, phenol sorbic acid, and the bike. It may also be
desirable to include isctonic agents, such as sugars, socdivm chlornide, and the like into the
compositions. In addition, prolonged absorption of the injectable pharmaceutical form may
be brought about by the inclusion of agents that delay absorption such as aluminum
monostearate and gelatin,

In some cases, in order to prolong the effect of a drug, it is desirable to slow the
absorption of the drug from subcutancous or intramuscular injection. This may be
accomplished by the use of a iquid suspension of crystalline or amorphous material having
poor water solubility. The rate of absorption of the drug then depends vpon its rate of
dissolution, which, in tum, may depend upon crystal size and crystalline form.
Alternativelv, delayed absorption of a parenterally administered drug form is accomplished
by dissolving or suspending the drug in an ot vehicle.

Injectable depot forms are made by forming microgncapsulated matrices of the
subject compounds o biodegradable polymers such as polylactide-polyglycolide.
Depending on the ratio of drug to polymer, and the nature of the particular polymer

employed, the rate of drug release can be controlled. Examples of other biodegradable
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polymers include poly{orthoesters) and polyv{anhvdrides}). Depot injectable formulations are
also prepared by entrapping the drug in liposomes or microemulsions that are compatible
with body tissue.

For use in the methods of this invention, active compounds can be given per s¢ or as
a pharmaceutical composition containing, for example, 0.1 to 99.5% (more preferably, 0.5
to 90%) of active ingredient in combination with a pharmaccutically acceptable carrier.

Methods of introduction may also be provided by rechargeable or biodegradable
devices. Varous slow release polymeric devices have been developed and tested iz vivo in
recent vears for the controlled delivery of drugs, including proteinacious
biopharmaceuticals. A variety of biocompatible polymers (including hydrogels), inchiding
both biodegradable and non-degradable polyvmers, can be used to form an implant for the
sustained release of a compound at a particular target site.

Actual dosage levels of the active mgredients in the pharmaceutical compositions
may be varied so as to obtain an amount of the active ingredient that 1s effective to achicve
the desired therapeutic response for a particular patient, composition, and mode of
administration, without being toxic to the patient.

The selected dosage level will depend upon a variety of factors including the
activity of the particular compound or combination of compounds emploved, or the ester,
salt or amide thereof, the rowte of admiunistration, the time of administration, the rate of
excretion of the particular compound(s) being employed, the duration of the treatment,
other drugs, compounds and/or matenals used in combination with the particular
compound(s) employed, the age, sex, weight, condition, general health and prior medical
history of the subject being treated, and bike factors well known in the medical arts.

A physician or veterinarian having ordinary skill in the art can readily determine
and prescribe the therapeutically effective amount of the pharmaceutical composition
required. For example, the physician or veternmarian could start doses of the pharmaceutical
composition or compound at levels lower than that requured in order to achieve the desired
therapeutic effect and gradually increase the dosage until the desired effect is achieved. By
“therapeutically effective amount” 1s meant the concentration of a compound that is
sufficient to elicit the desired therapeutic effect. It is generally understood that the effective
amount of the compound will vary according to the weight, sex, age, and medical history of
the subject. Other factors which intluence the effective amount may include, but are not

limited to, the severity of the subject's condition, the disorder being treated, the stability of
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the compound, and. if desired, another type of therapeutic agent being administered with
the compound of the invention. A larger total dose can be delivered by multiple
administrations of the agent. Methods to determine efficacy and dosage are known to those
skilled in the art (Isselbacher ef o/, {1996) Harrison’s Principles of Intemal Medicine 13 ed |
1814-1882, herein incorporated by reference).

In general, a suitable daily dose of an active compound used in the compositions
and methods of the invention will be that amount of the compound that 1s the lowest dose
effective to produce a therapeutic effect. Such an effective dose will generally depend upon
the factors described above.

If desired, the effective daily dose of the active compound may be administered as
one, two, three, four, five, six or more sub-doses administered separately at appropriate
mtervals throughout the day, optionally, in unit dosage forms. In certain embodiments of
the present invention, the active compound may be administered two or three times daily.
In preferred embodiments, the active compound will be adnunistered once daily.

In certain embodiments, the dosing follows a 343 design. The traditional 343
design requires no modeling of the dose—toxicity curve heyond the classical assumption for
cviotoxic drugs that toxacity increases with dose. This rule-based design proceeds with
cohorts of three patients; the first cohort 18 treated at a starting dose that is considered to be
safe based on extrapolation from animal toxicological data, and the subsequent cohorts are
treated at increasing dose levels that have been fixed 1o advance. In some embodiments,
the three doses of a compound of formula (I} range from about 100 mg to about 1000 mg
orally, such as about 200 mg to about 800 mg, such as about 400 mg to about 700 mg, such
as abowt 100 mg to about 400 mg, such as about 500 mg to about 1000 mg, and forther such
as about 500 mg to about 600 mg. Dosing can be three times a day when taken with
without food, or twice a day when taken with food. In certain embodiments, the three doses
of a compound of fornnila (I} range from about 400 mg to about 800 mg, such as about 400
mg to about 700 mg, such ag about 500 mg to about 200 mg, and further such as about 500
mg to about 600 mg twice a day. In certain preferred embodiments, a dose of greater than
about 600 mg is dosed twice a day.

If none of the three patients in a cohort experiences a dose-limiting toxacity, ancther
three patients will be treated at the next higher dose level. However, if one of the first three
patients experiences a dose-limiting toxicity, three more patients will be treated at the same

dose level. The dose escalation continues until at least two patients among a cohort of three
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to six patients experience dose-limiting toxicities (i.e., 2> about 33% of patients with a dose-
himiting toxicity at that dose level). The recommended dose for phase I trials is
conventionally defined as the dose level just below this toxic dose level.

In certain embodiments, the dosing schedule can be about 40 mg/m? to about 100
mg/m’, such as about 50 mg/m® to about 80 mg/m?, and further such as about 70 mg/m? to
about 20 mg/m? by IV for 3 weeks of a 4 weck cycle.

In certain embodiments, compounds of the invention may be used alone or
conjointly administered with ancther type of therapeutic agent. As used herein, the phrase
“conjoint administration” refers to any form of administration of two or more different
therapeutic compounds such that the second compound is administered while the previously
administered therapeutic compound 1s still effective in the body (e.g., the two compounds
are simultaneously effective in the subject, which may include synergistic effects of the two
compounds}. For cxample, the different therapeutic compounds can be administered either
int the same formulation or in a separate formulation, either concomitantly or sequentially.
In certain embodiments, the different therapeutic compounds can be administered within
one hour, 12 hours, 24 hours, 36 hours, 48 hours, 72 hours, or a week of one another. Thus,
a subject who receives such treatment can benefit from a combined effect of different
therapeutic compounds.

In certain embodiments, conjoint administration of compounds of the invention with
one or more additional therapeutic agent(s) {¢.g., one or more additional chemaotherapeutic
agent(s)) provides improved efficacy relative to cach mdividual admimstration of the
compound of the invention {¢.g., compound of formula I or Ia) or the one or more
additional therapeutic agent(s). In certain such embodiments, the conjoint administration
provides an additive effect, wherein an additive effect refers to the sum of each of the
effects of individual administration of the compound of the invention and the one or more
additional therapeutic agent(s).

This invention includes the use of phammaceutically acceptable salts of compounds
of the invention in the compositions and methods of the present invention. In certain
embodiments, contemplated salts of the mvention include, but are not himited to, alkyl,
dialkyl, trialkyl or tetra-alkyl ammonnim salts. In certain embodiments, contemplated salts
of the invention include, but are not limited to, L-arginine, benenthamine, benzathine,
betaine, calcium hvdroxide, choling, deanol, dicthanolamme, dicthylamine, 2-

{dicthylaminojethanol, ethanolamine, cthylenediamine, N-methylglucamine, hydrabamine,
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1H-imidazole, lithium, L-lysine, magnesiom, 4-(2-hvdroxvethyhimorpholine, piperazine,
potassium, 1-(2-hydroxvethvhpyrrolidine, sodium, tricthanolamine, tromethamine, and zinc
salts. In certain embodiments, contemplated salts of the invention include, but are not
bmited to, Na, Ca, K, Mg, Zn or other metal salts.

The phammaceutically acceptable acid addition salts can also exist as various
solvates, such as with water, methanol, ethanol, dimethyviformamide, and the hike. Mixtures
of such solvates can also be prepared. The source of such solvate can be from the solvent of
crystallization, inherent in the solvent of preparation or crystallization, or adventitious to
such solvent.

Wetting agents, emulsifiers and lubricants, such as sodim lavryl sulfate and
magnesium stearate, as well as coloring agents, release agents, coating agents, sweetening,
flavoring and perfuming agents, preservatives and antioxidants can also be present in the
cOmMpositions.

Examples of pharmaceutically aceeptable antioxidants include: (1} water-soluble
antioxidants, such as ascorbic acid, cvsteine hydrochloride, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the like; (2) oil~soluble antioxidants, such as ascorbyl
palmitate, butvlated hydroxyanisole (BHA), butvlated hydroxytoluene (BHT), lecithin,
propyl gallate, alpha-tocopherol, and the like; and (3) metal-chelating agents, such as citric
acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and
the hike.

The mvention now being generally described, 1t will be more readily understood by
reference to the following examples which are included merely for porposes of llustration
of certain aspects and embodiments of the present invention, and are not intended to himit

the ipvention.

Ceneral Svathetic Procedures

Compound numbers 1-30 as used in the general svnthesis section below refer only
to genus structures in this section and do not apply to compounds disclosed elsewhere in
this apphcation. Compounds disclosed herein can be made by methods depicted in the

reaction schemes below.

The starting materials and reagents vsed in preparing these compounds are either
available from commercial supplier such as Aldrich Chemical Co., Bachem, ctc., or can be

made by methods well known in the art. The schemes are merely llustrative of some
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methods by which the compounds disclosed herein can be synthesized and various
modifications to these schemes can be made and will be suggested to POSITA having
referred to this disclosure. The starting materials and the intermediates and the final
products of the reaction may be isclated and purified if desired using conventional
techniques, including but not limited to filtration, distillation, crystallization,
chromatography, and the like and may be characterized using conventional means,
mehiding physical constants and spectral data.

Unless specified otherwise, the reactions described herein take place at atmospheric

pressure over a temperature range from about -78 °C to about 150 °C.

General Scheme

Compounds of Formula (I} having the structure:

o\ R

A

POR® N_A

AR es

b O—NYQYN’ N
RZQJ J’OH

where Z, RY, RY, R™ R, and R’ are analogous to variables 7, R™ R’ and R’ as defined
the Summary, can be synthesized as ilustrated and described in Scheme 1 below.
Converting the acetate ester A-1 where BRY is either an arvl or hetercaryl group and
R is an alkyl group, to the required diazo interemediate A-3 by the treatment of
diazotization reagent such as 4-acetamidobenezensulfonyi azide (A-2) in the presence of a
base such as DBU, TEA or Cs:C0: in a solvent such as MeCN, or THF. The primary
alcohol A-4, where R?? is H or OH, R’ is an alkyl group, P is a protecting group such as t-
Boc, Ac, or TBS, and R¥ and R® are common substitutions such as H, alkyl, aryl, amino,
atkoxy ether and thioether, 18 prepared according to the reported procedures
(WO2018119284 and W(O2018049145). Coupling of the resulting diazo intermediate A-3
with primary alcchol A-4 to provide A-5 via an insertion reaction catalyzed by a metal
catalvst such as Rho(OAc)s in a solvent such as toluene, dichloromethane and
dichloroethane. Alkvlation of A-8 with an electrophile A-6 such as alkyl hahde, tnflate,
tosylate or mesvlate in the presence of a base such as CoCOs, KoCO:, LIHMDS, DBU or
NaH, to provide A-7. Removal of the protecting groups in A-7 by TFA for P is a #-Boe

group to give intermediate A-8. The cster group in A-8 is finally removed by a base such
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as LiOH, NaOH, KOH and NHs 10 an agueous media to provide the desired product in

formula (1),

Scheme |
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Those having skill in the art will recognize that the starting materials and reaction
conditions may be vaned, the sequence of the reactions altered, and additional steps
emploved to produce compounds encompassed by the present invention, as demonstrated
bv the following examples. in some cases, protection of certain reactive functionalitics
may be necessary to achicve some of the above transformations. fo general, the need for
such protecting groups as well as the conditions necessary to attach and remove such
groups will be apparent to experienced organic chemists. The disclosures of all articles and
references mentioned in this apphication, including patents, arc incorporated herein by

reference.

The preparation of the compounds of the present invention is itlustrated further by
the following examples, which are not to be construed as limiting the invention in scope or

spirit to the specific procedures and compounds described 1n them.

Svnthetic Examples

Example §

Synthesis of 3-(] 1,1 -biphenyl}-4-y1)-2-({({ 2R, 38, 4R 5 K)-5-(6-amino-2-chloro-9H-purin-9-
vi}-3 . 4-dihvdroxvtetrabydrofuran-2-vhmethoxy)-2-(thiazol-4-ylpropanoic acid
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Step |

To a solution of methyl 2-(thiazol-4-vhacetate (1.84 g, 11.7 mumcle} in CHCN (15
mL}at & °C was added BBU {2.62 mi, 17.6 mmole} and 4-acetanidibenzens sulfonylazide
(3.4 g. 14.1 mmole) in CHCN (10 mL). The reaction mixiure was stitred at 25 ¢Cfor 1.5 h
before it was concentrated under reduced pressure to dryness. The resulting crude was
purified by silica gel column chromatography (0-40% EtOAc in hexanes) to provide
methyl 2-diazo-2-{thiazol-4-vhiacetate (2.0 g).

Step 2:

To a solution of reri-butyl (9-({2R 3R 41 513-3 4-bis({ feri-butoxycarbonyljoxy)-5-
{hydroxymethyDtetrahydrofuran-2-v1-6-({feri-butoxycarbonyhaming)-2-chloro-9H-purin-
6-ylicarbamate (1.0 g. 1.42 mmol) in toluene (10 mL) was methyl 2-diazo-2-(thiazol-4-
vijacetate (365 mg, 1.85 mmol) and Rho(OAc) (63 mg, 0.14 mmol) under argon
atmosphere. The resulting mixtare was stirred at 70 °C for 1.5 h before it was allowed to
cool 1o room temperature. The organic volatile was removed under reduced pressure. The
resulting crude was purified by silica gel cohwan chromatography (0-40% EtOAc in
hexanes} to provide a diastereomeric muxture {ca. 1.1} of methyi 2-(({2R 3R 4K SR)}-5-(6-
NN -(bis-{fert-butoxycarbonyllamino}-2-chloro-9H-purin-9-y}-3 4-bis((fers-
butoxycarbonyloxyitetra-hy drofuran-2-yDmethoxy)-2-(thiazol-4-yhacetate.

Step 3:

To a solution of a diastereomernic mixture {ca. 1:1} of ethyl 2-{({28 3R 4R SR}-5-{6-
NN -(bis-{feri-butoxycarbonyhaming)-2-chloro-9H-purin-9-v13-3 4-bis({rert-butoxy-
carbonvhoxyitetrahydrofuran-2-vhmethoxy)-2-(thiazol-4-vhacetate (458 mg, 0.526 mmol)
in DME (2 mL}Y at 25 °C was added Cs:COs (145 mg, 0.446 mmol). The reaction mixture
was stirred for 30 min and followed by addition of 4-(bromomethyl}-1.1"~ biphenyi (260
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mg, 1.051 mmol}. The reaction mixture was sturred for overnight before it was diluted with
Ho0 (20 mL) and extracted with EtOAc (3 x 30 mL}. The combined organic laver was
washed further with H:G (2 x 40 mL}, brine, dried over Naz504 and concentrated. The
resulting crude was purified by flash silica gel columa chromatography (0-50% EtQAc n
hexanes) to provide a diastercomeric mixture {ca. 1.1} of methyi 3-([1,1'-biphenvl]-4-vl}-2-
{{{(2RK 3R 4R IR}-5-(6-N N ~(bis-{teri-butoxycarbonyl }-amino}-2-chloro-9H-punin-9-yi}-3 4~

bis{{fer-butoxyearbonyloxy ftetrahydrofuran-2-yDmethoxy)-2 -{(thiazol-4-yDpropanoate.
Step 4:

To a solution of a diastercomeric mixture {ca. 1:1) of methyl 3-{]}, V'-biphenyl}-4-
vi32-((2R, 3R 4R SR)-5-(6-N N -{bis~{feri~-butoxycarbonyljamino}-2 -chloro~-9H -purin-9-
vi}-3,4-bis{{rerr-butoxycarbonvhoxvitetra-hydroturan-2-vlymethoxy -2 -(thiazol-4-
vijpropanoate (190 mg, 0.183 mmol) in CHoCL (2 mb) at 0 °C was added TFA (2 mL}.
The resulting mixture was stirred at room temperature for 2 h before it was concentrated
vnder reduced pressure. The residue was azeotroped with CH2Ch (3 x 5 k) under
reduced pressure to provide crade methy! 3-({1, V'-bipheny!|-4-v1}-2«{(2K, 38 48 S8}-5-(6~
amino-2-chloro-9H -purin-9-y1}-3 4-dihydroxytetrahvdrofuran-2-yDmethoxy}-2 -(thiazol-4-

vipropanoate.

Step 5:

To a solution of a diastereomeric mixture (co. 1:1} of crude methyi 3-(f1,1'-
biphenvi|-4-vi}-2-(((28, 35 4K, SR)-5-{6-amino-2~chloro-9H-purin-9-vi)-3 4-
dihydroxytetrahvdrofuran-2-yvhmethoxy)-2-(thiazol-4-yDpropanoate in THF (2 mb} and
Ho(O (2 mL) at 0 °C was added LiOH monohydrate (150 mg). The resulting mixture was
stirred at room temperature overnight before it was cooled to 0 °C and acidified to pH ~6
with 1N HCl{aq) solution and concentrated under reduced pressure. The crude residue was
purified by preparative reversed-phase HPLC to provide a diastercomeric nuxture {ca. 1:1}
of 3-(| 1, V-biphenyl]-4-y1}-2-(({ZR, 35,4R S R}-5-(6-amino-2-chloro-9H-punn-8-y1}-3 4-

dihydroxytetrahydrofuran-2-yDimethoxy}-2-(thiazol-4-yDpropanoic acid as a white solid.
H NMR (CD;0D, 300 MHz) 5 9.05-9.07 (m, 1H}, 846 (s, 0.5H), 825 (s, 0.5}, 7.71-7.75

(ra, 1T, 7.22-7.38 (m, 9FD, 6.00-6.02 (d, J = 5.4 Hz, 0.5H) 3.93-5.95 (4, 7= 591 Hz,
0.5H), 4.73-4.76 (t, J = 534, 5.16 Hz, 0.5H), 4.66-4.70 (¢, J = 5.19, 5.49 Hz, 0.5H), 4.36-

- 49 .
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440(q, J=3.93. 426, 3.3 Hz, 1H), 4.18-4.23 (m, 1H). 3.66-3.93 (m, 3H), 3.48-3 54 (m,
1H): LO/MS [M +H] = 609.1.

Examples 2& 3

Synthesis of 4'-((3}-2-{({ 2R 35, 4R, 5 R)-3~(6-amuino-2~chloro-9H -punn-9-yi}-3 4-
dilydroxytetrahvdrofuoran-2-viymethoxy)-2-carboxy-2-(thiazol-4-viethyh-{ 1, I '-biphenvl}-
4-carboxvlic acid
and
AL Ry-2-{((2R, 35,4R 3 R}-5-(6-amino-2-chloro-9H -purin-9-y1}-3 4-
dihvdroxvtetrahvdrofuran-2-yBmethoxy)-2-carboxy-2-(thtazol-4-yDethyl)-{ 1, 1'-biphenyl |-
4-carboxylic acid

M, o I+,
-
Nowe gy SL/%“),,,, o N\E/ N
N = . _
N Né\LI N o 3o W A |
¢ \i ./
5 N HS B

e o
s Example 2 \ p Example 3
o7 oH o oH

Proceeding as descrnibed i Example 1 above but substituting 4-(bromomethyi)-1,17-
biphenyl with ethyl 4'-(bromomethyl}-[ 1, '-biphenyli-4-carboxvlate provided a pair of
diastereomeric products {ca. 1.1} which the sterec configuration was assigned arbitranly.

Both products were purified by preparative HPLC and isolated as white solids.

AA(82-(((2R, 38 4R SRY-5-{6-amino-2-chloro-9H-purin-9-yi)-3 4~
dibydroxytetrahydrofuran-2-vhmethoxy}-2-carboxy-2~(thiazol-4-vijethyl)-{ 1, T'-biphenyi}-
4-carboxylic acid: "H NMR (CD:0D, 300 MHz) § 9.060-9.064 (d,.J= 138 Hz, 1H), 822
(s, 1H), 8.01-804 (d. /=813 Hz, 2H), 7.713-7 718 (d. /=144 Hz, 1H), 7.58-T61 (d, ./ =
825 Hz, 2H), 745-747(d, /=795 Hz, 2H), 7.27-730(d, J=8.04 Hz, 2H), 5.93-395(d, J
=579 Hz, 1H), 4.66-4.69 (1, J=4.77, 543 Hz, 1H), 437-439 (¢, J=4.02,4.26 Hz, 1H)},
4.19-4.20 (m, 1H), 3.67-3.87 {m, 3H), 3.49-3.53 (mu, IH}; LC/MS {M + H] = 633,

F-{(By-2-(((2R, 35 4R 5R}-5-{6-amuno-2 ~chloro-9H -purin-9-yi}-3,4-~
dihvdroxytetrahydrofuran-2-yDimethoxy)-2-carboxy-2-(thiazol-4-ylethyly-[ 1, P-biphenyli-
4-carboxylic acid: H NMR (CD:0D, 300 MHz) & 9.08 (s, 1H), 8.48 (s, 1H), 7.98-8.01 (m,
ZH), 7.78 (s, 1H), 7.27-7.52 (m, 6H), 6.00-6.02 {m, 1H), 4.72-4.76 (m, 1H}, 4.39-4.40 (m,
1H), 4.23-4.25 (m, 1H), 3.69-3.96 (m, 3H), 3 48-3.51 (m, 1H); LC/MS [M + H} =653,

- 50 -
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Examples4 & 5§

Synthesis of (5)-2-(({ 2R, 38, 4R, 5K}-5-(6-amino-2-chloro-9H -purin-9-vi}-3,4-
dibydroxytetrabvdrofuran-2-ylmethoxy)-3-(2'-(cyanomethyi)-{ 1, 1'-biphenyl|-4-vi)-2-
(thiazol-4-ylpropanoic acid
and
(R)3-2-({(2R, 38 4R S R}-5-{b-amino-2-chloro-9H -purin-9-v1}-3 4-dihydroxytetrahydrofuran-
2-vDmethoxvy-3-(2'-{cvanomethyl)-[ 1, -biphenyli-4-91}-2 -(thiazol-4-vpropanocic acid
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To a solution of a diastereomenic mixture {ca. 1.1} of methyl 2-(({2R 3R 4R 5K}-5-
{6~-N N ~{(bis-(tert-butoxycarbonyliamino}-2-chloro-9H-purin-9-vi)-3 4-bis{{feri-butoxy-
carbonvhoxvitetra-hydroturan-2-vlymethoxy)-2-(thiazol-d-vhacetate (2 g, 2.33 mmol, 1 eq)
in DMF (6 mL) at 25 °C was added Cs,C0: (1.52 g, 4. 67 mmol, 2 eq) and 4-iodobenzyvl
bromide {1.39 g, 4.67 mmol, 2 eq). The resulting mixture was stirred for 4 h before it was
diluted with H2O (25 mL) and extracted with EtOAc (30 mL). The organic layer was
washed with H>O (20 mL}, brine (30 mL), dried (NaxS04) and concentrated. The crude
residue was purified by flash column chromatography on silica gel {0-40% EtOAc in
hexanes) to provide a diastercomeric mixture {ca. 1.1} of methyl 2-({{2R 3K, 4R 3R)-5-{6-
NN -{(bis-{feri-butoxy-carbonvljamino)-2-chloro-9H-purin-9-v1}-3 4-bis{(fert-
butoxvcarbonyloxyitetrahydrofuran-2-viymethoxy)-3-(4-1odophenvi}-2-{thiazol-4-
viypropanoate (2 45 g).
Step 2:

To a solution of a diastercomeric mixture {ca. 1.1} of methyl 2-(({(2R, 3K, 4R, 5R)-5-
{6-N N -{bis-{fert-butoxry-carbonvljamino}-2-chloro-8H-purin-9-y1}-3 4-bis{{fers-butoxy-
carbonyhoxytetrahyvdrofuran-2-yDmethoxy}-3-(4-iodophenyl}-2-(thiazol-4-yDHpropanoate

{200 mg, 0.186 mmole) and Z-cvanomethylphenviboronic acid, pinacol ester (91 mg, 0.373
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mmole) in dioxane (2 ml} was added K2C0O3 (129 mg, 0.932 mamole), Pd{dppfiClCH:Ch
{15 mg, 0.0186 mmole) and H,O (0.7 ml). The mixture was degassed with bubbling argon
through for 5 min and then was wrradiated in a microwave reactor at 110 °C for 25 minutes.
The reaction mixture then cooled to 25 °C before it was diluted with HoO and extracted
with F1OAc (3x 5 mL). The combined organic layer was washed with brine (5 mL}, dried
over NaxSOu then concentrated under reduced pressure. The resulting crude residuewas
purified by silica gel cohinn chromatography {0-50% EtOAc in hexanes) to provide a pair
of diastercomers of methyl 2-(({(28 3R 4R SR}-5-(6-N N ~(bis-{tert-butoxycarbonybaming -
2-chloro-9H-purin-9-v-3 4-bis{(zert-butoxyearbonyloxyitetrabydrofuran-2-vlmethoxy)-

3-(2'-{cvanomethvl}-| 1,1 -biphenyl]-4-y1}-2-{thiazol-4-v}propanoate (ca. 1:1).

{(85¥-2-({(2R 38 4R SR}-5-(6-amino-2-chloro-0H -purin-9-y1)-3 4-dihydroxytetrahydrofuran-
2-yhmethoxy)-3-2'-(cvanomethyl}-| 1,1 -biphenylj-4-yi-2-(thiazol-4-vl}propanoic acid:

H NMR (CD:0D, 300 MHz) 5 9.05-006 (d, J=1.86 Hz, 1H}, 8.26 (s, 1H}, 7.69-7.70 (d, .J
=186 Hz, 1H), 7.11-7.49 {(m, 8H), 5.94-396(d, ./ =57 Hz, iH), 463467 {t,J=331 Hz,
1H), 4.35-4 38 (m, 1H), 4.19-4.22 (m, 1HD, 3.82-3.87 (m, 2H), 3.52-3.75 (m, 4H); LC/MS
M + H] = 648,

{(R)-2-({(2R. 38 4R, 3 K}-5-(6-amino-2-chloro-9H-purin-9-vi}-3 4-dihydroxytetrahydrofuran-
2-vhmethoxy)-3-(2'-{cvanomethvi)-{ 1, 1"-biphenyi]-4-vi)-2-(thiazol-4-y1propanoic acid:

TH NMR (MeOD. 300 MHz) 6 9.066-9.069 {d. J= 1.05 Hz, 1H), 8.46 (s. 1H), 7.75-7.76 (d,
J=1.47 Hz, 1H), 7.05-7 48 (m, 8H}, 599601 {d, /=331 Hz, 1H),4.70-4.73 (¢, /=516
Hz, 1H), 4.37-439 (t, /=426 Hz, 1H), 422-4.23 (m, 1H)}, 3.55-3.92 {m, 6H); LC/MS [M
+ Hj =648,

Examples6 & 7

Synthesis of (5)-2-({{ZR, 35,48 5 K)-5-(6-amino-2-chloro-94 -purin-9-y13-3 4-
dihydroxytetrahydrofuran-2-vlmethoxy }-3-(2'-{carboxymethy - 1. 1'-biphenyl{-4-y1}-2-
{(thiazol-4-vDpropanoic acid
and
{(F3-2-(({ 2R, 38 4R, 3 K)-5~(6-amino-2-chloro-9H -purin-9-yi}-3 4-dihvdroxytetrabvdrofuran-
Z-vlmethoxy}-3-(2'-(carboxymethvl}-{ 1, -biphenyl|~4-y1}-2-(thiazol-4-vi)propanoic acid
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Proceeding as described i Examples 4 and 5 above but substituting 2-cvanomethyl-
phenylboronic acid, pinacol ester with 2-{2-boronophenybacetic acid provided a pair of
diastereomeric title products (ca. 1:1) which the stereo configuration was assigned

arbitrarily. Both products were purified by preparative HPLC and isolated as white solids.

{(S)-2-{{(2R 38 48, SRs-5-{6-amino-2-chlore-9H-purin-9-y1)-3 4-dihydroxytetrahydrofuran-
Z-ylymethoxy}-3-(2'-(carboxymethyi)-| 1, 1'-biphenvl |-4-v1}-2-(thiazol-4-y]propanoic acid:
TH NMR (MeOD, 300 MHz) 8 9.03 (s, 1H}, 8.30 (s, 1H}, 7.63 (s, 1H), 7.05-7.28 (m, 3H),
5.95-596(d, /=303 Hz, I1H}, 467 (m, 1H), 438 (m, 1H}, 4.22 (m, IH), 3.46-3.89 (m,
6H), LOC/MS [M + H] = 667 1.

{(F1)-2-({(2R 35,48 SR}-5-{6-amino-2~chloro-0H-punn-9-yi)-3 4-dihydroxytetrahydrofuran-
Z-vhmethoxy)-3-(2'-(carboxymethyl)-[ 1, V-biphenylj-4-v1)}-2-(thazol-4-vIipropanoic acid:
TH NMR (MeOD, 300 MHz) § 9.05-9.06 (d. .J= 1.68 Hz, 1H), 8.50 (s, 1H}, 7.73-7.74(d, J
=1.71 Hz, 1H), 7.05-7.29 {m, 8H), 5.99-6.01 (d,J =546 Hz, 1H}, 4.74-477 {1, J =495,
522 Hz, 1H), 436-439 (1, /=369, 447 Hz, 1H), 4.22-4.23 (m, 1H}, 3.49-3.92 (m, 6H);
LC/MS M +H]=06671.

Examples8 & 9

Synthesis of (S)-3-( 1. 1-biphenyl|-4-y1}-2-(({2R, 3R 45, I R)-3-(6-amino-2 -chloro-9H-purin-
S-yhy-d-fuorg-3-hydroxytetrahvdrofuran-2-viimethoxy 3-2-(thiazol-d-vipropanscic acid
and
{(R)y-3-[ 1,1 -biphenyl]-4-v}-2-({((2R 3R 45, 5R)-5~(6-amino-2-chioro-9H -purin-9-yi}-4-~
fluoro-3-hvdroxyietrahvdrofuran-2-viimethoxv}-2-~(thiazol-4-vipropanoic acid
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Proceeding as described in Example 1 above but substituting fert-butyl (9-

(28, 3R 4R 5R)-3 A-bis{{ferr-butoxycarbonyhoxy)~-5-(hvdroxymethyDtetrabydrofuran-2-vl)-

6-({tert-butoxy-carbonyljamino)-2-chloro-9H-purin-6-vlcarbamate with rert-butyl (9-

{{2R, 385 4R SR}-4-({tert-butoxycarbonyljoxy }-3-thuoro-5-(hvdroxymethyltetrahydrofuran-

2-yD-6-{{rert-butoxy-carbonyhaminoc}-2 -chloro-9H-purin-6-vljcarbamate provided a pair of

diastercomenic title products (ca. 1:1) which the sterco configuration was assigned

arbitrarily. Both products were purified by preparative HPLC and isolated as white solids.

{(8)-3-(11,1-biphenvl}-4-y13-2-({{ 2R 3R 45 5R)-5-{6-amino-2-chloro-9H-purin-9-yi}-4-

fluoro-3-hvdroxytetrahydrofuran-2-yimethoxy)-2-(thiazol-4-ypropanoic acid: "HNMR
(CD;0D, 300 MHz) & 9.05 (s, 1H), 8.14 (s, IH), 768 (s, 1H), 749751 (d. J =771 Hz,
2H), 7.18-7.41 (m, TH), 635-6 42 (dd, =471, 153,42 He, 1H), 5.03-5.23 (dt, /=288,
51.96,3.15 Hez, 1H), 4.63-4.71 (dt, J=3.75, 17.61, 3.6 Hz, 1H}, 4.09-4.16 {m, 1H}, 3.92-
3.97 {m, 1H), 3.60-3.84 (m, 3H); LUMS [M+H|=611.1.

{(#)-3~([1, U-biphenvli-4-vI}-2-(({ 2R 3R 48, 5R}-5-{6-amno-2-chloro-9H -punn-9-yi)-4-

fluoro-3-hvdroxytetrahydrofuran-2-yimethoxy)-2-{thiazol-4-yljpropanoic acid: ‘HNMR
(CH:0D, 300 MHz) 5 9.04 (s, TH), 835 (5, 1H), 8.27 (s, 1H), 7.71 (s, 1H), 7.25-7 43 (m,
8H), 6.36-6.41 (dd, /=474, 1185 Hz. 1H), 5.06-327 (dt, J =432, 52 53 Hz, 1H), 4 66-
476 (dt,.7=927, 231 Hz, 1H), 4.05-4.10 (m, 1H), 3.66-3.81 (m, 4H); LO/MS M+ H} =

611.1.



CA 03143496 2021-12-14

WO 2020/257429 PCT/US2020/038395

Examples 10 & 11

Synthests of 4'-((8)-2-({({(2R, 3R 45, S R)-5-(6-amino~-2~chloro-9H-purin-9-vi }-4-fluoro-3-
hvdroxytetrahydrofuran-2-vimethoxy}-2-carboxy-2-(thiazol-4-vhethyl)-{ 1,1 -biphenvl}-4-
carboxylic acid
and
4-{{RYy-2-{{{ 2R 3R 45 5K}3-5~(6-amino-2-chlore-9H -purin-9-yij-4-flucro-3-
hydroxytetrahydrofuran-2-vhmethoxy)-2-carboxy-2-(thiazol-4-yhethvl}-[ 1, '-biphenyl]-4-
carboxylic acid

iy ) NH
e N b - OH N,
\ / T/\N ? S, /’J:\\I\
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o o
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o
s Examgpie 10 \lj, Example 11

oo
Proceeding as described in Example 1 above but substituting ferr-butvl (9-
({28 3R 4R 5R)-3 4-bis{{tert-butoxycarbonyhoxy)-5-(hydroxymethyltetrahydrofuran-2-vi)-
6-({rert-butoxy-carbonyljamino}-2-chloro-9H-purin-6-vljcarbamate and 4-{(bromomethyi}-
1,17~ biphenyl with ferr-butyl (9-((2R 35 4R SR)y-4-({fert-butoxycarbonyDoxyi-3-flucro-5-
(bydroxylmethylj-tetrahydrofuran-2-vi}-6-((ferr-butoxycarbonylyamino)-2-chloro-94-
purin-6-vi)carbamate and ethvl 4'-(bromomethyvi)-| i, I'-biphenvij-4-carboxylate provided a
pair of diastereomeric title products {(ca. 1:1) which the sterco configuration was assigned

arbitrarily. Both products were purified by preparative HPLC and isolated as white solids.

- {(Sy-2-{(2R, 3R 45,5835 (6~amino-2~chloro-YH-purin-4-yi-4 -tluoro-3-
hydroxytetrahvdro-furan-2-vljmethoxy 3-2-carboxy-2-{thiazol-4d-yhethyh-[ 1, 1'-biphenyl}-4-
carboxylic acid: TH NMR (MeQOD. 300 MHz) & 9.05-9.06 (d,/ = 1.89 Hz, 1H), 8.03-8.11
(m, 3H}, 7.61-7.68 {m, 3H), 7.44-747(d, /=816 Hz, 2H), 7.22-725 (d, /= 8.28 Hz, 2H},
635-642 (dd,.J =435, 1527 Hz, 1H), 5.03-5.23 (dt, /=318, 52.77 Hz, 1H), 4.63-4.71
(dt, J=378, 1779 Hz, 1H), 4.12-4.16 {q. /=447, 441 Hz, 1H}, 3.94-3.99 (m, 1H), 3.62-
3.84 (m, 3H), LC/MS [M + H] =635

4-{(Ry-2-(((2K, 3R 45 5 R)-5~(6~amino-2-chloro-9H -purin-9-vl}-4 -fluoro-3-

hvdroxytetrabydro~furan-2-yhmethoxy)-2~carboxy-2 ~(thiazol-4-ylethyl)-{ I, 1'-biphenyi|-4-

carboxylic acid:  H NMR (MeQD, 300 MHz) § 9.07 (s, 1H), 8 34 (s, 1H), 8.00-8.03 (d. J
=8 4 Hz 2H}, 7.76 (s, 1H), 7.50-7.52{d, J= & 19 Hz, 2H), 7.28-7.38 (¢, /= 8.01, 22.1 Hz,
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4H), 6.38-6.43 {dd, J=4.77, 1143 Hz, 1H), 5.05-528 {dt, /=414, 52.71 Hz, 1H}, 4.67-
4.78 (m, 1H), 4.08-4.11 (m, 1H), 3.66-3.87 (m, 4H);, LC/MS M +H} =655.1.

Example 12

Synthesis of 2-(({2R, 3K, 45, 3K}-5-(6-amino-2-chloro-9H-purin-9-y13-4-fluoro-3-
hydroxytetrahydrofuran-2-vlymethoxy}-3-(2'-cyano-| 1, 1'-biphenyl}-4-v1}-2 ~(thiazol-4-
ylipropanoic acid

5"> /?‘U‘* r ’
o es
NC@ Example 12

Proceeding as described 1n Example 1 above but substituting fert-butyl (9-({2R 3R 48 51}~
3 4-bis{{rerr-butoxycarbonyljoxy)-5-thvdroxymethyttetrabydrofuran-2-v)-6-{{rers-butoxy-
carbonyljamino}-2-chloro-9H-purin-6-vhcarbamate and 4-(bromomethvi)-1,1"- biphenyl
with fert-butyl (9-({ 2R, 38,4R SR}-4-{(tert-butoxycarbonylyoxy}-3-fluorg-5-
(hydroxymethyl-tetrahy drofuran-2-y1)-6-({ferr-butoxycarbonyllamino}-2-chloro-9H-purin-
6-ylcarbamate and 4'-(bromomethvl)-f 1, 1'-biphenyl}-2-carbonitrile provided the title

compound as a nuxture of diastercomers {ca. 1:1) and isolated as a white solid.

TH NMR (MeOD, 300 MHz) § 9.06 (m. 1H), .32 (s, 0.5H), 8.11 (s, 0.5H), 7.62-7.79 (m,
3H), 7.25-7.50 (m, 6H), 6.35-6.43 (m, 1H), 5.03-3.26 (m, 1H), 4.62-4.76 {m, 1H), 4.09-4.17
(o, 1H), 3.63-4.00 (m, 4H); LC/MS [M + H] = 636.1

Fxample 13

Synthesis of 4'-(2-(((2R, 3R 45, 5 8)-5-(6-amine-2-chlorg-9H-purin-9-y1}-4-flyore-3-
hydroxytetrahydrofuran-2-vlimethoxy}-2-carboxy-2-{thiazol-4-yhethyl}- 1, 1'-biphenyl}-2-
carboxyhic acid
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Proceeding as described in Example 1 above but substituting fert-butyl (9-((2R 3R 4R 5K)-
3 4-bis{{rerr-butoxyecarbonvljoxy)-3-(hydroxymethyl tetrahydrofuran-2-y1}-6-{{ferf-butoxy-
carbonyvhamino)-2-chloro-9H -purin-6-ylhcarbamate and 4-(bromomethyl)-1,17- biphenyl
with fert-buatyl (9-({2K, 38 4R 5R}-4-{{tert-butoxycarbonylloxy}-3-fhuoro-5-
(hvdroxyracthvi)-tetrahydroturan-2-vi}-6-{{feri-butoxycarbonyliammo}-2-chloro-SH-purin-
6-yhcarbamate and methyl 4'-(bromomethyi)-| 1, 1'-biphenvi{-2-carboxylate provided the

title compound as a mixture of diastereomers {ca. 1:1) and isolated as a white sohid.

H NMR (MeOD, 300 MHz) § 9.03-9.05 (m, 1H), 8.343-8.347 (d, /= 1 .41 Hz, 0.5H}, 8.17-
8.18{(d, J=186 Hz, 0.5H), 7.52-7.76 (10, 2H}, 7.07-7.30 (m, TH), 6.36-6.44 (m, 1H}, 5.02-
526 (m, 1H), 4.61-4.72 (m, 1H), 4.09-4.16 (m, 1H)}, 3.61-3.97 (m, 4H); LC/MS [M + Hj =
635.1.

Example 14

Synthesis of 2-(((2R 3R 45, 5R)-5-(6-ammo-2-chlore-9H-purin-9-y1)-4-fluore-3-
hyvdroxytetrahvdrofuran-2-vlymethoxy)-2-(thuazol-4-ylacetic acid
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Exarmple 14
Proceeding as described 1o Example 1 above but substituting ferf-butyl {0-{(2R 3R 4R 3R)-
3 4-bis{{rerr-butoxycarbonyljoxv)-3-thydroxymethyiytetrahydroforan-2-y-6-{(fers-
butoxvcarbonvijamino}-2-chioro-9H-purin-6-yi)carbamate with rerr-butvl {9-

{{2R, 385 4R SR}-4-({tert-butoxycarbonyljoxy }-3-thuoro-5-(hvdroxymethyltetrahydrofuran-
2-y1}-6-{{fert-butoxycarbonyllamino)-2-chioro-9H -purin-6-viicarbamate and without the
alkvlation with 4-(bromomethyl}-1,1°- biphenyl provided the title compound as a mixiure

of diastercomers {ca. 1:1} and 1solated as a whute solid.

TH NMR (MeOD, 300 MHz) 8 9.020-9.024 (m, 1H), 8.35-8.44 (d, J = 28.26 Hz, 1H), 7.68-
7.72(dd, J = 1.86, 10.53 Hz, 1H), 6.39-6.45 (dd, J = 4.5, 12.81 Hz, 1H), 5.36 (5. 1H). 5.08-
5.29 (m. 1H), 4.60-4.69 (m, 1H), 4.10-4.17 (m, 1H), 3.78-4.00 {m. 2H); LC/MS [M + H] =
445 0.
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Examples IS5 & 16

Synthesis of 4-{(53-2-({({2R, 3R 48, 3 R)-5-{6-ammao-2-chloro- 0 ~purin-9-yh}-4-flucro-3-
hvdroxytetrahydrofuran-2-viimethoxvy-2-carboxv-2-(thiazol-4-vl)ethvi}benzoic acid
and
4-{{R}-2-{({{ 2R, 3R 45,5 R}-5-{6-amino-2-chloro-9H -purnin-9-yi}-4-fuoro-3-hydroxyt-

ctrahvdroforan-2-vhmethoxy)-2~carboxy-2-(thiazol-4-vljethylbenzoic acid

’CJ\ N, e} NH,
N K ) ]
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Proceeding as described 1o Example 1 above but substituting ferf-butyl {0-{(2R 3R 4R 3R)-
3 4-bis{{rerr-butoxycarbonyljoxy)-5-thvdroxymethyttetrabydrofuran-2-v)-6-{{rers-butoxy-
carbonylamino)-2-chloro-9H-purin-6-vhcarbamate and 4-(bromomethyl)-1,17- biphenyl
with fert-butyl (9-({ 2R, 38,4R SR}-4-{(tert-butoxycarbonylyoxy}-3-fluorg-5-
{hydroxymethvi}-tetrabydroferan-2-y1)-6-{{rer-butoxycarbonvljamino}-2Z-chloro-8H-purin-
o-yvhcarbamate and methyl 4-(bromomethylibenzoate provided a pair of diastercomeric title
products {ca. 1:1) which the stereo configuration was assigned arbitranily. Both products

were porified by preparative HPLC and 1solated as white solids.

4-{{S)y-2-{(2R, 3R 45,5835 (6~amino-2~chloro-9H-punin-4-yi)-4-tfiuoro-3-
hydroxytetrahydro-furan-2-yhimethoxy)-2-carboxy-2-{thiazol-4-vliethylybenzoic acid: 'H
NMR {(MeQD, 300 MHz) 6 9.04-9.05 (d, /= 1.89 Hz, 1H), 8.09-8.10 (d, /= 1.89 Hz, 1H),
7.79-781{(d. J=819Hz 2H), 7.64-765(d, /=195 Hz, 1H), 7.21-724 (d, /= 8.16 Hz,
2Hy, 6.35-6.42(dd, J =417, 1572 Hz, 1H), 5.02-5.21 (dt, J=3.36,52.2 Hz, 1H), 4.59-
4.67 (dt,.J =375, 16.86 Hz, 1H}), 4.09-4.16 (m, {H), 3.92-3.97 (m, 1H), 3.62-3.85 (m, 3H),
LC/MS M +H] =579.0.

4-{{R}-2-({{ 28, 3R 45,5 R)-3-{6-amino-2-chloro-9H -punn-9-yi}-4-fluoro-3-
hydroxytetrahydro-furan-2-yhmethoxy)-2 -carboxy-2-(thiazol-4-yi)ethyl}benzoic acid: 'H
NMR (MeOD, 300 MHz} 6 9.05 (s, 1H}, 827 (s, 1H), 7.69-7.75 (m, 3H), 7.253-727 (d,J =
8.16 Hz, 2H}, 6.38-6.44 {(dd, J =435, 13.35 Hz, 1H}, 5.05-525{(dt, J=4.11, 5271 Hz,
1H), 4.64-4 73 (dt, /=429, 18 Hz, 1H}, 4.07-4.12 (m, IH}. 3.62-3.86 {m, 4H); LC/MS M
+H]=579.1.
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Example 17

Synthesis of 3-(2-({(2K, 3K, 45, 5R}-5-(6~amino-2~chloro-9H -purin-9-vi)-4-tluore-3-
hvdroxytetrahydrofuran-2-viimethoxvy-2-carboxv-2-(thiazol-4-vl)ethvi}benzoic acid
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Exomple 17
Proceeding as described 1o Example 1 above but substituting ferf-butyl {0-{(2R 3R 4R 3R)-
3 d-bis{{rert-butoxycarbonyvhioxy)-5-thydroxymethvltetrahydrofuran-2-y1}-6-{(tert-butoxy-
carbonylamino)-2-chloro-9H-purin-6-vhcarbamate and 4-(bromomethyl)-1,17- biphenyl
with fert-butyl (9-({ 2R, 38,4R SR}-4-{(tert-butoxycarbonylyoxy}-3-fluorg-5-
{hydroxymethvi}-tetrabydroferan-2-y1)-6-{{rer-butoxycarbonvljamino}-2Z-chloro-8H-purin-
6-ylcarbamate and methyl 3-(bromomethyhbenzoate provided the title compound as a

mixture of diastercomers {ca. 111} and isolated as a white solid.

TH NMR (MeOD, 300 MHz) § 9.04-9.06 (m, 1H), $.291-8.296 (d,J= 1.41 Hz, 0.4H),
8.10-8.11(d, /= 1.86 Hz, 0.6H). 7.63-7.85 {m, 3H), 7.17-7 42 (. ZH), 6.35-6.43 (m, 1H),
5.01-3.25 (m, 1H), 4.60-4.76 (m, 1H), 4.08-4.16 (m, 1H), 3.62-3.97 (m, 4H); LC/MS [M +
Hl=579.1.

Example 18

Synthesis of 2-(({2R, 3K, 45, 3R}-5-(6-amino-2-chloro-9H-purin-9-y13-4-fluoro-3-
hydroxytetrabydrofuran-2-yhmethoxy)-3-(2'-(carboxymethyvi}-{ 1, 1'-biphenyl}-4-vi}-2-
{(thiazol-4-vhipropanoic acid
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Proceeding as described in Example 1 above but substituting ferf-butyl (9-({2K 3R 4K 5R)-
3. 4-bis{{(terr-butoxyearbonyloxvi-5-thvdroxyvmethyitetrahydrofiran-2-v13-6-({fers-butoxy-
carbonybamne)-2-chloro-9H-purin-6-ylicarbamate and 4-(bromomethyl)-1,17- biphenyt
with fert-butyl (9-({2R 35, 4R SR)-4-{(tert-butoxycarbonyljoxy)-3-fluoro-5-

(hydroxymethyl-tetrahydrofuran-2-v)-6-({fer-butoxycarbonyl Jamino)-2-chloro-9H-purin-

-59 .
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6-yhcarbamate and 22-(2-boronophenyilacetic acid provided the title compound as a

mixture of diastercomers {ca. 111} and isolated as a white solid.

1H NMR (MeOD, 300 MHz) 8 9.04 (s, 1H), 8.35 (s, 0.5H), 8.13 (s, 0.5H), 7.64-7.72 (m,
1H), 7.05-7.30 (m, 8H), 6.35-6.41 (m, 1H), 5.02-5.25 (m, 1H), 4.62-4.73 (m, 1H), 4.10-4.17
(o, 1H), 3.62-3 84 (m. 4H), 3.47-3.49 (d, J = 5.37 Hz, 2H): LO/MS [M + H} = 669.1.

Examples 19 & 20

Synthesis of (5)-2-{({2ZR, 3R 45 5R}-5~(6~amino-2-chloro-9H-purin-9-vi)-4-fluore-3-
hydroxyietrahydrofuran-2-vlmethoxy}-3-{4-(2-methoxypyridin-3-yDphenyD-2-{thiazol-4-
yhipropanoic acid
and
{7)-2-({{2R 3R 48, 5R)-5~(6-amino-2~chloro-9H -punn-9-vi}-4-fluorp-3-
hydroxvietrahydrofuran-2-ylmethoxy)-3-(4-(2-methoxypyndin-3-ylphenyi}-2-(thiazol -4~
vi}propanoic acid
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Proceeding as described in Examples 4 and 3 above but substituting ferr-buty] (9-

(28, 3R 4R 5R)-3 4-bis{{ferr-butoxycarbonyhoxy )-5-(hvdroxymethyDtetrabvdrofuran-2-vl)-
6-({rert-butoxyearbonylamino}-2 -chloro-OH -purin-6-vljcarbamate and 2-cyanomethyl-
phenylboronic actd, pinacol ester with rers-butyl (3-((2R 385 4R SRy-4-({feri-
butoxvcarbonyi}-oxy}-3-fluoro-3-thyvdroxymethyl yictrahydroturan-2-vi}-6-({rers-
butoxyvcarbonyijamino)-2-chloro-9H-purin-6-vicarbamate and (2-methoxypyridin-3-
viboronic acid provided a pair of diastereomeric title prodaocts {ca. 1:1) which the stereo
configuration was assigned arbitrarily. Both products were purified by preparative HPLC

and isolated as white solids.

{(85¥-2-({(2R 3R 45 53 R)-5-(6-amino-2-chloro-9H-purin-9-yl}-d-fluooro-3-hydroxyictrahydro-
furan-2-yDmethoxy)-3-{4-(2-methoxypyridin-3-viphenyh-2-{thiazol-4-yDpropanoic acid:
H NMR (MeOD, 300 MHz) 8 9.051-9.058 (d, /= 2.01 Hz, 1H), 8.05-8.10 (m, 2H), 7.68-
7.69(d, J=198Hz, 1H), 7.58-761 (dd, /=189, 729 Hz, 1H), 7.32-735(d, /=831 Hz,
2H), 7.16-7.194d, J=8.25 Hz, 2H), 6.96-7.00 (m, 1H), 6.35-6.41 (dd. /=399, 1497 Hz,
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1H), 5.03-522 (dt, J=3.21, 32.83 Hz. 1H), 4.62-4.70 (m, 1H), 4.11-4.15 (q. /= 4.35 Hz,
1), 3.60-3.96 (m, 7H); LC/MS [M + H] = 642.1.

{(1)-2-({(2R 3R 48 5 R)-5-{6-amino-2-chloro-9H -punn-9-yi}-4-fluoro-3-hydroxytetrahvdro-
furan~2-vimethoxy}-3-(4-(2-methoxypyridin-3-viphenyl)-2~(thiazol-4-vipropanoic acid:
TH NMR (MeOD, 300 MHz} 8 9.061-9.067 {d, /= 1.92 Hz, 1H}, 8.34 (s, 1H), 8.01-8.03
(dd, J=192,501 Hz, 1H), 7.75-7.76 (d, /=192 Hz, 1H), 745-748 {dd, J=1.92, 738
Hz, 1H), 7.22-729 (q, J = 8§34, 429 Hz, 4H), 6.90-6.94 (m, 1H), 6.38-6.43 (dd, J =447,
11.52 Hz, 1H), 5.07-5.28 (dt, J=4.41, 5256 Hz, 1H), 467477 (dt,./ =474, 1836 Hz,
1H), 4.08-411 (g, /=372, 51 Hz, 1H), 3.64-3.87 (m, 7TH); LC/MS M+ H] =642.1.

Examples 21 & 22

Svathesis of (S)-2-{({2K, 3R, 45, 5R)-5-(6-amino-2~-chloro-9H-purin-9-yi)-4-fluoro-3-
hydroxyietrahydrofuran-2-vDmethoxy }-3-(4-(Z-ox0-1 2-dihydropyridin-3-yUphenyi}-2-
(thiazol-4-yhpropanoie acid
and
{(RY-2-{( 2R, 3R 45, 5R3-5-(6-amino-2~chloro-9H -purin-9-vii-4-tluoro-3-
hydroxytetrahydrofuran-2-ymethoxy)-3-(4-(2-oxo-1,2-dihvdropyridin-3-yphenyl}-2-
(thiazol-4-ylpropanoic acid
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HN.\,// BN,

Proceeding as described in Examiples 4 and 5 above but substituting rere-butyl (9~
{{ZR 3R 4R 5R)-3 4-bis{{rert-butoxycarbonyljoxy)-5-(hvdroxvmethyljtetrahvdrofuran-2-yi)-
6-({rert-butoxycarbonylyamine)}-2 -chlorg-9H-purin-6-yjcarbamate and 2-cvanomethyl-
pheavlboronic acid, pinacol ester with ferr-butyl (3-{{ZR 385 4R SR)-4-({tert-
butoxvearbonvl}-oxv}-3-fluoro-S-(hydroxymethvl ytetrabvdrofuran-2 -y1)-6-({rers-
butoxvcarbonyvijamino)-2-~chloro-9H-purin-6-ylicarbamate and (2-oxo-~1,2~-dihvdropynidin-
3-yhboronic acid provided a pair of diastercomeric title products {ca. 1:1) which the sterco
configuration was assigned arbitranly. Both products were purified by preparative HPLC

and 1solated as white solids.
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{5)-2~({(2R 3R 45 SR)-5~-(6~amino-2-chloro-9H -purin-9-yl}-4-fluoro-3-hydroxytetrahydro-~
furan-2-viymethoxy)-3-(4-(2-oxo-1, 2-dihvdropyndin-3-vl)phenyl)-2-(thiazol-4-
vl)propanoic acid: 'H NMR (MeOD, 300 MHz) § 9.04-9.05 (d. J= 2.01 Hz, 1H), 8.13-
8.14(d, J=1.95Hz 1H), 766-7.67(d, /=198 Hz, 1H}, 7.59-7.62 (dd, J=2.01, 7.05 Hz,
1H), 745-748(d. J =8 19 Hz, 2H), 7.36-7.39(dd, /= 1 .98, 636 Hz, 1H), 7.16-7.19 (4, =
8.25 Hz, 2H), 6.35-6.47 (m, 2H), 5.02-5.21 (dt. J=3.54, 52.38 Hz, 1H), 4.60-4.68 (dt, /=
3.6, 1806 Hz, 1H), 4.10-4.15 (g, /= 4.89 Hz, 1H), 3.60-3.95 (m, 4H); LC/MS M+ H] =
628.0.

{(R)-2-({(2R 3R 458 5 R)-5-(6~-amino-2-chloro-9H -punn-9-yi)-4-tfluoro-3-hydroxyictrahvdro-
furan-2-yhmethoxy}-3-(4-(2-ox0-1,2-dihydropyridin-3-vljphenyl}-2-{thiazol-4-
vipropancic acid: 'H NMR (McOD, 300 MHz) 8 9.04-9.05 (d, J = 1.95 Hz, 1H), 8321~
8326 (d,J=153Hz, 1H), 771-772(d, J= 198 Hz, 1H), 7.50-7.53 (dd, /= 1.95, 6.96 Hz,
1H), 7.33-7.42 (m, 3H}, 7.20-7.23 (d, J=8.22 Hz, 2H), 6. 37-6. 44 (m, ZH}, 5.05-5.25 (dt, J
=4.53,525 Hz, 1H), 4.64-4.73 (dt, /=915, 13.29 Hz, 1H}, 4.06-4.10 (g, J=3.81,4.74
Hz, 2H), 3.63-3.83 (m, 3H);, LC/MS [M + H =628.0.

Example 23

Synthesis of 2-({((Z2R, 3R 45, 51)-5-(6-butoxy-2-chloro~-9H -punn-9-yi}-4-fluorp-3-
hydroxytetrahydrofuran-2-vlymethoxy)-3-phenyl-2~(thiazol-4-vpropanoic acid
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Example 23

Step 1

To a solution of {ZR 3R 48 5R)-5-{6-butoxy-2-chlors-9H -purin-9-y1)-4-fhuoro-2-
(bydroxymethyiitetrabvdrofuran-3-ol (377 mg, 1.045 mmol} which was prepared according
to the procedure described previously (WO2018049145 and WO2018119284) n DMF (2
mL} at 0 °C under argon atmosphers was added mmidazole (179 mg, 2.62 mmol) and
followed by TBDPSCI (312 ul, 1.2 mmol}. The reaction mixture was stirred for 2 hours at
0 °C and then allowed to warm up to room temperature and stirred for 18 b. The solvent
was removed under reduced pressure and the residue was diluted with HoO (10 mL) and
extracted with EtOAc (3 x 25 mL}. The combined organic laver was washed further with
HO 30 mbLy, brine (30 mL), dried over NazS504 and concentrated. The crude residue was
purified by flash column chromatography on silica gel (0-40% EtOAc in hexanes) to
provide (2R 3R 48, 5R)-5-{6-butoxy-2-chloro-9H-purin-9-vi}-2-({{ferr-
butyldiphenylsityDoxyimethyl}-4-fluorotetra-hydrofuran-3-ol {650 mg).

Step 2:

To a solution of (2K, 3K, 45, 38)-5-(6-butoxy-2~chloro-9H-purin-9-y1}-2 -({{fert-butyl-
diphenylsibvloxyimethyl)-4-fluorctetrahydrofuran-3-ol {650 mg, 1.085 mmol} m dryv BDMF
{5 mL} under argon atmosphere at 0 °C was added EGN (166 ul, 1.193 mmol), 4-DMAP
(22 mg, 0.1807 mmol} and followed by dropwisc addition of a solution of Boc,O (249 mg,

1139 mmol) in dry DMF (I mL). The reaction mixture was stirred for 1 h at 0 °C and then

-63 -



CA 03143496 2021-12-14

WO 2020/257429 PCT/US2020/038395

at 25 °C for 18 h before it was concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (0-40% EtOAc in hexanes) to provide
(2R 3R 45, 5R)-5-{6-butoxy-2-chloro-9H -purin-9-y1}-2-({{fer-butyldiphenvisilyljoxy}-
methyl)-4-fhuorotetrahvdro-furan-3-vl feri-butyl carbonate (600 mg}.

Step 3:

To a solution of (2R, 3K, 45, 318)-5-{6-butoxy-2-chloro-9H-purin-9-v)-2-({{tert-
butyldiphenyl-silyhoxy}-methyli-4-fluorotetrahvdrofuran-3-vl rer-butyl carbonate (600
mg, 0.858 mmole) was dissolved in dry THF {10 mL) was added a solution of TBAF (1.3
ml., 1.287 mmol, 1 M in THF) dropwise. The reaction mixture was stirred 18 b before it
was evaporated to dryness. The residue was purified by silica gel column chromatography
{0-40% EtOAc in hexanes) to provide (2R, 3R, 48, 513-5-(6-butoxy-2-chloro-9H-purin-9-y1)-
4-fluoro-2-Chydroxymethyi}-tetrahvdrofuran-3-vi rer¢-butyl carbonate (301 mg).

Step 4:

Proceeding as described m Example 1 above but substituting rerf-butyl (9-

({2R 3R 4R SR)-3 4-bis{{tert-butoxycarbonyhioxy)-5-(hvdroxymethyltetrahydrofuran-2-yi)-
6-({tert-butoxycarbonvljaming}-2 ~chloro-9H~purin~-6-ylicarbamate with (2R 3R 45, 5R)-5~
{6~-butoxy-2-chloro-9H -purn-9-yi}-4-fluore-2-(hvdroxymethylietra-hvdrofuran-3-vi tert-
butyl carbonate provided the title compound as a mixture of diastereomers (ca. 1:1} and

1solated as a white solid.

TH NMR (MeOD, 300 MHz) § 9.03-9.04 (d,.J = 1.68 Hz, 1), 8.45-8.46 (d, J= 1.74 Hz.
0.5H), 5.30-831 (d.J= 1.5 Hz. 0.5H). 7.63-7.66 (dd.J = 1.98, 7.44 Hz, 1H), 7.08-7.16 (m,
SH). 6.44-6.52 (dt, J= 3.9, 14.88 Hz. 1H), 5.06-5.26 (m, 1FD, 4.79-4.59 (m, 3H), 4.10-4.17
(m, TH). 3.55-3.93 (m, 4H), 1.83-1.92 (m, ZH), 1.50-1.62 (m. ZH), 1.00-1.05 ¢, J = 7.35
Hz, 3H); LO/MS [M + H} = 592

Example 24

Synthesis of 2-{{(2R, 3R, 45, 51y-5-(2-chloro-6-{propylaming}-9H-punn-9-vi-4-flucrc-3-
hydroxytetrahydrofuran-2-yDimethoxy)-3-phenyl-2-(thiazol-4-ylpropancic acid
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Step 1

A mixture of ((ZR, 3R, 45 5R)y-3-(benzovioxy}-5-(2,6-dichloro-9H-purin-9-y1}-4-
fluorotetrahydrofuran-2-ylimethyl benzoate (5.00 g, 0.94 mamol, 1 eqg) and propyvlamine
{444 ¢ 7528 mmol, 8 eq) in MeOH (50 mb} was stirred at 25 °C for 5 h before it was
concentrated. The crude was dissolved in a mixture of 1N ag. LaOH (20 mL) and THF (10
ml}. The muxture was stirred for 1 h before the organic volatite was removed. The ag.
layer was cooled to 0 °C and acidified to pH ~6 with 2N ag. HC1 solution. The precipitate
was collected by suction filtration and dried to provide crude (2R 3R 45 58)-5-(2-chloro-6-
{propvlamino)-9H-purin-9-y)-4-fluoro-2-thvdroxymethyltetrahvdrofuran-3-0l  1.20 g).
Step 2:

To a solution of crude (2R 3R 45, 5R)-5-(2-chloro-6-(propvlamino}-9H-purin-9-vi}-
4-fluoro-2-(hydroxvmethyijtetrahvdrofuran-3-0l (1.20 g, 3.47 mmoi, 1 eq) in DMF (8§ mL)
at 0 °C under argon atmosphere was added imidazole (709 mg, 10.41 mmol, 3 eq} and
TBDPSCL(1.08 mlL, 4. 16 mmol, 1.2 eq}. The rcaction mixture was stirred at 25 °C for 5 h
before 1t was diluted with Ho O {10 mL) and extracted with EtOA¢ (100 mb). The organic
layer was washed further with H20 (2 x 30 mL), brine (30 ml), dried over NawS{Os and
concentrated. The crude residue was purificd by flash column chromatography on silica gel
{10-80% EtQAc in hexanes) to provide (2R 3R, 48 5R)-2-({{reret-
butyidiphenyisilyhioxyymethyl}-5-(2-chloro-6-(propylamine}-9H -purin-9-yi-4-
fluorotetrahydroturan-3-ol (780 mg).

Step 3:
To a solution of (2R 3R 45, 5Ry-2-({{terr-butvidiphenvisilvDoxyimethvl)-5-(2-

chloro-6-(propvlamino}-9H -purin-9-vi}-4-fluorctetrabvdrofuran-3-ol (700 mg, 1.20 mmol,
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1 eqyin dry THF (5 mi.) under argon atmosphere at 0 °C was added EtsN (668 ul., 4.79
mmol, 4 eq), 4-DMAP (60 mg) and Bocx(O (1.03 mg, 4.79 ramol). The reaction mixture
was stirred at 25 °C for 4 h before 1t was concentrated under reduced pressure. The residae
was purified by silica gel column chromatography {10-40% EtOAc in hexanes) {o provide
tert-butyl (9~-((2R 35, 4R SRy-4-({ferr-butoxycarbonvljoxv)-5-{{{tert-
butyldiphenvisitvhoxyimethyl}-3-fluorotetrabydrofuran-2-y1)-2-chloro-9 H-purin-6-
vi}{propyhcarbamate (780 mg).
Step 4

To a solution of rerr-butyl (9-((2R, 38, 4R, S Ry-4~{{rert-butoxvcarbonylyoxy)-5-({{rerr-
butyldiphenyisilyDoxymethyl}-3-fluorotetrabyvdrofuran-2-y1)-2-chloro-9H -purin-6-
vi¥{propyhicarbamate (700 mg, 0.99 nunole, 1 eq) was dissolved in dry THF (10 mL) at 25
°C was added a solution of TBAF (2.0 mL, 1.98 nunol, 1 M in THF) dropwise. The reaction
mixture was stirred 4 h before it was diluted with water (10 mL) and EtOAc (40 mL). The
organic layer was washed with brine (10 mL)}, dried (Na»x504) and concentrated. The
residue was purified by silica gel column chromatography (10-50% EtOAc in hexanes) to
provide {ZR 3K 48, 5R}-5-(6-butoxy-2~-chloro-9H-purin-9-vl)-4-fluoro-2 -thydroxymethyl}-
tetrahydrofuran-3-vl ferf-butyl carbonate (301 mg).
Step 5:

Proceeding as described in Example 1 above but substituting fert-butyl (9-
(28, 3R 4R 5R)-3 4-bis{{ferr-butoxycarbonyhoxy )-5-(hvdroxymethyDtetrabvdrofuran-2-vl)-
6-({tert-butoxyecarbonyl}amino)-2 -chloro-9H-purin-6-vljcarbamate with (2R, 3K, 45 5K)-5-
{6-butoxy-2-chloro-9H -purin-9-y1}-4-fluoro-2-thydroxymethyl}-tetrahydroforan-3-vl serr-
butyl carbonate provided the title compound as a mixture of diastercomers {ca. 1:1) and

isolated as a white solid.

1H NMR (MeOD. 300 MHz) 8 9.02-9.03 (d, /= 1.92 Hz, 1H), 8.03-8.19 (m, 1H), 7.61-7.64
(dd,J = 1.89, 6.39 Hz, 1H), 7.10-7.15 (m. 5H), 6.33-6.41 (dt, J=4.11, 2.4, 3.81, 1488 Hz,
1H), 4.99-522 (m, 1H), 4.63-4.69 (m, 1H), 4.08-4.13 (m, 1H), 3.52-3.88 (m, 6H), 1.64-1.76
(o, 2H), 0.99-1.04 (t. J= 7.47 Hz, 3H); LC/MS [M + H] = 577.0.

Example 25

Synthesis of 4'-(2-carboxy-2-({{2R 3R 45 5R}-3-{2-chloro-6-(propylamino}-9H -purin-9-vi}-
4-fluoro-3-hydroxyteirahyvdrofuran-2-viymethoxy)-2-(thiazol-4-viethyh-{ 1, 1'-biphenvii-2-
carboxvlic acid
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Proceeding as described i Example 1 above but substituting feri-butyl {9-

{{2R 3R 4R SR)-3 4-bis{{tert-butoxycarbonyhioxy)-5-(hvdroxymethyltetrahydrofuran-2-yi)-
6-{{tert-butoxycarbonylaming)-2 -chloro-9H -purin-6-vlcarbamate and 4-(bromomethyli}-
1,17~ biphenvl with methyl 2-(((2R, 3R 45,58)-5-(6~({tert-butoxycarbonyl}-{(propyljamino}-
2-chloro-SH -purin-9-v}-3-((tert-butoxyecarbonvhoxy)-4-fluorotetrahydro-furan-2-
vimethoxy}-2-(thiazol-4-yhacetate and methyl 4'-(bromomethvi}-[ 1,1 -biphenyl}-2-
carboxylate provided the title compound as a mixture of diastereomers (ca. 11} and

1solated as a white solid.

H NMR (MeOD, 300 MHz) § 9.03 (s, 1H), 8.08-8.25 (d. J = 51.09 Hz, 1H), 7.09-7.76 {m,
SH). 6.34-6.42 (dt, J = 4.35. 3.66. 5.97, 15.48 Hz, 1H), 4.99-5.24 {m, 1H), 4.62-4.68 (m,
1H), 4.10-4.14 (m, TH), 3.50-3.97 (m, 6H), 1.64-1.71 (m, 2H), 0.97-1.02 (¢, J = 7.23 Hz.
3H): LC/MS [M + H] = 697 1.

Example 26

Synthesis of 2-({((2R, 35, 48 SR)-5-(6-amino-2-chloro-9H-punin-9-yi)-3 4-
dibydroxytetrahydrofuran-2-vhmethoxy}-3-phenyl-2-(thiazol-4-yhpropanoic acid
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Exampie 26
Step 1

To a solution of ethyl 2-(thiazcl-4-vlacetate (2.00 g, 11.7 mumole} in CHSCN (15
ml} at O °C was added DBU (2.62 mi, 17.6 mmole) and 4-acetamidibenzene sulfonylazide
(3.4 g, 14.1 mmole) in CHCN (10 mL). The reaction mixture was stirred at 25 °C for 1.5 h
before 1t was concentrated under reduced pressure to dryness. The resulting crude was
puritied by silica gel column chromatography (0—40% EtOAc in hexanes) to provide cthvl
2-diazo-~2-{thiazol-4-vhacetate (2.0 g}
Steps 2 - 5.

Proceeding as described in Example 1 above but substituting methyl 2-diazo-2-
{thiazol-4-vhacetate and 4~(bromomethyl}-1.1"- bipheovl with cthyl 2-diazo-2-(thiazol-4-
vljacetate and BnBr provided the title compound as a mixture of diastercomers (ca. 1:1)

and isolated as a white solid.

TH NMR (CD:0D, 300 MHz): Isomer 1: § 9.04-9.06 (m, 1H), 8.40 (s, 1H).7.68-7.71 (m,
1), 7.06-7.19 (m, 5H), 5.99 (d, J=5.76 Hz. 1H), 4.75 (¢, .J=5.31 Hz, 1H), 4.30-4.37 (m,
1H), 4.16-4.22 (m. 1H), 3.49-3.86 (m, 4H); Isomer 2: § 9.02-9.04 (m. 1H), 8.29 (s.
1H),7.64-7.67 (m, 1H), 7.06-7.19 {m, 5H), 5.95 (d, J=5.67 Hz. 1H), 4.69 (t, J=5 40 Hz,
1H), 4.16-4 22 (m. 1H), 4.30-4.37 (m, 1H), 3.49-3.86 (m, 4H); LO/MS [M + H] =533.2.

Example 27

Synthesis of 3-(] 1,1 -biphenyl}-4-y1)-2-({({ 2R, 38, 4R 5 K)-5-(6-amino-2-chloro-9H-purin-9-
viy-3 4-dibhvdroxytetrabydrofuran-2-yhmethoxy)-2~(2-chlorothiazol-4-yhpropanoic acid
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Step 1

To a solution of ethy] 2-(2-chlorothiazol-4-vhacetate (240 g, 11.7 mmole) in
CHCN (15 mb) at 0 °C was added DBU (2.62 ml, 17.6 mmole) and 4-acetamidibenzene
sulfonylazide (3.4 g, 14.1 mmole) in CH3CN (10 mL). The reaction mixture was stirred at
25 °C for 1.5 h betore it was concentrated under reduced pressure to dryvness. The resulting
crode was purified by silica gel column chromatography {(0-40% EtOAc in hexanes) to
provide ethyl 2-diazo-2-{thiazol-4-yliacetate (2.0 g).
Steps 2 - 5

Proceeding as described in Example 26 above but substituting ethyl 2-diazo-2-
{thiazol-4-vhacetate and 4-(bromomethyl}-1,17- biphenyl with ethyl 2-(2-chlorothiazol-4-
vl}-2-diazoacetate and 4-(bromomethvi}-1,1'-bipheny! provided the title compound as a

mixture of diastereomers {ca. 1:1) and isolated as an off-white solid.

'H NMR (CD;0D, 300 MHz): Isomer 1: 3 8.46 (s, 1H), 7.60 (s, 1H), 7.18-7.51 (m, OH),
596 (d, J=-5.79 Hz, 1H), 4.75 (t, J=5.19 Hz, 11), 4.35-4.39 (m, 1), 4.20-4 .24 (m, 1H),
3.85 {dd, J=10.17. 2.88 Hz, 1H), 3.55-3.75 (m, 3H); Isemer 2: 6 8.26 (s, 1H), 7.63 (s, 1H),
7.18-7.51 (m, 9H), 6.02 (d, J=5.52 Hz, 1H), 4.69 (£, J=5.30 Hz, 1H), 4.39-4.43 (m. 1H),
424428 (m, 1H). 3.91 (dd. J=10.39, 2.85 Hz, 1H). 3.55-3.75 (m, 3H); LO/MS [M + H| =
643.1.

Examples 28 & 29

synthesis of (5)-3-(1,1-biphenyl|-4~-v1)-2-({(2R, 35, 4 K, SR}-3-{6~-amino-2-chloro-9H-purin-
9-y1)-3,4-dihvdroxytetrahydrofuran-2-vmethoxy }-2-(2-methvithiazol-4-yDpropanocic acid
and
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{(R)-3~(} 1, 1'-biphenyl]~4-v1}-2-({{ 2R, 35 4R, 5K}-5~{ 6-amino-2-chloro-9H-purin-9-vi)-3,4-
dihvdroxytetrahydrofuran-2-yymethoxy)-2-(2-methylthiazol-4-yvhpropanocic acid

Br
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Proceeding as described m Example 1 above but substituting methyl 2-(thiazol-4-
viyacetate with ethyl 2-(2-methylthiazol-4-yDacetate provided a pair of diastereomeric titie
products {ca. 1:1) which the sterco configuration was assigned arbitranly. Both products

were porified by preparative HPLC and 1solated as white solids.

(8)-3-(1 1, I-biphenvl |-4-y1}-2~(({2R 35, 4R SR)-5-{6~anmino-2~-chloro-9H-purin-9-vi)-3 4-
dihvdroxytetrahvdrofuran-2-ymethoxy}-2~(2-methytthiazol-4-ylpropanoic acid: 'H
NMR (CBs0D, 300 MHz} 6 §.29 (s, 1H), 7.22-7.53 (m, 10H}, 5.95 (d, J=588 Hz, 1H),
4.68-4.73 (m, 1H), 436 (dd, /=483, 3.09 Hz, 1H), 4.18-4.23 {m, 1H), 3.79 (dd, /= 10.24,
303Hz 1H), 376, J=1408Hz, 1H), 364(d, I=1410Hz 1H), 355 (dd, I = 10.19,
329Hz 1H), 4.73 (s, 3H); LC/MS M + H] =623 2.

{#)-3~([1, U-biphenvli-d-v1}-2-(({ 2R, 35 4R 5 R}-5~(6-amno-2-chloro-9H -punn-8-y1)-3 4-
dihydroxytetrahydrofuran-2-yl)methoxy)-2-(2-methyithiazol-4-yl)propanocic acid: 'H NMR
(CH;0D, 300 MHz) 5 8.49 (s, 1H), 7.52 (s, 1H), 7.22-7 49 (m, 9H), 6.01 {d, /=5.37 Hz,
1H}, 4.73 (1, J=5.09 Hz, 1H), 4.37-4.42 (m, 1H), 4.21-4.26 (m, 1H), 3 92 {dd, /=10 .40,
27V Hz, 1H), 3.78 (d, J=14.32 Hz, 1H), 3.65(d, J=14 20 Hz, 1H), 3.33 (dd, J=10.38,2.49
Hz, 1H), 2.75 (3, 3Hy; LO/MS [M + H} = 623.2.
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Examples 30 & 31

Synthesis of (5)-2-(({ 2R, 38, 4R, 5K}-5-(6-amino-2-chloro-9H -purin-9-vi}-3,4-
dihydroxvictrahvdrofuran-2-vhymethoxy)-2-(2-aminothiazol-4-v)-3-phenvipropanoic acid
and
(#3-2-({{2R 35 4R SR)-5-{6-amino-2-chloro-9H -purin-9-v1}-3 4-dihydroxyietrahydrofuran-
2-yhmethoxy}-2-(Z-amincthiazol-4-yi}-3-phenylpropanoic acid
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Exampie 30 Example 31
4 .
Step 1

To a solution of ethvl 2-(2-aminothiazol-4-vi) acetate (1.5 g, 8.06 mmol) in dry
DCM (40 mL} at 23 °C under argon atmosphere was added 4-DMAP (110 mg, 0.9 mmol)
and di-feri-butyl dicarbonate (4.574 g, 20.96 mmol}. The reaction mixture was stirred
overnight before #t was concentrated. The crude residue was purified by CombiFlash
chromatography on silica gel (10-68% EtQAc in hexanes) to provide ethyl 2-(2-N N ~(bis-
{rert-butoxy~carbonylaminothiazol-4-viacetate (2.775 g) as a viscous oil.

Steps 2~ 6.

Proceeding as described i Example 1 above but substituting methyl 2-(thiazol-4-
vljacetate with ethyl 2-(2-N X -(bis-{ferf-butoxycarbonvhaminojthiazol-4-vijacetate
provided a pair of diastereomerie title products {ca. 1:1) which the stereo configuration was
assigned arbitrarily. These diastercomers also existed as a pair of tavtomers. Both products

were purified by preparative HPLC and isolated as off-white sohids.

(8)-2-({(2R 38 4R SR)-5-{ 6-amino-2-chloro-8H-purin-9-v1}-3 4-dihydroxvietrahydrofuran-
2-yhimethoxy)-2-(2-aminothiazol-4-y1)-3-phenylpropanoic acid: 'H NMR (CD;0D, 300

MHz): Tautomer 1: 6833 (s, 1 H), 7.10-731 (m, 5H), 639 (s, 1 H), 593 (d, J=6.06 Hz,
T H), 4.66-471 (m, 1H), 4.30-437 (m, 2 H), 3.70-3.81 (m, 1H}, 354 (d, /=14 01 Hz, 1 H),
3.46(d, f=14.04 Hz, 1 H), 3.07 - 3.13 (m, 1 H); LO/MS [M + H] =548.1. Tautomer 2: 6
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829 (s, 1H), 7.64 (s, 1H), 7.10-7.31 (m, 3H). 595 (d, J=5 94 Hz, 1H), 4.44-4.61 (m, 1H).
4.10-4.27 (m, 2H), 3.82-3.94 (m, 1H), 3.39-3.69 (m, 1H), 3.49-3 55 (m, 2F): LC/MS [M +
H} = 548 1.

{(R)-2-({(2R 35, 4R SR)-5-(6~-amino~-2~chloro-9H -purin-9-yi)-3 4-dihvdroxytctrahydrofuran-
2-yhmethoxy }-2-(2-aminothiazol-4-y1}-3-phenylpropanoic acid: 'H NMR (CD:;0D, 300
MHz}: Tastomer 1: 5 8.16 (s, 1H), 7.10-7.30 (m, SH), 6.60 (s, 1H}, 598 (d, /=5.67 Hz,
1H), 4.69-4.75 (m, 1H), 4.38-4.44 (m, 1H), 4.19-4.27 (m, 1H}, 3.42-3.89 {m, 3H}, 3.09 -
335 (m, 1H); LOMS (M + H} = 548.1. Tautomer 2: 5 8.27 (s, 1H), 7.56-7.61 (m, 1H),
7.310-7.30 {m, 5H}, 6.60 (s, 1H), 595 (d, /=540 Hz, 1H}, 4.53-4.60 {m, 1H), 444-451 (m,
1H), 4.30-4.37 (m, 1H}, 3.42-3.8% (m, 3H), 3.09 - 315 {m, 1H}; LC/MS [M + H} = 548.1.

Example 32

Syathesis of 2-(((2R, 35, 4R 3 R)-3-{6-amino-2-chloro-9H-punn-9-y1}-3,4-
dihvdroxytetrahydrofuran-2-ymethoxy)-3-phenyi-2-{ 1H-pyrazol-3-yhpropanoic acid

?:I(Boc);
N
ab.
. - AP =y
Y ¢ ) HO \\/o\j\‘ RN
_ ACHN-- /"‘?‘i"Na SL‘M\ 7 o) N{Baoc),
SEM-CI, KGOy  SEM N2l G Nen o o’ SEML }—oa N \/,'%
N o DMF Ny o DBU, MeCN X \/\\ i Bocd  DBoc N \3>___\ ¢ N
y 5 o YA T oRt T N A
&/J\’A’\d fa OE i . Rhp(QACl, O"\(o\ A J\Ngj\m
2 ioluene 7
!
-
BocS  Ofoe
| Bngr
| C3,C 0, DMF
¥
O MNH, fe) NiBoc)
N Seon L SEM, .  S-ort i
ey, N, 22 1. TFA, CHaCla A g
O o TN e i g

s/ N .
) c 2 a HF o o.
=///\F \ 7 r&j 7,
e “oH S

Bocd  CBos

Exampie 32
Step 1

To a solution of ethyl 2-{1H-pyrazol-3-yhacetate (500 mg, 3.24 mmol} and
trimethylstvhicthoxymethyl chioride (0.69 mi., 3.89 mmol) in dry DMF (7 mL) under
argon atmosphere at 25 °C was added powdered potassium carbonate (896 mg, 6.48 mmol).
The reaction mixture was stirred overnight before it was diluted with brine (30 mL) and
EtOAc (30 mL). The organic layer was separated. The aqueous phase was extracted with
EtOAc (2 x 30 mbL}. The combined organic layer was washed consecutively with brine (30

mL} and water (30 mL) and then dried over NapSQ4 and concentrated. The residue was
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purified by CorabiFlash silica gel colomn chromatography (8-58% EtOAc in hexanes) to
provide ethyl 2-(1-{(2-(trimethyisilvljethoxyimethyl}- 1 H-pyrazol-3-ylacetate (259 mg) as
an oil.
Steps 2~ 6

Proceeding as described in Examplce 1 above but substituting methyl 2-(thiazol-4-
vijacetate with ethyi 2-(1-(2-(tnmethylsilyDethoxsyimethyl)-1H-pyrazol-3-yl)acetate
provided the title compound as a mixture of diastercomers {ca. 1:1) and isolated as an off-

white solid.

'H NMR (CD;0D, 300 MHz): Isomer 1: 8 8.40 (s, 1H), 7.68 (d, J=2.10 Hz, 1H), 7.07-7.29
(m. 5H), 6.43 (d, J-2.10 Hz, 1H), 6.01 (d, J-5.67 Hz, 1H), 4.77 (¢, J-5.28 Hz, 1H), 4.14-
433 (m, 2H), 3.47-3.90 (m, 4H): Isomer 2: 5 8.39 (s, 1H), 7.63 (d, J=2.16 Hz, 1H), 7.07-
729 {m, 3H), 6.39 (d, /=2.13 Hz, 1H), 5.96 (d, J=5.97 Hz. 1H), 4.66 (¢, J=5.10 Hz, 1H),
4.14-4.33 (m, 2HD), 3.47-3.90 (m, 4H): LC/MS [M + H| = 516.2.

Examples 33 & 34

Syathesis of (8)-2-(((2K, 35, 4R, 5 R)-5-{6-amino-2-chloro-9H -purin-9-y1}-3 4-
dihvdroxytetrahydrofuran-2-vhmethoxyy-3-phenyl-2-(1/-1,.2 4-triazol-3-ylpropanoic acid
and
{(F3-2-(({ 2R, 38 4R, 3 K)-5~(6-amino-2-chloro-9H -purin-9-yi}-3 4-dihvdroxytetrabvdrofuran-
2-ylUmethoxy}-3-phenyl-2-(1H-1,2 4-triazol-3-vipropanoic acid
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Example 33 Example 34
Step 1
To a solution of ¢thyl 2-(1H-1,2 4-triazol-3~vhacetate (500 mg, 3.24 nunol) and

trimethylsilbvliethoxymethyl chlornide (0.69 mL, 3.89 mmol} in dry DMF (7 mL) under



CA 03143496 2021-12-14

WO 2020/257429 PCT/US2020/038395

argon atmosphere at 25 °C was added powdered potassium carbonate (896 mg, 6.48 mmol).
The reaction mixture was stirred overnight before it was diluted with HoO (30 mL) and
extracted with EtOAc¢ (3 x 30 mL}. The combined organic layer was washed with brine (30
mL} and water (30 mL) and then dried over NaxSQy and concentrated. The residue was
purified by CombiFlash silica gel column chromatography (8-58% EtQAc in hexanes) to
provide ethyl 2-(1-((2-(trimethvisilvljethoxyymethyl)- 1H-1.2 4-tnazol-3-vhacetate (240
mg) as an otl.

Steps 2 - 6.

Proceeding as described in Example 1 above but substituting methyl 2-(thiazol-4-
vijacetate with ethyl 2-(1-{(2-(tumethylsilyDethoxyimethyly- 1H-1,2 4-triazol-3-vljacetat
provided a pair of diastercomeric title products {ca. 1.1} which the stereo configuration was
assigned arbitrartly. Both products were purified by preparative HPLC and 1solated as off-

white solids.

{(85¥-2-({(2R 38 4R SR}-5-(6-amino-2-chloro-0H -purin-9-y1)-3 4-dihydroxytetrahydrofuran-
2-yimethoxy)-3-phenyi-2-(1H-1.2 4-tdazol-3~-vpropanocic acid: 'H NMR (CD:0D, 300
MHz) 8 8.40 (s, 1H), 8.32 (s, 1 H), 7.10-7.26 {m, 5H), 5.96 {d, /=5.91 Hz, 1H), 4.63-4.69
(m, 1H), 4.27-4.32 {m, 1H), 4.15-4.20 (m, 1H), 3.80 (d, /=14.20 Hz, 1H), 3.73-3.79 (
1H), 3.63 (d, /=14 2 Hz, 1H), 356 (dd, /=10.16, 3.29 Hz, 1H); LC/MS [M + H| = 517

(RY-2-({(2R. 35 4R SR3-5-(6~amino-2~chloro-9H -punin-Y-y1)-3 4-dihvdroxvtetrahvdrofuran-
2-yBmethoxy}-3-phenyl-2-(1H-1 2 4-trigzol-3-yDpropanocic acid:  'H NMR {CD;0D, 300
MHz,) 6 847 (s, 1H), 8.44 (s, I1H), 7.17-7.27 (m, 2H), 7.04-7.14 (m, 3H), 6.01 {d, /=567
Hz, 1H), 4.77 (1, /=527 Hz, 1H), 434-439 (m, 1 H), 4.17-4.23 (m, 1H), 3.88-3.96 (m, 1H),
3814({d, /=14.71 Hz, 1H), 3.66(d, /1470 Hz, 1 H), 3.44-352 (m, | H); LOMS M+ H} =
517.2.

Examples 35 & 36

Synthesis of (8)-2~((( 2R, 35, 4R 5R)-5-{6-amino-2~-chloro-9H -purin-9-yi}-3 4~
dihydroxytetrahydrofuran-2-yhmethoxy}-2-(oxazol-4-y1i-3-phenylpropancic acid
and
(R)3-2-({(2R, 38 4R S R}-5-{b-amino-2-chloro-9H -purin-9-v1}-3 4-dihydroxytetrahydrofuran-
2-yhmethoxy)-2-{oxazol-4-yi)-3-phenyipropancic acid

-74 -
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Example 3§ Example 38
Proceeding as described in Example 1 above but substituting methyl 2-(thuazol-4-
viacetate with methyl 2-{oxazol-4-yhacetate provided a pair of diastereomeric title
products {ca. 1:1) which the stereo configuration was assigned arbitranily. Both products

were purified by preparative HPLC and isolated as off-white solids.

{(85¥-2-({(2R 38 4R SR}-5-(6-amino-2-chloro-0H -purin-9-y1)-3 4-dihydroxytetrahydrofuran-
2-ylimethoxy)-2-(oxazol-4-vi}-3-phenyipropanoic acid: 'H NMR (C13:0D, 300 MHz) §
8.37 (s, 1H), 8.25(d, /=0.70 Hz, 1H), 797 (d, J=0.71 Hz, 1H}, 7.09-7.20 (m, 5H). 598 (d.
J=560 He, TH), 4.65 (1, /=531 Hz 1H},4.37-4.41 (m, 1H), 4.16-4.21 (m, 1H}, 3.72 {dd,
J=10.21, 2.97 Hz, 1H). 358 {(d, J/=13.30 Hz, 1H), 3.51 (d, /=13.49 Hz, 1H). 3.48 {dd.
J=10.13, 311 Hz, iH), LO/MS [M+H}=5172.

{(#)-2-{{(2R 38,48 SR3-5-(6-amino-2-chlore-9H purin-9-v1)-3 d-dihydroxytetrahydroturan-

2-yhmethoxy)-2-{oxazol-4-y1)-3-phenylpropanoic acid: 'H NMR (CD;0D, 300 MHz,) &
8.55 (s, 1H}, 8.26 (hs, 1H), 8.02 (bs, 1H), 7.11 (bs, 5H), 6.00 (d, /=543 Hz, 1H), 4 71 (&,
J=513 Hz 1H), 4.30-4 .44 (m, 1H), 4.20-4.24 (m, 1H), 3.75 {(dd, J=10.24, 2.91 Hz, 1H),
348-3.62 (m, 3H); LOMS M+ H] =517.2.

Example 37
Synthesis of 2-{{({2R, 35,4R, 3 8)-3-(6-amno-2~chloro-9H-punn-9-yi}-3,4-
dihvdroxvtetrahydrofuran-Z-ylmethoxv)-2-(S-methylisoxazol-3-vi}-3-phenvipropanoic
acid
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Examgle 37
Proceeding as described m Example 1 above but substituting methyl 2-(thiazol-4-
vlyacetate with methyl 2-(5-methvlisoxazol-3-yhacetate provided the title compound as a

mixture of diastereomers {ca. 1:1) and isolated as an off-white solid.

'H NMR (CD;0D, 300 MHz): Isomer 1: 8 825 (s, 1), 7.14-7.22 (m, SH), 6.46 (s, 1FD),
5.95-6.01 (m, 1H). 4.66 (t, J~5.50 Hz, 111, 4.28-4.32 (m, 1H), 4.18-4.25 (m, 1H), 3.76-
3.89 (m, 1H), 3.50-3.67 {m, 3H). 2.28 (s, 3H): Isomer 2: § 8.23 (s, 1H), 7.14-7.22 (m, 5H),
6.46 (s, 1H), 5.95-6.01 (m. 1H), 472 (1, J~5.50 Hz, 1H), 4.33-4.38 (m, 1F1). 4.18-4.25 (m,
1H), 3.76-3.89 (m, 1H), 3.50-3.67 (m, 3H), 2.28 (s, 3H); LC/MS [M + H] = 643 1.

Example 38

Syathesis of 2-({((2R, 35, 4R SR)-5-(6-amno-2-chloro-9H-punn-9-y1}-3 4-
dihydroxytetrahydrofuran-2-yDmethoxy)-3- 2 -«(N-methylsulfamoyl)-{ 1, V-biphenyi]-4-y1}-
2~{thiazol-4~ypropanoic acid
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Proceeding as described in Examples 4 and 5 above but substituting 2-cyanomethyi-
phenvlboronic acid, pinacol ester with (2-{(N-methylsulfamoyliphenylboronic acid
provided the title compound as a muxture of diastereomers {ca. 1:1) and isolated as an off-

white solid.

H NMR (CD30D, 300 MHz): Isomer 15 9.04-9.08 (m, 1H), 8.52 (s, 1H), 7.98-8.00 (m,
1H), 7.74 (d, 7198 Hz 1H), 7.49-7.63 (s, 2H), 7.15-7.29 (m, SH). 5.99 (d, J=5.31 Hz,
1H), 4.73 (1, J=5.13 Hz, 1H), 4.34-4.41 (m. 1H), 4.17-4.24 (m, 1H). 383 (d. J=14.22 Hz,
1H), 3.72 (d, J=14.17 Hz, 1H), 3.64 (dd. J-10.25. 3.07 Hz. 1H), 3.35 (dd, J-10.10. 3.31
Hz, 1H), 2.28 (s, 3H). Isomer 2: 8 9.04-9.08 (m, TH), 8.38 (s, 1H), 8.01-8.03 (m. 1), 7.73
(d,J-1.95 Hz 1H), 7.49-7.63 {m, 2T, 7.15-7.29 (m, SHD, 5.96 (d, J-5.58 Hz, 1H), 4.66 (1,

- 76 -
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J=522 Hz, 1H), 4.34-4.41 (m, 1H), 4.17-4 24 (m, 1H), 3.77-3.87 (m, 2H), 3.53-3 64 (m.
JH), 2.29 (s, 3H), LO/MS [M + H] = 7022

Examples 39 & 40
Syathesis of (8)-2-(((2K, 35, 4R, 5 R)-5-{6-amino-2-chloro-9H -purin-9-y1}-3 4-

dihvdroxytetrahydrofuran-2-vhimethoxyy-3-(2'-thydroxymethyl}-6"-methoxy-{ 1,1’
biphenyif-4-vi}-2-(thiazol-4-vi}propanoic acid
and
(#-2-({{2R 55 4R SR)-5-(6-amino-2~chloro-9H -purin-9-vi)-3 4-dihydroxvictrahvdrofuran-
2-viimethoxy}-3~(2'-(thvdroxymethv)-6'-methoxy-[ 1,1 -biphenyl}-4-yi)-2-(thiazol~-4-
ylipropanoic acid

(_1%"‘ ’,1 H Q NH»
- OH N - OH N
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Proceeding as described in Examples 4 and 5 above but substituting 2-cyanomethyl-
phenviboronic acid, pinacol ester with (2-thvdroxymethyl}-6-methoxyphenyljboronic acid
provided a pair of diastercomeric title products (ca. 1:1) which the stereo configuration was
assigned arbitrarily. Both products were purified by preparative HPLC and 1solated as off-

white solids.

{(85¥-2-({(2R 38 4R SR}-5-(6-amino-2-chloro-0H -purin-9-y1)-3 4-dihydroxytetrahydrofuran-
2-yDmethoxy)-3-2'-(thydroxymethyl}-6"-methoxy-[ 1, 1-biphenyl}-4-vi}-2-(thiazol-4-
vhpropanoic acid: 'H NMR (CD:0D, 300 MHz) 3 9.03 (d. /=192 Hz 1H), 847 (s, I H),
7.68{d, J=1.95Hz, IH), 7.11-7.34 (m, 4H), 7.03 (d, /=838 Hz, 2H), 6.92 (d, /=8.14 Hz,
1H), 398 (d, J=3.91 Hz, 1H), 4.73 (t, /=534 Hz, 1H), 4.29-4.33 (m, 1H), 4.18-4 24 (m,
3H), 3.81(d, =14 14 Hz, 1H), 373 (d, S=14 3 Hz, 1H)}, 3.71-3.78 (m, 1H}, 3.55-3.63 (m,
1H), 3.60 (s, 3H), LC/MS [M + H] = 6692,

{(#)-2-{({(2R 38, 4R SR3-5-(6~-amino-2-chlore-SH -purin-9-v1)-3 d-dihydroxytetrahydroturan-
2-yDmethoxy)-3-2'-(thydroxymethyl}-6"-methoxy-[ 1, 1-biphenyl}-4-vi}-2-(thiazol-4-
vhpropanoic acid: 'H NMR (CD:;0D, 300 MHz) 3 9.05 (d. J=1.83 Hz 1H), 854 (s, I H),
7724{d, J=1.86 Hz, 1H), 7.27-7.34 (m, 1H), 7.13-7.24 (m, 3H}, 6.88-7.03 (m, 3H), 6.01 {d,
J=591 He, 1H), 4 81 (t, /=542 Hz, 1H). 433-437 (m, 1H), 432 {d, /=13.01 Hz, 1H}, 424
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(d. J=13.18 Hz, 1H), 4.19-4.24 (m, 1H), 3.82-3.88 (m. 1H). 3.81 (d. J=14.16 Hz, 1H), 3.6¢
(d. J=14.02 Hz, 1F). 3.60 (s. 3H), 3.57-3.63 (m, 1FH); LC/MS [M + H] = 669.2.

Examples 41 & 42

Svathesis of (5)-2-(((2K, 38, 4R, 5 R}-5-{6-amino-2-chloro-9H -purin-9-v1}-3,4-
dihydroxytetrahydrofuran-2-ylmethoxy}-3-(2'-(methvisuifonamido)-{ 1, 1'-bipheayl | -4-vi)-
2-(thiazol-4-yDpropancic acid
and
{(B»-2-(((2R 35 4R SR)-5-{6-amino-2~chloro-9H -purin-9-v1)-3, 4-dihydroxvietrahydrotfuran-
2-vlimethoxy)-3-(2'-(methvisulfonamido)-{ 1, 1'-biphenyl |-4-vi}-2-(thiazol-4-vi}propanoic

acid
=X NH, NH,
- : - i
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N .
Proceeding as descrbed in Examples 4 and 5 above but substituting 2-cyanomethvi-
phenytboronic acid, pinacol ester with (2-(methyvisulfonamido)phenyi}boronic acid
provided a pair of diastercomeric title products {ca. 1.1} which the stereo configuration was
assigned arbitrartly. Both produacts were purified by preparative HPLC and 1solated as off-

white solids.

{53-2-({(2R 38 4R SR}-5-(6-amino-2-chlore-9H-punn-9-v1)-3 4-dihydroxytetrahydrofuran-
2-ybmethoxy)-3-(2'-(methyisulfonamido)-| 1, I'-biphenyl}-4-v1)-2 ~{thiazol-4-y1jpropanoic
acid: "THNMR (CD:0D, 300 MHzy 3 9.06 (d, J=1 95 Hz 1H), 8.18 (s, 1 F), 769 (d, /=1 93
Hz, 1H}, 7.49 (dd, /=799, 1.32 Hz, 1H}, 7.17-7.40 (m, 7H), 5.96 {d. J=53.58 Hz, 1H), 4.68
(t, /=527 Hz 1H), 437-4.42 (m, 1H), 4.18-4 23 {m, 1H), 3 86 (dd, /=10.16, 2.96 Hz, 1H),
3.83(d. J=14.14 Hz, 1H), 3.69 (d, /=14 08 Hz, 1H), 3.53 (dd, /=10.28, 2 80 Hz, 1H), 2.70
(s, 3H), LC/MS [M +H}=702.2.

{&)-2-{{(2R 38, 4R SR}-5-(6-amino-2 -chlore-9H -purin-9-y1}-3 4-dihydroxytetrahydroturan-
2-ybmethoxy)-3-(2'-(methyisulfonamido)-| 1, I'-biphenyl}-4-v1)-2 ~{thiazol-4-y1jpropanoic
acid: THNMR {(CD:0D, 300 MHz) 5 9.07 (4, /=145 Hz 1H), 839 (s, 1 H), 7.77 (d,
J=146 Hz, 1H), 750 (dd, /=7.88, 1.32 Hz, 1H), 7.17-7.39 (m, TH}, 6.01 (d, /=5.97 Hz,
1H), 4 80-4 84 (m, 1H), 434439 (m, 1H), 419-4 24 (m, 1H}, 3.85-3.92 (m, 1H} 371 {d,

-78 -
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J=14.64 Hz, 1H), 3.84 (d, J=14.53 Hz, 1FH), 3.48-3.55 (m, 1H), 2.72 (5. 3H): LC/MS [M +
H =702

Examples 43 & 44

Synthesis of (8)-2~({{2R, 35 4R SR)-5-(6-amino-2-chloro-9H-purin-9-y1}-3 4~
dibydroxytetrabydrofuran-Z -yhmethoxy)-2-(thiazol-4-y1}-3-(2'-(trifluoromethoxy)-{ 1, 1'-
biphenyl}-4-yhipropanoic acid
and
(#3-2-({{ 2R 35 4R 5 R)-5~(6-amino-2-chloro-8H -purin-9-y1}-3 4-dihydroxytetrabydrofuran-
2-vhymethoxy}-2-(thiazol-4-vi}-3-2-(tnfluoromethoxy)-| 1, 1 -biphenvi]-4-vlipropanoic acid

N iz 3 /’E\"‘:z
N --OH N . P =0k N Sy
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\/‘ Example 43 LQ‘:// Example 44

Proceeding as described in Examples 4 and 5 above but substituting 2-cyanomethyi-
pheavlboronic acid, pinacol ester with (2-(tnflucromethoxyphenyliboronic acid provided a
pair of diastercomeric title products {ca. 1:1) which the sterco configuration was assigned
arbitrarily. Both products were purified by preparative HPLC and isolated as off-white

solids.

{5)-2~({(2R 35 4R SK)-5-(6~amino~2-chloro-2H-purin-9-v1)-3 4-dihydroxytetrahydrofuran-
2-viymethoxy)-2-(thiazol-4-v1}-3-(2'-{influoromethoxy}- 1, 1 -biphenvi]-4-ylpropanocic
acid: THNMR (CD>0D, 300 MHz) § .07 (s, 1H) , 8.45 (s, 1HD, 7.72 (s, 1H), 7.35-7.37 (i,
4H), 7.21-7.27 {m, 4H}, 6.00-6.02 (4, ./ = S Hz, 1H), 4.76 (bs, 1H), 4.40 (s, 1H}, 4.23 (s,
1H), 3.72-3 89 {m, 3H), 3.60-3.64 (m, 1H); LC/MS M + H] = 6931,

{(R)-2-({(2R 35, 4R SR)-5-(6~-amino~-2~chloro-9H -purin-9-yi)-3 4-dihvdroxytctrahydrofuran-
Z-ylymethoxy}-2-{thiazol-4-yv1}-3-(2'-{trifluoromethoxy)-{ 1. 1-biphenyi -4~y propanoic
acid: 'H NMR (CD;0D, 300 MHz) 8 9.06 (s, 1H) , 825 (s, 1H), 7.68 (s, 1H), 7.32-7.37
{m, 4H}, 7.26 {(bs, 4H), 5.95-5.97 (d, /=6 Hz, 1H]}, 4.67 (bs, 1H), 440 (s, 1H), 4.21 (s,
1H), 3.70-3 .89 (m, 3H}, 3.56 {bs, 1H}; LO/MS [M+ H] =693 1.

-79 -
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Example 45

Svathesis of 2-({((2&, 38, 48 S1)-5-(6~-amino-2~chloro-9H-purin-9-y1)-3.4-
dihvdroxvtetrahydrofuran-2-vimethoxyv)-3-(2'-(dicthvicarbamoyl}-{ 1, 1"-biphenvi}-4-v1}-2-
(thiazol-4-ylpropanoic acid
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/l '\/ Exampie 45

fel2

Proceeding as described i Examples 4 and 5 above but substituting 2-cvanomethyl-
phenylboronic actd, pinacol ester with 2-(dicthvlcarbamoyvhphenyDboronic acid provided

the title compound as a mixture of diastercomers (ca. 1:1} and isolated as a white solid.

'H NMR (CDHOD, 300 MHz) 5 9.07 (s, 1H) , 8.53-8.57 (d, .J= 11 Hz, 1H), 8.09 (s. 117,
7.74 (bs. 1H), 7.20-7.47 (m, 8H). 6.00-6.01 (m, 1H), 4.69-4.76 {m, 1H), 4.37 (s, 111), 422
(s, 1H), 3.69-3.84 {m, 3H), 3.57-3.60 (m, 2H). 3.05-3.09 (m, 2H), 2.56-2.74 (m, 1H), 0.93
(bs, 3H), 0.71 (bs, 3H); LC/MS [M + H} = 708.3.

Examples 46,47 & 48

Syathesis of 2-({(2R, 35, 4R 51)-5-(6~-aming-2-chloro-9H-purin-9-y13-3 4-
dihvdroxytetrahvdrofuran-2-viimethoxy)-3-(2'-(methoxycarbonyly-{ 1, I '-biphenyij-4-vl}-2-
phenyipropanoic acid
and
A-((8)-2-(((2R, 38 4R, 3 8)-5-(6-amino-2-chloro-9H -purin-9-v1)-3 4~
dihydroxytetrabydroturan-2-yhmethoxy)-2-carboxy-2-phenviethyi)-{ 1, 1'-biphenyi}-2-
carboxylic acid
and
AA(RY-2-({{ 2R, 38 48 SK)-5-(6~-amino-2-chloro-9H -purin-9-y1}-3,4-
dihydroxytctrahvdrofuran-2-vhmethoxy)-2~carboxy-2-phenylethvi}-i1,1'-biphenyl}-2-
carboxylic acid

- 30 -
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Proceeding as described in Example 1 above but substituting methyl 2-{thiazol-4-
vlacetate with ethvl Z-phenvlacetate provided title compounds as 2-{(({(2K, 35,48, 3R}-5-(6-
amino-2-chloro-9H -purin-9-y1}-3 4-dihydroxytetrabydrofuran-2 -y Dmethoxy)-3-(2'-
{methoxy-carbonyl}-{ 1, 1'-biphenyi|-4-yi)-2-pheaylpropanocic acid and a pair of
diastercomeric titke products {ca. 1:1) which the sterec configuration was assigned
arbitrarity: 4'-((S)-2~({{2R. 35, 4R S R)-5-(6-amino-2-chloro-9H -purin-9-vi)-3 4-
dihydroxytetrahydrofuran-2-yhmethoxy)-2-carboxy-2 -phenviethyly-{ 1,1 -biphenyi}-2-
carboxylic acid and 4'-{(R)}-2-({{2R 358 41 S13-5-(6~-ammo-2-chlore-9H purin-9-y1)-3 4-
dihydroxytetrahvdrofuran-2-yhmethoxy)-2-carboxy-2-phenylethviy-{ 1,1 -biphenyi}-2-
carboxyhic acid. All title products were purified by preparative HPLC and isolated as white

solids.

2-{{{2R. 35.4R 5R)-5~(6-amino-2-chloro-9H-purin-9-vi}-3.4-dihvdroxvietrahvdrofuran-2-
vhimethoxy)-3~(2'-(methoxy-carbonyi}-{ 1, 1'-biphenyl}-4-y1)-2-phenyipropanoic acid: 'H
NMR (CD;0D, 300 MHz) § 851 (bs, 1), 7.73 (d, =7.6 Hz, 1H), 7.51-7.42 (m, 3H),
7.39-7.30, (m, SH), 7.25-7.22 (m, 4H), 598 (d, J=5.6 Hz, 1H), 468 (1, /=6.0 Hz, 1H}),
4. 18415 (m, 2H}), 3.86-3.67 {m, 6H), 3.58-3.53 (m, 1H};, LC/MS [M + H] =660.1.
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4-{(5)-2-({(2R, 38 4R 51}-5-(6-amino-2-chloro-9H-purin-9-vi}-3,4~
dihydroxytetrahvdrofuran-2-vimethoxy)-2-carboxy-2-phenviethvl}-[ 1,1 -biphenyt}-2-
carboxylic acid: 'H NMR (CD:0D, 300 MHz) & 8 .60 (bs, 1H), 7.73 {(d, /=70 Hz, IH),
7.57-720(m, 12H}, 5.99(d, J=6.1 Hz, 1H), 471 (t, /=58 Hz, 1H), 417 {d, J=2.2 Hz, 1H),
4.10-4.08 (m, 1H), 3.93-3.56 (m, 4H}; LC/MS [M + H} = 646.2.

“{{(R)-2-({({ 2R, 38, 4R S R}-5-(6-amino-2~-chloro-9H -purin-9-vi}-3 4-
dihydroxytetrahydrofuran-2-vhmethoxy)-2-carboxy-2-phenylethyl}-[ 1,1-biphenyt}-2-
carboxylic acid: H NMR (CD;0D, 300 MHz) 6 8.52 (bs, 1H), 7.76 {d, /=6.6 Hz, EH)ﬁ

7.59-7 11 (m, 12H), 6.06 (bs, 1H), 4.70 (1H, overlapping with water peak}, 4.21 {(bs, 2
395(d, /=99 Hz, 1H), 373 (bs, 2H), 343 (d, /=108 Hz, 1H); LC/MS [M+ H]=064062

Example 49

Svathesis of 4'-{2-{(({2R, 38 4K, SKy-5-{6-amino-2-chlore-9H-purin-9-y1}-3 4-
dibydroxytetrabydrofuran-2-yhmethoxy)-2-carboxy-2~(thiophen-3-yhethyi)-{ 1,1
biphenyl}-2-carboxylic acid

N>

Yo M\’/k
SN/ ‘aly
N oA |

(B o
E/j /

WG o

J\(\J Example 49

Proceeding as described in Examplce 1 above but substituting methyl 2-(thiazol-4-

Cl

vhacetate with ethvl 2-(thiophen-3-vhacetate provided the title compound as a mixture of

diastercomers (ca. 1:1) and isolated as a white solid.

T NMR (CD:0D, 300 MHz) § 8.52 (s, 1H), 7.75-7.77 (d. J=7.29 Hz. 1H), 7.16-7.53 (m,
10H), 6.00 (5. 1H), 4.65-4.68 (d, J=5.67 Hz, 1H), 4.17-4.23 (m, 2H), 3.54-3 80 (m, 4H);
LO/MS [M + H] = 652.0,

Example 50

Synthesis of 4'-(2-(({25, 4R 5 R)-3-{6-anuno-2-chloro-9H -purn-9-yi)-4-
hydroxyictrahydrofuran-2-vymethoxy)-2-carboxy-2-(thiazol-4-yhethyvi)- 1, 1'-biphenyl}-2-
carboxylic acid
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‘{‘:\/ @ \‘\‘\ & Example 50
Step 1

To a solution of (ZR, 3R 4R SRy-5-(6-aming-2-chlore-9H-purin-9-y1)-4-{{ferf-butyl-
dimethyisuyhoxv)-2-({{4-methoxyphenvi)diphenvlmethoxyymethyhtetrahydrofuran-3-ol
{i.41g, 2.05 mmol, T ¢g) o acetonitnie (35 mL) was added di-(imidazol-1-
viymethancthione (876 mg, 4.92 mmol, 2.4 eq}. The resulting mixtere was warmed to 70°C
and stirred for 5 h before it was concentrated to dryness. The residue was purified by flash
columu chromatography ton $10: (40% EtQAc in petroleum ether) to provide O-

{{ZR, 3R 4R SR)y-5~{6-amino-2-chloro-9H-purin-9-y1)-4-{{ferr-butyldimethylsityloxy)-2-
{{(4-methoxyphenyl)-diphenvimethoxymethyl} tetrahvdrofuran-3-v1) 1H-mmidazole-1-
carbothicate (1.16 g, 71% yield) as a white solid.

Step 2:

To a solution of O-({ZR 3R 4K, 5K}-5-(6-amino-2-chloro-9H -purin-9-vi}-4-{{rers-
butyldimethvlsilyhoxy}-2-(({4-methoxyphenvldiphenyvhmethoxy ymethyl) tetrahydrofuran-
3-yly 1H-imidazole-1-carbothioate (1.16 g, 1.45 mmol, 1 e} in toluene (17 mL) was added
AIBN (48 mg, 0.29 mmol, 0.2 eq.) under argon atmosphere. The reaction was heated at
110°C and (n-Bu);SnH (468 ul, 1.74 mmol, 1.2 eq.) was added to the reaction carefully
dropwise. The reaction was stirred at 110°C for 1 h before it was quenched with sat. KF ag.
{3 mL} and the reaction mixture was concentrated to dryness. The reaction was purified by
flash column chromatography on 510 (30% EtOAc in petroleum cther) to provide 9-

(2R, 38 35y-3-({teri-butyldimethylsilyDoxy)-53-{{({4-methoxyphenyl}diphenvimethoxy}-
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methvitetrabvdrofuran-2-vi}-2 -chloro-9H -purin-6-amine (610 mg, 63% vicld) as a whiic
sohid.
Step 3:

To a solution of 9-({2R 3R 55)-3-{{iert-butvidimethylsilyDoxy)-5-(({(4-methoxy-
phenvhdiphenvimethoxyymethyl) tetrahydroturan-2-v1)-2-chloro-9H-punin-6-amine (610
mg, 0.907 mmol, 1 eq.} in DMF (1.2 mL) was added 4-DMAP (28 mg, 0.227 mumol, .25
eq.} and BocO (5394 mg, 2.72 mmol, 3.0 eq.}. The resulting mixture was stirred at 25°C for
2 h before it was diluted with H:0 (50 mL), extracted with EtOAc (4 x 20 mL). The
corbined organic layers were washed with brine (2 x 30 mL), dried over magnesiom
sulfate, filtered and concentrated to dryness to provide crude ferr-butyl (9-((2R 3R 38)-3-
{(fert-butyldimethyl-silyloxy)-3-({{4-
methoxyphenyhdiphenvimethoxyymethvltetrabydrofuran-2-vi-6-((rert-
butoxvearbonvljamino}-2-chloro-94H-purin-6-vijcarbamate which was used in the next step
without further purtfication.

Step 4:

To a solution of the crude product from above in DCM (15 mL) was added a
solution of TFA (337 ul, 4 54 romol, 3.0 eq) in DCM (15mL) at 6°C dropwise. The
resulting mixture was stirred at 25°C for 6 h before it was quenched with TEA (2 mL) and
concentrated to dryness. The residuc was puritied by flash column chromatography on
85102 (20% EtQAc in petroleum ether) to provide rerf-butyl (9-((28 3K 5.5)-3~({teri-
butyldimethyl-silyDoxy)-5-thydroxymethvitetrahydrofuran-2-vi}-6-({fers-
butoxycarbonylyamino)-2-chloro-9H-purin-6-yhcarbamate (395 mg, 73% vield for 2 steps)
as a white solid.

Step 5:

To a solution of teri-butyl (9-({ 2R, 3R, 55)-3~-({fert-butyldimethyl-silvyoxy}-5-
thydrosylmethytetrahydrofuran-2-v1}-6-{{fer-butoxycarbonyljamino}-2 -chloro-9H -purin-
6-vijarbamate (395 mg, 0.658 mmol, 1 eq.} and Rhz{8OAck (58 mg, 6.132 mmol, 0.2 eq.}
i toluene (4 mL) was added a solution of ethyl 2-diazo-3-ox0-3-(thiazol-4-vhpropanoate
{145 g, 0.788 mmol, 1.2 eq.) in toluene {1 mL) dropwise at 95°C under N; atmosphere.
The resulting mixture was stirred at 95°C for § h before it was concentrated to drvness. The
residuc was purificd by flash column chromatography on 8102 {20% EtOAc in petroleum

ether} to provide ethyl 2-({(25, 4R SR)-5-(6-(N, N -bis-(fert-butoxycarbonylyamino)-2 -~
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chioro-9H -purin-9-yi}-4-({rerr-butyidimethyisilvijoxyitetrahydroturan-2-vlymethoxy)-2-
{thiazol-4-vlacetate (236 mg, 54% vield) as a light vellow gum.
Step 6:

To a solution of ethyl 2-{{{25,4R SR)-5-(6-(N N -bis-(fert-butoxycarbonyljamino}-2-
chloro-9H-punin-9-vi}-4-((ferr-butvidmmethylsilvloxyitetrahvdrofuran-2 -yl ymethoxy)-2-
{thiazol-d-vhacetate (236 mg, 0.312 mmol, | eq.) in DMF (3.5 mL) was added Cs:COs

{204 mg

[

0.623 mmol, 2 eq.} at 25 °C. After stirring for 30 min, methyl 4'-(bromomethyl)-
[1,1-biphenyl|-2-carboxylate (191 mg, 0.625 mmol, 2 ¢q.) was added to the reaction
mixture. The resulting mixture was stirred at 25 “C for 6 h before it was diluted with HhO
(10 mL) and extracted with EtQAc (3 x 5 mL). The combined organic fayers were washed
with brine (10 mL)}, dried over magnesium suifate, filtered and concentrated to dryness.
The residue was purified by flash column chromatography on 510 (96 EtOAc in petroloum
gther) to provide methvl 4'-(2-(((25 41 SR)-5-(6-(N N -bis(ferr-butoxycarbonvljamino}-2 -
chloro-SH purin-9-v1)-4-({fert-butyldmmethylsilyDoxyvitetrahvdrofuran-2-ylymethoxy}-3-
cthoxy-3-oxo0-2-(thiazole-4-carbonylpropyly-[ 1, U-biphenyl]-2-carboxvlate (85 mg, 28%)
as a white solid.
Steps 7- 9

To a solution of methyl 4'-(2-({({ 25, 4R SR}-5-{6-(N N -bis{tert-butoxycarbonyij-
amino}-2-chloro-8H-purin-9-yh-4-({rers-butyldimethylsityoxyjtetrahydroforan-2-
vihmethoxy})-3~cthoxy-3-oxo-2-{thiazole-4~carbonyhpropyl)-[ 1, 1'-biphenvl}-2 -carboxylate
{85 mg, 0.087 mmol, 1.0 eq.) m DCM (1.7 mL) and cooled m a wet 1ce bath, followed by
dropwise addition of TFA (100 pl). The reaction was allowed to warm to ambient
temperature and stirred for 14 h before it was concentrated to dryness. The resulting oil
was dissolved in THF (0.5 mL) at 0 °C and followed by addition of a solution of TBAF
(173 pk, 0.173 mumol, | Min THF, 2.0 eq.) dropwise. The reaction muxture was stirred
from 0°C to ambient temperature over 4 h before it was evaporated to dryness. The
reaction oil was slurried m water (1.0 mL} and cooled in a wet ice bath. 4M NaQOH (200 ulL,
0.86 nunol, 10.0 eq.} was slowly added. The reaction was allowed to warm to ambient
temperature and was held for 10 h. The reaction mixture was adjusted the pH to 2-3 with
1M ag. HCI and then extracted with EtOAc (3 x 10 mL). The combined organic layer was
dried over magnesiom sulfate, filtered and concentrated under reduced pressure to give a

crude product which was purified to provide the title compound as a mixture of
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diastercomers (ca. 1:1) and isolated as an off-white solid by preparative reversed-phase

HPLC punification.

'H NMR (CD:0OD, 300 MHz) 5 9.06 (s, 1H) , 8.62 (5, 1H), 7.70-7.76 (1, 2H), 7.41-
7.50 (m. 3H), 7.11-7.25 (m, 5H). 5.95 (s, 1H), 4.62-4.73 (m, ZH), 3.93 (bs, 2H), 3.54-3.84
(m, 3H), 2.47-2.48 (. 1H), 2.01 (bs, 3H): LO/MS [M + H] = 637.2.

Example 51

Assay 1: Inhibition of the CD73 Enzvimie in vitro

For measurements of soluble CD73 enzyme activity, recombinant CD73 was
obtained from R&D Systems, Cat. No. 3795-EN-010. Senal dilutions of test compounds
were incubated with recombinant CB73 and AMP in reaction buffer (25 mM Tns H{I
pH7.5, 5 mM MgClI2, 50 mM NaCl, 0.25 mM DT, 0.005% Triton X-100). The final
reaction volume was 25 pL and the final concentrations of recombinant CD73 and AMP
were 0.5 nM and 50 pM, respectively. Reactions were allowed to proceed for 30 minutes at
room temperature before the addition of 100 pl Malachite Green (Cell Signaling
Technology, Cat. No. 12776). After 5 minutes at room temperature, absorbance at 630 nm
was determined on a microplate spectrophotometer. The concentration of inorganic

phosphate was determined using a phosphate standard curve.

The 1Cso data 1s given below in Table 2. ND mndicates not determined.

Table 2
Assay 1
. D73
Example # Compound 1050
(i)
o] NH;
AL S
N[O 0 N
1 \ _? 99
HO DH
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Assay 1
. CD73
Example # Compound 1050
{nM}
2 64
3 1251
4 35
5 502
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Assay 1
. CD73
Example # Compound 1050
{nM}
6 39
7 1930
8 241
9 2641
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Assay 1
. CD73
Example # Compound 1050
{nM}

10 227
11 1534
12 433
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Assay 1
. CD73
Example # Compound 1050
{nM}
i3 218
14 22085
i5 296
16 4868
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Assay 1
. CD73
Example # Compound 1050
{nM}
17 748
i8 182
19 176
28 2754
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Assay 1
. D73
Example # Compound 1050
{ni)
NH,
N
(LA
O N N C
21 47
: F
R
N
‘ ¢
“\(O NS
22 ; / 2984
| - F
O‘/\‘\/A\
i
AT
23 N/k PN 3418
25 N C
F
HO HTS
> N
ke A .
24 N o o N N)\Ci 1241
HO
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Assay 1

. CD73

Example # Compound 1050

{nM}
25 382
26 400
27 106
28 96




CA 03143496 2021-12-14

WO 2020/257429 PCT/US2020/038395
Assay 1
A A Y 20
Example # Compound %ggg
{ni)
PN
- <
= L\ca
29 3222
NH,
,/*k*N
30 N&J\c; 342
NH;
e
31 TN N 1972
NH,
o
32 N{A\CE 2057
NH,
N
33 N&I\CI 420
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Assay 1
. CD73
Example # Compound 1050
{nM}
34 5864
35 25¢
36 6262
37 8734
38 42




CA 03143496 2021-12-14

WO 2020/257429 PCT/US2020/038395
Assay 1
. CH73
Example # Compound 1050
{ni)
NH-
Y—oH
3 Ly
= E O O N/ N(A\«.Ji
39 i | 68
7 HO O
NH,
{3t ™
<\7 | \?f
oL NTOWNE N
49 2227
HG  OH
OhMe
NH,
. \:\\MOH N J\
Ny ¢ \]f/\ji\
41 43
HG  OH
OH N
Z \”/'%N
T} O N/\NAC
42 S04
HG  OH
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Assay 1
. CD73
Example # Compound 1050
{nM}
43 51
44 365
45 833
46 >50060
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Assay 1
TEY Y
Example # Compound ?gég
{ni)
O N,
NoH |
-0 N-
— ¢T1 )
O o N NJJ\C‘
47 o / 4220
' hG  OH
NH,
& OH N X
N
s </,,,i\ /!
ey
48 / 14105
" wg ow
A,
CH N\/J\\\
¢ 7N
" - NN P
O N Cl
49 v 2268
3 ToH
NH,
OH  n
¢ \.!/%N
O o N N¢
50 w >1000
OH
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Tncorporation by Reference

All publications and patents mentioned herein are hereby incorporated by reference
i their entirety as if each individual publication or patent was specifically and individually
indicated to be incorporated by reference. In case of conflict, the present application,

mcluding any detinitions herein, will control.

While specific embodiments of the subject invention have been discussed, the above
specification is lustrative and not restrictive. Many vanations of the invention will become
apparent to those skilled in the art upon review of this specification and the claims below.
The full scope of the mvention should be determined by refercnce to the claums, along with

their full scope of equivalents, and the specification, along with such variations.
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Claims:
1. A compound of formula (I):
R4 RL
RS
. L Het
o oy

R2b-
R2a Ria
()
o1 a pharmaceutically acceptable salt and/or prodrug thercof, wherein
Het s heterocyclyl or heteroaryl;
R2ig selected from H, halo, hydroxy, cvano, azido, amino, -Q-C(()-0-Cisalkyl,
Cisacyloxy, and Crsalkoxy;
RI® is selected from H and halo;
R*is selected from H, halo, hydroxy, cyano, azido, amino, Cisacvioxy, -0-C(0)-
0-Craalkyl, and Cicalkoxy;
R%is selected from H and halo;
R? is selected from H and alkyl;
R* is selected from arvl and hetercaryl;
R is selected from aratky! and heteroaralkyl;
RE is selected from -C{OYOR?, -C(OINRBRY, -§{OnR Y and -P(OHORNOR?Y):
R’ is independently selected from H, alkyl, cycloatkyl, cyveloalkylalkyl,
heterocyelvl, heterocyelyvlalkyl, aryl, aralkyl, heteroarvl, and hetercaralkyl;
R is independently selected from alkyl, alkenyl, alkynyl, amino, cycloatkyl,

cycloalkvlalkvl, heterocyelvl, heterocvelvlalkyl, arvl, aralkyl, heteroaryl, and heteroaratkyl;
RY, R and R* are independently selected from H, alkyl, cycloalkyl,
cyeloalkylalkyl heterocyelyl, heterocyelyvlalkyl, arvl, aralkyl, heteroaryl, hetercaralkyl; and
R is selected from H, hydroxy, alkyl, cycloalkyl, cycloalkyialkyl, heterocyclyl,
heterocyelvlalkyl, arvl, aralkyl, beteroarvl, heteroaralkyl:
provided that
if R* is unsubstituted or substituted tetrazolyl, and

RO is -C{OYOR’. then

- 100 -
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R is not unsubstituted ~-CHa-pyvridyl, unsubstituted -CHp-thienyl, -CHa-thienvi
substituted with a -C{G)0OH group, unsubstituted benzyl, or benzyl substituted with a

trifluoromethyl, trifluoromethoxy, methoxyearbonyl, -C{OYOH, benzyloxy, or phenyl

group.
2. The compound of claim 1, wherein R is H or hydroxy.
3. The compound of claim 1 or 2, wherein R is H.
4, The compound of claim 1, wherein R is H and R is halo, preferably F.
5, The compound of any one of claims 1-4, wherein R is H or hydroxy, preferably
hydroxy.
6. The compound of any one of claims 1-5, wherein R is H.
7. The compound of claim 1. wherein R is hydroxy, R is H, R? is hydroxy, and R?®
is H.
3. The compound of any preceding claim, having the structure:
R4 :
RS
- Y .~.~:3:3'
RG
R'Ib
9. The compound of any preceding claim, wherein R is in the g-configuration.
10 The compound of claim 9, wherein the compound of Formula (1) has the structure
{JA):

- 101 -
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(1A)
11, The compound of any one of claims -8, wherein R1? is in the B-configuration.
12, The compound of claim 11, wherein the compound of Formula () has the structure
(IB):
et
h’uRm
{1B)
13. The compound of any preceding claim, wherein R? is in the u~configuration.
14, The compound of claim 13, wherein the compound of Formula () has the structure
(IC):
::.::::.
R0
15, The compound of any one of claims 1-12, wherein R?* is in the B-configuration.
16.  The compound of claim 13, wherein the compound of Formula (I) has the structure
(D)
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i Het

(EY:

B Het
Hitisga
(E)

18. The compound of any preceding claim, wherein R¥ is H.
19, The compound of claim 18, wherein R* is thiazolyl, pyrazolyl, trdazolyl, oxazolyl, or
thienyl.
24 The compound of any preceding claim, wherein R is aralkyl, preferably benzyl,
21, The compound of claim 20, wherein R? is aralkyl or heteroaralkyl unsubstituted or

substituted with one or more substituents sclected from carboxy, beteroaryl, and aryl,

preferably aryl or heteroaryl,

22. The compound of claim 21, wherein R is aralky! substituted on the aryl ring (e.g., 2
benzyl substituted at a para-position of the phenyl ring} with a second arvl or heteroaryl
ring (preferably a phenyl ring) unsubstituted or substituted with one or more substituents,
¢.g., selected from hydroxyl, cvano, atkyl, alkoxy, amido, carboxy, alkoxyvearbonyl,

heterocvelvl, heteroarvl, and sulfonanido.
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23 The compound of claim 22, wherein R is benzyl substituted on the phenvl ring

}
e

J

\
24. The compound of any preceding claim, wherein R is -C{O)YOR and R% is H or
alkvl.
25 The compound of any one of claims 1-16, wherein
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, and

26. The compound of any preceding claim, wherein R” is H or Cisalkyl,
27.  The compound of any preceding claim, wherein Het is selected from a 6- to 10-

membered arvl, a 5- to 8- membered heterocyelyl, a 5- to 8-membered monocyclic or 5-to
10-membered bicyelic heteroarvl and 1s unsubstituted or substituted with onc or more

substituents selected from halo, alkoxy, and amino.

28, The compound of claim 27, wherein the Het substituents are selected from halo and

anuno.

29, The compound of claim 27, wherein Het is a nitrogen-containing heterocyelyl or

hetercaryl.

30. The compound of claim 27, wherein, Het is
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R is selected from H, alkyl, aralkyl, heteroaralkyl, eycloalkyl, and heterocyelyl; and

R%is H or alkyl.
31, The compound of claim 30, whereim R’ is alkyl and R¥ is H.
32. A compound selected from:
Example # Compound
o NH;
\ i
Y o NSy
o) N P
"\/O N e
. Y
i I
HO OH
Q NH;
o Yom P
I </NI Sy
2 " WG BH
‘OH
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Example # Compound
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Example # Compound

N
8
g

Ci
10

Ci
11
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Example # Compound

12

13

14

ay
i E {/’!\\

i6
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Example # Compound

i8

19

20
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Exampie #

Compound

23

24

25
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Example # Compound

26

27

28

29
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Example # Compound

33

35

36
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Example # Compound

38

40
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Example # Compound
\ NHZ
SL \\----O'-i \}/\
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or a pharmaceutically acceptable salt thercof,

33, A pharmaceutical composition comprising a compound according to any ong of
claims 1-32, or a pharmaceutically acceptable salt thereof, and one or more

pharmaceutically acceptable excipients.

34, A method of mmhibiting CD73 in a cell, comprising contacting the cell with a
compound according to any one of claims 1-32, or a pharmaceutically acceptable salt

thereof,

35, A method of treating a disease or disorder selected from cancer, cerebral and cardiac
tschemie discases, fibrosis, mnmune and inflammatory disorders, inflammatory gut motility
disorder, neurological, neuvrodegenerative and CNS disorders and diseases, depression,
Parkinson’s disease, and slecp disorders, comprising adminisicring a compound according

to any one of claims 1-32, or a pharmaceutically acceptable salt thereof.

36. The method of clamm 35, wherem the cancer 15 selected from bladder cancer, bone

cancer, brain cancer, breast cancer, cardiac cancer, cervical cancer, colon cancer, colorectal
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cancer, esophageal cancer, fibrosarcoma, gastric cancer, gastrointestinal cancer, head &
neck cancer, Kaposi's sarcoma, kidney cancer, leukemia, hiver cancer, lung cancer,
lvmphoma, melanoma, myeloma, ovarian cancer, pancreatic cancer, penile cancer, prostate

cancer, testicular germeel] cancer, thymoma and thymic carcinoma.

37. The method of claim 35, wheremn the cancer s selected from breast cancer, brain
cancer, colon cancer, fibrosarcoma, kidney cancer, lung cancer, melanoma, ovanan cancer,

and prostate cancer.

38.  The method of any one of claims 35-37, whercin the cancer is breast cancer.
39. The method of any one of claims 35-38, further comprising conjointly administering

one or more additional chemotherapeutic agents.

40, The method of claim 39, whercin the one or more additional chemotherapeutic
agents are selected from I-amino-4-phenviamine-9,10-dioxo-9,10-dihvdroanthracene-2-
sulfonate (acid blue 25}, l-amino-4-[4-hydroxyphenyl-aminoc]-9,10-dioxo-9,10-
dihydroanthracene-2-sulfonate, T-aminc-4-j4-ammophenyiamine}-9,10-dioxe-9,10-
dibydroanthracene-2-sulfonate, 1-anuno-4-{1-naphthvlamine]-9,10-dioxo-9,10-
dihvdroanthracene-2-sulfonate, t-amino-4-j4-fluoro-2-carboxyphenylamme]-9,10-dioxo-
9,10-dihydroanthracene-2-sulfonate, 1-amino-4-{2-anthracenylamino]-9,10-dioxo-9,10-
dihvdroanthracene~2-sulfonate, ABT-263, afatinib dimaleate, axitinib, anunoglutethinmide,
amsacring, anastrozole, APCP, asparaginase, AZD5363, Bacillus Calmette—Guénin vaccine
(beg), bicalutamide, bleomycin, bortezonutb, B-methvlenc-ADP (AQPCP), buserelin,
busulfan, cabazitaxel, cabozantimb, campothecin, capecitabine, carboplating carfilzomib,
carmusting, centinib, chlorambuci, chloroguine, cisplatin, cladribine, clodronate,
cobimetinib, colchicine, crizotinib, cvclophosphamide, cyproterone, cytarabine,
dacarbazine, dactinomyeimn, daunorubicin, demethoxyviridin, dexamethasone,
dichloroacetate, diengstrol, disthyistilbestrol, docetaxel, doxorubicin, epirubicin, enbulin,
crlotinib, estradiol, estramustine, etoposide, everolimus, exemestane, filgrastim,
fludarabine, fludrocortisone, fluorouraci, fluoxymesterone, flutamide, gefitinib,

genistein, goserelin, GSK1120212, hydroxyurea, idarubicin, tfosfamide,

bl

gemeitabing

imatinib, nterferon, trinotecan, ixabepilong, lenalidomide, letrozole, leucovorin, leuprolide,
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levamisole, lomustineg, lonidamine, mechlorethamine, medroxyvprogesterone, megestrol,
melphalan, mercaptopuring, mesna, metformin, methotrexate, miltefosine, mitomycin,
mitotane, mitoxantrone, MK-2206, motamyein, N-(4-sulfamoviphenylcarbamothioyl)
pivalamide, NF279 NF449 nilutamide, nocodazole, octreotide, olaparnb, oxaliplating
paclitaxel, pamidronate, pazopanib, pemexetred, pentostatin, perifosine, PF-04691502,
phicamyein, pomalidomide, porfimer, PPADS, procarbazine, guercetin, raltitrexed,
ramucirumab, reactive blue 2, ritaximab, rolofvlline, romidepsin, rucaparib, selumetinib,
sirclinus, sodium 2 4-dinttrobenzencsulfonate, sorafenib, streptozocin, sunitinib, suramin,
talazoparib, tamoxifen, temozolomide, temsirolimus, teniposide, testosterone, thalidomide,
thioguanine, thistepa, titanocens dichloride, tonapotyiling, topotecan, trametinib,
trastuzumab, tretinoin, velipanb, vinblastine, vincnstine, vindesine, vinorelbine, and

vorinostat (SAHA).

41 The method of claim 39, whercin the one or more additional chemotherapeutic
agents are selected from I-amino-4-phenviamine-9,10-dioxo-9,10-dihvdroanthracene-2-
sutfonate (acid blue 253, l-amino-4-[4-hydroxyphenyl-aminoc]-9,10-dioxo-9,10-
dibydroanthracene-2-sulfonate, 1-amino-4-{4-aminophenviaming|-9,10-dioxo-9.10-
dibydroanthracene-2-sulfonate, 1-anuno-4-{1-naphthvlamine]-9,10-dioxo-9,10-
dibydroanthracene-2-sulfonate, 1-amino~-4-[4-fluoro-2-carboxyphenylamine -9, 10-dioxo-
9,10-dihydroanthracene-2-sulfonate, 1-amino-4-{2-anthracenylamine]-9,10-dioxo-9,10-
dihydroanthracenc-2-sulfonate, APCP, f-methyvienc-ADP (AOQPCP), capecitabine,
cladribine, cytarabine, fludarabine, doxorubicin, gemcitabine, N-(4-
sulfamoylphenvicarbamothiovl) pivalamide, NF279, NF449, PPADS, quercetin, reactive

blue 2, rolofyiline sodim 2 4-dinttrobenzencsulfonate, sumarin, and tonapofyliine.

42, The method of claim 39, wherein the additional chemotherapeutic agent is an

immuno-oncology agent.
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