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A T HOINE WO TR ATING ViU isiN 45 VDTS TRIDES T TSRS
METHODS FOR TREATING FILOVISIDAEVIRUS INFECTIONS

FIELD OF THE INVENTION

{0061} The invention refates generally to methods and compounds for treating Filoviridae
virus infections, particularly methods and nucleosides for ireating Ebola virus, Marburg virus

and Cusva virus.

BACKGROUND OF THE DNVENTION

{0082}  Filoviruses {e.g., Ebola virus (EBOV} and Marburg virus (MARV)) are among the
most lethal and destructive viruses. They cause severe, often fatal viral hemorrhagic fevers in
tumans and nonfwiman primates {e.g., monkeys, gorillss, and chimpaneses). Filoviruses are of
particular concern as possible biological weapons since they have the potential for aeroso!

dissermnation and weaponization.

[O0063]  The incubation period for Filovirus tnfection ranges from 2 to 21 days. The onset of
illness is abrupt and is chavacterized by high fever, headaches, joint and muscle aches, sore
throat, fatigue, diarthes, vomiting, and stomach pain. A rash, red eves, hiccups and interna] and
external bleeding may be seen in some paticnts. Within one week of becoming infected with the
virus, most patients experience chest pains and multiple organ failure, go into shock, and die.

Some patients also experience blindoess and oxtensive bleeding before dying.

10084] Filoviridae are a family of RNA viruses. Two members of the Filoviridae family have
been identified: EBOV and MARV. Two key pathogenic types of the Filoviridae family have
been identified: Ebolavirus and MARY. There is one identified variant of MARY and five
identified species of ebholavirns: Zaire (1.e. Ebola virus, EBOV), Sudan, Tai Forest,
Bundibugyo, and Reston. The exact origin, locations, and natural habitat of Filoviridae are
unknown. However, on the basis of available evidence and the nature of similar viruses, it is
postulated that Filoviridae are zoonotic {i.¢., animal-borne) and are normally maintained in an

animal host that is native to the African continent.
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{8005]  For more than 30 years, ebolaviruses have been associated with periodic episodes of
hemorrhagic fever in Ceniral Africa that produce severe disease in infected patients. Mortality
rates in outbreaks have ranged from 50% for the Sudan species of ebolavirug (SEBOVY o up to
80% for the Zatre species of ebolavirus (EBOV, ZEBOV) (Sanchez #f o, Filoviridac: Marburg
and Ebola Viruses, in Flelds Virology (eds. Koipe, DM, & Howley, P.3M.) 14081448
{Lippineott Williams & Wilkins, Philadelphia)). An outbreak late in 2007 caused by an
apparently new species of ebolavirus o Uganda resulied in & fatality rate of about 25% (Towner
eral,, PLoS Pathog., 421000212 {2008)). ZEBOV has also decimated populations of wild apes

in this same region of Africa (Walsh et ol Noture, 422:611-614 (20030,

{0806] Prevention and treatment of filovines infections, including ebolaviruses {i.e. EBOV)
presents many challenges. In fact, there are no vaccines or post exposure treatment modalities
available for preventing or managing EBOV infections. Patients instead receive supportive
therapy, e, electrolyte and fhud halancing, oxygen, blood pressure maintenance, and treatment

for anv secondary infections.

{08071 Thus, there is a need for compositions and methods for treating EBOV infections. The

present invention addresses these and other needs,

SUMMARY OF THE INVENTION
{B008]  Provided, 1s a method for treating a Mifoviridae infection in a2 human in need thereof

Cornnda WY

conprising adminisieving a th

or a pharmacentically acceptable salt, hvdrate or ester, thereof

[
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wherein,
R is selected from the group consisting of

a) H, -CE=RY -CE00RY, CE0INRYRY, (oE=0sR Y, -srom'y
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R’ is sefected from the group of phenyl, 1-naphthyl, Z-naphthyl,

i1 s
LA EE\?/L)

an

®* is selected from the group of H or CHy;

R and R™ are each indopendently selected from the group of H,
(Ci—Cyialkyi or benzyvl,

R s selocted from the group of from H, (T-Cylalkyl, benzyl, (-
Celeyveloalkyl, and -CHy—{C-Coloyeloalk vl

R*is selocted from selected from the grovup of () —Cglalkyl, «
O-{C—Crlalkyl, benzyl, ~O-benayi, -

CHy (O Coeyeloalkyl, -O-CHy—{C-Colovoloalkyl, and
CFq0 and
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' is an integer selected from the group of 1, 2, 3, and 4; and
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a group of the formula:
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wherain:

{}is selected from the group of O, §, NR, "N{OHR), N(OR),

NIOHOR), or N-NRy;

2 and 2%, when taken gether, are -QI(C‘( ST RIS

wherein

each Q' is independently selecied from the group of O, 8

or NR; and

each R is independently selected from the group of H, F
Cl, Br, I, OH, B, -C=0NR, -C=0H0R, -
CE=QRNGR ), -NER Y, - NS, -8R, -8(OIR, -
S{OLR, ~S(OHOR), -S{0R(0OR), -OC(=QHR, -
QCEONOR, -OCEQHNR L), -SO=CAR, -
SC(=QHOR, -SCEQHNR ), NERICEQIR, -
N{RICEOR, SNRICEGHNERD,, -SONR,,
SO, N, -NOs, -OR, or 27 or when taken
together, two R” on the same carbon atom form a
carboeyelic ring of 3 to 7 carbon atowms;

zach (' is independently, G, §, MR, "N{{HR), N{OR},

TN{OYOR), or N-NRy: or

£ and £ are each, independently, a group of the Formuls la:
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Formula la
wherein:
cach O ia independently selected from the group of a
bond, G, CR,, NR, N{OHR), N{OR), "N{OWOR),
N-NRy, 8, 8-8, 8(0}, or 8(U;

MZ 15 an integer selected from the group of ¢, 1 or 2;

each R" is independently B or the formula:

wherein:
cach Mla, Mle, and M1d is an integer
independentiy selected from the group of 0
or i:
MiZeis an integer selected from the group of O, 1,
2,3,4,56,7,88, 10, 1 or 12:
ZPis 7% or 27
2 R, -COORY, -GN, -SOLRY, or -SOLZ
and
%7 i3 a carbocyele or s heterocyele wherein Z° {s
independently substituied with 0 to 3 RY
ZrOups;
each R or R ig mdependently H, (T —Cgalkyl, {Co-Catkenyl, (T—Cylalkyayl,
{C4—Ciearbooyelylalkyl, {(Co~Cogoptionally substituted aryl, optionaily
substituted heteroaryl, -C{=0{C~Cylalkyl, -SO(C-Chatkyl or
{CoCuoaryHC~Colalleyl: or B and B taken together with a nitrogen to which
they are both attached form a 3 (o 7 membered heterocyelic ring wherein any one
carbon atowmy of said heterooyelic ring can optionally be replaced with -O-, -8 or

~NR

{13
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each R’ is independently selected from the group of H, (C~Celalkyl, {Cr—Cpralkenyl,
{CoCypalkynyl, (Ue-CogdarylCi—Cylallovt, (O~ Coloarboeyelylalkvl, -Ci={nR, -
CEOOR, -CEOINR,, -CE0BR, -8(01R, -S{OnHER, ~S{OXOR), -S{OL{OR), or
SO NER,; wherein

each R is independently selected from the group of H, ((—Cy) alkyl, {€—Cy)
substituted alloyl, (C-Cglalkenyl, (Co—Cy) substituted alkenyl, (C—Cy) alkynyl,
{Cr—Cy} substituted alloynyl, {Co~Copdaryl, (CoCopisubstituled aryl,
{Co-Crpdheterocyelyl, {To-Coplsubstituted heterooyelyd,
(CoCogdaryl{Ci—Calalkyl or substituted (Ce-Coparyl{Ci-Cgdaliovt;

each 1 is an integer independently selected from the group of 0, 1, or 2; and

wherein each (U~ Cylalkyl, (Cr—Cojatkonyl, {Co-Cejalkynyl or (Ce—Capdarvl{C -Crialkyl
of cach R' or R i, mdependently, optionally substituted with one or more
substituents selected from the group of halo, hydroxy, ON, N, N{R™, or ORY
and wherein one or more of the non-terminal carbon atoms of cach said (0~

Cglalkyl may be optionally replaced with -O-, 8- or ~NR™.

{0899 In another embodiment, the present invention provides a compound that is
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or g pharmaceutically acceptable salt, hivdrate, or ester thereof

DETAHLED DESCRIPTION OF THE INVENTION
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[0618]  Unless stated otherwise, the ollowing terms and phrases as used herein are intended to

have the Hllowing meanings:

{0011}  When trade names are used herein, applicants intend to independently include the trade

name product and the active pharmacentical ingredieni(s) of the trade pame product,

199121 As used berein, "a compound of the invention” or "a compound of Formula IV" means
& compound of Formula IV or a pharmaceutically acceptable sall, thereof, Similarly, with
respect o 1solaiable intermediates, the phrase "a compound of Formuda (number)” meaus a

compound of that fornwula and pharmaceustically acceptable calis, thereof.

109131 “Alkyl” is hydrocarbon containing normal, secondary, tertiary or cvelic carbon atoms.
For example, an altkyl group can have 1o 30 carbon atoms (Le, Uy alkyiy, | 1o € cathon
atoms (i.e, C-Cy alkyl), or T to 6 carbon atoms (e, T-Cg alkyl). Examples of suitable alkvl
groups include, but are not limited to, methyt (Me, -CHa), ethl (Bt -CH,CHs), T-propyl (n-Pr,
a-propyl, -CHCHCHL), 2-prepyl (-Pr, tpropyl, -CH{CH: b}, 1-butyl (o-Bu, n-butyl, -
CHLOH,CHCH:)Y, Zomethyl-T-propyl (-By, i-butyl, -CHRCH{CH: 33, 2-butyl {8-Bu, s-butyl,
-CH{CH}CHCH), Z-methyl-2-propyl (3-Bu, tbutvl, ~C{THs )3, T-pentyl (o-pentyl,
~CHCHCHCHCH ), Zopentyl CCH{CHOCHCHLCH:S), 3-pentyl (-CHICHCH: ), 2-methyl-
Z-butyl (O(CH R CHCH)Y, 3-methyl-2-butyl GOHCHCHICH: ), 3-methyi-1-butyl
{-CHCH.OH(CHa b Z-methyl-1-buiyl ((CHUH{THCHLCH,), [-hexyl

{~CHCH CHCHCHCHGY, 2-heyl CGCHICHYCH CHCHCH, Y, 3-hexyd (-

CH{CH CH Y CH,CHYCHY), Z-methyl-2-penty] (-+C{CH R CHCHCHy), 3-methyl-2-penty]
{~-CHCHCH{CHCHCHs), 4methyl-2-pentyl (CH{CH;)}CHCH{CUH b}, 3-methyl-3-pentyl
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CC{CHHCHCH o), 2-methyvl3-pentyl COH{CHCHACH(CH; ), 2,3-dimethyl-2-butv
C{CH;RCH(CH ), 3,3 -dimethyl-2-buly] CCH{CHC{CHs b, and ootyl ((CHWCHY

{0014} “Alkooy” means a group having the formula ~O-alkyl, in which an alkyl group, as
defined above, is attached o the parent molecule vig an oxvgen atom. The alkvl portion of an
atkoxy group can have 1 to 20 carbon atoms {72, C-Cop alkoxy), 1o 12 carhon atoms{i e, Oy~
Cip alkoxy), or 1 to 6 carbon atoms{i.e., C;-Us alkoxy). Examples of suitable alkoxy groups
inciude, but are not Hmited to, methoxy (-O-CH; or ~0Me), ethoxy (-OCH.CH; or -OEL, -
butory (-O-C{CH4)s or —0tBu) and the like.

[0015F “Haloalkyl” is an alkyl group, as defined above, in which one or more hydrogen atoms
of the alkyl group is replaced with a halogen atom. The alkyl portion of a halealky! group can
have 1 0 20 carbon atorns {ie., C-Uyg haloallyl), 1 1o 12 carbon atoms(i e, €0y haloalkyl),

or 1o 6 carbon atoms{ie, U-Cy allkyl), Examples of suitable haloalkyl groups ivclude, but are

not limited to, -CF,, ~CHF,, -CFH,, -CHLOF;, and the hike.

{016} “Alkenyl” ie a hydrocarbon containing normal, secondary, tertiary or cyalic carbon
atoros with at least one site of unsaturaiion, 7.¢. a carbon-carbon, Sp‘? double bond. For example,
an alkenyl group can have 2 to 20 carbon atoms (e, C3-Chg alkenyl), 2 1o 8 carbon atoms (e,
Co-Uy alkenyl}, or 2 to 6 carbon atoms {{.e., Co-Cs alkenyl), Examples of suitable alkeny] groups
mclude, but are not Himited to, ethylene or viny! CH=CHG), allyt (-CH,CH=CH,),
cyciopentenyl (-CsHy), and S-hexenyl {(-CH2CHCH,CHL,CH=CH,L

8171 “Alkyay!” e a hydrocarbon containing normal, secondary, tertiary or eyclic carbon
atorns with at least one site of unsaturation, fe. g carbon-carbon, sp triple bond. For exarnple, an
alkyny! group can have 2 to 20 carbon atoms {i.e., Co-Cgg alkynvly, 2 to 8 carbon atoms (ie., Car
Ty alkyne,}, or 2 0 6 carbon atovs (Le., 0p-Cg alkynyl). Examples of suitable alkyny! groups

include, but are not limited to, acetylenic (-C=CH), propargyl (<CH:O=CH), and the like,

0018 “Alkylene” refors to a saturated, branched or siraight chain or cyclic hydrocarbon
radizal having two monovalent radical centers derived by the removal of two hvdrogen atoms
trom the same or two different carbon atoms of 8 parent alksne. For example, an alkylene group
can have 1 to 20 carbon atoms, 1 o 10 carbon atoms, or 1 1o 6 carbon atoms. Typical slkviene

radicals include, but are not limited to, methylene (-CH-), 1,1-ethyl (+CH{CH3 -3, 1.2-athyl
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(-CHCHz-), L -propy] ((CH{CHCH: ), 1,2-propyl (:CHLCH(CH,)), 1.3-nropy]
{“'(/H;CH’CH:/“}, E,4~butyl ﬁ"(:H;CH:(j‘ﬁCHg-), and the like.

66181 “Alkenylene” refers to an unsaturated, branched or straight chain or eyelic hydrocarbon
radical having two monovalent radical conters derived by the removal of two hydrogen atoms
from the same or two different carbon atoms of a parent alkene. For example, and alkenylene
group can bave 1 to 20 carbon atoms, | to 10 carbon atoms, or 1 to 6 carbon atoms. Typical

atkenylene radicals include, but are not Hmiled to, 1,2-sthylene {-CH=CH-).

{0026)  “Alkynylene” refers to an unsaturated, branched or straight chain or cyclic
hydrocarbor radical having two monovalent radical centers derived by the removal of two
hydrogen atoms from the savoe or two different carbon atoms of a parent alkyne. For example,
an alkynylene group can have 1 to 20 carbon aloms, 1 1o 10 carbon atoms, or 1 1o 6 carhon
atoms. Typical alkynyvlene radicals include, but are not Himited to, acetylene (-C=C-), propargyl

{~-CHLC=(C-), and 4-pentynyt (+CHCHCHLC=C-),

I “Amine” refers generally to a nitrogen radical which can be considered a derivative of
armrnonia, having the formula MK, where cach “X is independently H, substituted or
unsubstituted alloyl, substituted or unsubstituted carbooyelyl, substituted or unsubstimted
heterocyelyl, ete. The hvbridization of the nitrogen is approximately sp’. Monhmiting types of
amine include —NH;, -Nealkyly, -MNH(alkyl), -N{carbooyelyl)y, -NH{carbocyelvl), -
Meheterooyelyly, -NHheterooyelvly, ~Niarvly,, -NH{arvl), -Nealhyiiarvi), -
Niatkylhetsrocyelsly, -MNcarbooyelyhiheterncyelyvl), ~Niaryliheteroaryl), -
Naikyhheteroaryl), ete. The term “alkvlamine” refers to an amine group substituted with at
least one alloyl group. MNovlimiting examples of aming groups include —NH,, -NH(CHa}, -
MN{CHz)s, ~-NH{CH,CH;), - N{CHUHz),, -NH{phenyD), -N(phenyly, -NH{benzyl}), -Nibenzyl),,
ete. Substituted alkylamine refers gencrally to alkylamino groups, as defined above, in which at
least one substitnted alkyl, as defined herein, is attached 1o the amino nitrogen atom. Non-
limiting examples of substituted aliylamine includes -NH{alkylene-C{0)-OH), -NH{alkviene-

COO-alleyly, -MNialkvlene-C{O-OH b, -Nialkylene-C{O)C-alkyl}h, etc.

[B022]  “Aryl” means an aromatic hydrocarbon radical devived by the removal of one hydrogen
atorn from a single carbon atom of a parent aromatic ring system. For example, an aryl group

can have & 10 20 carbon atoms, & 0 14 carbon atoms, or 6 10 10 carbon atoms. Typical aryl

16
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groups nclude, but are not limited to, radicals derived from benzene (e.g., phenyl), substituted

benzene, naphthalens, anthracene, biphenvl, and the like.

80231 “Arylalky!” vefers to an acyclic alky! radical in which one of the hydrogen atoms
bonded to a carbon atom, typically a terminal or sp” carhon atom, is replaced with an aryl
radical. Typical arylalkyl groups include, but are not limited to, benzyl, 2-phenylethan-1-yl,
naphthylmethyl, 2-naphthylethan-1-y1, naphthobenzyl, 2-naphthophenylethan-1-v1 and the like.
The arylalky! group can comprise 7 to 20 carbon atoms, e.g., the alkyl moiety is T to & carbon

atoms and the aryl moiety is 6 to 14 carbon atoms,

{30241 “Arylalkeny!” refers 1o an acyclic alkenyl radical in which one of the hydrogen atoms
bonded to a carbon atom, typically a terminal or sp’ carbon stom, but also an sp” carbon alom, 18
seplaced with an aryl radical. The aryl portion of the arylalkeny! can include, for example, any
of the aryl groups disclosed herein, and the alkenyl portion of the arylalkenyl can include, for
example, any of the alkenyl groups disclosed herein, The arvlalkenyl groop can comprise 8 to
20 carbon atoms, e g, the alkenyl moiety is 2 to 6 carbon atoms and the aryl moiety is 6 {0 14

carbon atoms.

{0025]  “Arylalkynyl” refers to an acyclic alkynyl radical in which one of the hydrogen atoms
bonded to a carbon atom, typically a terminal or sp” carbon atom, but alse an sp carbon atom, is
replaced with an aryl radical. The aryl portion of the arylallynyl can include, for example, any
of the aryl groups disclosed herein, and the alkynyl portion of the arylalkynyi can inclade, for
example, any of the alkynyl groups disclosed herein. The arylalkynyl group can comprise 8 fo
20 carbon atoms, e.g., the allkynyl moeiety is 2 to 6 carbon atoms and the aryl moiety is 6 to 14

carbon atoms.

[0026]  The term “substituted” in reference to alkyl, alkylene, aryl, arvialkyl, alkoxy,
heterocyelyl, heteroaryl, carbocyclyl, ete. | for example, “substituted alkyl”, “substituted
atkylene”, “substituted aryl”, “substitited arylalkyl”, “substituted heteroeyelyl”, and
“substituted carbocyelyl” means alkoyl, alkylene, aryl, arylaikyl, heterocyelyl, carbocyelyl
respectively, in which one or more hydrogen atoms are each independently replaced with a non-
hvdrogen substituent. Typical substituents include, but are not limited to, -X, ~Rb, -0, =0,
-ORY, -8R®, -87, -NR", -N'RY, =NRY, -CX;, -ON, -OCN, -SCN, -N=C=(, -NCS, NG, N,
=Ny, -N;, ~-NHC(=0R", -OCEOR", -NHCE=0INRD,, -S(=0), -8(=(1,0H, -S(=0,R",
~OS(=0RORY, -S(=0)NR, -S(=01R", -OF{=0}OR),, -PEONOR),, -PEONO,.

11
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-P(=0}OH),, -POXORNO, -CEORY, -OE=01K, SRS, -COICR, -C(OWY, -CISIOR?,
-CIOYSRY, -CBISRY, -CIOINR",, -CEHINRY, -C(=NR"NR®,, where each X is independently 4
halogen: F, CL Br, or I and esch RV is ndependently H, alkyl, arvl, arvialkyl, a heterocvele, or a
protecting group or prodrug moiety. Alkylens, alkenyiene, and allynylene groups may alse be
sioularly substitmted.  Unless otherwise indicated, when the torm "substituted” is used in
confunction with groups such as arylalkyl, which have two or more moieties capable of

substitution, the substituents can be attached 1o the arvl moiety, the alkyl molety, or hoth.

9827 The term “prodrag” ag used herein refors to any compound that when administered (o a
biological system generates the drag substance, 1.e., active ingredient, as a result of spoplanesns
chemical reaction(s), enzyme catalyzed chemical reaction(s), photolysis, and/or metabolic
chemical reaction{s}. A prodrug is thus a covalently modified analog or latent form of a

therapeutically active compound.

{0028}  One skilled in the art will recognize that substituente and other moieties of the
compounds of Formda IV should be selected in order to provide a compound which is
sufficiently stable to provide a pharmaceutically usefnl componnd which can be formulated into
an aceeptably stable pharmaceutical composition. Compounds of Formula IV which have such

stabilily are contemplated as falling within the scope of the present invention.

100297 “Heteroalkyl” refers 0 an alkyt group where one or more carbon atoms have been
replaced with a heteroatom, such as, O, N, or 8. For example, if the carbon atom of the alkyi
group which s atiached to the parent molecule is replaced with 2 heteroatom {e.g., O, N, or 3}
the resuiting hetercalkyl groups are, respectively, an alkexy group {e.g., -OCH;, efe.), an amine
(2.8, -NHCH;, -N(CHal, ete), or a thivalkyl group {e.z, -8CH,). I 4 non-terminal carbosn
atom of the alkyl group which is not attached to the parent molecule is replaced with a
hetercatom (.., O, N, or 8} the resulting heteroalkyl groups are, respectively, an atkyl ether
{e.g., ~CHyCH-O-CH, ete), an alkyl amine {e.g., ~CHNFICH,, SCHRN{CH ), gic), or a
thioalky! ether {e.g.,-CH,-8-CHs}. If a termainal carhon atom of the alky! group is replaced with
a hoteroatom {e.2., 3, N, or 3}, the resulting heteroalkyl groups are, respectively, a hydrox yatkyl
group {e.g., ~CHCH-OH), an aminoalkyl group (e.g., ~CHMNH,), or an alkyl thiol group {e.g.,
-CHRUH,-8H) A heteroalloyl group can have, for example, 1 to 20 carbon atorss, 1 1o 10 carbon
atoms, or 1 to O carbon atoms. A C-C heteroalky] group means a heteroalky! group having 1 to

& carbon atoms.,

12
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{638 “Heterocyele” or “heteroeyelyl” as used herein includes by way of example and not

Himitation those heterocycles deseribed in Pagueite, Leo AL Principles of Modern Heteroovelic

Chenusiry of Heterooyelic Compounds, A Serigs of Monographs” (John Wiley & Sops, Mew

York, 1950 {0 present), in particular Volumes 13, 14, 16, 19, and 28; and 7 4m. Chem. Soc,
(E9a0) 82:5566. In one specific embodiment of the invention “beterocyele” includes a
“carbocyele” as defined herein, wherein one or more {e.z. 1, 2, 3, or 4) carbon atoms have been
replaced with a heteroatom {e.g. O, N, or 8). The terms “heterooyele” or “heteroeyely]” includes
saturated rings, partially unsaturated rings, and aromatic rings (2., heteroaromatic rings}).
Substituted heterocyclyls include, for example, heterooyvelic rings substituted with any of the
substituents disclosed herein including carbony! groups. A non-Hmiting example of a carbonyl

substituted heterooyelyl is:

N R

=
!

10631 Examples of heterooycles include by way of example and not lhnitation pyridyl,
dilyydroypynidyl, teteahydropyridyl (piperidyl), thiazolyl, tetrabydrothiophenyl, sulfur axidized
tetrabydrothiophenyl, pyrimudinyl, furanyl, thienyl, pyrrolyl, pyrazolyl, imidazolyl, tetrazolyi,
benzofuranyl, thianaphthalenyl, indolyl, indolenyl, quinolinyl, isoquinolinyl, benzimidazolyl,
piperidinyl, d-piperidonyl, pyrrolidinyl, Z-pyreolidonyl, pyrrotiny, tetrahydrofuranyd,
tetrabiydroguinoliny, tetrahydeoisoquinolinyl, decahydroguinoslinyl, octahydroiseguinelinyl,
azocinyl, triazinyl, 6H-~1,2,5-thiadiaeinyl, 2H,6H-1,5 2-dithiazinyl, thienyl, thiarthrenyl,
pyranyl, isobenzoturanyl, chromenyt, xanthenyl, phenoxathingd, 2H-pyrrolvl, isothiazolyi,
isoxarolyl, pyrazinyl, pyridazinyl, indolizinyl, isoindobyvl, 3H-indolv, 1 H-indazely, purinyl, 4H-
guinolizing, phthalazinyl, naphthyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, pteridinyl,
4ab-carbazolyl, carbazolyl, B-carbolinyl, phonanthridingd, acridinyl, pyrimidinyl,
phenanthrolinyl, phenazinyl, phenothiazinyl, furazanyl, phenoxazinyl, isochromanyl, chromanyl,
imidarctidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl, piperazinyl, indolinyl, iscindolinyl,
quinuclidingd, worpholinyl, oxazolidinyl, bensotriazelvl, benzisoxazolyvl, oxindolyl,

benzosazolinyl, isatinoyl, and betetrahvdrofuranyl:

o
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[¢032] By way of example and not lirntiation, carbon bonded heterocycles are bonded at
position 2, 3, 4, 5, or 6 of & pyridine, position 3, 4, 3, or 6 of g pyridazine, position 2, 4, 5, or 6
of 2 pyrimidine, position 2, 3, §, or 6 of a pyrazine, position 2, 3, 4, or 5 of a furan,
tetrabydrofuran, thiofuran, thiophene, pyrrole or tetrahiydropyrrole, position 2. 4, or 5 of an
oxarole, imidazole or thiazole, position 3, 4, or 3 of an isoxazoie, pyrazole, or isothiazole,
posttion 2 or 3 of an aziridine, position 2, 3, or 4 of an azetiding, position 2, 3,4, 5, 6, 7, or § of
a guinoline or position 1, 3,4, 5,6, 7, or 8 of an isoguincline. Still more typically, carboun
bonded heterocycles include Z-pyridyl, 3-pyridyl, 4-pyridvl, S-pyridvl, 6-pyridyl, 3-pyridazinyl,
4-pyridazinyl, S-pyridazinyl, 6-pyridazinyl, 2-pyrimiding, 4-pyrimidinyl, S-pyrimiding, 6-
pyrimidinyl, 2-pyrazinyl, 3-pyrazinyl, S-pyrazinyl, -pyraziny, 2-thiazolvl, 4-thiazolyi, or 5-

thiazolvl,

{06331 By way of example and not imitation, nitrogen bonded heterocveles are bonded at
position 1 of an aziridine, azetidine, pyrrole, pyrrolidine, Z-pyrrolineg, 3-pyrrobiue, imidazole,
imidazolidine, 2-imidazoline, 3-imidazoline, pyravole, pyrazoline, 2-pvrazoline, 3-pyrazoline,
pipenidine, piperazine, indele, indohine, 1H-indazole, position 2 of a isoindole, or isoindoling,
position 4 of s morpholine, and position 9 of a carbarole, or f-carboline. Sl more typically,
nitrogen bonded heterocycles wnclude L-aziridyl, L-azetedyl, T-pyrrolyl, 1-midazelsd, 1~

pyrazolyl, and -pipendinyl.

{HI34]  “Heterocyelylalkyl” refers to an acyelic alkyl radics! in which one of the hydrogen
atoms bonded to a carbon atom, typically a terminal or sp” carbon atom, is replaced with g
neterocyelyl radical (ie., a heterocyelyi-alkylene- moiety). Typical heterocyelyl alkyl gronps
inchude, but are not limited to heterocyelyvl-CHy-, 2-theternoyelylethan-1-v1, and the like,

wherein the “heterocyelyl” portion includes any of the heterooyelvl groups desceribed above,

including those described in Principles of Modern Heteroovelic Chemistry. One skilied in the

art will also understand that the heteroeyelyl group can be attached to the alkyl portion of the
heteroeyelyl atkyl by means of a carbon-carbon bond or a carbon-hetercatom bond, with the
proviso that the resulting group is chemically stable. The heterooyelyl alkyl group comprises 3
te 20 carbon atoms, e.g., the alkyl portion of the arvialkyl grovp is 1 1o & carbon atoms and the

heterocyelyl miety is 2 to 14 carbon atoms, Exampies of heterocyelylalkyls include by way of

14
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exarmple snd not Hmitation S-membered aulfur, oxygen, and/or nitrogen containing heterocyoles
such as thiazolylmethyl, 2-thiazolylethan-1-vl, imidazolylmethyl, oxazolylmethyl,
thiadiazolyimethyl, eto., 6-membered sulfur, oxygen, snd/or nitrogen containing heterocyeles
such as pipendinylmethyl, piperazinylmethyl, morpholinytmethyl, pyridinylmetin,

pyridizylmethyl, pyrimidyimethyl, pyrazinyimethyl, etc.

{0035 “Heterooyelylalkeny!” refers to an acyelic slkenyl radical in which oune of the hydrogen
atomms bonded to a carbon atom, typically a terminal or sp” carbon atorm, but also a sp” carhon
ator, is replaced with a hetevocyelyl radical (.2, 2 heterooyelyl-alkenylene- moiety). The
heterocyelyl portion of the heterocyelyl atkenyl group includes any of the heterocyelv EIOUDS

described herein, including those deseribed in Principles of Modern Heteroovelic Chemisiry, and

the alkeryl portion of the heterocyelyl alkenyl group includes any of the atkenyl groups
disclosed herein, Ome skilled in the art will also understand that the heterocyely! group can be
attached to the alkenyl portion of the heterocevely! alkenyt by means of g carbon-carbon bond or

a carbon-heteroatom bond, with the proviso that the resulting group is chemically stable. The

mnad

wierocyelyl alkenyl group comprises 4 10 20 carbon atoms, e.g., the alkenyl portion of the
heterooyelyl alkenyl group is 2 to & carbon atoms and the heterneyelyl moiety is 2 to 14 carbon

atoms.

{0036} “Heterocyelylalkynyl” refers to an acyclic alkynyl radical in whick one of the
hyvdrogen atoms bonded to a carbon atom, typically a terminal or sp’ carbon atom, but also an 3,
catbon atoro, is replaced with a heterocyelyl radical (e, & heterocyelyvl-alkynviene- moiety).
The heterevyelyl portion of the heterocyelyl atkynyl group includes any of the heterocyels]

groups descnbed herein, inchuding those described in Principles of Modem Heteroovelic

Chemistry, and the allyny! portion of the heterocyely] alkynyl group inchudes any of the alkynyl
groups disclosed herein. One skilled in the art will also understand that the heteroevelyl group
can be attached to the allyuy] portion of the heteroovelyl alkynyl by means of a carbon-carbon
bBond or a carbon-heteroatom bond, with the provise that the resulting group is chemically stable.
The heterocyelyl alkynyl group comprises 4 to 20 carbon atoms, e.g., the alkynyl portion of the
heterocyclyl alkynyl group is 2 to 6 carbon atoms and the heterocyelvl moiety is 2 to 14 carbon

atomes.

60371 “Heteroaryl” refers to an aroroatic heterocyelvl having at least one heteroatom i the
ring. WNon-limiting examples of suitable heteroatoms which can be included in the sromatic ting

melude oxygen, sulfur, and nitrogen. Non-limiting examples of heteroaryl rings include all of

ES
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those aromatic rings listed in the definition of “heterocyelvl”, including pyridinyl, pyrrolvl,
oxazelyl, indolyl, ssoindolyl, purinyl, furanyl, thienvl, benwofuranyl, benzothiophenyl,

carbazolyl, imidazolyl, thiazolyl, isoxazolyl, pyrarolyl, isothiazolyl, quinolyl, iscquinolyl,

pyridazyl, pyrimidyl, pyrazyl, ete.

{08381 “Carbocycle” or “carbocyclyl” refers to a saturaied (e, cycloalkyl), partially
apsaturated {e.g., cycloalkenyl, cycloalkadienyl, ete.} or aromatic ring having 3 i 7 carbon
atoms as a monocyele, 7 to 12 carbon atoms as a bievele, and up to gbout 20 carbon atoms as a
polycycle. Monocyelic carbocycles have 3 to 7 ring atoms, still more typically S or 6 ring
atoms. Bicyclic carbocycles have 7 to 12 ring atoms, e.g., arranged as a hicycln [4,51, [5,5],
15,61 or [6,0] systen, or 9 or 10 ring atoms arranged as a bicyclo [5,6] or [6,6] system, or spiro-
fused rings. Non-Hmiting exaraples of monoeyelic carboeycles include cyclopropyl, evelobutyl,
cyclopentyl, L-cyclopent-t-enyl, T-cyclopent-2-enyl, 1-ovelopent-3-envl, cyclobexyl, 1~
cyclohex-trenyl, E-cyclohen-Z-euyl, T-cyclohex-3-enyl, and phenyl, Non-limiting examples of

bicyelo carbocyeles mcludes naphihyl, tetrahvdronaphthalene, and decaline.

180391 “Carbocyclylalkyl” refers to an acyclic alkyl radical in which one of the hydrogen
atoms bonded 10 a carbon atom is replaced with a carbocyelyl radics as described herein,
Typical, but non-limiting, examples of carboeyelylalkyl groups inclode cyclopropyhmethyl,

cyclopropylethyl, eyclobutylmethyl, eyclopentylmethyl and cvclobexvimethyl,

190481 “Aryiheteroalkyl” refers to a hetercalkyl as defined herein, in which a hydrogen atom
{which may be attached either to 2 carbon atom or a heteroatom) has been replaced with an ary]
group g8 defined herein, The aryl groups may be bonded to a carbon atom of the hetersalkyl
group, of o a hetercatom of the hetercalkyl group, provided that the resulting aryiheteroalkyl
group provides a chemically stable moiety. For example, an arvihetercalkyl group can have the
general formulae -alkylene-O-aryl, -alkvlene-O-alkylene-aryl, -alkyiene-NH-arvi,
~atkylene-NH-alloylene-aryl, -alkylene-B-arvl, -alkylene-S-alkvlene-aryl, ete. In addition, any of
the alkylene moieties in the general formulas above can be further substituted with any of the

substituents defined or exemplified hersin,

{6041 “Heteroarylalkyl” refers to an alkyl group, as defined herein, in which a hydrogen stom
has been replaced with a heteroaryl group as defined herein. Non-Hmiting examples of
heteroaryl alkyl inchude -CHy-pyridinyl, -CHe-pyreolyl, -CHy-oxazoivi, -CH-indoly,

~CHy-isoindolyl, -CHy-purinyl, -CH-furanyl, -CHa-thienyl, -CHz-benzofuranyl,
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~€ZiH-._>-hmzothicphenyL -CHy-carbazolyl, ~-CHy-imidazolyl, -CHy-thiazolvl, -CHy-isoxarolyl,
-CHp-pyrazolyl, -CHe-tsothiazolyl, -CHy-quinolyl, ~-CH-isoguinolyvl, -CHz-pyridazyl,
~CHppynmidyl, ~-CHz-pyrazyl, ~-CH{CH ppyriding], -CR{CHa pyrrelyl, -CH{CH -oxazolvl,
~CH{CH; 3-indolyl, -CH{CH)-isoindolyl, -CH{CH Fpuriny!, -CH{CH - furanyl,

~CH{CH; pthieny, -CH{CH;}-benzofuranyl, -CH{CHy)-benrothinphenyl, ~-CH{CH)-carbazolyl,
~CH{CH: Funidazolyl, ~CH{CH: -thiazolyl, -CH{CHs soxazolyl, -CHICH: )-pyrazolyl,
~CH{CH Jisothiazolyt, ~CH{CH - qumobi ~CH{CH  }-isequinaivl, ~-CH{CH Jpyridazyl,
SCH{CH ppyrinndyl, ~-CH{CH:pyrazyl, 2

{00421 The term “optionally substituted” in reference to a particular modety of the compound
of Formula IV {e.g., an optionally substituted arvl group) refers to a moiety wherein all
substituents are hydrogen or wherein one or more of the hyvdrogens of the moiety may be

replaced by substituents such as those listed under the definition of “substitgted™.

[0843]  The term “optionally replaced” in reference 1o a particolar moiety of the compound of
Formula IV (2.g., the carbon atoms of said (Cy-Cylalkyl may be optionally replaced by —O-, -8-,
or —NR'-} means that one or more of the methvlene groups of the {C;-Cgialioy! may be replaced

by 0, 1, 2, or more of the groups epecified (e.g., -, -8, or ~NR%L

{H044]  The term “non-terminal carbon atom(s)” in reference to an alkyl, alkenyl alkyvoyl,
aflcylene, alkenylene, or alkynylenc moicty refors to the carbon atoms in the moiety that
mtervene between the first carhon atow of the moiety and the last carbon atom in the moiety.
Therefore, by way of example and not Hmitation, in the alkyl moiety ~CH»(C*)H~{C*}H~{‘H 3 OF
alkylene moiety -CHy{C WC FLCH,- the C atoms would be considered to be the non-

terminal carbon zioms.

80451 Certain Q and ' aliernatives are nitrogen oxides such as "N{OWR} or "N{OHOR).
These mitrogen oxides, as shown here attached to a carbon atom, can also be represented by

charge separated groups such as

a”

o
L
g N

Ror OR,

respectively, and are intended 1o be equivalent to the aforementioned representations for the

purposes of deseribing this invention.
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[8046] "Linker” or "link” means a chemical moiety comprising a covalent bond or a chain of
atoms. Lapkers inchade repeating units of alkyloxy {e.g. polvethylencoxy, PEG,
polymethyvlencoxy) and alkylamine {(o.g. polvethyiencamine, Jetfamine™ ), and diacid ester and

armides wnchuding succinate, sncomamide, dighveolate, malonate, and caproamide.

[9847]  The terms such a5 “oxygen-linked”, “nitrogen-linked”, “carbon-linked”, “sulfur-
Hoked”, or “phospherous-linked” mean that if o bond between two moleties can be formed by
using more than one type of atom in a moiety, then the bond formed between the moisties is
through the atom specified. For example, a nitrogen-linked aminoe acid would be bonded
through g nitrogen atom of the amine acid rather than through an oxvgen or carbon atom of the

aming acid.

[6048]  In some entbodiments of the compounds of Formula IV, one or more of Z' or 27 are
mdependently g radical of 2 ritrogen-linked naturally ocowrring a-amine acid ester. Examples
of naturally ocenrring amino scids include isolencine, lencine, lvsine, methionine,
phenyialanine, threonine, tryptophan, valine, alanine, asparagine, aspartic acid, cysteine,
glutamic acid, glutarine, glycine, proline, selenocysteine, sering, tyrosine, arginine, histidine,
ornithine and tanrine. The esters of these amino acids comprise any of those described for the

substituent R, particelardy those in which Ris optionally substituted (C-Cplalkyl.

[6049]  The term “puring” or “pyrimiding” base comprises, but is not lmited to, adenine, N°-
alkylpurines, No-acyipurines {wherein acyl is C{O¥alkyl, aryl, alkylaryl, or arylalkyl), N°
benzyipuring, No-halopurine, N6~Viﬂy},p'u1*i11e, N-acetyienic purine, N%aevl puring, W5
hydroxyalioy! purine, No-allvlaminopurine, Nthicallyl purine, N%-al kylpurines, N -aliyl-6-
thiopurines, thyimine, cytosive, S-flucrocytosine, S-methylcytosine, f-azapvrimidine, including
6-azacyiosing, 2- and/or 4-mercaptopyrmidine, uracil, 5-halouracil, inchuding 5-flacrowracit, C°-
alkvipyrimidines, C-benzvipyrimidines, O -halopyrimidines, ~vinylpyrimidine, C-acetylenic

g 5 T 5 . . 5 . g <5
ryrimidine, O -acyvl pyrimidine, O -hvdroxyalioy! purine, C -amidonyrimidine, -
3 : (2N 5 3 b : 5
8

cyanopyrimiding, O S-dodopyrinidine, O iodo-pyrivaidine, O -Br-vinyl pyrimidine, C%-Br-
vinyl pyriridive, C nitropyrimidine, C-gmino-pyrimidine, M alkvipurines, N’:-aﬁ};ybé»
thiopurines, S-azacytidinyl, S-azauracilv, triazolopyridinyd, imidazolopyridinyd,
pyrrolopyrimidinyd, and pyrazolopyrimidingl. Purine bases include, but are not Himited to,
guanine, adenine, hypoxanthine, 2,0-diaminopurine, and 6-chloropurine. The purine and

pyrimidine bases are Hinked to the ribose sugar, or analog thereof, through a nitrogen atom of the

hase. Functional oxygen and nifrogen groups on the base can be protected 45 necessary or

1%
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desired. Switable protecting groups are well koown to those skilled in the art, and include
trimethylsilyl, dimethylhexylsilyl, Sbutvidimethylsilyl, and t-butyldiphenyisilyl, wityl, alkyl

groups, and acyl groups such as scetyl and propionyl, rethanesulfonyl, and ptoluenesulfonyl.

{H058]  Unless otherwise specified, the carbon atoms of the covopounds of Formula IV are
ntended to have a valence of four. Tn some chemical strocture representations where carbon
atoms do not have a sufficient number of variables attached io produce & valence of four, the

i

s shiould be stsumed o be

S
e -
33 g
¥

54

(8881 “Protecting group” refers to 2 moiety of a compound that masks or alters the properties
of a functional group or the properties of the compound as 2 whole, The chemical substructure
of a protecting group varies widely, One function of a protecting group is to serve a3 an
intermediate in the synthesis of the parental drug substance. Chemical protecting groups and
sirategies for protection/deprotection are well known in the art. See: "Protective Groups in

Organic Chemistry”, Theodora W, Greene (John Wiley & Sons, Inc., New York, 1991, Sec also
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FPragective Groups in Crganic Chemistry, Peter G, M, Wats and Theodora W, Greene, 4th Fd.,
2006, Protecting groups are often utitized to mask the reactivity of certain functional groups, to
assist in the efficiency of desired chamical reactions, e.g. making and breaking chemical bonds
in an ordered and planned fashion. Protection of functional groups of a compound alters other
physical properties besides the reactivity of the protected functional group, such as the polarity,
lipophilicity (hydrophobictiy), and other properties which can be measured by comwmon
analytical tools. Chemically protected intermediates may themselves be biologically active or
inactive. “Hydroxy protecting groups” refers o those protecting groups useful for protecling

hydrony groups (~OH).

{00521 Protected compounds may also exhibit altered, and in some cases, optimized properties
in vitro and in vive, such as passage through cellular membranes and resistance io enzymatic
degradation or sequestration. In this role, protected compounds with intended therapeutic effects
may be referred to as prodrugs. Another function of g protecting group is to convert the parental
drug inte a prodrug, whereby the parental drug is released upon conversion of the prodrug in
viva, Because active prodrogs may be absorbed more effectively than the parental diug,
prodrugs woay possess greater potency in vive than the parental drug. Protecting groups are
removed either in vigro, 1 the instance of chemical intermediates, or in vive, in the case of
prodrugs. With chemical inlermediates, it is not particalarly important that the resulting
products after deprotection, e.g. aleshols, be physiclogically acceptable, although in general it is

more desirable if the products are pharmacologically innocuous,

100531 The term "chiral” refers to molecules which have the property of non-
superimposability of the mirror image pariner, while the term "achiral” refers to molecules

which are superimiposable on thelr rmirror image pariner,

(054]  The term "stereoisomers” refers to compounds which have identical chemical

constitution, but differ with regard 1o the arrangement of the atoms or groups in space.

[B0S5]  "Diastersomer” refers to a stereoisomer with two or wore centers of chirality and
whose molecules are not mirror images of one another. Dhastereomers have different physical
properties, e.g. melling points, boiling points, speciral properties, reactivilies and biological
properties. For example, the compounds of Formula IV may have a chiral phosphorus atom

T .
when B g
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S

52
and Z' and 77 ave different. When at least one of either 7' or 27 also has a chiral center, for
examyple with 21 or 27 is a nitrogen-linked, chirsl, natorally occurring Q-amino acid ester, then
the compound of Formula IV will exists as diastereomers because there are two centers of
chirality in the molecule. All such diastereomers and their uses described herein are
cucompassed by the instant imvention. Mixtures of diastercomers may be separate under high
resolution analytical procedures sach as electrophoresis, crysiallization and/or chromatography.
Prastereomers may have different physical attribotes such as, but not Himited to, solubility,
chemical stabilities and crystallinity and may also have different biological properties such as,

but not Hmited to, enzymatic stability, absorption and metabolic stability,

[3056]  "Enantiomers” refer to two steresisomers of a compound which are non-

superimposable mirror images of one another.

{O857]  The modifier "about” used in connection with a quantity is inclusive of the stated value
and has the meaning dictated by the context (e.g., inchudes the degree of ervor associated with

measursment of the particular guandity).

FO038]  The term “treating”, as used herein, unless otherwise indicated, means reversing,
alleviating, mhibiting the progress of, or preventing the disorder or condition o whick such term
applies, or one or more syruptoms of such disorder o7 condition. The term “treatment™, as used

herein, refers to the act of treating, as “weating” is defined immediately above.

HHES®]  The lero “therapeutically effoctive amount”, as used herein, is the amount of
compound of Formula IV present in a composition described herein that is needed 1o provide a
desived level of drug in the secretions and tissues of the sirways and lungs, or altermatively, in
the bloodstream of a subject to be treated to give an anticipated physiological response or
destred biological effect when such a composition is administered by the chosen route of
administration. The precise amount will depend upon numerous factors, for example the
particular compound of Formula IV, the specific activity of the composition, the delivery device

employed, the physical characteristics of the coruposition, its intended use, g5 well as pationt

21



WO 2016/069826 PCT/US2015/057933

considerations such as severity of the discase state, patient cooperation, elc., and can readily be

determined by one skilled in the art based upon the information provided herein.
{0060] The term “normal saline” means a water solution containing .9% {w/v) NaClL

[0061]  The term “hyperionic saline” means a water solution containing greater than 0.9%

{wivyNalll, For example, 3% hypertonic saline would contain 3% {w/v}) NaCL

{8062  “Forming a reaction mixture™ refers 1o the process of bringing juto contact at least two
distinet spectes sach that they mix together and can react. It should be appreciated, however, the
resulting reaction product can be produced directly from a reaction between the added reagents
or from an intermediate from one or more of the added reagents which can be produced in the

regotion mixture,

{00631  “Coupling agent” refers 1o an agent capable of coupling two disparate compounnds.
{Ceupling agents can be catalytic or stotchiometric. For example, the coupling agents can be a
Hihium based coupling agent or a magnesium based coupling agent such as a Grignard reagent.
Exemplary coupling ageunts include, but are not limited to, n-Buli, MgCh, iPriMaCl tBaMgCl,

PhddpCl or combinations thereof,

[6064] “Silane” refers to a silicon containing group having the formula SiR,, where each B
group can be alkyl, alkeny!, cycloalleyl, phenyl, or other sificon containing groups. When the
silane is linked 1o another compound, the silane is referred to as a “silvl” and has the formula

-5,

{65) “Halo-sifane” refers 1o a silane having at least one halogen group linked {o the silicon
atom. Representative halo-silanes have the formula Halo-8iR;, where each R group can be
ativl, alkenyl, cycloalkyl, phenyl, or other silicon containing groups. Specific halo-silanes

include CI-SHCHah, and CL-8ICH L CHH, 8HCH, 1-ClL

{0066]  “Non-nucleophilic base™ refers to an electron donor, a Lewis base, such as nitrogen
bases including triethylamine, dlisopropylethyl amine, N N-diethylaniline, pyridine, 2,6-lutidine,

2.4 6-collidine, 4-dimethylaminopyridine, and quinuclidine.

{8067}  “Leaving group” refers to groups that maintain the bonding electron pair during
heterolytic bond cleavage. For example, a leaving group is readily displaced during 4

nucleophilic displacernent reaction. Suitable leaving proups include, but are not limited o,
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chloride, bromide, mesylate, tosylate, triflate, 4-nitrchbenzenesulfonate,
4-chlorobenzenesulfonate, 4-nitrophenoxy, pentafluorophenoxy, ete. One of skill in the art will

recogoize other leaving groups usetful in the present invention.

#8681 “Deprotection agent” refers to any agent capable of removing a protecting group. The
& yag :

deprotection agent will depend on the type of protecting group used. Representative

deprotection agents are koown in the art and can be found in Profeciive Groups in Organic

Chemiziry, Peter 3. M. Wuts and Theodora W, Greene, 4th Ed., 2008,
il COMPOUNDS OF THE PRESENT INVENTION

{B06%]  Reference will now be made in deigil 10 certain embodiments of the invention,
examples of which gre Hlustrated 1 the accompanying description, structures and formailas.
While the invention will be described in conjunction with the enumerated embodiments, it will
be understood that they are not infended to limif the invention to those embodiments. On the
conirary, the invention is intended to cover all altemnatives, modifications, and equivalents,

which may be incladed within the scope of the present invention.

(66781 Provided, is a method for freating s Filoviridae infection in a human in need thergof

comprising administering a therapeuntically effective amount of 4 compound of Formula I

R

Formulda |
or a phanmaceutically acceptable salf, hydrate or ester, therent;
wherein:

each B! is H or halogen:



WO 2016/069826 PCT/US2015/057933

each R?, R, R" or R” is independently H, OR®, N(R®),, Na, ON, NO:, S(O),R®, halogen,

{Cr—Cysubstituted atkenyl, (Co—Cyialkynyl or (O-Cylsubstituted alkynyl;
wherein

each R* is independently H, (C-Csalioyl, (Cr-Cylatkenyl, {CaCaialkynyl,
ary{(C;-Cglalkyl, (Ca—Coyearboeyelvlalkyl, -C{=0R, -C(=0)OR, -
C{=OINR,, -C(=OI18R, -S{OR, -5(CLR, -S(OHOR), -S{0R{OR), or
~SO;NRs:

each R is independently H, {C-Cy) alkyl, (C)-Cy) substituted alkyl, (Co-
Coyalkenyl, {Cr-Cy) substituted alkenvl, {To-Cy) alkynyl, (Cp-Ce)
substituted alkynyl, Co—Cag arvl, Co-Cop substituted arvi, Co—Con
heterocyelyl, Co—Cap substituted heterocyelyl, arylallovl or substituted
aryiaticoyi;

or any two RY, R, R* or R on adjacent carbon atoms when taken together are —O{COHO-
or when taken together with the ring carbon atoms to which they are attached
form a double bond;

R" s OR®, N(R™,, N3, ON, NOy, S{OLR?, -CE=OR'Y, -CE=0)0RY, -C=0WRVR? .
CEOWIRY -SOIRY, -S(ORRY, -SONOR M, -8(OWOR""), -SONRIRE,
halogen, {C-Uglalkyl, (Ci—Cyiearboeyelylalkyl, (T ~Cyisubstituted alkyl,
{Co—Cylaltkenyl, (Co-Ugdsubstituted alkenyl, (T~ Coalkynyl, {(Co—Clsubstituted
alkynyl, or arvlC-Caojaliol;

wherein
cach R' or R is independently H, (C-Cylalkyl, (Cr-Cylatkenyl, (C-Cylalkynyl,

{Ca-Ciearbocyelylalkyl, optionally substituted aryl, optionally
substituled heteroaryl, -C{=00C~Calalkyl, -8{0(C1-Crlalkyl or arvi{(C-
Cyratkyl; or 81" and R' taken to gether with a nitrogen to which they are
both attached form a 3 to 7 membered heterocyclic ring wherein any one
carbon ateimn of said heterocyclic ring can optionally be replaced with ~0-,
-8~ or ~NR%;

each v is independently 0, 1, or 2;

R’ is selected from a group consisting of

a)  H.-CEOR', -CEOORY, -CEOINRYRY, -CEOBRY, -SORY, -S(ORRY, -
SEOHORY, -S{OROR™), or -SO,NRURT,
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wherein each (C-Cghalkyl, {(Tr-Calalkenyl, (Co-Clalkymyl or aryl{C-Calalkyl of
each R or R s, independenily, optionally substitured with one or mwore
halo, hydroxy, ON, Nj, NER®5 or ORY, and wherein one or more of the
non-terrninal carbon atoms of each sald {C-Cylalkyl may be optionally

roplaced with -0, -8~ or —NR, and

b}
S R
D = B e G o B /
— P —
HO . N HO ¥ < 5 ;’iD HO i
HG g HO
) a group selected from:
R(‘ O g RC\_“ 1 R R g
0-p—+ obot A
Re1 21 ] E: - P\
< S,.»«"E"i& R \'\ : " \{:‘3
REET e Re2r N\Rd and o i,
(/ // _‘/ "1‘
P""“\Q N N (Cly), (CH),
RT Rf O G-::.\\/S Q Wy
wherein:
R is selected from phenyl, T-naphthyl, 2-naphthyl,
N*\
IPPhMPY
\\‘w{/ }\\\vl;f/’/ and \::// \\/f :
RY is H or CHy,
R and R™ are each independently H, C1-Cy allyl or benzyl;
7% is selected from H, C+Cy alkyl, benzyl, C3-Cy cyeloalkyl, and —CH-05-Cy
cycloalkvl;
R* is selected from C-Cy alkyl, -0-£-Cy alikyl, benzyt, -O-benzyl, -CH;-C5-Ce
eycloatkyl, ~O-CH»-Co-Cy eyeloalkyl, and CF3: and
1 s selected from 1, 2, 3, and 4; and
d} a group of the formula:

[
(V41
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-~ P %)
27
z* :
wherein

Gis O, 8, N, "N(OKR), NOR), "N(OHOR), or N-NRy;
7! and 7% when taken together, are *Qi(C(Ry)ghQi";
wherein

each Q' is independently G, S, or NK; and

PCT/US2015/057933

cach RY is independently H, ¥, CL, Br, [, OH, R, -CE=QHR, -OE=0N0R, -
C(=ONR ), -N{R ), - N(R)s, -8R, -8(OIR, -8(ORR, -S(OXOR), -
S(OR{OR), -OCHEQIR, -OCEQHOR, -OCEGHNR ), -SCEQHR, -
BCEQHOR, -SCEGHNR )L -NEICEEHR, -NRICEODOR, -
NEJOEQHNIRY,, —SO,NR,, N, - N3, N, ~OR, or £ or when

taken together, two RY on the same carbon atom form a carbocvelic ring

of 3 to 7 carbon atoras;

gach (7 is independently, O, §, NR, "N{{3(R}, N(OR), "N{O¥OR), or N-NR,0r

7' and 27 arc each, independently, a group of the Formula fa

M2

Formula fa

wherein:

- / ” -
R o 0 %j ey
o

each (s independently a bond, O, CR,, NR, NEOHRY, N(OR), TN(OHOR),

N-MNRa, 8, §-8, 5{0), or ${O);
M2is0,lor2;

each R’ is independently R or the formula;

26



WO 2016/069826 PCT/US2015/057933

0? YRy Q4
¥
%//IKQE” QS Q?’ R
e . MiZc
Mia Mio M1d

wherein:
each Mia, Mle, and Mid is independently G or §;
MIZeis 0,1,2,3,4,5,6,7,8,6, 10, 1l or 12;
7P s 2 or AR
ZHis R, -CEQORY, -C(ONZ’, -SORY, or -50,2°; and
7% is a varboeyele or a heterocyele wherein Z° ia mdependently

substituted with 0 to 3 B groups;

each R is halogen, NRR™, R HorR!, NRUNR'R', Ny, NO, NO», CHO, ON, -
CHE=NRYY, -CH=NNHRY -CH=NORY), -CHOR ), -CE0NRIRE
C{E=ONRIRY, SCEGIORY, (C-Cralkyl, (Co-Cylalkenyl, (C3-Colatiynyl,
{Ca-Cyjrarbooyelylalkyl, optionally substituted arvl, optionally substituted
heteroaryl, ~C(=0}C-Cylallyl, -3{O0(C-Coathyl, aryi{(C-Coalkyl, ORY or
op! ‘;;

cach B or RV 15 independently H. halopen, NR'RY, NERMoRY, NriiNrRE, Ny,
NG, NG, CHO, ON, -CHENR ', -CH=NHNR', -CH=N(OR' ), -CH(OR' ),
SCEONRIRY LCESINRURY LCeE=mor D RY, oror SR and

wheretn each {C-Cylatkyl, (Cr-Calatkenyl, {Cr-Cyalkynyl or arvi(C,-Catkvl of sach
R4 R?’, R, or R® 18, independently, optionally substituted with one or more halo,
hydroxy, ON, M, N{R"}; or OR®; and wherein one or more of the non-terminal
carbon atorns of each said {Cr-Cilalkyt may he optionally replaced with -0, -S-

or R,

{0071 In another embodiment, provided is 4 compound of Formula [V:
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NH,
S T :\\\
R? ST N
AN L ](
\ N,

Formula 1V
of a pharmacentically acceptable salt, hyvdrate or ester, thereof

wherein R’ is as defined above for Formuia L

10072]  Provided, is a wothod for treating a Filoviridae infection in 2 human in need thereot

comprising administering a therapeutically effective amount of a compound of Formula IV:

P
- Ny - N
RS VA ~ M
., {\\,\
\ N .

Formula 1YV
or a pharmaceutically acceptable salt or ester, thereof’
wherein:

R’ is selected from the group of

a) H, -Ce=0iRY, -CEORYLCEOINRVRY, (C=08R Y, -8R, -s(OoRR" -
SEOHOR™, -S(ORORY, or -SONRUIRY

whersin

gach R' or R is independently H, {C;-Cyalkyl, {(C-Colalkenyl, (Co-Colalkynyl,
{CoCojearboeyclylalkyl, optionally substituted arvl, optionally substituted

heteroaryl, ~C(=0YC -Csralkyl, -S(O)(C-Capalkyl or arvi(C-Cyialkyl or B
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and RY taken together with a nitro gen to which they are both attached forma 3 to
7 membered beteroeyelic ring wherein anv one carbon atom of said heterocychic
ring can optionally be replaced with -0, -S- or =NR™;

each B” is independently H, (C,-Cylalkvl, (Co-Cylatkenyl, (0-Cyalkynyl, aayl{Cy-
Caalkyl, (Co—Cyicarbooyelvlalkyl, -CEOR, -O=00R, -CEOINR,, -C=OISR,
-SEOR, -SORR, -S(CGHOR), -S{OR{OR), or ~RTHNR,;

wherein each R is independently H, (C-Cg} alkyl, (T substituted alkyl, (Cy-
Cxyalkenyl, (Co-Cy) substitnted alkenyl, (Cy-Cg) alkynyl, {€2-Cy) substituted
alkynyl, Ce—Cyp arvl, Co—Coo substituted arvl, O3 Cay heteroevelvl, Co-Cog
substiinted heterocyelyl, arvialkyl or substituted aryviatkyl; and

wherein each (C-Uglalkyl, (Co-Uglalkenyl, {Co-Clatkynyl or arvl{C-Colalkyl of each
R or R i3, independently, optionally substituted with one or more halo,
hydroxy, ON, Ny, KR or OR®, and wherein one or more of the non-terminal
carbon atorns of each said {C-Cilalkyl may be optionally replaced with -O-, -8~

or ~NR, and

B}
C O
[ ¢ 79 /T
Plo o i _E i §oe
/ N e HDT N PG
s [ o wh O ey
HO o HO o :
¢ a group selected from:
R Re $
RE N l e : Ef:)\
Nl N G
/ £3d ) =d and /»/g | ‘!;
O 0, (CH,), (CHay
/ O / N / 4
Rf H O N ,S O-b.\/‘s
R 5
£ RE
wherein:

R® is selected from phenyl, D-naphthyl, 2-naphthyl,
puens Pty FHELEY



WO 2016/069826 PCT/US2015/057933

R%s H or CHy;

R%is H or (-0 alkyh

B g selected from H, Ci-Cy allovl, benzyl, Ca-Cy oveloalkyl, and —CH-Cy-Cy
cycicalkyl;

RE g selected from ©-Oy alkyl, -O-0,-Cy alkyl, benzvl, -O-benzyl, -CH, -0
cyecloalloyl, -O-CHy-Cs-Cy oveloalloyl, and CFy; and

17 15 selected from 1, 2, 3, and 4; and

d) a group of the formula:
Q
-
- g
21 s / <
4
Z* >
wherein

Qs O, 8, NR, N(OWR), N(OR}, "™N(OXOR), or N-NR,;
2" and 77, when taken together, are ~Q R 1RO
wherein
cach Q' is independently O, 8, or NR; and
each R is independently H, F, Cl, Br, }, OH, R, -C(=0Q"R, -CE=QHOR, -
CL=GAN(R Y, -NR),, - ™N(R ), -SE, -B{OIR, -S{ORR, -S{OWORY, -
S{OR(OR), -OCE=QHR, -OCEQHOR, -OCHEGHNR ), SOEGOR, -
SCEQHOR, -SCEQHINE), -NRICEQHR, -NR)YCE=QHOR, -
N{RJCEGINR Y, ~S0ONR,, ~CON, ~Na, ~NO3, ~OR, or 77; or when
taken together, two RY on the same carbon atom form a carboeyelic ring
of 3 to 7 carbon atoms;
each 7 is independently, O, 8, NR, "N{O}R), N{OR}, "N(OKOR), or N=NRyor

2 and 2% are each, mdependently, a group of the Formula Ia;

[
Lew)
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R Qf*wﬂz \ .k
N
. \ 1 / .
R

Formula a
wherein:
cach O is independently g bond, O, TR, NR, M(GHR), N(OR), "NEOHORS,
N-NME,, 8, 85, 5(0, or S{0);
MZis 0, lor2;
gach R” i3 independently R or the formula:

eﬁz R R Uz ]L
"/
: X M-\*’iim , N =1
/P’” het J[' "““"“TNQ%'”/ i
vl Vo
Mic

4

M120 Mid

wherein
each M1a, Mic, and M1d is independentiv G or 1;
MiZes0,1,2,3,4,5,6, 7, & 9,10, 1 or 12,
s or 75
2 R, -OUQHRY, -CONZ7, -8O,RY, or -80,7% and
77 is a carbooyele or a heteracyele whersin 77 is independently

substituted with 0 to 3 RY groups.

16873]  Provided, is a method for treating a Filoviridae infection in a human in need thereof

comprising administering a therapentically effective amount of a compound of Pormula IV:
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RH,
’~ /"J\\

e -~ S
bl ¥ S~ RN ¥
=, (./
N
. N R
NN N N P /;f o

e

Formula IV
or a pharmacentically acceptable salt, hvdrate or ester, thereof

wherein,

& is selected from the group consisting of
H, -CEORY | LCEOORY (CE0INRYRY, C=0sr ! sonr!,

a}
SORRY, SSONOR™. -SIORORY), or ~S0NRIRY,
b)
O 0]
/ /. o
H e e D ioe P, i
§ HO— P Hgfi\c}/p\ /,Pmém
HO n Al T [Ty s
c a group selected from:
Ru\‘ iﬁ) 5 R % : "
Q- ———————————— L N o :— - / oy,
a1 2 O--F E O"’\%E:}’
24 =Y s .
I Y [
N ey w4
SN o4, (CHy)y (CHoa
;O e § 0.8
Rf Rf QQQ/ C}\ 5
R RE

wherein:
R is selocted from the group of phenyl, 1-naphthyl, 2-naphthyl,

>3
R
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%L

S

7% is selected from the group of H or CHa,

7N Ny,

&
|
% .

P

and e I

2 and BY are cach independently selected from the group of 1,
{C1—Ceratkvl ar benzyl;

R’ is selected from the group of from H, (C~Calalkyl, benzyl, (Cs-
Ceieyeloatleyl, and ~-CHa—(Ci-Ualoyeloaltkyl;

R¥ is selected from selected from the group of {C-Cglalkyl, -
OO —Caalkyl, benzvl, -O-benzvl, -
CHo—~{Cs-Cyeyeloatkyl, ~O-CHa—(Co-Cyioyeloalkyl, and
Fs; and

o' is an integer selected from the group of 1, 2, 3, and 4; and

d} a group of the formula:
7
C}
ey
7 5
i :
wherein:

Q is selected from the group of O, 8, NR, "N(OXR), N(OR),
"W(OHOR), or N-NRy:
7' and 2°, when taken together, are -QHORMN)0
wherein
each Q' is independently selected from the group of O, 8,
or NR; and
cach RY is independently selected from the group of H, F,
Cl, Br, |, OH. R, -C=QNR, -C(=QMOR, -
CEQINR Y, -NR),, - N(RY, -8R, -S(O)R, -
S{OLR, -3(OXOR), -S(O){OR), -OC=0R, -
OCEQHOR, -OCEQHNER)), -SCEQHE, -
SCEQHOR, -SCEQHNR ), -NRICEQIR, -
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N{RYCEQHOR, -NECEQINR ), -5CpNR,
CON, N3, -NOs, -OR, or Z°; or when taken
together, two RY on the same carbon atom formm a
carbocyclic ring of 3 o 7 carbon atoms;

pach QO is independently, (0, 8, NR, "N{OYR), N{OR),
TN{CH(OR), or N-NRs; ot

) \ . - - :
21 and 77 ave cach, independently, g group of the Formula la:

) . .
R o (33 llj o°
QS
A\ ;L | i
N LYY

Formula ia
wherein:
each ¢ is independently selected from the group ol a
bond, O, CRy, NR, N(OWR )L N(OR), "TNWORS,
NNy, 85, 58, 8(0), or ${Ohk
M2 is an integer sclected from the group of 0, T or 2;

each R” is independently BY or the formula:

o RY, RY

% Qg”
. MiZo /
Mia Mic

Ry

Mid

wherein:
gach Mla, Mlc, and Mid is an integer
independently selected from the group of O
or 1
M1Zeis an integer selected from the group of G, 1,

2,34, 56,7, 8,9, 10, 11 ori2;

4o
P
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s 2t or ZS;

Zhis R, -C{OMRY, QN2 -8Q,RY, or -80,7°;
and

¥7 is a carbocycle or a heterncycle wherein 77 is
independently substituted with 0 16 3 RY
Zroaps;

each R or R is mdependently H, (C;—Cylalkyl, (CoCsalkenyl, {T-Crlalkynyl,
{Co-CUglearbocyelylalkyl, (Co-Coploptionally substituted aryl, optionally

substituted heteraryl, ~-C=0)C~Calalkyl, -S{OWCi—Calkyl or

they are both attached form a 3 to 7 membered heterocyelic ring wherein any one
carbon atomm of said beterocyclic ring can optionally be replaced with -O-, -8- or
NRA

each R* is independently selected from the group of H, ({1—-Cyalkyl, (Cr—Cylalkenyl,
{Co-Coatkynyl, {CeCararyl(C—Cajatkyl, (C4—Csicarbocyelylaliogt, -C=0IR, -
CEOIOR, -CE=ONR,, ~CEOSR, -S(OR, -S(ORR, -S(ONOR), -S{OR(OR), or
~SUORNRS: wherein

each R is independently selected from the group of H, (C-Cy) allovl, {T-Cy)

substituted alkyl, (Co-Cylalkenyl, (Co-Us) substituted alkenyl, (Co-Ts) alkynyl,

{Co-Uagdheterocyelyl, (Co—Chphsubstituted heterocyelvl,
{CoCanparyl{Ci—Cyjaliyl or substituted {Cy-Caglaryl{C~Celakiovt;

each 1 is an integer independently selected from the group of 0, 1, o1 2; and

wherein each {C—Calalkyl, (Co-Cylalkenyl, (C~Calalloynyl or (Co-Crpjaryl{C—Coatlkyl
of each R' or R is, mdependently, optionally substituted with one or more
substituents selected from the group of halo, hydroxy, ON, N3, N(R*), or ORY,
and wherein one or more of the nou-terminal carbon atoms of each said (Cy-

Cpiatkyl may be optionally replaced with -O-, ~8- or -NR®-.

[8874]  To another embodiment of a compound of Formula IV, R can be H. In another
embodiment of & compound of Formula IV, R s selecied from the group of a), b}, or ¢} as

defined for Formula IV,

(3
A
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{0675]  In some embodiments, R* and R can esch independently be selected from the group
of H, C-Cs alkyl or henzyl. In some embodiments, Y can be H, €-C atkyl or benzyl, and
R can be H or -Cy alkvl. in some embodiments, 2% and R¥ can each mdependently be H or
Ci-Co alleyl. In some embodiments, B and BY ean each independently be ¥ or benzyl. In
some embodiments, RY can be H, wethyl or benzyl, and R can be H or methyl, In some
embodiments, R can be H or methyl, and R% can he Hoor methvl In some embodiments, R
can be methyl, and R canbe Hoor methyl. In some embodiments, RY canbe H or benzyl, and

R can be H or methyl.

{6876} In ancther smbodiment of a compound of Formula IV, B is

g - \\T .//\\\\\\\]
i\‘\ /'TV/// l\\ /{.’//
0] I 0 (
W A3 Oy W0 CHy
S / o P ;’ LM
P o Ly o I Yo 3
2 - T -
©ONTNoRT T NN o
i I
+ i
O or 9

wherein B is selected from the group of H, C-Cy alkyl, benzyl, C1-Ce eycloalkyl, and -CH-Cs-

Ce eycioalkyl. In another embodiment of a compound of Formula 1V, B is (-0 alkyl,

108771 In another embodiment of a compound of Pormula 1V, B is

O ) o
ot ; I 7o Ef;f 7 7o
Ve HCy P 5 ; g e
E-i(jb 5 [N g }-iO;é\O/i \‘O“”? g
) ’ HOG s 2 O s S
FACIEEENN r—
Q :‘/\ \‘) 4 :.
D P e Q O D"';l)"‘“g O O--P --------
8 ;
]‘ Rf\C}/ikxwf,NH Rl “”\;/NH
E.‘.ZQ'/\'QO /\,\
Or
wherein

R is selected from the group of H, O-Cy alkyl, benzyl, Cs-Cg oyeloatkyl, and -CHyr{a-

Ce cycloalloyl; and

3
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R i3 selected fromm the group of C-Cs alkyl, -O-04-Cy alkyl, benzyl, -O-benzyl, ~CHa-

RES S 34

Cy-Ug cycloalkyl, ~0-CHpC5-Cy cyeloalkyl, and CFa,

(8078} In ancther smbodiment of a compound of Formula IV, R is

SN SN
) N
7 o 7 o
AT TN 0
QO GO0
RUgA N R o
( or SN

wherein R is selected from the group of H, Cy-Cy alkyl, benzyl, C5-Ce cveloalkyl, and —CH»-Cs-
Ce cycloalkyl. In another embodiment of a compound of Formula 1V, R is O-Cy alkvl, In

another embodiment of a compound of Formula [V, rija 1-Cy alkyl,

(86791 In another embodiment of 2 compound of Formula IV, R is:

9
= S
~\:I/ o O~ ?;7' g

Q Py ’O

wherein R® s selected from the group of Ci-Cy alkyl, -0-C-Cy alkyd, benzyl, -O-benzyl, ~CH;-
-y cycloalkyl, -0-CH2-Cy-Cs eyeloalkyl, and CF; In another embodiment of a compound of

Formula 1V, BT is C-Cy alkyl. In another embodiment of a compound of Formula IV, RMs €4
C, abiyl.

[8880] In another embodiment of a compound of Formula IV, R is selecied from the group of!

o O 0 S:J 0 0
HO FA‘? g HO g i’i % /g\ g H %
T § o ?m,“ angd 07 | \Q"’f‘\@"’? """"" 5_‘
HO A HO  po T4 5
106811 In another embodiment of a compound of Formula 1V, R is
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{88821 In another ewbodiment, provided is a compound of Formuda 1V that is;
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or a pharmaceutically acceptable salt or ester thereof

b another embodiments, provided is 2 compound of Formula IV that is:

[G883]
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ot a pharmaceutically acceptable salt or ester thereof

{3084]  In another embodiments, provided is 1 compound of Formula IV that is:
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or a pharmaceuticaily acceptable salt, hydrate, or ester thereof.
{0885}  In another embodiment, provided is a compound of Formula [V that is
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or g pharmaceutically acceptable salt or ester theveof

{6086]  lo another embodiment, the present invention provides a compound that is
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or a pharmaceutically acceptable salt or ester thereofl

19087)  In ancther embodiment, the present invention provides a compound that is
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or a pharmaceutically acceptable salt, hydrate, or ester thereof,

{G088]  In another embodiment, the present invention provides a compound that is
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or a pharmaceutically acceptable salt or ester thereof

{8089}  In another embodiment, the present invention provides a compound that is
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or a pharmaceutically acceptable salt or ester thereof.

(098] In another embodiment, the present invention provides a compound that is
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or a pharmaceutically acceptable salt or ester thereof

[0091]  Names of compounds of the present disclosure are provided wsing ACD/Name
software for naming chemical compounds {Advanced Chemistry Development, Inc., Toronto,
Canada). Other compounds or radicals may be named with comumon names or systermatic or
non-systernatic names. The naming and numbering of the compounds of the disclosure is

iltustrated with a representative coropound of Formula V!

K,
. A,
/ \ y ..:‘;-:T/ ~ H
\\\ ,/;/ <\'\\ N f’/’
' \ Q. e

0 0-5-0"" _
///\\ T /;EJ\\ ,NH ;—......l‘: s E“E
J’ O é’ MG OH

which 1s named {28)-2-cthylbutyl 2-(({{ZR 38 4R 3R }-5-(4-aminopyrrolo] 1,2-f][1,2, 4ltriazin-7-
yij-S-cyano-3,d-dihvdroxytetrabydrofuran-2-yDmethoxy i phenoxyiphosphoryiamine)

propanoate. Other compounds of the present invention include:

NH,
F‘JLT/I‘\\N
//’_‘ Q\ “-.:‘ 0 0 \}\ . N . N{;}
VAR 4 \ ! et
L) 0 T Y
7 L Ry
: ‘ N
PN /"D =
Ny /}'/j

which is named (83-2-ethylbutyl 2-{({8-(({2R, 38, 4R 5R}-5-(4-aminopyrrolof 2, 1-111,2,4]
trigzin-7-yl}-S-cyanc-3,4-dihydroxyteirshydrofuran-2-v rosthoxy W phenoxyiphosphoryl)

amino propancate, and

MM,
s Ry
/ 3 AN
et 72N [, PN ) M
SR OO
T/ﬁ\\}»g’/ﬁ H‘:j ;::)H
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which i3 named (83-2-ethylbuyl 2-{{{RW{{2R,38,4R,5R)-5-(4-aminopyrrolof2,1-111,2,4]
triazin-7-yi}-5-cyano-3,4-dihydroxytetrahydrefuran-2-vlmethoxy )(phenoxyiphosphoryi)

ANURGpropanoate,

{(S}-2-ethylbutyl 2-{{({R}-{{{ZR 38 4R 3R}-3-(d-aminopyrrolol2, 1-f][ 1,2 4ltriazin-7-v1)-5-cyano-
3 4-dihydroxytetrahydrofuran-2-yhmethoxy ¥ phenoxyiphosphoryl Jamino ypropancate may also

be ilustrated as

1]

N

PO i

/ X :
4 X """ Q O )’
SN g HN»P Q’”‘”“( 1N
et ~
[ T HO oy

{90921 Any reference to the compounds of the invention described herein also includes a

./::hﬁ/ T N
P

O

reference 10 a physiologically acceptable salt thereof. Examples of physiologically acceptable
salts of the compounds of the invention include salts derived from an appropriaie base, such as
an alkali metal or an alkaline earth (for example, Na*t, Lit, B Ca*? and Mg“Lz}, AMMONILm
and NR," (wherein R is defined herein), Physiclogically acceptable salts of a nitrogen atom or
an aming group include (a) acid addition saits formed with inorganic acids, for exarmple,
hydrochloric acid, hydrobromic acid, sulfuric acid, sulfamic acids, phosphoric acid, nitric acid
and the like: (b) salis formed with organic acids such as, for example, acetic acid, oxalic acid,
tartaric acid, succinic acid, maleic acid, furmaric acid, gluconic acid, citric acid, malic acid,
ascorbic acid, benzote acid, isethionic acid, lactobionic acid, tannic acid, palmitic acid, alginic
acid, polyglutamic acid, naphthalenesulfonie acid, methancesulfonic acid, p-toluenesulfonic acid,
benzenesulfonic acid, naphthalenedisulfonic acid, polvgalacturonic acid, malonte acid,
sulfosalicylic acid, glyeolic acid, 2-hydroxy-3-naphthoate, pamoate, salicylic acid., stearic acid,
phthalic acid, mandelic acid, lactic acid, ethancsulfonic acid, lysine, arginine, glutamic acid,
glycine, serine, threonine, alanine, isoleucine, leucine and the like; and (¢} salts formed from
clemental anions for example, chiorine, bromine, and iodine. Physiclogically acceptable salts of
a commpound of a hydroxy group include the anton of said compound in combination with a

- . | T ES
suitable cation such as Na and NR, .

{00931 A compound of Formula TV and its pharmaceutically accepizble salts may exist as

different polymorphs or pseudopolymorphs. As used herein, crystalling polymorphism means
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the ability of a crystalline compound to exist in different crystal structures. The crystalline
polvmorphism may result from differences in crystal packing (packing polymorphism) or
differences in packing betwesn different conformers of the same molecule (conformational
polymorphism). As used herein, crystalline pseudopolyvmorphism means the ability of a hydrate
or solvale of a compound to exist in different orystal structures. The pseudopolymorphs of the
mstant mveniion may exist due to differences in crystal packing {packing pseudopolymorphism)
or due to differences in packing between different conformers of the same molecule
{contormational pseudopolymorplism). The instant invention comprises all polymorphs and

peeudopolymorphs of the compounds of Forrmula IV and their pharmaceutically acceptable salts.

(38941 A compound of Formula 1V and tis pharmacentically acceptable salts may also exist as
an amorphous solid. As used herein, an amorphous solid is a solid in which there 18 no long-
range order of the positions of the atoms in the sobid. This definition applies as well when the
orystal size 1s {wo nanometers or less. Additives, inchuding solvents, may be used to create the
amorphous forms of the instant invention. The instand invention comprises all amorphous forms

of the compounds of Formula 1V and thewr pharmaceuntically acceptable salts.

HI088]  For therapeutic use, salts of active ingredients of the compounds of the invention will
be physiologically acceptable, Le. they will be salte derived from a physiclogically acceptable
acid or base. However, salis of acids or bases which are not physiologically acceptable may also
find use, for example, in the preparation or purification of a physiclogically acceptable
compound. All salts, whether or not derived form g physiclogically acceptable acid or base, are

within the scope of the present invention.

140961 Finally, it is to be understood that the compositions herein comprise comnpounds of the
invention in their un-ondzed, as well a8 rwitterionic fonm, and combinations with stoichiometric

amounts of water as in hydrates.

180971 It is to be noted that all enantiomers, diastereomers, and racemic mixiures, tautomers,
polymorphs, pseudopolymorphs of comapounds within the scope of Formula IV and
pharmaceutically acceptable salts thereof are embraced by the present invention. All mixtures of

such enantiomers and diastereomers are within the scope of the present invention.

{0898}  The compounds of the invention, exemphified by Formula IV may have chiral centers,
e.g. chival carbou or phosphoras atoms. The compounds of the invention thus inchade racemic

mixtures of all sterecisomers, including enantiomers, diastereomers, and atropisomers. In
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adidition, the compounds of the invention juclude enriched or resolved optical isemers at any or
all asymumetric, chiral stoms. To other wonds, the chiral centers apparent from the depictions are
provided as the chiral isomers or racemic mixiores. Both racemic and diastereomeric mixtures,
as well as the individual optical isomers isolated or synthesized, substantially free of their
enantiomeric or diastereomeric partners, are all within the scope of the invention. The racemic
muxtures are sepsrated jnto their individual, substantially optically pure isomers through well-
known techniques such as, for example, the separation of dissieresmoeric salts formed with
optically active adjonets, e.g., acids or bases followed by conversion back 1o the optically active
substances. In most instances, the desired optical isomer is synthesized by means of
stereaspecific reactions, beginning with the appropriste stercoisemer of the desired starting

material,

{4099] Sterecchemical definitions and conventions nsed herein generally follow 8. P, Parker,

Ed., MeGraw-Hill Dictionary of Chemical Terms (1984) MeGraw-Hill Book Company, Mew

York; and Eliel, E. and Wilen, 8, Stereochemistry of Groanic Compounds (1994) John Wiley &

Soms, oo, Mew York, Many organic componnds exist in optically active forms, Le., they have
the ability 1o rotate the plane of plane-polarized Hght. In describing an optically active
compound, the prefixes D and L or R and 5 are used o denote the absolute configuration of the
molecule about its chirgl center(s). The prefixesd and |, 2 and L, or {+3 and (-} are emoployed io
designate the sign of rotation of plane-polarized hight by the compound, with 8, {-), or | meaning
that the compound is levorotatory while a compound prefixed with B, {4}, or d is dextrorotatory.
For a given chemical structure, these sierecisomers are identical except that they are mirror
wmages of one another, A specific stereoisomer may alse be referred {0 as an enantiomer, and a
mixture of such isomers is often called an enantiomeric mixture. A 56:50 mixture of
cnantiomers 18 reforred 1o 85 a racemic mixture or @ racemate, which may ocour where there has
been no stereoselection or stereospecificity in a chernical reaction or process. The terms

i

"racervic yaixture” and "racernate” refer o an equimolar mixture of two enantiomeric species,

deveoid of optical activity.

9168]  The compounds of the invention can alse sxist as tautomeric isomers in certain cases.
Although only one delocalized resonance structure may be depicted, all such forms are
contemplated within the scope of the invention. For exampile, cng-amine tautomers can exist for
purine, pyrimidine, imidazole, guanidine, armdine, and tetrazole systems and all their possible

tautomeric forms are within the scope of the invention.
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[0161]  Any formula or structure given herein, including Formula IV compounds, is also
wiended to represent unlabeled forms as well as isotopically labeled forms of the compounds.
fsotopically labeled compounds have structures depicted by the formulas given herein except
that one or more atoms are replaced by an atom having a selected atomic mass or mass number.
Examples of ieotopes that can be incorporated into compounds of the disclosure include isotopes
of hydrogen, carbon, nitrogen, oxXygen, phosphorous, fluorine and chiorine, such as, but not
tirited to “H {devteriom, D), "H (ritinmy), C, PO, Mo, PN, B, p Fp g 30t ang L
Various isotopically labeled compounds of the present disclosure, for example those into which
radioactive isotopes such as “H, PC and *C are meorporated. Such isotopically labeled
compounds may be useful in metabolic studies, reaction kinetic stadies, detection or imaging
techniques, such as positron omission tomography (PET) or single-photon emission computed
tomography (SPECT) including drug or substrate Hissue distribution assays or in radioactive

treatment of patients.

19102]  The disclosure also inchuded compounds of Formula IV in which from T ton
hydrogens attached to a carbon atom is/are replaced by deuterium, in which n is the sumber of
hydrogens in the molecole. Such compounds exhibit increased resistance to metabolism and are
thus useful for increasing the half-life of any compound of Formula IV when administered 1o a
mammal, particalarly a hursan. See, for example, Foster, “Devterium Isotope Effects in Stadics
of Drug Metabolism”, Trends Pharmacol. Sci. 5(12):324-527 €1984). Such compounds are
synthesized by means well known in the art, for example by employing starting materials in

which one or more hydrogens have been replaced by deuteriurm.

{¢4183]  Deuterium labeled or substituted therapeutic compounids of the disclosure may have
mproved DMPK {drug metabolism and pharmacokinetics) properties, relating to distribation,
metabolism and excretion (ADME). Substitution with heavier isotopes such as deuterium may
afford certain therapeutic advantages resulting from greater metabolic stability, for example
mnereased in vivo half-life, reduced dosage requirements and/or an improvement in therapentic
index. An "F labeled compound may be useful for PET or SPECT studies. Isolopically labeled
compounds of this disclosure and prodrugs thereof can generally be prepared by carrving out the
procedures disclosed in the schemes or in the examples and preparations described below by
substituting a readily available isotopically labeled reapent for a non-isotopically labeled
reagent. It 1s understood that denterium in s contexi is regarded as a substituent in the

compeund of Formuls 1V,
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j8184] The concentration of such a heavier isotope, specifically deuterium, may be defined by
an tsotopic envichment factor. In the compounds of this disclosure any atom not specifically
designated as a particular isotope is meant o represent any stable isotope of that atom. Unless
otherwise stated, when a position is designated specifically as "H" or “hydrogen”, the position is
understood to have hydrogen at its natural abundance isolopic composition. Accordingly, in the
compounds of this disclosure any ator specifically designated as a devterium (I} 1s meant to

represent deaierium.,

{01651  Whenever a compound described herein ts substituted with more than one of the same
designated group, £.g., "R" or "R, then it will be understood that the groups may be the same
or different, t.e., each group is independently selected. Wavy Hngs, == | indicate the site of

covalent bond attachments o the adioining substructures, groups, moieties, or atoms,

{0186]  Selected substituents comprising the corpounds of Formula TV are present 1o a
recursive degree. In this context, “recursive substituent” means that a substituent may recite
another instance of itself. Becanse of the recursive nature of such substituents, theoretically, a
large number of compounds may be present in any given embodiment. For example, R
comprises a BY substituent, R¥canbeR. Reanbe 2. Z'canbe 7' and 74 can he R or
comprise substituents comprising RY. Alternatively, 7° can be 27 which can COMPEIse
substituents comyprising R, One of ordinary skill in the art of medicinal chemistry understands
that the total number of such substituents is reasonably Himited by the desived propertiss of the
compound intended. Such properties include, by way of exarople and not limitation, physical
properties such as molecular weight, solubility or log P, application properties such as activity

against the intended target, and practical propertics such as ease of synthesis.

101077 By way of example and not limitation, 2° and RY are recursive substituents in certain
embadiments. Typically, each recursive substituent can independently occur 20, 19, 18, 17, 18,
ES, 14, 13,82, 11,10, 9, 8,7, 6, 5,4, 3,2, 1, or 0, times in a given embodiment. More typicslly,
each recursive substituent can independently oocur 12 or fewer times in a given embodiment.
Bven more typically, each recursive substituent can independently occur 3 or fower fimes in a
given embodiment. For example, Z° will ovour 0 t0 8 times, BY will ccour O to 6 thnes in g
given embodiment. Even more typically, 2° will occur 0 0 6 times and BY will occar 0 to 4

fmes in g given embodiment.
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O8] Recursive substitugnts are an intended aspect of the invention. One of ordinary skill in
the art of medicinal chemisiry understands the versatitity of such substituents. To the degree
that recursive substituents are present in an embodiment of the invention, the total number will

be determined as set forth above.

{#106%] The compounds of the present invention can be prepared by methods known to one of
skill in the art. For example, the compounds of the prosent invention can be prepared according
to the methods deseribed in 1.8, Patent No. 8,008,264 and U.R. Application Fublication No.
US 2012/0027752,

A, Metabolites of the Compounds of the Invention

{118]  Also falling within the scope of this ovention are the in vive metabolic producis of the
compounds described herein, 0 the extent such products are novel and unobvicus over the prior
art. Such products may result for example from the oxidation, reduction, hydrolveis, amidation,
esterification and the like of the administered compound. primarily due to enzymatic processes.
Aecordingly, the invention includes novel and snobvious compounds produced by a process
cornprising contacting a compound of this invention with a mammal for a period of time
sufficient to yield a metabolic product thereof. Such products typically arc identified by
preparing a radiolabelled {e.g. 140 or 3H) compound of the invention, adnunistening it
parenterally in a detectable dose {e.g. greater than abont 0.5 mg/kg) to an animal such as rat,
mouse, guinea pig, monkey, or to man, allowing sufficient time for metabolism to ocour
{typically about 30 seconds to 30 hours) and isolating its conversion products from the urine,
blood or other biological samples. These products are easily isolated since they are Iabeled
{others are isolated by the use of antibodies capable of binding epitopes surviving in the
metabolite). The metabolite structures are determined in conventional fashion, e.g. by M8 or
NMR analysis. In general, anafysis of metabolites is done in the same way as conventional drag
metabolism studies well-known to those skilled in the art. The copversion products, 5o long as
they are not otherwise found i vive, are useful in diagnostic assays for therapeutic dosing of the

compounds of the invention even if they possess no anti Filoviridae activity of their own.

oo

{0111} Recipes and methods for determining stability of compounds in surrogate
gastrointestinal secretions are known., Compounds are defined herein as stable in the
gastrointestingl fract where less than sbout 30 mole percent of the protected groups are

deprolected in surrogate infestinal or gastric juice upon incubation for T hour at 37 °C. Simply
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because the compounds are stable to the gastrointestina] tract does not mean that they cannot be
hydrolyzed in vivo. The prodmgs of the invention typically will be stable in the digestive
systemn bt may be substantially hydrolyzed to the parental drug in the digestive lumen, Hver or

other metabolic organ, or within cells in general.

TYY PITARMATEITVICATY, FOIRRAMUT ATY N
R FPHARMACEUTICAL FORMULATIONS

i6112] The compounds of this invention are Tormlated with conventional carriers and
excipients, which will be selected in accord with ordinary practice. Tablets will contain
excipients, ghidants, fillers, binders and the like. Aqueous formulations are prepared in sterile
form, and when intended for delivery by other than oral administration generally will be
wotonic, All formulations will optionally contain excipients such as those set forth in the
"Handbook of Pharmaceutical Excipients” (1986). Excipients inchude ascorbic acid and other
antioxidants, chelating agents such as BEDTA, carbohydraies such as dexiran,
hydroxyalkyleellulose, bydrogyalkylmethyleellulose, stearic acid and the like. The pH of the
formmadations ranges from about 3 to about 11, but is crdinarily about 7 to 10, In some
embodiments, the pH of the formulations ranges from about 2 to about 5, but is ordinarily about
3 to about 4. Inn some embodiments, the pH of the formulations ranges from about 2 to about 10,

but is erdinarily about 3.5 16 about 3.5,

{01131 While it is possible for the active ingredients to be sdministered alone it may be
preferable to presend them as pharnmaceutical formulations. The formulations, both for
veterinary and for liman use, of the invention comprise at least one active ingredient, as above
defined, together with one or more acceptable carriers therefor and optionally other therapeutic
ingredients, particularly those additional therapeutic ingredients as discussed herein. The
carrier(s) must be "acceptable” in the sense of being compatible with the other ingredients of the

formulation and physiclogically innocuous to the recipient therenf

{3114] The formulations include those suitable for the foregoing adminisiration routes. The
formulations may conveniently be presented in unit dosage form and may be prepared by any of
the methods well known in the art of pharmacy. Technigues and formulations generally are
found in Remington's Pharmacentical Sciences {Mack Publishing Co., Baston, PA). Such
methods include the step of bringing into association the active ingredient with the carrier which

constifutes one or more accessory ingredients. In goneral the formulations are prepared by
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upiformly and intimately bringing into association the active ingredient with liquid carriers or

finely divided solid carriers or both, and then, if necessary, shaping the product.

0115  Formulations of the present invention suitable for oral administration may be presented
as diserete units such as capsules, cachets or tablets each containing a predetermined amouni of
the active ingredient; as a powder or granules; as a solution or a suspension in an aguecus or
non-aqueocus liquid; or as an oil-in-water liquid emulsion or a water-in-oil Hquid enulsion. The

active ingredient may also be administered gs a bolus, electuary or paste.

[0116] A tablet is made by compression or molding, optionally with one or more accessory
ingredients. Compressed tablots may be prepared by compressing in a suitable machine the
active ingredient in a free-flowing form such as a powder or granules, optionally mixed with a
binder, tubricant, inert diluent, preservative, surface active or dispersing agent. Molded tablets
may be made by molding in a suitable machine a mixture of the powdered active ingredient
moistened with an wwert Hiquid diluent. The tablets may optionally be coated or scored and
optionally are formulated so as to provide slow or controlled release of the active ingredient

therefrom,

[8817] For infections of the eve or other external tissues e.g. mouth and skin, the formulations
are preferably applied as a topical olntment or cream containing the active ingredieni(s) in an
amount of, for example, 0.075 to 20% w/w (including active ingredient(s) in a range between
0.1% and 20% in increments of 0.1% w/w such as 0.6% w/w, 0.7% wiw, stc.), preferably 0.2 to
15% wiw and most preferably 0.5 to 10% w/w, When formulated in an ointment, the active
ingredients may be emploved with either a paraffinic or a water-miscible ointment base.
Alternatively, the active ingredionts may be formulated in a cream with an oil-in-water cream

base,

{B118]  If desired, the aqueous phase of the cream base may include, for example, at least 30%
wiw of a polyhydric alechol, 1.e. au aleohol having two or more hvdroxy! groups such as
propylene glyeol, butane 1,3-diol, mannitol, sorbitol, glycerol and polyethylene glveol
{including FEG 400} and mixtures thereof. The topical formulations may desirably inclode a
compound which enhances ahsorption or penetration of the active ingredient through the skin or
other affected areas. Examples of such dermal penciration enhancers inclode dimethyl

sulphoxide and related analogs.
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01181 The otly phase of the erulsions of this invention may be constituted from known
ingredients in a known manner. While the phase may comprise merely an emulsifier {otherwise
known as an emulgenty, it desirably comprises 2 mixture of at feast one emulsifier with a fat or
an oil or with both a fat and an oil. Preferably, a hydrophilic emulsifier is included together with
a lipophilic enoulsifier which acts as a stabilizer, 1t is also preferred to inchude both an oil and a
fat. Together, the emulsifier{s} with or without stabilizer(s) make up the so-called emulsifying
wax, and the wax together with the oil and fat wake up the so-called emulsifyving sintiment base

which forms the eily dispersed phase of the cream formulations.

{0128] Emulgents and emulsion stabilizers suitable for use in the formulation of the invention
inciude Tween® 60, Span® 80, cetosteary! alcohol, benzyl alechol, myristyl alcokol, slyeery]
nono-stearate and sodium lauryl sulfate. Further emulgents and emulsion stabilizers suitable for

use in the formulation of the invention inchude Tween™ &0,

[#121]  The choice of suitable oils or fats for the formulation is based on achieving the desired
cosmetic properties. The cream should preforably be a non-greasy, non-staining and washable
product with suitable consistency 0 avoid leakage from tubes or other containers, Straight or
branched chain, mono- of dibasic alkyl esters such as di-isoadipate, isocetyl stearate, propviene
glyeol diester of coconut faity acids. isopropyl myristate, decyl oleate, isopropy! palmitate, butyl
siearate, 2-ethylhexyl palmitate or a blend of branched chain esters known as Crodamol CAPD
may be used, the last three being preferred esters. These may he used alone or in combination
depensling on the properties required. Allernatively, high melting point lipids such as white soff

paratfin and/or liquid paraffin or other mineral oils are used.

(0122] Phamscentical formulations according to the present invention comprise a
combination according to the invention together with one or more pharmaceutically acceptable
carriers or excipients and optionally other therapeutic agents. Pharmaceutical formulations
containing the active ingredient may be in any form suilable for the intended method of
administration. When used for oral use for example, tablets, troches, lozenges, aqueous or nil
suspensions, dispersible powders or granules, emulsions, hard or soft capsules, syrups or elixirs
wuay be prepared. Compositions intended for oral use may be prepared sccording to any method
known to the art for the manufacture of pharmaceutical compositions and such compositions
may coutain one or more agents including swestening agents, flavoring agents, coloring agents
and preserving agents, in order fo provide a palatable preparation. Tablets containing the active

mgredient in admixture with non-joxic pharmaceutically acoeptable excipient which sre suitable
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for manufacture of tablets are acceptable. These excipienis may be, for example, inert diloents,
such as calcium or sodinm carbonate, lactose, calcium or sedium phosphate; granulating and
distniegrating agents, such as maize siarch, or alginic acid; binding agents, such as starch,
gelatin or acacia; and hubricating agents, such as magnesium stearate, stearic acid or tale.
Tablets may be uncoated or raay be coated by koown technigues incloding yicroencapsulation
to delay disintegration and adsorption in the gastrointestinal iract and thereby provide a
sustained action over a longer period. For example, a time delay material such as glveeryl

monostearate or glveeryl distearate alone or with @ wax may be employed.

10323} Formulations for oral use may be also presented as hard gelatin capsules where the
active ingredient is mixed with an inert solid diluent, for example caleiurn phosphate or kaolin,
or as soft gelatin capsules wherein the active ingredient is mixed with water or an oil medinm,

such as peanut o, liguid paraffin or olive oil.

{0124} Aqueous suspensions of the invention contain the active waterials in admixtore with
excipients suitable for the marmufacture of aqueous suspensions. Such excipients include a
suspending agent, such as sodium carboxymethylcelhiose, methvieelinlose, hydroxypropyl
methyicelluose, sodium alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia, and
dispersing or wetting agents such as 8 naturally-occurring phosphatide {e.g., lecithing, a
condensation product of an alkylene oxide with a fatty acid (e.g., polvoxyethylene stearate), a
condensation product of ethylene oxide with a long chain aliphatic aleshol {e.g.,
heptadecaethyleneoxyeetanol}, a condensation product of ethylene oxide with a partial ester
derived from a fatty acid and a hexitol anhydride {e.g., polvoxyethvlene sorbitan monooleate),
Farther non-himiting examples of suepending agents include Captisol® (sulfobutyl ether beta-
cvelodextrin, SBE-B-CD). The aqueous suspension may also contain one of more preservatives
such as ethy! or nepropyl p-hydroxy-benzoate, one or more coloring agenis, one or more

flavoring ggents and one or more swoctening agents, such as sucrese or saccharin,

{01257 Ol suspensions may be formulated by suspending the active ingredient in a vegetable
oil, such as arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as lquid
paraffin. The oral suspensions may contain a thickening agent, such as beeswax, hard parafiin
or cetyl alcohol. Sweetening agents, such as those set forth above, and flavoring agents may be
added 1o provide g palatable oral preparation. These compositions may be preserved by the

addition of an antioxidant such as ascorbic acid.
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[#126] Dhspersible powders and granules of the invention suitable for preparation of an
aqueous suspension by the addition of water provide the active ingredient in admixture with a
dispersing or wetling agent, a suspending agent, and one or more preservatives. Sutigble
dispersing or wetling agents and suspending agents are exemplified by those disclosed above.
Additional excipionts, for example sweetening, flavoring and coloring agents, may also be

present.

{81271 The pharmaceutical compostiions of the invention mav also be in the form of oil-in~
water emulsions. The oily phase may be a vegetable o, such as olive ofl or arachis oil, a
mineral oil, such as lguid paraffin, or s mixture of these. Yuitable emulsifying agents include
naturally-occurring gumns, such as gum acacia and gom tragacanth, naturally-cocurring
phosphatides, such as soybean lecithin, esters or partial esters derived from fatty acids and
hexitol anhydrides, such as sorbitan monooleate, and condensation products of these partial
esters with ethylene oxide, such as polvoxyethylene sorbitan monooleate, The emmlsion may
also contain sweetening and Havoring agents. Syrups and elixirs may be formulated with
sweetening agents, such as ghyeerol, sorbitol or sucrose. Such formulations may alse contain a

demmuleent, g preservative, a flavoring or a coloring agent.

{1128} The pharroaceutical compositions of the invention may be in the form of a sterile
mmjectable preparation, such as a stertde injeciable agueous or oleaginons suspension. This
suspension may be formulated according to the known art using those suitable dispersing or
wetling agents and suspending agenis which have been mentioned above. The sterile injectable
preparation may also be a sterile mjectable solution or suspension in a non-toxic parenterally
acceptable diluent or solvent, such as a solution in 1,3-butane-diol or prepared as a lyophilized
powder. The sterile injectable preparation may alse be g sterile injectable solution or suspension
in a parenterally acceptable diluent or solvent. Among the accepisble vehicles and solvents that
may be emploved are water, Ringer's solution and isotonic sodium chlovide solution. In
addition, sterile fixed oils may conventionally be employed as a solvent or suspending medium.
For this purpose any bland fixed oil may be employed including synthetic mono- or
diglycerides. In addition, fatty acids such as oleic acid may likewise be used in the preparation
of injectables, Among the accepiable vehicles and solvents that mav be emploved are water,
Ringer's solution isotonic sodinm chlonide selution, hypertonic sodium chloride solution, and

hypotonic sedinm chloride solution.
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{01291 The amount of active ingredient that may be combined with the carrier material to
produce a single dosage form will vary depending upon the host treated and the partonlar mode
of administration. For example, a ime-release formulation intended for oral administration fo
humans may contain approximately 1 to 1000 mg of active material compounded with an
appropriate and convetient amount of carrier material which may vary from about 5 to about
95% ot the total compositions {weighttweight). The pharmaceutical composition can be
prepared to provide easily measurable amonnts for administration, For example, an agueous
sohtion intended for intravenous infusion may contain from about 3 to 300 ug of the active
mgredient per milliliter of selution in order that infusion of a suitable volume at a rate of ghont

30 mbUsdr can ocour,

[8136]  Fornmidations suitable for topical administration to the eve also inchude eve drops
wherein the active ingredient is dissolved or suspended in a suitable carrier, sspecially an
aqueous solvent for the active ingrodient. The active ingredient is preferably present in such
formulations in a concentration of 0.3 16 20%, advantageously 0.5 to 10%, and particularly

about 1.5% wiw.

{0131} Formulations suitable for topical administration in the mouth include lozenges
comprising the active ingredient in a flavored basis, usually sucrose and acacia or tragacanthy;
pastilies comprising the active ingredient in an inert basis such as gefatin and glyveerin, or
suerose and acacis; snd mouthwashes comprising the active ingredient in a suitable liguid

Carrier.

{03132} Fonmulations for rectal administration may be presented as a sappository with a

suitable base comprising for example cocoa butter or a salicvlate.

{01331 Formulations suilable for intrapulmonary or nasa! sdroinistration have a particle size
for exaraple in the range of 0.1 to 300 microns, such as 0.5, 1, 30, 35 ete., which is administered
by rapid inhalation through the nasal passage or by inhalation through the mouth so as to reach
the alveolar sacs. Suitable formulations include agueous or oily solutions of the active
ingredient. Formulations suitable for acrosn! or dry powder administration may be prepared
according to conventional methods and may he delivered with other therapeutic agents such ag
compounds heretofore used in the treatment or prophylaxis of Filoviridae infoctions as

deacribed below.

T
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{6134} Fowrmulations suitable for vaginal administration may be presented as pessaries,
tampons, creams, gels, pastes, fhams or spray formulations containing in addition io the active

ingredient such carriers as are known in the art o be appropriate.

0135]  Formmulations suitable for parenteral sdministration include aquecus and non-asgueous
sterile ymyection solutions which may contain amti-oxidants, butfers, bacteriostats and solhntes
which render the formulation isotonic with the blood of the intended recipient; and agueous and

non-adguecus stenle suspensions which may include suspending agents and thickening agents.

{136]  The formulations are presented in unit-dose or multi-dose containers, for example
sealed amnpoules and vials, and may be stored in s freeze-dried {Ivophilized) condition requiring
only the addition of the stertle igquid carrier, for example water for injection, mmediately prior
o use. BExtemporaneous injection solutions and suspensions are prepared from sterile powders,
granules and tablets of the kind previously described. Preferred unii dosage formulations are
those containing a daily dose or unit daily sub-dose, as herein ahove recited, or an appropriate

fraction thereof, of the active ingredient.

01371 It should be understood that in addition to the ingredients particularly mentioned above
the formulations of this invention may inchude other agents conventional in the art having regard
to the type of formulation i question, for example those suitable for oral administration may

welnde flavoring agents.

{0138] The invention further provides velerinary compositions coraprising at least one active

ingredient as above defined together with a veterinary carrier therefor.

{138 Veterinary carriers are matenials usefid for the purpose of administering the
comnposiion and may be solid, hiquid or gaseous materials which are otherwise inert or
acceptable in the veterinary art and are compatible with the active ingredient. These veterinary

compositions may be sdmidmstered orally, parenterally or by any other destred route.

{9146  Compounds of the inveniton are used to provide controlied relesse pharmaceuntical
formulations containing as active ingredient one or more compounds of the invention
{"controlied release formulations”) in which the refease of the active ingredient are controlled
and regulated to allow less frequency dusing or 1o improve the pharmacokinetic or toxicity

profite of a given active ingredient.
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{3141}  One or more corapounds of the invention (herein referred to as the active ingredients)
are administered by any route appropriate to the condition to be treated. Suitable routes include
oral, rectal, nasal, pulmonary, topical {including buccal and sublingual), vaginal and parenteral
{including subcutaneous, intramuscular, Intravenous, intradermal, intrathecal and epidural), and
the like. It will be appreciated that the preferred route may vary with for example the condition
of the recipient. An advantage of the compounds of this invention is that they are orally

bicavailable and can be dosed orally,

[3142]  In the methods of the present invention for the treatment of Filoviridae infection, the
cotupounds of the present invention can be admindstered af any time to a human who may come
nito contact with humans suffering from Filoviridae infoction or ts already suffering from
Filoviridee infection. In some embodiments, the compounds of the present invention can he
administered prophylactically to lumans coming into contact with humans saffering from
Filoviridae infection. In some embodiments, administration of the compounds of the present
invention can be to humans testing positive tor Filoviridae infection but not vet showing
symptoms of Fileviridae infection. In some embodiments, administration of the compounds of
the present invention can be to bumans upon commencement of syrmptoms of Filoviridae

infection.

101431  Effective dose of active ingredient depends at least on the nature of the condition being
treated, toxicity, whether the compound is being used prophylactically (lower doses) or against
an active viral jnfection, the method of delivery, and the pharmaceutical fornwlation, and will be
determined by the clinician using conventional dose escalation studies. | can be expected to be
from about 0.0001 to about 100 mg/kg body weight per day; typically, from about 0.01 to about
0 mg'kg body weight per day; more typically, from about .01 to about 5 mgfg body weight per
day; most typically, from about .05 to about 0.5 mp/kg body weight per day. For example, the
daily candidate dose for an adult human of approximately 70 kg body weight will range from 1
mg to 1000 mg, preferably between 5 mg and 500 myg, and may take the form of single or

mltiple doses.

[0144] The eltective dose of a compound of the present invention for treating the Frloviridae
miection can depend on whether the dose s to be used prophylacticaily or to treat a uman

already suffering from Filoviridae infection. Moreover, the dose can depend on whether the
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human suttering from Filoviridae infection does not yvot show symptoms or is already showing
symptoms of Filovirdee infection. Larger doses may be necessary for freating homans testing
pasitive for Filoviridee infection and for humans showing symptoms of Filoviridae mfection as

compared to humans receiving prophyiactic treatment,

13145]  Any suitable period of time for administration of the compounds of the present
invention is contemplated. For exammple, administration can be for from 1 day to 100 days,
mcluding 2, 3,4, 5, 6,7, 8,9, 10, 15, 20, 25, 34, 40, 50, 60, 70, 80, or 90 days. The
administration can also be for from 1 weck to 15 weeks, including 2, 3, 4, 5,6, 7, &, 9, 10, 11,
12,13, or 14 weeks. Longer periods of administration are also contemplated. The time for
admurngstration can depend on whether the compound 18 being admimistered prophylactically or
to treat a human suffering from a Filoviridoe infection. For example, a prophylactic
admonistration can be for a period of time while the human is in regular contact with other
humans suffering from a Filoviridee infection, and for a suttable period of time following the
igst contact with a human suffering frowm a Filoviridae infection. For humans already suffering
from a Filoviridae infection, the period of administration can be for any length of time necessary
to ireat the patient and a suitable period of time following a negative test for Filoviridae

infection to ensure the Hloviridae infection does not return.
Y. COMBINATION THERAPY

i0146] Compositions of the tnvention ave alsoe used in combination with other active
ingredients. For the treatment of Filoviridee viras infections, preferably, the other active
therapeutic agent is active against 51/oviridae virus infections, particularty Marburg virus, Ebola
viras and Cueva virus infections. Noo-Himiting examples of these other active therapeutic agents
are ribavirin, palivizumab, motavizumab, RSV-IGIV (RespiCGam™), MEDI-557, A-60444,
MDT-037, BMS-433771, amiodarone, dronedarone, verapamil, Ebola Convalescent Plasma
{(ECP), TRM-100201, BCX4430 ({25,385 4R 5K} 2-{4-amino-SH-pyrrolo] 3,2-dlpyrimidin-7-yi}-
S-{hydroxymethyDpyrrolidine-3 4-diol), favipiravir (also known as T-705 or Avigan), T-705
monophosphate, T-705 diphosphate, T-705 triphosphate, PGL-106 (1-N,7-N-bis{3-
{dimethylaminojpropyi -3, 9-dimethyiquinolino] 8, 7-hjgunolone~1, 7-diamine), JK-05, TKM-
Ebola, ZMapp, iNAPcZ, VRC-EBOADCO76-00-VP, O8-2966, MV A-BN filo, brincidefovir,
Vaxart adenovirus vector S-based ebola vaceine, Ad26-ZEBQOV, FiloVax vaccine, GOV X-E301,
GOVX-E302, ebola virus entry inhubitors (NPC inhibitors), and rVSV-EBOV, and mixtures

thercof. The compounds and compositions of the present invention may also be used in
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combination with phosphoramidate morpholino oligomers (PMOs), which are synthetic
antisense oligonuclectide analogs designed to interfere with translational processes by forming
base-pair duplexes with specific RNA seguences. Examples of PMOs include AVE7287, AVI-
7288, AVET537, AVE-7538, AVILGU0Z, and AVIE6003. The compounds and compositions of
the present invention are also intended for use with general care provided patients with
Filoviridae viral infections, including parenteral fluids (inchuding dextrose saline and Ringer’s
lactate) and nutrition, antibiotic (including metronidarole and cephalosporin antibiotics, such as
ceftrtaxone and cefuroxime) and/or antifungal prophyiaxis, fever and pain medication,
antiewetic (such as metocloprarmide) and/or antidiarcheal agents, vitamin and mineral
supplements {including Yitamin K and zine sulfate), anti-inflammatory agents { such as
ibaprofen), pain medications, and medications for other common diseases in the patient
population, such anti-malarial agents {including artemether and artesunate-lumefanirine
combination therapy}, typhoid Gueluding guinolone antibiotics, such as ciprofloxacin, macrolide
antibiotics, such as arithromycin, cephalosporin antiblotics, such as cefiriaxone, or

aminopencitiing, such as ampicilling, or shigellosis,

[8147] It is also possible to combine any compound of the invention with one or more
additional active therapeutic agents in a unitary dosage form for simultaneous or sequential
administration to a patient. The combination therapy may be admindstered as a stmultaneous or
sequential regimen. When adnunistered seguentially, the combination may be administered in

two or more administrations.

[0148]  Co-administration of a compound of the invention with one or more other active
therapeutic agents generally refers to simultaneous or sequential administration of a compound
of the invention and one or more other active therapeutic agents, such that therapeutically
effective amounts of the compound of the mvention and one or more other active therapentic

agents are both present in the body of the patient.

{0149} Co-adminstration inchades administration of unit dosages of the compounds of the
ivention before or after administration of unit dosages of one or more other active therapeutic
agents, for example, administration of the compounds of the invention within seconds, minutes,
or hours of the administration of one or wove other active therapeutic agents. For exarople, a
urtit dose of a compound of the invention can be administered first, followed within seconds or
minutes by administration of a unit dose of one or wore other active therapeutic agents,

Alternatively, a unit dose of one or more other therapeutic agents can be administered first,
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followed by administration of 2 unit dose of a compound of the invention within seconds or
minutes. In some cases, it may be desirable to administer a unit dose of a compound of the
invention first, followed, atter a period of howrs {e.g., 1-12 hours}, by administration of a unit
dose of one or more other active therapeutic agents. In other cases, it may be desirable o
administer a unit dose of one or more other active therapeutic agents first, followed, after a
period of hours (e.g., 1-12 hours), by advoinistration of a unit dose of a compound of the

invention.

{6156} The combination therapy may provide “synergy” and “synergistic”, i.e. the effect
achieved when the active ingredients used together is greater than the sum of the offects that
results from using the cornpounds separately. A synergistic effect may be attained when the
active ingredients are: {1} co-fornmudated and adrinistered or defivered simultangousty in g
combriped formulation; (2) delivered by alternation or in parallel as separate formulations; or (3}
hy some other regimen. When delivered in alternation therapy, a synergistic effect may be
attained when the compounds are administered or delivered sequentially, e.z. in separate tablets,
pills or capsules, or by different injections in separate syringes. In general, during alternation
therapy, an effective dosage of each active ingredient is administered sequentiaily, Le. serially,
whereas in combination therapy, effective dosages of two or more active ingredients are
administered together, A synergistic anti-viral effect denotes an antiviral effect which is greater

than the predicted purely additive effects of the individual compounds of the combination.

{0131} In still yel another embodiment, the present application provides for methods of
inhibiting Filoviridae polywerase in a ooll, comprising: contacting a cell infected with a
Filovirus with an effective amount of a compound of Formula 1V, or a pharmaceutically

acceptable salt, solvate, and/or ester thereot, whereby Filoviridae polymerase is inhibited.

0152} In still yet another evobodiment, the present application provides for methods of
mhibiting Filpviridee polymerase in a cell, comprising: contacting a cell infected with Filovirus
with an etfective amount of a compound of Formula IV, or a pharmaceutically acceptable salt,
solvate, and/or ester thereot, and at least one additional active therapeutic agent, wherehy

Filoviridae polymerase is inhibited,

[B153]  Instll yvet ancther embodiment, the present application provides for methods of
inhibiting Hioviridae polymerase in a cell, comprising: contacting a cell infocted with

Filgviridae virus with an effective amount of a compound of Formula IV, or a pharmaceutically

63



WO 2016/069826 PCT/US2015/057933

acveptable salt, solvate, and/or ester thereof, and at least one additional active therapeutic agent

selected

{91541 In still yei another embodiment, the present application provides for methods of
treating Filoviridoe virus infection in a homan, comprising: sdministering to the patient a
therapentically effective amount of a compound of Formula 1V, or a pharmaceutically

acceptable salf, solvate, and/or ester thereof,

{0135]  Instill yet another embodiment, the present application provides for methods of
treating Filoviridoe vires infection in a human, comprising: admindstering to the patient a
therapeutically effective amount of a compound of Formuls IV, or a pharmaceutically
acceptable salt, solvate, and/or ester thereof, and at least one additional asctive therapeutic agent,

wherehy Filoviridae polvmerase is inhibited.

[0136] In still vet another embodiment, the present application provides for methods of
treating Fifoviridae virus infection in g human, comprising: administering to the patient a
therapeutically effective amount of a compound of Formula IV, or a pharmaceutically

accepiable salt, solvate, and/or ester thereof, and at least one addiional active therapentic agent,

(571 Also provided i a kit that inclodes g compound of Formuda 1V, or a pharmacentically
avceptable salt, pharmaceutically accepiable ester, sterecisomer, mixture of sterenisomers or
tauiomer thereof. In separate erbodiments indtvidoal kits are provided includes a cornpounsd
selected from Formula IV herein, as well as each subgroup and embodiment thereof, including
individual Compounds 1, 8,9, 10, 12, 15,17, 21, 22, 23, 24, 25,26, 27, 28, 29, 34, 31, and 32
{Compounds 1-32}, or a pharmaceutically acceptable salt, pharmaceutically acceptable ester,
stereoisomer, mixture of stereoisomers or tautomer thoreof. In one aspect, the kit comprises a
compound of Formuls IV, or a pharmacentically acceptable salt thereof, Each of the individual
kits described herein may comprise a label and/or instructions for use of the compound ju the
treatroent of a disease or condition in a subject (e.g., human} in need thereof, In some
embodiments, the disease or condition is a human Filoviridae viral infection, including an Ebola
viral infection or & Marburg viral infection. In other embodiments, each separate kit may also
contain instructions for use of additional medical agents in combination with the compound of
Formula IV in the treatrnent of a disease or condition in a subject (e.g., hurman) in need thereof,
In certain of these embodiments, the disease or condition is 2 human Filoviridae viral infection,

including an Ebola viral infection or a Marburg viral infection. In each of the kits herein there is
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a further embodiment in which the kit comprises individual dose units of a coropound as
described herein, or a pharmaceutically acceptable salt, racemate, enantiomer, diastereomer,
tautomer, polymorph, pseudopolymorph, amorphous form, hvdrate or solvate thereof. Examples
of individual dosage units may include pills, tablets, capsules, prefilled syringes or syringe
cartridges, IV bags, etc., each comprising a therapentically effective amount of the compound in
guestion, or a pharmaccutically acceptable salt, racemate, enantiomer, diastereomer, tauiomer,
polymorph, pseudopolymorph, amorphous form, hydrate or solvate thereof. In some
embodiments, the kit may contain a single dosage tnit and in others mubtiple dosage units are

present, such as the number of dosage wnits required for 2 specified regimen or perind.

{0188]  Also provided are articles of manufacture that include a compound of Formuola IV, ora
pharmaceutically acceptable salt, pharmaceutically acceptable ester, stereoisomer, mixture of
stereoisomers or tantomer thereof; and a container. In one aspect, the article of manufacture
comprises a compound of Formula IV and individoal Compounds 1, 8, 9, 14, 12, 15, 17, 21, 22,
23,24,25,26,27, 28,29, 30, 31, and 32 (Compounds 1-32}, or a pharmaceutically acceptable
salt thereot, and a container. In separate embodiments, the container of the article of
manufacture may be a vial, jar, ampoule, preloaded syringe, blister package, tin, can, bottle, box,

or an miravenous hag.

Vi METHOIN OF INHIBITION OF A FHLOVIRIDAE POLYMERASE

19188]  Another aspect of the invention relates to methods of inhibiting the activity of
Filoviridae polymerase comprising the step of treating a sample suspected of containing

Filoviridae with a compound or compaosiiion of the invention,

[0168]  Filoviridae that can be treated using the methods of the present invention are single-
stranded negative sense RNA viruses that typically infect primates. Filoviruses are able to
muttiply in virtaally ali cell types. The Filovirus antigens and virtons are found primarily in
fibroblasts and interstitium of an infected individual. There are three identified genera of
Filoviruses: the Ebola virgs (EBOV, five species); the Marburg viras (MARVY; and the
Cuevavirus, also known as the Uloviu virus (LLOV)Y. The virions {(viral particles) are
characteristically shaped as long, cyvlindrical, filamentous particles which may be straight,
curved, cotled, or found itn a ¥6” or 1 shaped conftiguration. They are oceasionally branched
and the particles vary greatly in length, but the diameter (about 80 nm) s consistent. The

filovirus genome comprises seven genes that encode 4 virion structural proteins (VI30, VP35,



WO 2016/069826 PCT/US2015/057933

nucleoprotein (NP), and a polymerase protein {L-pol)} and 3 membrane-associated proteing

{VPAO, plycoprotein (GP}, and VP24}.

19161]  The Ebola virus genus includes five known species: {1) Bundibugyo ebolavirus, also
known as Bundibugyo virus (BDBY, previously BEBOVY; (2) Reston ebolavirus, also known as
Reston virus or Ebola-Reston (RESTYV, previcusly REBOVY); (3) Sudan ebolavirus, also known
as Sudan virus or Ebola-Sudan (SUDV, previcusly SEBOVY: {4) Tt Forest eholavirus, diso
known as Tat Forest virus or Ehola-Tat (TAFV, previously CIEBOVY; and (3) Zaire ebolavirus,

aleo known as Ebola virus or Ebola-Zawre (EBQOV, previously ZEBOVY.

16162} The Marburg virus genus includes the species Marburg marburpvivus, also known as
Marburg virus (MARV} or Rave viras (RAVV). The Cuevavirus geous includes the species

Lioviu cuevavirus, also known as the Lloviu virus {LLOV).

{163]  Compostions of the mvention may act as inhibitors of Filoviridee polymerase | a8
intermediates for such inhibitors or bave other utilities as described below. The inhibitors will
bind to locations on the sorface or in a cavity of Filoviridae polymerase having a geometry
unique to Filoviridae polymerase . Compositions binding Filoviridae polymerase may bind
with varying degrees of veversibility. Those compounds binding substantially irreversibly are
ideal candidates for use in this method of the tnvention. Once labeled, the substantially
irreversibly binding compositions are useful as probes for the detection of Filoviridae
polymerase. Accordingly, the invention relates to methods of detecting Filoviridae polymerase
uy a sample suspected of containing #iloviridee polymerase comprising the steps oft freating a
sample suspected of containing Filoviridae polymerase with a composition comprising a
compound of the invention bound to a label; and observing the effect of the sample on the
activity of the label, Suitable labels are well known in the diagnostics field and include stable
free radicals, fuorophores, radicisotopes, enzymes, chemitluminescent groups and chromogens.
The compounds herein are labeled in conventional fashion using functional groups such as

hydronyl, carboxyl, sulthydryl or amino,

{0164] Within the context of the invention, samples suspected of containing Filoviridae
polymerase mclude natoral or man-roade materials such as living organisms; tissue or cell
cuitures; Mological samples such as biological material samples (biood, serum, urine,
cevebrospinal fluid, tears, sputum, saliva, tissue samples, and the Hike); laboratory samples; food,

water, or air samiples; bioproduct samples such as extracts of cells, particolarly recombinant cells
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synthesizing a desired glycoprotein; and the like. Typicaily the sample will be suspected of
containing an organism which produces Filoviridae polymerase, frequently a pathogenic
orgamism such as a Fileviridee virns. Samples can be contained in any medium incluading water
and organic solventiwater mixturcs, Samples inchude hiving organisms sach as humans, and

marnmade materials such as cell cultures,

[93165]  The rreating step of the invention comprises adding the composition of the invention to
the sample or it comprises adding g precursor of the composition o the sample. The addition

step comprises any method of administration as described above.

1667 If desired, the activity of Filoviridae polymerase after application ot the composition
can be ohserved by any method inchuding direet and indirect methods of detecting Filoviridae
polymerase activity, Quantitative, qualitative, and senniguantiistive methods of determinng
Filoviridae polymerase activity are all contemplated. Typically one of the screening methods
described above are applied, however, any other method such gs ohservation of the

physiological properties of a hving organism are also applicable.

81671 Organismes that contain Filoviridae polymerase include the Filoviridae virus. The
compounds of this invention are useful in the freatment or prophylaxis of Filoviridoe infections

in animals or in man.

[0168] However, in screening compounds capable of inhibiting buman Filoviridae virnses, it
should be kept in mind that the resulis of enzyme assays may not correlate with cell culture

assays. Thus, a cell based assay should be the primary screening ool

81691 In another embodiment, the present application provides for methods of freating
Filoviridae virus infection in a human, comprising: adnunistering to the patient a therapeutically
effective amount of 2 compound of Formula IV, or a pharmacentically acceptable salt, solvate,
and/or ester thereofl. In some embodiments, the Filoviridae infection is caused by a Filoviridae
virus, In some embodiments, the Filoviridae infection is caused by an Fbola virus. In some
embodiments, the Filoviridae infection is caused by Bundibugyo ebolavirus, Reston ebolaviras,
Sudan ebolavirus, Tai Forest ebolavirus, or Zaire ebolavirus. In some embodiments, the
Filoviridae infection is caused by a Marburg virus. ln some embodiments, the Filoviridae
infection is caused by a Lioviu virus. in some embodiments, a Filoviridae polymerase i

inhibited.



WO 2016/069826 PCT/US2015/057933

81781  The compounds of the present invention can be used in the treatment of a human
already suffering from a Fifoviridae infection, or can be administered prophylactically to reduce
or prevent the chance of a Filoviridae infection. Filoviridae infections can be characterized by
hemorrhagic fever, hematemesis, diarvhea, retrosternal abdominal pain and prostration. The
incubation pertod is around 21 days following contact with a human suffering from Filoviridaee

infection. The outcome of Filoviridae infection is typically death,

{8171}  Also provided as separate embodiments are a compound selected from each of the
Formulas herein, as well as each subgroup and erabodiment thereof, including a compound
selected from the group of Formula IV, or one of the specific compounds of the examples
herein, including Compounds 1-32, or a pharmaceutically acceptable salt, solvate, and/or ester
thereof, for use in a method of treating 2 Filoviridoe infection in 2 human. Alse provided as
separate embodiments are a compound selected from each of the Formulas herein, as well as
gach subgroup and embodiment theroof, including a compound selected from the group of
Formula IV, or one of the specific compounds of the examples herein, including Compounds 1-
32, or a pharmaceutically acceptable salt, solvate, and/or ester thereof, for use in a ruethod of
treating an Ebola virus infection in a human. Also provided as separate embodiments are a
compound selected from each of the Formulas herein, as well as sach subgroup and ervbodiment
thereof, including a compound selected from the group of Formula IV, or one of the specific
commpounds of the examples herein, including Compounds 1-32, or a pharmaceutically
acceptable salt, solvate, and/or esier thereof, for use in a method of treating a Marburg virus
wiection in a human. Within each of the embodiments herein in which the Filoviridae infection
is an Ebola viras, there are further separate embodiments with them wherein the Filoviridae
infection i3 caused, respectively, by Bundibugyo ebolavirus, Reston ebolavivus, Sudan
ebolavirus, Toi Forest ebolavivus, or Zaive ebolavirus. In some embodiments, the Filoviridae
wntection is caused by a Marburg virus. In some embodiments, the Filoviridae infection is

caused by a Llovin virus,

(01721 The present invention also provides compounds of each of the Formula herein, as well
as each subgroup and embodiment thereof, ncluding a compound selected from the group of
Formula (IV}, or one of the specific compounds of the examples hereln, incloding Compounds
1-32, or a pharmacsutically acceptable salt, solvate, snd/or ester thereof for use in any of the

methods of the invention as defined herein,

o
o]
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{0173} Also provided as separate embodiments are the uses of a compound selected from cach
of the Formulas herein, as well as each subgroup and embodiment thereof, including a
compound selected from the group of Formula 1V, or one of the specific compounds of the
examples herein, inchuding Compounds 1-32, or a pharmaceutically acceptable salt, solvate,
and/or ester thereo, in the preparation of a medicament for treating a Filoviridae infection in a
human. Also provided as separate embodiments are the uses of a compounnd selected from each
of the Formulas herein, as well as each subgroup and embodiment thereof, including s
compound selected from the group of Formula IV, or one of the specific compounds of the
examples heretn, including Compounds 1-32, or a pharmaceutically acceptable salt, solvale,
amb/or ester thereof, in the preparation of 8 medicament for treating an Ebola virus infection in a
human. Also provided as separate embodiments are the uses of a compound selected from each
of the Formulas herein, as well as each subgroup and embodiment thereof, including a
compound selected from the group of Formula 1V, or one of the specific compounds of the
examples herein, including Compounds 1-32, or a pharmaceuticsily acceptable salt, sobvate,
and/or ester thereot, i the preparation of 2 medicament for freating a Marburg virus infection in

a human.

VH. SCREEN

S FOR FILOVIRIDAR POLYMERASE INHIBITORS.

[8174] Compositions of the invention are screened for whibliory activity against Filoviridae
polymerase by any of the conventional techniques for evaluating enzyime activity, Within the
context of the invention, typically compostiions are first sereened for inhibition of Filoviridae
polymerase in vitro and compositions showing inhibitory activity are then screened for activity
in vivo. Compositions having in vitre Ki {inhibitory constants) of loss than about 5 X 1070 M

and preferably less thaw about 1 X 1077 M are preferved for in vivo use.

{E78]  Usehul in visro screens bave been described in detail and will not be elaborated here.

However, the examples describe suitable in vifro assays.
Vill., PREFPARATION OF COMPOUNDS
EXAMPLES

[0176]  Certain abbreviations snd acronyms are used in describing the experirnental details.
Although most of these would be understood by ope skilled in the art, Table 1 contains a list of

many of these abbreviations and acronyms.
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01781  The 2-sthvibutyl alanine chlorophosphoramidate esier B was prepared using the same
o R =

procedure as chicridate A except substituting 2-ethylbutyl alanine ester for ethyl slanine ester.

The material is used crude in the next reaction. Treatment with methano! or ethanol forms the

displaced product with the requisite LCMS signal,

Example 3, 38kisopropyvl I-{chloro{phenoxviphosphorviamineipropaneate (Chloridate

&N
LS

By

4

N / )
LN , HO N
N . f TEA, DCM 0

G

s -

o

| 0 0P
P “c’ﬂ\ NH

C

(81791 The isopropyl alanine chiprophosphoramidate ester € was prepared using the same
procedure as chloridate A except substituting 1sopropyl alanine esier for the ethyl alanine ester.
The material iz used crude in the pext reaction. Treatment with methanol or ethanol forms the

displaced product with the requisite LOMS sigoal.
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J0180] The preparation of (3R, 3K, 48, 3R-2-{4-aminopyrrelof 1,2-f1[ 1,2 4 trigzin-7-v -3 4~

dibydroxy-S-(hydroxymethyHetrahvdrofuran-2-carbonitrile is deseribed below.

; . ES) .

/‘/%’//D‘\' _OH QE\E%O Si'ﬁD/%\/ \.5?:’.:_(:)
BnU ‘\\........,'/ﬂ S ‘\? -------- /

PnG  OBn Acz0 Br>  OBn

{4188]  The commercially available Tactol (10 g, 23.83 mumol} was dissolved in anhydrous
DMBO (30 mbL) under Mo (g). A0 {20 mbL) was added and the resuliant reaction mixture
stivred at RT for about 4% h. The reaction mixture was poured onto ice HyO (500 ml) and the
mixiure stirred for 20 min. The mixture was extracted with BtOAc (3 x 200 mL} and the
combined organic extracts were then washed with H,O (3 x 200 mL). The organic extract was
dried over ashydrous MgSQ,, filtered and concentrated under reduced pressure. The residue was
dissolved in CHoCh and subjected to silica gel chromatography eluting with 25% EiQAc in
hexanes o provide the lactone. 'H NMR {400 MHz, DMSO) 8 7.30-7.54 (m, 13H), 7.19-7.21
{m, 2HY, 4.55-4.72 (my, 6H), 447 (5, ZH), 428 (4, 7=39 Hz 1H}, 3.646 (m, ZH}, LCMS m/z
436,10 {M-HOL 4352 [MH-OH] Tre= 282 mim. HPLO Tr = 459 {2-98% ACN m H2yover 3

min ai 7 mL/min flow.

N
e N,
/‘ ey Y ?"j L
NN o VY
o N AN lﬁ J
Brey e 0 Br ________________ - BE-@""M{Q\}{"
jo— ’ V.S OH
B OBn Bre Pbn

[6182] The bromopyrazole {prepared according to WO20/1321351¢(0.5 g, 2.4 mmol) was
suspended in anhyvdrous THFE (10 mL) under N, {g). The suspension was stirved and TMSEC
(.67 mL, 5.28 mmol} was added. The mixture was stirred for 20 min. at BT and then cooled to
ahout -78 °C alier which time g solution of n-Bula (0 ml, 1.6 W in hexanes, 9.6 mmol) was
added slowly, The reaction mixture was stisred for 10 min. at about 78 °C and then the lactone
{1 g. 2.4 wmol} was added vig syringe. When the reaction was complete as measured by LCMS3,
AcORH was added to gquench the reaction. The mixture was concentrated under reduced pressure
and the residue dissoelved w g mixture of CHLCH and RO (100 mL, 1. The organic laver was
separated and washed with HaO (530 mL). The organic layer was then dried over anhydrous

MeS0., filterad and concentrated under reduced pressure. The residue was subjected fo silica



WO 2016/069826 PCT/US2015/057933

gel chromatography eluting with §-50% EtQAC in hexanes to provide the product as a 11

mixture of anomers, LOMS m/z 353 [M+H]L

NH, Nk
! i

A T
Ve NP N /,/ 2o W N
/\'\\\,»" f‘[i A G \\\/ N N‘f}j

AN B0 ™)
Bi iQ ‘\\ ?\ QH ““““““““““““ R ,__," CN
Bry Q %3 B Bn {j E:} Bn

{0183]  The hvdroxy nuclecside (1.1 g, 2.0 mmol} was dissolved in anhydrous CH.CL (40 mb)
and the solution cooled with stirring to about =78 °C under N, {g). TMESUN (3931 ml, 7 mmol)
was added and the mixture stirred for a further 10 min, TMSOTE (1.63 mL, 9.0 mmol} was
slowly added to the reaction and the mixture stirred for 1 h. The reaction mixture was then
diluted with CH,Cl (120 mL) and aguecus NaHCO; (120 mL) was added to quench the
reaction. The reaction mixture was stirred for a further 10 min and the organic layer separated.
The agoeous layer was extracted with CHaUh (150 mL) and the combined organic extracts dried
over arbiydrous MgS0y, filtered and concentrated under reduced pressure. The residue was
dissolved in a minimal amount of CH:Cl; and subjected to silica gel chromatography eluting
with a gradient of §-75% EtOAc and hexanes to provide the tribenzyl cyano nucleoside as a
mixture of anomers, H NMR (300 MHz, CIONY S 7.94 (s, (3.5H), 7.88 {5, 0.5H), 7.29-7.43
(o, 13H), 7.11-7.19 (i, TH), 6.82-6.88 (m, 1H), 6.70-6.76 (1, 1H), 6,41 {bs, ZH), 5.10(d, J =
39 Hz, 0.5H)L 496 (d, 1 = 5.1 Hz, Q.5H), 4.31-4.85 (m, TH), 4.09-4.18 {m, 2H), 3.61-3.90 (m,
2HD. LOMS m/z 562 [M+H].

/%T/' \\N \//ﬁ/ \E;! ./_,-;1: rf Q\N
o ; ,N.Nf;j ________________________ - a0 M N 5 NN
8r” NN b HOTSNTNS N
\3“ ______ / ON \ ll, N \\....... / \CN
BrG  DBn HO DM HO DM
beta 4

{8184] The tribenzy! cyvano nucleoside (70 mg, 0,124 romol) was dissolved in anhvdrous
CH,Ch (2 mb) and cooled to about -20 °C under Na (g} A solution of BC (1N in CHCly,
0.506 mL, ¢.506 mnol) was added and the reaction muxture stirred for 1 h. at ~78 °C. When the
reaction was complete by LC/MS, MeOH was added to quench the reaction. The reaction

wmixtore was allowed to warm to RT and the solvent removed under reduced pressure. The
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residue was subjected to C18 reverse phase HPLO, eluting for 5 min with HO (0.1 % TFA)
tollowed by a gradient of -70% MeCUN in FLO (0.1 % TFA) over 35 min, to elute the g-anomer,
and Pranomer 1. {g-anomer} "HoNMER {300 MHz, 5018796 (s, 1H), 7.20{(d, J= 4.8 Hz,
1HY, 690 {d, S =48 Hz, TH), 4.97 {d, /= 4.4 Hz, 1H), 4.56-4.62 (m, 1H), 4.08-4.14 {mw, 1H),
390 (dd, Y= 12.9, 24 He, 1H), 370 (dd, 1 = 13.2, 4.5 Hz, 1H). (B-anomer) 'H NMR (400
MHz, DMSO3 8 7.91 (s, 1H), 7.80-8.00 (br s, 2H), 6.85-6.89 (m, 2H), 6.07 (d, J= 6.0 Hx, 1H),
317 (bre, 1H), 4.90 (brs, 1H), 463 (¢, /=39 Hz, 11}, 4.02-4.06 {m, 1H}, 3.94 (br s, 1H), 3.48
3.64 {m, 2H). LOMS m/z 292.2 [MH], 290.0 [M-H] Tr= 035 min. 130 NMR (400 MHZ,
DMBO), 156.0, 1483, 1243, 1178, 117.0, 111.2, 101.3, R5.8, 79.0, 74.7, 70.5, 61.4. HFLC Tr

=132 min

Preparation of (3R 4R SR-2-(4d-aminopyrrolel 2,101 1.2 4ltrisrin- 7-vi-3 4-big{benzyvionyi-5-

{{benzvioxyimnethyietrabyvdroforan-2-0l using §aCl-21iCH

NHy
BN ""K
g TSN
..N i
N end
i/ N NHQ
1. TRISCL PhIgC!, £°C \V’J\N
a 2. iPigCL -15 °0 -N, =
Bn@f“\.\/ Rt 3. LaCh-2LI0) 15 °C BACy ‘\( \/\ o
Sné an THE, 20 °C BnQ QBn

{6185} A solution of T-iodopyrrolof2,1-1]] 1,2, 4hiriazin-d-amine (7.5 g, 28.83 mmol, 1.0 equiv)
was prepared in THE (67 mbL}). The selution was cooled to about 8 °C, and TMSCH (3.3 mL, 303
mimol, 1.5 equiv) was added. The reaction mixture was stirred for about 30 win, and then
PhMgClL (2 M in THF; 28 mL, 56.8 mmol, 1.97 equiv}) was added while maintaining an internal
temperature below § °C. The reaction mixture was agitated at about 0 °C for about 35 min, and
then cooled to gbont -15 °C. iPrMgC Q2 M in THE, 14w, 30.2 romol, 1.05 eguiv) was then
added while maintaining an internal tewaperature below about -10 °C. After approximatelyis
minutes at sboot 15 °C, LaCl-2LiCH (0.6 M in THE, 50 mL, 14.4 mmol, (.5 equiv) was added
while maintaining an internal temperatore below about -15 °C. The reaction mixhire was

agitated for about 25 min at about -20 °C.

{6186} In a separate flask, a solution of (3R 4R, 3R}-3 4-bis(benzvioxy)-5-
{{(benzyloxynethylidihydrofuran-2(3H}-one (10.0 g, 23.9 romol, 0.83 equiv) was prepared in

THE (45 mL)}. The solution was cooled to gbont -20 °C, and then transferred to the Grignard

L]

L
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solution while maintaining an internal toemperature below about -15 °(C. The resulting reaction

fixture was agitated at about -20 °C for abouot 380 min.

The reaction was guenched with 2 M HCH3 mL), aud the mixture warmed o about 15 °C,
iPrQAc (38 mb) was added, and the organic and agueocus phases were separated. The bottom
acueous fayer was discharged, and the upper organic layer was washed sequentially with

2.5 wit NaHCO: (83 mb), 2.5 wit% NaHCO, {53 mb}, and 16 wi®o NalCl {53 mL}

181871 The organic phase was concentrated to sbout 45 mL, and then diluted with /Pr0Ac (75
miy The solution was concentrated again to about 45 wmi., and then dilnted with /Pr34Ac (23
tnly. The solution was concentrated to gbout 45 ml, and then filkered over a pad ot Celite, The
filtered solution was concentrated to about 26 ml., and then dituted with MTBE {75 mL). After
2h, heptane (23 mL) was slowly added and the slurry was stirved gt abowt 25 °C for about 2 b,
and was then cooled fo about -3 °C over about & h. The solids were isolated by filtration, and the
filter cake was washed with MTBE/ heptane {4:1, 23 mL). The solids were dried in a vacuum
oven af no more than about 35 °C o afford (3R 4R SR 2-(d-aminopyrrelo| 2, 101 1,24 rtazin-

7-y13-3 4-bis(benayiony)-S-{{henzyioxyimethyDietrahydrofuran-2-ol.

ERT 1% LIranva, AR-L-~01 W 3
HoN

Sy TSN NH,
S s
SN2 Pl
;N S

Bn()"\,()\::;g ! BrO %O/ N

m/' """""""""""""""""""""""""" e \OH
Bnd E)Bn Bn(f; OBn

{8188} The iodopyrazole (5.02 g, 19.3 mmol} was dissolved in THF (43 g} and the solution was
cooled to about 0 °C with stirring. TMSCL(2.04 g, 18.7 mmol) was added, and after about 1 h
phenyl magnesium chloride (2.0 M in THF, 19.9 ¢, 38.2 mmol} was added. The reaction mixiure
was cooled Lo about -20 °C and iso-propyl magoesium chioride (2.0 M in THF, 999 ¢, 20.5
mmol} was added slowly, After about 30 min, the reaction mixture was transferred {0 a mixture
of anhydrous cerfum chloride (4.75 g, 19.3 mmol} in THF (22 2) at about -20 °C. Afier about 1.5
fr a solution of lactone (6.73 g, 16.1 mmel) in THF (22 g) was added slowly, and the resuliing

reaction mixture was stivred for about T h. 2 M HCI (41 g} was added, the mixture was warmed
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e about 13 °C, and iso-propy] acetate (35 g} was added. The lavers were separated and the
organtc layer was washed with 2.5% NaHCO: {2 x 40 g), 10% NaCl {1 x 35 g} and concentraied
to about 30 mb volume. iso-Propyl acetate {44 ¢) was charged and the solution was concentrated
to about 30 mi vohime, iso-Propyl acetate (43 g) was charged and the solution was concentrated
to about 30 mL volome. The solution was filtered and the filtrate was concentrated to about 18
L volume. fert-Butvimethyl ether (37 g} was added followed by product seed crystals

{10.7 mg), After abowt 14 h n-heptane (10.5 g) was added snd the mixture was cooled to about

-5 “C and filtered. The solids were washed with rers-buivimethyl ether (9 ) at about -8 °C and

dried under vacoum at about 34 °C for about 15 h to provide the product.

TN
oy \N NH?
% /1 .\\\5 s
\}/N\N/ %\MNT’ ‘E’\j
Br S0 o | o NN Vi
\‘\______7 """"""""""""" > Vo TOH
En@ OBn 3G OBn

16189} The iodopyrazole (5.03 g, 19.3 mmol) was dissolved 1n THE {45 g) and the solution was
cooled to about U °C with stirring under Mofg). TMSCL (2,06 g, 19.0 mmol} was added, and after
about T h phenyl magnesium chioride (2.0 M o THF, 20.23 g, 38.8 mmol} was added. The
reaction muxtore was cooled to about -20 °C and iso-propy! magnesium chlonde-lithium
chioride complex (2.0 M in THEF, 15.37 g, 21.0 mmol) was added slowly. After sbout 1 by, the
reaction mixture was fransterred to a mixture of cerur chlonide (4.77 g, 194 mmol) in THF (22
g} at abowt <20 “C. After about | h a solution of lactone {6.75 g, 16.1 mmol} in THF (23 g} was
added slowly, and the resulting reaction rmixture was stirred for about 1.5 h. 2 M HCI (40 g) was
added, the mixture was warmed o about 15 °C and ise-propyl acetate (35 g) was added. The
favers were separated and the organie layer was washed with 2.5% NaHCGO; (2 x 40 gy, 10%
MNaCl {1 x 36 g} and concenirated to about 30 mL velume. iso-Propyl acetate (44 g) was added
and the solution was concentrated to about 30 mL volume. The solution was filtered and the
filtrate was concentrated to about 18 mb volume. fert-Butvimethyl ether (37 g} was added
foliowed by product seed crystals (10.5 mg). After about 14 b s-heplane {11 g) was added and

the mixture was cooled to ghout -3 °C and filtered. The solids were washed with

~l
¥



WO 2016/069826 PCT/US2015/057933

rert-butylmethyl ether (9 g) at about -3 °C and dried under vacuum at about 34 °C forabout 15 h

to provide the product.

H,N
e NH;
<\.’\ ;:i //t' \\\E"’/:\‘\
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i i
Bn~ /O\,:;C} »f \\\\\\\\\\\\\\\\\\ - Bn(‘)"‘\/@\y{/ \N/‘J
\ ______ ;G
BnG  OBn B OBn

{0196] The iodopyrazole (4.99 g, 19.2 mmol} was dissolved in THF {44 g} and the solution was
cooled to about 0 °C with stirring. TMSCH{(2.45 ml, 19.4 mmol) was added, and after abont 30
min phenyl magnesivm chlonde (2.0 M in THE, 20.29 g, 39.0 mmol} was added. The reaction
mixture was cooled to about -20 °C and ise-propyl magnesium chiloride (2.0 M in THF, 9.85 g,
20,1 munol} was added slowly. After about 30 min, the reaction mixture was fransforred into a
mixture of anhvdrous yitriwm chloride (3.76 g, 19.3 mmel} and lactone (6.68 g, 16.0 muml} in
THF (24 gy at about -20 °C. After about 2.5 h 2 M HCI (30 g) was added, the mixture was
warmed to about 15 °C, and iso-propyl acetate (22 ¢) was added. The layers were separated and
the organie laver was washed with 2.5% NaHCO; (2 x 40 ¢, 10% NaCl {1 x 35 ¢y and
concentrated to about 30 mL volume. ise-Propyl acetate (44 g) was charged and the solution was
concentrated to about 30 mL volume. iso-Propyl acetate (45 g) was charged and the solution was
concentrated to abount 30 mL volume. The solution was filtered and the filtrate was concentrated
to about 18 mL volume. rert-Butyhoethyl ether (37 g) was added followed by product seed
crystals {11.5 mg}. After abowt | h n-heptane {15 mb} was added and the mixture was cooled to
about -8 °C and agitated for about 17 h. The shurry was filtered and the solids were washed with
a tert-butyimethyl ether (¥ g¥/n-heptane (2 g) mixture preconied o about -5 °C. The resulting

—~ g

solids were dried under vacoum at about 34 "C for about 22 h to afford the product.
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8nd  OBn gnd  OBn

{8191] The rodopyrazele (5.02 g, 19.3 mmol) was dissolved in THF {38 g) and the solution was
cooled to about (¢ °C with stirring under Nafg). TMSCH{2.45 mi, 19.4 mmol) was added, and
after about 1 h phenyimagnesiom chloride (2.0 M in THF, 1975 g, 38.0 mmol} was added. The
reaction mixture was cooled to about <20 °C and iso~-propylmagnesium chlorids (2.0 M in THEF,
9.40 ¢, 19.2 mmol) was added slowly. After about 1.5 b, the reaction mixture was transferred
into a mixture of anhydrous neodymium (£} chloride {(4.03 g, 16.1 mumel) and lactone (6.70 g,
o0 mml) i THF (22 g} at about -20 °C. Afier about 1.5 h the reaction mixture was warmed to
=10 °C and, after an additional 2 h, 2 M HCI (36 g} was added. The mixture wase warmed 10
about 15 °C and ise-propyl acetate (23 g} was added. The lavers were separated and the organic
layer was washed with 2.5% NaHCO: (2 x 44 g}, 10% NaCl {1 x 41 g} and concentrated to
about 30 mL volome, iso-Propyl acetate (44 ) was charged and the solution was concentrated to
about 30 mL volume. iso-Propyl acetate (45 g} was charged and the solution was concentrated to
ahout 3¢ mL volume. The solution was filiered and the filtrate was concentrated to about 18 mL
volume, fert-Butyimethyl ether (37 g} was added followed by product seed crystale {(11.9 mpg).
After about 1 b s-heptane (15 mL) was added and the mixture was cooled to about -3 °C and
agitated for about 15 h. The slurry was filtered and the solids were washed with a ferr-

butylmethy! ether (8 gi/n-heptane (11 g} mixture precooled to about -5 °C. The resuliing solids

were dried under vacuum at about 34 °C for about 25 h to attord the product,

NH ak
e TFA Sy $
IRy TRSCN Ny N
N TMSOTE e O -
SO TN - BrO s
BnO Y CHyCl AN
\../ OH 40 °C
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101921 To a pre-cooled {-40 °C} solution of (3R 4R, SR)-2-(4-aminopyrrolof 2, 1-f]] 1,2 4 Jiriazin-
7-vh)-3,4-bisthenzyloxy)-5-({benzyloxyymethylitetrahvdrofuran-2-0! (10.0 grams, 18.1 mmols,
1.0 equiv.} in DCM (100 mL) was charged irifluoroacetic acid (6.19 grams, 54.3 mmols, 3.0
equiv.}, followed by a pre-cooled {-30 "C) solution of TMSOTE(24.1 grams, 10R.6 mmols, 6.0
equiv.} and TMBCN (10.8 grams, 108.6 mumnols, 6.0 equiv.) in DCM (50 mL) while maintaining
the internal temperature below about -25 °C. The reaction mixture was agitated ai below about
-30 °C for no less than 10 minutes and quenched into a pre-cooled (zbout -10 °C) solution of 20
wi. % KOH ag. (120 mL). The bi-phasic mixture was warmed to ambient temperature. The
organic layer was separated and washed with 10 wt, % NaCl ag. {3 X 50 mL). The organic phase
was filtered, concentrated under vacuur to about 50 mL, re-diluted with toluene (200 mL) and
concentrated under vacuum to 140 mi at about 30 °C. The sololion was seeded with

{ZR 3R AR SR}-2-(4-aminopyrroio] 2,1-f][ 1,2 4 jtriazn- 7-v13-3,4-bis(benzyloxy)-5-
{{(benzyloxypnethylitetrahydrofuran-2-carboniteile at about 35 °C. Agitated at about 55 °C for
about an hour and cooled 1o about 8 °C over about 6 hours. The solids were isolated by filiration
and the Giter cake was washed with toluene (30 mL). The solids were dried under vacoum at

about 50 °C,

Preparation of (2R IR ARSRM2-{4-aminonvrrolol 2, 1-f1 1,2 4hnlazin-7-vD-3 4-bisthensvioxvi

S{henrvioxvinethyDieteahvdroturan-Z-carbonitriie via Flow Chemistry
N}Ep
i‘in A
N S 1 ON
N N
f

.......

Bn('j 68?7

19183} Solutions of (3R 4R, SR}-2-(4-aminopyrrolof2, 11,2 4]triazin-7-v1)-3,4-
bis(benzyloxy}-S-{{benzvlogyimethylietrahydrofuran-2-ol (23.0 g in 460.07 g of DCM),
TMSOTI(55.81 gin 138.07 g of DUM) and TMSCN (25.03 gin 138,10 g of DOM were
sequentially pumped, into a tube reactor at about -40 °C. The reaction mixtore was colfected in a
tlask, kept in ice bath, containing 20% X.OH agueous sohution (46.91 g KOH and 210 g of

water}. The layvers were separated and the organic phase was sequentially washed with 10%

80
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KOH agueous solution (10 g KOH and 90 mb of water} and with10% brine (2 x100 g). The
organic phase was concentrated nnder vacuum to about 4 volumes, sopropyl aleohol was
charged (162.89 g} and the mixture was concentrated under vacuum io abont 10 volumes. The
condents were warmed to gbout 60 °C, then adjusted to about 0 "C over about 6.5 h and agitated
at abount ¢ °C for about 15.5 h. The resulting slurry was filtered, the solids were rinsed with

:

wsopropyl alechol (61.79 g) and then dried at sbout 30 °C under reduced pressure overnight o

afford the product.

21124 -3 d-dihvaroxy-S
1 L
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{3194] The tribenzyl cyano nucleoside (48.8 g, 86,9 mimol, 1.0 equiv.} was dissolved in
anhydrous CHLCEH (244 mL) and cooled to about -20 °C | A solution of BCL (1M in CHCL,,
295 mL, 295 mmol, 3.4 eguiv.) was added dropwise, maintaining the internal ternperature below
about -15 °C, Following addition, the reaction mixiure was stivved for 1 h af about 20 °C,
MeOH (340 mi} was added dropwise, maintaining the internal temperature below -15 . The
resulting solution was distilled to about 250 ml, then refilled with about 250 mi MeOH. The
resulting sohution was again distilled to about 250 mi, then refilled with about 250 mi MeOH,
and finally distilled to about 125 ml Water {125 mi) was added, followed by Ko CO; solution
(20 wt¥ in water, 125 mi). The pH was checked, and found o be ~3. K05 solution was
added {20 wt% in waler, 50 mi)}, and the pH was found {0 be ~8. The resulting shory was stirved
overnight, then filtered and washed with water (50 mi) and MeOH (50 mi}). The wet product
cake was dried overnight at about 40 °C overnight.  'H NMR (300 MHz, nO) 8 7.96 (g, 1H),
7.20{d, J=48Hz, 1H), 691 (d, /=48 Hz, 1H}, 497(d, /=44 He, 1H), 4.56-4.62 {m, 1H)},
£.08-4.14 (m, 1H), 390 {dd, J = 129, 2.4 Mz, 1H), 3.70(dd, T = 13.2, 4.5 He, 1H)

&1
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18888} The nucleoside Y {(45mg, .15mmel} was dissolved in anhydrous trimethy] phosphate
{0.5 mL} and the solution stirred under Na (g} at about § °C. Methyl imidazole (36 pl, 043
munel} was added to the solution. Chlorophosphoramidate € (69 mg, 0.225 mmol) was
dissolved in anhydrous THF (0.25 mL} and added dropwise to the nucleoside mixture, When the
reaction was complete by LUMS, the reaction mixture was dituted with FtOAc and washed with
saturated agueous NaHCO, solution, saturated NaCl, dried over anhydrous NapSOy filtered and
concentrated wnder reduced pressure. The residue was sabjected to silica gel chromatography
eluting with 0-3% MeOH in CH,CL followed by preparative HPLC to give the produet. 'H
NMR (300 Mz, CB:00) 6 7.95 (m, 1H), 7.31-6.97 (m, TH), 4.94 {m, TH}, 4.78 {m, 1H}, 4.43
{m, 3H), 4.20 (m, 1H), 3.80(d, 1H), 1.30-1.18 (m, 9H). *'P NMR (121.4 MHz, CD:0D)} § 3.8,
LOMES sz 561.0 [MH], 559.0 [M-HL

Example 12, @81-2-ethvibatyl IUERISARSRY-arpinopyrrelol L2-8H 1.2 Sliviazin T

vi-S-cvane-3d-dibvdroxvistrabvdrofuran-2-vhmethoxvi{phenoxvichasphorviaming

propangate (Compound $)

16196]  Compound 9 can be prepared by several methods described below.
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{6197] Prepared from Compound 1 and chloridate B according to the same method as for the
preparation of compound §. TH NMR (300 MHz, CD,OD) § 7.87 {m, THY, 7.31-7.16 {(m, 5H),
6.92-6.89 (m, 2H), 4.78 {m, 1H), 4.50-3.80 {m, 7H), 1.45-1.24 (m, SH), .95-0.84 (m, 6H). °'p
NMR (121.4 MHe, CD0D 6 3.7, LOMS m/2 6031 [M+H], 601.0 [M-HL

NH
L 2 e E\Ji’i?
Py AR B s o ib®
HO - <§ N, o PhO—- %‘L —N /\\’ﬂ” ’O\\/ S O = C!) <: ::]/ & N
‘\/.O\? TN SH L tHuMgL) OJ‘\ ANEO \(u\}” W
\“} ------- / . ,\\SN T ﬂ ““““ ; :;;“;}:“;; “““ ) PNy //l E orh ‘\.---.4/ w”"\:\:\N
HO OH N ~. NO’] i N L E Hd ’6H

i0198]  (25)-2-sthyibutyl 2-((({HIARIS4H SR )-3-{4-aminopyrrolo] 2,1 -1} 1,2 4 iriazin-T-yi}-
S-cyano-34-dihydroxyictrahydrofuran-2-yDmethoxyXphenoxyiphosphoryijamine}
propanscate. (25)-2-cthyvibuty] 2-{{{d-nitrophenoxyi{phenoxyiphosphorylaminojpropanoate
{1.0 g, 2.4 mmol} was dissolved in anhydrous DMF (@ ml) and stirred under a nitrogen
atmosphere at RT. (2R 3R 48, 3R)-2-{daminopyrrolo] 2, 1111 1,2 4liviazin-7-y1)-3 4-dihydrox y-5-
(hydroxymethyifetrabvdroturan-2-carbonitrile {350 mg, 1.2 munol} was added to the reaction
mixture in one portion. A solution of ~butvhuagnesiurn chloride in THF (1M, 1L.Eml, 1.8
numol} was then added {o the reaction dropwise over about 10 minutes. The reaction was stirred
for about 2 b, at which point the reaction mixture was dihuted with ethyl acetate (30 ml} and
washed with saturated agueous sodium bicarbonate solution (3 x 15 mb) followed by saturated
aquecus sodium chioride sohation (15 ml). The organic layer was dried over anhydrous sodium
sulfate and concentrated under reduced pressure. The resulting oil was purified with silica gel
columm chromatography (3-10% MeOH tn DUM) to afford (28)-2-ethylbutyl 2-

{({{{{ZR. 38 4R SR }-5~{d-aminopyrrolof 2,1-11 1,2 4 iriazin-7-yl}-S-cyano-3,4-
dibydroxytetrahvdrofuran-2-yvhmsthoxy {phenoxyiphosphorylamino) propanoate (311 mg,
43%, 1:0.4 diastercomeric mixture at phosphorus) as a white solid. 'H NMR (400 MHz,
COD 0 7.85 (m, TH), 7.34 - 7.23 (m, 2H), 7.21 - 7.09 {m, 3H), 6.94 - 6.84 {m, 2H), 4.78 {4,
F=54He, 1H), 446~ 4.33 {m, 2H), 4.33 - 4.24 {m, 1H), 4.18 {m, 1H), 4.05 - 3.80 {m, 3H),
152 1.39 (m, 1H), 1.38 — 1.20 {my, TH), 0.85 (m, 6H). °'P NMR (162 MHz, CD,00) 3 3.71,
2,65, LOMS sz 6031 [M+H], 6008 [M-H] HPLC (3-98% MeUN-H,O gradient with 0.1%
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TFA modifier over 8.5 min, 1.5mL/min, Column: Phenomenex Kinetex C18, 2.6 um 100 A, 4.6

X 100 mm ) 2z = 5.544 o, 5,601 mun

[9189] (28)-2-ethytbutyl 2-((({{2R, 35, 4R, 3R »-S-(4-aminopyrrolo[ 2, 1-{1{ 1,2,4 triazin-7-y1}-5-
cyano-3 d-dihvdroxvictrahydrofuran-2-viimethoxyi{phenoxyiphosphoryllamine ) propancate
was dissolved in acetonitrile. The resalting solution was toaded onto Lux Cellulose-2 chiral
column, equilibrated in acetonitrife, and eluted with isocratic acetonitrile/methanol (95:5
vol/vol). The first eluting diastereomer had a retention time of 17.4 min, and the second eluting

diastereomer had a retention fime of 25.0 min.

(02081 First Eluting Diastereomer 18 {8)-2-cthylbutvl 2-((F-{{2R 35 4R 5R-5-{4-
aminopyrrelo] 2,1 1,2 4jiniazin-7-yh-5-cyane-3 4-dihydroxytetrahydrofuran-2-

vimmethoxyi{phenoxyiphosphorylDaminojpropanocate:

NH,
- . ’/‘J\\Q N
I““Q\ : (\\ B f/'j
7 V/amm O N

THNMR (400 MHz, CDa0DY 8 8.05 (s, 1H), 7.36 (4, /= 4.8 Hz, 1H), 7.29 (brt, J = 7.8 Hz, 2H),
719713 (m, 3H), 711 {d, F=4.8 Hz, 1H), 4.73(d, /=52 Hz, 1H), 448 —4.38 (m, 2H}, 4.37
—4.28 {(m, 1Hy, 4.17{t, J= 5.6 Hz, 1H), 4.08 - 3.94 {;m, 2H), 3.94 - 380 {im, 1H}, 148 {sep, /=
12.0,6.1 He, 1H), 134 (p, /= 7.3 Hz, 4H), 1.29(d, /=72 Hz, 3H}, 087 (£, J= 7.4 Hz, 6H).
TPNMR (162 MHz, CD:0D3 § 371 (s). HPLC {2-98% MeCUN-H,O gradient with 0.1% TFA
madifier over 8.5 min, 1.5mL/min, Column: Phenomenex Kinetex C18, 2.6 um 100 4, 4.6 x 100

min ) g 5,585 min.

{12681  Second Eluting DHastereomer is {83-2-ethylbutyl 2-(((83-{{CR35 4R, 5R -5-(4-
aminopyrrolol 2, 1-111 1,2 4ltrazin-7-y-5-cyano-3 4-dihydroxytetrahydrofuran-2-

vimethoxy i phenoxyiphosphorylaminoipropanoate:
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FHNMR (400 MHz, CDR0D) 8 8.08 (s, 1H), 7.36 - 7.28 {m, 3H), 7.23 - 7.14 (m, 3H), 7.08 (4, J
=4 8&Hz 1H), 471 {(d, /=53 Hz, 1H}, 4.45 - 434 (m, 2H), 432 - 424 (m, 1H}, 414 {1, J= 58
Haz, 1H), 4.08 ~ 3,94 (m, 2H), 3.93 ~ 385 {m, 1H)}, 1.47 (sep, /= 6.2 Hz, 1H}, 1.38 - 1.26 (m,
THY, 0.87 ¢4, .7 = 7.5 Hz, 6H). “TPNMR (162 Mz, CD:0D)Y 8 3.73 (3). HPLC (2-98% Me{UN-
Hz(r gradient with 0.1% TFA medificr over 8.5 min, 1.5m/min, Colurn: Phenomenex Kinetex

C18, 2.6 um 100 A, 4.6 x 100 mm ) 1z = 5.629 min.

Fxample 13, Q8Fethvl I{{GRISARSEF S -{d-aminonyrroelel L~ L2 4ltrianin-T-vi -8~

evano-3d-dibvdroyvietrahvdrofuran-2-viimethoxvi{phenoxviphosphorviamine)

propaneate (Compound 18)

1 o NH,
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[8262] The preparation of (28)-ethyl 2-(({{{2R,358,4R,5R}-5-(4-aminopyrrols{2, 111 1,2, 4 Hriazin-T-yi}-
S-cyans-3,4-dihvdroxvietrahydrofuran-2-viymethoxy phenoxyiphosphorviiaminojpropancate 18

described below.
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{1203]  Prepared fromn Compound Y and chloridate A using same method as for the preparation
of compound 8, 'H NMR (300 MHz, CDLOD) 6 7.95 (ra, THD), 7.32-6.97 (m, 7TH), 4.78 {m, 1H},
4.43-4.08 {m, 6H), 3.83 {m, 1H), 1.31-1.18 (m, 6H). "'P NMR (121.4 MHz, CD-0OD) 5 3.7,
LOMS sz 547.0 [M+HL 545.0 [M-H].

M s ) N Iy
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19264] Compound ¥ (30 mg, 0.17 mmol} was dissolved in NMP-THF (1:1 mL}) and cooled
with ice bath, tBuMgCH{0.257 mL, 0.257 mmol} was then added over about § min. The
resulting mixture was sllowed to warm 0 RT and was stirred for about 30 min. Then a solution
of compound L (Prepared according to US20120009147, 74.6 mg, .189 mmol} in THF (2 mL)
was added. After about 30 min, the reaction mixture was purified by HPLC (acetonitrile 10 to
8% in water) to give compound 29 as a yellow solid. The solid was further purified with silica
gel chromatography (MeGH 0 to 20% DCM) to afford compound 29, 'H NMR (400 MHz,
CDODY 8 7.76 (d, S = 6.0 He, TH), 7.285~ 7,14 (m, 2H), 7.11 ~ 6.99 {m, 3H), 6.87 - 6.72 (i,
2H), 4.70(d, J= 5.4 He, 1H), 439 -4.24 {m, 2H), 4.20 (dddd, 7= 97,79, 5.1, 2.8 Hz, 1H),
4.10{dt, J= 12,8, 5.5 Hz, 1H), 4.06 =391 (m, 2H), 3.72 (ddq, J = 143,93, 7.1 Hz, 1H), 1.17
(dd, /= 7.1, 1.0 Hz, 1H), 1.14 ~ 1.06 (m, 5H). 7P NMR (162 Mz, CD.OD)Y 8 3.73, 3.68. MS

m/z = 547 (M+1)7,
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dipropansate {Compennd 13}
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182031  The nucleoside ¥ {14.6 vog, 8.05 mmol) was dissolved o anhydrous trimethyl
phosphate {0.5 mL} and stivved under Np(g) at RT. POCEH (8.2 ul. 0.1 mmol) was added and the
wmixbore stired for about 60 win. Alanine ethyl ester hydrochloride (61 mg, 0.4 mumol} and then
E&N (70 ul, 0.5 mmol) was added. The resultant mixture was stirred for about 15 min. and then
additional BN (70 pl, 0.5 mmol} was added to give a solution pH of 8-10. The mixture was
stirred for about 2 h. and then diluted with EtOAc, washed with saturated aguesus NaHCO,

solution followed by saturated aqueous NaCl solution. The organic layer was dried over

anthydrous Na;80, and concentrated under reduced pressure. The residue was subjected to
preparative HPLC (Cyg cohamnn) to vield the product 12, 'H NMR (400 MHz, CD,OD) 8 8.13 (5,
iH), 741 {4, 7=48Hz, 1H), 718 (d, /=48 Hz, 1H}, 4.78{d, /= 5.6 Hz, 1H)}, 4.36 {m, 1H},
4.25-4.08 (o, THD, 3.83 (m, 2H), 1.33-1.23 (m, 12D, 7P NMR (121.4 MHz, CD:00 8 13.8.
LOMS mz 70,6 [M+H], 568.0 [M-HL

ANH- NH,,
i \; oo //“LQ
SN //‘ 5 C? (\ I' E‘Ej
SN A bty N
MO o J T ‘ SR VEN A
< \7:,, """""""""""""""""" = C-’,\ 3 ‘ JE
\\_/, g \:\?N :}«--“&3.--/ . L R N
HO  On A HO  bH
C 15

{0206]  The nucieoside ¥ (D.028 g, 0.096 mumol) was dissolved in trimethyiphosphate (1 mL).

The reaction was stitred under Nofg) and then treated with 1H-tetrazole (L0211 g, 0.29 mmol).
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The reaciion mwixture was cooled to 0 °C and the phosphane (Nucleoside Nucleotides, Nucleic
acids; T4; 3-5; 1995; 763 — 7646, Lefebvre, Isabelle; Pompon, Alain; Perigaud, Chrnstian;
Girardet, Jean~Luc; Gosselin, Gilles; et ally {87 mg, (.192 muynol) was added. The reaction was
stirred for 2 h. and then guenched with 30% hydrogen peroxide (0120 mL}). The nuxture was
stirred for 30 ymin at RT and then treated with saturated agquecus sodium thiosuifate (T mb), The
mixture was stirred for 10 min. and then concenirated under reduced pressure. The residue was
subjected to preparative HPLC to isolate the title product 5. HONMR (300 MHz, CDCM) 5
788 (s, TH), 6.92 (4, 1H), 6.81 {d, 1H), 6.44 (bs, 2H}, 4.82 {m, ZH}, 4.47 (m, 1H}, 4.24 (m, ZH),
4.00 (m, 45D, 3,80 {bs, 1H), 3.11 (m, 4H), 1.24 (s, 9H). 7'P NMR (121.4 MHz, CD,CN) §-1.85
(s). LOCMS m/z 661 [M+H].

Example 28, (2R, 38, 4R, SR-8-{4-aminopvrrolei 1L,2-1111,2 dliviaeineT-v-S-cvane-3 4~

dihvdroxvietrabyvdroferan-2-vHhmethyvl tetvabvdrosen triphosphate ompound I

/l\;.‘;
Sy NN P
T :]

B

4 RS
o \\\”’N‘N""'J 0 0 cg < i‘
o) : ey
Y “Q 0y {;) ”\ REA f
Ved Ry OH OH OH N
\: ', N‘L__J \\QN
He o oM HO B

17

162071 Compound 17 was prepared from compound 1 using s similar procedure as previously
described (WG2012012776). The product was isolated as the sodium salt. "H NMR (400 MHz,
RO 8 7.76 (s, 1H), 6.88¢d, I =4.8 Hz, 1H), 6.73(d, T=4.4 He, 1H), 4.86 (d, ] = 5.2 Hz, 1H),
4.43 {m, 1H), 4.39 (m, 1H), 4.05 {m, 1H), 3.94 (m, 1H). 7P NMR (121.4 MHz, 10} §-5.4 (4,
IP), -10.8 {d, 1P}, -21.1 41, 1P). LOMS m/z 530 [M-HI S31.9 IM+H] Tr= 0.22 min. HPLC fon

exchange Tr=%.95 min.
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{268] A mixture of about 8.05 muno! of compound 1 and about 0.5 mb of trimethylphosphate
was sealed in a container for about one to about 48 h. The mixture was cooled o about ~10 to
about 10 °C and about .075 munol of phosphorus oxyehloride is added. After about one to
about 24 hours, the reaction was guenched with shout 8.5 mL of 1M tetraethylammonium
bircarbonate and the desired fractions were isolated by anion exchange chrornatography o

atford the title compound.

162091 Compound 33 was prepared as the bis-irniethylammonium salt from compound 1 as
previously described (WO201 1150288). "H NMR (400 Mz, D) § 7.82 {5, 1H), 6.91 ~ 6.88
{my, 1H}, 681 ~ 6,78 (m, TH}, 4.87 - 4.84 {m, 1H}, 4.40 4,30 (m, ZH), 3.95 - 3.77 {;m, 2H},
310 < 3.00 (m, 6H), 1.20 « 110 {m, 9H). 1P NMR (162 MHz, D0} 8 2.33. M8 m/z 371

Example 28-b., {CRISARSRMS~{d~-aminopyvrreiold -1 dltvigzin-T-vil-S-cvana-3 4«

dibvdroyvietrshvdrofuran-2-vhimethyl trihvdrogen divhosphate (Compound 343

NH, "
o S o o oy
—\G\X N ” HD“;;QN?);O_‘\/Q\K}/ N
o L Ty
HG  DH Ea
34

{62101  Compound 34 was prepared as the tri-hihiom salt from compound 1 as previously

described (WO2002057425), P NMR (162 MHz, D20} 3 -5.34 (d), -9.75 (d). MS m/z 451,
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{82111 The preparation of {25}-cthyl 2-{{{({(RR, 35 4R, 5} 5-{4-aminopyrrolo{2,1-
£1f 1.2 4}tnazin-7-y1)-S-cvanc-3,4-dihvdroxvietrabydroforan-2-

vimethoxy¥phenoxyiphosphoryllamine}-3-phenvipropancate is described below,

o o
EYOH, TMSCH :
y D,M\E,NHz : g N HC
\}_ |, /’”\\“\i ~, H/’b-\\\
i\\'ff/j N

{02121  L-Phenvlalanine {5 g, 30 mmol) was taken up in EtOH (30 mbL), TMSCI (6.913 ml, 54
mrnol} was added to the reaction at RT. The reaction vessel was fitted with a reflux condenser
and the reaction was placed in an 80 °C bath. The reaction was stirred overnight. The next day
the reaction was cooled to RT, concentrated under reduced pressure and the resulfing residue
was taken up in E;O. The resulting slurry was filtered and the 1solate solids were turther washed
with B0 The washed solide were placed under high vactum to vield example (8)-ethyi 2-
aming-3-phenvipropancate hydrochloride. 'H NMR (400 MHz, DMSO-dq) 8 £.52 (s, 3H), 7.30

Hy, Jex = 5.8 Hz, Jay = 7.6 He, 2H), 109 (1, 7 =6.8 He, 3H}
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ceparation of 8 kethyvl - nitrophenoyphenoxviphosphonvlamno-3-phenvipropaneale
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2131 (R)-ethyl Z-amine-3-phenyhwopanoate hydrochloride (1.01 g, 4.41 mmol} was
dissolved in DCM (50 ml). This sclution was conled to about § °C and PhOP(OYCH (0.656 mL,
4.41 mmol} was added, followed by the slow addition of BN (1.62 mb, 11.5 mmeol} over § min,
The cold bath was removed and the reaction was allowed to warm to RT and stir over a period
of 80 min, p-NOPhOH {0,583 g, 4.19 mimol} was added, followed by more EGN (3 mL, 2.1
rmanol). The reaction progress was montiored by LO/MSE. Upon completion of the reaction,
was diluted with B0, and the resulting solids were removed by filtration. The filtrate was
concentrated and compound I was 1solated by silica gel coluron chromatography (25 g dry load
cartridge, 120 g column; eluent: 100% hexanes ramping to 55% EtOA« in hexanes). 'H NMR
{400 MHz, CD,OD) & 817 (m, 2H), 7.33 {m, 2H}, 7.09-7.25 (m, 10H), 4.17 {m, 1H), 4.07 (m,

2H), 3.08 (m, TH), 2.84 {m, 1H), 1.14 (m, 3H). 1P NMR (162 MHz, DMSO-dg) 8 -1.479 (s}, -
L7109 (s), MS m/z=471.01 {M+1]

Preparation of (3% -ethvl 2-{{{1ZR RSR-S-{d-aminopvrroiol 2, 1-Fll L 2. 4linazin-7-yv- 3~

cvane-23 4-dihvdroxvistrahvdrofuran-2-vimethoxyviiphenoxyvinhosphervhamino)-3-

phenvipropanoale (Compound 213

N NH’P

A N P

A H“ (\\\\ ///> 0 /( o ; // ‘:Q?//t\\\ N

> —4, i AN/ O &, ; i
S O-P- e S N

A o OO {BuMgCl ”{)...;’3'._&’%(’0)?/ N
/%\/O\,.&“" N o~ H N \ »»»»»»»»»»»»»»»»»»»»»»»»»»»»»»» - O i NS
A S T Nl DME THE g NH T TN
H{:‘) -‘E}H N ’ (‘//\\\\\V/, NOZ ) HO DH
i:\\ /f/ I/’ \\If
L B I 21

{8214  Compound ¥ (0.030 g, 0.103 mumol) was dissolved wn DMF (1 miL) and then THF (0.5
mi} was added. ~BuMgCl (1M/THFE, 1545 yb, $.154 wmol) was added to the reaction in a
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drop-wise manner with vigorous stirring. The resulting white slorry was stirred at RT for shout
i A solution of compound B {(0.058 g, 0,124 ypol} in THF {1 mL)} was added in a drop-
wise manner to the reaction at RT. The reaction progress was mondtored by LO/MS. When the
reaction progressed to 50% conversion, the reaction was cooled in an ice bath and quenched
with glacial acetic acid (70 yL}. The reaction was concenirated and cormpound 21 was isolated
from the vesidue by reverse phase HPLC, 'H NMR (400 MHz, DMSO-day 6 7.91 (d, J=4 Ha,
TH}, 7.940 (brs, 2H), 7.09-7.30 (m, 8H), 7.0L, {4, 7 =82 Hz, 2H), 6.89 (4, /= 4.4 Hz, 1H), 5.82
{t, /=44 Hz, 1H}, 6.27 (m, 1H}, 6.14 {m, 1H}, 5.34 (m, 1H), 462 (1, 7= 5.6 Hz, 1H), 4.15 (m,
PH), 3.78-4.01 {m, 6H), 2.92 (r, THY, 2.78 (m, 1H), 1.04 (m, 3H). P WMR {162 MHz,
DMSO-de) 6 3.69 (33, 3.34 {5}, M8 w4 = 623.0 [MHH]

Example 35, (3Skethyl (U RIASAR SRS {d-aminopvrrelol2, 1 -f1{1, 2 ditriazin-T-yD-3-

evane-d4-dibvdroxvtetrabvdrofiran-2-viimethoxvi{phenoyvivhosphorvDamine -3~

mothvibutanoeate (35

MNH,
(/.".‘.‘.‘.‘.‘.‘,‘\\ P /L\\ N
\\\\ ///} O N LN 1
o O-P-0 TN N
///\\ ,JJ‘\ - f’:\iH l Q\N
& } HG OH

10215] The preparation of Q8 }-ethyl 2-((({{2R,35,4R, 5R}-5-(4-aminopyrrolo| 2, 1-
fil 1.2 ditriazin-7-y1)-5~cyano-3 4-dihvdroxyietrahvdro furan-2-

yhmethoxyiphenoxyiphosphoryllaming)-3-methytbutanoate is described below.

Preparation of (28 kethivl 3-methvl-2 < {{d-nitrophenowyiphenox viphosphorvlamino} butanoate

{Compound B}

:’;f e
5 PHOPIOIC, & P
1 EtsN, p-NOPhOH T o
AN o TN ,NHQ AN N ,N\ AR
- Q ~. 3 - Q \g/ ﬁ \,!/ \\\:
'/,/ ~ ,// . O ‘\\‘,}’}L\NQZ

{0216} The (S)ethyl Z-amino-3-methylbutanoate (0.351 g, 1.932 mumol} was dissolved in
DCM (17 mL}. This solution was cooled in an ice bath and PhOP(OYCL: (0.287 mb, 1.932

mmaol} was added, followed by the slow addition of BN (1,62 mL, 11.4 mmol) over about §
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min. The cold bath was removed and the reaction was allowed to warm to RT and stir over a
period of 1 b, p-NO,PhOH (0,255 g, 1.836 o) was added, and the reaction progress was
monitored by LO/MS. Upon completion of the reaction, the mixture was diluted with B0, and
the resulting solids were removed by filtration. The filtrate was concentrated and compound B
was isolated by silica gel column chromatography (12 g dry load cartridge, 80 g columy; eluent:
100% hexanes ramping to 55% EtOAc in hexanes), 'H NMR (400 MHz, DMSC-dg) § 8.30 {d,.J
=92 Hz, 2H), T48 (1, /= 9.6 Hz, 2H}, 740 (¢, J = 7.8 Hz, 2H), 7.20-7.27 (m, 3H}, 6.60 {quart, J
= 11.6 Hz, 1H), 4.01 {m, 2H), 3.61 {m, 1H), 1.93 G, 1H), 1.11 (m, 3H), 0.79 {m, 6H). *'p
NMR (162 MHz, DMSO-ds) 6 ~0.342 (), -0.578 (s}, MS m/z = 422.9 [M+H].

Preparation of {28 -ethyl 2-{(({{ERIT 4R SR +-S-{d-aminopyrrolol 2. - L2 4 kiazin-T-vl3-5-

ovane-3 4-dibvdroxyvietrahvdrofuran-2-vhimethooy ohenosvinhosshorvhDaming »-3-

methyibutanoate (Compound 22)

NHA /:\\\ NHQ
A ﬁl\ /',/’ /TN j,
5 i D : Ny { i ;
N O-F-0 BubdgCl N/ . >
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Fire, N . NH /I ' 3\ s
s s o Ny ] NMP THF o s
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10217]  Compound 1(0.040 g, 0.137 mamol) was dissolved in NMP (1.5 mL) and then THF
{(1.25 i} was added. This solution was cooled in an ice bath and ~BuMgCl {IM/THF,

425.7 uk., 4.426 umol was added 10 a drop~wise manner with vigorous stirring. The ice hath
was removed and the resulting white shury was stirred at RT for about 15 min. A solution of
compound E {(0.081 g, 0.192 mmeol) in THF (0.5 mL) was added in a drop-wise manner to the
reaction at RT, The reaction progress was monitored by LC/MS. When the reaction progressed
to 30% conversion, the reaction was cooled in an ice bath and quenched with glacial acetic acid
{70 L. The reaction was concentrated and compound 22 was semi-purified from the residue by
reverse phase HPLC. The semi-pure material was further purified by silica gel column

chromatography (12 g dry load cartridge, 40 g column; eluent: 100% BtOAc ramping 0 10%

MeOH n BtOAC) to yield compound 23 HNMR (400 MHz, DMSO-d:,3 86 7.91 (d, /= 1.6 Haz,
14}, 7.88 {bre, 2H}, 7.32 (my, 2H), 7.15 (m, 3H), 6.90 (, /= 4.2 Hy, 1HD), 6.84 (d, /= 4.8 Hz,

1H), 6.26 (dd, 7= 13,4, 6.2 Hz, 1H), 5.87 (quart. J= 11.2 Hz, 1H), 5.35 (m, 1H), 4.64 {m, 15},
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4.25 {m, 2H), 3.93-4.15 {m, 4H), 3.45 (m, TH), 187 {m, 1H), 1.09-1.16 {m, 3H), 0.70-0.83 (m
AH). TP NMR (167 Mz, DMSO-,) 8 4.59 (s), 4.47 (5). MS m/z = §75.02 [M+H],

¥ e 8 SO 5 § % T T AW AW SWRLALfA ST TLEIFE Y A¥ved
¥ SAVIIMIRGR A § N AN W ) N L. ™ N LY P et ! &N OON oA YT 0]
Lxampie L. {(Shsopropyl SR MIERINANSK S {d-aminspyvrraiol L -TH 4 iriasin-

2]
TN i
W, SN
\___Q/ O \\ N .
“ i - O, =
ompeo TN N
9T T U s
PR A /NH N b N
G E HO DN

{0218} The preparation of {S}-isopropyl 2-{{{R3-({{ZR 38 4R SR ¥-5-{d-aminopyrrols2, 1+
11,2 4lmazin-7-y1)-S-cyano-3,4-dihydroxyietrahvdrofuran-2-yl imethox v i phenoxy)

phosphoryliamine}propanoate is described below.
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0218  Compound 1 {60.0 mg, 206 pmeol} was dissolved in NMP (0.28 L}, THF (0.2 mL)
was added followed by tert-butyl magnestum chioride (1.0M solution in tetrahydrofirran, 0.309
mi} at RT under an argon atmosphere. Afler 20 min, a solution of compound F (Prepared
according to Cho, A et al /. Med Chem. 2814, 37, 1812-1825,, 81 mg, 206 pmoby in THF (0.2
mb} was added, and the resulting mixture was warmed to about S0 °C. After 3 b, the reaction
mixture was allowed to cool to RT and was purified directly by preparatory HPFLO (Phenominex
Synergi 4u Hydro-RR S0A 130 x 30 mm column, 5-100% acetonitrile/water gradient) to afford
compound 23. 'H NMR (400 MHz, CDa0D} 8 7.86 (s, 1H), 7.34 — 7.26 (m, 2H), 7.21 - 7.12
(m, 3H} 6.91 (d, /=4.6 Hz, 1H), 6.87 (d, /= 4.6 Hz, TH}, 4.92 (sept, J= 6.3 Hz, 1H), 4.80{d, J
=54 He, 1H), 443 - 434 (m, 1H), 433 -4.24 (m, 1H), 418 (1, J= 56 Hz, 1H), 3.82 (dg, J=
9.7, 7.1 Hz, 2H), 1.27 {dd, J= 7.1, 1L.O Hz, 3H), 1.18¢(dd, /= 6.3, 4.8 Hz, 6Hy. “'P NMR (162
MHez, CDOD)Y 6 3.72 (53, LO/MS: ig = 1.39 romn, MS m/z = 56111 [M+H]; LO system: Therme
Accela 1250 UHPLC; MS system: Thermeo LCQ Fleet; Column: Kinetex 2.6u XB-CIR 1004,
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50 x 4.6 muny, Solvents: ACN with 0.1% acetic acid, water with 0.1% acstic acid; Oradient: O
min=2.0 min 2-100% ACN, 2.0 min-3.05 min 100% ACN, 3.05 min-3.2 min 100%-2% ACN,
3.2 min-3.5 min 2% ACN at Zul/min, HPLO: 4 = 2,523 ming HPLO systeny: Agilent 1100
series.; Column: Gemurna Sp C18 T10A, 50 x 4.6 mun; Solvenis: ACN with 0.1%¢ TFA, Water
with 8.1% TFA; Gradient: O min-5.0 min 2-98% ACH, 5.0 min-6.0 min 98% ACN at 2

mi/min.

Example 27, 38 kevelobutvl 2-{{i{ R385 AR SR -S-{d-aminopvrrolold -1 2 ditviazin-T7-

vipS-ovane-3d-dibvdroxvietrabvdrofuran-2-vhmethoxviiphenosviphosphorvDamine}

propancate {34)

= e
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{02281 The preparation of (28}-cyelobotyl Z-(({{{2R,35 4R SR}-5-{4-aminopyviroiof2,1-
11,2 4riazin-7-vl)-S~cyvano-3 4-dihvdroxyietrabydro foran-2-

yvimethoxy ¥ phenoxyiphosphoryhaminopropancate is described below.
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[8221] Phenyi dichiorophosphate {1.49 mL, 10 mmol} was dissolved in 10 mL of anhvdrouns
DBCM and stitred under atmosphere nitrogen in an ice bath, L-Alanine isobutyl ester
hydrochloride (0.9 g, 5 mmol} was added in one portion. Triethylamine {765 pb, 5.5 mmol) was
then added dropwise. Reaction stirred for about 1 h. More Triethylamine (765 pl, 5.5 mmol)
was added dropwise and the reaction was stirred for about 45 nun. p-Nitrophenol (1.25g,
Smmool) was added in one portion and stirred for about 30 min. Triethylamine (765 pl, 5.5

mmol} was added and the reaction mixture was stirred for about 2 b, Additional p-nitrophenol
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{1.25g, 9 mme}} and tricthylamine (763 ul, 5.5mmol} were then added, and the reaction was
stirred for another about 2 b The reaction mixture was concenirated under reduced pressure. The
resulting crude was diluted with FtOAc and washed twice with 3% aquecus ¢itric acid solution,
followed with saturated aqueous sodium chloride solution. The organic layer was then dried
over anhydrous sodium sulfate and concentrated under reduced prossure. The crude residue was
purified with silica gel column (0-20-530% EtOAc in hexanes) o give compound G. "H NMR
(400 MHz, CD;O0¥ § 8.33 — 8.23 {m, ZH), 7.52 — 7.33 (m, 4H), 7.33 - 7.17 (w0, 3H), 4.96 —
4,85 {m, 1HY, 4.07 — 3.96 (m, TH), 2.27 (m, 2H), 2.07 — 1.9 {m, 2H), 1.83 — 1.70 {m, 1H}, 1.70
~1.55 (m, THY, 1.32 (m, 3H) 7P NMR 162 MHz, CDOD) 8 -1.36, -1.59. MS m/z = 420.9
[M+H].

Preparation (28-cyvclobutvl 2-0E2R A8 4R SR WS-{4-aminopvrrolol 2.1 2 4 ltnasm-7 )-8

cyvano-3.4-dihvdroxyietrabvdrofuran-2-vi inethoxviiphenoxyviphoesphorvianunolpropanoate

{Compound 24)
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162221 Compound 1 (58 mg, 0.2 mmol) was mixed with compound G {101 mg, 0.24 mmol} in
2 ml of anhvdrous DMF. Magnesium chionide {42 mg, 0.44 nmunol) was added in one portion.
The reaction mixture was heated to about 50 °C. DHPEA (87 g1, 0.5 mmol) was added, and the
reaction was stirred for about 2 h at about 530 °C. The reaction mixture was cooled to room
temperature, was diluted with EtOAc and was washed with 5% aqueous citric acid solution
followed by saturated aqueous sodium chloride solation. The organic layer was then dried over
anhydrous sodium suifate and concentrated under reduced pressure. The crude residue was
purified with silica gel column {0-2-3% MeOH in DCM) to afford compound 24 PHONMR (400
MHz, Methanol-¢4) 8 7.85 {m, 1H), 7.34 — 7.22 {m, 2H}, 7.22 - 7.08 {m, 3H}, 6.94 - 6.84 (m,
253, 4.95 - 4.85 (m, 1H), 4.79 (m, 1H), 4.46 — 4.34 (ro, 2H), 4.34 — 4.24 (m, 1), 4.19 {m, 1H),
3.8 {my, 18, 2.27 (m, 2H}, 2.0 {m, 2H), 184 1.68 {m, 1H}, 1.62 {m, IH}, 1.30 - 1.16 (m,
3H). P NMR (162 MHz, cd.od) 8§ 3.70, 3.65. ME sz = 573.0 [M+H]
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[8223] The preparation of {28 -sopropy! 2-{{{{{2R 38 4R, 5R}-5-{(4-aminopyrroio[2,1-f 1,2, 4]triazin-
7eyli-5-cyanc-3 4-dilvydroxyvtetrahydrofuran-2- vl pnethoxy W phenoxyiphosphoryi Jarming 3-3-

phenyipropancate 18 desoribed below,

Preparation of 28%isopronyi 2-{{{d-nitrophenoxyohenoxyiphosrhorviiamino =3

phenvinropaneate {Compound Hb

.//:::\\

0 HOHHGN .o~ 1) DM, TEA “4/’ 0
PRO-P-Ci - : O-B-O—4 N0,
S Ay S 2 TEA P T
io-¢ H-no, ) ]

==Y P

{#224] Phenyl dichlorophosphate (718 pL, 4.8 mmol) was dissolved in 10 mi of anhydrous
DOM and stirred under a natrogen atmosphere in an jce bath. L-Phenyialanine isopropy] ester
hydrochloride (1 g, 4.1 mmol) was added in one portion. Another 10 mL of anhydrous BCM
was added. Triethyvlamine (736 uL, 5.3 munol) was added dropwise and the reaction mixiure was
stirred for about 3¢ min. More triethyiamine {736 ul, 5.3 mmol} was then added dropwise and
the reaction mixture was stirred for 30 min. Additional triethylamine (736 uL, 5.3 munol} was
then added dropwise and the reaction mixture was stirred for about 15 min. p-Nitrophenol {630
myg, 4.32 mmol) was then added. The ice bath was then removed and the reaction mixture was
ailowed to warnm to rocan temperature and stirred for about 2 h, More p-nitropheneol (50 mg} and
trigthyvlamine {736 ul, 5.3 mmol) were the added and the reaction mixture was stirred for about

ih

18225]  The reaction mixture was then concentrated under reduced pressure, and was diluted

with FtOAc and washed twice with 5% aqueous citric acid solation, followed with saturated

g7
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agueous sodium chioride solution. The organic laver was dried over anhvdrous sodium sulfate
and was concentrated under reduced pressure. The crude was purified with silica gel column (0-
15% FtOAc in hexanes) to give compound H. 'H NMR (400 MHz, CDCL) 3 8.17 (m, 2H), 7.38
=743 (m, 10H), 7.13 - 7.02 (m, 2H), 4.95 {my, 1H}, 431 (m, TH), 3.69 Om, TH), 3.02(dd, J =
6.1, 1.8 Hz, 2H), 1.21 - L.08 dm, 6H). VP NMR (162 MHz, edel?) § -2.96, -2.68. MS m/z =
4R5.0 [M+H].

Preparation of 5 isopropyvl 2-HHER IS 4R ARV -{d-aminonvireiol 2. -T2 Alinazin-T-vi -

S-cvano-3 4-dihydroxvietrahydrofuran-2-vhimethoxyphenoxviphosphoryhiaming -3+

phenvipronanoate (Compound 253

?Ij H? \/;/‘2\;\ //:::\ Pf Hz
PN N4 ‘ % /\\ P
T N Noon - \\_ e ST N
NN ,;J * O-P-0, iBubgCl 4 &
o P TTH O-P-0-w 0, pMNoyy?
\ isQ . :/ -.,r/ { {}MF P P NH X e
;\—-J; ~ N [ % i J\ \:-;,/‘*\ n - \\5\'5.,:,./ - \ _____ RN N
N O ] 0 ~.
1 H

(#2261 Compound 1 {58 mg, 0.2 mmol) and compound H {116 mg, 0.24 mmol} were wixed
and 2 ml of avhydrous DMF was added. The reaction mixture was stirred under a nitrogen
atmosphere at room temperature. 1M 1BuMgClin THF (300 pL, 0.3 mmol) was added dropwise
over 3 minuies and the reaction mixture was then stirred for about 16 h. The reaction muxture
was diluted with EiQAc and washed with 5% aqueous citric acid solution, saturated agueous
sodinm bicarbonate solution and then saturated aqueous sodinm chloride solution. The organic
fayer was dried over anhydrous sodiom sulfate and concentrated under reduced pressare. The
crude residne was purified with silica gel columun {(-53% MeQOH in DCM} to give compound 25,
"H NMR (400 MHz, CD:0D) 8 7.84 (o, 1H), 7.27 - 7.08 {m, {H), 7.08 — 6.97 (m, 2H}, 6.88 (m,
2H) 491 - 4.84 {m, 1H), 4.74 {m, 1H), 4.26 (m, 1H), 419 - 4.04 (m, 2H), 4.04 - 351 {m, 2H},
2.97 (u, TH), 2.82 {my, 1H), .14 (m, 3H), 1.06 (m, 3H), TP NMR (162 MHz, CInO0D) 8 3.63,
325 ME m/z = 637.0 [M+HLL
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{92271 The preparation of {Shmethyi 2-{((81{((2R 38,48, SR}-5-{4-aminopyrrolo[2,1-{1{ 1,2 4jiriazin-
T-yi}-S-oyano-3,4-dibydroxytetrabydrofuran-2-vhmethoxy ¥ phenoxyphosphoryaminojpropanoate is

described below.

RH
L £ S ra \ G ?Pz
S ey O : O \“ ‘\ o i H S
& | S 7 MR W N0 VN
SNl {!)r HN-F [ ol Non
HQ"’Q\{/O ’ i F\ O E‘BUMQGE C; ";{3',,,.\’ o ~ ‘N "
3 AT -+ o 3 E i
L/ Ty ;:\_{ == | hE //{\ N
5% e S EaN
HO  OH F/\{f F W b ono o
F ]
1 i 28

[0228]  Compound ¥ (100 myg, 0.34 mmol} was disscelved in THF {2 mL} and cooled with an
ice water bath, Then IM +-BuMgCl {0.52 ml, 0.77 mmol) was added dropwise siowly, The
resulting mixture was stirred for about 30 min at room temperature. Then compound i
{(Prepared according to WO 2012142085, 219 mg, 0.52 mmeol) tn THE {2 mb) was added over §
min and the resulting mixture was stirred for about 24 b at room temperature. The reaction
mixture was then diloted with EtOAc, cooled under ice-water bath, washed with ag NaHCO, (2
mly, washed with brine, dried with sodium sulfate, and concentrated in vocuo. The resuliing
mixture was purified by silica gel column chromatography (MeOH 0 10 20% in DUM) and prep-
HPLL {(acetonitrile 10 to 80% in water) to give compound 26, "B NMR (400 Mz, CD;0D) 8
786 (5, 1H), 7.29(dd, /= 8.6, 7.2 Hx, 2H), 7.21 = 7.09 {m, 3H), 6.94 - 6.81 (m, 2H), 4.79 d, J
=34 Hg, 1Hy, 438 {ddg, /=108, 5.3, 2.7 He, 2H), 433 - 423 (o, 1H), 418 (1, /=53 Hz,
THY, 3.86 {dg, J= 9.9, 7.1 He, 1H), 3.62 (3, 34}, 1.27 (dd, /= 7.2, 1.1 Hz, 3H). MSm/z = 333
(M+1)"
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{82291 The preparation of (Shneopentyl 2-({{8)-({(2R 35 4B, 5R)-5-(4-aminopyrrolof2,1-111,2,4]
tiazin-7-yi-S-cyano-3,4-dihydroxyletrahvdrofuran-Z-vimethoxy Mphenoxyiphosphorylamino)

propancate i3 described below.,

NH, -~ \t ? NH,
A S
ST NN A H EEeN
Son TN, D Iy
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X\ j\ . £-BuMgCl ? o ‘\\/G\; N
/TN e Ll TN
HO DN THE o b one on
{ J 2

{02381 Compound 1 (100 mg, 0.34 mmol} was dissolved in THF (2 mL) and cooled under ice
water bath. Then 1M BuMgCl {0.52 mL, 0.77 mmol) was added dropwise slowly. The
resulting mixture was stirred for about 30 min at room temperature. Then compound §
{Prepared according to WQO2012075140, 248 myg, 0.52 munol} was added aver about § min and
the resulting mixture was stirred for about 24 h at room temperature, diluted with EtOAc, cooled
under ice-water bath, treated with ag NaHCO; (2 mL), washed with brine, dried with sodium
sulfate, and concentrated in vacus. The resulting mixture was purified by silica gel column
chromatography (MeOH 0 to 20% in DCM) and prep-HPLC {acetonitrile 10 to 8§0% in water} to
give Compound 27. 'H NMR (400 MHz, CD0D) § 7.86 (s, 1H), 7.36 — 7.24 (i, 2H), 7.23 -
740 0m, 3H), 6.96 - 6.85 (m, 2H), 478 (4, J=54 Hz, 1H), 438 {tdd, /= 10.0, 4.9, 2.5 Hz, 2H),
432 -424 (m, 1HL 437 J=50Hz, 1H}, 391 {dg, /=068, 7.1 Ha, 1H), 381 {d, /=105

Fz, THY}, 3.69¢d, 5= 10.5 Hz, THY, 131 {dd, 7= 7.2, L} He, 3H), 0.89 (s, 9F). MS my/z = 589
M+
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{42311 The preparation of {28)-cvclopentyl 2-((({{2R,38 4R, 5R}-5-{4-antinopyrrolof 2, 1-{1{1,2,41
triazin-7-yi-5-cyvano-3 d-dibydroxyvtetrahvdrofuran-2-yEmethoxvi{phenoxyiphosphory Jamino)
propancate 18 described below,
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82321  Compound 1 (100 mg, 0.34 romol) was disselved in THF (2 mL) and cooled under ice
water bath. Then 1M -BuMgCl (0.52 mL, .77 mmeol} was added dropwise slowly. The
resulting mixture was stirred for about 30 min at room temperature. Then compound K
{(Prepared according to WO2012075140, 247 mg, 0.52 mmol} in THF (2 mi )} was added over
about § min aud the resuliing mixiure was stivred for sbout 24 h at room teruperature, dituted
with EtOAc, cooled under ice-water bath, treated with ag NaHCG, { 2mb), washed with brine,
dried with sodium sulfate, and concentrated in vacue. The resulling mixture was purified by
silica gel column chromatography (MeQOH 0 to 20% m DCM) and prep-HPLC {acetontirile 10 to
80% in water} to give example 28, " NMR {400 MHz, CID000 8 785 (s, 1H), 7.33 - 7.22 {m,
ZHY, 7.4 (dd, J=7.6, 2.1, 1.1 Hz, 3H), 6,95 - 687 (m, 2H), 513 - 300 (m, 1H), 4.78(d, J=
5.4z, 1H), 448 - 435 (m, 2H), 430 (ddd, J=10.6, 5.7, 3.6 Hz, 1H), 419, /=54 Hz, 1H},
378 {dg, /=92, 7.1 He, 1H), 181 {td, J=12.5, 5.9, 2.4 He, 2H), 1.74 - 1,49 (m, 6H), 1.21
{dd, /= 7.1, 1.2 Hz, 3H) MS m/z = 587 (M+1Y.
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102331 T o a muutare of compound 1 (30 mg, (.343 mmol), compound M (Prepared according

to USZ0130143835, 83 mg, 0.209 mmel), and MgCly (24.5 mg, 0.257 munol) in DMF (1 mL}
was added ditsopropylethylamine (0.075 mL, .43 mmol} dropwise over about 5 min at about 0
°C. The resulting mixture was stirved at ahout 50 °C for about T b The reaction mixture was
then cooled with an ice~-water bath, treated with 1M citric acid { 8.5 mL), and was purified
directly by prep-HPLC (ACN 0 to 70% in water) to afford compound 28, 'H NMR {400 MHz,
CDHOD S 7.84 (o, TH)Y, 7.32 =723 (m, 2H), 718 ~ 7.30 {m, 3H), 6.93 ~ 6.87 (m, 2H), 4.78 (d, J
=54 Hz, TH)Y, 467 (d, J= 87,42 Hz, 1H), 448 - 4.35 (m, 2H), 430 (ddd, /= 10.8, 5.7, 3.7
Hz, 1H), 420 (1, /=54 Hz, 1H), 3.88 - 3.71 {imn, 1H}, 1.83 — 1.63 {m, 4H), 1.58 - 1.46 (m, 1H},
1.46 — 1.24 (m, 5HY, 1.24 (5, 3H) 7P NMR (162 MHz, CDL001 6 3,75, MS m/z = 601

(M+13T,
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{0234} The preparation of ethyl 2-{{{{{ZR,38,4R,5R}-5-{4-aminopyrrolof2,1-1}{1,2,4|triazin-7-y1}-5-

cyano-3 4-dihydroxyietrabydrofuran-2-yhmethoxy ) phepoxy)phosphoryiamino}-2-methyipropancate is

described helow,

5 8]
1 PPh,, DIAD, THEF RosHN_ M

oM 7 OH g

N

o

{0235] Take up triphenylphosphine (6.18 g, 25.00 mmol) in THF (30mL). Nexi charge DIAD
{4.92 ml, 25.00 munol} and stir at room teraperature for 10 min. Dissolve 2-{{teri-
butoxycarbonyhamine-2-methylpropancic acid {5.08 g, 25.00 mmol} in THF (20 mL) and add
to the reaction mixture followed by the addition of ethanol {2.19 ml, 37.4% mmol). Allow the
reaction 1o stir af room temperature for about 1 h. The solvents were removed under reduced
pressure and the crude was taken up in 111 BO:Hexanes (120 mL). The solid
triphenylphosphine oxide was filterod off and the solvent was removed under reduced pressure.
The crude was taken up in minimal CHoCl and purified by silica gel chromatography $-509%
EtzAe/Hex to afford ethyl 2-({tert-butoxycarbonyl}aming)-Z-methylpropancate. 'H NMR (400
MHz, Chiproform-d)y 4 4. 18 {q, ./ = 7.1 Hz, 2H}, 149 {s, 6H), 143 {5, 9H), 1.27 (1, /= 7.1 Hz,
3H}

Preparation of Fthyl Z-amino-Z-methvloronancate hyvdrochloride

AN HOUin Dioxans, DOM

o
BooHN. A~
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{8236]  Take up ethyl 2-{{tert-butoxyearbonyhiamine-2-methvipropancate (2.71 g, 11.72
mmol} tn CHLCL (25 mL) and slowly add 4N HOU in diexane (235 mmol) and stir at room
temperature. At 1h, the reaction was delermnined to be complete by TLC, The solvents were
removed under reduced pressure and the crude was coevaporated with EO two times then
placed ender high vacoum to afford ethyl 2-smino-Z-methylpropanoate hyvdrochloride. 'H NMR
{400 MHz, DMSO-de) 8 870 {s, 31, 418 (g, /= 7.1 Hz, 2H}, 1.46 (s, 68, 1.21 (1, 7= 7.1 Hz,
3H).

Preparation of Ethyvl Z-methvi-2-{{{d-nitrophenoxyi(phenoxyiphosphorvhlamine ypropanoate

{Compound N}
oH 1
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{62371 Take up phenyl dichlorophosphate (0.97mL, 6.530mmol} and ethyl 2-amino-2-
methyvlpropanocate hydrochioride (1.09 g, 6.50 mmol} in CHCh (56 mb). Cool the reaction
mixture to about 8 "Cand slowly add TEA (1.75 mL, 12,48 mmol). Remove the cold bath and
allow the reaction mixture to stir at room tomperature, After about 2 b, the addition of the
amino acid was determined to be complete by *'P NMR. Charge p-nitrophenol (0,860 g 617
mmol} followed by the addition of TEA (0.87 g, 7.69 mamol). Allow the reaction to stiv at room
temperature. After abowt 2 by the reaction was determined to be complete by LOMS. The
reaction was diluted with EL QO and the TEAHCT salts were filtered off. The crude was
concentrated and purified by silica gel chromatography {(-30% EtQAcHex) to afford
compound N. "H NMR (400 MHz, DMSO-ds) & 837 - 821 {m, 2H), 7.55 — 7.44 {m, 2H), 7.43
~ 733 (m, 2H), 7.30  7.09 (m, 3H), 6.57 {d, 7= 10.1 Hz, TH), 3.99 (g, /= 7.1 Hz, 2H), 1.39 (s,
SHD), L.OB (1, J=7.1 Hz, 3H). 7'P NMR (167 MHz, DMSO-do) 8 -2.87. LO/MS: tg = 1.65 min,
MS m/z = 408.97 [M+11.; LC systeni: Thermo Accela 1250 UHPLC, ME system: Thermo LCQ
Fleet; Column: Kinetex 2.6p XB-CI8 100A, 50 x 3.00 mm; Solvents: Acetonitrile with 0.1%
formic acid, Water with 0.1% formic acid; Gradient: 0 min-2.4 min 2-100% ACN, 2.4 min-2.80

min 100% ACN, 2.8 mun-2.85 min 100%-2% ACN, 2.85 min-3.0 min 2% ACN at 1 SmL/min.
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{0238]  Take up compouond 1 (66 vog, 0.23 munol) in NMP (2.0 mL). Coel the mixture to about
(0 °C and slowly add (BuMgaCl {1.0M in THE, 0.34 mL, 0.34 mmol). Allow the reaction o siir at
about G °C for about 30 min, then add a solution of compound W (139mg, 08.34mmol} dissolved
in THF {1.0mL). Remove the cold bath and place the reaction in about 50 °C preheated ol
bath. After about 2 b, the reaction was cooled to room temperature and quenched with acetic
acid and methanol. The crude was concentrated and purified by reverse phase HPLC without
modifier to afford compound 38, TH NMR (400 MHz, DMSO-dy) 5 7.89 (m, 3H), 731 (g, J =
S.1Hz, ZH), 7.22 - 7.05 (m, 3H), 687 {d, =45, 1H)}, 6.80(d, /=45 Hz, 1H}, 6.27 (4, )=
PL7, 1H, S8, J=98.7, 1H}, 5.35¢d, J=5.6 He, 1H), 464 (dt, 7= 9.0, 5.6 Hz, 1H), 4.24 (m,
2HY, 4.11 {m, 1H), 4.04 — 3.90 (m, 3H), 1.39 - 1.23 {m, 6H}, 110G J= 7.1, 3H). PP NMR
{162 MHz, DM30-dg) & 2,45, 2,41, LC/MS: tp = 1.03 min, M8 m/4 = 561.03 [M+1}; LC
gystem: Thermo Accela 1250 UHPLC; MS system: Therms LCOQ Fleet; Column: Kinetex 2,64
XB-CHE 10CA, 50 x 3.00 mn; Solvenis: Acetonitrile with 0.1% formic acid, Water with 0.1%
formic acid; Gradient: 0 min-2.4 min 2-100% ACN, 2.4 min-2.80 min 100% ACN, 2.8 min-

2.85 min HH0%-2% ACN, 2.85 min-3.0 wmin 2% ACN at 1.8 mL/min,
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{82381 The preparation of Isopropy! 2-{{{{{2R, 38 4R SR}-5-{4-aninopyrrolo2, 1-f][1,2 4lirazin-7-vi)-
S-cyvanc-3 d-dihydroxyvieirahydroturan-2 -yl pmethoxy ¥ phenox viphosphoryljamino -2 ~-methvlpropancate

1s described below,

Preparation of soproovl 2-{{lert-butoxyvearhonvhamine-2-methvinropanoate

9 | PPhy, DIAD, THE 0 I
BocHN. - PN & 1 ; BacHN‘}\)L\Q, -

Pl L\OH <O

{8248 Take up triphenyiphosphine (6.17 g, 25,00 yomoly in THF (30 mL). Next charge DIAD
{4.92 mL, 25.00 mmol} and stir at roorn teraperature for about 10 min. Dhassolve 2-({tert-
butoxycarbonyhamino}-Z-methvlpropancic acid {5.07 g, 25.00 nuncl} dissolved in THF 20mL}
and add to the reaction mixture followed by the addition of isopropanol (1.91 mL, 25.00 mwmel).
Alow the reaction o stir at room temperature for about Th, The sobvents were removed under
reduced pressure and the crude was taken up in Ll EHO Hexanes (120 mi). The solid
triphenylphosphine oxide was filiered off and the solvent was removed under reduced pressure.
The crude was taken up in minimal CH;CL and puritied by silica gel chromatography (0-50%
FrtQAc/Hex) to afford isopropyl 2-({tert-butox vearbonyljaming - 2-methyvipropanoate. "H NMR
{400 MHz, Chloroform-d) 8 5.03 (p, 7= 6.2 Hao, TH), 148 (g, 6H), 140 (d, J= 6.2 Hx, 9H), 1.24
(d, /=63 Hz, 6H}

Preparation of Isopropyvl Z-amino-2-methvinropanoate hvdrochlonids

HCH

o M

¢ J\ 4N HCL in Dioxane, DUM

BooHN__ /ﬁ\
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O
) W
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{0241}  Take up isopropyl 2-({tert-butoxycarbonyamine 3-2-methylpropanoate (4.09 g, 16.67
mmol}in CHOL (50 mb) and slowly add 4N HCY in dioxane (530 mmol) and stir at room
teruperatare. At abount 1 b, the reaction was determined 1o be complete by TLC. The solvents
were removed under reduced pressure and the crude was coevaporated with B&O two times then
placed under high vacuum to afford isopropyl 2-amivo-2-methylpropanoate hydrochioride. 'H
MAMR (400 MHz, DMSO-d;3 8 8.61 {8, 3H), 4.96 (p. /= 6.2 Hz, 1H), 144 (g, 6H), 1224, J =
6.2 Hz, 6H).

Preparation of sopropyiZ-methyl-2-({{4-nitrophenoxyiivhenoxyiphesphorvllamine) propanoate
oR T
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[3242]  Take up pheny! dichlorophosphate (0.83 mL, 5.5& mmeol) and isopropyl 2-aino-2-
methylpropanoate hydrochloride (1.01 g, 5.58 mmol) in CH,Cl (50 mL). Cool the reaction
mixture to § °C and slowly add TEA (1.61 mL, 11,45 mmol). Remove the cold bath aud allow
the reaction mixture fo stir at room femperature. Afler about 2 b, the addition of the amino acid
was determined to be complete by °>'P NMR. Charge p-nitrophenol (0.74 g, 5.30 munol)
followed by the addition of TEA {0.81, 5.84 mmol). Allow the reaction to stir at room
temperature. After about 2 b, the reaction was determined to be complete by LOMS. The
reaction was dituted with Bt O and the TEAHCT salts were filtered off The crude was
concentrated and purified by silica gel chromatography (0-50% EtOAc/Hex) to afford
compound Q. 'H NMR (400 MHz, DMSCO-ds) § 8.42 — 8.19 {m, 2H}, 7.55-7.43 (m, 2H), 7.39
(dd, J=8.6, 7.2 Hz, 2H), 7.30 - 7.12 {w, 3H), 6.53 (4, 7= 10.1 Hz, 1H), 4.82 (hept, J = 6.3 Hz,
TH), 1.38 (s, 6H), LO9(d, J= 6.3, 6H). 7'P NMR (162 MHz, DMSQ-ds) § -2.84. LOMS: i =
73 midn, M8 m/z = 42292 [IM+11 LOC system: Thermo Accela 1250 UHPLC; MS system:
Thermo LCQ Fleet; Coluron: Kinelex 2.6y XB-CI8 1004, 50 x 3.00 mmy, Solvents:
Acetomtrile with 0.1% formic acid, Water with 0.1% formic acid; Gradient: 0 min-2.4 min 2-
100% ACN, 2.4 -2 80 min 100% ACN, 2.8 min-2.85 min 100%-2% ACN, 2.85 min-3.0 min
2% ACN at 1. 8mb/min.
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Preparation of lsopropvl 2GR 38 4R SR)-5-44-aminonvrralio 2 1-TH 1.2 4Hriazin-7-vi)-5-

cvano-3.4-dihvdroxvietrghvdroturan-2 -vhimethoxvi{vhenoxvishosshorvhiamine-2-

methyinropanocate (Compound 31)

NHZ e NE'{ d
j (- = i A N
o | i e ~ ST R
(’1‘1\} ?jd o \O/L\%’J Y E‘:J__O fBUMgCi \\\\ V4 'S a (v%\ \?\E //
NN = v AN T e N It Y
HO” ( \;_'“ 4 i’ i MNP, THE CE : | ~,,$\N
! + RN - bk E
- ~ P “ i‘\ - \O S ~ by
MO P \4;';:.-:,"\} MO Fas HO O
1 {1 39

{3243]  Take up compound 1 {66 mg, 0.23 mumol} tn NMP (2.0 ml}. Cool the muxture to about
0 °C and slowly add tBuMgCl (1.0M in THF, 0.57mL, 0.57mmol}. Allow the reaction to stir at
about § °C for about 30 min, then add a solution of compound €3 {143 myg, 0.34 mumol) disselved
in THF (1.0 wl} Remove the cold bath and place the reaction i an about 50 °C prehested il
bath. After about 7 b, the reaction was cocled to roomw temperature and was guenched with
acetic acid and methanol, The crude was concentrated and purified by reverse phase HPLC
without modifier to afford compound 31, 'H NMR (400 Mz, DMSO-d) 5 7.88 (m, 31, 7.30
(td, /=85 7T0Hz 2H}, 720-7.04 (m, 3H)L, 6.87 (4, /=45, 1HL 6.80 (d, /= 4.5 He, 1 H),
627, 6.8 He, TH), 875 {0, =91 Hz, 1H), 5.34¢d, 7= 5.7 He, 1H), 481 {p, J= 6.3 Hz, 1H},
471 =450 (m, UH), 423 fm, ZHL 410 Om, TH), 4.03 - 3.83 (m, THY, 137 - 1.23 {my, 6H), 118
~1.04 {m, 6HY. CTP NMR (162 MHz, DMBO0) 5 2.47, 2.43. LOMS: tr = 1.08 roin, MS s/t =
575,06 [M+11; LO systern: Thermo Accela 1250 UHPLC, MS sysiem: Thermo LOQ Fleet;
Colamn Kinetex 2.6p XB-CHE 1004, 30 x 3.00 mm: Solvents: Acetonitrile with §.1% formic
actd, Water with 0. 1% formtc acid; Gradient:  min-2.4 min 2-100% ACN, 2.4 min-2.80 min

100% ACN, 2.8 min-2.85 min 100%6-2% ACN, 2.85 min-3.0 min 2% ACN at 1.8mL/min.
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[8244] The preparation of {S)-2-ethytbutyvl 2-{{S}{{{2R, 35 4R 5R}-3-(d-aminopyrrolo] 2, I~
11,2 4Hriazin-7-v1}-5-cyano- 3, 4-dihydroxytetrahydrofuran-2- viimethox v { phenox v}

phosphorylaminepropancate is described below,

Preparation of (3R 4R SR M3 4-bisthenavionyi-S-{{benzvioxyimethyvDdihvdrofuran-20H one,

Bns o) TEMPQ, free radicsal B0 -0
" Ny KEr 0N N
e/ - A
Bnd . NaQCi Bal L
{OBn Ko HP Gy QbR

{3245]  (3R4R,5R)-3,4-big{benzyloxy)-S-{{benzyloxyimethyl tetrahydrofuran-2-01 {15.0 g)
was combined with MTBE (60.0 mL}, KBr {(424.5 mg}, agueous KoHPO, solution (2.5M, 14.3
mi}, and TEMPO (56 mg). This mixture was cooled to about 1 °C. Agueous bleach selution
{7.9%wi.} was slowly charged in portions uniil cornplete consumption of starting materisl as
indicated through a starch/iodide test. The lavers were separated, and the agueous layer was
extracted with MTBE. The combined organic phase was dred over MgSQy and concentrated

under reduced pressure to vield the product as a solid.

El

Preparation (G-amine-7-iodopyrrolol2 1-11 1.2 dliviazineg)

MH, o ?:@Hz
P q ps
SN P oo R
") S N ¥ e — N =N
NN S . NI
N § OMF, 0 °C TN

{8246] To a cold solution of 4-aminopyvrrole[2,1-f]{ 1,2, 4}-iniazine (10.03 g, 74.8 mmol} in
N N-dimethyltformamide {70.27 g), N-lodosuccinimide (17.01g; 75.6 yvamol) was charged in

portions, while keeping the contents at about 0 °C. Upon reaction completion {about 3 h at about
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1 °C), the reaction mixture was transferred into a 1 M sodinm hydroxide agueous solution {11 g
MNa(rH and 276 mL water) while keeping the contents at about 20-30 °C. The resulting slorry
was agitated at about 22 °C for 1.5 h and then filtered. The solids are rinsed with water (30 mL}
and dricd at about 50 "C under vacuurn o vield d-amino-7-ledopyrrolol2,1-11 {1,2.4}iviazine as a
solid. "H NMR (400 MHz, DMSBO-d6Y 3 7.90 s, 1H), 7.78 (brs, 2H), 6.98 ¢4, I = 4.4 Hz, 1H)},
6.82 {d, =44 Hz, 1TH). PO NMR (101 MHz, DMSO-d6) 3 1557, 1491, 118.8, 118.1, 104.4,
71.8. M3 w/z = 26097 [M+HL

Preparation (3R 4R SR -2-{4-aminopvirole 2 1-1111.2 4ltriarin-7-v1-3 4-bis(benzvloxy}-5-

{{benzvicxyimethyvitetrabydrofuran-2-ol via {(4-amino-7-iodopvrrolo[2.1-11 1.2 4lmazipe)

hiH,
o~ /"L\ E\iH
SR e
NN et Rl
. o & on
By o O
\T - S =10 VL (,/ e
B OBn gnrj 0OBn

102471 To areactor under g nifrogen atmosphere was charged iodobase 2 (81 gy and THF (1.6
L}, The resulting solution was cooled to abouwt 5 °C, and TMBCT (68 g} was charged. PhMpCl
{345mL, 1.8 M in THF) was then charged slowly while maintaining an internal temperature at
anout < 3 °C. The reaction mixture was stirred at about O °C for 30 min, and then cooled to
about -15 *C. iPrMgCl- LiC1 (311 ml, 1.1 M in THF} was charged slowly while mainlaining an
internal temperalure below about -12 °C. After about 10 rotoutes of stirring at about =13 °C, the
reaction mixture was cooled to about -20 °C, and a sclution of lactone 1 {130 g) in THF (400
mb} was charged. The reaction mixture was then agitated at about -20 °C for about 1 h and
gquenched with AcOH (57 mL}. The reaction mixture was warmed to about 0 °C and adjusted w0
pH 7-8 with agueous NaHCO; (5 with, 1300 mL). The reaction mixture was then diluted with
PtOAc (1300 mL), and the organic and agneous layers were separated. The organic layer was
washed with 1N HCLO1300 mL), sguecus NaHCO, (5 wide, 1300 mL}, and brine (1300 mL},
and then dried over anhydrous NapSi, and concentrated to dryness. Purification by silica gel
colwmn chromatography using a gradient consisting of a minture of MeQOH and EtQAc¢ afforded

the product.
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2-{{{perfoorophenoeyi{phenoxyiphosphoervDaminoloropanoate)

—0) 1} phenyl dichiorophasphate e . E =
SN CHaCly, -78 °C to ambient SN NS
fpramranf e 242 ~— ) o ymzezee(
SN AN . N SN

AR, N, =HCH 2} pentafiuorophena ; ;O HN—P—O-f o F
/ EtsN, 0 °C to ambient / T = {
/ N
F

{0248] L-Alanine 2-ethylbutyl ester hvdrochloride (5.0 g, 23.84 mmol} was combined with
methylene chloride (40 mL}, cooled to about -78 °C, and phenyl dichlorophosphate (3.65 mL,
23.84 mumol} was added. Triethylamine (6.6 mb, 47.68 mmol} was added over abowt 60 min at
about -78 °C and the resulting mixture was stirved at ambient temperature for 3h. The reaction
mixture was cooled to about § °C and pentafluorophenol (4.4 g, 23.84 mmol) was added.
Tricthylamine (3.2 mL, 23.84 mmol} was added over about 60 min. The mixture was stirred for
about 3h at ambient temperature and concentrated under reduced pressure. The residue was
dissolved in EtOAc, washed with an agqueous sodiom carbonate solution several Hmes, and
concentrated under reduced pressure. The residue was purified by silica gel columm
chromatography using a gradient of EiQOAc and hexanes {0 to 30%). Product containing
fractions were concenirated omder reduced pressure to give (28)-2Z-ethylbutyl
2-{{{perfluorophenoxy}{phenoxy)phosphorylamino propancate as a solid. 'H NMR (400 MHz,
Chloroform-dy 8 741 - 732 (m, 4H), 730 - 717 {m, 6H), 4.24 - 416 {m, 1H), 4.13 - 4.03 {m,
4H), 4.01 - 3.80 {m, 1H), 1.59 ~ 1.42 (m, 8H), 140 — 1.31 (m, 8H), 088 (1, J = 7.5 Hz, 1210 e
NMR {162 MHz, Chloroform-d) § -1.52. F NMR (377 MHz, Chloroform-d} § -153.63,
~153.93 (m), -160.05 (td, ¥ = 21.9, 3.6 Hz), -162.65 {gd, J = 22.4, 20.5, 4.5 Hz). MS m/z = 496
IM+HT

Preparation ({28)-2-ethvibutvl 2-({{(perfivorophenoxvi{phenosyiphosphorviiamine propancate

)} PROP{OICE, BN, DOM

TR LA -0 . FF
S iy 4-nitrophenod, EtaN, DCM S S N/
7N d NG SN c:bw@‘a»;mg 4 y—F
/ 2 iii) BN, iPAcih-heptane / O 7
, 4

OPh /7

L-alanine-2-cthytnrylester hydrochloride (40.10 g, 0,191 mmol} was dissolved in
dichloromethane {533 g} and the solution was cooled with stirring to about -15 °C under No{g).
Phenyl dichiorophosphate (40.32 g, 0.191 mol} was added followed by slow addition of

triethvlamine (41.58 g, 3.411 mumol) and the reaction mixtore was stirred at about <15 °C for

Pl
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about 1.5 h. Pentatluorophenol {3514 ¢ 0,191 mol) was added, followed by triethylamine
{1923 g, (.180 wol} snd the reaction mixture was stirred for about 2 h. The reaction mixture
was warmed to about O °C and 0.5 M HCE(279.19 g) was added. The mixture was warmed to
about 22 °C and the organic layer was separated and washed with 5% KHCO; agueous solution
{281 g}, then water {281 gi. An aliquot of the organic laver (453,10 g of the 604.30 g solution)
was concentrated o about 120 mL volume, 1sopropyl acetate (157 g) was added and the solution
was concentrated to dryness, The residne was dissolved in isopropyl acetate (158 g). The
resulting solution was concentrated lo about 120 mL volume and the temperature was adjusted
0 about 45 *C. n-Heptane {165 g) was added and the mixture was cooled 10 22 °C over sbout {
b n-Heptane (167 g} was added and the mixture was cooled 1o about § °C. Tricthylamine {2.90
g, 0.0287 mol} was added and the mixture was stirred at 0 °C for about 17 b, The mixture was
filtered, the solids were rinsed with n-heptane (143 g) and the solids were dried under vacoum at
about 40 °C for about 15 h to provide 2-ethytoutyl ({8)-

{penthafluorophenoxyv¥ phenoxyiphosphoryl}-L-alaninate.

Preparation 2-ethyvibaivl (S{4nitrophenoxyiphenoxyiphosphorvli-Loslaninate;

i PROPOICEH, BN, iFAc

T i} 4-nitrophendl, ELN, IPAG O s
SN & N ' 7N T -f’_\~
/ 2° iiiy DBU, PAch-heptane /O HN"“’F’ QN

A shurry of L-alanine-2-ethyibutylester hydrochloride {20.08 g, 95.8 mmol} and isopropyl
acetate (174 g) was cooled with stirring to abont -20 °C,. Phenyl dichlorophosphate (20.37 g,
896.5 mmol} was added, followed by slow addition of triethyl amine {20.97 g, 207.2 mmol} and
the mixture was stivred at about -20 °C for about 1 h. 4-Nitrophenel {13.23 g, 95.1 mmol) was
added, followed by slow addition of triethvlamine (10.01 g, 98.8 mmol} and the reaction mixiure
was stirred for about 1.5 h. The reaction mixture was warmed o about § “C and 0.5 M HCH (140
2} was added. The organic layer was separaied and washed with 5% NapyCOs (2 x 100 g) and
1% NaCl {2 x 100 g). The organic layer was then concentrated to sbout 86 mi volume and
isopropylacetate {4 g) was added, followed by n-heptane (110 g). Product seed crysials (0,100 g}
were added followed by a second portion of n-heptane (110 g) and the mixture was cooled to
about 0 °C. 1,&-Diazabicycloundec-7-ene (1.49 g, 9.79 mumol) was added and the mixiure was
stirved at about 0 °C for about 21 h. The resultant solids were filtered and washed first with

n-heplane (61 g) and then with HbO {2 x 100 g). The solids were stisved with Ha(0 (200 g) for
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about 1.5 h, filtered, and rinsed with HoO (3 x 100 g), then n-heptane (61 g} The obtained solids
were dried under vacuum at about 40 °C for about 19 b to provide 2-ethylbutyl ({(8)-(4-

nitrophenoxyiphenoxyiphosphorvij-L-alaninate.

Preparation of Tide Compound {mixture of Sp and.
F
Fol A_F
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[9249] The nucleoside (29 mg, 0.1 mmol) and the phosphonamide (60 myg, 0.12 munol) and
N, N-dimethylformamide (2 mL) were combined at ambient temperature. Ters-Butyl magnesium
chioride (1M in THF, (.15 ml) was slowly added. After about th, the reaction was dilated with
ethvl acetate, washed with aqueous citric acid solution (5%wt.), agueous saturated NMaHCO;
solution and saturaied brine solution, The organic phase was dried over NaxSOy and
concentrated nnder reduced pressure. The residue was purified by silica gel column
chromatography using a gradient of methanol and CHLCh (0 1o 5%;). Product containing

fractions were concentrated under reduced pressure to provide the product.

Prenaration of {328 4R AR &aR4-{d-aminonverolol 2 T L2 dlmasin- 7y D-6-

{hvdroxvmethvie2 Z2-dimethvitetrabvdroforold 4-d1 1L 3 1doxole~-4~carbonitriie;

NH; NH;
< = Ji\'N MeQ_Obde < ”\*\\j,f"”f‘aw?d
HOT Y Q{;N\N{J SO o N K
HO  OH e 0.0
AN

[1280]  To a mixture of (2R, 3R 48, 5R}-2-(4-aminopyrroto]2,1-f]{ 1,2 4}triazin-7-yi}-3 4-
diliydroxy-S-(hydroxymethylietrahydrofuran-2-carbonitrile {5.8g, 0.02 mol}, 2,2-
dimethoxypropane (11.59 mL, .09 mol} and acetone {145 ml} at ambient temperature was
added sulfuric acid (18M, 1.44 mL}. The mixture was warmed to about 45 °C. Afier about 30

min, the mixiure was cooled to ambient temperature and sodium bicarbonate (5.8 g} and water
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5.8 mL) were added. After |5 min, the mixfure was concentrated under reduced pressure. The
residue was taken up in ethy! acetate (150 mL) and water (50 mL). The agueous layer was
extracted with ethyl acetate {2 x 30 mL). The combined organic phase was dried over sodium
sulfate and concentraied under reduced pressure to give crude (2R, 3R 48, 53R)-2-{4-

aminopyrrolo[2,1-f][1,2 4ltriazin-7T-y1-3 4-dihydroxy-S-(hydrox ymethyhitetrabydrofuran-2 -

carbonitrile. TH NMR (400 MHz, CD0 8 7.84 (5, 1H), 6.93(d, J=4.6 Hz, 1H), .89 (d, 7=
4.6 Hz, 1H), 540 (d, /=67 Hz, 1H), 5.00{dd, /= 6.7, 3.3 He, 1H}, 4.48 - 440 {m, 1H), 3.81 -
372 (my, 2H), 171 {8, 3HY, 148 (s, 3H). MSm/z = 332

NH; NH;
N e Mg
/EZ. a\é N !‘JEeD\/QFvEe <\ x; \'{\5
TN .«f,i PN ¢ BRAN ‘:;'J'
o SO N : w ROV N
Ly P-TEOH Sy
S Acelone SR
HG  OH s o G\_)(\,C) 5-TsCH
PN

02511 To amixture of (2R, 3R 48 3R 3-2-(4-aminopyrrolof 2, 1-f1{1,2 4 iriazin-7-y1}-3 4~

7
’

dihydroxy-5-(hvdroxymethyletrahydrofuran-2-carbonitrile (5.0 g, 17.2 mumol, 1.0 equiv}, 2.2-
dimethoxypropane (10.5 mL, 86 mmel, 5.0 equiv.} and acetone (25 mL) at ambient temperature
was added p-tolvisulfonic acid (3.59 g, 1.1 equiv.). The mixture was stirred at ambient
temnperature. After gbout 30 min, tsopropyl acetate (25 ml} was added over about one howr. The
resulting slurry was filiered and rinsed with 2:1 heptanetisopropyl acetate (25 mi). The product

was dried under vacuum at about 40 °C.

Preparation of (3aR 4R 6R SaR-4-{d-aminvpverelel 2. - L 2.4 marine 7-vi -6

{hvdroxvimethvD2. 2-dimethylistrabyvdrofurel 3.4-d 11 1L 3 dioxoie-4-carboniinile:

N, NH; ity
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RPN s ST e S
MO Yo M : HO/\\\/ \’): N R 6 d\(, T W
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192521  To a mixture of (2R, 3R, 48,5R-2-{4-aminopyrrolo{2,1-f}{ 1,2 4 jtriazin-7-yi}-3,4-

dihydroxy-S-thydroxymethyiftetrabydrofuran-2-carbontirile {5 g, 17.2 munol, 1.0 equiv.), 2,2~
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dirnethoxypropane (10.5 mL, 86 munel, 5.0 equiv.} and acetone (253 ml) at ambient temperature
was added p-tolvisulfonic acide (3.59 g, 1.1 equiv.). The mixture was stirred at ambient
temperature. After 30 min, sopropyl acetate (25 mL} was added over one hour, The resulting
shury was filtered and rinsed with 2:1 heptaneiisopropy] acetate {25 ml), The product was dried
under vacoum at 40 "C. The isolated solid was added {0 a reactor and 5% KO0 solution (50
mlt and ethyvi acetate (50 mL) were added. The lavers wore separated, and the agueous layer
washed with ethyl acetate (25 mD). The combined organic layers were washed with water (25
ml), then concentrated to ca. 25 ml. The reactor was refilled with isopropy! acetate (25 mi} and
concentrated (o ¢a. 25 mi. The reactor was again refilled with isopropyl acetate (25 mi} and
concentrated to 25 ml. The resulting solution was seeded, producing a thick slurry. To this was
added heptane (25 mi} over one hour. The resulting sharry was filiered and rinsed with 2:1
heptaneiisopropy! acetate {25 mb). The product was dried under vacuum at 40 “C. ()

{ZRUIR 48, 5R - 2-{(d-aminopyrroio] 2, 1-111 1,2 4itnazin-7-vi)- 3 4-dihydroxy-5-
(hydroxymethytetrahydrofuran-2-carbonitrile. 'H NMR (400 MHz, CD:0D) 5 7.84 (s, IH),
6.93{d, /=4.6Hz, 1H), 6.89(d, /=406 Hz, THYL 5S40, /=67 He, 1H), 5.00{dd, /=67

Hz, 1H}) 4.48 - 4.40 (m, 1H), 3.81 - 3.72 (m, 2H), 1.71 {5, 3H), 140 (s, 3HY. MS mfe = 33223
ML

Preparation of (28 2-ethvibupyl 2-{H{ZRAS 4R SR AS{d-aminopyrrolof 21811 2 dlitviasin7-

v-S-cvane-3.4-dihvdrexvietrahvdrofuran-2 -vimnethoxyiphenoxvishosphorvDammo)
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(62531 Acctonitrile (100 mL) was combined with (283-2-ethyibutyl 2-({({4-

nitrophenoxy Xphenoxyiphosphoryl}-aminopropancate (9.6 g, 21.31 mmol), the subsirate
alcohol {6.6 g, 0.02 mol), 3, magnesivm chioride { (1.9 g, 19.91 mumeol) at ambient temperature.
The mixture was agitated for about 15 mun and N N-diisopropylethylamine (8.67 mL, 49.78
manol} was added. After sbout 4h, the reaction was diluted with ethyl acstate {100 mL}, cooled

to about § °C and combined with agueocus citrie acid solution {S%wt., 100 mL). The organic
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phase was washed with agueous citric acid solutton (8%wt., 100 mL} and agueous saturated
anmmoniur chioride solution (40 ml), agueous potassium carbonate solution (16%wi., 2 x 100
ml}, and agueocus saturated brine sohution {100 mL). The organic phase was dried with sodium
sulfate and concentrated under reduced pressure o provide crude product. 'H NMR (400 MHz,
CD:O) 8 7.86 (s, 1HD, 7.31 = 7.22 (m, 2H), 717 — 7.0 {m, 3H), 6,93 - 6.84 (m, 2H), 5334 (4, J
=6.7 Hz, 1H}, 4.98 (dd, 7= 6.6, 3.5 Haz, 1H}, 4.59 - 4.30 (1, 1H}, 4.36 - 4.22 (m, 2H}, 4.02 (d4,
J=10.9, 5.7 Hz, 1H), 3.91 (dd, J=10.9, 5.7 Hz, 1H), 3.83 (dg, J=9.7, 7.1 He, 1H), 1.70 (5,
3HD, 1530 — 141 g, THD, 1.39 (5, 3HY, 1.36 - 121 {my, TH), 086 (1, /= 7.4 Hz, 6H). MSm/z =
643.21 [M+1].

Preparation of {§-2-ethvibubvl 2SR IS ARSR M -{d-aminopymrolo 2. 1-0111,2 4 inazin-

4

T-vhi-S-ovano-3.4-dibvdrox vietrahvdrofuran-2 - viimethoxyi{phenoxviphosphorviamine)

sropanoate { Compound 34
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{0234] The crude acetonide (12.85 g) was combined with tetrahydroforan (50 wl) and
concentrated under reduced pressare. The residue was taleen up in tetrahydrofuran (100 mL),
cooled to about 0 °C and concentrated HCI (20 mbL) was slowly added. The mixiure was
allowed to warm to ambient temperatire.  After consumption of the starting acetonide as
indicated by HPLC analysis, water (100 mbL) was added followed by aqueous saturated sodium
bicarbonate solution (200 mL}. The mixture was extracted with ethyl acetate (100 mL}, the
organic phase washed with aqueous saturated brine solution (30 mb}, dried over sodiurn sulfated
and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography using a gradient of methanol and ethyl acetate {0 to 20%). Product contatning

fractions were concentrated under reduced pressure to provide the product,
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Preparation of (83-2-ethvibutyl 2-{({(S (2R .35 4R SR - 5-{4-aminonyirole] 2 1-Fil L. 2.4 inazin-

7-v13-5-cvano-3 d-dihvdroxvietrahvdrofuran-2-vDimethox v nhenoxvishosphorvilaming

propanoate (Compound 323

M, NH,
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To & vial containing (8)2-cthylbutyl 2-({(8-({{3aR 4R 6R paR}-6-{d-aminopyrrolo[ 2,1

£ 1,2, 4}irtazin-7-v-6-cyanc-2. 2 -dimethyltetrabydrofuref 3.4-d][ 1,3 [dioxol-4-
vhimethoxy¥phenoxyiphosphoryljaminoe jpropanoate (30 mg, 0.05 mmol} was added an 30%
aguecus formic acid solution (1.5 mL). After 18 b at about 20 °C complete conversion was

confirmed by HPLC and LO-MS. M8 (m/z) = 603(M+1}.

eparation of (X3-2-sthvibutvl 2-1SRR S AR SRS Gammopvirolol 2. 1111 L2 4 iirazin-

Tyl i-S-cvano-3, d-dibvdroxvistrahvdroturan-2 «vDimethoxvi{phenoxvinhosphorvDamino

propancaie (Compound 32 vig Direct Counling

A NH,
f
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[8233] To g mixiure of (2R 3R 48, 5R-2-{d-aminopyrrolo] 2, 111 1,2 4ltrtazin-7-y1}-3 4~
dihydroxy-S-(hydroxymethyiitetrahydrofuran-2-carbonitrile (0.5 g, 2numol}, (8)-2-ethylbutyl 2-
{{Xy-{dnitrophenoxy {phenoxyiphosphoryDaminopropancate (0.9 g, 2 mmel}, and MgCl; (0.2
g, 2 mmol), was charged N, N-dimethvlacetamide (10 mL). The resulting rotxiure was warmed to
about 30 °C with constant stirring. N,N-Diisopropviethylamine (0.7 mL, 4 mmeol) was then
added slowly, and the reaction mixture was stirred for about 6 b, Water (10 ml.} was charged
HoO, followed by 2-MeTHF (10 mL), and the organic and aqueous phases were separated. The
aqueous layer was then back-exiracted with 2-MeTHF (10 mL). The organic layers were

combined, and washed with 10 wi%% citric acid salution {10 mL}, followed by 10 wi% KOO,
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solotion {10 mL}, and H,O (10 mL). A small amount of brine was added to resolve emulsions
the water wash before the lavers were separated. The organic layer was evaporated to dryness to
afford 0.65 g of a foam. PridAc (2.6 mL} was added then added, and the mixtore was warmed to
about 40 °C to achieve dissolntion. The sohition was cooled to about 20 °C, and the mixture was
stirred for about 3 days. The solids were isolated by filtration, and the filter cake was washed
with a small amount of iPrOAc. The sohids were dried to afford (8)-2-athyibutyl 2-({(8)-
{{{ZR,35,4R 5R)-5-(4-aminopyrrolo] 2, 1-1][ 1,2 4 Hriazin-7-yi}-5-cyano-3,4-

dihvdroxyietrahydrofuran-2-yhimethoxy i phenoxyphosphoryhaminojpropanoate.

Ni‘i-& Ni 2
i}\"’”\ 4 {:)\ > F\ ,F
CO o g e P ﬁ\rz
o N /! e Yt SN o j’
/s QR TN Sy @ HNe F‘
- N P , o _______ Sy
~ R
HO - OH MgCly, (iPri;NEL, DMAG [\* HO B

{2561 To a mixture of (2R,3R 458, 5R»-2-{4-aminopyrrolo 2,111 1,2 4ltriazin-7-y1)-3,4-
dihydroxy-S-(hvdroxymethyietrshydrofuran-2-carbonitrile (0.2 g, 0.7 mimol}, {8)-2-ethylbutyl
2-{{{8)-{perfluorophenoxy i phenoxyjphosphoryljaminopropancate (3.3 g, 0.7 amol}, and
MgCh (0.1 g, 1 mumol), was charged N N-dimethylacetanude (4 mL)}, The resuliing muxtore was
warmed to about 30 °C with constant stirring. N N-Diisopropylethylamine (3.3 mL, 2 mmol)
was then added slowly, and the reaction mixture was stirred for § b, Conversion to the product

was confirmed through UPLC analysis.

Preparstion of ORAR SR WI-M-aminonyvirolol 2. 1.0 1 2. dmiazin-7-vi -3 4-bis{{tert-

butvidimethyvlstivDoxy-S-{(tert-butvidimethvistivhoxyvimethvDtetrabvdrofuran-2 -0l

NH;
\*’ ,\
y ? N,
’ "J S //\
S \JN
O | 1. ThMSCL PRMGCL © °C ol SN
eSO 2. PMgCh -15 °C TRSO N Ko N
- 3. LaCi-2LiCH -15 °C j—
TB8G  OTBS T e e : TBSG DTS

132871 A solution of 7-iodopyrrolo{2,1-f1 1,2, 4ltntasin-d-amine {139 g, 53.5 mmol} was
prepared in THE (280 mL). The solution was cooled to about 0 °C, and TMBCH(13.6 ml, 107

'3

mmol} was added. The reaction mixture was stirred for about 20 min, and then PhMgCl 2 Min
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THE; 53.5 mi, 56.8 munol) was added while maintaining an internal temperature below about

5 °C. The reaction mixture was agitated at abowt 0 °C for about 30 min, and then cooled to about
<2000, PrMgC-LICH(L3 M in THF, 431 ml, 56 munol) was then added while maintaining an
internal temperature below about ~13 *C. The reaction woixture was agitated for about 30 min at

about -20 °C.

[6238] In a separate flask, a solution of BRAR,5R)-3 4-bis({tert-butyldimethylsiivljoxy)-5-
{{{tert-butyldimethvisiiyDoayimethylidibydroforan-2(3H}-one (23.0 g, 50.9 munol, 0.83 equiv)
was prepared in LaCl-2LiCH{0.6 M in THF, €5 mL, 50.9 mmeol}. The solution was then
transferred to the Grignard solution while maintaining an interval temperature below -20°C.

The resulting reaction mixture was agitated at about -20 °C for about 4 h

{08259} The reaction was guenched with 1| M HCE (140 mL}, and the mixture warmed to ambient
temperature. EtOAc (140 mi) was added, and the organic and agueous phases were separated.
The water layer was extracted with EtOAc (200 mL). The combined EtOAc¢ layers were
exiracted sequentially with saturated agueous NaHCOs (2 x 200 mb} |, water (200 mL}, and
brine (200 mL). The organic layer was concentrated, and then purified by silica gel
chromatography (30% EiQAc/hexane} to afford OR,4R,5R}-2-{4-aminopyrrolof2,1-

11,2 4ltriazin-7-v13-3 4-bis{{tert-butyldimethylsibyvoxyp-5-{{{tert-
butyidimethylsityDoxymethyhtetrahydrofuran-2-0L H NMR (300 MHz, CDCL) 8 8.15 - 7.88
{m, 1H), 7.51 (d, /= 4.8 Hg, 0.5H)}, 7.02 — 6.92 {m, 0.5H}, 6,65 - 6.57 {m, 1H), 5.66 - 524 (m,
3H), 4.49 — 3.50 (m, 4H), .97 — .78 (20H), .65 (s, 1.5H), .19 .00 (m, 15.5H), -0.22 {s,
THY, ~0.55 (5, 1H) . MS mvz = 626 (M+H).

Preparation of R IRARSR-Z-{d-aminopyvrrolol 21~ 1.2 dinaein-7-v-3 4-bis{{tert-

butvidimethvlsiivhoxyi-3-hvdroxymethyitetrabvdrofuran-2-carbonitrile

N, N+,
(\QT'/*‘N €T
L o ,,N
Nyl PR THSON, TMSOTH i
TBS@"\/ N e ‘\ \ N
DH CHoCly, <40 °C Sy
TBSG  OTBS c‘i E}T .S

182601 A sobution of (AR 4R SR-2-(4-aminopyrrolo] 2, 1-11[ 1,2 4 iirtazin-7-y1)-3 4-bis{{teri-
hatvidimethyisilyl Joxy)-5-({{tert-butvidimethvisily ox vimethyi tetrahydrofuran-2-of (1.50 g,

2.40 mmol) in CH,CL (15 mL) was coonled 1o about ~40 °C. Trifluoroacenic acid (0555 mi, 7.20
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mrnol) was added keeping the temperature below -20°C. In 2 separate flask, trimethyisilyl
trifluoremethanesulfonate (2.60 mi, 14.4 mmol} was added to 5 mi of CHLCL (5 mL) at about
15 °C, followed by trimethylsityl cvanide {1.92 mL, 14.4 mmol}, and the solution was cooled to
about -30 “C. The cooled solution was added to the solution of (3R, 4R 3R)-2-(4-
aminopyrrolo[2,1-111,2. 4 triazin-7-v1}-3 4-bis{(tert-butyvidimethvistivhox vi-5-(({tert-
butyldimethyisibvljoxyimethyvl etrabydrofuran-2-0l while keeping the temperature below -23
°C. The reaction mixtare was stirred for 15 min at about -30 °C. The reaction was quenched with
triethylamine (3.34 mL, 24.0 mmol} and the mixture was warmed to ahout 0 °C. Water (30 mL)
was added while keeping the temperature below abeout 20 °C. When the addition was complete
the mixture was stirred for 15 min at room temperature. The layers were separated and the
organic layer was washed sequentially with KOH (20 mL}, water {20 mL}, and brine {20 mL}.
The organie layer was dried over NaxSQq, concentraied, and then purified by silica gel

chromatography {30% EtOAc / hexane) to afford the product as a 3.8:1 mixture of

diastereomers). The mixture was purified forther by prep-HPLC (AUN { to 95% in water) to
afford the product as a single diastersomaer. ' NMR {400 MHz, DMSG-d6) 8§ 8.14-7.92 {m,
ZH), 7.89 (s, TH), 6.95 (4, J= 4.8 Hz, 1H), 6.8%(d, J = 4.4 Hz, TH),5.27 (4, ] = 4.6 Hy, 1TH),
S0, J=77,46Hz, 1H), 431¢dd, 1=47, 14 Hz, 1H), 412 (ddd, } = 5.9, 4.1, 1.4 Hz, 1H)
3.80 - 3.69 (m, 1H), 3.56 (16, T = 7.8, 3.9 Hz, 1H), 0.93 {s, 9H), 0.75 (s, 9H), 0.11 {8, 37D, 0.09
{8, SH}Y, -0.15 (s, 3H}, -0.62 {5, 3H). MS m/z = 520 (M+H).
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To a mixtore of QR 4R, SR )-2-(4-aminopyrrolo{ 2, 1-11 1,2, 4 ]triazin-7-vi -3 4-bis{{tert~
butvlidimethylsilyhoxy-S-(hydroxymethyhietrahvdrofuran-2-carbonitrile (16 my, $.03 mmol},
{(S)-2-ethylbutyl 2-({{S)-{4-nitrophenoxy {{phenoxyiphosphoryl JaminoYpropancate (17 mg, 0.04
mimol}, and MgCh (4 mg, 0.05 mmol}, was charged THF (0.3 mL). The resulting mixiore was

warmed to about 50 °C with constant stirring. N,N-Diisopropylethylamine (0.013 mL, ¢.08
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ol was then added, and the reaction mixture was stirred for 21 h. Conversion 1o the product

was confirmed throogh UPLC and LO-MS analysis, MS my/e = 831 {(M+H)

Mda  Jdey/ 8 o F\\ F Rty
! e N Q} — A
RN J N v \ AN = S
( iTH ' ;/ 8] HN“’ =¥ \Q\ g F /—{) B {{\ N;!J N
e - ! K - b 4 A
N /o\)’ N ' Grp S /—\ el P /}' N
" N e & F T ) O HNeE- o7 e
SN 21 e Mulgi! a0 “—; N
RSO OTBS THFE 10 °C io 5 °0 f j TBsd OTeS

A solution of (2R, 3R 4R, 3R)-2-{4-amunopyrroloe[2, 11,2 4 Hriazin-7-yD)- 3, 4-bis{{lert-
butyldimethyisilyDoxvi-5-(thydroxymethyl etrahydrofuran-2-carbonitrile (16 mg, .03 mmol) in
THF (0.3 mL) was cooled to -107C. iBuMgCl was added dropwise {(0.07 mL, 0.07 mmaol},
foliowed by a solution of (8 -2-ethylbutyl 2-(({8)-
(pertinorophenoxyphenoxyiphosphorylyaminopropancate (22 mg, .04 mmoly in THF (015
mb}. The reaction mixture was warmed to 5 °C, and stirred for 16 k. The reaction was quenched
with MeOH, concentrated, and then purified by silica gel chromatography (FtOAc hexanes) to
afford the product . 1H NMR (400 MHz, CDClLy) 8 7.97 (5, 1H), 7.38 - 7.29 (my, 2H}, 725721
(m, 2H), 721 =713 {(m, 1H), 701 {d, T = 4.6 Hz, 1H), 6.65(d, F =4.6 He, 1H), 5.88 (br s, 2H},
S35{d, =44 Hz, 1H), 449 - 4.41 (m, 1H}), 441 -4.35{m, 1H}, 432 - 4.26 {m, 1H}, 4.24
{dd, J=4.5, 1.7 Hz, 1H}, 4.10-3.9% {m, 2H}, 3.90 (dd, 1 = 109, 5.7 He, 1H)L 3.80-3.72 (m,
PH), 148 {(h, J =62 Hz, 1H), 139 1.28 (m, TH), 0.96 (s, 9H), 0.85 (1, I = 7.5 Hz, 6H), 0.80 (s,
OHY, 0.0R (5, 3H), .07 (s, 3H), ~0L13 (5, 3H), -0.56 {5, 3H) 31P NMR (162 MHz, CDCI33§ 2.74
{5}, M8 m/z = 831 (M+H)}

Preparation of {8)»-2-sthvibutvl 2-{{i8-{{Z R3S AR SRS {d-aminopvrrolol 2,1 -TH L2 4 irasin~

Tuh-Secvano-2 4-dihvdroxvistrahvdrofuran-2-vlmethoxviiphenosyinhosphorvDaming

nropancais
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A crade solation of (8)-Z-ethylbutyl 2-({{SH{{(2R, IR 4R, 3R 3-5~{4~amunopyrrolof 2,1

f1{ 1,2 4}triazin-7-y1}-3 4-bis{{tert-butyldimethylisilyljox vi-5-cyanotetrahydroturan-2-
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yvhmethox ) phenoxyiphosphoryllamino ipropanocate was cooled to about 0 °C and cone HCI
{0.05 mL, 0.62 mnol) was slowly added. The reaction mixture was stirred for sbout 72 hours at
ahout 20 °C. Conversion to the product was confirmed through UPLC and LC-MS analysis. MS

m/z = 603 (M+H}

BeH iy
" /'i‘~\~ ./'i\
S YN SR YN
Fant U Son Vo N g
SN TN 9 PN f N daprataction ot ,}r-“\ 9 PN \/}f” N
’ ;0O HNeP-Q A\__/"‘u_\\ T Y HNeP-OT Yoy
/ A d Ny / A _— g
N A P S
I TRSO  OTBS f \I G OH
l\\;{‘// :\\ \////

A solation of {(S)-2-ethyibutyl 2-4{(SH-{{(ZR, IR 4R SR }-5-{4~aminopyrrolo]2,1-f]{ 1,2 4ltriazin-7-
yi-3, 4-bs{(tert-butyldimethylsiivlyoxyi-S-cyanotetrahydrofuran-2-

yhmethoxy i phenoxyphosphorvljaminopropavoate in a Huoride or acid can deprotect to a
solution of (8)-2-ethvibutyl 2-(((8)-{{{2R385,4R, SR }-5-(4-aminopyrrole] 2, 1-11{ 1,2 4 ]trigzin-7-
yi-S-evano-3 4-dihydroxytetrahydroforan-2-
vimethoxyHphenoxyphosphoryllaminopropancate. Representative fluorides include, but are
not Hmited to TBAF, KF, pyridindumn hydroftueride, triethylammonium hydrofluoride, bydrogen
fluoride, hydrochloric acid, toluencsulfonic acid, or any other suitable fluoride source.
Representative acids include, but are not limited to those foond in Gresune, T. W, Wuts, P. G ML

Protective Groups In Organic Synthesis, 4ih Fd., John Wiley & Sons: New York, 2006,

Example 382, ({ORIS AR AR WSd-aminopyrrole 2,011 2 4ltvlazin-T-vi-S-evano-3,4~

gihvdrosvietrahvdroforan-S-vDmethovvioxidophosphorvDaianinate (Compound 35)
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192611 2-ethylbutyl ((SI-{(OR38,4R,5R}-5-{4-aminopyrrelo{2,1-f]{ 1,2 4 triazin-T-y1}-5-
evano-3,4-dihydroxvtetrahydrofuran-2~-yhmethoxyi{phenoxyiphosphoryi - L-alaninate (130 mg,
(.216 mmol} was dissolved in mixture of acelonitrile {6 mL) and water (2 mL). Aqueous

sodium hydroxide solution 2N, 8.5 mL) was added dropwise over 5 min at 11 and the reaction
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mixture was stirred. Afler 2 h, the resulting mixture was concentrated under reduced pressure
and the residue was purified by HPLC on a C18 colummn eluting with water to afford the desired
product as the bis-sodivro salt. 'H NMR (400 MHz, [0} 8 7.79 (5, 1H), 6.86 (d, 7= 4.7 Hz,
TH), 6.80¢d, /= 4.7 Hz, 1H), 4.86{d, J= 5.4 Hz, 1H), 440 - 434 {m, 1H), 430 {dd, J=53,
3.0Hz, THY, 3,75 (gdd, = 11.6,4.5, 3.1 He, 2H), 3.20(dq, /= 8.6, 7.1 Hz, 1HL 086 (0. J=7.0
He, 3HY. TP NMR (162 MHz, D00 8 7.30. LOMS m/z 442,95 [M+H]. HPLC (2-98%
MeUN-H; O gradient with 0.1% TFA modifier over €5 min, 1.5mL/min, Colunn: Phenomenex

Kinetex (18, 2.6 um 100 A, 4.6 x 100 num ) 4 = 2.694 mmin.
B. Antiviral Activity

{8262]  Another aspect of the invention relates to methods of inkibiting viral infections,
comprising the step of treating a sample or subject suspected of needing such inhibition with a

composition of the invention,

{3263]  Within the context of the invention samples suspected of containing a virus include
natural or man-made materials such as living organisms; tissue or cell cultures; biological
samples such as biological material samples (blood, serum, urine, cerebrospinal fhid, tears,
sputnm, saliva, tissue samples, and the ke, laboratory samples; food, water, or air samples;
bioproduct sarnples such as extracts of cells, particulardy recorubinant cells synthesizing a
desired glycoprotein; and the like. Typically the sample will be suspected of containing an
organism which induces a viral infection, frequently a pathogenic organism such as a tumor
virus., Sampies can be contained in any medium including water and organic solventiwater
mixtures. Samples include hving organisms such as homans, and manmade materials such as

cell cultures,

13264]  If desired, the anti-virus activity of a compound of the invention after application of the
composition can be observed by any method including direct and indirect methods of detecting
such activity. (uantitative, qualitative, and semiguantitative methods of determining such
activity are all contemplated. Typically one of the sereening methods described above are
applied, however, any other method such as observation of the physiological properties of a

Hiving organism are also applicable.

{8268} The antiviral activity of a compound of the invention can be measured using standard
screening protocols that are known. For example, the antiviral activity of a compound can be

measured using the following general protocols.
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EBOV: Ebola virus strain ZJaire
EROV-GFP: Ebola reporter virus expressing green fluorescent protein
EROV-LUC: Ebola reporter virus expressing luciferase
MARV-GFP:  Marburg virus expressing green fluorescent profein
NiV: MNipah virus
MNiV-GEP: Nipah reporter virus expressing green fluorescent protein
MiV-LUC: Nipah reporter virus expressing huciferase
HOS: High content tmaging (inynuno-staining of ebolavirus GP-protein}
OFE: Green fluorescent protein
LUC: Luciferase
{PE Cytopathic effects measured by cell titer glo {UTG) reagent
Hela: Hela epithelial cell {cervical carcinomal
HEFF-1: Human foreskin fibroblast
Hub-7: Hepatocyvie

HVMEC-TERT: Humsan microvascular endothelial cells § mmortalized with the telomerase
catalytic protein

Example 36, Ebola virus antiviral activity and evtotoxiciiy assayvs

10266]  Antiviral activity of Compound 1 and Compound 9 was measured against Hbola virus
(EBOV), Marburg viras (MARV) (Table 2}, and Nipagh virus {(NiV} (Table 3) using fully
replicating reporter viruses expressing luciferase or green fluorescent protein (GFP) (Usbethoer,
L.S., 2014. AVR; Hoenen, T., 2013. AVR). Further antiviral activity of Compound 1 and
Compound 9 was measured against Ebola virus (EBOV), Marburg virus (MARV) (Table 2-a},
using fully replicating reporter virnses expressing luciferase or green fluorescent protein (GFF)
(Uebethoer, 1.8, 2014, AVR; Hoensn, T., 2013, AVR}LAll studies were conducted in biosafety
tevel-4 containment (BSL-4) at the Centers for Discase Conirol and Prevention (CIDCY. Ebola

virgs antiviral assays were conducted in primary human microvascular endothelial cells
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immortalized with the telomerase catalytic protein (HMVEC-TERT) and in Huh-7 cells {Shao,

R., 2004, BBRC), Nipah vires antiviral activity was measured in HMVEC-TERT and Hela cells,

(82671 Antiviral assays were conducted in 96well plates. Eight to ten concentrations of
compound were diluted in 3-fold serial dilmtion increments in media and 100 al/well of each
dilution was fransferred in triplicate onto plates containing preseeded cell monolayers. The
plates were transferred to BSL-4 containment and the appropriate dilution of virus stock,
previously determuined by titration and prepared in cell culture media, was added to test plates
containing cells and sertally diluted compounds. Each plate included three wells of infected
untrested cells and twee wells of uninfected cells that served as 0% and 100% viras inhibition
control, respectively. Following the infection, test plates were incubated for 3to 4 days ina
tissue culture incubator. Afler the incubation, virus replication was measured in an Envision
plate reader by direct fluorescence for GFP reporter viruses or after subsequent addition of
tuciferase substrate for luciferase reporter viruses. For virus vield assays, media from infected
cells was removed and a portion was used to quantify viral RNA by reverse transcription
guantitative polyraerase chain reaction {RT-gPCR). The remaining media was sertally dihuted
and the amount of infecticus virus was messored by using the diluted media to infect fresh cell
mongolayers {o deterrmine the tissue culiure infections dose that caused 50% cytopathic effects
{TCID30) using Cell TiterGlo reagent (Promega, Madison, Wi, For virus cytopathic effect

{CPE) assays, vishility of infected cells was measure using Cell TiterGlo reagent.

[6268] The percentage inhibition was calculated for each tested concentration relative to the
(% and 100% inhibition controls and the ECy value for gach compound was detenmined by

non-linear regression as the effoctive concentration of compound that inhibited virus replication

[B269] HMVEC-TERT cells were seeded in 96 well plates. Eight to ten concentrations of
compound were diluted in 3-fold sertal dilution increments in media and 100 ul/well of each
dilution was transferved in triplicate onto 96 well plates containing preseeded HMVEC-TERT
monolayers. The plates were transferred to B3L-4 containment and the appropriate ditution of
EBOV-GFP virus stock, previcusly determined by titration and prepared in cell culiure media,
was added fo test plates containing cells and serially dituted compounds. Each plate included

three wells of infected untreated cells and three wells of uninfected cells that served as 0% and
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100% virus inhibition control, respectively. Following the infection, test plates were incubated
for 3 to 4 days in a Hssue culture incubator. After the incubation, virus replication was measuared
in an Envision plate reader by direct fluorescence to measure GFP expression from the reporter
virus. The percentage inhibition was calculated for each tested concentration relative 1o the 0%
and 100% inhibition controls and the ECs, value for cach compeound was determined by non-
linear regression as the effective concentration of compound that inhibiled virus replication by

50%.

e
W

{82781  Huh-7 ceils were seeded in 96 well plates. Eight to ten concentrations of compound
were diluted in 3-fold serial dilution increments in media and 100 ull/well of each dilution was
transferred in triplicate onte 96 well plates containing preseeded Huh-7 monelayers. The plates
were transferred to B31L-4 containment and the appropriate dilution of EBOV-GFP virus stock,
previousty determined by titration and prepared in cell culture media, was added to test plates
containing cells and serially diluted compounds. Hach plate included three wells of infected
untreated celis and three wells of uninfected cells that served as 0% and 100% virus miubtiion
control, respectively. Following the infection, test plates were incubated for 3to 4 daysina
tissue culture incubator. After the incubation, virus replication was measured in an Envision
plate reader by direct fluorescence (o measure GFP expression from the reporter virus. The
percentage inhibition was calculated for cach tested conceniration relative to the 0% and 100%
ithibition controls and the (s vahae {or each compound was determined by non-linear

regression as the effective concentration of compound that irdubited virus replication by 50%,

Examupie 3, FEOV-Lue Hubk-7 cells

18271 Huh-7 cells were seeded in 96well plates. Hight o ton concentrations of compound
were difuted in 3-fold serial dilution increments in media and 100 ul/well of each dilution was
transferred in triplicate onio plates containing preseeded cell monolavers. The plates were
transferred to BSL-4 containment and the appropriate dilution of the EBOV-Luc virus stock,
previcusty determined by titration and prepared in cell colture media, was added to test plates
containing cells and serially diluted compounds. Each plate included three wells of infected
unireated celis and three wells of uninfected cells that served as (% and 100% viras inhubition
controf, respectively. Following the infection, test plates were incubated for 3 to 4 davs ina

tissue culture incubator. After the incubation, virus replication was measured in an Envision
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plate reader after subseguent addition of luciferase substrate. The percentage inhibition was
caleulated for each fested concerdration relative to the 0% and 100% indubition controls and the
ECsp vahie for each compound was determined by non-linear regression as the effective

concentration of compound that inhibited virus rephication by 50%.

o 2 43 WA A YBW FYRIED Wl o b &Y 3R
Y < 8 ] ; 3 § » iy R
Example 48, MARVY-OVP Hahe7 cells

{82721  Huh-7 cells were sceded in 96 well plates. Eight to ten concentrations of compound
were diluted tn 3-fold serial dilution increments in media and 100 ul/well of each dilution was
transferred in triplicaie onto 96 well plates containing preseeded Huh-7 woneolayers. The plates
were iransferred to BSL-4 containment and the appropriate dilution of MARV-GFP virus stock,
previously determined by tifration and prepared in cell culture media, was added to test plates
containing cells and serially diluted compounds. Fach plate included three wells of infected
unireaied celis and three wells of winfected cells that served as 0% and 100% viras inhibition
control, respectively. Following the infection, test plates were incubated for 3tod daysina
tissue culture incubator, Afier the theshation, virus replication was measured in an Envision
plate reader by direct fluorescence to measure GFP expression from the reporter virus. The
percentage inhibition was caleulated for each tested concentration relative to the 0% and 100%
inhibition controls and the ECsy value for each compound was determined by non-lincar

regression as the effective concentration of compound that inhibited virus replication by 50%.

Fxample 41, Ebola Hub-7 (ENA)

192731 Hub-7 cells were seeded in 96 well plates. Eight to ten concentrations of compound
were diluted in 3-fpld serial dilution increments in media and 100 gL/well of each dilution was
iransferred in triplicate onto plates containing preseeded Huh-7 cell monolayers. The plates were
transferred to BSL-4 containment and the appropriste dilution of EBOV virus stock, previously
determined by titration and prepared in cell culture media, was added 1o test plates containing
cells and serially diluted compounds. Each plate included three wells of infected unireated cells
and three wells of uninfected cells that served as 0% and 100% virus inhibition control,
respectively. Following the infection, test plates were incobated for 3 to 4 days in g tissue
culture incubator. After the incubation, media from infected cells was removed and a portion
was used to guantify viral RNA by reverse transcription quantitative polymerase chain reaction
{RT-gP{RY. The percentage inhibition was caleulated for cach tested concentration relative o

the 0% and 100% inhibition controls and the ECsy value for each compound was determined by
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non-tinear regression as the effective concentration of compound that inhibited virus replication

by 30%.

133747 Huh-7 cells were seeded in 96 well plates. Eight 1o ton concentrations of compound
were diluted in 3-fold serial difution increments in media and 100 ul/well of each dilution was
iransferred in triplicate onto plates containing presceded Huh-7 cell monolayers, The plates were
transterred to BSL-4 containment and the appropriate dilution of EBOV virus stock, previcusly
determined by titration and prepared in cell cultore media, was added to test plates containing
cells and serially diluted compounds. Each plate included three wells of infected unireated cells
and three wells of uninfected cells that served as 0% and 100% virus inhibition countrol,
respectively. Following the infection, test plates were incobated for 3 to 4 days in a tissue
culture incubator. After the incubation, media from infected cells was removed and diluied in
1(-fold serial dilations. The smount of infectious vires was measured by using the diluted
media to infect fresh cell monolayers to determine the Hissue culivre infectious dose that caused
50% cytopathic effects (TCIDS0) using Cell TiterGlo reagent (Promega, Madison, Wi} The
percentage inhibition was calculated for each tested concentration relative to the 096 and 100%
inhibition controls and the ECsp value for each compound was determined by non-linear

regression as the effective concentration of compound that inhibited virus replication by 53%.

Exampie 43, Ebola Hela cells

10275]  The antiviral activity of selected compounds was measured against ebolavirus (EBOV)
strain Zaire conducted in biosafety level-4 containment (BSL-4) at the US Army Medical
Research Institute for Infections Disease (USAMRIID). Hela cells were seeded in 384 well
plates at 53000 cells / well, The antiviral activity of cach compound was measured in
guadruplicate. Eight to ten concentrations of compound were added directly to the cell cultures
using the HP300 digiial dispenser in 3-fold serial dilution merements 2h prior to mfection. The
plates were transferred to BRL-4 containment and the appropriate dilution of virus stock,
previously determined by titration and prepared in cell culture media, was added to test plates
containing cells and serially diluted compounds. Each plate included three wells of infected
untreated cells and three wells of uninfected cells that served as 0% and 100% vivus inhibition
control, respectively. Following the infection, test plates were incubated for 2 days in g tissue

culture incubator. After the incubation, the cells were fixed in formalin solution and virus
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replication was measured by quantifying Ebola glycoprotein levels after immunostaining and
high content imaging using the Perkin Elmer Opera confocal microscopy instrument. The
percentage inhibition was caloulated for each tested concentration relative to the 0% and 100%
inhibition controls and the ECsq value for cach compound was determined by non-linear

regression as the effective concentration of compound that indubited virus replication by 50%.

(#4276}  The antiviral activity of selected compounds was measured against ebolavirus (EBOV)
strain Fatre conducted in biosafety level-4 containment (BSL~4) at the US Army Medical
Research Institute for Infections Discase (USAMRIID), Macrophage culiures were isolated from
fresh human PBMCs and differentiated in the presence of Sng/ml GM-CSF and SGuM B-
mercaptoethanol. The media was changed every 2 days and cells that adhered to the tissue
culture plate after 7 days were removed with 0.5M EDTA ip Tx PBS, concentrated by
centrifugation at 200 x g for 10 minutes and plated in 384 well assay plates at 40,000 cells /
well, The antiviral activity of each compound was measured in guadruplicate, Eight o ten
concentrations of compound were added directly to the cell cultures nsing the HP300 digital
dispenser in 3-fold serial dilution increments 2h prior o infection. The plates were transferred to
BSL-4 containment and the appropriate dilution of virus stock, previously deterrmined by
titration and prepared in cell culiure media, was added to test plates containing cells and serially
diluted compounds. Each plate included three wells of infecied untreated cells and three wells of
aninfected cells that served as (% and 100% virus inhibition control, respectively. Following the
infection, test plates were incubated for 2 days in g tissue culture incubator. After the incubation,
the cells were fixed in formalin solution and virus replication was measured by quantifying
Ebola glveoprotein levels afier inimunostaining and high conterd hnaging nsing the Perkin
Elmer Opera contocal microscopy instrument. The percentage inhibition was calculated for cach
tested conceniration relative to the 0% and 100% inhibition controls and the FCsy value for each
compound was determined by non-linear regression as the effective concentration of compound

that inhibited virus replication by 50%.

82777 HMVEC-TERT cells were seeded in 96 well plates. Eight o ten concentrations of
compound were diluted in 3-fold senal didution increments in media and 100 ul/well of each

dilution was transferred in iriplicate onto 96 well plates containing preseeded HMVEC-TERT
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monolavers. The plates were transferred to BSL-4 containment and the appropriate dilution of
NiV-GFP virus stock, previously determined by titration and prepared in cell culture media, was
added to test plates containing cells and serially diluted compounds. Each plate included three
wells of infected untreated cells and three wells of uninfected cells that served as 0% and 160%
virus inhibifion conirol, respectively. Following the infection, test plates were incubated for 3 to
4 davs in a tissue culture fncubator, After the incubation, virus replication was measured in an
Ervision plate reader by divect fluorescence to measure GFP expression from the reporter virus.
The percentage inhibition was caleolated for cach tested concentration relative to the (% and
F00% inhibition controls and the ECs value for each compound was determined by non-linear

regression as the effective concentration of compound that inhibited viros replication by 50%.

Example 46, NiV-iuc HMVEC-TERY

[8278] HMVEC-TERT celis were seeded in 96well plates. Eight to ten concentrations of
compound were diluted in 3-fold serial dilution increments in media and 100 ul/well of each
dilution was transferred in triplicale onto plates containing preseeded cell monelayers. The
plates were transferred to BSL-4 containment and the appropriate dilution of the Niv-Lue virus
stock, previously determined by titration and prepared in cell culture media, was added to test
plates containing cetls and senally diluted corapounds, Each plate included three wells of
infected untreated cells and three wells of uninfected cells that served as (% and 100%; virus
inhibition control, respectively. Following the infection, test plates were incubated for 3 o 4
days in a tissue cubtore incubator. After the incubation, virus replication was measured in an
Envision plate reader after subseguent addition of luciferase substrate. The percentage irhibition
was caleulated for each tested conceniration relative to the 0% and 100% inhibition controls and
the ECsy value for gach compound was determined by non-linear regression as the etfective

concentration of compound that inhibited virus replication by 50%.

Example 47, NIV Hela (Vieldy

[0278]  Hela cells were seeded in 96 well plates. Eight to ten concentrations of compound were
diluted in 3-fold serial dilution increments in media and 100 ul/well of each diluhion was
transferred in triplicate onto plates contaiming preseeded Hela cell monolayers. The plates were
transferred {o BSL~4 containment and the appropriate dilution of Niv virus stock, previously
determined by titration and prepared in cell culture media, was added to test plates conlaining

cells and serially diluied compounds. Each plate included three wells of infected untreated cells
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and three wells of uninfected cells that served as (% and 100% virus inhibition control,
respectively. Following the infection, test plates were incubated for 4 days in a tissue colture
incubator. After the incubation, media from infected cells was removed and diluted in 10-fold
serial dilutions. The amount of infectious vivus was measured by using the dilnted media to
infect fresh cell monolavers to detormine the tissue culiure infectious dese that caused 50046
cytopathic effects {TCIDSO) using Cell TiterGlo reagent (Promega, Madison, W) The
percentage inhibition was calculated for each fested concentration relative to the 0% and 100%
inhibition controls and the ECsy value for cach compound was determined by non-linear

regression as the effective concentration of compound that inhibited virns replication by 50%.

n 3 S8 R I¥ el SEIWT AN
Exawple 48, Niv Hela (884AY

{62887 Hub-7 cells were sceded in 96 well plates. Eight to ten concentrations of compound
were diluted in 3-fold serial dilution increments in media and 100 ul/well of each ditution was
transterred in triplicate onfo plates containing presesded Hela cell monelavers. The plates were
transferred to BSL-4 containment and the appropriate dihution of Niv virus stock, previously
determined by titration and prepared in cell culture media, was added to test plates containing
cells and serially diluted compounds. Each plate included three wells of infected untreated cells
and three wells of uninfected cells that served as 0% and 10086 virus inhibition conirol,
respectively. Following the infection, test plates were incubated for 3 to 4 days in a tissue
culture incubator. After the incubation, media from infected cells was removed and a portion
was used to guantify viral RNA by reverse transcription guantitative polymerase chain reaction
(RT-qPCR). The percentage inhibition was caleulated for cach tested concentration relative to
the (% and 100% inhibition controls and the ECs, value for each compound was determined by
non-linear regression as the effective concentration of compound that inhibited virus replication

by S0%.
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Table 3 Nipah angd Hendra virus antivival assavs
ECqy fnhi)
Assay Neporter Vives NI Yiseld
Virus Ni¥V GGFP NIV e NV
Compound 1 ENE 1484 10400
Conpound ¥ 8¢ 38 N ND

WiV GFP: Nipah virus expressing the GFP reporter gene

MiV-Luc: Nipah virus expressing the luciforase reporter gene

WNiV: Nipah virus

102817 Al publications, patenis, and patent documents cited herein above are incorporated by

reference herein, as though individually incorporated by reference.

{32821 The invention has been described with reference to various specific and preferred
entbodiments and techniques. However, one skilled in the art will understand that many
variations and modifications may be made while remaining within the spirit and scope of the

invention,
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i A method of reating a Filoviridee infection in a human in need thereof comprising

administering a therapeutically effective amount of a compound of Formula IV:

N
f‘E\
S /// “":\ -
E;p? ST - 3 Y
N, /\
N, AN
2 AN s S . g

EH OH
Formula IV

or a pharmaceutically acceptable salt, hydrate or ester, thereot]

b2

wherein,
R is selected frowm the group consisting of
a} H, -C=0mY, - CEO0RY, CEomRIRY, JCE=0srY, s,
SOLRY, SONOR'Y, -S(OR(ORY, or -SCuNRVR'Y,

b)
¢ O
O C
i g i 3 i i &
HO=—Prge 0 B il R S i
[ A L g A 5
HO HO / » HD O g /
HO HO
C) a group selected from:
RG\ {? ; HC* E\]} ; :‘{L.,
0P 0P o/ ™
Re\? ? Re“: : q‘\ip\
YR Y [N
R¥2-—7" N"Ra:a 2 M\R J and 'S {,3
/ 7 / i
1 “/{\O o4\, (CHyy (CHa
Rf Rf Q O:;:/f;S 0 = y S
Ré RS
wherein

R is selected from the group of phenvl, -naphthyl, 2-naphthyl,

ey
)
LA
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fg _m?(\\\ N\\ % m{\\\ TRy
“\\5/4:; \\Jf’% and Kf//f f’//'

R is selecied from the group of H or CHa;

3

B and R™ are sach independently selected from the group of H,
{Cy~Coralkyl or benzvl

RYis selocted from the group of from H, (- Cyalkyl, benzyl, (Cs-
Coeyeloalioyl, and -CHy—{{5-Cyieycloalkyl;

R* 13 selecied from selected from the group of (C—Cepallyd, -
O Cy-Ughalkyl, benzvl, -O-benzyl, -
CHy{C5~Ugyevelnalkyl, -O-CH—{Cs-Colevelnalkyl, and
F;; and

n'is an integer selected fromthe grovp of 1, 2, 3, and 4; and

d} a group of the formmla

wheretic
(ris selected from the group of O, 8, NR, "N{O}R), N{OR),
"N{OKOR), or N=-NR»;
7' and Z*, when taken together, are O {CR 1L 1Q'
wherein
cach Q' is independently selected from the group of O, 3,
or NR; and
each RY is independently selected from the group of H, F,
Cl, Br, L O, R, ~CEQOR, -CEDHOR, -
C{=Q N, -N(R ), - N{RJs, -SR, -S{OIR, -
S{C0R, ~S(ONOR), ~S{OR(OR), -0CEQYR, -
OC{=()OR, -OCE=QHNRY), -SCHQIR, -
SCEQHOR, -SCEQHNER R -NERICEQHR, -
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NERCE=GIOR,, -NEYCE=0MNIR Y, -S0.NR,,
N, <N, -NG;, ~OR, or Zz’; or when taken
together, two RY on the same carbon atom form a
carbocyelic ring of 3 to 7 carbon atoms;

cach 7 is independently, O, 8. NR, "N{O}R), N(OR),
TN(OWDIRY, or N-NRy; or

1 2 . 3 .
7 and Z° ave cach, independently, a groop of the Formula Ta:

I
R

Qﬁ

£ el

oy e
=

M2
Formula [a
wherein;

each (O is independently selected from the group of a
bond, 0, CRy, NR, "MNOOHR), N(OR), "N{OWOR),
MN-NRy, 8, 88, {0y, or SO

M2 is an integer selected from the group of §, L or 2

gach R™ is independently R” or the formula:

(=34

M1d

wherein:
cach Mia, Mic, and M1d is an integer
independently selected from the group of 0
or 1;
M12c is an integer selected from the group of 0, 1,

2,3,4,56,7,8,9, 14, 11 or 12

ot
‘o3
e
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e it 7%
FHis R, SCHPRY, -00H2°, -80,87, or -80,27
and
% i3 a carbocyele or a heterocyele wherein 27 is
independently substituted with Gto 3 R
ZYOUPS;
each R' or R™ is independently H, (C—Cpalkyl, (C,—Colatkenyl, (Ca—Cajalloynyl,
{Ca~Ciyearboeyelvlalioyl, (Cy—Caoloptionally substituled aryl, optionally
(Ce—Coodaryl{C~Caialkyl; or RY and RY taken together with a nitrogen to which
they are both attached form a 3 to 7 membered heterocyclic ring wherein any one
carbon atom of said heterocyclic ring can optionally be replaced with -O-, -8- or
-NRY;
each R” is independently selected from the group of H, (C,-Cilalkyl, (Cr—Cijalkenyl,
(Cr—Caialkynyl, (Ce—Coplaryl{C—Cilalkyl, (Co—Cyiearbooyelylalkyl, -C(=01R, ~
CEOR, ~CEOINR,, -CE0ER, -5{OXR, -B{ORR, -S{OYOR), -3{OR{0OR), or
~SG:NR,; wherein
cach R is independently selected from the group of H, (C—Cy) alkyl, (T—Cya)
substituted alkyl, {(C-Cylalkenyl, (Co-Cy) substituted alkenvl, {Cr—Cy) alkynyl,
{Cy—Cyy substituted alkoynyl, (Ce—Coplaryl, (Co-Cholsnbstituted aryl,
{Cor-Crpdheterooyelyl, (Cr—Caplsubstituted heterocyelyl,
{CoCopparyi{C~Cglalkyl or substituted (Co-Coplaryl{ Ci—Cghallovi;
gach 1 1s an integer independently selected from the group of 6, 1, o1 2; and
wherein each (C—Uplalkyl, {(Co—Cilalkenyl, {Cr—Cylalkvnvl or {Ce—Cagarvl{ T ~Cilalkyl
of each R'' or R'* is, independently, optionally substituted with one or more
substituents selected from the group of halo, hydroxy, CN, Ny, N{R*, or OR”;
and wherein one or more of the non-ternminal carbon atoms of each said {(Ch-

Cglalkyl may be optionally replaced with -0-, 8- or ~NR.

2. The method of claim 1 wherein R is H.

3, The methad of claim 1 wherein R is
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7 o
/. / T 0
RO o™ o P2 / P i i
; é " So T Hg/f\gff\gx?“““
Ho HO Ll HO b L
N =,
O < S / 5
R85 \/"“"()ug%':mg \\L__’\/{:/ Q N\ 5(,) {i:)
T S N TR Y
{:} 1/‘ .‘0 x,_;\:.
o A

wheretn
&' 1s selected from the group of . C-Cx alkyl, benzyl, o cycloalkyl, and ~CH-Ug-
Cy cychoalkyvl; and

RE is selected fromm the group of C-Cy alkyl, -0-Cy-Cy allevl, benryl, -O-benayl, -CHo-

.
{23-Cy, ovelnalkyl, -O-CH-Co-Cg eycloalioyl, and CF;.

The method of any of claims 1 or 3 wherein R is

4
¢ - 0 ﬂ
H U 0 C}
ot—s. Lo
! HI N /P"’""“ - H{)’ﬂj\\g./ S, /F’m--- -
HO 7 AR - o [ o
* HO w0 ’ HO wo 7
/ N //"-—""\\
\J/ o B %“ . N\ /;> A & /:;z o
A % N N0
! S o
'y e o
g =
. ; N N L\ N MM
\\ - ,\\\\ - v 3 - - \v O \é,
'//)\\ O /’ /r
oy Ty
NS y/a \.\\\ I
=8 L9
o T J [ T »
~ 2 >
T g
AN U‘\ M T /u’\ . e
- 7 - O rd
AN OF / N\,
3. The method of claim | wherein the cormpound of Formmula IV is selected

from the group of!
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MNH,
NH, 1 “
i\ //:\ /'P‘Q‘:/ <y Y
ot Y SN
o \\\ BN .{,j \—'—j\\ {)! o /G\y M
R N Qo-p-07 L T
HO e J\ ! A
Vo P O/J\ ANHO T N
s HO  OH
HC OH
NHs N
s /2nm //i\\.- il 0 I ¢
Y 7N Nl H S
N f/// 'S, A AN ,;J © -M /,Q <"\ ) N
] o Q\f N j/ /P\ NN /‘J
Q O"’P“O kY i "’/,}.\ O D‘/\\(!O\y N
I Ry L
///"\. //"‘\ - /NH = - /}// ~ \ / ’Q?\*\\
T ° HO  OH C0 us o N
P ~ I HO ow
. NH.,
> /x T //J\X\N
2 & Q\ ;I\j B
’;7_‘ \ ! e, /C}\\/y \N
O HN-P-O T
@ Wy
),\ N+
o i HO  OH
NH,

O\ J\ Nt
N o \\?’E Y
S A dhas=

~_ I S P L
\ O-P-0— o ¥ N § % 9 SNon
/____-O ™. HG/ P\D/P\pr \O/ O \E\j
f e ; AN,
N ;_J Sy OH™ OH OH \ 7,
< 4 ed S
AN , GF HO OH ;
or a pharmaceutically acceptable salt or ester thereof
6. The method of claim 1 wherein the compound of Formula IV s
NH;
e N N
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NH, EEJH;:
p S
TN e Ry Vel
& ¢ O - i i
N % - SN - \ F g o }"N‘N{J
| /%/ - N / 74 i P e
0 0-P-0 2N ¢ e P-0 Y
e _NH o N O TN
J/ O HG DM i Y MO OH
E}mz
Sy /:‘\‘\N
s 0 R <\ T J
/ N R O N N\ i~
TN //)7 ------ \'\ i Q\ N
7 AN -~
Sy HNeP-O Voo
7 O e J" \\\N
TSy HO O
ofF = ;

or a pharmaceutically acceptable sali or ester thereof,

ot

The method of claim 1 wherein the comnpound of Formula IV is:

or a pharmaceutically acceptable salt or ester thereof,

8. The method of any of claims -7 further comprising a pharmaceutically

accepiable carrier or excipient.

8. The method of any of claims 1-7 further comprising administering a
therapentically effective amount of at least one other therapeutic agent or composttion thereof
sclected from the group consisting of a corticosteroid, an anti-inflamynatory signal transduction
modulator, a B2-adrenoreceptor agonist bronchodilator, an anticholingrgic, a mucolviic agent,

hypertonic saline and other drugs for treating Filoviridae virus infections; or mixtures thereof.
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1. The method of claim 9 wherein the at last one other therapoutic agent is
vibavirin, pabivizomab, motavizomab, RSV-IGIV ({ Respiﬂam(@), MEDI-537, A-60444 MDT-
637, BMRB-433771, amiodarene, dronedarone, verapamtil, Ebola Convalescent Plasma (ECP),
TKM-100201, BCX4430 (25,35 4R, SR} 2-(4~amino-SH-pyrrolol 3, 2-dipyrimidin-7-vi)-5~
{hvdroxymethyhpyrrelidine-3,4-dinl), favipiravir {aiso koown as T-705 or Avigan}, T-7053
monophosphate, T-705 diphosphate, T-705 tripbosphate, FGR106 (1D, 7-N-bis[3-
{dimethvlamino)propyi-3,9-dimethviquinoline] 8, 7-hjquinslone-1, 7-diamine), JK-05, TKM-
Ebola, ZMapyp, 1MNAPeZ, VRO-EBOADCH76-00-VE, OS-2066, MV A-BN filo, biincidofovir,
YVaxart adenovirus vector S-based ebola vaccine, AJZ6-ZEBOV, FiloVax vaccine, GOVX-E301,
GOVX-E302, cbola virus entry inhibitors (NPCT inlnbitors), or v VEV-EBOV or mixtures
thereof.

11, The method of any of claims -7 wherein the #iloviridae infection is

caused by a Filoviridae vivas,

12, The method of any of ¢laims 1-7 wherein the Filevisidee infection is

caused by an cbolavirus.
13, The method of any of clatms 1-7 wheretn the Filoviridae infection is
caused by Bundibugve ebolavirus, Reston ebolavivus, Sudan ebolavirus, Tai Forest ebolavivus,

or Zaire ebolavirus.

14, The method of any of claims 1.7 wherein the Filoviridae infection 1s

caused by a Marburg virus.

15, The method of any of claims 1-7 wherein a Filoviridoe polymerase is

inhibtied.

i6. A compound selected from the group oft
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17.  The compound of claim 16, having the structure:
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or a pharmaceutically acceptable salt or hydrate thereofl

18, A pharmaceutical composition comprising a therapeutically effective

ameunt of a compound of the formula:
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or a pharmaceniically aceeptable salt or hydrate thereof.
19, A compound as deseribed o any one of claims 1-7 and 16-17, or a

pharmaceuiically acceptable salt thereof, for use in treating a Filoviridae virus infection in a

human,

20. A compound as deseritbed 1o any one of claims 1-7 and 16-17, or &

pharmaceutically acceptable salt thereof, for use in treating an cholavirng infection in a human,

21 A compound as described in any of claims 1-7 and 16-17, ora
pharmaceutically acceptable salf or ester thereof, for use In breating & Marburg virus infection in
g human.

23 Use of a compound as described in any of claims 1-7 and 16-17, or a
pharmaceutically acceptable aalt or ester thereof, for the preparation of a medicament for

freating a Filoviridae virag infection in 2 human.,

23 Use of a compound as deseribed fnany of claims 1-7 and 16-17, or 2
pharmaceutically acceptable saly, hydrate, or ester thereof, for the preparation of a medicament

for treating an cbolavirus infection i a huonan,
24, Use of a compound as described in any of claims 1-7 and 16-17, or a

pharmaceutically acceptable salt, hydrate, or ester thereof, for the preparation of a medicament

for treating a Marburg virus infection in a human.
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