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Description

FIELD OF THE INVENTION

[0001] The invention relates generally to compounds for use in methods of treating Filoviridae virus infections, partic-
ularly methods and nucleosides for treating Ebola virus, Marburg virus and Cueva virus.

BACKGROUND OF THE INVENTION

[0002] 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 humans and nonhuman primates (e.g., monkeys,
gorillas, and chimpanzees). Filoviruses are of particular concern as possible biological weapons since they have the
potential for aerosol dissemination and weaponization.
[0003] The incubation period for Filovirus infection ranges from 2 to 21 days. The onset of illness is abrupt and is
characterized by high fever, headaches, joint and muscle aches, sore throat, fatigue, diarrhea, vomiting, and stomach
pain. A rash, red eyes, hiccups and internal and external bleeding may be seen in some patients. 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 blindness and extensive bleeding before dying.
[0004] 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 MARV. There is one
identified variant of MARV and five identified species of ebolavirus: Zaire (i.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.e., animal-
borne) and are normally maintained in an animal host that is native to the African continent.
[0005] For more than 30 years, ebolaviruses have been associated with periodic episodes of hemorrhagic fever in
Central Africa that produce severe disease in infected patients. Mortality rates in outbreaks have ranged from 50% for
the Sudan species of ebolavirus (SEBOV) to up to 90% for the Zaire species of ebolavirus (EBOV, ZEBOV) (Sanchez
et al., Filoviridae: Marburg and Ebola Viruses, in Fields Virology (eds. Knipe, D.M. & Howley, P.M.) 1409-1448 (Lippincott
Williams & Wilkins, Philadelphia)). An outbreak late in 2007 caused by an apparently new species of ebolavirus in Uganda
resulted in a fatality rate of about 25% (Towner et al., PLoS Pathog., 4:e1000212 (2008)). ZEBOV has also decimated
populations of wild apes in this same region of Africa (Walsh et al., Nature, 422:611-614 (2003)).
[0006] Prevention and treatment of filovirus 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, i.e., electrolyte and fluid balancing, oxygen, blood pressure maintenance,
and treatment for any secondary infections.
[0007] Thus, there is a need for compositions and methods for treating EBOV infections. The present invention ad-
dresses these and other needs.

SUMMARY OF THE INVENTION

[0008] Provided is a compound having the structure:

or a pharmaceutically acceptable salt thereof.
Provided is a compound, or a pharmaceutically acceptable salt thereof, for use in a method for treating a Filoviridae
infection in a human in need thereof wherein said compound has the structure:
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DETAILED DESCRIPTION OF THE INVENTION

I. DEFINITIONS

[0009] Unless stated otherwise, the following terms and phrases as used herein are intended to have the following
meanings:
When trade names are used herein, applicants intend to independently include the trade name product and the active
pharmaceutical ingredient(s) of the trade name product.
[0010] As used herein, "a compound of the invention" means a compound of the structure denoted in claim 1 or a
pharmaceutically acceptable salt, thereof. Similarly, with respect to isolatable intermediates, the phrase "a compound
of Formula (number)" means a compound of that formula and pharmaceutically acceptable salts, thereof.
[0011] Unless otherwise specified, the carbon atoms of the compound of the invention is intended to have a valence
of four. In some chemical structure representations where carbon atoms do not have a sufficient number of variables
attached to produce a valence of four, the remaining carbon substituents needed to provide a valence of four should be
assumed to be hydrogen. For example,

has the same meaning as
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[0012] "Protecting group" refers to a moiety of a compound that masks or alters the properties of a functional group
or the properties of the compound as a whole. The chemical substructure of a protecting group varies widely. One
function of a protecting group is to serve as an intermediate in the synthesis of the parental drug substance. Chemical
protecting groups and strategies 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. See also Protective Groups in Organic
Chemistry, Peter G. M. Wuts and Theodora W. Greene, 4th Ed., 2006. Protecting groups are often utilized to mask the
reactivity of certain functional groups, to assist in the efficiency of desired chemical 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 (hydrophobicity), and
other properties which can be measured by common analytical tools. Chemically protected intermediates may themselves
be biologically active or inactive. "Hydroxy protecting groups" refers to those protecting groups useful for protecting
hydroxy groups (-OH).
[0013] Protected compounds may also exhibit altered, and in some cases, optimized properties in vitro and in vivo,
such as passage through cellular membranes and resistance to enzymatic degradation or sequestration. In this role,
protected compounds with intended therapeutic effects may be referred to as prodrugs. Another function of a protecting
group is to convert the parental drug into a prodrug, whereby the parental drug is released upon conversion of the
prodrug in vivo. Because active prodrugs may be absorbed more effectively than the parental drug, prodrugs may
possess greater potency in vivo than the parental drug. Protecting groups are removed either in vitro, in the instance of
chemical intermediates, or in vivo, in the case of prodrugs. With chemical intermediates, it is not particularly important
that the resulting products after deprotection, e.g. alcohols, be physiologically acceptable, although in general it is more
desirable if the products are pharmacologically innocuous.
[0014] The term "chiral" refers to molecules which have the property of non-superimposability of the mirror image
partner, while the term "achiral" refers to molecules which are superimposable on their mirror image partner.
[0015] The term "stereoisomers" refers to compounds which have identical chemical constitution, but differ with regard
to the arrangement of the atoms or groups in space.
[0016] "Diastereomer" refers to a stereoisomer with two or more centers of chirality and whose molecules are not
mirror images of one another. Diastereomers have different physical properties, e.g. melting points, boiling points,
spectral properties, reactivities and biological properties. For example, the compounds of Formula IV may have a chiral
phosphorus atom when R7 is

and Z1 and Z2 are different. When at least one of either Z1 or Z2 also has a chiral center, for example with Z1 or Z2 is a
nitrogen-linked, chiral, naturally occurring α-amino acid ester, then the compound of Formula IV will exists as diastere-
omers because there are two centers of chirality in the molecule. All such diastereomers and their uses described herein
are encompassed by the instant invention. Mixtures of diastereomers may be separate under high resolution analytical
procedures such as electrophoresis, crystallization and/or chromatography. Diastereomers may have different physical
attributes such as, but not limited to, solubility, chemical stabilities and crystallinity and may also have different biological
properties such as, but not limited to, enzymatic stability, absorption and metabolic stability.
[0017] "Enantiomers" refer to two stereoisomers of a compound which are non-superimposable mirror images of one
another.
[0018] 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., includes the degree of error associated with measurement of the particular quantity).
[0019] The term "treating", as used herein, unless otherwise indicated, means reversing, alleviating, inhibiting the
progress of, or preventing the disorder or condition to which such term applies, or one or more symptoms of such disorder
or condition. The term "treatment", as used herein, refers to the act of treating, as "treating" is defined immediately above.
[0020] The term "therapeutically effective amount", as used herein, is the amount of compound of Formula IV present
in a composition described herein that is needed to provide a desired level of drug in the secretions and tissues of the
airways and lungs, or alternatively, in the bloodstream of a subject to be treated to give an anticipated physiological
response or desired 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 composition, its intended
use, as well as patient considerations such as severity of the disease state, patient cooperation, etc., and can readily
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be determined by one skilled in the art based upon the information provided herein.
[0021] The term "normal saline" means a water solution containing 0.9% (w/v) NaCl.
[0022] The term "hypertonic saline" means a water solution containing greater than 0.9% (w/v) NaCl. For example,
3% hypertonic saline would contain 3% (w/v) NaCl.
[0023] "Forming a reaction mixture" refers to the process of bringing into contact at least two distinct species such
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 reaction mixture.
[0024] "Coupling agent" refers to an agent capable of coupling two disparate compounds. Coupling agents can be
catalytic or stoichiometric. For example, the coupling agents can be a lithium based coupling agent or a magnesium
based coupling agent such as a Grignard reagent. Exemplary coupling agents include, but are not limited to, n-BuLi,
MgCl2, iPrMgCl, tBuMgCl, PhMgCl or combinations thereof.
[0025] "Deprotection agent" refers to any agent capable of removing a protecting group. The deprotection agent will
depend on the type of protecting group used. Representative deprotection agents are known in the art and can be found
in Protective Groups in Organic Chemistry, Peter G. M. Wuts and Theodora W. Greene, 4th Ed., 2006.

II. COMPOUNDS OF THE PRESENT INVENTION

[0026] Reference will now be made in detail to certain embodiments of the invention, examples of which are illustrated
in the accompanying description, structures and formulas. While the invention will be described in conjunction with the
enumerated embodiments, it will be understood that they are not intended to limit the invention to those embodiments.
On the contrary, the invention is intended to cover all alternatives, modifications, and equivalents, but only to the extent
as they are covered by the scope of the claims.
[0027] Provided, is a compound for use in a method for treating a Filoviridae infection in a human in need thereof,
comprising administering a therapeutically effective amount of a compound having the structure:

or a pharmaceutically acceptable salt thereof.
[0028] The present invention provides a compound that is

or a pharmaceutically acceptable salt thereof.
[0029] Names of compounds of the present disclosure are provided using ACD/Name software for naming chemical
compounds (Advanced Chemistry Development, Inc., Toronto, Canada). Other compounds or radicals may be named
with common names or systematic or non-systematic names. The naming and numbering of the compounds of the
disclosure is illustrated with a representative compound:
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which is named (2S)-2-ethylbutyl 2-((((2R,3S,4R,5R)-5-(4-aminopyrrolo[1,2-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydrox-
ytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphorylamino) propanoate. The compound of the present invention is:

which is named (S)-2-ethylbutyl 2-(((S)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4] triazin-7-yl)-5-cyano-3,4-dihy-
droxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl) amino)propanoate. Also disclosed are:

which is named (S)-2-ethylbutyl 2-(((R)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4] triazin-7-yl)-5-cyano-3,4-dihy-
droxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl) amino)propanoate. (S)-2-ethylbutyl2-(((R)-(((2R,3S,4R,5R)-
5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphor-
yl)amino)propanoate may also be illustrated as

[0030] Any reference to the compound of the invention described herein also includes a reference to a physiologically
acceptable salt thereof. Examples of physiologically acceptable salts of the compounds of the invention include salts
derived from an appropriate base, such as an alkali metal or an alkaline earth (for example, Na+, Li+, K+, Ca+2 and Mg+2),
ammonium and NR4

+ (wherein R is defined herein). Physiologically acceptable salts of a nitrogen atom or an amino
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group include (a) acid addition salts formed with inorganic acids, for example, hydrochloric acid, hydrobromic acid,
sulfuric acid, sulfamic acids, phosphoric acid, nitric acid and the like; (b) salts formed with organic acids such as, for
example, acetic acid, oxalic acid, tartaric acid, succinic acid, maleic acid, fumaric acid, gluconic acid, citric acid, malic
acid, ascorbic acid, benzoic acid, isethionic acid, lactobionic acid, tannic acid, palmitic acid, alginic acid, polyglutamic
acid, naphthalenesulfonic acid, methanesulfonic acid, p-toluenesulfonic acid, benzenesulfonic acid, naphthalenedisul-
fonic acid, polygalacturonic acid, malonic acid, sulfosalicylic acid, glycolic acid, 2-hydroxy-3-naphthoate, pamoate, sal-
icylic acid, stearic acid, phthalic acid, mandelic acid, lactic acid, ethanesulfonic acid, lysine, arginine, glutamic acid,
glycine, serine, threonine, alanine, isoleucine, leucine and the like; and (c) salts formed from elemental anions for
example, chlorine, bromine, and iodine. Physiologically acceptable salts of a compound of a hydroxy group include the
anion of said compound in combination with a suitable cation such as Na+ and NR4

+.
[0031] The compound of the invention and its pharmaceutically acceptable salts may exist as different polymorphs or
pseudopolymorphs. As used herein, crystalline polymorphism means the ability of a crystalline compound to exist in
different crystal structures. The crystalline polymorphism may result from differences in crystal packing (packing poly-
morphism) or differences in packing between different conformers of the same molecule (conformational polymorphism).
As used herein, crystalline pseudopolymorphism means the ability of a hydrate or solvate of a compound to exist in
different crystal structures. The pseudopolymorphs of the instant invention may exist due to differences in crystal packing
(packing pseudopolymorphism) or due to differences in packing between different conformers of the same molecule
(conformational pseudopolymorphism). The instant invention comprises all polymorphs and pseudopolymorphs of the
compounds of Formula IV and their pharmaceutically acceptable salts.
[0032] The compound of the invention and its pharmaceutically acceptable salts may also exist as an amorphous
solid. As used herein, an amorphous solid is a solid in which there is no long-range order of the positions of the atoms
in the solid. This definition applies as well when the crystal size is two nanometers or less. Additives, including solvents,
may be used to create the amorphous forms of the instant invention. The instant invention comprises all amorphous
forms of the compounds of Formula IV and their pharmaceutically acceptable salts.
[0033] For therapeutic use, salts of active ingredients of the compound of the invention will be physiologically accept-
able, i.e. they will be salts derived from a physiologically acceptable acid or base. However, salts of acids or bases which
are not physiologically acceptable may also find use, for example, in the preparation or purification of a physiologically
acceptable compound. All salts, whether or not derived form a physiologically acceptable acid or base, are within the
scope of the present invention.
[0034] Finally, it is to be understood that the compositions herein comprise compounds of the invention in their un-
ionized, as well as zwitterionic form, and combinations with stoichiometric amounts of water as in hydrates.
[0035] It is to be noted that all enantiomers, diastereomers, and racemic mixtures, tautomers, polymorphs, pseudopol-
ymorphs of the compound of the invention 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.
[0036] The compound of the invention has chiral centers, e.g. chiral carbon or phosphorus atoms. The racemic mixtures
are separated into their individual, substantially optically pure isomers through well-known techniques such as, for
example, the separation of diastereomeric salts formed with optically active adjuncts, e.g., acids or bases followed by
conversion back to the optically active substances. In most instances, the desired optical isomer is synthesized by means
of stereospecific reactions, beginning with the appropriate stereoisomer of the desired starting material.
[0037] Stereochemical definitions and conventions used herein generally follow S. P. Parker, Ed., McGraw-Hill Dic-
tionary of Chemical Terms (1984) McGraw-Hill Book Company, New York; and Eliel, E. and Wilen, S., Stereochemistry
of Organic Compounds (1994) John Wiley & Sons, Inc., New York. Many organic compounds exist in optically active
forms, i.e., they have the ability to rotate the plane of plane-polarized light. In describing an optically active compound,
the prefixes D and L or R and S are used to denote the absolute configuration of the molecule about its chiral center(s).
The prefixes d and 1, D and L, or (+) and (-) are employed to designate the sign of rotation of plane-polarized light by
the compound, with S, (-), or 1 meaning that the compound is levorotatory while a compound prefixed with R, (+), or d
is dextrorotatory. For a given chemical structure, these stereoisomers are identical except that they are mirror images
of one another. A specific stereoisomer may also be referred to as an enantiomer, and a mixture of such isomers is
often called an enantiomeric mixture. A 50:50 mixture of enantiomers is referred to as a racemic mixture or a racemate,
which may occur where there has been no stereoselection or stereospecificity in a chemical reaction or process. The
terms "racemic mixture" and "racemate" refer to an equimolar mixture of two enantiomeric species, devoid of optical
activity.
[0038] The compounds of the invention can also exist 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 example, ene-amine tautomers can exist for purine, pyrimidine, imidazole, guanidine, amidine, and tetrazole systems
and all their possible tautomeric forms are within the scope of the invention.
[0039] Any formula or structure given herein is also intended to represent unlabeled forms as well as isotopically
labeled forms of the compounds. Isotopically labeled compounds have structures depicted by the formulas given herein
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except that one or more atoms are replaced by an atom having a selected atomic mass or mass number. Examples of
isotopes that can be incorporated into compounds of the disclosure include isotopes of hydrogen, carbon, nitrogen,
oxygen, phosphorous, fluorine and chlorine, such as, but not limited to 2H (deuterium, D), 3H (tritium), 11C, 13C, 14C,
15N, 18F, 31P, 32P, 35S, 36Cl and 125I. Various isotopically labeled compounds of the present disclosure, for example
those into which radioactive isotopes such as 3H, 13C and 14C are incorporated. Such isotopically labeled compounds
may be useful in metabolic studies, reaction kinetic studies, detection or imaging techniques, such as positron emission
tomography (PET) or single-photon emission computed tomography (SPECT) including drug or substrate tissue distri-
bution assays or in radioactive treatment of patients.
[0040] The disclosure also includes the compound of the invention in which from 1 to n hydrogens attached to a carbon
atom is/are replaced by deuterium, in which n is the number of hydrogens in the molecule. Such compounds exhibit
increased resistance to metabolism and are thus useful for increasing the half-life of any compound of Formula IV when
administered to a mammal, particularly a human. See, for example, Foster, "Deuterium Isotope Effects in Studies of
Drug Metabolism", Trends Pharmacol. Sci. 5(12):524-527 (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
deuterium.
[0041] Deuterium labeled or substituted therapeutic compounds of the disclosure may have improved DMPK (drug
metabolism and pharmacokinetics) properties, relating to distribution, metabolism and excretion (ADME). Substitution
with heavier isotopes such as deuterium may afford certain therapeutic advantages resulting from greater metabolic
stability, for example increased in vivo half-life, reduced dosage requirements and/or an improvement in therapeutic
index. An 18F labeled compound may be useful for PET or SPECT studies. Isotopically labeled compounds of this
disclosure and prodrugs thereof can generally be prepared by carrying out the procedures disclosed in the schemes or
in the examples and preparations described below by substituting a readily available isotopically labeled reagent for a
non-isotopically labeled reagent. It is understood that deuterium in this context is regarded as a substituent in the
compound of Formula IV.
[0042] The concentration of such a heavier isotope, specifically deuterium, may be defined by an isotopic enrichment
factor. In the compounds of this disclosure any atom not specifically designated as a particular isotope is meant to
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 isotopic composition. Accordingly, in
the compounds of this disclosure any atom specifically designated as a deuterium (D) is meant to represent deuterium.
[0043] Wavy lines,

indicate the site of covalent bond attachments to the adjoining substructures, groups, moieties, or atoms.
[0044] The compound of the present invention can be prepared by methods known to one of skill in the art. For example,
the compound of the present invention can be prepared according to the methods described in U.S. Patent No. 8,008,264
and U.S. Application Publication No. US 2012/0027752.

III. PHARMACEUTICAL FORMULATIONS

[0045] The compound of this invention is formulated with conventional carriers and excipients, which will be selected
in accord with ordinary practice. Tablets will contain excipients, glidants, 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 isotonic.
All formulations will optionally contain excipients such as those set forth in the "Handbook of Pharmaceutical Excipients"
(1986). Excipients include ascorbic acid and other antioxidants, chelating agents such as EDTA, carbohydrates such
as dextran, hydroxyalkylcellulose, hydroxyalkylmethylcellulose, stearic acid and the like. The pH of the formulations
ranges from about 3 to about 11, but is ordinarily 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. In some embodiments, the pH of the formulations ranges
from about 2 to about 10, but is ordinarily about 3.5 to about 8.5.
[0046] While it is possible for the active ingredients to be administered alone it may be preferable to present them as
pharmaceutical formulations. The formulations, both for veterinary and for human 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 physiologically innocuous
to the recipient thereof.
[0047] The formulations include those suitable for the foregoing administration routes. The formulations may conven-
iently be presented in unit dosage form and may be prepared by any of the methods well known in the art of pharmacy.
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Techniques and formulations generally are found in Remington’s Pharmaceutical Sciences (Mack Publishing Co., Easton,
PA). Such methods include the step of bringing into association the active ingredient with the carrier which constitutes
one or more accessory ingredients. In general the formulations are prepared by uniformly 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.
[0048] Formulations of the present invention suitable for oral administration may be presented as discrete units such
as capsules, cachets or tablets each containing a predetermined amount of the active ingredient; as a powder or granules;
as a solution or a suspension in an aqueous or non-aqueous liquid; or as an oil-in-water liquid emulsion or a water-in-
oil liquid emulsion. The active ingredient may also be administered as a bolus, electuary or paste.
[0049] A tablet is made by compression or molding, optionally with one or more accessory ingredients. Compressed
tablets 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, lubricant, 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 inert liquid 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.
[0050] For infections of the eye or other external tissues e.g. mouth and skin, the formulations are preferably applied
as a topical ointment or cream containing the active ingredient(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%
w/w, etc.), preferably 0.2 to 15% w/w and most preferably 0.5 to 10% w/w. When formulated in an ointment, the active
ingredients may be employed with either a paraffinic or a water-miscible ointment base. Alternatively, the active ingre-
dients may be formulated in a cream with an oil-in-water cream base.
[0051] If desired, the aqueous phase of the cream base may include, for example, at least 30% w/w of a polyhydric
alcohol, i.e. an alcohol having two or more hydroxyl groups such as propylene glycol, butane 1,3-diol, mannitol, sorbitol,
glycerol and polyethylene glycol (including PEG 400) and mixtures thereof. The topical formulations may desirably
include a compound which enhances absorption or penetration of the active ingredient through the skin or other affected
areas. Examples of such dermal penetration enhancers include dimethyl sulphoxide and related analogs.
[0052] The oily phase of the emulsions 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 emulgent), it desirably comprises a mixture
of at least 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 emulsifier which acts as a stabilizer. It is also preferred to include 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 make up the so-called emulsifying ointment base which forms the oily dispersed phase of the cream formulations.
[0053] Emulgents and emulsion stabilizers suitable for use in the formulation of the invention include Tween® 60,
Span® 80, cetostearyl alcohol, benzyl alcohol, myristyl alcohol, glyceryl mono-stearate and sodium lauryl sulfate. Further
emulgents and emulsion stabilizers suitable for use in the formulation of the invention include Tween® 80.
[0054] The choice of suitable oils or fats for the formulation is based on achieving the desired cosmetic properties.
The cream should preferably be a non-greasy, non-staining and washable product with suitable consistency to avoid
leakage from tubes or other containers. Straight or branched chain, mono- or dibasic alkyl esters such as di-isoadipate,
isocetyl stearate, propylene glycol diester of coconut fatty acids, isopropyl myristate, decyl oleate, isopropyl palmitate,
butyl stearate, 2-ethylhexyl palmitate or a blend of branched chain esters known as Crodamol CAP may be used, the
last three being preferred esters. These may be used alone or in combination depending on the properties required.
Alternatively, high melting point lipids such as white soft paraffin and/or liquid paraffin or other mineral oils are used.
[0055] Pharmaceutical formulations according to the present invention comprise a combination according to the in-
vention 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 suitable for the intended method
of administration. When used for oral use for example, tablets, troches, lozenges, aqueous or oil suspensions, dispersible
powders or granules, emulsions, hard or soft capsules, syrups or elixirs may be prepared. Compositions intended for
oral use may be prepared according to any method known to the art for the manufacture of pharmaceutical compositions
and such compositions may contain one or more agents including sweetening agents, flavoring agents, coloring agents
and preserving agents, in order to provide a palatable preparation. Tablets containing the active ingredient in admixture
with non-toxic pharmaceutically acceptable excipient which are suitable for manufacture of tablets are acceptable. These
excipients may be, for example, inert diluents, such as calcium or sodium carbonate, lactose, calcium or sodium phos-
phate; granulating and disintegrating agents, such as maize starch, or alginic acid; binding agents, such as starch, gelatin
or acacia; and lubricating agents, such as magnesium stearate, stearic acid or talc. Tablets may be uncoated or may
be coated by known techniques including microencapsulation to delay disintegration and adsorption in the gastrointestinal
tract and thereby provide a sustained action over a longer period. For example, a time delay material such as glyceryl
monostearate or glyceryl distearate alone or with a wax may be employed.
[0056] Formulations for oral use may be also presented as hard gelatin capsules where the active ingredient is mixed
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with an inert solid diluent, for example calcium phosphate or kaolin, or as soft gelatin capsules wherein the active
ingredient is mixed with water or an oil medium, such as peanut oil, liquid paraffin or olive oil.
[0057] Aqueous suspensions of the invention contain the active materials in admixture with excipients suitable for the
manufacture of aqueous suspensions. Such excipients include a suspending agent, such as sodium carboxymethylcel-
lulose, methylcellulose, hydroxypropyl methylcelluose, sodium alginate, polyvinylpyrrolidone, gum tragacanth and gum
acacia, and dispersing or wetting agents such as a naturally-occurring phosphatide (e.g., lecithin), a condensation
product of an alkylene oxide with a fatty acid (e.g., polyoxyethylene stearate), a condensation product of ethylene oxide
with a long chain aliphatic alcohol (e.g., heptadecaethyleneoxycetanol), a condensation product of ethylene oxide with
a partial ester derived from a fatty acid and a hexitol anhydride (e.g., polyoxyethylene sorbitan monooleate). Further
non-limiting examples of suspending agents include Captisol® (sulfobutyl ether betacyclodextrin, SBE-β-CD). The aque-
ous suspension may also contain one or more preservatives such as ethyl or n-propyl p-hydroxy-benzoate, one or more
coloring agents, one or more flavoring agents and one or more sweetening agents, such as sucrose or saccharin.
[0058] Oil 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 liquid paraffin. The oral suspensions may contain a thickening
agent, such as beeswax, hard paraffin or cetyl alcohol. Sweetening agents, such as those set forth above, and flavoring
agents may be added to provide a palatable oral preparation. These compositions may be preserved by the addition of
an antioxidant such as ascorbic acid.
[0059] Dispersible 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 wetting agent, a suspending agent, and
one or more preservatives. Suitable dispersing or wetting agents and suspending agents are exemplified by those
disclosed above. Additional excipients, for example sweetening, flavoring and coloring agents, may also be present.
[0060] The pharmaceutical compositions of the invention may also be in the form of oil-in-water emulsions. The oily
phase may be a vegetable oil, such as olive oil or arachis oil, a mineral oil, such as liquid paraffin, or a mixture of these.
Suitable emulsifying agents include naturally-occurring gums, such as gum acacia and gum tragacanth, naturally-oc-
curring 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 polyox-
yethylene sorbitan monooleate. The emulsion may also contain sweetening and flavoring agents. Syrups and elixirs
may be formulated with sweetening agents, such as glycerol, sorbitol or sucrose. Such formulations may also contain
a demulcent, a preservative, a flavoring or a coloring agent.
[0061] The pharmaceutical compositions of the invention may be in the form of a sterile injectable preparation, such
as a sterile injectable aqueous or oleaginous suspension. This suspension may be formulated according to the known
art using those suitable dispersing or wetting agents and suspending agents which have been mentioned above. The
sterile injectable preparation may also be a sterile injectable 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 also be a sterile injectable solution or suspension in a parenterally acceptable diluent or solvent. Among
the acceptable vehicles and solvents that may be employed are water, Ringer’s solution and isotonic sodium chloride
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 acceptable vehicles and solvents that may
be employed are water, Ringer’s solution isotonic sodium chloride solution, hypertonic sodium chloride solution, and
hypotonic sodium chloride solution.
[0062] 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 particular mode of administration. For example, a time-release
formulation intended for oral administration to humans may contain approximately 1 to 1000 mg of active material
compounded with an appropriate and convenient amount of carrier material which may vary from about 5 to about 95%
of the total compositions (weight:weight). The pharmaceutical composition can be prepared to provide easily measurable
amounts for administration. For example, an aqueous solution intended for intravenous infusion may contain from about
3 to 500 mg of the active ingredient per milliliter of solution in order that infusion of a suitable volume at a rate of about
30 mL/hr can occur.
[0063] Formulations suitable for topical administration to the eye also include eye drops wherein the active ingredient
is dissolved or suspended in a suitable carrier, especially an aqueous solvent for the active ingredient. The active
ingredient is preferably present in such formulations in a concentration of 0.5 to 20%, advantageously 0.5 to 10%, and
particularly about 1.5% w/w.
[0064] Formulations suitable for topical administration in the mouth include lozenges comprising the active ingredient
in a flavored basis, usually sucrose and acacia or tragacanth; pastilles comprising the active ingredient in an inert basis
such as gelatin and glycerin, or sucrose and acacia; and mouthwashes comprising the active ingredient in a suitable
liquid carrier.
[0065] Formulations for rectal administration may be presented as a suppository with a suitable base comprising for
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example cocoa butter or a salicylate.
[0066] Formulations suitable for intrapulmonary or nasal administration have a particle size for example in the range
of 0.1 to 500 microns, such as 0.5, 1, 30, 35 etc., 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 aqueous or oily solutions
of the active ingredient. Formulations suitable for aerosol or dry powder administration may be prepared according to
conventional methods and may be delivered with other therapeutic agents such as compounds heretofore used in the
treatment or prophylaxis of Filoviridae infections as described below.
[0067] Formulations suitable for vaginal administration may be presented as pessaries, tampons, creams, gels, pastes,
foams or spray formulations containing in addition to the active ingredient such carriers as are known in the art to be
appropriate.
[0068] Formulations suitable for parenteral administration include aqueous and non-aqueous sterile injection solutions
which may contain anti-oxidants, buffers, bacteriostats and solutes which render the formulation isotonic with the blood
of the intended recipient; and aqueous and non-aqueous sterile suspensions which may include suspending agents and
thickening agents.
[0069] The formulations are presented in unit-dose or multi-dose containers, for example sealed ampoules and vials,
and may be stored in a freeze-dried (lyophilized) condition requiring only the addition of the sterile liquid carrier, for
example water for injection, immediately prior to use. Extemporaneous injection solutions and suspensions are prepared
from sterile powders, granules and tablets of the kind previously described. Preferred unit dosage formulations are those
containing a daily dose or unit daily sub-dose, as herein above recited, or an appropriate fraction thereof, of the active
ingredient.
[0070] It should be understood that in addition to the ingredients particularly mentioned above the formulations of this
invention may include other agents conventional in the art having regard to the type of formulation in question, for
example those suitable for oral administration may include flavoring agents.
[0071] The invention further provides veterinary compositions comprising at least one active ingredient as above
defined together with a veterinary carrier therefor.
[0072] Veterinary carriers are materials useful for the purpose of administering the composition and may be solid,
liquid 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 administered orally, parenterally or by any other desired route.
[0073] The compound of the invention is used to provide controlled release pharmaceutical formulations containing
as active ingredient the compound of the invention ("controlled release formulations") in which the release of the active
ingredient are controlled and regulated to allow less frequency dosing or to improve the pharmacokinetic or toxicity
profile of a given active ingredient.

IV. ROUTES OF ADMINISTRATION

[0074] The compound of the invention (herein referred to as the active ingredients) is 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 compound of this invention is that it is orally bioavailable and can be dosed orally.
[0075] The compound of the present invention can be administered at any time to a human who may come into contact
with humans suffering from Filoviridae infection or is already suffering from Filoviridae infection. In some embodiments,
the compound of the present invention can be administered prophylactically to humans coming into contact with humans
suffering from Filoviridae infection. In some embodiments, administration of the compound of the present invention can
be to humans testing positive for Filoviridae infection but not yet showing symptoms of Filoviridae infection. In some
embodiments, administration of the compound of the present invention can be to humans upon commencement of
symptoms of Filoviridae infection.
[0076] 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 infection, the method of delivery,
and the pharmaceutical formulation, and will be determined by the clinician using conventional dose escalation studies.
It 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
10 mg/kg body weight per day; more typically, from about .01 to about 5 mg/kg body weight per day; most typically, from
about .05 to about 0.5 mg/kg body weight per day. For example, the daily candidate dose for an adult human of approx-
imately 70 kg body weight will range from 1 mg to 1000 mg, preferably between 5 mg and 500 mg, and may take the
form of single or multiple doses.
[0077] The effective dose of a compound of the present invention for treating the Filoviridae infection can depend on
whether the dose is to be used prophylactically or to treat a human already suffering from Filoviridae infection. Moreover,
the dose can depend on whether the human suffering from Filoviridae infection does not yet show symptoms or is already
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showing symptoms of Filoviridae infection. Larger doses may be necessary for treating humans testing positive for
Filoviridae infection and for humans showing symptoms of Filoviridae infection as compared to humans receiving pro-
phylactic treatment.
[0078] Any suitable period of time for administration of the compounds of the present invention is contemplated. For
example, administration can be for from 1 day to 100 days, including 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 40, 50, 60,
70, 80, or 90 days. The administration can also be for from 1 week to 15 weeks, including 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, or 14 weeks. Longer periods of administration are also contemplated. The time for administration can depend
on whether the compound is being administered prophylactically or to treat a human suffering from a Filoviridae infection.
For example, a prophylactic administration can be for a period of time while the human is in regular contact with other
humans suffering from a Filoviridae infection, and for a suitable period of time following the last contact with a human
suffering from a Filoviridae infection. For humans already suffering from a Filoviridae infection, the period of administration
can be for any length of time necessary to treat the patient and a suitable period of time following a negative test for
Filoviridae infection to ensure the Filoviridae infection does not return.

V. COMBINATION THERAPY

[0079] Compositions of the invention are also used in combination with other active ingredients. For the treatment of
Filoviridae virus infections, preferably, the other active therapeutic agent is active against Filoviridae virus infections,
particularly Marburg virus, Ebola virus and Cueva virus infections. Non-limiting examples of these other active therapeutic
agents are ribavirin, palivizumab, motavizumab, RSV-IGIV (RespiGam®), MEDI-557, A-60444, MDT-637, BMS-433771,
amiodarone, dronedarone, verapamil, Ebola Convalescent Plasma (ECP), TKM-100201, BCX4430 ((2S,3S,4R,5R)-
2-(4-amino-5H-pyrrolo[3,2-d]pyrimidin-7-yl)-5-(hydroxymethyl)pyrrolidine-3,4-diol), favipiravir (also known as T-705 or
Avigan),T-705 monophosphate, T-705 diphosphate, T-705 triphosphate, FGI-106 (1-N,7-N-bis[3-(dimethylamino)pro-
pyl]-3,9-dimethylquinolino[8,7-h]quinolone-1,7-diamine), JK-05, TKM-Ebola, ZMapp, rNAPc2, VRC-EBOADC076-00-
VP, OS-2966, MVA-BN filo, brincidofovir, Vaxart adenovirus vector 5-based ebola vaccine, Ad26-ZEBOV, FiloVax vac-
cine, GOVX-E301, GOVX-E302, ebola virus entry inhibitors (NPC1 inhibitors), and rVSV-EBOV, and mixtures thereof.
The compounds and compositions of the present invention may also be used in combination with phosphoramidate
morpholino oligomers (PMOs), which are synthetic antisense oligonucleotide analogs designed to interfere with trans-
lational processes by forming base-pair duplexes with specific RNA sequences. Examples of PMOs include AVI-7287,
AVI-7288, AVI-7537, AVI-7539, AVI-6002, and AVI-6003. 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
(including dextrose saline and Ringer’s lactate) and nutrition, antibiotic (including metronidazole and cephalosporin
antibiotics, such as ceftriaxone and cefuroxime) and/or antifungal prophylaxis, fever and pain medication, antiemetic
(such as metoclopramide) and/or antidiarrheal agents, vitamin and mineral supplements (including Vitamin K and zinc
sulfate), anti-inflammatory agents (such as ibuprofen), pain medications, and medications for other common diseases
in the patient population, such anti-malarial agents (including artemether and artesunate-lumefantrine combination ther-
apy), typhoid (including quinolone antibiotics, such as ciprofloxacin, macrolide antibiotics, such as azithromycin, cepha-
losporin antibiotics, such as ceftriaxone, or aminopenicillins, such as ampicillin), or shigellosis.
[0080] 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 administered as a simultaneous or sequential regimen. When administered sequentially, the combination may be
administered in two or more administrations.
[0081] 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 thera-
peutic agents, such that therapeutically effective amounts of the compound of the invention and one or more other active
therapeutic agents are both present in the body of the patient.
[0082] Co-administration includes administration of unit dosages of the compounds of the invention before or after
administration of unit dosages of one or more other active therapeutic agents, for example, administration of the com-
pounds of the invention within seconds, minutes, or hours of the administration of one or more other active therapeutic
agents. For example, a unit 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 more other active therapeutic agents. Alternatively, a unit dose of one
or more other therapeutic agents can be administered first, followed by administration of a 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, after a period of hours (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 to 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 administration of a unit dose of a compound
of the invention.
[0083] The combination therapy may provide "synergy" and "synergistic", i.e. the effect achieved when the active
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ingredients used together is greater than the sum of the effects that results from using the compounds separately. A
synergistic effect may be attained when the active ingredients are: (1) co-formulated and administered or delivered
simultaneously in a combined formulation; (2) delivered by alternation or in parallel as separate formulations; or (3) by
some other regimen. When delivered in alternation therapy, a synergistic effect may be attained when the compounds
are administered or delivered sequentially, e.g. 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 sequentially,
i.e. 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.
[0084] In still yet another embodiment, the present application provides for methods of inhibiting Filoviridae polymerase
in a cell, comprising: contacting a cell infected with a Filovirus with an effective amount of the compound of the invention,
or a pharmaceutically acceptable salt, solvate, and/or ester thereof, whereby Filoviridae polymerase is inhibited.
[0085] In still yet another embodiment, the present application provides for methods of inhibiting Filoviridae polymerase
in a cell, comprising: contacting a cell infected with Filovirus with an effective amount of the compound of the invention,
or a pharmaceutically acceptable salt, solvate, and/or ester thereof, and at least one additional active therapeutic agent,
whereby Filoviridae polymerase is inhibited.
[0086] In still yet another embodiment, the present application provides for methods of inhibiting Filoviridae polymerase
in a cell, comprising: contacting a cell infected with Filoviridae virus with an effective amount of the compound of the
invention, or a pharmaceutically acceptable salt, solvate, and/or ester thereof, and at least one additional active thera-
peutic agent selected
[0087] In still yet another embodiment, the present application provides the compound of the invention for methods
of treating Filoviridae virus infection in a human, comprising: administering to the patient a therapeutically effective
amount of the compound of the invention, or a pharmaceutically acceptable salt thereof.
[0088] In still yet another embodiment, the present application provides the compound of the invention for use in
methods of treating Filoviridae virus infection in a human, comprising: administering to the patient a therapeutically
effective amount of the compound of the invention, or a pharmaceutically acceptable salt thereof, and at least one
additional active therapeutic agent, whereby Filoviridae polymerase is inhibited.
[0089] In still yet another embodiment, the present application provides the compound of the invention for use in
methods of treating Filoviridae virus infection in a human, comprising: administering to the patient a therapeutically
effective amount of the compound of the invention, or a pharmaceutically acceptable salt thereof, and at least one
additional active therapeutic agent.
[0090] Also provided is a kit that includes a compound of the invention, or a pharmaceutically acceptable salt, thereof.
Each of the individual kits described herein may comprise a label and/or instructions for use of the compound in the
treatment 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 a 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 the invention in the treatment of a disease or condition in a subject (e.g., human) in need thereof. In
certain of these embodiments, the disease or condition is a human Filoviridae viral infection, including an Ebola viral
infection or a Marburg viral infection. In each of the kits herein there is a further embodiment in which the kit comprises
individual dose units of a compound as described herein, or a pharmaceutically acceptable salt, racemate, enantiomer,
diastereomer, tautomer, polymorph, pseudopolymorph, amorphous form, hydrate or solvate thereof. Examples of indi-
vidual dosage units may include pills, tablets, capsules, prefilled syringes or syringe cartridges, IV bags, etc., each
comprising a therapeutically effective amount of the compound in question, or a pharmaceutically acceptable salt thereof.
In some embodiments, the kit may contain a single dosage unit and in others multiple dosage units are present, such
as the number of dosage units required for a specified regimen or period.
[0091] Also provided are articles of manufacture that include a compound of the invention, or a pharmaceutically
acceptable salt thereof; and a container. In one aspect, the article of manufacture comprises the compound of the
invention, or a pharmaceutically acceptable salt thereof, 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 intra-
venous bag.

VI. METHODS OF INHIBITION OF A FILOVIRIDAE POLYMERASE

[0092] Another aspect of the invention relates to the compound or composition of the invention for use in methods of
inhibiting the activity of Filoviridae polymerase comprising the step of treating a sample suspected of containing Filoviridae
with a compound or composition of the invention.
[0093] Filoviridae that can be treated using the compounds of the present invention are single-stranded negative sense
RNA viruses that typically infect primates. Filoviruses are able to multiply in virtually all cell types. The Filovirus antigens
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and virions are found primarily in fibroblasts and interstitium of an infected individual. There are three identified genera
of Filoviruses: the Ebola virus (EBOV; five species); the Marburg virus (MARV); and the Cuevavirus, also known as the
Lloviu virus (LLOV). The virions (viral particles) are characteristically shaped as long, cylindrical, filamentous particles
which may be straight, curved, coiled, or found in a "6" or "U" shaped configuration. They are occasionally branched
and the particles vary greatly in length, but the diameter (about 80 nm) is consistent. The filovirus genome comprises
seven genes that encode 4 virion structural proteins (VP30, VP35, nucleoprotein (NP), and a polymerase protein (L-
pol)) and 3 membrane-associated proteins (VP40, glycoprotein (GP), and VP24).
[0094] The Ebola virus genus includes five known species: (1) Bundibugyo ebolavirus, also known as Bundibugyo
virus (BDBV, previously BEBOV); (2) Reston ebolavirus, also known as Reston virus or Ebola-Reston (RESTV, previously
REBOV); (3) Sudan ebolavirus, also known as Sudan virus or Ebola-Sudan (SUDV, previously SEBOV); (4) Tai Forest
ebolavirus, also known as Tai Forest virus or Ebola-Tai (TAFV, previously CIEBOV); and (5) Zaire ebolavirus, also
known as Ebola virus or Ebola-Zaire (EBOV, previously ZEBOV).
[0095] The Marburg virus genus includes the species Marburg marburgvirus, also known as Marburg virus (MARV)
or Ravn virus (RAVV). The Cuevavirus genus includes the species Lloviu cuevavirus, also known as the Lloviu virus
(LLOV).
[0096] Compositions of the invention may act as inhibitors of Filoviridae polymerase , as intermediates for such inhib-
itors or have other utilities as described below. The inhibitors will bind to locations on the surface or in a cavity of Filoviridae
polymerase having a geometry unique to Filoviridae polymerase . Compositions binding Filoviridae polymerase may
bind with varying degrees of reversibility. Those compounds binding substantially irreversibly are ideal candidates for
use in this method of the invention. Once labeled, the substantially irreversibly binding compositions are useful as probes
for the detection of Filoviridae polymerase. Accordingly, the disclosure relates to methods of detecting Filoviridae polymer-
ase in a sample suspected of containing Filoviridae polymerase comprising the steps of: treating 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, fluorophores, radioisotopes, enzymes, chemiluminescent groups and chromogens. The
compounds herein are labeled in conventional fashion using functional groups such as hydroxyl, carboxyl, sulfhydryl or
amino.
[0097] Within the context of the invention, samples suspected of containing Filoviridae polymerase 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 fluid, tears, sputum, saliva, tissue samples, and the like); laboratory samples;
food, water, or air samples; bioproduct samples such as extracts of cells, particularly recombinant cells synthesizing a
desired glycoprotein; and the like. Typically the sample will be suspected of containing an organism which produces
Filoviridae polymerase, frequently a pathogenic organism such as a Filoviridae virus. Samples can be contained in any
medium including water and organic solvent\water mixtures. Samples include living organisms such as humans, and
manmade materials such as cell cultures.
[0098] The treating step of the disclosure comprises adding the composition of the invention to the sample or it
comprises adding a precursor of the composition to the sample. The addition step comprises any method of administration
as described above.
[0099] If desired, the activity of Filoviridae polymerase after application of the composition can be observed by any
method including direct and indirect methods of detecting Filoviridae polymerase activity. Quantitative, qualitative, and
semiquantitative methods of determining Filoviridae polymerase activity are all contemplated. Typically one of the screen-
ing methods described above are applied, however, any other method such as observation of the physiological properties
of a living organism are also applicable.
[0100] Organisms that contain Filoviridae polymerase include the Filoviridae virus. The compounds of this invention
are useful in the treatment or prophylaxis of Filoviridae infections in animals or in man.
[0101] However, in screening compounds capable of inhibiting human Filoviridae viruses, it should be kept in mind
that the results of enzyme assays may not correlate with cell culture assays. Thus, a cell based assay should be the
primary screening tool.
[0102] In another embodiment, the present application provides the compound of the invention for use in methods of
treating Filoviridae virus infection in a human, comprising: administering to the patient a therapeutically effective amount
of a compound of Formula IV, or a pharmaceutically acceptable salt, solvate, and/or ester thereof. In some embodiments,
the Filoviridae infection is caused by a Filoviridae virus. In some embodiments, the Filoviridae infection is caused by an
Ebola virus. In some embodiments, the Filoviridae infection is caused by Bundibugyo ebolavirus, Reston ebolavirus,
Sudan ebolavirus, Tai Forest ebolavirus, or Zaire ebolavirus. In some embodiments, the Filoviridae infection is caused
by a Marburg virus. In some embodiments, the Filoviridae infection is caused by a Lloviu virus. In some embodiments,
a Filoviridae polymerase is inhibited.
[0103] The compound of the present invention can be used in the treatment of a human already suffering from a
Filoviridae infection, or can be administered prophylactically to reduce or prevent the chance of a Filoviridae infection.
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Filoviridae infections can be characterized by hemorrhagic fever, hematemesis, diarrhea, retrosternal abdominal pain
and prostration. The incubation period is around 21 days following contact with a human suffering from Filoviridae
infection. The outcome of Filoviridae infection is typically death.

VII. SCREENS FOR FILOVIRIDAE POLYMERASE INHIBITORS.

[0104] Compositions of the invention are screened for inhibitory activity against Filoviridae polymerase by any of the
conventional techniques for evaluating enzyme activity. Within the context of the invention, typically compositions are
first screened for inhibition of Filoviridae polymerase in vitro and compositions showing inhibitory activity are then screened
for activity in vivo. Compositions having in vitro Ki (inhibitory constants) of less than about 5 X 10-6 M and preferably
less than about 1 X 10-7 M are preferred for in vivo use.
[0105] Useful in vitro screens have been described in detail and will not be elaborated here. However, the examples
describe suitable in vitro assays.

VIII. PREPARATION OF COMPOUNDS

EXAMPLES

[0106] Certain abbreviations and acronyms are used in describing the experimental details. Although most of these
would be understood by one skilled in the art, Table 1 contains a list of many of these abbreviations and acronyms.

Table 1. List of abbreviations and acronyms.

Abbreviation Meaning

AC2O acetic anhydride

AIBN 2,2’-azobis(2-methylpropionitrile)

Bn benzyl

BnBr benzylbromide

BSA bis(trimethylsilyl)acetamide

BzCl benzoyl chloride

CDI carbonyl diimidazole

DABCO 1,4-diazabicyclo[2.2.2]octane

DBN 1,5-diazabicyclo[4.3.0]non-5-ene

DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone

DBU 1,5-diazabicyclo[5.4.0]undec-5-ene

DCA dichloroacetamide

DCC dicyclohexylcarbodiimide

DCM dichloromethane

DMAP 4-dimethylaminopyridine

DME 1,2-dimethoxyethane

DMTCl dimethoxytrityl chloride

DMSO dimethylsulfoxide

DMTr 4, 4’-dimethoxytrityl

DMF dimethylformamide

EtOAc ethyl acetate

ESI electrospray ionization

EtOAc ethyl acetate
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A. Preparation of Compounds

[0107] Examples 1, 3, 11, 13, 15, 18, 20, 24-34 and 35a are reference examples. Compounds 1, 10, 15, 21-31 and
the (R)-diastereomer of compound 9 are reference compounds.

(continued)

Abbreviation Meaning

HMDS hexamethyldisilazane

HPLC High pressure liquid chromatography

LDA lithium diisopropylamide

LRMS low resolution mass spectrum

MCPBA meta-chloroperbenzoic acid

MeCN acetonitrile

MeOH methanol

MMTC mono methoxytrityl chloride

m/z or m/e mass to charge ratio

MH+ mass plus 1

MH- mass minus 1

MsOH methanesulfonic acid

MS or ms mass spectrum

MTBE tert-butylmethyl ether

NBS N-bromosuccinimide

Ph phenyl

rt or r.t. room temperature

TBAF tetrabutylammonium fluoride

THF tetrahydrofuran

TMSCl chlorotrimethylsilane

TMSBr bromotrimethylsilane

TMSI iodotrimethylsilane

TMSOTf (trimethylsilyl)trifluoromethylsulfonate

TEA triethylamine

TBA tributylamine

TBAP tributylammonium pyrophosphate

TBSCl t-butyldimethylsilyl chloride

TEAB triethylammonium bicarbonate

TFA trifluoroacetic acid

TLC or tlc thin layer chromatography

Tr triphenylmethyl

Tol 4-methylbenzoyl

Turbo Grignard 1:1 mixture of isopropylmagnesium chloride and lithium chloride

δ parts per million down field from tetramethylsilane
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Example 1. (2S)-ethyl 2-(chloro(phenoxy)phosphorylamino)propanoate (Chloridate A)

[0108]

[0109] Ethyl alanine ester hydrochloride salt (1.69 g, 11 mmol) was dissolved in anhydrous CH2Cl2 (10 mL) and the
mixture stirred with cooling to 0 °C under N2 (g). Phenyl dichlorophosphate (1.49 mL, 10 mmol) was added followed by
dropwise addition of Et3N over about 10 min. The reaction mixture was then slowly warmed to RT and stirred for about
12 h. Anhydrous Et2O (50 mL) was added and the mixture stirred for about 30 min. The solid that formed was removed
by filtration, and the filtrate concentrated under reduced pressure. The residue was subjected to silica gel chromatography
eluting with 0-50% EtOAc in hexanes to provide intermediate A. 1H NMR (300 MHz, CDCl3) δ 7.39-7.27 (m, 5H), 4.27
(m, 3H), 1.52 (m, 3H), 1.32 (m, 3H). 31P NMR (121.4 MHz, CDCl3) δ 8.2, 7.8.

Example 2. (2S)-2-ethylbutyl 2-(chloro(phenoxy)phosphorylamino)propanoate (Chloridate B)

[0110]

[0111] The 2-ethylbutyl alanine chlorophosphoramidate ester B was prepared using the same procedure as chloridate
A except substituting 2-ethylbutyl alanine ester for ethyl alanine ester. The material is used crude in the next reaction.
Treatment with methanol or ethanol forms the displaced product with the requisite LCMS signal.

Example 3. (2S)-isopropyl 2-(chloro(phenoxy)phosphorylamino)propanoate (Chloridate C)

[0112]

[0113] The isopropyl alanine chlorophosphoramidate ester C was prepared using the same procedure as chloridate
A except substituting isopropyl alanine ester for the ethyl alanine ester. The material is used crude in the next reaction.
Treatment with methanol or ethanol forms the displaced product with the requisite LCMS signal.
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Example 4. (2R, 3R, 4S, 5R)-2-(4-aminopyrrolo[1,2-f][1,2,4]triazin-7-yl)-3,4-dihydroxy-5-(hydroxymethyl)tetrahy-
drofuran-2-carbonitrile (Compound 1)

[0114]

[0115] The preparation of (2R, 3R, 4S, 5R)-2-(4-aminopyrrolo[1,2-f][1,2,4]triazin-7-yl)-3,4-dihydroxy-5-(hydroxyme-
thyl)tetrahydrofuran-2-carbonitrile is described below.

[0116] The commercially available lactol (10 g, 23.8 mmol) was dissolved in anhydrous DMSO (30 mL) under N2 (g).
AC2O (20 mL) was added and the resultant reaction mixture stirred at RT for about 48 h. The reaction mixture was
poured onto ice H2O (500 mL) and the mixture stirred for 20 min. The mixture was extracted with EtOAc (3 x 200 mL)
and the combined organic extracts were then washed with H2O (3 x 200 mL). The organic extract was dried over
anhydrous MgSO4, filtered and concentrated under reduced pressure. The residue was dissolved in CH2Cl2 and subjected
to silica gel chromatography eluting with 25% EtOAc in hexanes to provide the lactone. 1H NMR (400 MHz, DMSO) δ
7.30-7.34 (m, 13H), 7.19-7.21 (m, 2H), 4.55-4.72 (m, 6H), 4.47 (s, 2H), 4.28 (d, J = 3.9 Hz,1H), 3.66 (m, 2H). LCMS m/z
436.1 [M+H2O], 435.2 [M+OH]- Tr = 2.82 min. HPLC Tr = 4.59 [2-98% ACN in H2) over 5 min at 2 mL/min flow.

[0117] The bromopyrazole (prepared according to WO2009/132135) (0.5 g, 2.4 mmol) was suspended in anhydrous
THF (10 mL) under N2 (g). The suspension was stirred and TMSCl (0.67 mL, 5.28 mmol) was added. The mixture was
stirred for 20 min. at RT and then cooled to about -78 °C after which time a solution of n-BuLi (6 mL, 1.6 N in hexanes,
9.6 mmol) was added slowly. The reaction mixture was stirred for 10 min. at about -78 °C and then the lactone (1 g, 2.4
mmol) was added via syringe. When the reaction was complete as measured by LCMS, AcOH was added to quench
the reaction. The mixture was concentrated under reduced pressure and the residue dissolved in a mixture of CH2Cl2
and H2O (100 mL, 1:1). The organic layer was separated and washed with H2O (50 mL). The organic layer was then
dried over anhydrous MgSO4, filtered and concentrated under reduced pressure. The residue was subjected to silica
gel chromatography eluting with 0-50% EtOAc in hexanes to provide the product as a 1:1 mixture of anomers. LCMS
m/z 553 [M+H].
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[0118] The hydroxy nucleoside (1.1 g, 2.0 mmol) was dissolved in anhydrous CH2Cl2 (40 mL) and the solution cooled
with stirring to about -78 °C under N2 (g). TMSCN (0.931 mL, 7 mmol) was added and the mixture stirred for a further
10 min. TMSOTf (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 CH2Cl2 (120 mL) and aqueous NaHCO3 (120 mL) was added to quench the reaction. The
reaction mixture was stirred for a further 10 min and the organic layer separated. The aqueous layer was extracted with
CH2Cl2 (150 mL) and the combined organic extracts dried over anhydrous MgSO4, filtered and concentrated under
reduced pressure. The residue was dissolved in a minimal amount of CH2Cl2 and subjected to silica gel chromatography
eluting with a gradient of 0-75% EtOAc and hexanes to provide the tribenzyl cyano nucleoside as a mixture of anomers.
1H NMR (300 MHz, CD3CN) δ 7.94 (s, 0.5H), 7.88 (s, 0.5H), 7.29-7.43 (m, 13H), 7.11-7.19 (m, 1H), 6.82-6.88 (m,1H),
6.70-6.76 (m, 1H), 6.41 (bs, 2H), 5.10 (d, J = 3.9 Hz, 0.5H), 4.96 (d, J = 5.1 Hz, 0.5H), 4.31-4.85 (m, 7H), 4.09-4.18 (m,
2H), 3.61-3.90 (m, 2H). LCMS m/z 562 [M+H].

[0119] The tribenzyl cyano nucleoside (70 mg, 0.124 mmol) was dissolved in anhydrous CH2Cl2 (2 mL) and cooled
to about -20 °C under N2 (g). A solution of BCl3 (IN in CH2Cl2, 0.506 mL, 0.506 mmol) was added and the reaction
mixture stirred for 1 h. at -78 °C. When the reaction was complete by LC/MS, MeOH was added to quench the reaction.
The reaction mixture was allowed to warm to RT and the solvent removed under reduced pressure. The residue was
subjected to C18 reverse phase HPLC, eluting for 5 min with H2O (0.1 % TFA), followed by a gradient of 0-70% MeCN
in H2O (0.1 % TFA) over 35 min, to elute the α-anomer, and β-anomer 1. (α-anomer) 1H NMR (300 MHz, D2O) δ 7.96
(s, 1H), 7.20 (d, J = 4.8 Hz, 1H), 6.91 (d, J = 4.8 Hz, 1H), 4.97 (d, J = 4.4 Hz, 1H), 4.56-4.62 (m, 1H), 4.08-4.14 (m, 1H),
3.90 (dd, J = 12.9, 2.4 Hz, 1H), 3.70 (dd, J = 13.2, 4.5 Hz, 1H). (β-anomer) 1H NMR (400 MHz, DMSO) δ 7.91 (s, 1H),
7.80-8.00 (br s, 2H), 6.85-6.89 (m, 2H), 6.07 (d, J = 6.0 Hz, 1H), 5.17 (br s, 1H), 4.90 (br s, 1H), 4.63 (t, J = 3.9 Hz, 1H),
4.02-4.06 (m, 1H), 3.94 (br s, 1H), 3.48-3.64 (m, 2H). LCMS m/z 292.2 [M+H], 290.0 [M-H]. Tr= 0.35 min. 13C NMR
(400 MHZ, DMSO), 156.0, 148.3, 124.3, 117.8, 117.0, 111.2, 101.3, 85.8, 79.0, 74.7, 70.5, 61.4. HPLC Tr = 1.32 min

Preparation of (3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis(benzyloxy)-5-((benzyloxy)methyl)tetrahy-
drofuran-2-ol using LaCl3-2LiCl

[0120]



EP 3 212 174 B1

20

5

10

15

20

25

30

35

40

45

50

55

[0121] A solution of 7-iodopyrrolo[2,1-f][1,2,4]triazin-4-amine (7.5 g, 28.8 mmol, 1.0 equiv) was prepared in THF (67
mL). The solution was cooled to about 0 °C, and TMSC1 (3.3 mL, 30.3 mmol, 1.05 equiv) was added. The reaction
mixture was stirred for about 30 min, and then PhMgCl (2 M in THF; 28 mL, 56.8 mmol, 1.97 equiv) was added while
maintaining an internal temperature below 5 °C. The reaction mixture was agitated at about 0 °C for about 35 min, and
then cooled to about -15 °C. iPrMgCl (2 M in THF, 14 mL, 30.2 mmol, 1.05 equiv) was then added while maintaining an
internal temperature below about -10 °C. After approximately 15 minutes at about -15 °C, LaCl3-2LiCl (0.6 M in THF,
50 mL, 14.4 mmol, 0.5 equiv) was added while maintaining an internal temperature below about -15 °C. The reaction
mixture was agitated for about 25 min at about -20 °C.
[0122] In a separate flask, a solution of (3R,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)methyl)dihydrofuran-2(3H)-one
(10.0 g, 23.9 mmol, 0.83 equiv) was prepared in THF (45 mL). The solution was cooled to about -20 °C, and then
transferred to the Grignard solution while maintaining an internal temperature below about -15 °C. The resulting reaction
mixture was agitated at about -20 °C for about 30 min.
The reaction was quenched with 2 M HCl (53 mL), and the mixture warmed to about 15 °C. iPrOAc (38 mL) was added,
and the organic and aqueous phases were separated. The bottom aqueous layer was discharged, and the upper organic
layer was washed sequentially with 2.5 wt% NaHCO3 (53 mL), 2.5 wt% NaHCO3 (53 mL), and 10 wt% NaCl (53 mL).
[0123] The organic phase was concentrated to about 45 mL, and then diluted with iPrOAc (75 mL). The solution was
concentrated again to about 45 mL, and then diluted with iPrOAc (23 mL). The solution was concentrated to about 45
mL, and then filtered over a pad of Celite. The filtered solution was concentrated to about 26 mL, and then diluted with
MTBE (75 mL). After 2h, heptane (23 mL) was slowly added and the slurry was stirred at about 25 °C for about 2 h, and
was then cooled to about -5 °C over about 8 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 at no more than about 35 °C to afford (3R,4R,5R)-
2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis(benzyloxy)-5-((benzyloxy)methyl)tetrahydrofuran-2-ol.

Preparation of (3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis(benzyloxy)-5-((benzyloxy)methyl)tetrahy-
drofuran-2-ol using CeCl3

[0124]

[0125] The iodopyrazole (5.02 g, 19.3 mmol) was dissolved in THF (45 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
g, 38.2 mmol) was added. The reaction mixture was cooled to about -20 °C and iso-propyl magnesium chloride (2.0 M
in THF, 9.99 g, 20.5 mmol) was added slowly. After about 30 min, the reaction mixture was transferred to a mixture of
anhydrous cerium chloride (4.75 g, 19.3 mmol) in THF (22 g) at about -20 °C. After about 1.5 h a solution of lactone
(6.73 g, 16.1 mmol) in THF (22 g) was added slowly, and the resulting reaction mixture was stirred for about 1 h. 2 M
HCl (41 g) was added, the mixture was warmed to about 15 °C, and iso-propyl acetate (35 g) was added. The layers
were separated and the organic layer was washed with 2.5% NaHCO3 (2 x 40 g), 10% NaCl (1 x 35 g) and concentrated
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to about 30 mL volume. iso-Propyl acetate (44 g) was charged and the solution was concentrated to about 30 mL volume.
iso-Propyl acetate (43 g) was charged and the solution was concentrated to about 30 mL volume. The solution was
filtered and the filtrate was concentrated to about 18 mL volume. tert-Butylmethyl ether (37 g) was added followed by
product seed crystals (10.7 mg). After about 14 h n-heptane (10.5 g) was added and the mixture was cooled to about
-5 °C and filtered. The solids were washed with tert-butylmethyl ether (9 g) at about -5 °C and dried under vacuum at
about 34 °C for about 15 h to provide the product.

Preparation of (3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis(benzyloxy)-5-((benzyloxy)methyl)tetrahy-
drofuran-2-ol using CeCl3 and iPrMgCl-LiCl

[0126]

[0127] The iodopyrazole (5.03 g, 19.3 mmol) was dissolved in THF (45 g) and the solution was cooled to about 0 °C
with stirring under N2(g). TMSC1 (2.06 g, 19.0 mmol) was added, and after about 1 h phenyl magnesium chloride (2.0
M in THF, 20.23 g, 38.8 mmol) was added. The reaction mixture was cooled to about -20 °C and iso-propyl magnesium
chloride-lithium chloride complex (2.0 M in THF, 15.37 g, 21.0 mmol) was added slowly. After about 1 h, the reaction
mixture was transferred to a mixture of cerium chloride (4.77 g, 19.4 mmol) in THF (22 g) at about -20 °C. After about
1 h a solution of lactone (6.75 g, 16.1 mmol) in THF (23 g) was added slowly, and the resulting reaction mixture was
stirred for about 1.5 h. 2 M HCl (40 g) was added, the mixture was warmed to about 15 °C and iso-propyl acetate (35
g) was added. The layers were separated and the organic layer was washed with 2.5% NaHCO3 (2 x 40 g), 10% NaCl
(1 x 36 g) and concentrated to about 30 mL volume. 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 mL volume. tert-Butylmethyl
ether (37 g) was added followed by product seed crystals (10.5 mg). After about 14 h n-heptane (11 g) was added and
the mixture was cooled to about -5 °C and filtered. The solids were washed with tert-butylmethyl ether (9 g) at about -5
°C and dried under vacuum at about 34 °C for about 15 h to provide the product.

Preparation of (3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis(benzyloxy)-5-((benzyloxy)methyl)tetrahy-
drofuran-2-ol using YCl3

[0128]

[0129] 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. TMSC1 (2.45 mL, 19.4 mmol) was added, and after about 30 min phenyl magnesium chloride (2.0 M in
THF, 20.29 g, 39.0 mmol) was added. The reaction mixture was cooled to about -20 °C and iso-propyl magnesium
chloride (2.0 M in THF, 9.85 g, 20.1 mmol) was added slowly. After about 30 min, the reaction mixture was transferred
into a mixture of anhydrous yttrium chloride (3.76 g, 19.3 mmol) and lactone (6.68 g, 16.0 mml) in THF (24 g) at about
-20 °C. After about 2.5 h 2 M HCl (30 g) was added, the mixture was warmed to about 15 °C, and iso-propyl acetate (22
g) was added. The layers were separated and the organic layer was washed with 2.5% NaHCO3 (2 x 40 g), 10% NaCl
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(1 x 35 g) and concentrated to about 30 mL volume. iso-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 about
30 mL volume. The solution was filtered and the filtrate was concentrated to about 18 mL volume. tert-Butylmethyl ether
(37 g) was added followed by product seed crystals (11.5 mg). After about 1 h n-heptane (15 mL) was added and the
mixture was cooled to about -5 °C and agitated for about 17 h. The slurry was filtered and the solids were washed with
a tert-butylmethyl ether (8 g)/n-heptane (2 g) mixture precooled to about -5 °C. The resulting solids were dried under
vacuum at about 34 °C for about 22 h to afford the product.

Preparation of (3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis(benzyloxy)-5-((benzyloxy)methyl)tetrahy-
drofuran-2-ol using NdCl3

[0130]

[0131] The iodopyrazole (5.02 g, 19.3 mmol) was dissolved in THF (38 g) and the solution was cooled to about 0 °C
with stirring under N2(g). TMSC1 (2.45 mL, 19.4 mmol) was added, and after about 1 h phenylmagnesium chloride (2.0
M in THF, 19.75 g, 38.0 mmol) was added. The reaction mixture was cooled to about -20 °C and iso-propylmagnesium
chloride (2.0 M in THF, 9.40 g, 19.2 mmol) was added slowly. After about 1.5 h, the reaction mixture was transferred
into a mixture of anhydrous neodymium (III) chloride (4.03 g, 16.1 mmol) and lactone (6.70 g, 16.0 mml) in THF (22 g)
at about -20 °C. After about 1.5 h the reaction mixture was warmed to -10 °C and, after an additional 2 h, 2 M HCl (36
g) was added. The mixture was warmed to about 15 °C and iso-propyl acetate (23 g) was added. The layers were
separated and the organic layer was washed with 2.5% NaHCO3 (2 x 44 g), 10% NaCl (1 x 41 g) and concentrated to
about 30 mL volume. iso-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 about 30 mL volume. The solution was
filtered and the filtrate was concentrated to about 18 mL volume. tert-Butylmethyl ether (37 g) was added followed by
product seed crystals (11.9 mg). After about 1 h n-heptane (15 mL) was added and the mixture was cooled to about -5
°C and agitated for about 15 h. The slurry was filtered and the solids were washed with a tert-butylmethyl ether (8
g)/n-heptane (11 g) mixture precooled to about -5 °C. The resulting solids were dried under vacuum at about 34 °C for
about 25 h to afford the product.

Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis(benzyloxy)-5-((benzyloxy)methyl)tet-
rahydrofuran-2-carbonitrile

[0132]

[0133] To a pre-cooled (-40 °C) solution of (3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis(benzyloxy)-
5-((benzyloxy)methyl)tetrahydrofuran-2-ol (10.0 grams, 18.1 mmols, 1.0 equiv.) in DCM (100 mL) was charged trifluor-
oacetic acid (6.19 grams, 54.3 mmols, 3.0 equiv.), followed by a pre-cooled (-30 °C) solution of TMSOTf (24.1 grams,
108.6 mmols, 6.0 equiv.) and TMSCN (10.8 grams, 108.6 mmols, 6.0 equiv.) in DCM (50 mL) while maintaining the
internal temperature below about -25 °C. The reaction mixture was agitated at below about -30 °C for no less than 10
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minutes and quenched into a pre-cooled (about -10 °C) solution of 20 wt. % KOH aq. (120 mL). The bi-phasic mixture
was warmed to ambient temperature. The organic layer was separated and washed with 10 wt. % NaCl aq. (3 X 50 mL).
The organic phase was filtered, concentrated under vacuum to about 50 mL, re-diluted with toluene (200 mL) and
concentrated under vacuum to 140 mL at about 50 °C. The solution was seeded with (2R,3R,4R,5R)-2-(4-aminopyrro-
lo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis(benzyloxy)-5-((benzyloxy)methyl)tetrahydrofuran-2-carbonitrile at about 55 °C. Agitat-
ed at about 55 °C for about an hour and cooled to about 0 °C over about 6 hours. The solids were isolated by filtration
and the filter cake was washed with toluene (30 mL). The solids were dried under vacuum at about 50 °C.

Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis(benzyloxy)-5-((benzyloxy)methyl)tet-
rahydrofuran-2-carbonitrile via Flow Chemistry

[0134]

[0135] Solutions of (3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis(benzyloxy)-5-((benzyloxy)me-
thyl)tetrahydrofuran-2-ol (23.0 g in 460.07 g of DCM), TMSOTf (55.81 g in 138.07 g of DCM) and TMSCN (25.03 g in
138.10 g of DCM) were sequentially pumped, into a tube reactor at about -40 °C. The reaction mixture was collected in
a flask, kept in ice bath, containing 20% KOH aqueous solution (46.91 g KOH and 210 g of water). The layers were
separated and the organic phase was sequentially washed with 10% KOH aqueous solution (10 g KOH and 90 mL of
water) and with 10% brine (2 x100 g). The organic phase was concentrated under vacuum to about 4 volumes, isopropyl
alcohol was charged (162.89 g) and the mixture was concentrated under vacuum to about 10 volumes. The contents
were warmed to about 60 °C, then adjusted to about 0 °C over about 6.5 h and agitated at about 0 °C for about 15.5 h.
The resulting slurry was filtered, the solids were rinsed with isopropyl alcohol (61.79 g) and then dried at about 50 °C
under reduced pressure overnight to afford the product.

Preparation of (2R, 3R, 4S, 5R)-2-(4-aminopyrrolo[1,2-f][1,2,4]triazin-7-yl)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydro-
furan-2-carbonitrile

[0136]

[0137] The tribenzyl cyano nucleoside (48.8 g, 86.9 mmol, 1.0 equiv.) was dissolved in anhydrous CH2Cl2 (244 mL)
and cooled to about -20 °C . A solution of BCl3 (1M in CH2Cl2, 295 mL, 295 mmol, 3.4 equiv.) was added dropwise,
maintaining the internal temperature below about -15 °C. Following addition, the reaction mixture was stirred for 1 h at
about -20 °C. MeOH (340 ml) was added dropwise, maintaining the internal temperature below -15 °C. The resulting
solution was distilled to about 250 ml, then refilled with about 250 ml MeOH. The resulting solution was again distilled
to about 250 ml, then refilled with about 250 ml MeOH, and finally distilled to about 125 ml. Water (125 ml) was added,
followed by K2CO3 solution (20 wt% in water, 125 ml). The pH was checked, and found to be ~3. K2CO3 solution was
added (20 wt% in water, 50 ml), and the pH was found to be ~8. The resulting slurry was stirred overnight, then filtered
and washed with water (50 ml) and MeOH (50 ml). The wet product cake was dried overnight at about 40 °C overnight.
1H NMR (300 MHz, D2O) δ 7.96 (s, 1H), 7.20 (d, J = 4.8 Hz, 1H), 6.91 (d, J = 4.8 Hz, 1H), 4.97 (d, J = 4.4 Hz, 1H),
4.56-4.62 (m, 1H), 4.08-4.14 (m, 1H), 3.90 (dd, J = 12.9, 2.4 Hz, 1H), 3.70 (dd, J = 13.2, 4.5 Hz, 1H).
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Example 11. (2S)-isopropyl 2-((((2R,3S,4R,5R)-5-(4-aminopyrrolo[1,2-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydrox-
ytetrahydrofuran-2-yl)methoxy)(phenoxy)-phosphorylamino)propanoate (Compound 8)

[0138]

[0139] The nucleoside 1 (45mg, 0.15mmol) was dissolved in anhydrous trimethyl phosphate (0.5 mL) and the solution
stirred under N2 (g) at about 0 °C. Methyl imidazole (36 mL, 0.45 mmol) was added to the solution. Chlorophosphoramidate
C (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 LCMS, the reaction mixture was diluted with EtOAc and washed with saturated aqueous
NaHCO3 solution, saturated NaCl, dried over anhydrous Na2SO4, filtered and concentrated under reduced pressure.
The residue was subjected to silica gel chromatography eluting with 0-5% MeOH in CH2Cl2 followed by preparative
HPLC to give the product. 1H NMR (300 MHz, CD3OD) δ 7.95 (m, 1H), 7.31-6.97 (m, 7H), 4.94 (m, 1H), 4.78 (m, 1H),
4.43 (m, 3H), 4.20 (m, 1H), 3.80 (d, 1H), 1.30-1.18 (m, 9H). 31P NMR (121.4 MHz, CD3OD) δ 3.8. LCMS m/z 561.0
[M+H], 559.0 [M-H].

Example 12. (2S)-2-ethylbutyl 2-((((2R,3S,4R,5R)-5-(4-aminopyrrolo[1,2-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihy-
droxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphorylamino) propanoate (Compound 9)

[0140] Compound 9 can be prepared by several methods described below.

Procedure 1

[0141]

[0142] Prepared from Compound 1 and chloridate B according to the same method as for the preparation of compound
8. 1H NMR (300 MHz, CD3OD) δ 7.87 (m, 1H), 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, 8H), 0.95-0.84 (m, 6H). 31P NMR (121.4 MHz, CD3OD) δ 3.7. LCMS m/z 603.1 [M+H], 601.0 [M-H].

Procedure 2

[0143]
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[0144] (2S)-2-ethylbutyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydrox-
ytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino) propanoate. (2S)-2-ethylbutyl 2-(((4-nitrophe-
noxy)(phenoxy)phosphoryl)amino)propanoate (1.08 g, 2.4 mmol) was dissolved in anhydrous DMF (9 mL) and stirred
under a nitrogen atmosphere at RT. (2R,3R,4S,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-dihydroxy-5-(hy-
droxymethyl)tetrahydrofuran-2-carbonitrile (350 mg, 1.2 mmol) was added to the reaction mixture in one portion. A
solution of t-butylmagnesium chloride in THF (1M, 1.8 mL, 1.8 mmol) was then added to the reaction dropwise over
about 10 minutes. The reaction was stirred for about 2 h, at which point the reaction mixture was diluted with ethyl acetate
(50 mL) and washed with saturated aqueous sodium bicarbonate solution (3 x 15 mL) followed by saturated aqueous
sodium chloride solution (15 mL). The organic layer was dried over anhydrous sodium sulfate and concentrated under
reduced pressure. The resulting oil was purified with silica gel column chromatography (0-10% MeOH in DCM) to afford
(2S)-2-ethylbutyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydro-
furan-2-yl)methoxy)(phenoxy)phosphoryl)amino) propanoate (311 mg, 43%, 1:0.4 diastereomeric mixture at phospho-
rus) as a white solid. 1H NMR (400 MHz, CD3OD) δ 7.85 (m, 1H), 7.34 - 7.23 (m, 2H), 7.21 - 7.09 (m, 3H), 6.94 - 6.84
(m, 2H), 4.78 (d, J = 5.4 Hz, 1H), 4.46 - 4.33 (m, 2H), 4.33 - 4.24 (m, 1H), 4.18 (m, 1H), 4.05 - 3.80 (m, 3H), 1.52 - 1.39
(m, 1H), 1.38 - 1.20 (m, 7H), 0.85 (m, 6H). 31P NMR (162 MHz, CD3OD) δ 3.71, 3.65. LCMS m/z 603.1 [M+H], 600.9
[M-H]. HPLC (2-98% MeCN-H2O gradient with 0.1% TFA modifier over 8.5 min, 1.5mL/min, Column: Phenomenex
Kinetex C18, 2.6 um 100 Å, 4.6 x 100 mm) tR = 5.544 min, 5.601 min

Separation of the (S) and (R) Diastereomers

[0145] (2S)-2-ethylbutyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytet-
rahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino) propanoate was dissolved in acetonitrile. The resulting solution
was loaded onto Lux Cellulose-2 chiral column, equilibrated in acetonitrile, 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 time of 25.0 min.
[0146] First Eluting Diastereomer is (S)-2-ethylbutyl 2-(((R)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-
yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)propanoate:

1HNMR (400 MHz, CD3OD) δ 8.05 (s, 1H), 7.36 (d, J = 4.8 Hz, 1H), 7.29 (br t, J = 7.8 Hz, 2H), 7.19 - 7.13 (m, 3H), 7.11
(d, J = 4.8 Hz, 1H), 4.73 (d, J = 5.2 Hz, 1H), 4.48 - 4.38 (m, 2H), 4.37 - 4.28 (m, 1H), 4.17 (t, J = 5.6 Hz, 1H), 4.08 - 3.94
(m, 2H), 3.94 - 3.80 (m, 1H), 1.48 (sep, J = 12.0, 6.1 Hz, 1H), 1.34 (p, J = 7.3 Hz, 4H), 1.29 (d, J = 7.2 Hz, 3H), 0.87 (t,
J = 7.4 Hz, 6H). 31PNMR (162 MHz, CD3OD) δ 3.71 (s). HPLC (2-98% MeCN-H2O gradient with 0.1% TFA modifier
over 8.5 min, 1.5mL/min, Column: Phenomenex Kinetex C18, 2.6 um 100 Å, 4.6 x 100 mm) tR = 5.585 min.
[0147] Second Eluting Diastereomer is (S)-2-ethylbutyl 2-(((S)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-
7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)propanoate:
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1HNMR (400 MHz, CD3OD) δ 8.08 (s, 1H), 7.36 - 7.28 (m, 3H), 7.23 - 7.14 (m, 3H), 7.08 (d, J = 4.8 Hz, 1H), 4.71 (d, J
= 5.3 Hz, 1H), 4.45 - 4.34 (m, 2H), 4.32 - 4.24 (m, 1H), 4.14 (t, J = 5.8 Hz, 1H), 4.08 - 3.94 (m, 2H), 3.93 - 3.85 (m, 1H),
1.47 (sep, J = 6.2 Hz, 1H), 1.38 - 1.26 (m, 7H), 0.87 (t, J = 7.5 Hz, 6H). 31PNMR (162 MHz, CD3OD) δ 3.73 (s). HPLC
(2-98% MeCN-H2O gradient with 0.1% TFA modifier over 8.5 min, 1.5mL/min, Column: Phenomenex Kinetex C18, 2.6
um 100 Å, 4.6 x 100 mm) tR = 5.629 min.

Example 13. (2S)-ethyl 2-((((2R,3S,4R,5R)-5-(4-aminopyrrolo[1,2-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytet-
rahydrofuran-2-yl)methoxy)(phenoxy)phosphorylamino) propanoate (Compound 10)

[0148]

[0149] The preparation of (2S)-ethyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihy-
droxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)propanoate is described below.

Procedure 1. Preparation via Chloridate A

[0150]

[0151] Prepared from Compound 1 and chloridate A using same method as for the preparation of compound 8. 1H
NMR (300 MHz, CD3OD) δ 7.95 (m, 1H), 7.32-6.97 (m, 7H), 4.78 (m, 1H), 4.43-4.08 (m, 6H), 3.83 (m, 1H), 1.31-1.18
(m, 6H). 31P NMR (121.4 MHz, CD3OD) δ 3.7. LCMS m/z 547.0 [M+H], 545.0 [M-H].

Procedure 2. Preparation via Nitro-Benzene Compound L

[0152]
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[0153] Compound 1 (50 mg, 0.17 mmol) was dissolved in NMP-THF (1:1 mL)) and cooled with ice bath. tBuMgCl
(0.257 mL, 0.257 mmol) was then added over about 5 min. The resulting mixture was allowed to warm to RT and was
stirred for about 30 min. Then a solution of compound L (Prepared according to US20120009147, 74.6 mg, 0.189 mmol)
in THF (2 mL) was added. After about 30 min, the reaction mixture was purified by HPLC (acetonitrile 10 to 80% in
water) to give compound 29 as a yellow solid. The solid was further purified with silica gel chromatography (MeOH 0 to
20% DCM) to afford compound 29. 1H NMR (400 MHz, CD3OD) δ 7.76 (d, J = 6.0 Hz, 1H), 7.25 - 7.14 (m, 2H), 7.11 -
6.99 (m, 3H), 6.87 - 6.72 (m, 2H), 4.70 (d, J = 5.4 Hz, 1H), 4.39 - 4.24 (m, 2H), 4.20 (dddd, J = 9.7, 7.9, 5.1, 2.8 Hz, 1H),
4.10 (dt, J = 12.8, 5.5 Hz, 1H), 4.06 - 3.91 (m, 2H), 3.72 (ddq, J = 14.3, 9.3, 7.1 Hz, 1H), 1.17 (dd, J = 7.1, 1.0 Hz, 1H),
1.14 - 1.06 (m, 5H). 31P NMR (162 MHz, CD3OD) δ 3.73, 3.68. MS m/z = 547 (M+1)+.

Example 15. (2S,2’S)-diethyl 2,2’-((((2R,3S,4R,5R)-5-(4-aminopyrrolo[1,2-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihy-
droxytetrahydrofuran-2-yl)methoxy)phosphoryl)bis(azanediyl) dipropanoate (Compound 12)

[0154]

[0155] The nucleoside 1 (14.6 mg, 0.05 mmol) was dissolved in anhydrous trimethyl phosphate (0.5 mL) and stirred
under N2(g) at RT. POCl3 (9.2 mL, 0.1 mmol) was added and the mixture stirred for about 60 min. Alanine ethyl ester
hydrochloride (61 mg, 0.4 mmol) and then Et3N (70 mL, 0.5 mmol) was added. The resultant mixture was stirred for
about 15 min. and then additional Et3N (70 ml, 0.5 mmol) was added to give a solution pH of 9-10. The mixture was
stirred for about 2 h. and then diluted with EtOAc, washed with saturated aqueous NaHCO3 solution followed by saturated
aqueous NaCl solution. The organic layer was dried over anhydrous Na2SC4 and concentrated under reduced pressure.
The residue was subjected to preparative HPLC (C18 column) to yield the product 12. 1H NMR (400 MHz, CD3OD) δ
8.13 (s, 1H), 7.41 (d, J = 4.8 Hz, 1H), 7.18 (d, J = 4.8 Hz, 1H), 4.78 (d, J = 5.6 Hz, 1H), 4.36 (m, 1H), 4.25-4.08 (m, 7H),
3.83 (m, 2H), 1.33-1.23 (m, 12H). 31P NMR (121.4 MHz, CD3OD) δ 13.8. LCMS m/z 570.0 [M+H], 568.0 [M-H].

Example 18. S,S’-2,2’-((((2R,3S,4R,5R)-5-(4-aminopyrrolo[1,2-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahy-
drofuran-2-yl)methoxy)phosphoryl)bis(oxy)bis(ethane-2,1-diyl) bis(2,2-dimethylpropanethioate) (Compound 
15)

[0156]
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[0157] The nucleoside 1 (0.028 g, 0.096 mmol) was dissolved in trimethylphosphate (1 mL). The reaction was stirred
under N2(g) and then treated with 1H-tetrazole (0.021 g, 0.29 mmol). The reaction mixture was cooled to 0 °C and the
phosphane (Nucleoside Nucleotides, Nucleic acids; 14; 3-5; 1995; 763 - 766. Lefebvre, Isabelle; Pompon, Alain; Perigaud,
Christian; Girardet, Jean-Luc; Gosselin, Gilles; et al.) (87 mg, 0.192 mmol) was added. The reaction was stirred for 2 h.
and then quenched with 30% hydrogen peroxide (0.120 mL). The mixture was stirred for 30 min at RT and then treated
with saturated aqueous sodium thiosulfate (1 mL). The mixture was stirred for 10 min. and then concentrated under
reduced pressure. The residue was subjected to preparative HPLC to isolate the title product 15. 1H NMR (300 MHz,
CD3CN) δ 7.98 (s, 1H), 6.92 (d, 1H), 6.81 (d, 1H), 6.44 (bs, 2H), 4.82 (m, 2H), 4.47 (m, 1H), 4.24 (m, 2H), 4.00 (m, 4H),
3.80 (bs, 1H), 3.11 (m, 4H), 1.24 (s, 9H). 31P NMR (121.4 MHz, CD3CN) δ -1.85 (s). LCMS m/z 661 [M+H].

Example 20. ((2R, 3S, 4R, 5R)-5-(4-aminopyrrolo[1,2-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-
2-yl)methyl tetrahydrogen triphosphate (Compound 17)

[0158]

[0159] Compound 17 was prepared from compound 1 using a similar procedure as previously described
(WO2012012776). The product was isolated as the sodium salt. 1H NMR (400 MHz, D2O) δ 7.76 (s, 1H), 6.88 (d, J =
4.8 Hz, 1H), 6.73 (d, J = 4.4 Hz, 1H), 4.86 (d, J = 5.2 Hz, 1H), 4.43 (m, 1H), 4.39 (m, 1H), 4.05 (m, 1H), 3.94 (m, 1H).
31P NMR (121.4 MHz, D2O) δ -5.4 (d, 1P), -10.8 (d, 1P), -21.1 (t, 1P). LCMS m/z 530 [M-H], 531.9 [M+H] Tr = 0.22 min.
HPLC ion exchange Tr=9.95 min.

Example 20-a. ((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydro-
furan-2-yl)methyl phosphate (Compound 33)

[0160]
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[0161] A mixture of about 0.05 mmol of compound 1 and about 0.5 mL of trimethylphosphate was sealed in a container
for about one to about 48 h. The mixture was cooled to about -10 to about 10 °C and about 0.075 mmol of phosphorus
oxychloride is added. After about one to about 24 hours, the reaction was quenched with about 0.5 mL of 1M tetraethy-
lammonium bircarbonate and the desired fractions were isolated by anion exchange chromatography to afford the title
compound.
[0162] Compound 33 was prepared as the bis-triethylammonium salt from compound 1 as previously described
(WO2011150288). 1H NMR (400 MHz, D2O) δ 7.82 (s, 1H), 6.91 - 6.88 (m, 1H), 6.81 - 6.78 (m, 1H), 4.87 - 4.84 (m, 1H),
4.40 - 4.30 (m, 2H), 3.95 - 3.77 (m, 2H), 3.10 - 3.00 (m, 6H), 1.20 - 1.10 (m, 9H). 31P NMR (162 MHz, D2O) δ 2.33. MS
m/z 371.

Example 20-b. ((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydro-
furan-2-yl)methyl trihydrogen diphosphate (Compound 34)

[0163]

[0164] Compound 34 was prepared as the tri-lithium salt from compound 1 as previously described (WO2002057425).
31P NMR (162 MHz, D2O) δ -5.34 (d), -9.75 (d). MS m/z 451.

Example 24. (2S)-ethyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytet-
rahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)-3-phenylpropanoate (21)

[0165]

[0166] The preparation of (2S)-ethyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihy-
droxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)-3-phenylpropanoate is described below.

Preparation of (S)-ethyl 2-amino-3-phenylpropanoate hydrochloride.

[0167]
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[0168] L-Phenylalanine (5 g, 30 mmol) was taken up in EtOH (30 mL). TMSC1 (6.915 mL, 54 mmol) 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 resulting residue was taken up in Et2O. The resulting slurry was filtered and the isolate solids were further
washed with Et2O. The washed solids were placed under high vacuum to yield example (S)-ethyl 2-amino-3-phenylpro-
panoate hydrochloride. 1H NMR (400 MHz, DMSO-d6) δ 8.52 (s, 3H), 7.30 (m, 5H), 4.24 (ABX, JAX = 7.8 Hz, JBX = 6.2
Hz, 1H), 4.11 (m, 2H), 3.17, 3.05 (ABX, JAB = -14 Hz, JBX = 5.8 Hz, JAX = 7.6 Hz, 2H), 1.09 (t, J =6.8 Hz, 3H).

Preparation of (2S)-ethyl 2-(((4-nitrophenoxy)(phenoxy)phosphoryl)amino)-3-phenylpropanoate (Compound D)

[0169]

[0170] (S)-ethyl 2-amino-3-phenylpropanoate hydrochloride (1.01 g, 4.41 mmol) was dissolved in DCM (50 mL). This
solution was cooled to about 0 °C and PhOP(O)Cl2 (0.656 mL, 4.41 mmol) was added, followed by the slow addition of
Et3N (1.62 mL, 11.5 mmol) over 5 min. The cold bath was removed and the reaction was allowed to warm to RT and
stir over a period of 80 min. p-NO2PhOH (0.583 g, 4.19 mmol) was added, followed by more Et3N (0.3 mL, 2.1 mmol).
The reaction progress was monitored by LC/MS. Upon completion of the reaction, it was diluted with Et2O, and the
resulting solids were removed by filtration. The filtrate was concentrated and compound D was isolated by silica gel
column chromatography (25 g dry load cartridge, 120 g column; eluent: 100% hexanes ramping to 55% EtOAc in
hexanes). 1H NMR (400 MHz, CD3OD) δ 8.17 (m, 2H), 7.33 (m, 2H), 7.09-7.25 (m, 10H), 4.17 (m, 1H), 4.07 (m, 2H),
3.08 (m, 1H), 2.84 (m, 1H), 1.14 (m, 3H). 31P NMR (162 MHz, DMSO-d6) δ -1.479 (s), - 1.719 (s). MS m/z = 471.01 [M+1].

Preparation of (2S)-ethyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahy-
drofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)-3-phenylpropanoate (Compound 21)

[0171]

[0172] Compound 1 (0.030 g, 0.103 mmol) was dissolved in DMF (1 mL) and then THF (0.5 mL) was added. t-BuMgCl
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(1M/THF, 154.5 mL, 0.154 mmol) was added to the reaction in a drop-wise manner with vigorous stirring. The resulting
white slurry was stirred at RT for about 30 min. A solution of compound D (0.058 g, 0.124 mmol) in THF (1 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 50% conversion, the reaction was cooled in an ice bath and quenched with glacial acetic acid (70 mL).
The reaction was concentrated and compound 21 was isolated from the residue by reverse phase HPLC. 1H NMR (400
MHz, DMSO-d6) δ 7.91 (d, J = 4 Hz, 1H), 7.90 (brs, 2H), 7.09-7.30 (m, 8H), 7.01, (t, J = 8.2 Hz, 2H), 6.89 (d, J = 4.4 Hz,
1H), 6.82 (t, J = 4.4 Hz, 1H), 6.27 (m, 1H), 6.14 (m, 1H), 5.34 (m, 1H), 4.62 (t, J = 5.6 Hz, 1H), 4.15 (m, 1H), 3.78-4.01
(m, 6H), 2.92 (m, 1H), 2.78 (m, 1H), 1.04 (m, 3H). 31P NMR (162 MHz, DMSO-d6) δ 3.69 (s), 3.34 (s). MS m/z = 623.0 [M+H].

Example 25. (2S)-ethyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytet-
rahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)-3-methylbutanoate (22)

[0173]

[0174] The preparation of (2S)-ethyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihy-
droxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)-3-methylbutanoate is described below.

Preparation of (2S)-ethyl 3-methyl-2-(((4-nitrophenoxy)(phenoxy)phosphoryl)amino) butanoate (Compound E)

[0175]

[0176] The (S)-ethyl 2-amino-3-methylbutanoate (0.351 g, 1.932 mmol) was dissolved in DCM (17 mL). This solution
was cooled in an ice bath and PhOP(O)Cl2 (0.287 mL, 1.932 mmol) was added, followed by the slow addition of Et3N
(1.62 mL, 11.4 mmol) over about 5 min. The cold bath was removed and the reaction was allowed to warm to RT and
stir over a period of 1 h. p-NO2PhOH (0.255 g, 1.836 mmol) was added, and the reaction progress was monitored by
LC/MS. Upon completion of the reaction, the mixture was diluted with Et2O, and the resulting solids were removed by
filtration. The filtrate was concentrated and compound E was isolated by silica gel column chromatography (12 g dry
load cartridge, 80 g column; eluent: 100% hexanes ramping to 55% EtOAc in hexanes). 1H NMR (400 MHz, DMSO-d6)
δ 8.30 (d, J = 9.2 Hz, 2H), 7.48 (t, J = 9.6 Hz, 2H), 7.40 (t, 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 (m, 1H), 1.11 (m, 3H), 0.79 (m, 6H). 31P NMR (162 MHz, DMSO-d6) δ -0.342 (s),
-0.578 (s). MS m/z = 422.9 [M+H].

Preparation of (2S)-ethyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahy-
drofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)-3-methylbutanoate (Compound 22)

[0177]
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[0178] Compound 1 (0.040 g, 0.137 mmol) was dissolved in NMP (1.5 mL) and then THF (0.25 mL) was added. This
solution was cooled in an ice bath and t-BuMgCl (1M/THF, 425.7 mL, 0.426 mmol) was added in a drop-wise manner
with vigorous stirring. The ice bath was removed and the resulting white slurry was stirred at RT for about 15 min. A
solution of compound E (0.081 g, 0.192 mmol) 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 50% conversion, the reaction was
cooled in an ice bath and quenched with glacial acetic acid (70 mL). 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% EtOAc ramping to 10% MeOH in EtOAc)
to yield compound 22. 1H NMR (400 MHz, DMSO-d6) δ 7.91 (d, J = 1.6 Hz, 1H), 7.88 (brs, 2H), 7.32 (m, 2H), 7.15 (m,
3H), 6.90 (t, J = 4.2 Hz, 1H), 6.84 (d, J = 4.8 Hz, 1H), 6.26 (dd, J = 13.4, 6.2 Hz, 1H), 5.87 (quart. J = 11.2 Hz, 1H), 5.35
(m, 1H), 4.64 (m, 1H), 4.25 (m, 2H), 3.93-4.15 (m, 4H), 3.45 (m, 1H), 1.87 (m, 1H), 1.09-1.16 (m, 3H), 0.70-0.83 (m ,6H).
31P NMR (162 MHz, DMSO-d6) δ 4.59 (s), 4.47 (s). MS m/z = 575.02 [M+H].

Example 26. (S)-isopropyl 2-(((R)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihy-
droxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl) amino)propanoate (23)

[0179]

[0180] The preparation of (S)-isopropyl 2-(((R)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-
3,4-dihydroxytetrahydrofuran-2-yl)methoxy)(phenoxy) phosphoryl)amino)propanoate is described below.

[0181] Compound 1 (60.0 mg, 206 mmol) was dissolved in NMP (0.28 mL). THF (0.2 mL) was added followed by tert-
butyl magnesium chloride (1.0M solution in tetrahydrofuran, 0.309 mL) at RT under an argon atmosphere. After 20 min,
a solution of compound F (Prepared according to Cho, A. et al J. Med. Chem. 2014, 57, 1812-1825., 81 mg, 206 mmol)
in THF (0.2 mL) was added, and the resulting mixture was warmed to about 50 °C. After 3 h, the reaction mixture was
allowed to cool to RT and was purified directly by preparatory HPLC (Phenominex Synergi 4u Hydro-RR 80Å 150 x 30
mm column, 5-100% acetonitrile/water gradient) to afford compound 23. 1H NMR (400 MHz, CD3OD) δ 7.86 (s, 1H),
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7.34 - 7.26 (m, 2H), 7.21 - 7.12 (m, 3H), 6.91 (d, J = 4.6 Hz, 1H), 6.87 (d, J = 4.6 Hz, 1H), 4.92 (sept, J = 6.3 Hz, 1H),
4.80 (d, J = 5.4 Hz, 1H), 4.43 - 4.34 (m, 1H), 4.33 - 4.24 (m, 1H), 4.18 (t, J = 5.6 Hz, 1H), 3.82 (dq, J = 9.7, 7.1 Hz, 2H),
1.27 (dd, J = 7.1, 1.0 Hz, 3H), 1.18 (dd, J = 6.3, 4.8 Hz, 6H). 31P NMR (162 MHz, CD3OD) δ 3.72 (s). LC/MS: tR = 1.39
min, MS m/z = 561.11 [M+H]; LC system: Thermo Accela 1250 UHPLC; MS system: Thermo LCQ Fleet; Column: Kinetex
2.6m XB-C18 100A, 50 x 4.6 mm; Solvents: ACN with 0.1% acetic acid, water with 0.1% acetic acid; Gradient: 0 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
2ml/min. HPLC: tR = 2.523 min; HPLC system: Agilent 1100 series.; Column: Gemini 5m C18 110A, 50 x 4.6 mm; Solvents:
ACN with 0.1% TFA, Water with 0.1% TFA; Gradient: 0 min-5.0 min 2-98% ACN, 5.0 min-6.0 min 98% ACN at 2 mL/min.

Example 27. (2S)-cyclobutyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihy-
droxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino) propanoate (24)

[0182]

[0183] The preparation of (2S)-cyclobutyl 2-(((((2R,3S,4R,5R)-5-(4-ammopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-
3,4-dihydroxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)propanoate is described below.

Preparation of (2S)-cyclobutyl 2-(((4-nitrophenoxy)(phenoxy)phosphoryl)amino)propanoate (Compound G)

[0184]

[0185] Phenyl dichlorophosphate (1.49 mL, 10 mmol) was dissolved in 10 mL of anhydrous DCM and stirred under
atmosphere nitrogen in an ice bath. L-Alanine isobutyl ester hydrochloride (0.9 g, 5 mmol) was added in one portion.
Triethylamine (765 mL, 5.5 mmol) was then added dropwise. Reaction stirred for about 1 h. More Triethylamine (765
mL, 5.5 mmol) was added dropwise and the reaction was stirred for about 45 min. p-Nitrophenol (1.25g, 9mmol) was
added in one portion and stirred for about 30 min. Triethylamine (765 mL, 5.5 mmol) was added and the reaction mixture
was stirred for about 2 h. Additional p-nitrophenol (1.25g, 9 mmol) and triethylamine (765 mL, 5.5mmol) were then added,
and the reaction was stirred for another about 2 h. The reaction mixture was concentrated under reduced pressure. The
resulting crude was diluted with EtOAc and washed twice with 5% aqueous citric acid solution, followed with saturated
aqueous sodium chloride solution. The organic layer was then dried over anhydrous sodium sulfate and concentrated
under reduced pressure. The crude residue was purified with silica gel column (0-20-50% EtOAc in hexanes) to give
compound G. 1H NMR (400 MHz, CD3OD) δ 8.33 - 8.23 (m, 2H), 7.52 - 7.33 (m, 4H), 7.33 - 7.17 (m, 3H), 4.96 - 4.85
(m, 1H), 4.07 - 3.96 (m, 1H), 2.27 (m, 2H), 2.07 - 1.91 (m, 2H), 1.83 - 1.70 (m, 1H), 1.70 - 1.55 (m, 1H), 1.32 (m, 3H).
31P NMR (162 MHz, CD3OD) δ-1.36,-1.59. MS m/z = 420.9 [M+H].

Preparation (2S)-cyclobutyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytet-
rahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)propanoate (Compound 24)

[0186]
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[0187] Compound 1 (58 mg, 0.2 mmol) was mixed with compound G (101 mg, 0.24 mmol) in 2 mL of anhydrous DMF.
Magnesium chloride (42 mg, 0.44 mmol) was added in one portion. The reaction mixture was heated to about 50 °C.
DIPEA (87 mL, 0.5 mmol) was added, and the reaction was stirred for about 2 h at about 50 °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 solution. The organic layer was then dried over anhydrous sodium sulfate and
concentrated under reduced pressure. The crude residue was purified with silica gel column (0-2-5% MeOH in DCM)
to afford compound 24. 1H NMR (400 MHz, Methanol-d4) δ 7.85 (m, 1H), 7.34 - 7.22 (m, 2H), 7.22 - 7.08 (m, 3H), 6.94
- 6.84 (m, 2H), 4.95 - 4.85 (m, 1H), 4.79 (m, 1H), 4.46 - 4.34 (m, 2H), 4.34 - 4.24 (m, 1H), 4.19 (m, 1H), 3.81 (m, 1H),
2.27 (m, 2H), 2.01 (m, 2H), 1.84 - 1.68 (m, 1H), 1.62 (m, 1H), 1.30 - 1.16 (m, 3H). 31P NMR (162 MHz, cd3od) δ 3.70,
3.65. MS m/z = 573.0 [M+H].

Example 28. (2S)-isopropyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihvdrox-
ytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)-3-phenylpropanoate (25)

[0188]

[0189] The preparation of (2S)-isopropyl 2-(((((2R,3S,4R,5R)-5-(4-ammopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-
dihydroxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)-3-phenylpropanoate is described below.

Preparation of (2S)-isopropyl 2-(((4-nitrophenoxy)(phenoxy)phosphoryl)amino)-3-phenylpropanoate (Compound H)

[0190]

[0191] Phenyl dichlorophosphate (718 mL, 4.8 mmol) was dissolved in 10 mL of anhydrous DCM and stirred under a
nitrogen atmosphere in an ice bath. L-Phenylalanine isopropyl ester hydrochloride (1 g, 4.1 mmol) was added in one
portion. Another 10 mL of anhydrous DCM was added. Triethylamine (736 mL, 5.3 mmol) was added dropwise and the
reaction mixture was stirred for about 30 min. More triethylamine (736 mL, 5.3 mmol) was then added dropwise and the
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reaction mixture was stirred for 30 min. Additional triethylamine (736 mL, 5.3 mmol) was then added dropwise and the
reaction mixture was stirred for about 15 min. p-Nitrophenol (600 mg, 4.32 mmol) was then added. The ice bath was
then removed and the reaction mixture was allowed to warm to room temperature and stirred for about 2 h. More p-
nitrophenol (50 mg) and triethylamine (736 mL, 5.3 mmol) were the added and the reaction mixture was stirred for about 1 h.
[0192] The reaction mixture was then concentrated under reduced pressure, and was diluted with EtOAc and washed
twice with 5% aqueous citric acid solution, followed with saturated aqueous sodium chloride solution. The organic layer
was dried over anhydrous sodium sulfate and was concentrated under reduced pressure. The crude was purified with
silica gel column (0-15% EtOAc in hexanes) to give compound H. 1H NMR (400 MHz, CDCl3) δ 8.17 (m, 2H), 7.38 - 7.13
(m, 10H), 7.13 - 7.02 (m, 2H), 4.95 (m, 1H), 4.31 (m, 1H), 3.69 (m, 1H), 3.02 (dd, J = 6.1, 1.8 Hz, 2H), 1.21 - 1.08 (m,
6H). 31P NMR (162 MHz, cdcl3) δ -2.96, -2.98. MS m/z = 485.0 [M+H].

Preparation of (2S)-isopropyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytet-
rahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)-3-phenylpropanoate (Compound 25)

[0193]

[0194] Compound 1 (58 mg, 0.2 mmol) and compound H (116 mg, 0.24 mmol) were mixed and 2 mL of anhydrous
DMF was added. The reaction mixture was stirred under a nitrogen atmosphere at room temperature. 1M tBuMgCl in
THF (300 mL, 0.3 mmol) was added dropwise over 3 minutes and the reaction mixture was then stirred for about 16 h.
The reaction mixture was diluted with EtOAc and washed with 5% aqueous citric acid solution, saturated aqueous sodium
bicarbonate solution and then saturated aqueous sodium chloride solution. The organic layer was dried over anhydrous
sodium sulfate and concentrated under reduced pressure. The crude residue was purified with silica gel column (0-5%
MeOH in DCM) to give compound 25. 1H NMR (400 MHz, CD3OD) δ 7.84 (m, 1H), 7.27 - 7.08 (m, 8H), 7.08 - 6.97 (m,
2H), 6.88 (m, 2H), 4.91 - 4.84 (m, 1H), 4.74 (m, 1H), 4.26 (m, 1H), 4.19 - 4.04 (m, 2H), 4.04 - 3.91 (m, 2H), 2.97 (m,
1H), 2.82 (m, 1H), 1.14 (m, 3H), 1.06 (m, 3H). 31P NMR (162 MHz, CD3OD) δ 3.63, 3.25. MS m/z = 637.0 [M+H].

Example 29. (S)-methyl 2-(((S)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[02,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihy-
droxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino) propanoate (26)

[0195]

[0196] The preparation of (S)-methyl2-(((S)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-
dihydroxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)propanoate is described below.
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[0197] Compound 1 (100 mg, 0.34 mmol) was dissolved in THF (2 mL) and cooled with an ice water bath. Then 1M
t-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 I (Prepared according to WO 2012142085, 219 mg, 0.52 mmol) in THF (2 mL) was added
over 5 min and the resulting mixture was stirred for about 24 h at room temperature. The reaction mixture was then
diluted with EtOAc, cooled under ice-water bath, washed with aq NaHCO3 (2 mL), washed with brine, dried with sodium
sulfate, and concentrated in vacuo. The resulting mixture was purified by silica gel column chromatography (MeOH 0
to 20% in DCM) and prep-HPLC (acetonitrile 10 to 80% in water) to give compound 26. 1H NMR (400 MHz, CD3OD) δ
7.86 (s, 1H), 7.29 (dd, J = 8.6, 7.2 Hz, 2H), 7.21 - 7.09 (m, 3H), 6.94 - 6.81 (m, 2H), 4.79 (d, J = 5.4 Hz, 1H), 4.38 (ddq,
J = 10.8, 5.3, 2.7 Hz, 2H), 4.33 - 4.23 (m, 1H), 4.18 (t, J = 5.5 Hz, 1H), 3.86 (dq, J = 9.9, 7.1 Hz, 1H), 3.62 (s, 3H), 1.27
(dd, J = 7.2, 1.1 Hz, 3H). MS m/z = 533 (M+1)+.

Example 30. (S)-neopentyl 2-(((S)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihy-
droxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino) propanoate (27)

[0198]

[0199] The preparation of (S)-neopentyl 2-(((S)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4] triazin-7-yl)-5-cyano-
3,4-dihydroxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino) propanoate is described below.

[0200] Compound 1 (100 mg, 0.34 mmol) was dissolved in THF (2 mL) and cooled under ice water bath. Then 1M t-
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 J (Prepared according to WO2012075140, 248 mg, 0.52 mmol) was added over about 5
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min and the resulting mixture was stirred for about 24 h at room temperature, diluted with EtOAc, cooled under ice-water
bath, treated with aq NaHCO3 (2 mL), washed with brine, dried with sodium sulfate, and concentrated in vacuo. The
resulting mixture was purified by silica gel column chromatography (MeOH 0 to 20% in DCM) and prep-HPLC (acetonitrile
10 to 80% in water) to give Compound 27. 1H NMR (400 MHz, CD3OD) δ 7.86 (s, 1H), 7.36 - 7.24 (m, 2H), 7.23 - 7.10
(m, 3H), 6.96 - 6.85 (m, 2H), 4.78 (d, J = 5.4 Hz, 1H), 4.38 (tdd, J = 10.0, 4.9, 2.5 Hz, 2H), 4.32 - 4.24 (m, 1H), 4.17 (t,
J = 5.6 Hz, 1H), 3.91 (dq, J = 9.8, 7.1 Hz, 1H), 3.81 (d, J = 10.5 Hz, 1H), 3.69 (d, J = 10.5 Hz, 1H), 1.31 (dd, J = 7.2, 1.1
Hz, 3H), 0.89 (s, 9H). MS m/z = 589 (M+1)+.

Example 31. (2S)-cyclopentyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihy-
droxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino) propanoate (28)

[0201]

[0202] The preparation of (2S)-cyclopentyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4] triazin-7-yl)-5-cyano-
3,4-dihydroxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino) propanoate is described below.

[0203] Compound 1 (100 mg, 0.34 mmol) was dissolved in THF (2 mL) and cooled under ice water bath. Then 1M t-
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 K (Prepared according to WO2012075140, 247 mg, 0.52 mmol) in THF (2 mL) was added
over about 5 min and the resulting mixture was stirred for about 24 h at room temperature, diluted with EtOAc, cooled
under ice-water bath, treated with aq NaHCO3 (2mL), washed with brine, dried with sodium sulfate, and concentrated
in vacuo. The resulting mixture was purified by silica gel column chromatography (MeOH 0 to 20% in DCM) and prep-
HPLC (acetonitrile 10 to 80% in water) to give example 28. 1H NMR (400 MHz, CD3OD) δ 7.85 (s, 1H), 7.33 - 7.22 (m,
2H), 7.14 (tdd, J = 7.6, 2.1, 1.1 Hz, 3H), 6.95 - 6.87 (m, 2H), 5.13 - 5.00 (m, 1H), 4.78 (d, J = 5.4 Hz, 1H), 4.48 - 4.35
(m, 2H), 4.30 (ddd, J = 10.6, 5.7, 3.6 Hz, 1H), 4.19 (t, J= 5.4 Hz, 1H), 3.78 (dq, J = 9.2, 7.1 Hz, 1H), 1.81 (dtd, J = 12.5,
5.9, 2.4 Hz, 2H), 1.74 - 1.49 (m, 6H), 1.21 (dd, J = 7.1, 1.2 Hz, 3H). MS m/z = 587 (M+1)+.

Example 32. (2S)-cyclohexyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihy-
droxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino) propanoate (29)

[0204]
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[0205] To a mixture of compound 1 (50 mg, 0.343 mmol), compound M (Prepared according to US20130143835, 93
mg, 0.209 mmol), and MgCl2 (24.5 mg, 0.257 mmol) in DMF (1 mL) was added diisopropylethylamine (0.075 mL, 0.43
mmol) dropwise over about 5 min at about 0 °C. The resulting mixture was stirred at about 50 °C for about 1 h. The
reaction mixture was then cooled with an ice-water bath, treated with 1M citric acid (0.5 mL), and was purified directly
by prep-HPLC (ACN 0 to 70% in water) to afford compound 29. 1H NMR (400 MHz, CD3OD) δ 7.84 (s, 1H), 7.32 - 7.23
(m, 2H), 7.18-7.10 (m, 3H), 6.93 - 6.87 (m, 2H), 4.78 (d, J = 5.4 Hz, 1H), 4.67 (td, J = 8.7, 4.2 Hz, 1H), 4.48 - 4.35 (m,
2H), 4.30 (ddd, J = 10.8, 5.7, 3.7 Hz, 1H), 4.20 (t, J = 5.4 Hz, 1H), 3.88 - 3.71 (m, 1H), 1.83 - 1.63 (m, 4H), 1.58 - 1.46
(m, 1H), 1.46 - 1.24 (m, 5H), 1.24 (s, 3H). 31P NMR (162 MHz, CD3OD) δ 3.75. MS m/z = 601 (M+1)+.

Example 33. Ethyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahy-
drofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)-2-methylpropanoate (30)

[0206]

[0207] The preparation of ethyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydrox-
ytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)-2-methylpropanoate is described below.

Preparation of Ethyl 2-((tert-butoxycarbonyl)ammo)-2-methylpropanoate

[0208]



EP 3 212 174 B1

39

5

10

15

20

25

30

35

40

45

50

55

[0209] Take up triphenylphosphine (6.18 g, 25.00 mmol) in THF (30mL). Next charge DIAD (4.92 mL, 25.00 mmol)
and stir at room temperature for 10 min. Dissolve 2-((tert-butoxycarbonyl)amino)-2-methylpropanoic 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, 37.49 mmol). Allow
the reaction to stir at room temperature for about 1 h. The solvents were removed under reduced pressure and the crude
was taken up in 1:1 Et2O:Hexanes (120 mL). The solid triphenylphosphine oxide was filtered off and the solvent was
removed under reduced pressure. The crude was taken up in minimal CH2Cl2 and purified by silica gel chromatography
0-50% EtOAc/Hex to afford ethyl 2-((tert-butoxycarbonyl)amino)-2-methylpropanoate. 1H NMR (400 MHz, Chloroform-
d) δ 4.18 (q, J = 7.1 Hz, 2H), 1.49 (s, 6H), 1.43 (s, 9H), 1.27 (t, J = 7.1 Hz, 3H).

Preparation of Ethyl 2-amino-2-methylpropanoate hydrochloride

[0210]

[0211] Take up ethyl 2-((tert-butoxycarbonyl)amino)-2-methylpropanoate (2.71 g, 11.72 mmol) in CH2Cl2 (25 mL) and
slowly add 4N HCl in dioxane (25 mmol) and stir at room temperature. At 1h, the reaction was determined to be complete
by TLC. The solvents were removed under reduced pressure and the crude was coevaporated with Et2O two times then
placed under high vacuum to afford ethyl 2-amino-2-methylpropanoate hydrochloride. 1H NMR (400 MHz, DMSO-d6) δ
8.70 (s, 3H), 4.18 (q, J = 7.1 Hz, 2H), 1.46 (s, 6H), 1.21 (t, J = 7.1 Hz, 3H).

Preparation of Ethyl 2-methyl-2-(((4-nitrophcnoxy)(phenoxy)phosphoryl)amino)propanoate (Compound N)

[0212]

[0213] Take up phenyl dichlorophosphate (0.97mL, 6.50mmol) and ethyl 2-amino-2-methylpropanoate hydrochloride
(1.09 g, 6.50 mmol) in CH2Cl2 (50 mL). Cool the reaction mixture to about 0 °C and slowly add TEA (1.75 mL, 12.45
mmol). Remove the cold bath and allow the reaction mixture to stir at room temperature. After about 2 h, the addition
of the amino acid was determined to be complete by 31P NMR. Charge p-nitrophenol (0.860 g, 6.17 mmol) followed by
the addition of TEA (0.87 g, 7.69 mmol). Allow the reaction to stir at room temperature. After about 2 h, the reaction was
determined to be complete by LCMS. The reaction was diluted with Et2O and the TEA•HCl salts were filtered off. The
crude was concentrated and purified by silica gel chromatography (0-50% EtOAc/Hex) to afford compound N. 1H NMR
(400 MHz, DMSO-d6) δ 8.37 - 8.21 (m, 2H), 7.55 - 7.44 (m, 2H), 7.43 - 7.33 (m, 2H), 7.30 - 7.09 (m, 3H), 6.57 (d, J =
10.1 Hz, 1H), 3.99 (q, J = 7.1 Hz, 2H), 1.39 (s, 6H), 1.08 (t, J = 7.1 Hz, 3H). 31P NMR (162 MHz, DMSO-d6) δ -2.87.
LC/MS: tR = 1.65 min, MS m/z = 408.97 [M+1].; LC system: Thermo Accela 1250 UHPLC; MS system: Thermo LCQ
Fleet; Column: Kinetex 2.6m XB-C18 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 min-2.85 min 100%-2% ACN, 2.85
min-3.0 min 2% ACN at 1.8mL/min.

Preparation of ethyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydro-
furan-2-yl)methoxy)(phenoxy)phosphoryl)amino)-2-methylpropanoate (Compound 30)

[0214]
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[0215] Take up compound 1 (66 mg, 0.23 mmol) in NMP (2.0 mL). Cool the mixture to about 0 °C and slowly add
tBuMgCl (1.0M in THF, 0.34 mL, 0.34 mmol). Allow the reaction to stir at about 0 °C for about 30 min, then add a solution
of compound N (139mg, 0.34mmol) dissolved in THF (1.0 mL). Remove the cold bath and place the reaction in about
50 °C preheated oil bath. After about 2 h, 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
30. 1H NMR (400 MHz, DMSO-d6) δ 7.89 (m, 3H), 7.31 (q, J = 8.1 Hz, 2H), 7.22 - 7.05 (m, 3H), 6.87 (d, J = 4.5, 1H),
6.80 (d, J = 4.5 Hz, 1H), 6.27 (d, J = 11.7, 1H), 5.81 (d, J = 9.7, 1H), 5.35 (d, J = 5.6 Hz, 1H), 4.64 (dt, J = 9.0, 5.6 Hz,
1H), 4.24 (m, 2H), 4.11 (m, 1H), 4.04-3.90 (m, 3H), 1.39 - 1.23 (m, 6H), 1.10 (t, J = 7.1, 3H). 31P NMR (162 MHz, DMSO-
d6) δ 2.45, 2.41. LC/MS: tR = 1.03 min, MS m/z = 561.03 [M+1]; LC system: Thermo Accela 1250 UHPLC; MS system:
Thermo LCQ Fleet; Column: Kinetex 2.6m XB-C18 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 min-2.85 min
100%-2% ACN, 2.85 min-3.0 min 2% ACN at 1.8mL/min.

Example 34. Isopropyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytet-
rahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)-2-methylpropanoate (31)

[0216]

[0217] The preparation of Isopropyl2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihy-
droxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)-2-methylpropanoate is described below.

Preparation of Isopropyl 2-((tert-butoxycarbonyl)amino)-2-methylpropanoate

[0218]

[0219] Take up triphenylphosphine (6.17 g, 25.00 mmol) in THF (30 mL). Next charge DIAD (4.92 mL, 25.00 mmol)
and stir at room temperature for about 10 min. Dissolve 2-((tert-butoxycarbonyl)amino)-2-methylpropanoic acid (5.07 g,
25.00 mmol) dissolved in THF (20mL) and add to the reaction mixture followed by the addition of isopropanol (1.91 mL,
25.00 mmol). Allow the reaction to stir at room temperature for about 1h. The solvents were removed under reduced
pressure and the crude was taken up in 1:1 Et2O:Hexanes (120 mL). The solid triphenylphosphine oxide was filtered
off and the solvent was removed under reduced pressure. The crude was taken up in minimal CH2Cl2 and purified by
silica gel chromatography (0-50% EtOAc/Hex) to afford isopropyl 2-((tert-butoxycarbonyl)amino)-2-methylpropanoate.
1H NMR (400 MHz, Chloroform-d) δ 5.03 (p, J= 6.2 Hz, 1H), 1.48 (s, 6H), 1.40 (d, J= 6.2 Hz, 9H), 1.24 (d, J = 6.3 Hz, 6H).
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Preparation of Isopropyl 2-amino-2-methylpropanoate hydrochloride

[0220]

[0221] Take up isopropyl 2-((tert-butoxycarbonyl)amino)-2-methylpropanoate (4.09 g, 16.67 mmol) in CH2Cl2 (50 mL)
and slowly add 4N HCl in dioxane (50 mmol) and stir at room temperature. At about 1 h, the reaction was determined
to be complete by TLC. The solvents were removed under reduced pressure and the crude was coevaporated with Et2O
two times then placed under high vacuum to afford isopropyl 2-amino-2-methylpropanoate hydrochloride. 1H NMR (400
MHz, DMSO-d6) δ 8.61 (s, 3H), 4.96 (p, J = 6.2 Hz, 1H), 1.44 (s, 6H), 1.22 (d, J = 6.2 Hz, 6H).

Preparation of Isopropyl2-methyl-2-(((4-nitrophenoxy)(phenoxy)phosphoryl)amino) propanoate (Compound O)

[0222]

[0223] Take up phenyl dichlorophosphate (0.83 mL, 5.58 mmol) and isopropyl 2-amino-2-methylpropanoate hydro-
chloride (1.01 g, 5.58 mmol) in CH2Cl2 (50 mL). Cool the reaction mixture to 0 °C and slowly add TEA (1.61 mL, 11.45
mmol). Remove the cold bath and allow the reaction mixture to stir at room temperature. After about 2 h, the addition
of the amino acid was determined to be complete by 31P NMR. Charge p-nitrophenol (0.74 g, 5.30 mmol) followed by
the addition of TEA (0.81, 5.84 mmol). Allow the reaction to stir at room temperature. After about 2 h, the reaction was
determined to be complete by LCMS. The reaction was diluted with Et2O and the TEA•HCl salts were filtered off. The
crude was concentrated and purified by silica gel chromatography (0-50% EtOAc/Hex) to afford compound O. 1H NMR
(400 MHz, DMSO-d6) δ 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 (m, 3H), 6.53
(d, J = 10.1 Hz, 1H), 4.82 (hept, J = 6.3 Hz, 1H), 1.38 (s, 6H), 1.09 (d, J = 6.3, 6H). 31P NMR (162 MHz, DMSO-d6) δ
-2.84. LC/MS: tR = 1.73 min, MS m/z = 422.92 [M+1]; LC system: Thermo Accela 1250 UHPLC; MS system: Thermo
LCQ Fleet; Column: Kinetex 2.6m XB-C18 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 min-2.85 min 100%-2% ACN,
2.85 min-3.0 min 2% ACN at 1.8mL/min.

Preparation of Isopropyl 2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahy-
drofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)-2-methylpropanoate (Compound 31)

[0224]
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[0225] Take up compound 1 (66 mg, 0.23 mmol) in NMP (2.0 mL). Cool the mixture to about 0 °C and slowly add
tBuMgCl (1.0M in THF, 0.57mL, 0.57mmol). Allow the reaction to stir at about 0 °C for about 30 min, then add a solution
of compound O (143 mg, 0.34 mmol) dissolved in THF (1.0 mL). Remove the cold bath and place the reaction in an
about 50 °C preheated oil bath. After about 2 h, the reaction was cooled to room temperature and was quenched with
acetic acid and methanol. The crude was concentrated and purified by reverse phase HPLC without modifier to afford
compound 31. 1H NMR (400 MHz, DMSO-d6) δ 7.88 (m, 3H), 7.30 (td, J = 8.5, 7.0 Hz, 2H), 7.20 - 7.04 (m, 3H), 6.87
(d, J = 4.5, 1H), 6.80 (d, J = 4.5 Hz, 1H), 6.27 (d, 6.1 Hz, 1H), 5.75 (t, J = 9.1 Hz, 1H), 5.34 (d, J = 5.7 Hz, 1H), 4.81 (p,
J = 6.3 Hz, 1H), 4.71 - 4.50 (m, 1H), 4.23 (m, 2H), 4.11 (m, 1H), 4.03 -3.83 (m, 1H), 1.37- 1.23 (m, 6H), 1.18 - 1.04 (m,
6H). 31P NMR (162 MHz, DMSO) δ 2.47, 2.43. LC/MS: tR = 1.08 min, MS m/z = 575.06 [M+1]; LC system: Thermo
Accela 1250 UHPLC; MS system: Thermo LCQ Fleet; Column: Kinetex 2.6m XB-C18 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 min-2.85 min 100%-2% ACN, 2.85 min-3.0 min 2% ACN at 1.8mL/min.

Example 35. (S)-2-ethylbutyl 2-(((S)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4] triazin-7-yl)-5-cyano-3,4-di-
hydroxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl) amino)propanoate (32)

[0226]

[0227] The preparation of (S)-2-ethylbutyl 2-(((S)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazm-7-yl)-5-cy-
ano-3,4-dihydroxytetrahydrofuran-2-yl)methoxy)(phenoxy) phosphoryl)amino)propanoate is described below.

Preparation of (3R,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)methyl)dihydrofuran-2(3H)-one.

[0228]

[0229] (3R,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)methyl)tetrahydrofuran-2-ol (15.0 g) was combined with MTBE
(60.0 mL), KBr (424.5 mg), aqueous K2HPO4 solution (2.5M, 14.3 mL), and TEMPO (56 mg). This mixture was cooled
to about 1 °C. Aqueous bleach solution (7.9%wt.) was slowly charged in portions until complete consumption of starting
material as indicated through a starch/iodide test. The layers were separated, and the aqueous layer was extracted with
MTBE. The combined organic phase was dried over MgSO4 and concentrated under reduced pressure to yield the
product as a solid.

Preparation (4-amino-7-iodopyrrolo[2,1-f][1,2,4]triazine)

[0230]
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[0231] To a cold solution of 4-aminopyrrolo[2,1-f][1,2,4]-triazine (10.03 g; 74.8 mmol) in N,N-dimethylformamide (70.27
g), N-iodosuccinimide (17.01g; 75.6 mmol) was charged in portions, while keeping the contents at about 0 °C. Upon
reaction completion (about 3 h at about 0 °C), the reaction mixture was transferred into a 1 M sodium hydroxide aqueous
solution (11 g NaOH and 276 mL water) while keeping the contents at about 20-30 °C. The resulting slurry was agitated
at about 22 °C for 1.5 h and then filtered. The solids are rinsed with water (50 mL) and dried at about 50 °C under vacuum
to yield 4-amino-7-iodopyrrolo[2,1-f] [1,2,4]triazine as a solid. 1H NMR (400 MHz, DMSO-d6) δ 7.90 (s, 1H), 7.78 (br s,
2H), 6.98 (d, J = 4.4 Hz, 1H), 6.82 (d, J = 4.4 Hz, 1H). 13C NMR (101 MHz, DMSO-d6) δ 155.7, 149.1, 118.8, 118.1,
104.4, 71.9. MS m/z = 260.97 [M+H].

Preparation (3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis(benzyloxy)-5-((benzyloxy)methyl)tetrahy-
drofuran-2-ol via (4-amino-7-iodopyrrolo[2,1-f] [1,2,4]triazine)

[0232]

[0233] To a reactor under a nitrogen atmosphere was charged iodobase 2 (81 g) and THF (1.6 L). The resulting
solution was cooled to about 5 °C, and TMSCl (68 g) was charged. PhMgCl (345mL, 1.8 M in THF) was then charged
slowly while maintaining an internal temperature at about ≤ 5 °C. The reaction mixture was stirred at about 0 °C for 30
min, and then cooled to about -15 °C. iPrMgCl- LiCl (311 mL, 1.1 M in THF) was charged slowly while maintaining an
internal temperature below about -12 °C. After about 10 minutes of stirring at about -15 °C, the reaction mixture was
cooled to about -20 °C, and a solution of lactone 1 (130 g) in THF (400 mL) was charged. The reaction mixture was then
agitated at about -20 °C for about 1 h and quenched with AcOH (57 mL). The reaction mixture was warmed to about 0
°C and adjusted to pH 7-8 with aqueous NaHCO3 (5 wt%, 1300 mL). The reaction mixture was then diluted with EtOAc
(1300 mL), and the organic and aqueous layers were separated. The organic layer was washed with 1N HCl (1300 mL),
aqueous NaHCO3 (5 wt%, 1300 mL), and brine (1300 mL), and then dried over anhydrous Na2SO4 and concentrated
to dryness. Purification by silica gel column chromatography using a gradient consisting of a mixture of MeOH and EtOAc
afforded the product.

Preparation ((2S)-2-ethylbutyl 2-(((perfluorophenoxy)(phenoxy)phosphoryl)amino)propanoate) (mixture of Sp and Rp):

[0234]

[0235] L-Alanine 2-ethylbutyl ester hydrochloride (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 mmol) was added. Triethylamine (6.6 mL, 47.68
mmol) was added over about 60 min at about -78 °C and the resulting mixture was stirred at ambient temperature for
3h. The reaction mixture was cooled to about 0 °C and pentafluorophenol (4.4 g, 23.84 mmol) was added. Triethylamine
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(3.3 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 aqueous sodium carbonate
solution several times, and concentrated under reduced pressure. The residue was purified by silica gel column chro-
matography using a gradient of EtOAc and hexanes (0 to 30%). Product containing fractions were concentrated under
reduced pressure to give (2S)-2-ethylbutyl 2-(((perfluorophenoxy)(phenoxy)phosphoryl)amino)propanoate as a solid.
1H NMR (400 MHz, Chloroform-d) δ7.41 - 7.32 (m, 4H), 7.30 - 7.17 (m, 6H), 4.24 - 4.16 (m, 1H), 4.13 - 4.03 (m, 4H),
4.01 - 3.89 (m, 1H), 1.59 - 1.42 (m, 8H), 1.40 - 1.31 (m, 8H), 0.88 (t, J = 7.5 Hz, 12H). 31P NMR (162 MHz, Chloroform-
d) δ -1.52. 19F NMR (377 MHz, Chloroform-d) δ -153.63, -153.93 (m), -160.05 (td, J = 21.9, 3.6 Hz), -162.65 (qd, J =
22.4, 20.5, 4.5 Hz). MS m/z = 496 [M+H].

Preparation ((2S)-2-ethylbutyl 2-(((perfluorophenoxy)(phenoxy)phosphoryl)amino)propanoate):

[0236]

[0237] L-alanine-2-ethylbutylester 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 N2(g). Phenyl dichlorophosphate (40.32 g, 0.191 mol) was
added followed by slow addition of triethylamine (41.58 g, 0.411 mmol) and the reaction mixture was stirred at about
-15 °C for about 1.5 h. Pentafluorophenol (35.14 g, 0.191 mol) was added, followed by triethylamine (19.23 g, 0.190
mol) and the reaction mixture was stirred for about 2 h. The reaction mixture was warmed to about 0 °C and 0.5 M HCl
(279.19 g) was added. The mixture was warmed to about 22 °C and the organic layer was separated and washed with
5% KHCO3 aqueous solution (281 g), then water (281 g). An aliquot of the organic layer (453.10 g of the 604.30 g
solution) was concentrated to about 120 mL volume, isopropyl acetate (157 g) was added and the solution was concen-
trated to dryness. The residue was dissolved in isopropyl acetate (158 g). The resulting solution was concentrated to
about 120 mL volume and the temperature was adjusted to about 45 °C. n-Heptane (165 g) was added and the mixture
was cooled to 22 °C over about 1 h. n-Heptane (167 g) was added and the mixture was cooled to about 0 °C. Triethylamine
(2.90 g, 0.0287 mol) was added and the mixture was stirred at 0 °C for about 17 h. The mixture was filtered, the solids
were rinsed with n-heptane (145 g) and the solids were dried under vacuum at about 40 °C for about 15 h to provide 2-
ethylbutyl ((S)-(penthafluorophenoxy)(pheno xy)phosphoryl)- L-alaninate.

Preparation 2-ethylbutyl ((S)-(4-nitrophenoxy)(phenoxy)phosphoryl)-L-alaninate:

[0238]

[0239] A slurry of L-alanine-2-ethylbutylester hydrochloride (20.08 g, 95.8 mmol) and isopropyl acetate (174 g) was
cooled with stirring to about -20 °C). Phenyl dichlorophosphate (20.37 g, 96.5 mmol) was added, followed by slow addition
of triethyl amine (20.97 g, 207.2 mmol) and the mixture was stirred at about -20 °C for about 1 h. 4-Nitrophenol (13.23
g, 95.1 mmol) was added, followed by slow addition of triethylamine (10.01 g, 98.8 mmol) and the reaction mixture was
stirred for about 1.5 h. The reaction mixture was warmed to about 0 °C and 0.5 M HCl (140 g) was added. The organic
layer was separated and washed with 5% Na2CO3 (2 x 100 g) and 10% NaCl (2 x 100 g). The organic layer was then
concentrated to about 80 mL volume and isopropylacetate (4 g) was added, followed by n-heptane (110 g). Product
seed crystals (0.100 g) were added followed by a second portion of n-heptane (110 g) and the mixture was cooled to
about 0 °C. 1,8-Diazabicycloundec-7-ene (1.49 g, 9.79 mmol) was added and the mixture was stirred at about 0 °C for
about 21 h. The resultant solids were filtered and washed first with n-heptane (61 g) and then with H2O (2 x 100 g). The
solids were stirred with H2O (200 g) for about 1.5 h, filtered, and rinsed with H2O (3 x 100 g), then n-heptane (61 g).
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The obtained solids were dried under vacuum at about 40 °C for about 19 h to provide 2-ethylbutyl ((S)-(4-nitrophe-
noxy)(phenoxy)phosphoryl)-L-alaninate.

Preparation of Title Compound (mixture of Sp and Rp):

[0240]

[0241] The nucleoside (29 mg, 0.1 mmol) and the phosphonamide (60 mg, 0.12 mmol) and N,N-dimethylformamide
(2 mL) were combined at ambient temperature. Tert-Butyl magnesium chloride (1M in THF, 0.15 mL) was slowly added.
After about 1h, the reaction was diluted with ethyl acetate, washed with aqueous citric acid solution (5%wt.), aqueous
saturated NaHCO3 solution and saturated brine solution. The organic phase was dried over Na2SO4 and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography using a gradient of methanol
and CH2Cl2 (0 to 5%). Product containing fractions were concentrated under reduced pressure to provide the product.

Preparation of (3aR,4R,6R,6aR)-4-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-6-(hydroxymethyl)-2,2-dimethyltetrahydro-
furo[3,4-d][1,3]dioxole-4-carbonitrile:

[0242]

[0243] To a mixture of (2R,3R,4S,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-dihydroxy-5-(hydroxymethyl)tet-
rahydrofuran-2-carbonitrile (5.8g, 0.02 mol), 2,2-dimethoxypropane (11.59 mL, 0.09 mol) and acetone (145 mL) at
ambient temperature was added sulfuric acid (18M, 1.44 mL). The mixture was warmed to about 45 °C. After about 30
min, the mixture was cooled to ambient temperature and sodium bicarbonate (5.8 g) and water 5.8 mL) were added.
After 15 min, the mixture was concentrated under reduced pressure. The residue was taken up in ethyl acetate (150
mL) and water (50 mL). The aqueous layer was extracted with ethyl acetate (2 x 50 mL). The combined organic phase
was dried over sodium sulfate and concentrated under reduced pressure to give crude (2R,3R,4S,5R)-2-(4-aminopyr-
rolo[2,1-f][1,2,4]triazin-7-yl)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-carbonitrile. 1H NMR (400 MHz, CD3OD)
δ 7.84 (s, 1H), 6.93 (d, J = 4.6 Hz, 1H), 6.89 (d, J = 4.6 Hz, 1H), 5.40 (d, J = 6.7 Hz, 1H), 5.00 (dd, J = 6.7, 3.3 Hz, 1H),
4.48 - 4.40 (m, 1H), 3.81 - 3.72 (m, 2H), 1.71 (s, 3H), 1.40 (s, 3H). MS m/z = 332.23 [M+1].

Preparation of (3aR,4R,6R,6aR)-4-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-6-(hydroxymehyl)-2,2-dimethyltetrahydro-
furo[3,4-d][1,3]dioxole-4-carbonitrile TsOH salt:

[0244]
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[0245] To a mixture of (2R,3R,4S,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-dihydroxy-5-(hydroxymethyl)tet-
rahydrofuran-2-carbonitrile (5.0 g, 17.2 mmol, 1.0 equiv.), 2,2-dimethoxypropane (10.5 mL, 86 mmol, 5.0 equiv.) and
acetone (25 mL) at ambient temperature was added p-tolylsulfonic acid (3.59 g, 1.1 equiv.). The mixture was stirred at
ambient temperature. After about 30 min, isopropyl acetate (25 mL) was added over about one hour. The resulting slurry
was filtered and rinsed with 2:1 heptane:isopropyl acetate (25 ml). The product was dried under vacuum at about 40 °C.

Preparation of (3aR,4R,6R,6aR)-4-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-6-(hydroxymethyl)-2,2-dimethyltetrahydro-
furo[3,4-d][1,3]dioxole-4-carbonitrile:

[0246]

[0247] To a mixture of (2R,3R,4S,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-dihydroxy-5-(hydroxymethyl)tet-
rahydrofuran-2-carbonitrile (5 g, 17.2 mmol, 1.0 equiv.), 2,2-dimethoxypropane (10.5 mL, 86 mmol, 5.0 equiv.) and
acetone (25 mL) at ambient temperature was added p-tolylsulfonic acide (3.59 g, 1.1 equiv.). The mixture was stirred
at ambient temperature. After 30 min, isopropyl acetate (25 mL) was added over one hour. The resulting slurry was
filtered and rinsed with 2:1 heptane:isopropyl acetate (25 ml). The product was dried under vacuum at 40 °C. The isolated
solid was added to a reactor and 5% K2CO3 solution (50 ml) and ethyl acetate (50 mL) were added. The layers were
separated, and the aqueous layer washed with ethyl acetate (25 ml). The combined organic layers were washed with
water (25 ml), then concentrated to ca.25 ml. The reactor was refilled with isopropyl acetate (25 ml) and concentrated
to ca. 25 ml. The reactor was again refilled with isopropyl acetate (25 ml) and concentrated to 25 ml. The resulting
solution was seeded, producing a thick slurry. To this was added heptane (25 ml) over one hour. The resulting slurry
was filtered and rinsed with 2:1 heptane:isopropyl acetate (25 ml). The product was dried under vacuum at 40 °C. ()
(2R,3R,4S,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-carboni-
trile. 1H NMR (400 MHz, CD3OD) δ 7.84 (s, 1H), 6.93 (d, J = 4.6 Hz, 1H), 6.89 (d, J = 4.6 Hz, 1H), 5.40 (d, J = 6.7 Hz,
1H), 5.00 (dd, J = 6.7, 3.3 Hz, 1H), 4.48 - 4.40 (m, 1H), 3.81 - 3.72 (m, 2H), 1.71 (s, 3H), 1.40 (s, 3H). MS m/z = 332.23 [M+1].

Preparation of (2S)-2-ethylbutyl2-(((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydrox-
ytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino) propanoate:

[0248]
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[0249] Acetonitrile (100 mL) was combined with (2S)-2-ethylbutyl 2-(((4-nitrophenoxy)(phenoxy)phosphoryl)-ami-
no)propanoate (9.6 g, 21.31 mmol), the substrate alcohol (6.6 g, 0.02 mol), ), magnesium chloride ((1.9 g, 19.91 mmol)
at ambient temperature. The mixture was agitated for about 15 min and N,N-diisopropylethylamine (8.67 mL, 49.78
mmol) was added. After about 4h, the reaction was diluted with ethyl acetate (100 mL), cooled to about 0 °C and combined
with aqueous citric acid solution (5%wt., 100 mL). The organic phase was washed with aqueous citric acid solution
(5%wt., 100 mL) and aqueous saturated ammonium chloride solution (40 mL), aqueous potassium carbonate solution
(10%wt., 2 x 100 mL), and aqueous saturated brine solution (100 mL). The organic phase was dried with sodium sulfate
and concentrated under reduced pressure to provide crude product. 1H NMR (400 MHz, CD3OD) δ 7.86 (s, 1H), 7.31 -
7.22 (m, 2H), 7.17 - 7.09 (m, 3H), 6.93 - 6.84 (m, 2H), 5.34 (d, J = 6.7 Hz, 1H), 4.98 (dd, J = 6.6, 3.5 Hz, 1H), 4.59 - 4.50
(m, 1H), 4.36 - 4.22 (m, 2H), 4.02 (dd, J = 10.9, 5.7 Hz, 1H), 3.91 (dd, J = 10.9, 5.7 Hz, 1H), 3.83 (dq, J = 9.7, 7.1 Hz,
1H), 1.70 (s, 3H), 1.50 - 1.41 (m, 1H), 1.39 (s, 3H), 1.36 - 1.21 (m, 7H), 0.86 (t, J = 7.4 Hz, 6H). MS m/z = 643.21 [M+1].

Preparation of (S)-2-ethylbutyl 2-(((S)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihy-
droxytetrahydrofuran-2-yl)methoxy)phenoxy)phosphoryl)amino) propanoate (Compound 32)

[0250]

[0251] The crude acetonide (12.85 g) was combined with tetrahydrofuran (50 mL) and concentrated under reduced
pressure. The residue was taken up in tetrahydrofuran (100 mL), cooled to about 0 °C and concentrated HCl (20 mL)
was slowly added. The mixture was allowed to warm to ambient temperature. After consumption of the starting acetonide
as indicated by HPLC analysis, water (100 mL) 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 (50 mL), dried over sodium 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 containing
fractions were concentrated under reduced pressure to provide the product.

Preparation of (S)-2-ethylbutyl 2-(((S)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihy-
droxytetrahydrofuran-2-yl)methoxy)phenoxy)phosphoryl)amino) propanoate (Compound 32)

[0252]
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[0253] To a vial containing (S)-2-ethylbutyl 2-(((S)-(((3aR,4R,6R,6aR)-6-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-6-cy-
ano-2,2-dimethyltetrahydrofuro[3,4-d][l,3]dioxol-4-yl)methoxy)(phenoxy)phosphoryl)amino)propanoate (30 mg, 0.05
mmol) was added an 80% aqueous formic acid solution (1.5 mL). After 18 h at about 20 °C complete conversion was
confirmed by HPLC and LC-MS. MS (m/z) = 603(M+1)+.

Preparation of (S)-2-ethylbutyl 2-(((S)-(((2R,3S,4R,5R)-5-(4-aminopyrrolor[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihy-
droxytetrahydrofuran-2-yl)methoxy)phenoxy)phosphoryl)amino) propanoate (Compound 32) via Direct Coupling

[0254]

[0255] To a mixture of (2R,3R,4S,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-dihydroxy-5-(hydroxymethyl)tet-
rahydrofuran-2-carbonitrile (0.5 g, 2mmol), (S)-2-ethylbutyl 2-(((S)-(4-nitrophenoxy)(phenoxy)phosphoryl)amino)pro-
panoate (0.9 g, 2 mmol), and MgCl2 (0.2 g, 2 mmol), was charged N,N-dimethylacetamide (10 mL). The resulting mixture
was warmed to about 30 °C with constant stirring. N,N-Diisopropylethylamine (0.7 mL, 4 mmol) was then added slowly,
and the reaction mixture was stirred for about 6 h. Water (10 mL) was charged H2O, followed by 2-MeTHF (10 mL), and
the organic and aqueous phases were separated. The aqueous layer was then back-extracted with 2-MeTHF (10 mL).
The organic layers were combined, and washed with 10 wt% citric acid solution (10 mL), followed by 10 wt% K2CO3
solution (10 mL), and H2O (10 mL). A small amount of brine was added to resolve emulsions in the water wash before
the layers were separated. The organic layer was evaporated to dryness to afford 0.65 g of a foam. iPrOAc (2.6 mL)
was added then added, and the mixture was warmed to about 40 °C to achieve dissolution. The solution 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 solids were dried to afford (S)-2-ethylbutyl 2-(((S)-(((2R,3S,4R,5R)-5-(4-
aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)ami-
no)propanoate.

[0256] To a mixture of (2R,3R,4S,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-dihydroxy-5-(hydroxymethyl)tet-
rahydrofuran-2-carbonitrile (0.2 g, 0.7 mmol), (S)-2-ethylbutyl 2-(((S)-(perfluorophenoxy)(phenoxy)phosphoryl)ami-
no)propanoate (0.3 g, 0.7 mmol), and MgCl2 (0.1 g, 1 mmol), was charged N,N-dimethylacetamide (4 mL). The resulting
mixture was warmed to about 30 °C with constant stirring. N,N-Diisopropylethylamine (0.3 mL, 2 mmol) was then added
slowly, and the reaction mixture was stirred for 5 h. Conversion to the product was confirmed through UPLC analysis.
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Preparation of (3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis(tert-butyldimethylsilyl)oxy)-5-(((tert-butyld-
imethylsilyl)oxy)methyl)tetrahydrofuran-2-ol

[0257]

[0258] A solution of 7-iodopyrrolo[2,1-f][1,2,4]triazin-4-amine (13.9 g, 53.5 mmol) was prepared in THF (280 mL). The
solution was cooled to about 0 °C, and TMSC1 (13.6 mL, 107 mmol) was added. The reaction mixture was stirred for
about 20 min, and then PhMgCl (2 M in THF; 53.5 mL, 56.8 mmol) was added while maintaining an internal temperature
below about 5 °C. The reaction mixture was agitated at about 0 °C for about 30 min, and then cooled to about -20°C.
iPrMgCl-LiCl (1.3 M in THF, 43.1 mL, 56 mmol) was then added while maintaining an internal temperature below about
-15 °C. The reaction mixture was agitated for about 30 min at about -20 °C.
[0259] In a separate flask, a solution of (3R,4R,5R)-3,4-bis((tert-butyldimethylsilyl)oxy)-5-(((tert-butyldimethylsi-
lyl)oxy)methyl)dihydrofuran-2(3H)-one (25.0 g, 50.9 mmol, 0.83 equiv) was prepared in LaCl3-2LiC1 (0.6 M in THF, 85
mL, 50.9 mmol). The solution was then transferred to the Grignard solution while maintaining an internal temperature
below -20°C. The resulting reaction mixture was agitated at about -20 °C for about 4 h.
[0260] The reaction was quenched with 1 M HCl (140 mL), and the mixture warmed to ambient temperature. EtOAc
(140 mL) was added, and the organic and aqueous phases were separated. The water layer was extracted with EtOAc
(200 mL). The combined EtOAc layers were extracted sequentially with saturated aqueous NaHCO3 (2 x 200 mL), water
(200 mL), and brine (200 mL). The organic layer was concentrated, and then purified by silica gel chromatography (30%
EtOAc/hexane) to afford (3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis((tert-butyldimethylsilyl)oxy)-
5-(((tertbutyldimethylsilyl)oxy)methyl)tetrahydrofuran-2-ol. 1H NMR (300 MHz, CDCl3) δ 8.15 - 7.88 (m, 1H), 7.51 (d, J=
4.8 Hz, 0.5H), 7.02 - 6.92 (m, 0.5H), 6.65 - 6.57 (m, 1H), 5.66 - 5.24 (m, 3H), 4.49 - 3.50 (m, 4H), 0.97 - 0.78 (26H), 0.65
(s, 1.5H), 0.19 - 0.00 (m, 15.5H), -0.22 (s, 1H), -0.55 (s, 1H).. MS m/z = 626 (M+H).

Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis((tertbutyldimethylsilyl)oxy)-5-(hy-
droxymethyl)tetrahydrofuran-2-carbonitrile

[0261]

[0262] A solution of (3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis((tertbutyldimethylsilyl)oxy)-
5-(((tert-butyldimethylsilyl)oxy)methyl)tetrahydrofuran-2-ol (1.50 g, 2.40 mmol) in CH2Cl2 (15 mL) was cooled to about
-40 °C. Trifluoroacetic acid (0.555 mL, 7.20 mmol) was added keeping the temperature below -20°C. In a separate flask,
trimethylsilyl trifluoromethanesulfonate (2.60 mL, 14.4 mmol) was added to 5 ml of CH2Cl2 (5 mL) at about 15 °C, followed
by trimethylsilyl cyanide (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,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis((tert-butyldimethylsilyl)oxy)-
5-(((tertbutyldimethylsilyl)oxy)methyl)tetrahydrofuran-2-ol while keeping the temperature below -25 °C. The reaction
mixture 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 about 0 °C. Water (50 mL) was added while keeping the temperature below about 20 °C.
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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 organic layer
was dried over Na2SO4, concentrated, 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 further by prep-HPLC (ACN 0 to 95% in
water) to afford the product as a single diastereomer. 1H NMR (400 MHz, DMSO-d6) δ 8.14-7.92 (m, 2H), 7.89 (s, 1H),
6.95 (d, J= 4.8 Hz, 1H), 6.88 (d, J= 4.4 Hz, 1H),5.27 (d, J = 4.6 Hz, 1H), 5.10 (dd, J = 7.7, 4.6 Hz, 1H), 4.31 (dd, J = 4.7,
1.4 Hz, 1H), 4.12 (ddd, J = 5.9, 4.1, 1.4 Hz, 1H), 3.80 - 3.69 (m, 1H), 3.56 (td, J = 7.8, 3.9 Hz, 1H), 0.93 (s, 9H), 0.75
(s, 9H), 0.11 (s, 3H), 0.09 (s, 3H), -0.15 (s, 3H), -0.62 (s, 3H). MS m/z = 520 (M+H).

Preparation of (S)-2-ethylbutyl 2-(((S)-(((2R,3R,4R,5R)-5-(4-aminopyrrolor[2,1-f][1,2,4]triazin-7-yl)-3,4-bis((tert-butyld-
imethylsilyl)oxy)-5-cyanotetrahydrofuran-2-yl)methoxy)(phenoxy) phosphoryl)amino)propanoate

[0263]

[0264] To a mixture of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis((tertbutyldimethylsilyl)oxy)-
5-(hydroxymethyl)tetrahydrofuran-2-carbonitrile (16 mg, 0.03 mmol), (S)-2-ethylbutyl 2-(((S)-(4-nitrophenoxy)(phe-
noxy)phosphoryl)amino)propanoate (17 mg, 0.04 mmol), and MgCl2 (4 mg, 0.05 mmol), was charged THF (0.3 mL).
The resulting mixture was warmed to about 50 °C with constant stirring. N,N-Diisopropylethylamine (0.013 mL, 0.08
mmol) was then added, and the reaction mixture was stirred for 21 h. Conversion to the product was confirmed through
UPLC and LC-MS analysis. MS m/z = 831 (M+H).

[0265] A solution of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis((tertbutyldimethylsilyl)oxy)-
5-(hydroxymethyl)tetrahydrofuran-2-carbonitrile (16 mg, 0.03 mmol) in THF (0.3 mL) was cooled to -10 °C. tBuMgCl
was added dropwise (0.07 mL, 0.07 mmol), followed by a solution of (S)-2-ethylbutyl 2-(((S)-(perfluorophenoxy)(phe-
noxy)phosphoryl)amino)propanoate (22 mg, 0.04 mmol) in THF (0.15 mL). The reaction mixture was warmed to 5 °C,
and stirred for 16 h. The reaction was quenched with MeOH, concentrated, and then purified by silica gel chromatography
(EtOAc /hexanes) to afford the product. 1H NMR (400 MHz, CDCl3) δ 7.97 (s, 1H), 7.38 - 7.29 (m, 2H), 7.25 - 7.21 (m,
2H), 7.21 - 7.13 (m, 1H), 7.11 (d, J = 4.6 Hz, 1H), 6.65 (d, J = 4.6 Hz, 1H), 5.88 (br s, 2H), 5.35 (d, J = 4.4 Hz, 1H), 4.49
- 4.41 (m, 1H), 4.41 - 4.35 (m, 1H), 4.32 - 4.26 (m, 1H), 4.24 (dd, J = 4.5, 1.7 Hz, 1H), 4.10 - 3.99 (m, 2H), 3.96 (dd, J
= 10.9, 5.7 Hz, 1H), 3.80 - 3.72 (m, 1H), 1.48 (h, J = 6.2 Hz, 1H), 1.39 - 1.28 (m, 7H), 0.96 (s, 9H), 0.85 (t, J = 7.5 Hz,
6H), 0.80 (s, 9H), 0.08 (s, 3H), 0.07 (s, 3H), -0.13 (s, 3H), -0.56 (s, 3H). 31P NMR (162 MHz, CDCl3) δ 2.74 (s). MS m/z
= 831 (M+H).

Preparation of (S)-2-ethylbutyl 2-(((S)-(((2R,3S,4R,5R)-5-(4-aminopyrrolor[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihy-
droxytetrahydrofuran-2-yl)methoxy)phenoxy)phosphoryl)amino) propanoate

[0266]
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[0267] A crude solution of (S)-2-ethylbutyl 2-(((S)-(((2R,3R,4R,5R)-5-(4-ammopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-
bis((tert-butyldimethylsilyl)oxy)-5-cyanotetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)propanoate was
cooled to about 0 °C and conc HCl (0.05 mL, 0.62 mmol) was slowly added. The reaction mixture was stirred for about
72 hours at about 20 °C. Conversion to the product was confirmed through UPLC and LC-MS analysis. MS m/z = 603
(M+H).

[0268] A solution of (S)-2-ethylbutyl 2-(((S)-(((2R,3R,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis((tert-
butyldimethylsilyl)oxy)-5-cyanotetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)propanoate in a fluoride or
acid can deprotect to a solution of (S)-2-ethylbutyl 2-(((S)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-
cyano-3,4-dihydroxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)propanoate. Representative fluorides
include, but are not limited to TBAF, KF, pyridinium hydrofluoride, triethylammonium hydrofluoride, hydrogen fluoride,
hydrochloric acid, toluenesulfonic acid, or any other suitable fluoride source. Representative acids include, but are not
limited to those found in Greene, T. W.; Wuts, P. G. M. Protective Groups In Organic Synthesis, 4th Ed., John Wiley &
Sons: New York, 2006.

Example 35-a. ((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydro-
furan-2-yl)methoxy)oxidophosphoryrl)alaninate (Compound 35)

[0269]

[0270] 2-ethylbutyl ((S)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydro-
furan-2-yl)methoxy)(phenoxy)phosphoryl)-L-alaninate (130 mg, 0.216 mmol) was dissolved in mixture of acetonitrile (6
mL) and water (2 mL). Aqueous sodium hydroxide solution (2N, 0.5 mL) was added dropwise over 5 min at rt and the
reaction mixture was stirred. After 2 h, the resulting mixture was concentrated under reduced pressure and the residue
was purified by HPLC on a C18 column eluting with water to afford the desired product as the bis-sodium salt. 1H NMR
(400 MHz, D2O) δ 7.79 (s, 1H), 6.86 (d, J = 4.7 Hz, 1H), 6.80 (d, J = 4.7 Hz, 1H), 4.86 (d, J = 5.4 Hz, 1H), 4.40 - 4.34
(m, 1H), 4.30 (dd, J = 5.3, 3.0 Hz, 1H), 3.75 (qdd, J = 11.6, 4.5, 3.1 Hz, 2H), 3.20 (dq, J= 8.6, 7.1 Hz, 1H), 0.86 (d, J =
7.0 Hz, 3H). 31P NMR (162 MHz, D2O) δ 7.30. LCMS m/z 442.95 [M+H]. HPLC (2-98% MeCN-H2O gradient with 0.1%
TFA modifier over 8.5 min, 1.5mL/min, Column: Phenomenex Kinetex C18, 2.6 um 100 Å, 4.6 x 100 mm) tR = 2.694 min.
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B. Antiviral Activity

[0271] Another aspect of the invention relates to methods of inhibiting viral infections, comprising the step of treating
a sample or subject suspected of needing such inhibition with a composition of the invention.
[0272] 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 fluid, tears, sputum, saliva, tissue samples, and the like); laboratory samples; food, water,
or air samples; bioproduct samples such as extracts of cells, particularly recombinant 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. Samples can be contained in any medium including water and
organic solvent\water mixtures. Samples include living organisms such as humans, and manmade materials such as
cell cultures.
[0273] 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. Quantitative, qualitative, and
semiquantitative methods of determining such activity are all contemplated. Typically one of the screening methods
described above are applied, however, any other method such as observation of the physiological properties of a living
organism are also applicable.
[0274] 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.

EBOV: Ebola virus strain Zaire
EBOV-GFP: Ebola reporter virus expressing green fluorescent protein
EBOV-LUC: Ebola reporter virus expressing luciferase
MARV-GFP: Marburg virus expressing green fluorescent protein
NiV: Nipah virus
NiV-GFP: Nipah reporter virus expressing green fluorescent protein
NiV-LUC: Nipah reporter virus expressing luciferase
HCS: High content imaging (immuno-staining of ebolavirus GP-protein)
GFP: Green fluorescent protein
LUC: Luciferase
CPE Cytopathic effects measured by cell titer glo (CTG) reagent
Hela: Hela epithelial cell (cervical carcinoma)
HFF-1: Human foreskin fibroblast
Huh-7: Hepatocyte
HVMEC-TERT: Human microvascular endothelial cells immortalized with the telomerase catalytic protein

Virus Cell line Plate format Cell number MOI (pfu/cell) Incubation (Days) Read out Values

EBOV 
(Zaire)

Hela

384 4000

0.5

2

HCS

EC50

EBOV 
(Zaire)

HFF-1 2 HCS

EBOV-GFP Huh-7

96 10000 0.1 4

GFP

EBOV-GFP
HMVEC-
TERT

GFP

EBOV-LUC Huh-7 LUC

MARV-GFP Huh-7 GFP

NiV Hela CPE

NiV-GFP
HMVEC- 
TERT

GFP

NiV-LUC
HMVEC- 
TERT

LUC
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Example 36. Ebola virus antiviral activity and cytotoxicity assays

[0275] Antiviral activity of Compound 1 and Compound 9 was measured against Ebola virus (EBOV), Marburg virus
(MARV) (Table 2), and Nipah virus (NiV) (Table 3) using fully replicating reporter viruses expressing luciferase or green
fluorescent protein (GFP) (Uebelhoer, 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 viruses expressing luciferase or green fluorescent protein (GFP) (Uebelhoer, L.S., 2014. AVR; Hoenen, T.,
2013. AVR).All studies were conducted in biosafety level-4 containment (BSL-4) at the Centers for Disease Control and
Prevention (CDC). Ebola virus antiviral assays were conducted in primary human microvascular endothelial cells im-
mortalized with the telomerase catalytic protein (HMVEC-TERT) and in Huh-7 cells (Shao, R., 2004, BBRC). Nipah virus
antiviral activity was measured in HMVEC-TERT and Hela cells.
[0276] Antiviral assays were conducted 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 triplicate onto plates containing
preseeded cell monolayers. The plates were transferred to BSL-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% virus inhibition control, respectively. Following the infection, test plates were incubated for
3 to 4 days in a tissue culture incubator. After the incubation, virus replication was measured in an Envision plate reader
by direct fluorescence for GFP reporter viruses or after subsequent addition of luciferase substrate for luciferase reporter
viruses. For virus yield assays, media from infected cells was removed and a portion was used to quantify viral RNA by
reverse transcription quantitative polymerase chain reaction (RT-qPCR). The remaining media was serially diluted and
the amount of infectious virus was measured by using the diluted media to infect fresh cell monolayers to determine the
tissue culture infectious dose that caused 50% cytopathic effects (TCID50) using Cell TiterGlo reagent (Promega, Mad-
ison, WI). For virus cytopathic effect (CPE) assays, viability of infected cells was measure using Cell TiterGlo reagent.
[0277] The percentage inhibition was calculated for each tested concentration relative to the 0% and 100% inhibition
controls and the EC50 value for each compound was determined by non-linear regression as the effective concentration
of compound that inhibited virus replication by 50%.

Example 37. EBOV-GFP HMVEC-TERT cells

[0278] HMVEC-TERT 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 dilution was transferred in triplicate onto 96 well plates
containing preseeded HMVEC-TERT monolayers. The plates were transferred to BSL-4 containment and the appropriate
dilution of EBOV-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 100% virus inhibition control, respectively. Following the
infection, test plates were incubated for 3 to 4 days in a tissue culture incubator. After the incubation, virus replication
was measured 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 to the 0% and 100% inhibition controls
and the EC50 value for each compound was determined by non-linear regression as the effective concentration of
compound that inhibited virus replication by 50%.

Example 38. EBOV-GFP Huh-7 cells

[0279] Huh-7 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 dilution was transferred in triplicate onto 96 well plates containing
preseeded Huh-7 monolayers. The plates were transferred to BSL-4 containment and the appropriate dilution of EBOV-
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 100% virus inhibition control, respectively. Following the infection, test plates
were incubated for 3 to 4 days in a tissue culture incubator. After the incubation, virus replication was measured 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 to the 0% and 100% inhibition controls and the EC50 value for each
compound was determined by non-linear regression as the effective concentration of compound that inhibited virus
replication by 50%.
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Example 39. EBOV-Luc Huh-7 cells

[0280] Huh-7 cells 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 triplicate onto plates containing preseeded
cell monolayers. The plates were transferred to BSL-4 containment and the appropriate dilution of the EBOV-Luc 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% virus inhibition control, respectively. Following the infection, test plates were incubated
for 3 to 4 days in a tissue culture incubator. After the incubation, virus replication was measured in an Envision plate
reader after subsequent addition of luciferase substrate. The percentage inhibition was calculated for each tested con-
centration relative to the 0% and 100% inhibition controls and the EC50 value for each compound was determined by
non-linear regression as the effective concentration of compound that inhibited virus replication by 50%.

Example 40. MARV-GFP Huh-7 cells

[0281] Huh-7 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 dilution was transferred in triplicate onto 96 well plates containing
preseeded Huh-7 monolayers. The plates were transferred to BSL-4 containment and the appropriate dilution of MARV-
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 100% virus inhibition control, respectively. Following the infection, test plates
were incubated for 3 to 4 days in a tissue culture incubator. After the incubation, virus replication was measured 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 to the 0% and 100% inhibition controls and the EC50 value for
each compound was determined by non-linear regression as the effective concentration of compound that inhibited virus
replication by 50%.

Example 41. Ebola Huh-7 (RNA)

[0282] Huh-7 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 dilution was transferred in triplicate onto plates containing preseeded
Huh-7 cell monolayers. The plates were transferred to BSL-4 containment and the appropriate dilution of EBOV 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% virus inhibition control, 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 quantify viral RNA by reverse transcription quantitative polymerase chain reaction (RT-qPCR). The per-
centage inhibition was calculated for each tested concentration relative to the 0% and 100% inhibition controls and the
EC50 value for each compound was determined by non-linear regression as the effective concentration of compound
that inhibited virus replication by 50%.

Example 42. Ebola Huh-7 (Yield)

[0283] Huh-7 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 dilution was transferred in triplicate onto plates containing preseeded
Huh-7 cell monolayers. The plates were transferred to BSL-4 containment and the appropriate dilution of EBOV 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% virus inhibition control, 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 diluted in
10-fold serial dilutions. The amount of infectious virus was measured by using the diluted media to infect fresh cell
monolayers to determine the tissue culture infectious dose that caused 50% cytopathic effects (TCID50) using Cell
TiterGlo reagent (Promega, Madison, WI). The percentage inhibition was calculated for each tested concentration relative
to the 0% and 100% inhibition controls and the EC50 value for each compound was determined by non-linear regression
as the effective concentration of compound that inhibited virus replication by 50%.
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Example 43. Ebola HeLa cells

[0284] 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 5000 cells / well. The antiviral activity of each compound was measured in
quadruplicate. Eight to ten concentrations of compound were added directly to the cell cultures using the HP300 digital
dispenser in 3-fold serial dilution increments 2h prior to infection. The plates were transferred to BSL-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% virus inhibition control, respectively. Following the
infection, test plates were incubated for 2 days in a tissue culture incubator. After the incubation, the cells were fixed in
formalin solution and virus 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
calculated for each tested concentration relative to the 0% and 100% inhibition controls and the EC50 value for each
compound was determined by non-linear regression as the effective concentration of compound that inhibited virus
replication by 50%.

Example 44. Ebola Macrophage cultures

[0285] 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).
Macrophage cultures were isolated from fresh human PBMCs and differentiated in the presence of 5ng/ml GM-CSF and
50uM 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 in 1x 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 quadruplicate.
Eight to ten concentrations of compound were added directly to the cell cultures using the HP300 digital dispenser in 3-
fold serial dilution increments 2h prior to infection. The plates were transferred to BSL-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% virus inhibition control, respectively. Following the infection, test
plates were incubated for 2 days in a tissue culture incubator. After the incubation, the cells were fixed in formalin solution
and virus 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 calculated for
each tested concentration relative to the 0% and 100% inhibition controls and the EC50 value for each compound was
determined by non-linear regression as the effective concentration of compound that inhibited virus replication by 50%.

Example 45. Nipah-GFP HMVEC-TERT cells

[0286] HMVEC-TERT 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 dilution was transferred in triplicate onto 96 well plates
containing preseeded HMVEC-TERT monolayers. 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 100% virus inhibition control, respectively. Following the infection,
test plates were incubated for 3 to 4 days in a tissue culture incubator. After the incubation, virus replication was measured
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 to the 0% and 100% inhibition controls and the EC50
value for each compound was determined by non-linear regression as the effective concentration of compound that
inhibited virus replication by 50%.

Example 46. NiV-Luc HMVEC-TERT

[0287] HMVEC-TERT cells 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 triplicate onto plates containing
preseeded cell monolayers. The plates were transferred to BSL-4 containment and the appropriate dilution of the Niv-
Luc 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% virus inhibition control, respectively. Following the infection, test plates
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were incubated for 3 to 4 days in a tissue culture incubator. After the incubation, virus replication was measured in an
Envision plate reader after subsequent addition of luciferase substrate. The percentage inhibition was calculated for
each tested concentration relative to the 0% and 100% inhibition controls and the EC50 value for each compound was
determined by non-linear regression as the effective concentration of compound that inhibited virus replication by 50%.

Example 47. NiV Hela (Yield)

[0288] 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 dilution was transferred in triplicate onto plates containing preseeded
Hela cell monolayers. The plates were transferred to 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 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% virus inhibition control, respectively. Following the infection, test plates were incubated for
4 days in a tissue culture incubator. After the incubation, media from infected cells was removed and diluted in 10-fold
serial dilutions. The amount of infectious virus was measured by using the diluted media to infect fresh cell monolayers
to determine the tissue culture infectious dose that caused 50% cytopathic effects (TCID50) using Cell TiterGlo reagent
(Promega, Madison, WI). The percentage inhibition was calculated for each tested concentration relative to the 0% and
100% inhibition controls and the EC50 value for each compound was determined by non-linear regression as the effective
concentration of compound that inhibited virus replication by 50%.

Example 48. Niv Hela (RNA)

[0289] Huh-7 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 dilution was transferred in triplicate onto plates containing preseeded
Hela cell monolayers. The plates were transferred to 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 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% virus inhibition control, 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 quantify viral RNA by reverse transcription quantitative polymerase chain reaction (RT-qPCR). The percentage
inhibition was calculated for each tested concentration relative to the 0% and 100% inhibition controls and the EC50
value for each compound was determined by non-linear regression as the effective concentration of compound that
inhibited virus replication by 50%.

Table 2: Ebola and Marburg virus antiviral assays

EC50 (nM)

Assay Reporter Virus RNA Yield
Antigen expression (high 

content imaging)

Virus EBOV-GFP
EVOV-

Luc
MARV-

GFP
Ebola

Cell line
HMVEC-

TERT
Huh-

7
Huh-7 Huh-7 Huh-7 Hela Macrophage

Compound 1 771 1492 3126 1726 ND ND >20,000 >20,000

Compound 9 121 90 ND ND 1 1029 290 501

(R)-Diastereomer of 
Compound 9

62 70 ND ND ND ND

(S)-Diastereomer of 
Compound 9 

(Compound 32)
40 81 ND ND ND ND

Compound 10

Compound 15 630 271 ND ND ND ND

Compound 21 905 270
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(continued)

EC50 (nM)

Assay Reporter Virus RNA Yield
Antigen expression (high 

content imaging)

Virus EBOV-GFP
EVOV-

Luc
MARV-

GFP
Ebola

Cell line
HMVEC-

TERT
Huh-

7
Huh-7 Huh-7 Huh-7 Hela Macrophage

Compound 22 ND ND ND ND ND ND

Compound 23 458 1650 243,350

Compound 24

Compound 25

Compound 26 283 970,1180 1180

Compound 27 82 182

Compound 28 102 975 120

Compound 29

Compound 30

Compound 31 11061 >20,000 1230

EBOV-GFP: Ebola virus expressing the GFP reporter gene
EBOV-Luc: Ebola virus expressing he luciferase reporter gene
MARV-GFP: Marburg virus expressing the GFP reporter gene
Ebola: Ebolavirus strain 2014

Table 2-a: Ebola and Marburg virus antiviral assays

EC50 (nM)

Assay Reporter Virus RNA Yield
Antigen expression (high 

content imaging)

Virus EBOV-GFP
EVOV-

Luc
MARV-

GFP
Ebola

Cell line
HMVEC-

TERT
Huh-

7
Huh-7 Huh-7 Huh-7 Hela Macrophage

Compound 1 771 1492 3126 1726 ND ND >20,000 >20,000

Compound 9 121 90 ND ND 1 1029 290, 270 501, 70

(R)-Diastereomer of 
Compound 9

62 70 ND ND ND ND 210 112

(S)-Diastereomer of 
Compound 9 

(Compound 32)
40 81 ND ND ND ND 100 87

Compound 10 3200

Compound 15 630 271 ND ND ND ND 520 501

Compound 21 905, 473 270

Compound 22 ND ND ND ND ND ND 11570
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[0290] The invention has been described with reference to various specific and preferred embodiments and techniques.
However, one skilled in the art will understand that many variations and modifications may be made while remaining
within the scope of the invention.

Claims

1. A compound having the structure:

(continued)

EC50 (nM)

Assay Reporter Virus RNA Yield
Antigen expression (high 

content imaging)

Virus EBOV-GFP
EVOV-

Luc
MARV-

GFP
Ebola

Cell line
HMVEC-

TERT
Huh-

7
Huh-7 Huh-7 Huh-7 Hela Macrophage

Compound 23 458
1650, 
1845

243, 350, 297

Compound 24 785

Compound 25 6720

Compound 26 283
970, 

1180, 
1103

1180, 1290

Compound 27 82 182

Compound 28 102 975,682 120

Compound 29 275

Compound 30 11061 >20000 1230

Compound 31
>20,000, 
>10000

EBOV-GFP: Ebola virus expressing the GFP reporter gene
EBOV-Luc: Ebola virus expressing he luciferase reporter gene
MARV-GFP: Marburg virus expressing the GFP reporter gene
Ebola: Ebolavirus strain 2014

Table 3: Nipah and Hendra virus antiviral assays

EC50 (nM)

Assay Reporter Virus CPE Yield

Virus NiV GFP NiV Luc NiV

Cell line HMVEC-TERT Hela

Compound 1 13420 3500 1484 1000

Compound 9 60 30 ND ND

NiV GFP: Nipah virus expressing the GFP reporter gene
NiV-Luc: Nipah virus expressing the luciferase reporter gene
NiV: Nipah virus
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or a pharmaceutically acceptable salt thereof.

2. A pharmaceutical composition comprising a therapeutically effective amount of the compound of claim 1 or a phar-
maceutically acceptable salt thereof.

3. A pharmaceutical composition comprising the compound of claim 1, or a pharmaceutically acceptable salt thereof,
and one or more pharmaceutically acceptable carriers and optionally other therapeutic agents.

4. The pharmaceutical composition according to claim 3 wherein the other therapeutic agent is selected from the group
consisting of ribavirin, palivizumab, motavizumab, RSV-IGIV (RespiGam®), MEDI-557, A-60444, MDT-637, BMS-
433771, amiodarone, dronedarone, verapamil, Ebola Convalescent Plasma (ECP), TKM-100201, BCX4430
((2S,3S,4R,5R)-2-(4-amino-5H-pyrrolo[3,2-d]pyrimidin-7-yl)-5-(hydroxymethyl)pyrrolidine-3,4-diol), favipiravir (also
known as T-705 or Avigan),T-705 monophosphate, T-705 diphosphate, T-705 triphosphate, FGI-106 (1-N,7-N-
bis[3-(dimethylamino)propyl]-3,9-dimethylquinolino[8,7-h]quinolone-1,7-diamine), JK-05, TKM-Ebola, ZMapp,
rNAPc2, VRC-EBOADC076-00-VP, OS-2966, MVA-BN filo, brincidofovir, Vaxart adenovirus vector 5-based ebola
vaccine, Ad26-ZEBOV, FiloVax vaccine, GOVX-E301, GOVX-E302, ebola virus entry inhibitors (NPC1 inhibitors),
and rVSV-EBOV, and mixtures thereof.

5. The pharmaceutical composition according to claim 4, wherein the other therapeutic agent is ZMapp.

6. The compound of claim 1 or a pharmaceutically acceptable salt thereof for use in a method of treating a Filoviridae
infection in a human.

7. The compound or a pharmaceutically acceptable salt thereof for use according to claim 6, wherein the Filoviridae
infection is an ebolavirus infection.

8. The compound or a pharmaceutically acceptable salt thereof for use according to claim 6, wherein the Filoviridae
infection is a Marburg virus infection.

Patentansprüche

1. Verbindung mit der Struktur:

oder ein pharmazeutisch unbedenkliches Salz davon.
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2. Pharmazeutische Zusammensetzung, umfassend eine therapeutisch wirksame Menge der Verbindung nach An-
spruch 1 oder eines pharmazeutisch unbedenklichen Salzes davon.

3. Pharmazeutische Zusammensetzung, umfassend die Verbindung nach Anspruch 1 oder ein pharmazeutisch un-
bedenkliches Salz davon und einen oder mehrere pharmazeutisch unbedenkliche Träger und gegebenenfalls andere
Therapeutika.

4. Pharmazeutische Zusammensetzung nach Anspruch 3, wobei das andere Therapeutikum aus der Gruppe beste-
hend aus Ribavirin, Palivizumab, Motavizumab, RSV-IGIV (RespiGam®) , MEDI-557, A-60444, MDT-637, BMS-
433771, Amiodaron, Dronedaron, Verapamil, Ebola Covalescent Plasma (ECP), TKM-100201, BCX4430
((2S,3S,4R,5R)-2-(4-Amino-5H-pyrrolo[3,2-d]pyrimidin-7-yl)-5-(hydroxymethyl)pyrrolidin-3,4-diol), Favipiravir
(auch bekannt als T-705 oder Avigan), T-705-Monophosphat, P-705-Diphosphat, T-705-Triphosphat, FGI-106 (1-
N,7-N-Bis[3-(dimethyl-amino)propyl]-3,9-dimethylchinolino[8,7-h] chinolon-1,7-diamin), JK-05, TKM-Ebola, ZMapp,
rNAPc2, VRC-EBOADC076-00-VP, OS-2966, MVA-BN Filo, Brincidofovir, Vaxart-Adenovirus-Vector-5-basierter
Ebola-Impfstoff, Ad26-ZEBOV, FiloVax-Impfstoff, GOVX-E301, GOVX-E302, Inhibitoren des Eintritts des Ebola-
Virus (NPC1-Inhibitoren) und rVSV-EBOV und Mischungen davon ausgewählt ist.

5. Pharmazeutische Zusammensetzung nach Anspruch 4, wobei es sich bei dem anderen Therapeutikum um ZMapp
handelt.

6. Verbindung nach Anspruch 1 oder ein pharmazeutisch unbedenkliches Salz davon zur Verwendung in einem Ver-
fahren zur Behandlung einer Filoviridae-Infektion bei einem Menschen.

7. Verbindung oder ein pharmazeutisch unbedenkliches Salz davon zur Verwendung nach Anspruch 6, wobei es sich
bei der Filoviridae-Infektion um eine Ebola-Virus-Infektion handelt.

8. Verbindung oder ein pharmazeutisch unbedenkliches Salz davon zur Verwendung nach Anspruch 6, wobei es sich
bei der Filoviridae-Infektion um eine Marburg-Virus-Infektion handelt.

Revendications

1. Composé répondant à la structure :

ou sel pharmaceutiquement acceptable de celui-ci.

2. Composition pharmaceutique comprenant une quantité thérapeutiquement active du composé selon la revendication
1 ou d’un sel pharmaceutiquement acceptable de celui-ci.

3. Composition pharmaceutique comprenant le composé selon la revendication 1, ou l’un des sels pharmaceutiquement
acceptables de celui-ci, et un ou plusieurs vecteurs pharmaceutiquement acceptables et éventuellement d’autres
agents thérapeutiques.

4. Composition pharmaceutique selon la revendication 3, où l’autre agent thérapeutique est choisi dans le groupe
constitué par ribavirine, palivizumab, motavizumab, RSV-IGIV (RespiGam®), MEDI-557, A-60444, MDT-637, BMS-
433771, amiodarone, dronédarone, vérapamil, plasma de convalescent d’Ebola, TKM-100201, BCX4430
((2S,3S,4R,5R)-2-(4-amino-5H-pyrrolo[3,2-d]pyrimidin-7-yl)-5-(hydroxyméthyl)pyrrolidine-3,4-diol), favipiravir



EP 3 212 174 B1

61

5

10

15

20

25

30

35

40

45

50

55

(également connu sous le nom de T-705 ou d’Avigan), T-705 monophosphate, T-705 diphosphate, T-705 triphos-
phate, FGI-106 (1-N,7-N-bis[3-(diméthylamino)propyl]-3,9-diméthylquinoléino[8,7-h]quinolone-1,7-diamine), JK-
05, TKM-Ebola, ZMapp, rNAPc2, VRC-EBOADC076-00-VP, OS-2966, MVA-BN filo, brincidofovir, vaccin contre
Ebola basé sur le vecteur adénoviral 5 de Vaxart, Ad26-ZEBOV, vaccin FiloVax, GOVX-E301, GOVX-E302, inhi-
biteurs d’entrée du virus Ebola (inhibiteurs NPC1) et rVSV-EBOV.

5. Composition pharmaceutique selon la revendication 4, où l’autre agent thérapeutique est ZMapp.

6. Composé selon la revendication 1, ou sel pharmaceutiquement acceptable de celui-ci, pour utilisation dans une
méthode de traitement d’une infection par Filoviridae chez un humain.

7. Composé ou sel pharmaceutiquement acceptable de celui-ci pour utilisation selon la revendication 6, où l’infection
par Filoviridae est une infection par le virus Ebola.

8. Composé ou sel pharmaceutiquement acceptable de celui-ci pour utilisation selon la revendication 6, où l’infection
par Filoviridae est une infection par le virus Marburg.
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