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NUCLEOTIDE ANALOG, AND COMPOSITION AND USE THEREOF

TECHNICAL FIELD
The present invention belongs to the field of medicament, and in particular relates to a nucleotide
analogue for the treatment and/or prevention of viral infections, a pharmaceutical composition

comprising same, as well as a preparation method and use thereof.

BACKGROUND OF THE INVENTION

Nucleotide analogues are a class of compounds that have been proven to exhibit antiviral activity
both in vitro and in vivo, making them an extensively studied subject for treating viral infections.
Nucleotide analogues are typically therapeutically inactive compounds that are converted by host
or viral enzymes into their corresponding active antimetabolites, which can then inhibit
polymerases involved in viral or cellular proliferation. Activation occurs through various
mechanisms, such as the addition of one or more phosphate groups and/or combination with
other metabolic processes.

Currently, there is still a lack of effective treatment methods for Coronaviridae,
Paramyxoviridae, Pneumoviridae, Picornaviridae, Flaviviridae, Filoviridae, Arenaviridae,
Orthomyxovirus, and monkeypox, which cause numerous diseases in humans and animals.
Therefore, it is necessary to further develop new nucleotide analogues for the treatment of viral

infections.

SUMMARY OF THE INVENTION

The present invention provides a novel nucleotide analogue, a composition comprising the
compound, and uses thereof. The compound has potent inhibitory activity against viral RNA
polymerases (especially RNA-dependent RNA polymerases), and is effective in treating
infections caused by Coronaviridae, Paramyxoviridae, Pneumoviridae, Picornaviridae,
Flaviviridae, Filoviridae, Arenaviridae, and Orthomyxoviridae. The compound exhibits
excellent pharmacokinetic properties and is suitable for oral administration.

To this end, the present invention adopts the following technical solutions:

In one aspect, the present invention relates to a compound of formula (I), or a tautomer,

stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate or solvate
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formula (1)

wherein,

Rx is H or OH;

Rx1, Rx2 and Rxs are independently H, D, halogen, -Ra, -C(O)Ra, -C(O)ORa, -C(O)NRuR, -
NRbR:, -NRaC(O)Rb, -NRaC(O)ORb, -NRaC(O)NRsRe, -ORa, -OC(O)Rs, -OC(O)NRuR:, -
NRaS(O)2Rb, -S(O)2NRa, -S(O)Ra or -S(0)2Ra;

wherein each of Ra, Rp and Rc is independently H, D, Ci-6 alkyl, C1-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Rp and Rc together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci-6 alkyl, C1-6 haloalkyl, Cs-¢ cycloalkyl,
3-7 membered heterocyclyl, Cz-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered heteroaryl
are optionally substituted with one or more D atoms, up to full deuteration;

X1 and Xz are independently a bond, O, S or NH;

R1 and R2 are independently Ci2s alkyl, Ci2s haloalkyl, Css cycloalkyl, 3-7 membered
heterocyclyl, Cz-2s alkenyl, Cz-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the
Cui-28 alkyl, Ci-28 haloalkyl, Css cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, C2-28
alkynyl, Cs-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R;
L is CHz, CDz or CHD;

W1 is formula (A):

Rs Ry Z, /}/Rs
AY« m Zy “
‘ " formula (A)

wherein,

Y1isOorS;
Z1isO,NHor S;
Z2isO,NHor S;
Zzisabond, O, NH or S;
miis 1,2, 3,4,50r6;
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niisOor1;

n2is 0 or 1;

each of Rz and R4 is independently H, D, halogen, Ci-6 alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl or
5-10 membered heteroaryl, or Rs and R4 together with the C atom to which they are attached,
form a Cz-6 cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-6 alkyl, C1-6 haloalkyl, Ci-
s alkoxy, Ci-6 haloalkoxy, Cs-6 cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, C2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;

Rsis H, D, Ci-28 alkyl, C1-28 haloalkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl,
Ca2-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ci-2s alkyl, Ci-28 haloalkyl,
Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, C2-2s alkynyl, Ce-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;

W2 is formula (B):

Rs Ry Zs }/R
8
A %
Y3
my Z4 ny

ns formula (B)
wherein,
Y2isO,NHor S;
Z4isO,NHor S;
Z51s O, NH or S;
Zs is abond, O, NH or S;
m2is 0,1, 2, 3,4,5or6;
nsis 0 or 1;
nsaisOor 1;
each of Re and Rz is independently H, D, halogen, Ci-s alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, C2-6 alkynyl, Cs-10 aryl or
5-10 membered heteroaryl, or Re and Rz together with the C atom to which they are attached,
form a Cs.6 cycloalkyl or 3-7 membered heterocyclyl, wherein the C1-6 alkyl, C1-6 haloalkyl, C1-
s alkoxy, C1-6 haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;
Rsis H, D, Ci-2s alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl,
C2-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ci-2s alkyl, Ci-28 haloalkyl,
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Cs cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl, C2-2s alkynyl, Ce-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;

or, any one of W1 or W2 together with the 3'-position C atom of glycosyl form -Y3-, wherein Y3
iSO, NH or S;

or , W1 and W2 together with the P atom to which they are attached, form -Y4(C(R3Ra4)p)Ys-,
wherein Y4is O,NH or S,and pis 2, 3, 4 or 5;

each R is independently D, halogen, -Rd, -C(O)R4, -C(O)OR4, -C(O)NReRf, -NReRf, -
NRJC(O)Re, -NRdC(O)ORe, -NR4C(O)NReRf, -ORg, -OC(O)Rd, -OC(O)NReRf, -NRdS(O)2Re, -
S(0)2NRyg, -S(O)Rq or -S(O)2R4, or two R on the same atom or two adjacent atoms, together with
the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cs-10
aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl, Ce-
10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”, up to full
deuteration;

each R’ is independently D, halogen, -Rd, -C(O)Rg, -C(O)OR4, -C(O)NReRf, -NReRs, -
NRdJC(O)Re, -NRdC(O)ORe, -NR4C(O)NReRf, -ORg, -OC(O)Rd, -OC(O)NReRf, -NRdS(O)2Re, -
S(0)2NRg, -S(O)R4 or -S(0O)2Rq, or two R’ on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs.s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”;
wherein each of R4, Re and Rt is independently H, D, Cu1-6 alkyl, C1-6 haloalkyl, Cs.s cycloalkyl,
3-7 membered heterocyclyl, Cz-6 alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Re and Rs together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci-s alkyl, C1-6 haloalkyl, Cs.6 cycloalkyl,
3-7 membered heterocyclyl, C2-s alkenyl, C2-s alkynyl, Ce-10 aryl and 5-10 membered heteroaryl
are optionally substituted with one or more R”;

each R” is independently D, halogen, -Rg, -C(O)Rg, -C(O)ORg, -C(O)NRnRj, -NRhRj, -
NRgC(O)Rn, -NRgC(O)ORn, -NRgC(O)NRhRj, -ORg, -OC(O)Rg, -OC(O)NRhRj, -NRgS(O)2Rn, -
S(0)2NRg, -S(O)Rg or -S(O)2Rg, or two R” on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs.s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl,

Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more D atoms,
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up to full deuteration;

wherein each of Rg, Rn and Rj is independently H, D, Ci-6 alkyl, Ci-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-6 alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Rn and Rj together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci-6 alkyl, C1-6 haloalkyl, Cs.6 cycloalkyl,
3-7 membered heterocyclyl, C2-s alkenyl, C2-s alkynyl, Ce-10 aryl and 5-10 membered heteroaryl

are optionally substituted with one or more D atoms, up to full deuteration.

In another aspect, the present invention relates to a pharmaceutical composition comprising the
compound of the present invention, or a tautomer, stereoisomer, prodrug, crystalline form,
pharmaceutically acceptable salt, hydrate or solvate thereof, and a pharmaceutically acceptable
excipient, as well as optionally, other therapeutic agents.

In another aspect, the present invention relates to a compound of the present invention, or a
tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate or
solvate thereof, or the pharmaceutical composition of the present invention in the preparation of
a medicament for use in treatment and/or prevention of viral infections.

In another aspect, the present invention relates to a method for treating and/or preventing viral
infections in a subject, the method comprising administering the compound of the present
invention, or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate, polymorph,
prodrug or isotopic variant thereof, or the pharmaceutical composition of the present invention
to the subject.

In another aspect, the present invention relates to a use of the compound of the present invention,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, or the pharmaceutical composition of the present invention for the treatment
and/or prevention of viral infections.

In a more specific aspect, the viral infections described in the present invention are
Coronaviridae, Paramyxoviridae, Pneumoviridae, Picornavirridae, Flaviviridae, Filoviridae,
Arenaviridae, Orthomyxoviridae, or monkeypox.

In a more specific aspect, the coronavirus described in the present invention is SARS-CoV
(Severe Acute Respiratory Syndrome Coronavirs) and variants thereof, MERS-CoV (Middle

East Respiratory Syndrome Coronavirs) and variants thereof and SARS-CoV-2 (Severe Acute
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Respiratory Syndrome Coronavirs 2”) and variants thereof, other human coronaviruses (229E,
NL63, OC43, HKU1 or WIV1), zoonotic coronavirus (PEDV or HKU CoV isolate, such as
HKU3, HKU5 or HKU9), feline coronavirus (Feline Enteric Coronavirus (FECV) or Feline
infectious peritonitis virus (FIPV)) or porcine epidemic diarrhea virus (PEDV). In a more
specific aspect, the coronavirus described in the present invention is SARS-CoV virus and
variants thereof, MERS-CoV virus and variants thereof and SARS-CoV-2 virus and variants
thereof. In a more specific aspect, the coronavirus described in the present invention is SARS-
CoV-2 virus and variants thereof. In a more specific aspect, the variants of SARS-CoV-2 virus
described in the present invention are Alpha variants, Beta variants, Delta variants, Gamma
variants, or Omicron variants.

In a more specific aspect, the Paramyxoviridae described in the present invention is
Parainfluenza virus, Measles or Mumps virus.

In a more specific aspect, the Pneumoviridae described in the present invention is RSV
(respiratory syncytial virus) or human metapneumovirus. In a more specific aspect, the
Pneumoviridae described in the present invention is RSV.

In a more specific aspect, the Picornavirridae described in the present invention is Enterovirus
or Erbovirus.

In a more specific aspect, the Flaviviridae described in the present invention is dengue virus,
Yellow Fever virus, West Nile virus, Zika virus, Japanese encephalitis virus and Hepatitis C
virus.

In a more specific aspect, the Filoviridae described in the present invention is Ebola virus, Zaire
Ebola virus, Bundibugio Ebola virus, Sudan Ebola virus, Tai forest Ebola virus, Reston Ebola
virus or Marburg virus. In a more specific aspect, the Filoviridae described in the present
invention is Ebola virus or Marburg virus.

In a more specific aspect, the Arenaviridae described in the present invention is LASA virus or
JUNV virus.

In another aspect, the present invention provides a method for inhibiting RNA polymerases,
which comprises contacting the virus-infected cells with the compound of the present invention,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof. In a more specific aspect, the RNA polymerase is an RNA-dependent RNA

polymerase.
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The other objectives and advantages of the present invention will be apparent to those skilled in

the art from the subsequent detailed description, embodiments, and claims.

Definitions

Chemical definitions

Definitions of specific functional groups and chemical terms will be described below in more
details.

When a numerical range is recited, it is to be understood that both each individual value and
every sub-range within the stated range are expressly included. For example, “Cis alkyl”
includes C1, C2, Cs, Cs, Cs, Cs, C1-6, C1-5, C1-4, C1-3, C1-2, C2-6, C2-5, C2-4, C2-3, C3-6, C3-5, C3-4, Ca-
6, Ca5 and Cs.6 alkyl.

“Ca-28 alkyl” refers to a linear or branched saturated hydrocarbon group having 1 to 28 carbon
atoms, and “Ci alkyl” is designated as “lower alkyl”. In some embodiments, Ci-4 alkyl is
particularly preferred. Examples of the alkyl include, but are not limited to: methyl (Ca), ethyl
(C2), n-propyl (C3), isopropyl (Cs), n-butyl (C4), tert-butyl (Ca), sec-butyl (Ca), iso-butyl (Ca), n-
pentyl (Cs), 3-pentyl (Cs), pentyl (Cs), neopentyl (Cs), 3-methyl-2-butyl (Cs), tert-pentyl (Cs)
and n-hexyl (Cs). Whether or not preceded by the term "substituted”, each alkyl is independently
optionally substituted, for example, with 1 to 5 substituents, 1 to 3 substituents, or 1 substituent,
wherein suitable substituents are as defined below.

“Cz-28 alkeny!” refers to a linear or branched hydrocarbon group having 2 to 28 carbon atoms
and one or more carbon-carbon double bonds (e.g., 1, 2, or 3 carbon-carbon double bonds). One
or more carbon-carbon double bonds can be located at internal (e.g., in 2-butenyl) or at the ends
(e.g., in 1-butenyl). In some embodiments, Cz-4 alkenyl is particularly preferred. Examples of the
alkenyl include, but are not limited to: ethenyl (Cz), 1-propenyl (Cs), 2-propenyl (Cs), 1-butenyl
(C4), 2-butenyl (Ca), butadienyl (Cs4), pentenyl (Cs), pentadienyl (Cs), and hexenyl (Cs), etc.
Whether or not preceded by the term "substituted”, each alkenyl is independently optionally
substituted, for example, with 1 to 5 substituents, 1 to 3 substituents, or 1 substituent, wherein
suitable substituents are as defined below.

“Ca-28 alkynyl” refers to a linear or branched hydrocarbon group having 2 to 28 carbon atoms,
one or more carbon-carbon triple bonds (e.g., 1, 2, or 3 carbon-carbon triple bonds) and

optionally one or more carbon-carbon double bonds (e.g., 1, 2, or 3 carbon-carbon double bonds).
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In some embodiments, C2-4 alkynyl is particularly preferred. In some embodiments, the alkynyl
contains no double bonds. The one or more carbon-carbon triple bonds can be located at internal
(e.g., in 2-butynyl) or at the ends (e.g., in 1-butynyl). Examples of the alkynyl include, but are
not limited to: ethynyl (C2), 1-propynyl (Cs), 2-propynyl (Cs), 1-butynyl (Ca), 2-butynyl (Ca),
pentynyl (Cs), and hexynyl (Cs), etc. Whether or not preceded by the term "substituted”, each
alkynyl is independently optionally substituted, for example, with 1 to 5 substituents, 1 to 3
substituents, or 1 substituent, wherein suitable substituents are as defined below.

“Cu-6 alkoxy” refers to the group -OR, wherein R is a substituted or unsubstituted Ci-s alkyl. In
some embodiments, Ci-4 alkoxy is particularly preferred. Examples of the alkoxy include, but
are not limited to: methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, tert-butoxy, sec-butoxy,
n-pentyloxy, n-hexyloxy, and 1,2-dimethylbutoxy.

“Halo” or “halogen” refers to fluorine (F), chlorine (CI), bromine (Br) and iodine (I). In some
embodiments, the halogen group is F, Cl or Br. In some embodiments, the halogen group is F or
Cl. In some embodiments, the halogen group is F.

Accordingly, “Ci-6 haloalkyl” and “Ci-6 haloalkoxy” refer to the above “Ci-6 alkyl” and “Ci-6
alkoxy”, respectively, substituted with one or more halogen groups. In some embodiments, C1-4
haloalkyl is particularly preferred, more preferably Ci-2. In some embodiments, Ci-4 haloalkoxy
is particularly preferred, more preferably Ci-2 haloalkoxy. Exemplary haloalkyl includes, but is
not limited to: -CF3, -CH2F, -CHF2, -CHFCH2zF, -CH2CHF2, -CF2CF3, -CCls, -CH2ClI, -CHCly,
2,2,2-trifluoro-1,1-dimethyl-ethyl, etc. Exemplary haloalkoxy includes, but is not limited to: -
OCH:zF, -OCHF2, -OCFs;, etc.

“Cs-10 cycloalkyl” refers to a nonaromatic cyclic hydrocarbon group having 3 to 10 ring carbon
atoms and zero heteroatoms. In some embodiments, Cs-7 cycloalkyl is preferred, Cs-s cycloalkyl
is particularly preferred, and more preferably Css cycloalkyl. Cycloalkyl also includes ring
systems in which the aforementioned cycloalky! ring is fused with one or more aryl or heteroaryl
groups, wherein the connection point is on the cycloalkyl ring, and in such cases, the number of
carbons continues to represent the number of carbon atoms in the cycloalkyl ring system.
Exemplary cycloalkyl includes, but is not limited to: cyclopropyl (Cs), cyclopropenyl (Cs),
cyclobutyl (C4), cyclobutenyl (Cs), cyclopentyl (Cs), cyclopentenyl (Cs), cyclohexyl (Ce),
cyclohexenyl (Cs), cyclohexadienyl (Cs), cycloheptyl (C7), cycloheptenyl (C7), cycloheptadienyl
(Cv7), cycloheptatrienyl (C7), cyclooctyl (Cs), cyclooctenyl (Cs), bicyclo[2.2.1]heptyl (C7),
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bicyclo[2.2.2]octyl (Cs), cyclononyl (Co), cyclononenyl (Co), cyclodecyl (Cio), cyclodecenyl
(C10), octahydro-1H-indenyl (Co), decahydronaphthyl (Cio), spiro[4.5]decyl (C1o), etc. Whether
or not preceded by the term "substituted™, each cycloalkyl is independently optionally substituted,
for example, with 1 to 5 substituents, 1 to 3 substituents, or 1 substituent, wherein suitable
substituents are as defined below.

"3-10 membered heterocyclyl" refers to a group having a 3-10 membered nonaromatic ring
system with ring carbon atoms and 1 to 4 ring heteroatoms, wherein each heteroatom is
independently selected from nitrogen, oxygen, sulfur, boron, phosphorus, and silicon. In
heterocyclyl containing one or more nitrogen atoms, the connection point may be a carbon or
nitrogen atom, as valency permits. In some embodiments, 3-7 membered heterocyclyl is
preferred, which is a 3-7 membered nonaromatic ring system having ring carbon atoms and 1-3
ring heteroatoms; in some embodiments, 3-6 membered heterocyclyl is particularly preferred,
which is a 3-6 membered nonaromatic ring system having ring carbon atoms and 1-3 ring
heteroatoms; more preferably 5-6 membered heterocyclyl, which is a 5-6 membered nonaromatic
ring system having ring carbon atoms and 1-3 ring heteroatoms. Heterocyclyl also includes ring
systems in which the aforementioned heterocyclyl ring is fused with one or more cycloalkyl, aryl
or heteroaryl groups, wherein the connection point is on the heterocyclyl ring; and in such cases,
the number of ring members continues to represent the number of ring members in the
heterocyclyl ring system. Whether or not preceded by the term "substituted”, each heterocyclyl
is independently optionally substituted, for example, with 1 to 5 substituents, 1 to 3 substituents,
or 1 substituent, wherein suitable substituents are as defined below.

Exemplary 3-membered heterocyclyl containing one heteroatom includes, but is not limited to:
aziridinyl, oxiranyl, and thiorenyl. Exemplary 4-membered heterocyclyl containing one
heteroatom includes, but is not limited to: azetidinyl, oxetanyl, and thietanyl. Exemplary 5-
membered heterocyclyl containing one heteroatom includes, but is not limited to:
tetrahydrofuranyl, dihydrofuranyl, tetrahydrothiophenyl, dihydrothiophenyl, pyrrolidinyl,
dihydropyrrolyl and pyrrolyl-2,5-dione. Exemplary 5-membered heterocyclyl containing two
heteroatoms includes, but is not limited to: dioxolanyl, oxasulfuranyl, disulfuranyl and
oxazolidin-2-one. Exemplary 5-membered heterocyclyl containing three heteroatoms includes,
but is not limited to: triazolinyl, oxadiazolinyl and thiadiazolinyl. Exemplary 6-membered

heterocyclyl containing one heteroatom includes, but is not limited to: piperidyl,
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tetrahydropyranyl, dihydropyridyl and thianyl. Exemplary 6-membered heterocyclyl containing
two heteroatoms includes, but is not limited to: piperazinyl, morpholinyl, dithianyl, dioxanyl.
Exemplary 6-membered heterocyclyl containing three heteroatoms includes, but is not limited
to: triazinanyl. Exemplary 7-membered heterocyclyl containing one heteroatom includes, but is
not limited to: azepanyl, oxepanyl and thiepanyl. Exemplary 8-membered heterocyclyl
containing one heteroatom includes, but is not limited to: azocanyl, oxocanyl and thiocanyl.
Exemplary 5-membered heterocyclyl fused with Cs aryl rings (also referred to as 5,6-dicyclic
heterocyclyl groups herein) includes, but is not limited to: indolinyl, isoindoliny,
dihydrobenzofuranyl, dihydrobenzothiophenyl, benzoxazolinonyl, etc. Exemplary 6-membered
heterocyclyl fused with Ce aryl rings (also referred to as 6,6-dicyclic heterocyclyl groups herein)
includes, but is not limited to: tetrahydroquinolinyl, tetrahydroisoquinolinyl, etc.

“Ce-14 aryl” refers to a group having a monocyclic or polycyclic (e.g., bicyclic or tricyclic) 4n+2
aromatic ring system (e.g., having 6, 10, or 14 & electrons arranged in a cyclic manner) having
6-14 ring carbon atoms and zero heteroatoms. In some embodiments, the aryl has six ring carbon
atoms (“Ce ary!”’; for example, phenyl). In some embodiments, the aryl has ten ring carbon atoms
(“Cao aryl”; for example, naphthyl, such as, 1-naphthyl and 2-naphthyl). In some embodiments,
the aryl has fourteen ring carbon atoms (“Cia aryl”; for example, anthracyl). In some
embodiments, Ce-10 aryl is particularly preferred, more preferably Cs aryl. Aryl also includes ring
systems in which the aforementioned aryl ring is fused with one or more cycloalkyl or
heterocyclyl groups, and the connection point is on the aryl ring, and in such cases, the number
of carbon atoms continues to represent the number of carbon atoms in the aryl ring system.
Whether or not preceded by the term "substituted”, each aryl is independently optionally
substituted, for example, with 1 to 5 substituents, 1 to 3 substituents, or 1 substituent, wherein
suitable substituents are as defined below.

“5-10 membered heterocyclyl” refers to a 5-10 membered monocyclic or bicyclic 4n+2 aromatic
ring system (e.g., having 6 or 10 = electrons arranged in a cyclic manner) containing ring carbon
atoms and 1-4 ring heteroatoms, wherein each heteroatom is independently selected from
nitrogen, oxygen, and sulfur. In heterocyclyl containing one or more nitrogen atoms, the
connection point may be a carbon or nitrogen atom, as valency permits. The heteroaryl bicyclic
system can include one or more heteroatoms in one or two rings. Heteroaryl also includes ring

systems in which the aforementioned heteroaryl ring is fused with one or more cycloalkyl or
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heterocyclyl groups, and the connection point is on the heteroaryl ring, and in such cases, the
number of carbon atoms continues to represent the number of carbon atoms in the heteroaryl ring
system. In some embodiments, 5-6 membered heteroaryl is particularly preferred, which is a 5-
6 membered monocyclic or bicyclic 4n+2 aromatic ring system containing ring carbon atoms
and 1 to 4 ring heteroatoms. Whether or not preceded by the term "substituted”, each heteroaryl
is independently optionally substituted, for example, with 1 to 5 substituents, 1 to 3 substituents,
or 1 substituent, wherein suitable substituents are as defined below.

Exemplary 5-membered heteroaryl containing one heteroatom includes, but is not limited to:
pyrrolyl, furanyl and thienyl. Exemplary 5-membered heteroaryl containing two heteroatoms
includes, but is not limited to: imidazolyl, pyrazolyl, oxazolyl, isoxazolyl, thiazolyl and
isothiazolyl. Exemplary 5-membered heteroaryl containing three heteroatoms includes, but is
not limited to: triazolyl, oxadiazolyl and thiadiazolyl. Exemplary 5-membered heteroaryl
containing four heteroatoms includes, but is not limited to: tetrazolyl. Exemplary 6-membered
heteroaryl containing one heteroatom includes, but is not limited to: pyridyl. Exemplary 6-
membered heteroaryl containing two heteroatoms includes, but is not limited to: pyridazinyl,
pyrimidinyl, and pyrazinyl. Exemplary 6-membered heteroaryl containing three or four
heteroatoms includes, but is not limited to: triazinyl and tetrazinyl. Exemplary 7-membered
heteroaryl containing one heteroatom includes, but is not limited to: azepinyl, oxepinyl and
thiepinyl. Exemplary 5,6-bicyclic heteroaryl includes, but is not limited to: indolyl, isoindolyl,
indazolyl, benzotriazolyl, benzothiophenyl, isobenzothiophenyl, benzofuranyl, benzoisofuranyl,
benzimidazolyl,  benzoxazolyl,  benzoisoxazolyl, = benzoxadiazolyl,  benzothiazolyl,
benzoisothiazolyl, benzothiadiazolyl, indolizinyl, and purinyl. Exemplary 6,6-bicyclic
heteroaryl includes, but is not limited to: naphthyridinyl, pteridinyl, quinolyl, isoquinolyl,
cinolinyl, quinoxalinyl, phthalazinyl and quinazolinyl.

Exemplary substituents on the carbon atom include, but are not limited to: halogen, -CN, -NOz,
-N3, -SO2H, -SO3H, -OH, -OR%®, -ON(R")2, -N(R")2, -N(R")3*X", -N(OR®)R"®, -SH, -SR*, -
SSR%, -C(=0)R%®, -CO2H, -CHO, -C(OR%),, -CO2R%*, -OC(=0)R*, -OCO2R®, -C(=0)N(R)z,
-OC(=0)N(R™)2, -NRP™C(=0)R*, -NR"™CO:R¥®, -NRP*C(=O)N(R™);, -C(=NR?)R%¥,
C(=NR")OR®, -OC(=NR")R®, -OC(=NR"*)OR®, -C(=NR"")N(R)2, -OC(=NR®*)N(R""),, -
NRPPC(=NR")N(R™),, -C(=0)NRS02R*, -NRP*'SO2R?*, -SO2N(R™)2, -SO2R%*, -SO20R%, -
OSOzR*, -S(=0)R®, -OS(=0)R®, -Si(R®)3, -0Si(R*¥)3, -C(=S)N(R™)2, -C(=0)SR®, -
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C(=S)SR*, -SC(=S)SR*, -SC(=0)SR*, -OC(=0)SR*, -SC(=0)OR*, -SC(=0)R?*, -P(=0)2R*,
-OP(=0)2R®, -P(=0)(R®)2, -OP(=0)(R%®)2, -OP(=0)(OR)2, -P(=0)2N(R"), -OP(=0)2N(R")2,
-P(=0)(NRP)2, -OP(=0)(NR®)2, -NR’P(=0)(OR%)2, -NR"*P(=0)(NRP)2, -P(R%)2, -P(R*)3, -
OP(R%)2, -OP(R*)3;, -B(R*)2, -B(OR%)2, -BR*(OR®), alkyl, haloalkyl, alkenyl, alkynyl,
carbocyclyl, heterocyclyl, aryl and heteroaryl, wherein, each alkyl, alkenyl, alkynyl, carbocyclyl,
heterocyclyl, aryl and heteroaryl is independently substituted with 0, 1, 2, 3, 4 or 5 R% groups;
or two geminal hydrogens on a carbon atom are substituted with =0, =S, =NN(R™),
=NNRPC(=0)R?*, =NNRC(=0)OR?*, =NNR"S(=0)2R*, =Nrbb®® or =NOR;

each R* is independently selected from alkyl, haloalkyl, alkenyl, alkynyl, carbocyclyl,
heterocyclyl, aryl and heteroaryl, or two R? groups join to form a heterocyclyl or heteroaryl ring,
wherein, each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl and heteroaryl is
independently substituted with 0, 1, 2, 3, 4 or 5 R% groups;

each R is independently selected from: hydrogen, -OH, -OR%®, -N(R%)2, -CN, -C(=0)R%, -
C(=O)N(R%)2, -CO2R*®, -SO2R¥®, -C(=NR*)OR*, -C(=NR*)N(R%®)2, -SO2N(R%)2, -SO2R®, -
SO20R%, -SOR*, -C(=S)N(R%)2, -C(=O)SR%*, -C(=S)SR®, -P(=0)2R*, -P(=0O)(R*)2, -
P(=0)2N(R%)2, -P(=0)(NR*)2, alkyl, haloalkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl
and heteroaryl, or two R®® groups join to form a heterocyclyl or heteroaryl ring, wherein, each
alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl and heteroaryl is independently
substituted with 0, 1, 2, 3, 4 or 5 4~ R% groups;

each R is independently selected from hydrogen, alkyl, haloalkyl, alkenyl, alkynyl, carbocyclyl,
heterocyclyl, aryl and heteroaryl, or two R groups join to form a heterocyclyl or heteroaryl ring,
wherein, each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl and heteroaryl is
independently substituted with 0, 1, 2, 3, 4 or 5 R% groups;

each R% is independently selected from: halogen, -CN, -NO2, -N3, -SO2H, -SO3H, -OH, -OR®*,
-ON(R™z2, -N(R™)32, , -N(RM3*X", -N(OR*)R™, -SH, -SR®, -SSR®¢, -C(=0)R®, -CO2H, -CO2R*®¢,
-OC(=0)R®, -OCO2R*, -C(=0)N(R™2, -OC(=0)N(R™2, -NRTC(=0)R®, -NRTCO2R®*,
NRTC(=0)N(R™2, -C(=NR™MOR®*, -OC(=NR™MR®*, -OC(=NR™MOR®, -C(=NRMN(R),
OC(=NRMN(RM2, -NRTC(=NRMN(R™2, -NRfSO:R®*, -SO:N(R™2, -SO2R*, -SO20R®*, -
OSO2R*®, -S(=O)R%, -Si(R*®)3, -0Si(R¥)3, -C(=S)N(R™2, -C(=0)SR%*, -C(=S)SR®, -
SC(=S)SR®*, -P(=0)2R%*, -P(=0O)(R*®)2, -OP(=0)(R%)2, -OP(=0)(OR%*)2, alkyl, haloalkyl,

alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl and heteroaryl, wherein, each alkyl, haloalkyl,
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alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl and heteroaryl is independently substituted with
0,1,2,3,4o0r5R% groups, or two geminal R% substituents can be bound to form =0 or =S;
each R* is independently selected from alkyl, haloalkyl, alkenyl, alkynyl, carbocyclyl, aryl,
heterocyclyl and heteroaryl, wherein, each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl
and heteroaryl is independently substituted with 0, 1, 2, 3, 4 or 5 R% groups;

each R is independently selected from hydrogen, alkyl, haloalkyl, alkenyl, alkynyl, carbocyclyl,
heterocyclyl, aryl and heteroaryl, or two R™ groups join to form a heterocyclyl or heteroaryl ring,
wherein, each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl and heteroaryl is
independently substituted with 0, 1, 2, 3, 4 or 5 R% groups;

each R% is independently selected from: halogen, -CN, -NOz, -N3, -SO2H, -SOs3H, -OH, -OC1-6
alkyl, -ON(Cws alkyl)2, -N(C16 alkyl)2, -N(C1-6 alkyl)s*X", -NH(C16 alkyl)2"X", -NH2(C1-6
alkyl)*X", -NHz"X", -N(OC1-6 alkyl)(C1-6 alkyl), -N(OH)(C1-6 alkyl), -NH(OH), -SH, -SC1-6 alkyl,
-SS(Cu-6 alkyl), -C(=0)(Ca-6 alkyl), -CO2H, -CO2(Ca-6 alkyl), -OC(=0)(Cu-s alkyl), -OCO2(C1-6
alkyl), -C(=O)NHz, -C(=O)N(C1-6 alkyl)z, -OC(=O)NH(C1-6 alkyl), -NHC(=0)(Cu-6 alkyl),
N(Cis alkyl)C(=0)(Cis alkyl), -NHCO2(Cis alkyl), -NHC(=O)N(Cis alkyl),
NHC(=O)NH(C1-s alkyl), -NHC(=O)NHz, -C(=NH)O(C1-s alkyl), -OC(=NH)(C1-6 alkyl), -
OC(=NH)OCu6 alkyl, -C(=NH)N(C16 alkyl)2, -C(=NH)NH(C1-6 alkyl), -C(=NH)NHz,
OC(=NH)N(Cu-6 alkyl)z, -OC(NH)NH(C1-s alkyl), -OC(NH)NHz, -NHC(NH)N(C1-s alkyl)z,
NHC(=NH)NH2z, -NHSO2(C1-s alkyl), -SO2N(C1-6 alkyl)2, -SO2NH(C1-6 alkyl), -SO2NH2, -
SO2Cu-6 alkyl, -SO20C1-6 alkyl, -OSO2C1-6 alkyl, -SOCi1-6 alkyl, -Si(C1-6 alkyl)s, -OSi(Ca-6 alkyl)s,
-C(=S)N(Cu-6 alkyl)2, C(=S)NH(Cz1-6 alkyl), C(=S)NHz, -C(=0)S(Cu-s alkyl), -C(=S)SCx1-s alkyl,
-SC(=S)SC16 alkyl, -P(=0)2(C1s alkyl), -P(=0)(Cis alkyl)2, -OP(=0)(C1s alkyl)2, -
OP(=0)(OCi-6 alkyl)2, Ci-6 alkyl, Ci-6 haloalkyl, C2-Cs alkenyl, C2-Cs alkynyl, Cs-C7 carbocyclyl,

Ce-C1o aryl, Cs-C7 heterocyclyl, Cs-Cio heteroaryl; or two geminal R% substituents can be bound
to form =0 or =S; wherein, X" is a counterion.

Exemplary substituents on nitrogen atoms include, but are not limited to: hydrogen, -OH, -OR®*,
-N(R%)2, -CN, -C(=0)R*®, -C(=0)N(R%)2, -CO2R®, -SO2R%*, -C(=NR")R%*, -C(=NR*)OR%, -
C(=NRE)N(R®)2, -SO2N(R%)2, -SO2R®, -SO20R®, -SOR®, -C(=S)N(R*)2, -C(=O)SR®, -
C(=S)SR®, -P(=0)2R%, -P(=0)(R*)2, -P(=0)2N(R%)2, -P(=0)(NR)2, alkyl, haloalkyl, alkenyl,
alkynyl, carbocyclyl, heterocyclyl, aryl and heteroaryl, or two R groups connected to a nitrogen

atom can be bound to form a heterocyclyl or heteroaryl ring, wherein each alkyl, alkenyl, alkynyl,
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carbocyclyl, heterocyclyl, aryl and heteroaryl is independently substituted with 0, 1, 2, 3,4 or 5
RY groups, and wherein R#, R®, R and R% are as defined above.

“Deuteration” or “D” refers to the substitution of one or more hydrogen atoms in a compound or
group with deuterium. Deuterium substitution may be mono-, di-, poly- or full-substitution. The
terms “substituted with one or more deuterium atoms” and “deuterated one or more times” can
be used interchangeably.

A “non-deuterated compound” refers to a compound containing deuterium atoms in a proportion
not higher than the natural deuterium isotopic abundance (0.015%).

The deuterium content at deuterated positions should be at least greater than the natural
deuterium isotopic abundance of 0.015%, preferably greater than 30%, more preferably greater
than 50%, still more preferably greater than 75%, even more preferably greater than 95%, and
most preferably greater than 99%.

The term “pharmaceutically acceptable salts” refers to those salts that, within reliable medical
judgment range, are suitable for contact with the tissues of humans and lower animals without
excessive toxicity, irritation, and allergic reactions, etc., and are proportionate to reasonable
benefit/risk ratio. Pharmaceutically acceptable salts are well known in the art. For example, the
pharmaceutically acceptable salts as described in detail in Berge, et al “J. Pharmaceutical
Sciences (1977) 66:1-19”. The pharmaceutically acceptable salts of the compounds of the present
invention include salts derived from suitable inorganic and organic acids and inorganic and
organic bases. Examples of pharmaceutically acceptable, non-toxic acid addition salts are those
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, phosphoric acid,
sulfuric acid, and perchloric acid, or those formed with organic acids such as acetic acid, oxalic
acid, maleic acid, tartaric acid, citric acid, succinic acid, or malonic acid. Also included are salts
formed by conventional methods in the art, for example, by ion exchange. Other
pharmaceutically acceptable salts include: adipates, alginates, ascorbates, aspartates,
benzenesulfonates, benzoates, bisulfates, borates, butyrates, camphorates, camphorsulfonates,
citrates, cypionates, digluconates, dodecyl sulfates, esilates, formates, fumarates,
glucoheptonates, glycerophosphates, gluconates, hemisulfates, heptanoates, hexanoates,
hydroiodates, 2-hydroxy-esilates, lactobionates, lactates, laurates, lauryl sulfates, malates,
maleates, malonates, mesylates, 2-naphthalenesulfonates, nicotinates, nitrates. oleates, oxalates,

palmitates, pamoates, pectates, persulfates, 3-phenpropionates, phosphates, picrates, tervalerates,
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propionates, stearates, succinates, sulfates, tartrates, thiocyanates, tosilates, undecanoates,
valerates, etc. Pharmaceutically acceptable salts derived from suitable bases include alkali metals,
alkaline earth metals, ammonium, and N*(Cz-salkyl)4 salts. Representative alkali or alkaline earth
metal salts include sodium, lithium, potassium, calcium, and magnesium salts, etc. Other
pharmaceutically acceptable salts, when appropriate, include non-toxic ammonium salts,
quaternary ammonium salts, and amine cations formed with counterions such as halide,
hydroxide, carboxylate, sulfate, phosphate, nitrate, lower alkyl sulfonate and aryl sulfonate.
The "subject" to be treated includes, but is not limited to: humans (i.e., males or females of any
age group, for example, pediatric subjects (e.g., infants, children, adolescents) or adult subjects
(e.g., young adults, middle-aged adults or elderly adults)) and/or non-human animals, for
example, mammals, for example, primates (e.g., cynomolgus monkeys, rhesus monkeys), cattle,
pigs, horses, sheep, goats, rodents, cats and/or dogs. In some embodiments, the subject is a
human. In some embodiments, the subject is a non-human animal. The terms “person”, “patient”,
and “subject” are used interchangeably herein.

The terms "disease”, "disorder™, and "condition" are used interchangeably herein.

Unless otherwise specified, the term “treatment” as used herein includes the effects that occur
when the subject suffers from a specific disease, disorder, or condition, which reduces the
severity of the disease, disorder, or condition, or delays or slows down the development of the
disease, disorder, or condition (“therapeutic treatment”), as well as the effects that occur before
the subject begins to suffer from the specific disease, disorder, or condition (“prophylactic
treatment”).

“Combination” and related terms refer to the simultaneous or sequential administration of a
therapeutic agent of the present invention. For example, the compound of the present invention
can be administered simultaneously or sequentially in separate unit dosage forms with another

therapeutic agent, or simultaneously in a single unit dosage form with another therapeutic agent.

DETAILED DESCRIPTION OF THE INVENTION

Compounds

In the present invention, “compound of the present invention” refers to a compound of formula
(D) (including subsets of each formula), or a pharmaceutically acceptable salt, a hydrate, or a

solvate thereof.
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In an embodiment, the present invention relates to a compound of formula (I), or a tautomer,
stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate or solvate

thereof:

formula (1)

wherein,

Rx is H or OH;

Rx1, Rx2 and Rxs are independently H, D, halogen, -Ra, -C(O)Ra, -C(O)ORa, -C(O)NRGbR, -
NRbRe, -NRaC(O)Rb, -NRaC(O)ORb, -NRaC(O)NRbRc, -ORa, -OC(O)Ra, -OC(O)NRuRs, -
NRaS(O)2Rb, -S(O)2NRa, -S(O)Ra or -S(O)2Ra;

wherein each of Ra, Rp and Rc is independently H, D, Ci-s alkyl, C1-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-6 alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Rp and Rc together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci1-6 alkyl, C1-6 haloalkyl, Cs.6 cycloalkyl,
3-7 membered heterocyclyl, C2-s alkenyl, C2-s alkynyl, Ce-10 aryl and 5-10 membered heteroaryl
are optionally substituted with one or more D atoms, up to full deuteration;

X1 and Xz are independently a bond, O, S or NH;

R1 and R2 are independently Ci-2s alkyl, Ci-2s haloalkyl, Css cycloalkyl, 3-7 membered
heterocyclyl, Cz-2s alkenyl, C2-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the
Ci-28 alkyl, Ci-28 haloalkyl, Css cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, C2-2s
alkynyl, Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R;
L is CHz, CDz or CHD;

W1 is formula (A):

Rs R4 Z; }/Rs
ft\w m Z, “
‘ " formula (A)

wherein,
Yi1isOorS;
Z1isO,NHor S;

Z2isO,NHor S;
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Zsisabond, O, NH or S;

miis 1,2, 3,4,50r6;

niisOor1;

nz2is 0 or 1;

each of Rs and R4 is independently H, D, halogen, Ci-s alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Ce-10 aryl or
5-10 membered heteroaryl, or Rs and R4 together with the C atom to which they are attached,
form a Cs.6 cycloalkyl or 3-7 membered heterocyclyl, wherein the C1-6 alkyl, C1-6 haloalkyl, C1-
6 alkoxy, Ci-s haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;

Rsis H, D, Ci-2s alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl,
Ca2-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ci-2s alkyl, Ci-28 haloalkyl,
Cs6 cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl, C2-2s alkynyl, Ce-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;

W2 is formula (B):

Rs R7 Zs iI/Re
/’<Y2 N 9 Zg
’ " formula (B)

wherein,

Y2is O, NH or S;

Z4isO,NHor S;

Zs5is O, NHor S;

Zs is abond, O, NH or S;

mz2is 0,1, 2, 3,4,5or6;

nsisOor 1;

nsisOorl;

each of Re and R7 is independently H, D, halogen, Ci-s alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Ce-10 aryl or
5-10 membered heteroaryl, or Res and R7 together with the C atom to which they are attached,
form a Cz-6 cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci.6 alkyl, C1-6 haloalkyl, Ci-
s alkoxy, Ci-6 haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-s alkenyl, C2-6 alkynyl,

Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;
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Rsis H, D, Ci-2s alkyl, C1-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl,
C2-28 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl, wherein the Ci-2s alkyl, C1-28 haloalkyl,
Cs cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl, C2-2s alkynyl, Ce-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;

or, any one of W1 or W2 together with the 3'-position C atom of glycosyl form -Ys-, wherein Y3
isO,NH or S;

or , W1 and W2 together with the P atom to which they are attached, form -Y4(C(R3Ra4)p)Y2-,
wherein Y4is O, NHor S,and pis 2, 3, 4 or 5;

each R is independently D, halogen, -Rd4, -C(O)Rd4, -C(O)OR4, -C(O)NReRf, -NReRf, -
NR4C(O)Re, -NR4C(O)ORe, -NR4C(O)NReRf, -ORd, -OC(O)Rd, -OC(O)NReRy, -NRaS(O)2Re, -
S(0)2NRg, -S(O)Rd or -S(O)2R4, or two R on the same atom or two adjacent atoms, together with
the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cs-10
aryl or 5-10 membered heteroaryl, wherein the Cs.s cycloalkyl, 3-7 membered heterocyclyl, Ce-
10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”, up to full
deuteration;

each R’ is independently D, halogen, -Rd, -C(O)Rd, -C(O)OR4, -C(O)NReRf, -NReRf, -
NR4C(O)Re, -NR¢C(O)ORe, -NR4C(O)NReRy, -ORq, -OC(O)R¢, -OC(O)NReRy, -NRaS(O)2Re, -
S(0)2NRg, -S(O)R4 or -S(0O)2R4, or two R” on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”;
wherein each of R4, Re and Rs is independently H, D, Ci-6 alkyl, C1-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Re and Rs together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci-6 alkyl, C1-6 haloalkyl, Cs.s cycloalkyl,
3-7 membered heterocyclyl, Cz-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered heteroaryl
are optionally substituted with one or more R”;

each R” is independently D, halogen, -Rg, -C(O)Rg, -C(O)ORg, -C(O)NRhRj, -NR:uRj, -
NRgC(O)Rn, -NRgC(O)ORn, -NRgC(O)NRhR), -ORg, -OC(O)Rg, -OC(O)NRRj, -NRgS(O)2Rn, -
S(0)2NRg, -S(O)Rg or -S(O)2Rg, or two R” on the same atom or two adjacent atoms, together

with the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl,
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Ce-10 aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Cs-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more D atoms,
up to full deuteration;

wherein each of Rg, Rn and Rj is independently H, D, Ci-6 alkyl, C1-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Rn and Rj together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci-6 alkyl, Ci1-6 haloalkyl, Cs.6 cycloalkyl,
3-7 membered heterocyclyl, Cz-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered heteroaryl

are optionally substituted with one or more D atoms, up to full deuteration.

Rx

In an embodiment, Rx is H; and in another embodiment, Rx is OH.

Rx1, Rx2 and Rxs

In an embodiment, Rxi1/Rx2/Rxs is H; in another embodiment, Rxi/Rx2/Rxs is D; in another
embodiment, Rx1/Rx2/Rxs is halogen; in another embodiment, Rxi/Rx2/Rx3 is -Ra; in another
embodiment, Rxi/Rx2/Rx3 is -C(O)Ra; in another embodiment, Rx1/Rx2/Rxs is -C(O)ORa; in
another embodiment, Rxi/Rx2/Rxs is -C(O)NRuRc; in another embodiment, Rxi/Rx2/Rx3 is -
NRbRc; in another embodiment, Rxi/Rx2/Rxs iS -NRaC(O)Rop; in another embodiment,
Rx1/Rx2/Rx3 is -NRaC(O)ORep; in another embodiment, Rxi1/Rx2/Rx3 is -NRaC(O)NRuRc; in
another embodiment, Rx1/Rx2/Rx3 is -ORa; in another embodiment, Rx1/Rx2/Rx3 is -OC(O)Ra;
in another embodiment, Rx1/Rx2/Rx3 is -OC(O)NRebRc; in another embodiment, Rx1/Rx2/Rx3 is
-NRaS(O)2Rp; in another embodiment, Rxi/Rx2/Rxs is -S(O)2NRa; in another embodiment,
Rx1/Rx2/Rx3 is -S(O)Ra; and in another embodiment, Rx1/Rx2/Rxs is -S(O)2Ra.

In a specific embodiment, Rx1, Rx2 and Rxs are independently H, D, halogen or Ci-s alkyl,
wherein the Ci-6 alkyl is optionally substituted with one or more D, up to full deuteration; in
another specific embodiment, Rx1, Rx2 and Rxs are independently H, D or halogen; in another
specific embodiment, Rx1, Rxz2 and Rxs are independently H, D, I, Br, Cl, F, CHs or CDs; in
another specific embodiment, Rxi1, Rx2 and Rxs are independently H, D, I or Br; in another
specific embodiment, Rx1, Rx2 and Rxs are independently H or D; and in another specific

embodiment, Rx1, Rx2 and Rxs are independently H or D.
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Ra, Ro and Rc

In an embodiment, Ra/Ru/Rc is H; in another embodiment, Ra/Ru/Rc is D; in another embodiment,
Ra/Ru/Rc is C1-6 alkyl; in another embodiment, Ra/Ru/Rc is C1-6 haloalkyl; in another embodiment,
Ra/Ru/Rc is Cs-s cycloalkyl; in another embodiment, Ra/Ru/Rc is 3-7 membered heterocyclyl; in
another embodiment, Ra/Ru/Rc is Cz-6 alkenyl; in another embodiment, Ra/Ro/Rc is Cz-6 alkynyl;
in another embodiment, Ra/Ru/Rc is Ce-10 aryl; in another embodiment, Ra/Ru/Rc is 5-10
membered heteroaryl; in another embodiment, Ry and Rc together with the N atom to which they
are attached, form a 3-7 membered heterocyclyl; and in another embodiment, Rp and Rc together
with the N atom to which they are attached, form a 3-7 membered heterocyclyl; in another
embodiment, each group as defined in Ra/Ru/Rc is optionally substituted with one or more R.

In a specific embodiment, Ra, Ro and Rc are independently Cis alkyl, Cs10 aryl or 5-10
membered heteroaryl; and in another specific embodiment, Ra, R» and Rc are independently Ci-

6 alkyl.

X1 and Xz

In an embodiment, X1 is a bond; in another embodiment, X1 is O; and in another embodiment,
X1 is S; in another embodiment, X1 is NH.

In an embodiment, X2 is a bond; in another embodiment, Xz is O; in another embodiment, Xz is
S; and in another embodiment, Xz is NH.

In a specific embodiment, X1 and Xz are independently a bond, O, S or NH; in another specific
embodiment, X1 and Xz are independently a bond or O; in another specific embodiment, X1 and

X2 are a bond; and in another specific embodiment, X1 and Xz are O.

R1 and R2

In an embodiment, R1 and Rz are independently Ci-2s alkyl, C1-28 haloalkyl, Cs-s cycloalkyl, 3-7
membered heterocyclyl, Cz-28 alkenyl, C2-28 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
wherein the C1-28 alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl,
Caz-28 alkynyl, Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or
more R;

In a specific embodiment, R1 and Rz are independently Ci-2s alkyl, Cs-s cycloalkyl, C2-2s alkenyl,
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C2-28 alkynyl or Cs-10 aryl, wherein the C1-28 alkyl, Cs-6 cycloalkyl, C2-2s alkenyl, C2-2s alkynyl or
Cs-10 aryl is optionally substituted with one or more R; in another specific embodiment, R1 and
Rz are independently Cis alkyl, Css cycloalkyl or Ces-10 aryl, wherein the Cis alkyl, Css
cycloalkyl or Ce-10 aryl is optionally substituted with one or more R; in another specific
embodiment, R1 and Rz are independently Cis alkyl, wherein the Ci-s alkyl is optionally
substituted with one or more R; in another specific embodiment, R1 and Rz are independently
Ci-6 alkyl; in another specific embodiment, R1 and Rz are independently Ci-3 alkyl; in another
specific embodiment, R1 and Rz are independently methyl, ethyl, isopropyl or tert-butyl; and in

another specific embodiment, R1 and Rz are independently methyl, ethyl or isopropyl.

L

In an embodiment, L is CHz; in another embodiment, L is CD2; and in another embodiment, L
is CHD.

In a specific embodiment, L is CH2, CD2 or CHD; in another specific embodiment, L is CH: or

CDg; and in another specific embodiment, L is CHo.

W1 and W2

In an embodiment, W1 is independently formula (A):

Rs Ry Z; "
f\h , 24 ’
" ' " formula (A)

wherein,

YiisOorS;

Z1isO,NHor S;

Z2is O, NHor S;

Zsisabond, O, NH or S;

miis1,2,3,4,5o0r6;

niisOor1;

nz2is 0 or 1;

each of Rs and R4 is independently H, D, halogen, Ci- alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Ce-10 aryl or

5-10 membered heteroaryl, or Rs and R4 together with the C atom to which they are attached,
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form a Cs.s cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-6 alkyl, C1-6 haloalkyl, Ca-
6 alkoxy, Ci-6 haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;

Rsis H, D, Ci-2s alkyl, Ci-2s haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl,
Ca2-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ci-2s alkyl, Ci-28 haloalkyl,
Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, C2-2s alkynyl, Ce-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R.

In an embodiment, Y1 is O; and in another embodiment, Y1 is S.

In a specific embodiment, Y1 is O or S; and in another specific embodiment, Y1 is O.

In an embodiment, Z1 is O; in another embodiment, Z1 is NH; and in another embodiment, Z1 is
S.

In a specific embodiment, Z1 is O, NH or S; and in another specific embodiment, Z1 is O or S.
In an embodiment, Z2 is O; in another embodiment, Z2 is NH; and in another embodiment, Z2 is
S.

In a specific embodiment, Z2 is O, NH or S; and in another specific embodiment, Z2 is O or S.
In an embodiment, Zs is a bond; in another embodiment, Zs is O; in another embodiment, Zs is
NH; and in another embodiment, Zs is S.

In a specific embodiment, Zs is a bond, O, NH or S; and in another specific embodiment, Zs is a
bond or O.

In an embodiment, mz is 1; in another embodiment, mz is 2; in another embodiment, mz is 3; in
another embodiment, ma is 4; in another embodiment, ma is 5; and in another embodiment, ma
is 6.

In a specific embodiment, m1is 1, 2, 3, 4, 5 or 6; in another specific embodiment, myis 1, 2, 3
or 4; in another specific embodiment, ma1 is 1, 2 or 3; and in another specific embodiment, mz is
lor3.

In an embodiment, n1 is 0; and in another embodiment, n1 is 1.

In an embodiment, nz is 0; and in another embodiment, nz is 1.

In an embodiment, each of Rs and R4 is independently H, D, halogen, C1-s alkyl, Ci-6 haloalkyl,
Ci-6 alkoxy, Cis haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-6 alkenyl, C2-6
alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, or Rs and R4 together with the C atom to which

they are attached, form a Cs-s cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-s alkyl,
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Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6 haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-6
alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered heteroaryl are optionally substituted with
one or more R’; in another specific embodiment, each of R3 and R4 is independently H, D, Ci-6
alkyl, Ci-6 alkoxy, Cs-6 cycloalkyl or 3-7 membered heterocyclyl, or Rz and R4 together with the
C atom to which they are attached, form a Cs-s cycloalkyl or 3-7 membered heterocyclyl, wherein
the Cis alkyl, Cis alkoxy, Cs.s cycloalkyl and 3-7 membered heterocyclyl are optionally
substituted with one or more R’; in another specific embodiment, each of R3 and R4 is
independently H, D, Ci6 alkyl, Cs-6 cycloalkyl or 3-7 membered heterocyclyl, or Rz and Ra4
together with the C atom to which they are attached, form a Cs-s cycloalkyl or 3-7 membered
heterocyclyl, wherein the Cis alkyl, Css cycloalkyl and 3-7 membered heterocyclyl are
optionally substituted with one or more R’; and in another specific embodiment, each ch:‘ Rs and
R4 is independently H, D, methyl, benzyl, -CH2C(O)OCsHus, YOV@ or YOV@F ; or Rs

and R4 together with the C atom to which they are attached, form cyclobutane.

In an embodiment, each Rs is independently H, D, Ci-2s alkyl, Ci-28 haloalkyl, Cs-6 cycloalkyl,
3-7 membered heterocyclyl, C2-2s alkenyl, Cz-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl,
wherein the C1-28 alkyl, C1-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl,
Caz-28 alkynyl, Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or
more R; in another specific embodiment, each Rs is independently Ci-2s alkyl, Ci-2s haloalkyl,
Cs-6 cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, C2-2s alkynyl, Ce-10 aryl or 5-10
membered heteroaryl, wherein the Ci-2s alkyl, Ci-2s haloalkyl, Cs-s cycloalkyl, 3-7 membered
heterocyclyl, Cz-2s alkenyl, C2-2s alkynyl, Ce-10 aryl and 5-10 membered heteroaryl is optionally
substituted with one or more R; in another specific embodiment, each Rs is independently Ci-6
alkyl, Ci.6 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl or C2-6 alkynyl,
wherein the Ci-6 alkyl, Ci-6 haloalkyl, Cs.s cycloalkyl, 3-7 membered heterocyclyl, C2-s alkenyl
and Cz-s alkynyl are optionally substituted with one or more R; in another specific embodiment,
each Rsis independently Ci-6 alkyl, C1-6 haloalkyl, Cs-6 cycloalkyl or 3-7 membered heterocyclyl,
wherein the Cis alkyl, Ci-s haloalkyl, Css cycloalkyl and 3-7 membered heterocyclyl are
optionally substituted with one or more R; in another specific embodiment, each Rs is
independently Cs-2s alkyl, Cs-2s haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl, wherein the Cs-2s alkyl,

Cs-28 haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl is optionally substituted with one or more R; in
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another specific embodiment, each Rs is independently Cs-2s alkyl or Cs-2s alkenyl, wherein the
Cs-28 alkyl and Cs-2s alkenyl are optionally substituted with one or more R; in another specific
embodiment, each Rs is independently Cs2s alkyl, wherein the Cs.2s alkyl is optionally
substituted with one or more R; in another specific embodiment, each Rs is independently Cg-2s
alkenyl, wherein the Cs-2s alkenyl is optionally substituted with one or more R; in another
specific embodiment, each Rs is independently Cs-10 aryl or 5-10 membered heteroaryl, wherein
the Ce-10 aryl or 5-10 membered heteroaryl is optionally substituted with one or more R; in
another specific embodiment, each Rs is independently Cs-10 aryl, wherein the Ce-10 aryl is
optionally substituted with one or more R; in another specific embodiment, each Rs is
independently methyl, ethyl, isopropyl, tert-butyl, /\L , n-pentyl, S A X o ,
cyclobutane, -CHz2(CH2)10CH3, -CH2(CH2)12CHs, -CH2(CH2)14CHs, -CH2(CH2)16CHs, -
CH2(CH2)7 or -CH2(CH2)7CH=CHCH2CH=CH(CH?2)4CHs; in another specific embodiment,
each Rs is independently methyl, ethyl, isopropyl, tert-butyl, A/L n-pentyl, A X in
another specific embodiment, each Rs is independently isopropyl, tert-butyl or /vQ; and in
another specific embodiment, each Rs is independently isopropyl or U/v

In an embodiment, W1 is independently:
\/O SYRs '\/OMO\Iipid-ﬁke \/O\M/Iipid-like
o _0_ O, o.__O0_ _Rs o o _Ar
‘(RZ<R4\[C])/ RS, E{I??(R‘,Wo( , e my , Al mq , Al my or \/R>3<R4 ,

wherein,

miisl,2,3,4,5o0r6;

each of Rs and Rg is independently H, D, halogen, Ci-s alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-6 alkenyl, Cz2-6 alkynyl, Ce-10 aryl or
5-10 membered heteroaryl, or Rs and R4 together with the C atom to which they are attached,
form a Cz-6 cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-6 alkyl, C1-6 haloalkyl, C1-
s alkoxy, Ci-6 haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-s alkenyl, C2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;

Rs is Ci-28 alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl, Co-
28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ci-2s alkyl, C1-28 haloalkyl, Cs-6
cycloalkyl, 3-7 membered heterocyclyl, Cz2s alkenyl, Cz-2s alkynyl, Ce-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;

lipid-like is Cs-2s alkyl, Cs-2s haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl, wherein the Cs-2s alkyl, Cs.

28 haloalkyl, Cs-2s alkenyl and Cs-2s alkynyl are optionally substituted with one or more R;
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Ar is Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ces-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R.

In a specific embodiment, W is YOJRTTO\RE,

wherein Rs and R4 are independently H, D, Ci6 alkyl, Ci6 alkoxy, Css cycloalkyl or 3-7
membered heterocyclyl, or Rsand R4 together with the C atom to which they are attached, form
a Css cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci6 alkyl, Ci6 alkoxy, Css
cycloalkyl and 3-7 membered heterocyclyl are optionally substituted with one or more R’;

Rs is independently Ci-2s alkyl, Ci-28 haloalkyl, Cs.s cycloalkyl, 3-7 membered heterocyclyl, Ca-
28 alkenyl or C2-28 alkynyl, wherein the C1-28 alkyl, C1-28 haloalkyl, Cs.6 cycloalkyl, 3-7 membered

heterocyclyl, Cz-2s alkenyl and C2-2s alkynyl are optionally substituted with one or more R.

(0] O (o]
“Rs

In another specific embodiment, W1 is YT :
wherein Rs and R4 is H;

Rs is independently Ci-2s alkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl.

In another specific embodiment, W1 is N VOTOY.

In a specific embodiment, W1 is YOFZferS

wherein, Rs and R4 are independently H, D, Cis alkyl, Ci6 alkoxy, Cs.s cycloalkyl or 3-7
membered heterocyclyl, or Rsand R4 together with the C atom to which they are attached, form
a Cs- cycloalkyl or 3-7 membered heterocyclyl, wherein the Cis alkyl, Ci6 alkoxy, Css
cycloalkyl and 3-7 membered heterocyclyl are optionally substituted with one or more R’;

Rs is independently Ci-2s alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Ca-
28 alkenyl or Cz-28 alkynyl, wherein the C1-28 alkyl, C1-28 haloalkyl, Cs-6 cycloalkyl, 3-7 membered

heterocyclyl, Cz-2s alkenyl and C2-2s alkynyl are optionally substituted with one or more R.

In another specific embodiment, W1 is ST ,

wherein, Rz and R4 are H;

Rs is independently Ci-2s alkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl.
In another specific embodiment, W1 is o I( o Toh or o IH<

\/o\/o\”/ YO\/OTH\ 1{0\/0%
o, o or o .

preferably, W2 is

.‘{O S. R
In a specific embodiment, W1 is me,
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wherein, m1is 1, 2, 3 or 4;

each of Rz and R4 is independently H, D, Ci-6 alkyl, C1-6 alkoxy, Cs-s cycloalkyl or 3-7 membered
heterocyclyl, or Rs and R4 together with the C atom to which they are attached, form a Cs-s
cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-6 alkyl, Ci-6 alkoxy, Cs cycloalkyl
and 3-7 membered heterocyclyl are optionally substituted with one or more R’;

Rs is independently Ci-2s alkyl, Ci-2s haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Co-
28 alkenyl or C2-28 alkynyl, wherein the C1-28 alkyl, C1-28 haloalkyl, Cs.6 cycloalkyl, 3-7 membered
heterocyclyl, C2-2 alkenyl and C2-2s alkyrlyl aresopRtionaIIy substituted with one or more R.

X T

R3 Rs o

In another specific embodiment, Wi is ™o
wherein, my is 1 or 2;
Rz and R4 are H;

Rs is independently Ci-2s alkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl.
‘\/Ovs\g/ x{o\/s\([j(\ \(OVSWH\ \“/O\/Sjcl/k ;\0/\/51]/

In another specific embodiment, W1 is

AO/\/S\H/\ ;\O/\/SWH\ ﬁo/\/sm)<
o, o o .

or

x° “iridke
In a specific embodiment, W1 M ,
wherein, m1is 1, 2, 3 or 4;
each of Rs and R4 is independently H, D, C1-6 alkyl, C1-6 alkoxy, Cs-s cycloalkyl or 3-7 membered
heterocyclyl, or Rs and R4 together with the C atom to which they are attached, form a Cs-s
cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-6 alkyl, Ci-6 alkoxy, Cs cycloalkyl
and 3-7 membered heterocyclyl are optionally substituted with one or more R’;
lipid-like is Cs-2s alkyl, Cs-28 haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl, wherein the Cs-2s alkyl, Cs.
28 haloalkyl, Cs-2s alkenyl and Cs.zaoalkynoyl are optionally substituted with one or more R.

v ke

R Rs

In a specific embodiment, W1 is m :

wherein, my is 2, 3 or 4;

R3 and R4 are independently H or Ci-6 alkoxy, wherein the Ci.6 alkoxy is optionally substituted
with one or more groups selected from Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ce-
10 aryl or 5-10 membered heteroaryl is optionally substituted with one or more groups selected

from halogen or Ci-6 alkoxy;
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lipid-like is Cs-2s alkyl or Cs-2s alkenyl.

In another specific embodiment, W1 is ™" 0w %0, O Do o0

OCH;, OCH,
{ { ? F ? F
(e] o (¢] o
o CgH O CigH O\)\/O O\)\/O O\)\/O O\)\/O
"{ SN e 33’ Y ~ "o 37, \/ “CigHa \/ “CigHar Y “CieHas Or Y \C1eHe7;

In another specific embodiment, W1 is ™ e X0 O Do o e

OCHj3 OCHjz
{ { J£ F i F
o o o o
o CieH o CieH 0\/b0 0\/b0 o Ao o N _o
'\/ \/\O/ 18133 \/ \/\O/ 18137 \{ \C15H33 \{ \C13H37 \( \C16H33 Or a{ \C15H37
' ’ .

¢ ke
In a specific embodiment, W1 is M ,

wherein, miis 1, 2, 3 or 4;

each of Rz and R4 is independently H, D, Ci-6 alkyl, Ci-6 alkoxy, Cs-s cycloalkyl or 3-7 membered
heterocyclyl, or Rs and Ra together with the C atom to which they are attached, form a Cs-s
cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-s alkyl, Ci-6 alkoxy, Cs-s cycloalkyl
and 3-7 membered heterocyclyl are optionally substituted with one or more R’;

lipid-like is Cs-2s alkyl, Cs-28 haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl, wherein the Cs-2s alkyl, Cs-

28 haloalkyl, Cs-2s alkenyl and Cs-2s alkynyl are optionally substituted with one or more R.

& ipke
In another specific embodiment, W1 is M :

wherein, m1 is 2, 3 or 4;

Rs and R4 are H;

lipid-like is Cs-2s alkenyl.

In another specific embodiment, W1 is /o coc-erenci-creracrs

In a specific embodiment, W1 is YO%XRT,

wherein, Rs and R4 are independently H, D, Ci¢ alkyl, Ci6 alkoxy, Cs.s cycloalkyl or 3-7
membered heterocyclyl, or Rsand R4 together with the C atom to which they are attached, form
a Cs cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci6 alkyl, Ci6 alkoxy, Cs-s
cycloalkyl and 3-7 membered heterocyclyl are optionally substituted with one or more R’;

Ar is Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ces-10 aryl and 5-10 membered

heteroaryl are optionally substituted with one or more R.
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In another specific embodiment, W1 is APy ,
wherein, Rz and R4 are H;
Ar is Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ce-10 aryl or 5-10 membered heteroaryl

is optionally substituted with one or more groups selected from Ci-6 alkyl or -C(O)OCu-6 alkyl.

In another specific embodiment, W1 is /\/© , oioA or A/©)<

In a specific embodiment, W1 is VYY N Y N O YVW* YVWK
‘(VY ‘(Vj{\ \/vm)\ ij* KONSY f%wsm/\ Ao/\/s\ﬂ)\ AONS%

)
Eo
o o ° ° o Caht o CooH o CoeH o\)\/o
T “Cuttzs O Ot O St X o 29, NN 33’ NN e 37, e “Cttss

OCH;, OCH,

¢ ¢ ¢

o

x\/o\/bO\CmHa? \/ W ~CreHas \/ \)v “CiHyy Ao (CHRCH=CHOH,CH=CH(CHy)CH, M@ /\Q O/I\O/\
i) H H ) H H
or \©)< .

o . R S e S O OO

In another specific embodiment, W1 is T Y To( *f Wo* IH<
o._*S 0. o_*S o._$ A AS A AS H&O/\/S f&o/\/s

\{ \([)]/ i) \‘{ \g/\ i) \{ IH\ 1 \{ WOH< H ’ \(I‘)( H ’ \([)]A k) Wg)\ i) \g)<

¢

O O. 0 0 o CiqHag o. CigHas O. CigHaz O\)\/O
\/ I~ \Cqua \/\/ CmHaa \/\/ C1EH37 \/ \/\O/ , \/ \/\O/ , \/ \/\D/ , \{ \C1sH33,

OCHs OCH3

2 T ¢

(o]

Yo\/k/O\CWHN Y vk/ CieHs Y vk/ ~CiaHar ;”\O/(CHz)BCH=CHCH2CH=CH(CH2)ACH3 &/@ /K/Q O/I\O/\
i) ) ) ) ) )

or A/©)< )

In an embodiment, W2 is independently formula (B):

Rs Ry Zs }/R
s
A %
Y3
may Z n ny
3

wherein,

formula (B)

Y2is O, NHor S;
Z4isO,NHor S;
Z2isO,NHor S;
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Zs is abond, O, NH or S;

m2is 0,1, 2,3,4,5or6;

nsisOor1;

nsaisOor 1;

each of Re and Rz is independently H, D, halogen, Ci-s alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Ce-10 aryl or
5-10 membered heteroaryl, or Re and Rz together with the C atom to which they are attached,
form a Cs.6 cycloalkyl or 3-7 membered heterocyclyl, wherein the C1-6 alkyl, C1-6 haloalkyl, C1-
6 alkoxy, Ci-s haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;

Rsis H, D, Ci-2s alkyl, Ci-2s haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl,
Ca2-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ci-2s alkyl, Ci-28 haloalkyl,
Cs6 cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl, C2-2s alkynyl, Ce-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R.

In an embodiment, Y2 is O; in another embodiment, Y2 is NH; and in another embodiment, Y2
isS.

In a specific embodiment, Y2 is O, NH or S; and in another specific embodiment, Y2 is O or NH.
In an embodiment, Z4 is O; in another embodiment, Z4 is NH; and in another embodiment, Z4 is
S.

In a specific embodiment, Z4 is O, NH or S; and in another specific embodiment, Z4 is O or S.
In an embodiment, Zs is O; in another embodiment, Zs is NH; and in another embodiment, Zs is
S.

In a specific embodiment, Zs is O, NH or S; and in another specific embodiment, Zs is O or S.
In an embodiment, Zs is a bond; in another embodiment, Zs is O; in another embodiment, Zs is
NH; and in another embodiment, Zs is S.

In a specific embodiment, Zs is a bond, O, NH or S; and in another specific embodiment, Zs is a
bond or O.

In an embodiment, mz is 0; in another embodiment, mz is 1; in another embodiment, mz is 2; in
another embodiment, mz is 3; in another embodiment, mz is 4; in another embodiment, mz is 5;
and in another embodiment, mz is 6.

In a specific embodiment, mz2is 0, 1, 2, 3, 4, 5 or 6; in another specific embodiment, mz is 0, 1,
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2, 3 or 4; in another specific embodiment, mzis 0, 1, 2 or 3; and in another specific embodiment,
m2is 0, 1 or 3.

In an embodiment, ns is 0; and in another embodiment, nz is 1.

In an embodiment, n4 is 0; and in another embodiment, n4 is 1.

In an embodiment, each of Re and R~ is independently H, D, halogen, C1-s alkyl, Ci-6 haloalkyl,
Ci-6 alkoxy, Cis haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-6 alkenyl, C2-6
alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, or Re and Rrtogether with the C atom to which
they are attached, form a Cs.s cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-6 alkyl,
Cu1-6 haloalkyl, Ci-6 alkoxy, Ci-6 haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6
alkenyl, Cz-6 alkynyl, Cs-10 aryl and 5-10 membered heteroaryl are optionally substituted with
one or more R’; in another specific embodiment, each of Re and R~ is independently H, D, Ci-6
alkyl, Ci-6 alkoxy, Cs-6 cycloalkyl or 3-7 membered heterocyclyl, or Rs and R7 together with the
C atom to which they are attached, form a Cs-s cycloalkyl or 3-7 membered heterocyclyl, wherein
the Ci6 alkyl, Ci6 alkoxy, Css cycloalkyl and 3-7 membered heterocyclyl are optionally
substituted with one or more R’; in another specific embodiment, each of Rs and Ry is
independently H, D, Cis alkyl, Cs.s cycloalkyl or 3-7 membered heterocyclyl, or Reand R7
together with the C atom to which they are attached, form a Cs-s cycloalkyl or 3-7 membered
heterocyclyl, wherein the Cis alkyl, Css cycloalkyl and 3-7 membered heterocyclyl are
optionally substituted with one or more R’; in another specific embodiment, eachm%f Rs and R7
is independently H, D, methyl, benzyl, -CH2C(0)OCsHis, *{"Q or \/"ﬁF ; or Re and

R7 together with the C atom to which they are attached, form cyclobutane.

In an embodiment, each Rs is independently H, D, Ci-2s alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, C2-2s alkenyl, C2-2s alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
wherein the C1-28 alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl,
Caz-28 alkynyl, Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or
more R; in another specific embodiment, each Rs is independently Ci-2s alkyl, Ci-2s haloalkyl,
Css cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, C2-2s alkynyl, Ce-10 aryl or 5-10
membered heteroaryl, wherein the Ci-28 alkyl, Ci-28 haloalkyl, Cs.s cycloalkyl, 3-7 membered
heterocyclyl, C2-2s alkenyl, C2-2s alkynyl, Ces-10 aryl and 5-10 membered heteroaryl are optionally

substituted with one or more R; in another specific embodiment, each Rs independently is Ci-6
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alkyl, Ci-6 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl or Cz-s alkynyl,
wherein the Cu1-6 alkyl, C1-6 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl
and Cz-6 alkynyl are optionally substituted with one or more R; in another specific embodiment,
each Rg is independently Ci-6 alkyl, C1-6 haloalkyl, Cs.s cycloalkyl or 3-7 membered heterocyclyl,
wherein the Cis alkyl, Ci6 haloalkyl, Css cycloalkyl and 3-7 membered heterocyclyl are
optionally substituted with one or more R; in another specific embodiment, each Rs is
independently Cs-2s alkyl, Cs-2s haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl, wherein the Cs-2s alkyl,
Cs-28 haloalkyl, Cs-28 alkenyl or Cs-28 alkynyl is optionally substituted with one or more R; in
another specific embodiment, each Rs is independently Cs-2s alkyl or Cs-2s alkenyl, wherein the
Cs-28 alkyl and Cs-2s alkenyl are optionally substituted with one or more R; in another specific
embodiment, each Rs is independently Cs-2s alkyl, wherein the Cs2s alkyl is optionally
substituted with one or more R; in another specific embodiment, each Rs is independently Cs-2s
alkenyl, wherein the Cs-2s alkenyl is optionally substituted with one or more R; in another
specific embodiment, each Rs is independently Cs-10 aryl or 5-10 membered heteroaryl, wherein
the Ce-10 aryl or 5-10 membered heteroaryl is optionally substituted with one or more R; in
another specific embodiment, each Rs is independently Ce-10 aryl, wherein the Ces-10 aryl is
optionally substituted with one or more R; in another specific embodiment, each Rs is
independently methyl, ethyl, isopropyl , tert-butyl, /\/L , h-pentyl, S A X o :
cyclobutane, -CH2(CH2)10CHs, -CH2(CH2)12CHs, -CH2(CH2)14CH3s, -CH2(CH2)16CHs, -
CH2(CHz2)7 or -CH2(CH2)7CH=CHCH2CH=CH(CH?2)4CHs; in another specific embodiment,
each Rs is independently methyl, ethyl, isopropyl, tert-butyl, /Q/v n-pentyl, /\>Q; in
another specific embodiment, each Rs is independently isopropyl, tert-butyl or /\L; and in
another specific embodiment, each Rs is independently isopropyl or AL

In an embodiment, W2 is independently:
o \/O SYRS \/O\MO\PWHKE \/O\Mlipid-like
H _Rg O (o} (0N (0] 0. Rg Is) (o] Ar
X sz}o , X RZ(Rvjl/ Re’ X "*Z(F%\([)r , A my , A my , o my , YO\AT or A FZ<R7 ’

wherein,

mz2is 1,2, 3,4,5o0r6;

each of Rs and Rz is independently H, D, halogen, Ci-6 alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl or
5-10 membered heteroaryl, or Res and Rz together with the C atom to which they are attached,

form a Cs-6 cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-6 alkyl, C1-6 haloalkyl, C1-
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s alkoxy, Ci-6 haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, C2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;

Rs is Ci-28 alkyl, Ci-28 haloalkyl, Cs.s cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, Co-
28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the C1-2g alkyl, C1-28 haloalkyl, Cs-6
cycloalkyl, 3-7 membered heterocyclyl, Cz2s alkenyl, C22s alkynyl, Ce10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;

lipid-like is Cs-2s alkyl, Cs-25 haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl, wherein the Cs-2s alkyl, Cs-
28 haloalkyl, Cs-2s alkenyl and Cs-2s alkynyl are optionally substituted with one or more R;

Ar is Ces10 aryl or 5-10 membered heteroaryl, wherein the Ce-10 aryl and 5-10 membered

heteroaryl are optionally substituted with one or more R.

H
N o Rg

In a specific embodiment, W2 is s :

wherein, Re and Rz are independently H, D, Cuis alkyl, Ci6 alkoxy, Cs-s cycloalkyl or 3-7
membered heterocyclyl, or Reand R7 together with the C atom to which they are attached, form
a Css cycloalkyl or 3-7 membered heterocyclyl, wherein the Cis alkyl, Ci6 alkoxy, Css
cycloalkyl and 3-7 membered heterocyclyl are optionally substituted with one or more R’;

Rs is independently Ci-2s alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Co-
28 alkenyl or C2-28 alkynyl, wherein the C1-28 alkyl, C1-28 haloalkyl, Cs.6 cycloalkyl, 3-7 membered

heterocyclyl, C2-2s alkenyl and C2-25 alkynyl are optionally substituted with one or more R.

H
N o Rg

In another specific embodiment, W2 is A ,
wherein, Rs is C1-6 alkyl, and Rz is H, or Re and Rz together with the C atom to which they are
attached, form a Cs-s cycloalkyl, wherein the Cai-s alkyl and Cs-s cycloalkyl are optionally
substituted with one or more groups selected from phenyl or -C(O)OCu- alkyl;

Rs is independently Ci-2s alkyl, Css cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl,
wherein the Ci2s alkyl, Css cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl are

optionally substituted with one or more Ci-6 alkoxy.

H
\/N%O/Ra

In another specific embodiment, Wz is Re :

wherein, Re is C1-6 alkyl, wherein the Ci-6 alkyl is optionally substituted with one or more groups
selected from phenyl or -C(O)OCa-6 alkyl;

Rs is independently Ci-2s alkyl, Css cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl,

wherein the Ci-2s alkyl, Cs cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl are
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optionally substituted with one or more Ci-6 calkoxy.

In another specific embodiment, W2 is \/NﬁO/RS,

wherein, Re is Ci1-6 alkyl, wherein the Ci-6 alkyl is optionally substituted with one or more groups
selected from phenyl or -C(O)OCu- alkyl;

Rs is independently Ci-2s alkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl,
wherein the Ci-2s alkyl, Cs cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl are

optionally substituted with one or more Ci-6 alkoxy.

In another specific embodiment, W2 is N % k N W)k % N % AC N T)k

MEC b VRS sk e
Y%‘ﬂ”
In another specific embodiment, W2 is N W)k k N T)k % N % AC N TA

/\<\ Q o]
H H
% \{ Zij\ /\Ii\ \<“: YN%O/D ‘{N\‘)J\O/(CHQ)HCHa
) ) or
\(Nj)ko/(cHz)ECH:CHCHQCH:CH(CHQ),,CHJ

In another specific embodiment, W is X T)k k X % P 0 N % AC X T)k o
%AC ¥ Z& AC ¢ YH%OOQ Y%()

o
N o
. 3 e e ﬁ“ﬁ
\/N\H'LO/(CH2)ECH=CHCH2CH=CH(CH2)4CH3 I %

In another specific embodiment, W2 is X 7* k X W)L % N WA AC X j)k §<\
\i‘\@/\i\ Zﬁk /\K\ ﬁ YH\H(LOQ YH\H?\O/(CHZ)“%

! %%\ ﬁ“@

H
x\/ N W)LO/ (CH2)gCH=CHCH;CH=CH(CH;)4CH3
H

0. 0. 0.
“Re

In a specific embodiment, W2 is A ,
wherein Rs and R7 are independently H, D, Ci6 alkyl, Ci6 alkoxy, Css cycloalkyl or 3-7

membered heterocyclyl, or Reand Rz together with the C atom to which they are attached, form
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a Cs- cycloalkyl or 3-7 membered heterocyclyl, wherein the Cis alkyl, Ci6 alkoxy, Css
cycloalkyl and 3-7 membered heterocyclyl are optionally substituted with one or more R’;

Rs is independently Ci-2s alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Ca-
28 alkenyl or C2-28 alkynyl, wherein the C1-28 alkyl, C1-28 haloalkyl, Cs-6 cycloalkyl, 3-7 membered
heterocyclyl, Cz-2s alkenyl and C2-2s alkynyl are optionally substituted with one or more R.

In another specific embodiment, W2 is YORKTO\RB,

wherein Re and R7 is H;

Rs is independently Ci-2s alkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl.

In another specific embodiment, W2 is N VOTOY.

In a specific embodiment, W2 is %{ORZ(R?TRB,

wherein, Re and R are independently H, D, Cis alkyl, Ci6 alkoxy, Cs.s cycloalkyl or 3-7
membered heterocyclyl, or Reand Rz together with the C atom to which they are attached, form
a Cs cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci6 alkyl, Ci6 alkoxy, Cs-s
cycloalkyl and 3-7 membered heterocyclyl are optionally substituted with one or more R’;

Rs is independently Ci-2s alkyl, Ci-2s haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Co-
28 alkenyl or Cz-28 alkynyl, wherein the C1-28 alkyl, C1-28 haloalkyl, Cs-6 cycloalkyl, 3-7 membered
heterocyclyl, Cz-2s alkenyl and C2-2s alkynyl are optionally substituted with one or more R.

In another specific embodiment, W2 is \{"R?(: o "

wherein, Re and Ry are H;

Rs is independently Ci-2s alkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl.
YOVOT YOVOWOA o m* \{ovom)<

In another specific embodiment, W2 is or o

YO\M/SYRE
In a specific embodiment, Wz is 1 m

wherein, mzis 1, 2, 3 or 4,

each of Re and Rz is independently H, D, Ci-6 alkyl, C1-6 alkoxy, Cs-s cycloalkyl or 3-7 membered
heterocyclyl, or Res and Rz together with the C atom to which they are attached, form a Cs-
cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-6 alkyl, Ci-6 alkoxy, Cs-s cycloalkyl
and 3-7 membered heterocyclyl are optionally substituted with one or more R’;

Rs is independently Ci-2s alkyl, Ci-2s haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Co-
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28 alkenyl or C2-28 alkynyl, wherein the C1-28 alkyl, C1-28 haloalkyl, Cs.6 cycloalkyl, 3-7 membered

heterocyclyl, C2-2 alkenyl and C2-25 alkynyl are optionally substituted with one or more R.
\(o STRB

In another specific embodiment, W2 is "

wherein, Re and Ry are H;

mzis 1 or 2;

Rs is independently Ci-2s alkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl.

o ) - \/o\/s Yovs o_s \/o\/s f\o/\/s
In another specific embodiment, W2 is T r N E)\ mo)< T

Ao/\/SW]/\ Ao/\/SWH\ AO/\/S\H)<

o, o or

X° Siricie
In a specific embodiment, W2 M ,
wherein, mzis 1, 2, 3 or 4;
each of Re and Rz is independently H, D, Ci-6 alkyl, C1-6 alkoxy, Cs-6 cycloalkyl or 3-7 membered
heterocyclyl, or Re and Rz together with the C atom to which they are attached, form a Cs-s
cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-6 alkyl, Ci-6 alkoxy, Cs cycloalkyl
and 3-7 membered heterocyclyl are optionally substituted with one or more R’;
lipid-like is Cs-2s alkyl, Cs-28 haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl, wherein the Cs-2s alkyl, Cs.

28 haloalkyl, Cs-2s alkenyl and Cs-2s alkynyl are optionally substituted with one or more R.

X e
In a specific embodiment, W2 is M :
wherein, mz is 2, 3 or 4;
Res and Rz are independently H or Cui-6 alkoxy, wherein the C1-6 alkoxy is optionally substituted
with one or more groups selected from Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ce-
10 aryl or 5-10 membered heteroaryl is optionally substituted with one or more groups selected
from halogen or C1-6 alkoxy;
lipid-like is Cs-2s alkyl or Cs-2s alkenyl.

In another specific embodiment, W2 is X" cun | O 0m O oy 0o 0

OCHg3 OCH

3
E E i F i F
o o (¢] o
O\)\/o O\)\/o Q\/ \)\/
\/O\/\O/CwsHJJ , \/o\/\o/cwsH:v , ‘x,{ T , ‘x,{ ~CoaHor , 1{0 O\C16H33 Or a{o O\cwH:w ;

In another specific embodiment, Wz is ™0 %0, O Doy o e
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OCH;Z OCH;,
:E :E i F i F
o o o o
o CieH o. CisH OJ\/O od\/o o\)\/o o\)\/o
\'d ~ "o 33, \'d ~"No 37’ X \cwsHea’ X \015H37’ X “CreHas or X “Crablar .

& ke
In a specific embodiment, W2 is M ,

wherein, mzis 1, 2, 3 or 4,

each of Re and Rz is independently H, D, Ci-6 alkyl, C1-6 alkoxy, Cs-6 cycloalkyl or 3-7 membered
heterocyclyl, or Res and Rz together with the C atom to which they are attached, form a Cs-s
cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-6 alkyl, Ci-6 alkoxy, Cs-s cycloalkyl
and 3-7 membered heterocyclyl are optionally substituted with one or more R’;

lipid-like is Cs-2s alkyl, Cs-25 haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl, wherein the Cs-2s alkyl, Cs-

28 haloalkyl, Cs-2s alkenyl and Cs-2s alkynyl are optionally substituted with one or more R.

&
In another specific embodiment, W2 is M :
wherein, Re and Rz are H;

mz is 2, 3 or 4,

lipid-like is Cs-2s alkenyl.

In another specific embodiment, Wz is /4o crocr-crenconcracrs

In a specific embodiment, W2 is X*,

wherein, Ar is Cs-10 aryl or 5-10 membered heteroaryl, wherein the Cs-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R.

In another specific embodiment, Wz is X,

wherein, Ar is Ces-10 aryl or 5-10 membered heteroaryl, wherein the Ce-10 aryl or 5-10 membered

heteroaryl is optionally substituted with one or more Ci-6 alkyl.

In another specific embodiment, W2 is A© &©\K or .

0. Ar

In a specific embodiment, W2 is S ,

wherein, Re and Rz are independently H, D, Cis alkyl, Ci6 alkoxy, Css cycloalkyl or 3-7
membered heterocyclyl, or Reand Rz together with the C atom to which they are attached, form
a Css cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci6 alkyl, Ci6 alkoxy, Cs-s
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cycloalkyl and 3-7 membered heterocyclyl are optionally substituted with one or more R’;
Ar is Ces10 aryl or 5-10 membered heteroaryl, wherein the Ce-10 aryl and 5-10 membered

heteroaryl are optionally substituted with one or more R.

0. Ar

In another specific embodiment, W2 is h ,
wherein, Re and R7 are H;
Ar is Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ce-10 aryl or 5-10 membered heteroaryl

is optionally substituted with one or more groups selected from Ci-6 alkyl or -C(O)OCa.6 alkyl.

In another specific embodiment, W2 is /\/© , oioA or /\/©X

In a specific embodiment, W2 is Y%k \/%% Y%AC \/T)k%\
e e s

1
YNw)ko/<CH2)5cH=CHCH20H=CH(CHQ)ACH3 OO N \|/ O m/ WO 7(\ \/0\/0m)< \/0\/3\[( \/O\/S\[(\
0o [o] o (o] 0o 0o
1 1 1 L Ll 1

oS A s A s Ag~s
‘1\/ N \H/k o 0 > o
o] y \L( y \([)(\ \(O\/\/O\CMHZQ , O\/\/ “CieHas , O\/\/ SCigHsr ,

i) o 1

OCH, OCHs

? R ¢ @

O C14H 0 C1gH o ~C1eH J\/ \)\/ \)\/ \/I\/
Y o O 29’ Y o e 331 -..{ ~ o e 37, \{ C15H331 Y 018H37, \/ C15H331 \( CweH:w

/’!\O/(CHz)aCH=CHCHECH=CH(CHz)4CH3 /\© m A@ A/Q O/I\ o~ or \/©)< .
In another specific embodiment, W2 is N W)k k N TAL % N j)k AC N T)k

%/\C Y“&%A{\ \é;o\/\/\ y“j)io/m ‘{H\‘)oko/(w“%

)
H
YNj)ko/(CHQ)ECH=<:HCH20H=CH(CH2)4CH3 .\/o\/o\[(oj/ \{OVOY \{ovo\ﬂ/\ \/O\/O\ﬂ)< YO\/S\[( \(0\/3\[(\
0 ) 0 ) 0 0
i) ) i) ) ) )

o._s$ A s A s Ags
A \f(k o o o o o o o o °
0 , \L( , \ﬂ/\ NN , NN TG g , NNy ,

) o H

OCH, OCHs

T R v«

o CaH o Cagh o CigH o\/k/o o\/k/o o N _o o N1 _o
NN 29’ N0 33, NN “’ g “Crebas X “Citer g Cuetlss e Cuater

AO/(CHZ)BCH:CHCHZCH:CH(CHZ)ACHE, /\©, A©\’<1 1 U@l , 0; Eo/\ or /\/@X

In another specific embodiment, W is YHT)L(JJ\, ‘{%% Y%AC YHT)%%“,
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‘(h I 0 " 0 "\/N i o> ° o
\%A(\ | YNziko/\(\ | \q;o\/\/\ ‘(HW)J\O /D \/HW)J\ o (CHICHs

)
0
H - - o.__0_ O o.__O o.__O. o.__o o__S o__S
N _ (CHy)sCH=CHCH,CH=CH(CH,)4CH3 Y ~~ Y \/ ~ ‘\/ ~~ N \H)< \/ ~~ ‘\/ ~~
o
e T ¥ 1 I T, T

O\/S\[H\ O. S\[(k A S A S A /\/5\[2\ A /\/S\”/k
N o , A 0 , ° E/ , ° T;]/\ , ° o) , ° 0 OO ,

TN

o o o CiaH o CieH o. CieH o\)\/o o\)\/o
\/\/ C1SH33 \/\/ cme \{ \/\o/ 14 29’ \{ \/\O/ 16 33’ \( \/\O/ 18 37, ”\/ \C1sH33, v\/ \C1eH37’

OCH3 OCH3

5 \./ \)\/ “CieHas y \./ \)\/ “CigHar y ‘/\ (CHasCH=CHCH,CH=CH(CH,) ACHS &© /K©W< , &/@

Qe W oo Gr WIS WD

e
In another specific embodiment, W2 is X 7* k X W)L % N WA AC X j)k o
\%AC Z;\ /\i\ \¢ ”‘x(n\‘)(j\o/D Ynj)?\o/(CHmcm

N _(CH,)sCH=CHCH,CH=CH(CH,),CHs ~ ~ ~ SN 08 oS
10 \{%o” (G YTY,Y 70(’\/ mOA"( IH<,\/ WO(,‘*( mOA

\(ovs% o\/s\[H< A ~_S A ~_S A /\/SWH\ A /\/s\”)< . .
o] , N o s ° T, ° T\1 ° o s ° o TN s

T

O 0 O. CigHag o CigHas O. CigHaz O\)\/O o\/‘\/o
\/\/ C15H33 \/\/ C15H37 ‘( \/\o/ , Y \/\O/ , \( \/\O/ , \( \C15H331 \( \C15H37,

OCH3 OCH3

X° B U o ° o e, Nuty | o (CHIRCH-OHCHCHCHC R /\© /\Q\K /\/© ’V;
) ) ) ) ) ) ) )

AT e Y T w3 D
ool Yﬁ@ ,Yﬁ@% | jﬁf Yﬁ"m, S,

15 s

In an embodiment, any one of W1 and W2 together with the 3'-position C atom of glycosyl form
-Y3-, wherein Ys is O, NH or S; in a specific embodiment, any one of W1 and W- together with
the 3'-position C atom of glycosyl form -O-; in another specific embodiment, any one of W1 and
20  W: together with the 3'-position C atom of glycosyl form -NH-; and in another specific
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embodiment, any one of W1 and W2 together with the 3'-position C atom of glycosyl form -S-.

In another embodiment, W1 and W2 together with the P atom to which they are attached, form -
Y4(C(R3Ra4)p)Ys-, wherein Y4is O, NH or S, pis 2, 3, 4 or 5; in a specific embodiment, W1 and
W2 together with the P atom to which they are attached, form -O(C(R3R4)p)O-, wherein p is 2, 3,
4 or 5; and in a specific embodiment, W1 and W2 together with the P atom to which they are

attached, form -O(C(R3R4)3)O-.

R

In an embodiment, R is D; in another embodiment, R is halogen; in another embodiment, R is -
Rq; in another embodiment, R is -C(O)Rg; in another embodiment, R is -C(O)ORyg; in another
embodiment, R is -C(O)NReRy; in another embodiment, R is -NReRy; in another embodiment, R
IS -NRdC(O)Re; in another embodiment, R is -NRJ4C(O)ORe; in another embodiment, R is -
NRJC(O)NReRy; in another embodiment, R is -ORyg; in another embodiment, R is -OC(O)Rg; in
another embodiment, R is -OC(O)NReRy; in another embodiment, R is -NR4S(O)2Re; in another
embodiment, R is -S(0)2NRg; in another embodiment, R is -S(O)Rq; in another embodiment, R
is -S(0)2Rq; in another embodiment, or two R on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs-s cycloalkyl; in another embodiment, two
R on the same atom or two adjacent atoms, together with the atoms to which they are attached,
form a 3-7 membered heterocyclyl; in another embodiment, two R on the same atom or two
adjacent atoms, together with the atoms to which they are attached, form a Ce-10 aryl; in another
embodiment, two R on the same atom or two adjacent atoms, together with the atoms to which
they are attached, form 5-10 membered heteroaryl; in another embodiment, the above Css
cycloalkyl, 3-7 membered heterocyclyl, Ce-10 aryl and 5-10 membered heteroaryl are optionally

substituted with one or more R”.

R’
In an embodiment, R’ is D; in another embodiment, R’ is halogen; in another embodiment, R’ is
-Rg; in another embodiment, R’ is -C(O)Rg; in another embodiment, R’ is -C(O)ORg; in another
embodiment, R’ is -C(O)NReRy; in another embodiment, R’ is -NReRy; in another embodiment,
R’ is -NR4C(O)Re; in another embodiment, R’ is -NRJ4C(O)ORe; in another embodiment, R’ is -
NRdJC(O)NReRs; in another embodiment, R is -ORg; in another embodiment, R’ is -OC(O)Rg;

39



10

15

20

25

30

in another embodiment, R’ is -OC(O)NReRy; in another embodiment, R’ is -NRdaS(O)2Re; in
another embodiment, R” is -S(O)2NRyg; in another embodiment, R’ is -S(O)Rq; in another
embodiment, R’ is -S(O)zRq; in another embodiment, two R on the same atom or two adjacent
atoms, together with the atoms to which they are attached, form a Cs cycloalkyl; in another
embodiment, two R’ on the same atom or two adjacent atoms, together with the atoms to which
they are attached, form a 3-7 membered heterocyclyl; in another embodiment, two R’ on the
same atom or two adjacent atoms, together with the atoms to which they are attached, form a Ce-
10 aryl; in another embodiment, two R’ on the same atom or two adjacent atoms, together with
the atoms to which they are attached, form 5-10 membered heteroaryl; in another embodiment,
the above Cs-6 cycloalkyl, 3-7 membered heterocyclyl, Ce-10 aryl and 5-10 membered heteroaryl

are optionally substituted with one or more R”.

Rd, Re and Ry

In an embodiment, Rd/Re/Rt is H; in another embodiment, Rd/Re/Rt is D; in another embodiment,
Ra/Re/Rs is Ci-6 alkyl; in another embodiment, Rda/Re/Rt is C1-6 haloalkyl; in another embodiment,
Rd/Re/Rt is Cs-6 cycloalkyl; in another embodiment, Rda/Re/R is 3-7 membered heterocyclyl; in
another embodiment, Rda/Re/Rs is Cz-6 alkenyl; in another embodiment, Rda/Re/Rs is C2-6 alkynyl;
in another embodiment, Rd/Re/Rt is Ce-10 aryl; in another embodiment, Rd/Re/Rs is 5-10
membered heteroaryl; in another embodiment, Re and Rt together with the N atom to which they
are attached, form a 3-7 membered heterocyclyl; in another embodiment, Re and Rt together with
the N atom to which they are attached, form 5-10 membered heteroaryl; in another embodiment,
the above Ci-6 alkyl, Ci-6 haloalkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl,
Caz-6 alkynyl, Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more

R”.

R”
In an embodiment, R” is D; in another embodiment, R” is halogen; in another embodiment, R”
is -Rg; in another embodiment, R” is -C(O)Rg; in another embodiment, R” is -C(O)ORg; in
another embodiment, R” is -C(O)NRnRj; in another embodiment, R” is -NRnRj; in another
embodiment, R” is -NRgC(O)Rn; in another embodiment, R” is -NRgC(O)ORus; in another
embodiment, R” is -NRgC(O)NRnR;j; in another embodiment, R” is -ORyg; in another embodiment,
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R” is -OC(O)Rg; in another embodiment, R” is -OC(O)NRnRj; in another embodiment, R” is -
NRgS(O)2Rn; in another embodiment, R” is -S(0O)2NRg; in another embodiment, R” is -S(O)Rg;
in another embodiment, R” is -S(O)2Rg; in another embodiment, two R” on the same atom or
two adjacent atoms, together with the atoms to which they are attached, form a Cs-s cycloalkyl,
in another embodiment, two R” on the same atom or two adjacent atoms, together with the atoms
to which they are attached, form a 3-7 membered heterocyclyl; in another embodiment, two R”
on the same atom or two adjacent atoms, together with the atoms to which they are attached,
form a Ce-10 aryl; in another embodiment, two R” on the same atom or two adjacent atoms,
together with the atoms to which they are attached, form 5-10 membered heteroaryl; in another
embodiment, the above Cs.s cycloalkyl, 3-7 membered heterocyclyl, Ce-10 aryl and 5-10

membered heteroaryl are optionally substituted with one or more D, up to full deuteration.

Rg, Rnh and Rj

In an embodiment, Rg/Rn/Rj is H; in another embodiment, Rg/Rn/Rj is D; in another embodiment,
Rg¢/Rn/Rjis C1-6 alkyl; in another embodiment, Rg/Rn/Rj is C1-6 haloalkyl; in another embodiment,
Ro/Ri/Rj is Cs-6 cycloalkyl; in another embodiment, Rg/Ri/Rj is 3-7 membered heterocyclyl; in
another embodiment, Rg/Rn/Rj is C2-6 alkenyl; in another embodiment, Rg/Ri/R;j is C2-6 alkynyl;
in another embodiment, R¢/Rn/R; is Ces-10 aryl; in another embodiment, R¢/Rv/Rj is 5-10
membered heteroaryl; in another embodiment, Rn and R;j together with the N atom to which they
are attached, form a 3-7 membered heterocyclyl; in another embodiment, Rn and R;j together with
the N atom to which they are attached, form 5-10 membered heteroaryl; in another embodiment,
the above Ci-6 alkyl, Ci-6 haloalkyl, Cs.6 cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl,
Cz-6 alkynyl, Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more

D, up to full deuteration.

Any technical solution in any of the above specific embodiments or any combination thereof
may be combined with any technical solution in other specific embodiments or any combination
thereof. For example, any technical solution of Rx, Rx1, Rx2, Rxs, X1, X2, R1, Rz, L, W1, W2, R,
R’ and R” or any combination thereof may be combined. The present invention is intended to
encompass combinations of all these technical solutions, which are not exhaustively enumerated

herein due to space limitations.
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In a more specific embodiment, the present invention relates to the aforementioned compound

of formula (1):

wherein,

Rx is H or OH;

Rx1, Rx2 and Rxs are independently H, D, halogen, -Ra, -C(O)Ra, -C(O)ORa, -C(O)NRGbR, -
NRbR:, -NRaC(O)Rb, -NRaC(O)ORb, -NRaC(O)NRbRe, -ORa, -OC(O)Rs, -OC(O)NRuR:, -
NRaS(0)2Rb, -S(0)2NRa, -S(O)Ra or -S(0)2Rs;

wherein each of Ra, Rp and Rc is independently H, D, C1-6 alkyl, C1-6 haloalkyl, Csz-s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Ry and Rc together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci-6 alkyl, C1-6 haloalkyl, Cs.6 cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered heteroaryl
are optionally substituted with one or more D atoms, up to full deuteration;

X1 and Xz are independently a bond, O, S or NH;

R1 and R2 are independently Ci2s alkyl, Ci2s haloalkyl, Css cycloalkyl, 3-7 membered
heterocyclyl, Cz-2s alkenyl, Cz-2s alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the
Ci-28 alkyl, Ci-2s haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl, Cz-2s
alkynyl, Cs-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R;
L is CHz, CDz or CHD;

W1 is formula (A):

Rs Ry Z, /}/Rs
AY« m Zy “
‘ " formula (A)

wherein,
Yi1isOorS;
Z1isO,NHor S;

Z2isO,NHorS;
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Zsisabond, O, NH or S;

miis 1,2, 3,4,50r6;

niisOor1;

nz2is 0 or 1;

each of Rs and R4 is independently H, D, halogen, Ci-s alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Ce-10 aryl or
5-10 membered heteroaryl, or Rs and R4 together with the C atom to which they are attached,
form a Cs.6 cycloalkyl or 3-7 membered heterocyclyl, wherein the C1-6 alkyl, C1-6 haloalkyl, C1-
6 alkoxy, Ci-s haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;

Rsis H, D, Ci-2s alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl,
Ca2-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ci-2s alkyl, Ci-28 haloalkyl,
Cs6 cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl, C2-2s alkynyl, Ce-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;

W2 is formula (B):

Rs R7 Zs iI/Re
/’<Y2 N 9 Zg
’ " formula (B)

wherein,

Y2is O, NH or S;

Z4isO,NHor S;

Zs5is O, NHor S;

Zs is abond, O, NH or S;

mz2is 0,1, 2, 3,4,5or6;

nsisOor 1;

nsisOorl;

each of Re and R7 is independently H, D, halogen, Ci-s alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Ce-10 aryl or
5-10 membered heteroaryl, or Res and R7 together with the C atom to which they are attached,
form a Cz-6 cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci.6 alkyl, C1-6 haloalkyl, Ci-
s alkoxy, Ci-6 haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-s alkenyl, C2-6 alkynyl,

Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;
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Rsis H, D, Ci-2s alkyl, C1-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl,
C2-28 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl, wherein the Ci-2s alkyl, C1-28 haloalkyl,
Cs cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl, C2-2s alkynyl, Ce-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;

or, any one of W1 or W2 together with the 3'-position C atom of glycosyl form -Ys-, wherein Y3
isO,NH or S;

or, W1 and W2 together with the P atom to which they are attached, form -Y4(C(R3Ra4)p)Y -,
wherein Y4is O, NHor S,and pis 2, 3, 4 or 5;

each R is independently D, halogen, -Rd4, -C(O)Rd4, -C(O)OR4, -C(O)NReRf, -NReRf, -
NR4C(O)Re, -NR4C(O)ORe, -NR4C(O)NReRf, -ORd, -OC(O)Rd, -OC(O)NReRy, -NRaS(O)2Re, -
S(0)2NRg, -S(O)Rd or -S(O)2R4, or two R on the same atom or two adjacent atoms, together with
the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cs-10
aryl or 5-10 membered heteroaryl, wherein the Cs.s cycloalkyl, 3-7 membered heterocyclyl, Ce-
10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”, up to full
deuteration;

each R’ is independently D, halogen, -Rd, -C(O)Rd, -C(O)OR4, -C(O)NReRf, -NReRf, -
NR4C(O)Re, -NR¢C(O)ORe, -NR4C(O)NReRy, -ORq, -OC(O)R¢, -OC(O)NReRy, -NRaS(O)2Re, -
S(0)2NRg, -S(O)R4 or -S(0O)2R4, or two R” on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”;
wherein each of R4, Re and Rs is independently H, D, Ci-6 alkyl, C1-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Re and Rs together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci-6 alkyl, C1-6 haloalkyl, Cs.s cycloalkyl,
3-7 membered heterocyclyl, Cz-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered heteroaryl
are optionally substituted with one or more R”;

each R” is independently D, halogen, -Rg, -C(O)Rg, -C(O)ORg, -C(O)NRhRj, -NR:uRj, -
NRgC(O)Rn, -NRgC(O)ORn, -NRgC(O)NRhR), -ORg, -OC(O)Rg, -OC(O)NRRj, -NRgS(O)2Rn, -
S(0)2NRg, -S(O)Rg or -S(O)2Rg, or two R” on the same atom or two adjacent atoms, together

with the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl,
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Ce-10 aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Cs-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more D atoms,
up to full deuteration;

wherein each of Rg, Rn and Rj is independently H, D, Ci-6 alkyl, C1-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Rn and Rj together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci-6 alkyl, Ci1-6 haloalkyl, Cs.6 cycloalkyl,
3-7 membered heterocyclyl, Cz-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered heteroaryl
are optionally substituted with one or more D atoms, up to full deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

In a more specific embodiment, the present invention relates to the aforementioned compound

of formula (1a) or formula (Ib):
R

formula (la), or formula (Ib)

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

or solvate thereof, wherein W1 is:
.\(o S\”/Rs \{O\MO\"W'“ YO\M/ipd-ike
o.__0._ _O. o.__O_ _Rs o o _Ar
“{RZ(R‘,\[O]/ R5, ‘ﬁ\/R?(R‘,Tl/ , RRm1 , RRm1 , RRHH or 1“‘/RZ<R4;

wherein, lipid-like is Cs-2s alkyl, Cs-2s haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl, wherein the Cs-2s
alkyl, Cs-2s haloalkyl, Cs-2s alkenyl and Cs-2s alkynyl are optionally substituted with one or more
R;

Ar is Ce-10 aryl or 5-10 membered heteroaryl, wherein the Cs-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R;

Rs, R4, Rs, m1 and R are as described in claim 1.

In a more specific embodiment, the present invention relates to the compound of formulas (I1),
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(1) or (1V):

formula

(1, or R, R formula (1V)

wherein,

Rx is H or OH;

Rx1, Rx2 and Rxs are independently H, D, halogen, -Ra, -C(O)Ra, -C(O)ORa, -C(O)NRGbRc, -
NRbR:, -NRaC(O)Rb, -NRaC(O)ORb, -NRaC(O)NRsRc, -ORa, -OC(O)Ra, -OC(O)NRuR, -
NRaS(0)2Rb, -S(0)2NRa, -S(O)Ra or -S(0)2Rs;

wherein each of Ra, Ro and Rc is independently H, D, Ci-6 alkyl, C1-6 haloalkyl, Cs.s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Ry and Rc together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci-6 alkyl, C1-6 haloalkyl, Cs.6 cycloalkyl,
3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered heteroaryl
are optionally substituted with one or more D atoms, up to full deuteration;

X1 and Xz are independently a bond, O, S or NH;

R1 and Rz are independently Ci-2s alkyl, Ci2s haloalkyl, Css cycloalkyl, 3-7 membered
heterocyclyl, Cz-2s alkenyl, Cz-2s alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the
Ci-28 alkyl, Ci-2s haloalkyl, Cs cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, C2-2s
alkynyl, Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R;
L is CHz, CDz or CHD;

miis 1,2, 3,4,50r6;

Rs and R4 are independently H, D, halogen, Cis alkyl, Cis haloalkyl, Ci-s alkoxy, Cis
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl or

5-10 membered heteroaryl, or Rs and R4 together with the C atom to which they are attached,
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form a Cs.s cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-6 alkyl, C1-6 haloalkyl, Ca-
6 alkoxy, Ci-6 haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;

Rsis H, D, Ci-2s alkyl, Ci-2s haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl,
Ca2-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ci-2s alkyl, Ci-28 haloalkyl,
Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, C2-2s alkynyl, Ce-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;

W2 is formula (B):

Rs Ry Zs }/R
8
A %
Y3
my Z4 ny

ns formula (B)
wherein,
Y2is O, NH or S;
Z4isO,NHor S;
Z51s O, NH or S;
Zs is abond, O, NH or S;
mz2is 0,1, 2, 3,4,5or6;
nsis 0 or 1;
naisOor 1;
each of Re and Rz is independently H, D, halogen, Ci-s alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz2-s alkenyl, C2-6 alkynyl, Cs-10 aryl or
5-10 membered heteroaryl, or Re and Rz together with the C atom to which they are attached,
form a Cz-6 cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-6 alkyl, C1-6 haloalkyl, Ci-
s alkoxy, C1-6 haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;
Rsis H, D, Ci-28 alkyl, C1-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl,
C2-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ci-2s alkyl, Ci-28 haloalkyl,
Cs cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl, C2-2s alkynyl, Ce-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;
or, W2 together with the 3'-position C atom in the glycosyl form a -Ys-, wherien Y3 is O, NH or
S;
each R is independently D, halogen, -Rd, -C(O)R4, -C(O)OR4, -C(O)NReRf, -NReRf, -
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NRdC(O)Re, -NRdC(O)ORe, -NRdJC(O)NReRf, -ORd, -OC(O)Rd, -OC(O)NReRf, -NRd¢S(O)2Re, -
S(0)2NRyg, -S(O)Rq or -S(O)2R4, or two R on the same atom or two adjacent atoms, together with
the atoms to which they are attached, form a Cs.s cycloalkyl, 3-7 membered heterocyclyl, Ce-10
aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl, Ce-
10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”, up to full
deuteration;

each R’ is independently D, halogen, -Rd, -C(O)Rd, -C(O)OR4, -C(O)NReRf, -NReRf, -
NRdJC(O)Re, -NRdC(O)ORe, -NR4C(O)NReRf, -ORg, -OC(O)Rd, -OC(O)NReRf, -NRdS(O)2Re, -
S(0)2NRyg, -S(O)R4 or -S(O)2Rq, or two R’ on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs.s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”;
wherein each of R4, Re and Rs is independently H, D, Ci-6 alkyl, Ci-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-6 alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Re and Ry together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci1-6 alkyl, C1-6 haloalkyl, Cs.6 cycloalkyl,
3-7 membered heterocyclyl, C2-s alkenyl, C2-6 alkynyl, Ce-10 aryl and 5-10 membered heteroaryl
are optionally substituted with one or more R”;

each R” is independently D, halogen, -Rg, -C(O)Rg, -C(O)ORg, -C(O)NRhRj, -NR:uRj, -
NRgC(O)Rn, -NRgC(O)ORn, -NRgC(O)NRhRj, -ORg, -OC(0O)Rg, -OC(O)NRhRj, -NRgS(O)2Rn, -
S(0)2NRyg, -S(O)Rg or -S(0)2Rg, or two R” on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs.s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more D atoms,
up to full deuteration;

wherein each of Rg, Rh and R;j is independently H, D, C1-6 alkyl, Ci-6 haloalkyl, Cs.6 cycloalkyl,
3-7 membered heterocyclyl, Cz6 alkenyl, Cz2-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Rn and Rj together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci-s alkyl, C1-6 haloalkyl, Cs.6 cycloalkyl,
3-7 membered heterocyclyl, C2-s alkenyl, C2-s alkynyl, Ce-10 aryl and 5-10 membered heteroaryl

are optionally substituted with one or more D atoms, up to full deuteration;
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or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.
In a more specific embodiment, the present invention relates to the compound of formula (11a),

formula (I1b), formula (111a), formula (111b), formula (I\VVa) or formula (IVb):

(11b),

formula (I\Va), or

Re Ry formula (IVb)

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, wherein:

Rx is H or OH,;

Rx1, Rx2 and Rxs are independently H, D, halogen or Cis alkyl, wherein the Ci6 alkyl is
optionally substituted with one or more deuterium, up to full deuteration;

X1 and Xz are independently a bond, O, S or NH;
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R1 and R2 are independently Ci-2s alkyl, Ci-2s haloalkyl, Css cycloalkyl, 3-7 membered
heterocyclyl, Cz-2s alkenyl, Ca2-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the
Cui-28 alkyl, Ci-28 haloalkyl, Css cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, C2-28
alkynyl, Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R;
L is CHz, CDz or CHD;

miis1,2or3;

Rs and R4 are independently H, D, Ci-s alkyl, Cs-s cycloalkyl or 3-7 membered heterocyclyl, or
Rs and R4 together with the C atom to which they are attached, form a Cs-s cycloalkyl or 3-7
membered heterocyclyl, wherein the Ca-s alkyl, Cs-6 cycloalkyl and 3-7 membered heterocyclyl
are optionally substituted with one or more R’;

Rs is Ci-28 alkyl, Ci-2s haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl or Caz-2s alkenyl,
wherein the Ci-2s alkyl, Ci-2s haloalkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl and Cz-2s

alkenyl are optionally substituted with one or more R;

W2 is:
o \(o s\n/Rs \{OM/O\W"“E \{OM/Iipid-like
n _Rg 0. (o] (0§ 0. 0. Rg \M/ o 0. Ar
Y szvj\o , X FZ(FG\Q/ RB1 X FZ(R7\Q/ , A mz , A my , o my , YO\A' or X FZ<R7 ’
wherein,

mzisl,2,3,4,5o0r6;

each of Re and Rz is independently H, D, halogen, Ci-s alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Ce-10 aryl or
5-10 membered heteroaryl, or Re and Rz together with the C atom to which they are attached,
form a Cs.6 cycloalkyl or 3-7 membered heterocyclyl, wherein the C1-6 alkyl, C1-6 haloalkyl, C1-
6 alkoxy, Ci-6 haloalkoxy, Cs.s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;

Rs is Ci1-28 alkyl, Ci-2s haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, Co-
28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the C1-2g alkyl, C1-28 haloalkyl, Cs-6
cycloalkyl, 3-7 membered heterocyclyl, Cz2s alkenyl, C2-2s alkynyl, Ce10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;

lipid-like is Cs-28 alkyl, Cs-28 haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl, wherein the Cs-2s alkyl, Cs-
28 haloalkyl, Cs-2s alkenyl and Cs-2s alkynyl are optionally substituted with one or more R;

Ar is Ce-10 aryl or 5-10 membered heteroaryl, wherein the Cs-10 aryl and 5-10 membered

heteroaryl are optionally substituted with one or more R;
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each R is independently D, halogen, -Rd, -C(O)R4, -C(O)OR4, -C(O)NReRf, -NReRf, -
NRdJC(O)Re, -NRdC(O)ORe, -NR4C(O)NReRt, -ORg, -OC(O)Rd, -OC(O)NReRf, -NRdS(O)2Re, -
S(0)2NRyg, -S(O)Rq or -S(O)2R4, or two R on the same atom or two adjacent atoms, together with
the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cs-10
aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl, Ce-
10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”, up to full
deuteration;

each R’ is independently D, halogen, -Rd, -C(O)Rg, -C(O)OR4, -C(O)NReRf, -NReRs, -
NRdJC(O)Re, -NRdC(O)ORe, -NR4C(O)NReRt, -ORg, -OC(O)Rd, -OC(O)NReRf, -NRdS(O)2Re, -
S(0)2NRg, -S(O)R4 or -S(0O)2Rq, or two R’ on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs.s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”;
wherein each of R4, Re and Rt is independently H, D, Cu1-6 alkyl, C1-6 haloalkyl, Cs.s cycloalkyl,
3-7 membered heterocyclyl, Cz-6 alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Re and Rs together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci-s alkyl, C1-6 haloalkyl, Cs.6 cycloalkyl,
3-7 membered heterocyclyl, C2-s alkenyl, C2-6 alkynyl, Ce-10 aryl and 5-10 membered heteroaryl
are optionally substituted with one or more R”;

each R” is independently D, halogen, -Rg, -C(O)Rg, -C(O)ORg, -C(O)NRnRj, -NRhRj, -
NRgC(O)Rn, -NRgC(O)ORn, -NRgC(O)NRhRj, -ORg, -OC(O)Rg, -OC(O)NRhRj, -NRgS(O)2Rn, -
S(0)2NRg, -S(O)Rg or -S(0O)2Rg, or two R” on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs.s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more D atoms,
up to full deuteration;

wherein each of Rg, Rh and R;j is independently H, D, C1-6 alkyl, Ci-6 haloalkyl, Cs.6 cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Rn and Rj together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci-6 alkyl, C1-6 haloalkyl, Cs.6 cycloalkyl,
3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered heteroaryl
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are optionally substituted with one or more D atoms, up to full deuteration.

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, wherein:

i i R o_ _o__o o_ _0_ _R \‘/O S\ﬂ/RE 1"1/0 O ipigke “(O fid-ke
e A e N o N A I 7% 75 )
W2 is Re Rr ) Re R7\[c]>/ , Rs R7\g/ , my , my , m, . X or

wherein, mzis 1, 2, 3 or 4;

each of Re and Rz is independently H, D, Cu1-s alkyl, C1-6 alkoxy, Cs-s cycloalkyl or 3-7 membered
heterocyclyl, or Rs and Rz together with the C atom to which they are attached, form a Css
cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-s alkyl, Ci-6 alkoxy, Cs-s cycloalkyl
and 3-7 membered heterocyclyl are optionally substituted with one or more R’;

each of Rs is independently Ci-2s alkyl, Ci2s haloalkyl, Css cycloalkyl, 3-7 membered
heterocyclyl, Cz-2s alkenyl or Caz-2s alkynyl, wherein the Ci-2s alkyl, Ci-2s haloalkyl, Css
cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl and C2-2s alkynyl are optionally substituted
with one or more R;

lipid-like is Cs-28 alkyl, Cs-28 haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl, wherein the Cs-2s alkyl, Cs-
28 haloalkyl, Cs-2s alkenyl and Cs-2s alkynyl are optionally substituted with one or more R;

Ar is Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ces-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R.

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

or solvate thereof, wherein,

W2 is N R Ry

wherein, Rs is C1-6 alkyl, and Rz is H, or Re and R~ together with the C atom to which they are
attached, form a Cs-s cycloalkyl, wherein the Ci-s alkyl and Cs-s cycloalkyl are optionally
substituted with one or more groups selected from phenyl or -C(O)OCu-6 alkyl;

Rs is independently Ci-2s alkyl, Css cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl,
wherein the Ci-2s alkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl is optionally

substituted with one or more Ci-s alkoxy;

N o-Fe

preferably, W2 is Ty ;
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X
preferably, Wzis & ;
[¢]
K
0 0 W fl it N 0/\<\
n%k Hk N n% oL ﬁb
preferably, Wz is < | °© , © T <7 %AC AR ,
(e}
H
. o) \/N 2/\/\/ ; o) /D " o) " o]
' 0/\(\ NP .‘{N%O \{N\HLO/(CHQ)ﬂCHg or \{NW)J\O/(CHQ)SCH=CHCH2CH=CH(CH2)4CH3-
) 0 H i) )
[e}
N
[¢] o H f 9 \{ O/\i\
7* A W)L RETa jx o %
preferably, W2 is ~ 1 ~ ¥ A W)LAC e ,
[e]
H
n [¢] \/N\¢O/\/\/ . ° /D . ° . o
0. = =
‘(Zij\o/\i\ I NP ‘(N\‘)J\O YNW)J\O/(CHQMCHS or ‘(N\‘)J\O/(CHZ)BCH-CHCHQCH-CH(CH2)4CH3

¢ 3 ¢ 3 P . 9 AC

preferably, W- is \"/NW)L"k, \"“/NT)%%, N W)LOAC , YN%"%O %

L T T VU U
o SN 1( \{ _(CHp)14CH3 Y _ (CH3)gCH=CHCH,CH=CH(CH2)4CH3

T

preferably, W> is X{%k, YWA% Y%AC ‘{TA%\ %
BT

Y$q§ ﬁ@v\vﬁﬂkxbwmwﬁmwwmmyﬁj

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, wherein,

(o} 0. 0.
Rg

W2 is YReRw \ ,
wherein, Re and Rz are H;

Rs is independently Ci-2s alkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl,
preferably, W2 is A ¥ Y.

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, wherein,

0.0 _Rs

W2is ®*®o
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wherein, Re and R7 are H;

Rs is independently Ci-2s alkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl;

.\/O\/O \{O\/O vK/O\/O
preferably, W2 T 1 or
\ ‘{o\/o \(0\/0 YO\/O
W2 T mo* or ToH<

© ’

preferably,

In a more specific embodiment, the present invention relates to the aforementioned compound,

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

or solvate thereof, wherein,
o S Rs
¥ T

Rs R7

W2 is mo
wherein, mzis 1 or 2;

Rs and R7 are H;

Rs is independently Ci-28 alkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl;

preferably, W2 is , , o or

\/o\/s\g/ \/OVS\Q/\ \/OVST})< ;'\O/\/SI]/ ﬂ’f\o/Vsj]/\ Ags

o}

In a more specific embodiment, the present invention relates to the aforementioned compound,

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

or solvate thereof, wherein,
‘(o o< lipid-like
} Rs Ry
W2 is mz

wherein, mzis 2, 3 or 4;

Re and Rz are independently H or Cui-6 alkoxy, wherein the C1-6 alkoxy is optionally substituted

with one or more groups selected from Ce-10 aryl or 5-10 membered heteroaryl, wherein the Cs-

10 aryl or 5-10 membered heteroaryl is optionally substituted with one or more groups selected

from halogen or Ci-6 alkoxy;

lipid-like is Cs-2s alkyl or Cs-2s alkenyl;

preferably, Wa s \{o\/\/o\cqug1 \(o\/\/o\%}m, "(O\/\/o\cmHm1 ‘(O\/\o’c“’””1

L

[¢] o (e] (e]
O C1gH o\)\/o o\)\/o OJ\/O OQ\/O
ke SN , “{ “CieHas , “{ “CigHy , Y “CieHas or Y “CigHy ’

preferably, Wz is X*>"cun X% N 0wy O

OCHs OCHs
{ { J£ F J£ F
o o [¢] [¢]
o Caht o N _o o N _o o Nt _o o 1 _o
A d o , "( \C1sH33’ "( “CigHy , Y “CieHaa or Y “CrgHar .
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In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

or solvate thereof, wherein,
\/O lipid-like

1 \M

W2 1s m;

wherein, mz is 2, 3 or 4;

Re and Ry are H;

lipid-like is Cs-2s alkenyl;

preferably, Wz is /o crasroncroncneracr:

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, wherein,

Wais Yo,

wherein, Ar is Ces-10 aryl or 5-10 membered heteroaryl, wherein the Ce-10 aryl or 5-10 membered

heteroaryl is optionally substituted with one or more Ci-6 alkyl;

®
preferably, W2 is A© /\©ﬁ< or .

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, wherein,

W2 is YOFZC,

wherein, Re and R7 are H;

Ar is Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ce-10 aryl or 5-10 membered heteroaryl

is optionally substituted with one or more groups selected from Ci-s alkyl or -C(O)OCa-s alkyl;

preferably, W2 is /\/© , oioA or w©)<

In a more specific embodiment, the present invention relates to the aforementioned compound,

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

or solvate thereof, wherein, W2 is YNTAC’*, YH%OW’ N %"AC Y“f%@{’\’
Y \&@AC \{Z&AC Yﬁx Y%D ‘{%H
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OCHj OCHs
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YO\/\O/Cmst’ \(O\/\O/C‘SH“, \/O\/\o CwaH:ﬂ, \/ \)\/ CWH” \\/ \)\/ Cme, ‘\/ \)\/ C1sH33 \/ \)\/ Cme’
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0
0 o W 0 X O/\C
preferably, W2 is * 1, © T 7 /\C A P ,
0
n ] \/H\qio/\/\/ ° ﬂ ° o
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RO S A S S Sa e S ad
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A s
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5 ’ \{ ~ \CMH291 ~ O c‘sHaa NN C15H37 \( o O 29’ Y o Ot 331 \{ o 37’
OCHs OCHg
E Eo E E
\( \)\/ C15H33, \( J\/ C15H37 \( \/'\/ Cme’ \( vk/ Cwan ,f'\o/(CHz)ECH=CHCH2CH=CH(CH2)ACH3’ ’

, /\/©, /\/@, oizo/\ or &/©)<;
w7 b g P ool ‘{H O/\C\
preferably, W2 is_ YNj)%k , \‘/NT)%% : N %OAC . C %0%0\ : % :

H
N
wo o X 0NN o o o
‘{N o O~ N /D R (CHa)11CH N (CH,)sCH=CHCH,CH=CH(CH,),CH OO0
/\i\ \{ o \,( o~ (CH2)iCHs \{ o~ (CH2s 2 2)4CHs “{ \”/ \|/
0 [o]
H 1 1 ) H
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A s
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O \Cmst SO T I I it
° ) ) ’ ’ )
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\( \)\/ c15H33, \{ J\/ C13H371 \/ \/'\/ Cme, ‘.{ \/k/ C‘an ,&o/(CHz)BCH:CHCHZCH:CH(CHZ)‘,CHg1 &©1 /\Q\K
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In a more specific embodiment, the present invention relates to the aforementioned compound,

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, wherein,

Rx is H;

Rx1, Rx2 and Rxs are independently H, D or halogen;

X1 and Xz are independently a bond or O;

R1 and Rz are independently Ci-s alkyl, Cs-s cycloalkyl or Ce-10 aryl;

L is CHz, CD2 or CHD;

m1is 1, 2or3;

Rs and R4 are independently H, D or Ci- alkyl;

Rs is Ci-28 alkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl.

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, wherein,

Rx is H;

Rx1, Rx2 and Rxs are independently H or D;

X1 and Xz are independently a bond or O;

R1 and Rz are independently Ci-6 alkyl;

L is CHz, CD2 or CHD;

miis 1, 2or3;

Rs and R4 are independently H or D;
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Rs is Ci1-6 alkyl.
In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

or solvate thereof, which is a compound of formula (I1a) or formula (I1b):

formula  (lla),

formula (11b),

wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;
X1 and Xz are independently a bond, O, S or NH, preferably a bond or O, and more preferably a
bond;

R1 and Rz are independently Ci-s alkyl (preferably Ci-3 alkyl), which is optionally substituted
with one or more deuterium, up to full deuteration;

L is CHz, CDz or CHD;

Rs and R4 are independently H, D, halogen, Ci-s alkyl or Ci-6 haloalkyl, preferably H or D;

Rs is Ci6 alkyl (preferably isopropyl), which is optionally substituted with one or more

deuterium, up to full deuteration;
o N
o Y lipid-like

_Rg 0._0__O. Rs R
% o XOROYO oo
, 1’{ Ar' Rs R7\g/ or my

H
N

W2is ReRs :
each of Re and Ry is independently H, D, Ci-6 alkyl (preferably Ci-3 alkyl) or -OR4, or Rs and Rz
together with the C atom to which they are attached, form a Cs-s cycloalkyl or 3-7 membered
heterocyclyl, which is optionally substituted with one or more R’, and optionally substituted with
one or more deuterium atoms, up to full deuteration;

each R’ is independently -C(O)OCiu-s alkyl, Ce-10 aryl or 5-10 membered heteroaryl, preferably -
C(O)OCu-6 alkyl or phenyl;

Rs is Ci-6 alkyl, Css cycloalkyl or 3-7 membered heterocyclyl, preferably Ci-s alkyl or Css

cycloalkyl, which is optionally substituted with one or more R, which is optionally substituted
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with one or more deuterium atoms, up to full deuteration;

Ar is phenyl, which is optionally substituted with one or more R;

R is independently D, C1-s alkyl or -OCa1-6 alkyl, which is optionally substituted with one or more
deuterium atoms, up to full deuteration;

mz2is 1,2, 3,4,5or6, preferably 2, 3 or 4;

lipid-like is Cs-28 alkyl or Cg-2s alkenyl, preferably Ci2-20 alkyl, which is optionally substituted
with one or more deuterium atoms, up to full deuteration;

Ra is independently (CH2)1-3-Ce-10 aryl or (CH2)1-3-5-10 membered heteroaryl, preferably CHz-
phenyl, which is optionally substituted with one or more R”;

R” is independently D, halogen or -OC1-6 alkyl, which is optionally substituted with one or more
deuterium atoms, up to full deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

In a more specific embodiment, the present invention relates to the aforementioned compound
of formula (11a) or formula (llb), or a tautomer, stereoisomer, prodrug, crystalline form,
pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;

X1 and Xz are independently a bond or O, preferably a bond;

R1 and Rz are independently Ci-6 alkyl (preferably Ci-3 alkyl), which is optionally substituted
with one or more deuterium, up to full deuteration;

L is CHz, CDz or CHD;

Rs and R4 are independently H, D, halogen, Ci-s alkyl or Ci-6 haloalkyl, preferably H or D;

Rs is Ci6 alkyl (preferably isopropyl), which is optionally substituted with one or more

deuterium, up to full deuteration;
(0]

N R .
W2 is E{szfo or \{ORZ(FSWJO RS;

each of Re and Ry is independently H, D or Ca-3 alkyl, or Re and R7 together with the C atom to
which they are attached, form a Cs-s cycloalkyl or 3-7 membered heterocyclyl, which is
optionally substituted with one or more R’, and optionally substituted with one or more

deuterium atoms, up to full deuteration;
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each of R’ is independently -C(O)OCu-s alkyl or Cs-10 aryl, preferably -C(O)OCai.-6 alkyl or phenyl;
Rs is Ci-6 alkyl or Cs-6 cycloalkyl, which is optionally substituted with one or more R, which is
optionally substituted with one or more deuterium atoms, up to full deuteration;

R is independently -OCu.6 alkyl;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

In a more specific embodiment, the present invention relates to the aforementioned compound
of formula (11a) or formula (llb), or a tautomer, stereoisomer, prodrug, crystalline form,
pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;

X1 and Xz are independently a bond or O, preferably a bond,;

R1 and Rz are independently Ci-s alkyl (preferably Ci-3 alkyl), which is optionally substituted
with one or more deuterium, up to full deuteration;

L is CHz, CDz or CHD;

Rs and R4 are independently H, D, halogen, Ci-s alkyl or Ci-6 haloalkyl, preferably H or D;

Rs is Ci6 alkyl (preferably isopropyl), which is optionally substituted with one or more

deuterium, up to full deuteration;
(0]

. “{OXO\H/O‘Ra
W2 1s Re R7 or

Rs Ry O ;
each of Re and Ry is independently H, D or Ca-3 alkyl, which is optionally substituted with one
or more deuterium atoms, up to full deuteration;

Rs is Ci-6 alkyl or Cs-s cycloalkyl, which is optionally substituted with one or more deuterium
atoms, up to full deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

In a more specific embodiment, the present invention relates to the aforementioned compound
of formula (11a) or formula (llb), or a tautomer, stereoisomer, prodrug, crystalline form,
pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;

60



10

15

20

25

30

X1 and Xz are independently a bond or O, preferably a bond;

R1 and Rz are independently Ci-s alkyl (preferably Ci-3 alkyl), which is optionally substituted
with one or more deuterium, up to full deuteration;

L is CHz, CDz or CHD;

Rs and R4 are independently H, D, halogen, Ci-s alkyl or Ci-6 haloalkyl, preferably H or D;

Rs is Ci6 alkyl (preferably isopropyl), which is optionally substituted with one or more
deuterium, up to full deuteration;

W2 is X or \{OFz(F:EO\Rs;

Ar is phenyl, which is optionally substituted with one or more R;

R is independently Ci-s alkyl, which is optionally substituted with one or more deuterium atoms,
up to full deuteration;

each of Re and Ry is independently H, D or Cu-3 alkyl, which is optionally substituted with one
or more deuterium atoms, up to full deuteration;

Rs is Ci-6 alkyl or Cs-6 cycloalkyl, which is optionally substituted with one or more deuterium
atoms, up to full deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

In a more specific embodiment, the present invention relates to the aforementioned compound
of formula (11a) or formula (llb), or a tautomer, stereoisomer, prodrug, crystalline form,
pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;

X1 and Xz are independently a bond or O, preferably a bond;

R1 and Rz are independently Ci-s alkyl (preferably Ci-3 alkyl), which is optionally substituted
with one or more deuterium, up to full deuteration;

L is CHz, CDz or CHD;

Rs and R4 are independently H or D;

Rs is isopropyl, which is optionally substituted with one or more deuterium atoms, up to full

deuteration;

o._0O O\RB

W2 is Rs R7 O :

each of Re and Rz is independently H or D;
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Rs is isopropyl, which is optionally substituted with one or more deuterium atoms, up to full
deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

or solvate thereof, which is a compound of formula (I11a) or formula (111b):

formula (l11a), formula
(111b)

wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;

X1 and Xz are independently a bond or O, preferably a bond;

R1 and Rz are independently Ci-s alkyl (preferably Ci-s alkyl), which is optionally substituted
with one or more D, up to full deuteration;

L is CHz, CDz or CHD;

Rs and R4 are independently H or D;

Rs is Ci-6 alkyl, which is optionally substituted with one or more D, up to full deuteration;
(0]

N%J\ -Rg 0. _0_ _R
. 0 o. Y ?
W2is  ReR , A or 5T :

each of Re and Ry is independently H, D or Ca-3 alkyl, which is optionally substituted with one
or more D, up to full deuteration;

Rs is Ci-6 alkyl, which is optionally substituted with one or more D, up to full deuteration;

Ar is phenyl, which is optionally substituted with one or more R;

R is independently Ci-6 alkyl, which is optionally substituted with one or more D, up to full
deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

or solvate thereof.
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In a more specific embodiment, the present invention relates to the aforementioned compound
of formula (Il11a) or formula (11lb), or a tautomer, stereoisomer, prodrug, crystalline form,
pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,

wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;

X1 and Xz are independently a bond or O, preferably a bond;

R1 and Rz are independently Ci-s alkyl (preferably Ci-3 alkyl), which is optionally substituted
with one or more D, up to full deuteration;

L is CHz, CDz or CHD;

Rs and R4 are independently H or D;

Rs is Ci-6 alkyl (preferably tert-butyl), which is optionally substituted with one or more D, up to

full deuteration;
(0]

N R
o8

W2is ReRs X

each of Re and Ry is independently H, D or Cu-3 alkyl, which is optionally substituted with one
or more D, up to full deuteration;

Rs is Ci-6 alkyl, which is optionally substituted with one or more D, up to full deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

In a more specific embodiment, the present invention relates to the aforementioned compound
of formula (Il11a) or formula (11lb), or a tautomer, stereoisomer, prodrug, crystalline form,
pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;

X1 and Xz are independently a bond or O, preferably a bond,;

R1 and Rz are independently Ci-s alkyl (preferably Ci-3 alkyl), which is optionally substituted
with one or more D, up to full deuteration;

L is CHz, CDz or CHD;

Rs and R4 are independently H or D;

Rs is Ci-6 alkyl (preferably Ci-3 alkyl, preferably isopropyl), which is optionally substituted with
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one or more D, up to full deuteration;

W2 is ‘{O\A’;

Ar is phenyl, which is optionally substituted with one or more R;

R is independently Ci-s alkyl, which is optionally substituted with one or more D, up to full
deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

In a more specific embodiment, the present invention relates to the aforementioned compound
of formula (Il11a) or formula (11lb), or a tautomer, stereoisomer, prodrug, crystalline form,
pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;

X1 and Xz are independently a bond or O, preferably a bond;

R1 and Rz are independently Ci-s alkyl (preferably Ci-3 alkyl), which is optionally substituted
with one or more D, up to full deuteration;

L is CHz, CD2 or CHD;

Rs and R4 are independently H or D;

Rs is Ci-6 alkyl (preferably Ci-3 alkyl, preferably tert-butyl, more preferably isopropyl), which is
optionally substituted with one or more D, up to full deuteration;

wais “O T

each of Re and Ry is independently H or D;

Rs is Ci-6 alkyl (preferably Ci-3 alkyl, preferably tert-butyl, more preferably isopropyl), which is
optionally substituted with one or more D, up to full deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

or solvate thereof, which is a compound of formula (IVVa) or formula (1\Vb),
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OTO O\f
formula (1Va), or Ry R formula
(IVb)
wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;

X1 and Xz are independently a bond or O, preferably a bond;

R1 and Rz are independently Ci-s alkyl (preferably Ci-3 alkyl), which is optionally substituted
with one or more D, up to full deuteration;

L is CHz, CDz or CHD;

miisl1,2or3;

Rs and R4 are independently H or D;

Rs is C1-6 alkyl (preferably tert-butyl), which is optionally substituted with one or more D, up to

full deuteration;
‘{o s Rs
Wais XA or mo

mz2is 1, 2or3;

each of Re and Rz is independently H or D, which is optionally substituted with one or more D,
up to full deuteration;

Rs is Ci-6 alkyl (preferably tert-butyl), which is optionally substituted with one or more D, up to
full deuteration;

Ar is phenyl, which is optionally substituted with one or more R;

R is independently Ci-6 alkyl, which is optionally substituted with one or more D, up to full
deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

or solvate thereof.

In a more specific embodiment, the present invention relates to the compound of formulas (V)

or (VI):
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Rx
JRx ,
Ry HN

0 Ra M o
—_ 09 N
O o < N lipid-like NI
lipid-like ?—O\LRXZ \n. Y P O\LRXZ \_N. //j\
RiRy W, o] "N TRys 4 Wa 0 N” “Rxs
my '—"CN my oN

OTO o\fo OTO O\Xfo
Re Ry formula (V), or Re R formula (V1)
wherein,
Rx is H or OH;

Rx1, Rx2 and Rxs are independently H, D, halogen, -Ra, -C(O)Ra, -C(O)ORa, -C(O)NRGbRc, -
NRbR:, -NRaC(O)Rb, -NRaC(O)ORb, -NRaC(O)NRsRc, -ORa, -OC(O)Ra, -OC(O)NRuR:, -
NRaS(0)2Rb, -S(0)2NRa, -S(O)Ra or -S(0)2Rs;

wherein each of Ra, Ro and Rc is independently H, D, Ci-6 alkyl, C1-6 haloalkyl, Cs.6 cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Ry and Rc together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci-s alkyl, C1-6 haloalkyl, Cs.6 cycloalkyl,
3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered heteroaryl
are optionally substituted with one or more D atoms, up to full deuteration;

X1 and Xz are independently a bond, O, S or NH;

Ri1 and Rz are independently Ci-2s alkyl, Ci2s haloalkyl, Css cycloalkyl, 3-7 membered
heterocyclyl, Cz-2s alkenyl, Cz-2s alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the
Ci-28 alkyl, Ci-2s haloalkyl, Css cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, C2-2s
alkynyl, Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R;
L is CHz, CDz or CHD;

miis 1,2, 3,4,50r6;

Rs and R4 are independently H, D, halogen, Cis alkyl, Cis haloalkyl, Ci-s alkoxy, Cis
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl or
5-10 membered heteroaryl, or Rs and R4 together with the C atom to which they are attached,
form a Cs.s cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-6 alkyl, C1-6 haloalkyl, Ca-
6 alkoxy, Ci-6 haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;
lipid-like is Cs-2s alkyl, Cs-28 haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl, wherein the Cs-2s alkyl, Cs.
28 haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl is optionally substituted with one or more R;

W2 is formula (B):
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Rs Ry Zs }/R
8
A %
Y3
my Zs ng

ns formula (B)
wherein,
Y2isO,NHor S;
Z4isO,NHor S;
Zs5is O, NHor S;
Zs is abond, O, NH or S;
m2is 0,1, 2,3,4,5or6;
nsisOor1;
naisOor 1;
each of Re and Rz is independently H, D, halogen, Ci- alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Ce-10 aryl or
5-10 membered heteroaryl, or Re and Rz together with the C atom to which they are attached,
form a Cs.6 cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-6 alkyl, C1-6 haloalkyl, Ca-
6 alkoxy, Ci-6 haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;
Rsis H, D, Ci-2s alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl,
Ca2-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ci-2s alkyl, Ci-28 haloalkyl,
Cs cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl, C2-2s alkynyl, Ce-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;
or, W2 together with the 3'-position C atom in the glycosyl form a -Ys-, wherien Y3 is O, NH or
S;
each R is independently D, halogen, -Rd4, -C(O)Rd4, -C(O)OR4, -C(O)NReRf, -NReRf, -
NR4C(O)Re, -NR4C(O)ORe, -NR4C(O)NReRf, -ORq, -OC(O)R¢, -OC(O)NReRy, -NRaS(O)2Re, -
S(0O)2NRug, -S(O)R4 or -S(O)2R4, or two R on the same atom or two adjacent atoms, together with
the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cs-10
aryl or 5-10 membered heteroaryl, wherein the Cs.s cycloalkyl, 3-7 membered heterocyclyl, Ce-
10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”, up to full
deuteration;
each R’ is independently D, halogen, -Rd, -C(O)Rd, -C(O)OR4, -C(O)NReRf, -NReRf, -
NRdC(O)Re, -NRdC(O)ORe, -NRdC(O)NReRf, -ORd, -OC(O)Rd, -OC(O)NReRf, -NRdS(O)2Re, -

67



10

15

20

25

S(0O)2NRg, -S(O)R4 or -S(0)2R4, or two R’ on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs-6 cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”;
wherein each of R4, Re and Rs is independently H, D, Ci-6 alkyl, Ci-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Re and Rs together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci-6 alkyl, C1-6 haloalkyl, Cs- cycloalkyl,
3-7 membered heterocyclyl, Cz-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered heteroaryl
are optionally substituted with one or more R”;

each R” is independently D, halogen, -Rg, -C(O)Rg, -C(O)ORg, -C(O)NRhRj, -NR:uRj, -
NRgC(O)Rn, -NRgC(O)ORn, -NRgC(O)NRhR), -ORg, -OC(O)Rg, -OC(O)NRiR;, -NRgS(O)2Rn, -
S(0O)2NRyg, -S(O)Rg or -S(0)2Rg, or two R” on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more D atoms,
up to full deuteration;

wherein each of Rg, Rn and Rj is independently H, D, Ci-6 alkyl, C1-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Ces-10 aryl or 5-10 membered heteroaryl,
or Rn and Rj together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci-6 alkyl, C1-6 haloalkyl, Cs- cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, C2-s alkynyl, Ce-10 aryl and 5-10 membered heteroaryl
are optionally substituted with one or more D atoms, up to full deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

In a more specific embodiment, the present invention relates to the compound of formula (Va),

formula (Vb), formula (Vla) or formula (V1b):
Rx

Ry HN
e} O, 9 < N o) ||
lipid-like” 'E_O\Lsz \_n /)\ lipid-| I|ke ‘P—O sz \ N /
R4Ry W, o N7 “Rys RsR
my II/CN CN
N oY

X X4
Re R formula (Va), 5 R« formula (\VVb),
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,Rx
2 oo o\;No
Rz R1 formula (VIa), or : )F': formula (VIb)
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.
In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, wherein:
Rx is H or OH;
Rx1, Rx2 and Rxs are independently H, D, halogen or Cis alkyl, wherein the Ci6 alkyl is
optionally substituted with one or more deuterium, up to full deuteration;
X1 and Xz are independently a bond, O, S or NH;
Ri1 and Rz are independently Ci-2s alkyl, Ci2s haloalkyl, Css cycloalkyl, 3-7 membered
heterocyclyl, Cz-2s alkenyl, Cz-2s alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the
Ci-28 alkyl, Ci-2s haloalkyl, Cs cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, C2-2s
alkynyl, Cs-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;
L is CHz, CDz or CHD;
mais 2, 3 or 4,
Rs and R4 are independently H, D, Ci-s alkyl, Cs-s cycloalkyl or 3-7 membered heterocyclyl, or
Rs and R4 together with the C atom to which they are attached, form a Cs-s cycloalkyl or 3-7
membered heterocyclyl, wherein the Ci-6 alkyl, Cs-s cycloalkyl and 3-7 membered heterocyclyl
are optionally substituted with one or more R’;
lipid-like is Ci-28 alkyl, Ci-28 haloalkyl, Cz-28 alkenyl or C2-28 alkynyl, wherein the Ci-2s alkyl, Ca-
28 haloalkyl, C2-28 alkenyl and Ca-2s alkynyl are optionally substituted with one or more R;
W2 is:

[¢]
H% Rs 0. _0_ 0. 0. _O_ Rg Y o _Ar
o e Ry % Rs R
¥ Rs Ry , FZ%II/ 8, o T o , O ARt

A g or %
wherein,

mzisl,2,3,4,5o0r6;

each of Re and R7 is independently H, D, halogen, Ci-s alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Ce-10 aryl or
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5-10 membered heteroaryl, or Re and Rz together with the C atom to which they are attached,
form a Cs.s cycloalkyl or 3-7 membered heterocyclyl, wherein the C1-6 alkyl, C1-6 haloalkyl, C1-
6 alkoxy, Ci-s haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;

Rs is Ci-28 alkyl, Ci-2s haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, Co-
28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ci-2g alkyl, C1-28 haloalkyl, Cs-6
cycloalkyl, 3-7 membered heterocyclyl, Cz2s alkenyl, C2-2s alkynyl, Ce10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;

Ar is Ces10 aryl or 5-10 membered heteroaryl, wherein the Ce-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R;

each R is independently D, halogen, -Rd, -C(O)R4, -C(O)OR4, -C(O)NReRf, -NReRf, -
NR4C(O)Re, -NR4C(O)ORe, -NR4C(O)NReRf, -OR4, -OC(O)R¢, -OC(O)NReRy, -NRaS(O)2Re, -
S(0O)2NRug, -S(O)R4 or -S(O)2R4, or two R on the same atom or two adjacent atoms, together with
the atoms to which they are attached, form a Cs.s cycloalkyl, 3-7 membered heterocyclyl, Ce-10
aryl or 5-10 membered heteroaryl, wherein the Cs.s cycloalkyl, 3-7 membered heterocyclyl, Ce-
10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”, up to full
deuteration;

each R’ is independently D, halogen, -Rd, -C(O)Rd, -C(O)OR4, -C(O)NReRf, -NReRf, -
NRdC(O)Re, -NRdC(O)ORe, -NRdC(O)NReRf, -ORd, -OC(O)Rd, -OC(O)NReRf, -NRd¢S(O)2Re, -
S(0)2NRyg, -S(O)R4 or -S(0)2Rq, or two R’ on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”;
wherein each of R4, Re and Rs is independently H, D, Ci-6 alkyl, Ci-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Ces-10 aryl or 5-10 membered heteroaryl,
or Re and Ry together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci-6 alkyl, C1-6 haloalkyl, Cs-¢ cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, C2-s alkynyl, Ce-10 aryl and 5-10 membered heteroaryl
are optionally substituted with one or more R”;

each R” is independently D, halogen, -Rg, -C(O)Rg, -C(O)ORg, -C(O)NRhR;, -NR:uRj, -
NRgC(O)Rn, -NRgC(O)ORn, -NRgC(O)NRRj, -ORg, -OC(O)Rg, -OC(O)NRnRj, -NRgS(0O)2Rn, -
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S(0O)2NRyg, -S(O)Rg or -S(0)2Rg, or two R” on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs-6 cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more D atoms,
up to full deuteration;

wherein each of Rg, Rn and Rj is independently H, D, Ci-6 alkyl, C1-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Ces-10 aryl or 5-10 membered heteroaryl,
or Rn and Rj together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci-6 alkyl, C1-6 haloalkyl, Cs- cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, C2-6 alkynyl, Ce-10 aryl and 5-10 membered heteroaryl
are optionally substituted with one or more D atoms, up to full deuteration.

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

or solvate thereof, wherein: . .
w8 X T

W2 is Y%L O/Ra, YORKI(O\R“, \{ORGXR?TRE, M T or YORK::

wherein, mz2is 1, 2, 3 or 4;

each of Re and Rz is independently H, D, Ci-6 alkyl, C1-6 alkoxy, Cs-6 cycloalkyl or 3-7 membered

heterocyclyl, or Re and Rz together with the C atom to which they are attached, form a Css

cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-6 alkyl, Ci-6 alkoxy, Cs-s cycloalkyl

and 3-7 membered heterocyclyl are optionally substituted with one or more R’;

each of Rs is independently Ci2s alkyl, Ci2s haloalkyl, Css cycloalkyl, 3-7 membered

heterocyclyl, C2-28 alkenyl or Cz-2s alkynyl, wherein the Ci-2s alkyl, Ci-2s haloalkyl, Css

cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl and C2-2s alkynyl are optionally substituted

with one or more R;

Ar is Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ces-10 aryl and 5-10 membered

heteroaryl are optionally substituted with one or more R.

In a more specific embodiment, the present invention relates to the aforementioned compound,

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

or solvate thereof, wherein,

(o}
H
\{N>(U\O/Re

Wais mw |
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wherein, Rs is Ci-6 alkyl, and Rz is H, or Rs and R7 together with the C atom to which they are
attached, form a Cs-s cycloalkyl, wherein the Ci-s alkyl and Cs.s cycloalkyl are optionally
substituted with one or more groups selected from phenyl or -C(O)OCu-s alkyl;

Rs is independently Ci-2s alkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl,
wherein the Ci-2s alkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl is optionally

substituted with one or more Ci-s alkoxy;
. X
preferably, Wz2is = ;

preferably, W2 is h

preferably, W is_ YNTAOk, YN%OW, YWAOA{\, YN%OXO\, % :

w © x,(N > o o
‘{Né O“C ] O “‘/HW)LO/D YH\H(O/(CHZ)MCHS or \/Hw)l\o/(CHQ)ECH=0H0H20H=CH(CH2)40H3.
1 H i) 1 o
i
o
NGNS BRSPS SO ea e

R ~N

preferably, W2 is A e ) “C S TR : ,
(e}
.
0 N NN
\‘{n [} Y \<“:g\/\/\ H i E H i (CH,)11CH H i (CH,)gCH=CHCH,CH=CH(CH,),CH
/\Ii\ ) x‘\/j)ko \/\Hko/ 2)11CH3 Or \{\HJ\O/ 2)8 2 2)aCH3

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

or solvate thereof, wherein,

(o] 0. 0.
“Re

W2is RRo |

wherein, Re and R7 are H;

Rs is independently Ci-2s alkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl;
preferably, W2 is YOVOTOY.

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, wherein,

Wais “dn

wherein, Re and Rz are H;

Rs is independently Ci-2s alkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl,
preferably, W2 is YOVOT, ‘{OVOT\ or A o

In a more specific embodiment, the present invention relates to the aforementioned compound,
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or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, wherein,
Yo SYRS

Rs R7

W2 is mo

wherein, mzis 1 or 2;

Re and R7 are H;

Rs is independently Ci-2s alkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl;

'\/ovs\g/ \(Ovs\g/\ '\/O\/S\L(k ‘f\o/\/s\g/ AO/\/S\L]/\ or Ao/\/s\gfk

preferably, W2 is
In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, wherein,

Wais X,

wherein, Ar is Ces-10 aryl or 5-10 membered heteroaryl, wherein the Cs-10 aryl or 5-10 membered

heteroaryl is optionally substituted with one or more Ci-6 alkyl;

®
preferably, W2 is /\© /\©W< or .

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, wherein,

W2 is ‘{OFKF:,

wherein, Re and R7 are H;

Ar is Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ce-10 aryl or 5-10 membered heteroary!l

is optionally substituted with one or more groups selected from Ci-s alkyl or -C(O)OCa-s alkyl;

preferably, W2 is A/© , o£oA or &/©/k

In a more specific embodiment, the present invention relates to the aforementioned compound,

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

o] o H . o
or solvate thereof, wherein, W2 is YN%Ok, ‘{NTAO%' N %"AC Y%o%"\'
H 0 " 1)
X \%/\(\ \/HZ;J\O/\(\ X \q‘)‘:gx YHWJLO/D \/nwio/(CHz)ﬁCHg

o]
"
N (CH2)CH=CHCH,CH=CH(CH,)(CH; OO 0 o._© o._© 00 oS SN
e N s e S e YOS
1 o ) o ) ° 1 o ) o )

’ [o]
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Y°VSE)<, £°NST, *"”Sﬁﬁ AC’NS@X, /\© /\QX ' /v© &Q
/\)og?tf\ or ’\/©)<,

b 9 ,\/H 0/\<\
P i Y“j* GRS I - ij
preferably, W- is YWA(’*, YWA"%, O : e : ,
[e]
H i Yn 0NN o o o
*{”&cﬂ@ o L7 i loemen  H I oo YOVOWOY

‘«{\/\n/ &{ \H/\ va)< ‘«{\/\[( H{\/\H/\ va)< ;(O/\/SY ;io/\/sjh

o ey O B AP ek

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, wherein,

Rx is H;

Rx1, Rx2 and Rxs are independently H, D or halogen;

X1 and Xz are independently a bond or O;

R1 and Rz are independently Ci-s alkyl, Cs-s cycloalkyl or Ce-10 aryl;

L is CHz, CD2 or CHD;

mais 2, 3 or 4,

Rs and Ra are independently H, D or C1-6 alkoxy, wherein the Ci.6 alkoxy is optionally substituted
with one or more groups selected from Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ce-
10 aryl or 5-10 membered heteroaryl is optionally substituted with one or more groups selected
from halogen or Ci-6 alkoxy;

lipid-like is Ci-28 alkyl or C2-2s alkenyl.

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, wherein,

Rx is H;

Rx1, Rx2 and Rxs are independently H or D;

X1 and Xz are independently a bond or O;
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R1 and Rz are independently Ci-s alkyl;

L is CHz, CDz or CHD;

mais 2, 3 or 4,

Rs and R4 are independently H, D or C1-6 alkoxy, wherein the C1-6 alkoxy is optionally substituted
with one or more groups selected from Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ce-
10 aryl or 5-10 membered heteroaryl is optionally substituted with one or more groups selected
from halogen or Ci-6 alkoxy;

lipid-like is Ci-28 alkyl or C2-2s alkenyl.

In a more specific embodiment, the present invention relates to the compound of formula (V11):

formula (VI1)

wherein,

Rx is H or OH;

Rx1, Rx2 and Rxs are independently H, D, halogen, -Ra, -C(O)Ra, -C(O)ORa, -C(O)NRuR, -
NRbR:, -NRaC(O)Rb, -NRaC(O)ORb, -NRaC(O)NRsRe, -ORa, -OC(O)Rs, -OC(O)NRuR:, -
NRaS(O)2zRb, -S(O)2NRa, -S(O)Ra or -S(0)2Ra;

wherein each of Ra, Rp and Rc is independently H, D, C1-6 alkyl, C1-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Rp and Rc together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci-6 alkyl, C1-6 haloalkyl, Cs-¢ cycloalkyl,
3-7 membered heterocyclyl, Cz-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered heteroaryl
are optionally substituted with one or more D atoms, up to full deuteration;

X1 and Xz are independently a bond, O, S or NH;

R1 and R2 are independently Ci2s alkyl, Ci2s haloalkyl, Css cycloalkyl, 3-7 membered
heterocyclyl, Cz-2s alkenyl, Cz-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the
Cui-28 alkyl, Ci-28 haloalkyl, Css cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, C2-28

alkynyl, Cs-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R;
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L is CHz, CDz or CHD;

Rs and R4 are independently H, D, halogen, Ci6 alkyl, Ci-6 haloalkyl, Cis alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Ce-10 aryl or
5-10 membered heteroaryl, or Rs and R4 together with the C atom to which they are attached,
form a Cz-6 cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-6 alkyl, C1-6 haloalkyl, Ci-
s alkoxy, Ci-6 haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-s alkenyl, C2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;

Ar is Ces10 aryl or 5-10 membered heteroaryl, wherein the Ce-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R;

W2 is formula (B):

Re Ry Zs "
/<Y2 , z ¢
" ' b formula (B)

wherein,

Y2is O, NHor S;

Z4isO,NHor S;

Zs5isO,NHor S;

Zs is abond, O, NH or S;

m2is 0,1, 2,3,4,5or6;

nsisOor1;

nsaisOor 1;

each of Re and Rz is independently H, D, halogen, Ci-s alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl or
5-10 membered heteroaryl, or Re and Rz together with the C atom to which they are attached,
form a Cs.6 cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-6 alkyl, C1-6 haloalkyl, Ca-
6 alkoxy, Ci-s haloalkoxy, Cs.s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;

Rsis H, D, Ci-2s alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl,
Ca2-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ci-2s alkyl, Ci-28 haloalkyl,
Cs6 cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl, C2-2s alkynyl, Ce-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;

or, W2 together with the 3'-position C atom in the glycosyl form a -Ys-, wherien Y3 is O, NH or
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S;

each R is independently D, halogen, -Rd4, -C(O)Rd4, -C(O)OR4, -C(O)NReRf, -NReRf, -
NRJC(O)Re, -NRdC(O)ORe, -NR4C(O)NReRt, -ORg, -OC(O)Rd, -OC(O)NReRf, -NRdS(O)2Re, -
S(0)2NRg, -S(O)R4 or -S(0)2R4, or two R on the same atom or two adjacent atoms, together with
the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cs-10
aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl, Ce-
10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”, up to full
deuteration;

each R’ is independently D, halogen, -Rd, -C(O)Rg, -C(O)OR4, -C(O)NReRf, -NReRs, -
NR4C(O)Re, -NR4C(O)ORe, -NR4C(O)NReRf, -ORd, -OC(O)Rd, -OC(O)NReRy, -NRaS(O)2Re, -
S(0)2NRg, -S(O)R4 or -S(0O)2R4, or two R” on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs.s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”;
wherein each of R4, Re and Rt is independently H, D, Cu1-6 alkyl, Ci-6 haloalkyl, Cs.s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Re and Rs together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci-s alkyl, C1-6 haloalkyl, Cs.6 cycloalkyl,
3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered heteroaryl
are optionally substituted with one or more R”;

each R” is independently D, halogen, -Rg, -C(O)Rg, -C(O)ORg, -C(O)NRhRj, -NRhRj, -
NRgC(O)Rn, -NRgC(O)ORn, -NRgC(O)NRhR;, -ORg, -OC(O)Rg, -OC(O)NRR;, -NRgS(O)2Rn, -
S(0)2NRg, -S(O)Rg or -S(O)2Rg, or two R” on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs.s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Cs-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more D atoms,
up to full deuteration;

wherein each of Rg, Rn and Rj is independently H, D, Ci-6 alkyl, C1-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Rn and Rj together with the N atom to which they are attached, form a 3-7 membered

heterocyclyl or 5-10 membered heteroaryl; wherein the Ci-6 alkyl, C1-6 haloalkyl, Cs.6 cycloalkyl,
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3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered heteroaryl
are optionally substituted with one or more D atoms, up to full deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

In a more specific embodiment, the present invention relates to the compound of formula (V1la)

or formula (V1Ib):

formula (VIla), or formula (VI1b)

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, wherein:

Rx is H or OH;

Rx1, Rx2 and Rxs are independently H, D, halogen or Cis alkyl, wherein the Ci6 alkyl is
optionally substituted with one or more deuterium, up to full deuteration;

X1 and Xz are independently a bond, O, S or NH;

R1 and R2 are independently Ci2s alkyl, Ci2s haloalkyl, Css cycloalkyl, 3-7 membered
heterocyclyl, Cz-2s alkenyl, Cz-2s alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the
Ci1-28 alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl, Cz-2s
alkynyl, Ces-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;
L is CHz, CDz or CHD;

Rs and R4 are independently H, D, Ci-s alkyl, Cs-s cycloalkyl or 3-7 membered heterocyclyl, or
Rs and R4 together with the C atom to which they are attached, form a Cs-s cycloalkyl or 3-7
membered heterocyclyl, wherein the Ci-s alkyl, Cs-6 cycloalkyl and 3-7 membered heterocyclyl
are optionally substituted with one or more R’;

Ar is Ces10 aryl or 5-10 membered heteroaryl, wherein the Ce-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R;

W2 is:
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' 0 ] o o o o o R \{o S\H/Rs "’(O O ke \(o lipid-iike
\{%J\o/e YXT\RB YXWB R: R, 0 R, Ry R} Ry
, Rs R7 0 , R R7 0 , m2 or m2 ;

wherein,

mz2is 1,2, 3,4,5o0r6;

each of Rs and Rz is independently H, D, halogen, Ci-6 alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl or
5-10 membered heteroaryl, or Re and Rz together with the C atom to which they are attached,
form a Cz-6 cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-6 alkyl, C1-6 haloalkyl, Ci-
s alkoxy, Ci-6 haloalkoxy, Cs-6 cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, C2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;

Rs is Ci-28 alkyl, Ci-28 haloalkyl, Cs.s cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, Co-
28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein the C1-2g alkyl, Ci-28 haloalkyl, Cs-6
cycloalkyl, 3-7 membered heterocyclyl, Cz2s alkenyl, C22s alkynyl, Ce10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;

lipid-like is Cs-2s alkyl, Cs-25 haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl, wherein the Cs-2s alkyl, Cs-
28 haloalkyl, Cs-2s alkenyl and Cs-2s alkynyl are optionally substituted with one or more R;

Ar is Ces10 aryl or 5-10 membered heteroaryl, wherein the Ce-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R;

each R is independently D, halogen, -Rd, -C(O)R4, -C(O)OR4, -C(O)NReRf, -NReRf, -
NR4C(O)Re, -NR4C(O)ORe, -NR4C(O)NReRf, -OR4, -OC(O)R¢, -OC(O)NReRy, -NRaS(O)2Re, -
S(0O)2NRug, -S(O)R4 or -S(O)2R4, or two R on the same atom or two adjacent atoms, together with
the atoms to which they are attached, form a Cs.s cycloalkyl, 3-7 membered heterocyclyl, Ce-10
aryl or 5-10 membered heteroaryl, wherein the Cs.s cycloalkyl, 3-7 membered heterocyclyl, Ce-
10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”, up to full
deuteration;

each R’ is independently D, halogen, -Rd, -C(O)Rd, -C(O)OR4, -C(O)NReRf, -NReRf, -
NRdC(O)Re, -NRdC(O)ORe, -NRdJC(O)NReRt, -ORd, -OC(O)Rd, -OC(O)NReRf, -NRd¢S(O)2Re, -
S(0)2NRyg, -S(O)R4 or -S(O)2Rq, or two R’ on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs-6 cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”;

wherein each of R4, Re and Rs is independently H, D, Ci-6 alkyl, Ci-6 haloalkyl, Cs-s cycloalkyl,
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3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl,
or Re and Ry together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci-6 alkyl, C1-6 haloalkyl, Cs-¢ cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, C2-6 alkynyl, Ce-10 aryl and 5-10 membered heteroaryl
are optionally substituted with one or more R”;

each R” is independently D, halogen, -Rg, -C(O)Rg, -C(O)ORg, -C(O)NRhR;, -NR:uRj, -
NRgC(O)Rn, -NRgC(O)ORn, -NRgC(O)NRRj, -ORg, -OC(O)Rg, -OC(O)NRnRj, -NRgS(0O)2Rn, -
S(0)2NRyg, -S(O)Rg or -S(0)2Rg, or two R” on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl or 5-10 membered heteroaryl, wherein the Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more D atoms,
up to full deuteration;

wherein each of Rg, Rn and Rj is independently H, D, Ci-6 alkyl, C1-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz6 alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Rn and Rj together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein the Ci1-6 alkyl, C1-6 haloalkyl, Cs.6 cycloalkyl,
3-7 membered heterocyclyl, C2-s alkenyl, C2-s alkynyl, Ce-10 aryl and 5-10 membered heteroaryl
are optionally substituted with one or more D atoms, up to full deuteration.

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

or solvate thereof, wherein:

" 0 A o s " o YO SYRE YO O jpigie YO lipid-ike
. \/%J\o/g YXT\RE YX\H/B RS R, 0 R: R; Rs R;
W2 IS Rs R7 s Rs R7 0 , Rs R7 0 s mz , my or m; .

wherein, mzis 1, 2, 3 or 4;

each of Re and Rz is independently H, D, Ci-6 alkyl, Ci-6 alkoxy, Cs-6 cycloalkyl or 3-7 membered
heterocyclyl, or Res and Rz together with the C atom to which they are attached, form a Css
cycloalkyl or 3-7 membered heterocyclyl, wherein the Ci-s alkyl, Ci-6 alkoxy, Cs-s cycloalkyl
and 3-7 membered heterocyclyl are optionally substituted with one or more R’;

each of Rs is independently Ci2s alkyl, Ci2s haloalkyl, Css cycloalkyl, 3-7 membered
heterocyclyl, Cz2s alkenyl or Caz-2s alkynyl, wherein the Ci-2s alkyl, Ci-2s haloalkyl, Css
cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl and C2-2s alkynyl are optionally substituted

with one or more R;
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lipid-like is Cs-2s alkyl, Cs-25 haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl, wherein the Cs-2s alkyl, Cs-
28 haloalkyl, Cs-2s alkenyl and Cs-2s alkynyl are optionally substituted with one or more R;

Ar is Ces10 aryl or 5-10 membered heteroaryl, wherein the Ce-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R.

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

or solvate thereof, wherein,

H
N Rs

W2 is N Ro Ry |
wherein, Rs is C1-6 alkyl, and Rz is H, or Re and R~ together with the C atom to which they are
attached, form a Cs-s cycloalkyl, wherein the Ci-s alkyl and Cs.s cycloalkyl are optionally
substituted with one or more groups selected from phenyl or -C(O)OCu- alkyl;

Rs is independently Ci-2s alkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl,
wherein the Ci-2s alkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl is optionally

substituted with one or more Ci-s alkoxy;

. X
preferably, Wz2is = ;

. X
preferably, W2 is Re ;

preferably, W2 is YNWA(’J\ o © %O% : N %OAC . C %0%0\ : % ,
N Oo/\/\/ I

: lL YNf; W AT g
e (o) O~ Nj)k NW)J\ _(CHy)11CHy N\HJ\ _ (CHy)sCH=CHCH,CH=CH(CHy),CH3
AC, ! A A or < T° ;
" o
N
Hj)i J\ H\ch\ Ynj)oj\o H\H(L o N \%\(\
preferably, Wo is < 1 ° , <1 7<) Y AR ,
[e]
w9 YN\¢OW o /D o o
\/N o O~ N\‘)L H\HJ\ _(CH)11CHy H\‘)k _ (CH,)aCH=CHCH,CH=CH(CH_):CHs
& AC ! AR S or ©1° :

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, wherein,

Wois S 2T "

wherein, Re and Rz are H;

Rs is independently Ci-2s alkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl,

preferably, W2 is T Y.
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In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, wherein,

Wois “in 1,

wherein, Re and R7 are H;

Rs is independently Ci-2s alkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl;

. Yo\/o \(ovo \{0\/
preferably, W2 is T 1 or °

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, wherein,
Yo s\[(rzs
W2 is " m, ,
wherein, mzis 1 or 2;
Re and Rz are H;
Rs is independently Ci-2s alkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl;

o_s o._s o._*S Ag s Ag~S Ao s
A \g/, N \g/\, A o ° \LI/’ ° \g/\ ° 0

preferably, W2 is or

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

or solvate thereof, wherein,
‘*{O O lpic-tke
; Rs R;
W2 1s m;

wherein, mz is 2, 3 or 4;

Re and R7 are independently H or Ci-6 alkoxy, wherein the Ci-s alkoxy is optionally substituted
with one or more groups selected from Ce-10 aryl or 5-10 membered heteroaryl, wherein the Ce-
10 aryl or 5-10 membered heteroaryl is optionally substituted with one or more groups selected
from halogen or Ci-6 alkoxy;

lipid-like is Cs-2s alkyl or Cs-2s alkenyl;

- 0. 0. 0. 0. 0. O. 0. Ci4H. 0. CgH:
A e NN A e NN e NN e
preferably, W2 is ¥ Cuts Cuta X Cutr X0 , X o
OCHg OCHg

¢ % ¢ ¢

o o o o
0 C1gH O\/I\/O O\)\/O O\)\/O O\)\/O
O o Soutn X “out X “eutn Qr X “Ciabr *

- 0. O 0. O 0. O O. _Ci4Hoe O. _CigHaa
preferably, W2 is ¥ > ows | X o YT e X0 , o ,
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OCHg OCHg

TR

0 C1gH o\/'\/o o\)\/o O\)\/O O\)\/O
'S ~ "o 8 37, “{ \C15H33’ “{ \015H37’ \/ “CigHas or \/ \C“‘H”.

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

or solvate thereof, wherein,
\/O lipid-like

1 M

W2 1s m;

wherein, mz is 2, 3 or 4;

Rs and R7 are H;

lipid-like is Cs-2s alkenyl;
preferably’ W2 |S ,&O/(CH2)50H=CHCHQCH=CH(CH2)ACH3.
In a more specific embodiment, the present invention relates to the aforementioned compound,
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In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, wherein,

Rx is H;

Rx1, Rx2 and Rxs are independently H, D or halogen;

X1 and Xz are independently a bond or O;

R1 and Rz are independently Ci-6 alkyl, Cs-6 cycloalkyl or Ce-10 aryl;

L is CHz, CD2 or CHD;

Rs and R4 are independently H, D or Cu- alkyl;

Ar is Ce-10 aryl or 5-10 membered heteroaryl.

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof, wherein,

Rx is H;

Rx1, Rx2 and Rxs are independently H or D;

X1 and Xz are independently a bond or O;

R1 and Rz are independently Ci-6 alkyl;

L is CHz, CD2 or CHD;

Rs and R4 are independently H or D;

Ar is Ce-10 aryl.

In a more specific embodiment, the present invention relates to compounds of formula (Vlla),

formula (V11a) or formula (V11b):

formula (VII), formula (Vl1la) or
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formula (V11b)

wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;

X1 and Xz are independently a bond, O, S or NH, preferably a bond or O, and more preferably a
bond;

R1 and Rz are independently Ci-s alkyl (preferably Ci-s alkyl), which is optionally substituted
with one or more deuterium, up to full deuteration;

L is CHz, CDz or CHD;

Ro is CH2-Ce-10 aryl, CH2-5-10 membered heteroaryl, CH2C(O)O-C1-6 alkyl, CH2C(O)O-Cs-6
cycloalkyl or CH2C(O)0O-3-7 membered heteroaryl, preferably CHz-phenyl, CH2C(O)O-C1-6
alkyl or CH2C(O)0O-Cs-s cycloalkyl, which is optionally substituted with one or more deuterium,
up to full deuteration; and Rio is H or D;

or, Re and Rio together with the C atom to which they are attached, form a Cs-s cycloalkyl or 3-
7 membered heterocyclyl, which is optionally substituted with one or more deuterium, up to full
deuteration;

Ar is phenyl, which is optionally substituted with one or more R;

R is independently D, Ci-s alkyl or -OC1-6 alkyl, which is optionally substituted with one or more
deuterium atoms, up to full deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

In a more specific embodiment, the present invention relates to the compound of formula (V11a),
formula (V1la) or formula (VIIb), or a tautomer, stereoisomer, prodrug, crystalline form,
pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;

X1 and Xz are independently a bond or O, preferably a bond;

R1 and Rz are independently Cui-6 alkyl (preferably Ci-3 alkyl, more preferably isopropyl), which
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is optionally substituted with one or more deuterium, up to full deuteration;

L is CHz, CD2 or CHD;

Ry is CH2-phenyl, CH2C(0)O-C1-6 alkyl or CH2C(O)O-Css cycloalkyl, which is optionally
substituted with one or more deuterium, up to full deuteration; and Rio is H or D;

Ar is phenyl, which is optionally substituted with one or more R;

R is independently Ci-s alkyl (preferably tert-butyl), which is optionally substituted with one or
more deuterium, up to full deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

In a more specific embodiment, the present invention relates to the aforementioned compound,
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

or solvate thereof, wherein, the compound is selected from:
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5  preferably, the compound is selected from:
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5 An intermediate compound, or a tautomer, stereoisomer, prodrug, crystalline form,
pharmaceutically acceptable salt, hydrate or solvate thereof, wherein, the intermediate

compound is selected from the group consisting of:
NH,
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The compounds of the present invention may include one or more asymmetric centers, and
therefore may exist in various stereoisomeric forms, such as enantiomeric and/or diastereomeric
forms. For example, the compounds of the present invention may be in the form of individual
enantiomers, diastereomers, or geometric isomers (such as cis and trans isomers), or may be in
the form of mixtures of stereoisomers, including racemic mixtures and mixtures enriched in one
or more stereoisomers. Isomers can be separated from mixtures using methods known to those
skilled in the art, including chiral high-pressure liquid chromatography (HPLC) and the
formation and crystallization of chiral salts; alternatively, preferred isomers can be prepared

through asymmetric synthesis.
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"Tautomers" refers to certain compounds in which one functional group changes its structure to
become another functional group isomer, and can rapidly interconvert, resulting in the two
isomers existing in dynamic equilibrium, with these two isomers being referred to as tautomers.
Those skilled in the art will appreciate that organic compounds may form complexes with
solvents in which they react or from which they precipitate or crystallize. These complexes are
called “solvates”. When the solvent is water, the complex is called a “hydrate”. The present
invention encompasses all solvates of the compounds of the present invention.

The term “solvate” refers to a compound or its salt that is typically formed by solvolysis reactions
and combines with a solvent. Such a physical association may include hydrogen bonding.
Conventional solvents include water, methanol, ethanol, acetic acid, DMSO, THF, diethyl ether,
etc. The compounds described herein can be prepared, for example, into crystalline forms and
can be solvated. Suitable solvates include pharmaceutically acceptable solvates and further
include stoichiometric solvates and nonstoichiometric solvates. In some cases, the solvate will
be able to be separated, for example, when one or more solvent molecules are incorporated into
the lattice of a crystalline solid. “Solvates” include solvates in a solution state and separable
solvates. Representative solvates include hydrates, ethanolates, and methylates.

The term “hydrate” refers to a compound combined with water. Generally, the number of water
molecules contained in a hydrate of a compound is determined by the ratio to the number of
molecules of the compound in the hydrate. Therefore, a hydrate of a compound can be
represented by, for example, the general formula R-x H20, wherein R is the compound, and X is
a number greater than 0. A given compound can form more than one type of hydrate, including,
for example, monohydrate (X is 1), lower hydrate (x is a number greater than 0 and less than 1,
such as hemihydrate (R-0.5 H20)) and polyhydrate (x is a number greater than 1, such as
dihydrate (R-2 H20) and hexahydrate (R-6 H20)).

The compounds of the present invention may exist in amorphous or crystalline forms (including
polymorphs). In addition, the compounds of the present invention may exist in one or more
crystalline forms. Therefore, all amorphous or crystalline forms of the compounds of the present
invention are included within the scope of the present invention. The term “polymorph” refers
to a crystalline form of a compound (or its salt, hydrate or solvate) with a specific crystal packing
arrangement. All polymorphs have the same elemental composition. Different crystalline forms

typically have different X-ray diffraction patterns, infrared spectra, melting points, densities,
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hardness, crystal shapes, optoelectronic properties, stabilities, and solubilities. Recrystallization
solvents, crystallization rate, storage temperature, and other factors may cause one crystalline
form to predominate. Various polymorphs of the compound can be prepared by crystallization
under different conditions.

The present invention also includes isotopically labeled compounds which are identical to those
described by formula (I) except that one or more atoms are replaced by atoms having an atomic
mass or mass number different from the atomic mass or mass number usually found in nature.
Examples of isotopes that can be introduced into the compounds of the present invention include
isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus, sulfur, fluorine, and chlorine, such
as 2H, 3H, °C, 1'C, 1“C, ®N, 80, 10, 3'P, 32P, *°S, 18F and 3Cl, respectively. The compounds of
the present invention containing the aforementioned isotopes and/or other isotopes of other
atoms, their prodrugs , or pharmaceutically acceptable salts of these compounds or prodrugs are
all within the scope of the present invention. Certain isotopically labeled compounds of the
present invention, such as those incorporating radioactive isotopes (e.g., *H and **C), can be used
in drug and/or substrate tissue distribution assays. Tritium (*H) and carbon-14 (**C) isotopes are
particularly preferred because they are easy to prepare and detect. Furthermore, substitution with
heavier isotopes, such as deuterium (H), may provide therapeutic advantages due to greater
metabolic stability, such as increased in vivo half-life or reduced dosage requirements, and thus
may be preferable in some cases. Isotopically labeled compounds of formula (I) of the present
invention and their prodrugs can generally be prepared by carrying out the procedures disclosed
in the following schemes and/or examples and preparations, using readily available isotopically
labeled reagents in place of non-isotopically labeled reagents.

In addition, prodrugs are also included in the context of the present invention. The term “prodrug”
as used herein refers to a compound that is converted in vivo, for example by hydrolysis in the
blood, into its active form having medical effects. Pharmaceutically acceptable prodrugs are
described in T. Higuchi and V. Stella, Prodrugs as Novel Delivery Systems, A.C.S. Symposium
Series, Vol. 14, Edward B. Roche, ed., Bioreversible Carriers in Drug Design, American
Pharmaceutical Association and Pergamon Press, 1987, and D. Fleisher, S. Ramon and H. Barbra
“Improved oral drug delivery: solubility limitations overcome by the use of prodrugs”, Advanced
Drug Delivery Reviews (1996) 19(2) 115-130, each of which is introduced herein by reference.

A prodrug is any covalently bonded compound of the present invention that releases the parent
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compound in vivo when administered to a patient. Prodrugs are usually prepared by modifying
functional groups in such a way that the modifications can be cleaved by routine operations or
in vivo to produce the parent compound. Prodrugs include, for example, compounds of the
invention wherein a hydroxy, amino, or mercapto group is bonded to any group that can be
cleaved to form a free hydroxy, amino, or mercapto group when administered to a patient.
Therefore, representative examples of prodrugs include, but are not limited to acetate/amide,
formate/amide, and benzoate/amide derivatives of the hydroxyl, thiol, and amino functional
groups in compounds of formula (). In addition, in the case of carboxylic acids (-COOH), esters
such as methyl ester, and ethyl ester, etc. can be used. The esters themselves may be active and/or
may be hydrolyzable under in vivo conditions in humans. Suitable pharmaceutically acceptable
ester groups that are hydrolysable in vivo include those groups that readily decompose in humans

to release the parent acid or its salt.

Pharmaceutical compositions, formulations, and kits

In another aspect, the present invention provides a pharmaceutical composition comprising the
compound of the present invention (also referred to as an “active ingredient”) and a
pharmaceutically acceptable excipient. In some embodiments, the pharmaceutical composition
comprises an effective amount of the active ingredient. In some embodiments, the
pharmaceutical composition comprises a therapeutically effective amount of the active
ingredient. In some embodiments, the pharmaceutical composition comprises a prophylactically
effective amount of the active ingredient.

Pharmaceutically acceptable excipients used in the present invention refer to non-toxic carriers,
adjuvants, or vehicles that will not destroy the pharmacological activity of the compounds with
which they are formulated. Pharmaceutically acceptable carriers, adjuvants, or vehicles that can
be used in the compositions of the present invention include, but are not limited to, ion
exchangers, alumina, aluminum stearate, lecithins, serum proteins (such as human serum
albumin), buffer substances (such as phosphates), glycine, sorbic acid, potassium sorbate,
mixtures of partial glycerides of saturated plant fatty acids, water, salts, or electrolytes (such as
protamine sulfate), disodium hydrogen phosphate, potassium hydrogen phosphate, sodium
chloride, zinc salts, silica gel, magnesium trisilicate, polyvinylpyrrolidone, cellulose-based

materials, polyethylene glycol, sodium carboxymethylcellulose, polyacrylates, waxes,
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polyethylene-polyoxypropylene-block polymers, polyethylene glycol, and lanolin.

The present invention also includes a kit (e.g., pharmaceutical packages). The provided kit may
comprise a compound of the present invention, another therapeutic agent, and first and second
containers (e.g., vials, ampules, bottles, syringes, and/or dispersible packages or other suitable
containers) containing the compound of the present invention and the other therapeutic agent. In
some embodiments, the provided kit may also optionally include a third container containing a
pharmaceutical excipient for diluting or suspending the compound of the present invention
and/or the other therapeutic agent. In some embodiments, the compound of the present invention
provided in the first and second containers together with other therapeutic agent form a unit
dosage form.

The pharmaceutical composition provided by the present invention can be administered through
various routes, including but not limited to oral administration, parenteral administration,
inhalation administration, local administration, rectal administration, nasal administration,
buccal administration, vaginal administration, administration via implant, or other administration
methods. For example, the parenteral administration as used herein includes subcutaneous
administration, intradermal administration, intravenous administration, intramuscular
administration, intra-articular administration, intraarterial administration, intrasynovial
administration, intrasternal administration, intrathecal —administration, intralesional
administration, and intracranial injection or infusion techniques.

Usually, an effective amount of the compound provided herein is administered. The actual
amount of the compound to be administered can be determined by a physician in light of the
relevant circumstances, including the condition to be treated, the selected administration route,
the actual compound administered, the age, weight and response of the individual patient, the
severity of the patient's symptoms, etc.

When used for the prevention of the conditions described in the present invention, the compound
provided herein is administered to a subject at risk of developing the conditions, typically based
on a physician's recommendation and under a physician's supervision, at the dosage level as
described above. Subjects at risk of developing specific conditions typically include those with
a family history of the conditions, or those identified as particularly susceptible to developing
the condition through genetic testing or screening.

The pharmaceutical composition provided herein may also be administered long-term (“long
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term administration”). Long term administration refers to administration of the compound or its
pharmaceutical composition over an extended period of time, such as 3 months, 6 months, 1 year,
2 years, 3 years, 5 years, etc, or can be continuously administered indefinitely, for example, for
the rest of the subject's life. In some embodiments, long term administration is intended to
provide a constant level of the compound in the blood over a long period of time, such as within
the therapeutic window.

Various administration methods can be used to further deliver the pharmaceutical composition
of the present invention. For example, in some embodiments, the pharmaceutical composition
can be administered via bolus, for example, in order to rapidly increase the concentration of the
compound in the blood to an effective level. The bolus dose depends on the target systemic level
of the active ingredient, for example, an intramuscular or subcutaneous bolus dose allows slow
release of the active ingredient, while a bolus delivered directly into a vein (e.g., via IV drip)
enables more rapid delivery, allowing the concentration of the active ingredient in the blood to
rapidly rise to an effective level. In other embodiments, the pharmaceutical composition can be
administered as a continuous infusion, for example, via IV drip, to provide a steady-state
concentration of the active ingredient in the subject's body. In addition, in other embodiments, a
bolus dose of the pharmaceutical composition may be administered first, followed by continuous
infusion.

Oral compositions can be in the form of bulk liquid solutions, suspensions, or bulk powders.
However, more typically, in order to facilitate precise dosing, the composition is provided in unit
dosage form. The term “unit dosage form” refers to physically discrete units suitable as dosages
for human patients and other mammals, each unit contains a predetermined quantity of active
substance calculated to produce the desired therapeutic effect and appropriate pharmaceutical
excipients. Typical unit dosage forms include pre-filled, pre-measured ampoules or syringes of
liquid compositions, or pills, tablets, and capsules, etc. in the case of solid compositions. In such
compositions, the compound typically is typically a minor component (about 0.1 to about 50
wit%, or preferably about 1 to about 40 wt%), with the remaining portion being various carriers
or excipients and processing aids useful for forming the desired administration form.

For oral dosage, a representative regimen is one to five oral doses per day, especially two to four
oral doses, typically three oral doses. Using these dosing regimens, each dose provides about

0.01 to about 20 mg/kg of the compound of the present invention, with the preferred doses each
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providing about 0.1 to about 10 mg/kg, particularly about 1 to about 5 mg/kg.

To provide blood levels similar to or lower than those achieved with injectable doses,
transdermal doses are typically selected in amounts of about 0.01 to about 20 wt%, preferably
from about 0.1 to about 20 wt%, preferably from about 0.1 to about 10 wt%, and more perfectly
from about 0.5 to about 15 wit%.

Injectable dose levels range from about 0.1 mg/kg/hour to at least 10 mg/kg/hour over about 1
to about 120 hours, especially 24 to 96 hours. To obtain sufficient steady-state levels, a preloaded
bolus of about 0.1 mg/kg to about 10 mg/kg or more can also be administered. For human patients
weighing 40 to 80 kg, the maximum total dose should not exceed about 2 g/day.

Liquid forms suitable for oral administration may include suitable aqueous or non-aqueous
carriers as well as buffers, suspending and dispersing agents, coloring agents, flavoring agents,
etc. Solid forms may include, for example, any of the following components, or compounds with
similar properties: binders, such as microcrystalline cellulose, tragacanth gum, or gelatin;
excipients, such as starch or lactose, disintegrants, such as alginate, Primogel or corn starch;
lubricants, such as magnesium stearate; glidants, such as colloidal silica; sweeteners, such as
sucrose or saccharin; or flavouring agents, such as peppermint, methyl salicylate, or orange
flavor.

Injectable compositions are typically based on sterile saline or phosphate buffered saline for
injection, or other injectable excipients known in the art. As mentioned earlier, in such
compositions, the active compound is typically a minor component, often about 0.05 to 10 wt%,
with the remaining portion being injectable excipients, etc.

Transdermal compositions are typically formulated as topical ointments or creams containing
the active ingredient. When formulated as an ointment, the active ingredient is typically
combined with paraffin or a water-miscible ointment matrix. Or, the active ingredient can be
formulated as a cream with, for example, an oil-in-water cream base. This transdermal
formulation is well-known in the art and typically includes other components for enhancing the
stable skin penetration of the active ingredient or formulation. All such known transdermal
formulations and components are included within the scope provided by the present invention.
The compounds of the present invention can also be administered through transdermal devices.
Therefore, transdermal administration can be achieved by using reservoirs or porous membrane

types, or various solid matrix patches.
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The above components for oral, injectable or topical administration compositions are only
representative. Other materials and processing techniques, etc., are described in Part 8 of
Remington's Pharmaceutical Sciences, 17th edition, 1985, Mack Publishing Company, Easton,
Pennsylvania, which is introduced herein by reference.

The compounds of the present invention can also be administered in sustained-release forms, or
administered from sustained release drug delivery systems. A description of the representative
sustained release materials can be found in Remington's Pharmaceutical Sciences.

The present invention also relates to pharmaceutically acceptable formulations of the compounds
of the present invention. In an embodiment, the formulation contains water. In another
embodiment, the formulation contains a cyclodextrin derivatives. The most common
cyclodextrins are a-, -, and y- cyclodextrins composed of 6, 7, and 8 a-1,4-linked glucose units,
respectively, which optionally include one or more substituents on the linked sugar moiety,
including but not limited to methylated, hydroxyalkylated, acylated, and sulfoalkyl ether
substituents. In some embodiments, the cyclodextrin is a sulfoalkyl ether B-cyclodextrin, such as
sulfobutyl ether B-cyclodextrin, also known as Captisol. See, for example, U.S.5,376,645. In

some embodiments, the formulation includes hexapropyl-p-cyclodextrin (e.g., 10-50% in water).

Indications

In another aspect, the present invention relates to a method for the treatment and/or prevention
of viral infections in a subject, comprising administering the compound of the present invention,
or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate, polymorph, prodrug or
isotopic variant thereof, or the pharmaceutical composition of the present invention to the subject.
In another aspect, the compound of the present invention, or a pharmaceutically acceptable salt,
stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of the present invention can be used for the treatment and/or
prevention of coronavirus infections. In a more specific embodiment, the compound of the
present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate,
polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of the present
invention can inhibit the replication of coronaviruses. In a more specific embodiment, the
compound of the present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate,

hydrate, polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of
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the present invention can be used for the treatment and/or prevention of RNA-dependent RNA
polymerase of Coronaviridae viruses. In a specific embodiment, the coronavirus is SARS-CoV
virus and its variants, MERS-CoV virus and its variants, SARS-CoV-2 virus and its variants,
other human coronavirus (e.g., 229E, NL63, OC43, HKU1 or WIV1), zoonotic coronavirus (e.g.,
PEDV or HKU CoV isolate, such as HKU3, HKU5 or HKU9), feline coronavirus (e.g., Feline
Enteric Coronavirus (FECV) or Feline infectious peritonitis virus (FIPV)) or porcine epidemic
diarrhea virus (PEDV). In a specific embodiment, the coronavirus is SARS-CoV virus and its
variants, MERS-CoV virus and its variants or SARS-CoV-2 virus and its variants. In a specific
embodiment, the coronavirus is SARS-CoV-2 virus and its variants. In a specific embodiment,
the variants of SARS-CoV-2 virus are Alpha variants, Beta variants, Delta variants, Gamma
variants, or Omicron variants. In a specific embodiment, the compound of the present invention,
or a pharmaceutically acceptable salt, stereocisomer, solvate, hydrate, polymorph, prodrug or
isotopic variant thereof, or the pharmaceutical composition of the present invention can be used
for the treatment and/or prevention of viral infections caused by viruses possessing polymerases
homologous to SARS-CoV-2 polymerase. For example, it can be used for the treatment and/or
prevention of viral infections caused by viruses possessing polymerases with at least 60%
sequence homology to SARS-CoV-2 polymerase. In a specific embodiment, the compound of
the present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate,
polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of the present
invention can be used for the treatment and/or prevention of viral infections caused by viruses
possessing polymerases with at least 70%, at least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence homology to
SARS-CoV-2 polymerase. In a specific embodiment, the compound of the present invention, or
a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate, polymorph, prodrug or
isotopic variant thereof, or the pharmaceutical composition of the present invention can be used
for the treatment and/or prevention of viral infections caused by viruses possessing polymerases
homologous to SARS-CoV-2 polymerase. For example, it can be used for the treatment and/or
prevention of viral infections caused by viruses possessing polymerases with at least 60%
sequence homology to SARS-CoV-2 polymerase. In a specific embodiment, the compound of
the present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate,

polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of the present
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invention can be used for the treatment and/or prevention of viral infections caused by viruses
possessing polymerases with at least 70%, at least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence homology to
SARS-CoV-2 polymerase. In a specific embodiment, the compound of the present invention, or
a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate, polymorph, prodrug or
isotopic variant thereof, or the pharmaceutical composition of the present invention can be used
for the treatment and/or prevention of viral infections caused by viruses exhibiting at least 60%
sequence homology to the complete genomic sequence of SARS-CoV-2. In a specific
embodiment, the compound of the present invention, or a pharmaceutically acceptable salt,
stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of the present invention can be used for the treatment and/or
prevention of viral infections caused by viruses exhibiting at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98% or at least
99% sequence homology to whole genome sequence of SARS-CoV-2.

In another embodiment, the compound of the present invention, or a pharmaceutically acceptable
salt, stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of the present invention can be used for the treatment and/or
prevention of Paramyxoviridae viral infections. In a more specific embodiment, the compound
of the present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate,
polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of the present
invention can inhibit the replication of Paramyxoviridae viruses. In a more specific embodiment,
the compound of the present invention, or a pharmaceutically acceptable salt, stereoisomer,
solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the pharmaceutical
composition of the present invention can be used for the treatment and/or prevention of RNA-
dependent RNA polymerase of Paramyxoviridae viruses. In a specific embodiment, the
Paramyxoviridae virus is parainfluenza virus, measles or mumps virus.

In another embodiment, the compound of the present invention, or a pharmaceutically acceptable
salt, stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of the present invention can be used for the treatment and/or
prevention of Pneumoviridae viral infections. In a more specific embodiment, the compound of

the present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate,
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polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of the present
invention can inhibit the replication of Pneumoviridae viruses. In a more specific embodiment,
the compound of the present invention, or a pharmaceutically acceptable salt, stereoisomer,
solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the pharmaceutical
composition of the present invention can be used for the treatment and/or prevention of RNA-
dependent RNA polymerase of Pneumoviridae viruses. In a specific embodiment, the
Pneumoviridae virus is RSV or human metapneumovirus. In a specific embodiment, the
Pneumoviridae virus is RSV.

In another embodiment, the compound of the present invention, or a pharmaceutically acceptable
salt, stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of the present invention can be used for the treatment and/or
prevention of Picornavirridae viral infections. In a more specific embodiment, the compound of
the present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate,
polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of the present
invention can inhibit the replication of Picornavirridae viruses. In a more specific embodiment,
the compound of the present invention, or a pharmaceutically acceptable salt, stereoisomer,
solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the pharmaceutical
composition of the present invention can be used for the treatment and/or prevention of RNA-
dependent RNA polymerase of Picornavirridae viruses. In a specific embodiment, the
Picornavirridae virus is enterovirus or rhinovirus.

In another embodiment, the compound of the present invention, or a pharmaceutically acceptable
salt, stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of the present invention can be used for the treatment and/or
prevention of Flaviviridae viral infections. In a more specific embodiment, the compound of the
present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate,
polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of the present
invention can inhibit the replication of Flaviviridae viruses. In a more specific embodiment, the
compound of the present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate,
hydrate, polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of
the present invention can be used for the treatment and/or prevention of RNA-dependent RNA

polymerase of Flaviviridae viruses. In a specific embodiment, the Flaviviridae virus is dengue
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virus, Yellow Fever virus, West Nile virus, Zika virus, Japanese encephalitis virus and Hepatitis
C virus.

In another embodiment, the compound of the present invention, or a pharmaceutically acceptable
salt, stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of the present invention can be used for the treatment and/or
prevention of Filoviridae viral infections. In a more specific embodiment, the compound of the
present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate,
polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of the present
invention can inhibit the replication of Filoviridae viruses. In a more specific embodiment, the
compound of the present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate,
hydrate, polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of
the present invention can be used for the treatment and/or prevention of RNA-dependent RNA
polymerase of Filoviridae viruses. In a more specific embodiment, the Filoviridae is Ebola virus,
Zaire Ebola virus, Bundibugio Ebola virus, Sudan Ebola virus, Tai forest Ebola virus, Reston
Ebola virus or Marburg virus. In a more specific aspect, the Filoviridae virus described in the
present invention is Ebola virus or Marburg virus.

In another embodiment, the compound of the present invention, or a pharmaceutically acceptable
salt, stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of the present invention can be used for the treatment and/or
prevention of Arenaviridae viral infections. In a more specific embodiment, the compound of
the present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate,
polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of the present
invention can inhibit the replication of Arenaviridae viruses. In a more specific embodiment, the
compound of the present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate,
hydrate, polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of
the present invention can be used for the treatment and/or prevention of RNA-dependent RNA
polymerase of Arenaviridae viruses. In a specific embodiment, the Arenaviridae is LASA virus
or JUNV virus.

In another embodiment, the compound of the present invention, or a pharmaceutically acceptable
salt, stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the

pharmaceutical composition of the present invention can be used for the treatment and/or
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prevention of monkeypox viral infections. In a more specific embodiment, the compound of the
present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate,
polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of the present
invention can inhibit the replication of monkeypox virus. In a more specific embodiment, the
compound of the present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate,
hydrate, polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of
the present invention can be used for the treatment and/or prevention of RNA-dependent RNA

polymerase of monkeypox virus.

Methods of administration

The compound of the present invention (referred to as “an active ingredient” herein), or a
pharmaceutically acceptable salt, sterecisomer, solvate, hydrate, polymorph, prodrug or isotopic
variant thereof, or the pharmaceutical composition of the present invention can be administrated
through any routes suitable for the conditions to be treated. The preferred routes may vary
depending on, for example, the conditions of subjects. The advantage of the compounds of the
present invention is that they are orally bioavailable and can be administered orally.

In an embodiment, the compound of the present invention, or a pharmaceutically acceptable salt,
stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of the present invention can be used for the treatment of viral
infections. The compound of the present invention, or a pharmaceutically acceptable salt,
stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of the present invention can be administered to individuals who may
come into contact with those having viral infections or have already been infected with viruses
(e.g., SARS-CoV-2) at any time. In another embodiment, the compound of the present invention,
or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate, polymorph, prodrug or
isotopic variant thereof, or the pharmaceutical composition of the present invention can be
prophylactically administered to individuals who come into contact with those having viral
infections (e.g., SARS-CoV-2) or are at risk of coming into contact with individuals having viral
infections (e.g., SARS-CoV-2), such as healthcare providers. In another embodiment, the
administration of the compound of the present invention, or a pharmaceutically acceptable salt,

stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
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pharmaceutical composition of the present invention can be performed on individuals who are
positive for viral infections (e.g., SARS-CoV-2) testing but have not yet shown symptoms of
viral infections (e.g., SARS-CoV-2). In another embodiment, the administration of the
compound of the present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate,
hydrate, polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of
the present invention can be performed on individuals after the onset of symptoms of viral
infections (e.g., SARS-CoV-2).

In an embodiment, the method for the treatment and/or prevention of viral infections disclosed
herein includes event-driven administration to a subject of the compound of the present invention,
or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate, polymorph, prodrug or
isotopic variant thereof, or the pharmaceutical composition of the present invention.

As described herein, the term “event-driven” or “event-driven administration” refers to
administration of the compound of the present invention, or a pharmaceutically acceptable salt,
stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of the present invention under the following circumstances: (1)
prior to an event that exposes an individual to a virus (e.g., SARS-CoV-2) or otherwise increases
the individual's risk of viral infection (e.g., SARS-CoV-2) (e.g., 2 hours, 1 day, 2 days, 5 days,
or 7 days prior to the event); and/or (2) during an event (or more than one repeated event) that
exposes an individual to a virus (e.g., SARS-CoV-2) or otherwise increases the individual's risk
of viral infection (e.g., SARS-CoV-2); and/or (3) after an event (or after the final event in a series
of repeated events) that exposes an individual to a virus (e.g., SARS-CoV-2) or otherwise
increases the individual's risk of viral infection (e.g., SARS-CoV-2). In an embodiment, the
event-driven administration is performed before exposing the subject to a virus (e.g., SARS-
CoV-2). In another embodiment, the event-driven administration is performed after the subject
has been exposed to a virus (e.g., SARS-CoV-2). In another embodiment, the event-driven
administration is performed before exposing the subject to a virus (e.g., SARS-CoV-2) and after
exposing the subject to a virus (e.g., SARS-CoV-2).

In an embodiment, the methods for the treatment and/or prevention of viral infections disclosed
herein involve administration before and/or after an event of exposing an individual to a virus
(e.g., SARS-CoV-2) or otherwise increasing the individual's risk of viral infection (e.g., SARS-

CoV-2), such as serving as pre-exposure prophylaxis (PrEP) and/or post-exposure prophylaxis
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(PEP). In a specific embodiment, the methods disclosed herein include pre-exposure prophylaxis.
In another specific embodiment, the methods disclosed herein include post-exposure prophylaxis.
In an embodiment, the compound of the present invention, or a pharmaceutically acceptable salt,
stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of the present invention is administrated prior to exposure of the
subject to a virus (e.g., SARS-CoV-2).

In another embodiment, the compound of the present invention, or a pharmaceutically acceptable
salt, stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of the present invention is administrated both prior to and after
exposure of the subject to a virus (e.g., SARS-CoV-2).

In another embodiment, the compound of the present invention, or a pharmaceutically acceptable
salt, stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of the present invention is administrated after exposure of the
subject to a virus (e.g., SARS-CoV-2).

Examples of event-driven administration regimens include administration of the compound of
the present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate,
polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of the present
invention within 24 to 2 hours prior to exposure to a virus (e.g., SARS-CoV-2), followed by
further administration of the compound of the present invention, or a pharmaceutically
acceptable salt, stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof,
or the pharmaceutical composition of the present invention after the last exposure, and the last
administration of the compound of the present invention, or a pharmaceutically acceptable salt,
stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of the present invention after 24 hours.

Another example of event-driven administration regimens includes the administration of the
compound of the present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate,
hydrate, polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of
the present invention within 24 hours prior to exposure to a virus (e.g., SARS-CoV-2), followed
by the last administration about 24 hours after the last exposure (which can be an increased dose,
such as a double dose).

The effective dosage of the active ingredient depends on at least the nature and toxicity of the
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condition to be treated, whether the compound is administered prophylactically or used to
combat active viral infections, delivery methods, and drug formulations, and will be determined
by clinicians using routine dose-escalation studies. The dose may be expected to be about 0.0001
to about 100 mg/kg body weight per day; typically, it is about 0.01 to 10 mg/kg body weight per
day; more typically, it is about 0.01 to about 5 mg/kg body weight per day; and most typically,
it is about 0.05 to about 0.5 mg/kg body weight per day. For example, the daily candidate dose
range for an adult weighing approximately 70 kg would be 1 mg to 1000 mg, preferably 5 mg to
500 mg, which could be in the form of a single dose or multiple doses.

The effective dose of the active ingredient of the compound of the present invention for treating
viral infections (e.g., SARS-CoV-2) may depend on whether the dose is used prophylactically
or for treating individuals already suffering from viral infection (e.g., SARS-CoV-2). In addition,
the dose may depend on whether an individual infected with a virus (e.g., SARS-CoV-2) has not
yet shown symptoms or has already shown symptoms of viral infection (e.g., SARS-CoV-2).
Compared to individuals receiving prophylactic treatment, treatment for those who are positive
for viral infection (e.g., SARS-CoV-2) testing and exhibit symptoms of viral infection (e.g.,
SARS-CoV-2) may require higher doses.

Any suitable time period for administering the compound of the present invention, or a
pharmaceutically acceptable salt, sterecisomer, solvate, hydrate, polymorph, prodrug or isotopic
variant thereof, or the pharmaceutical composition of the present invention is also contemplated.
For example, the administration can last 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 last from 1 week to
15 weeks, including 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 weeks. A longer period of
administration time is also contemplated. The administration period may depend on whether the
compound is administered prophylactically or for treating a person suffering from viral infection
(e.9., SARS-CoV-2) for a period of time during normal contact and for a suitable period of time
after last contact with an individual suffering from viral infection (e.g., SARS-CoV-2). For
individuals who have already been infected with a virus (e.g., SARS-CoV-2), the administration
period of time can be any length of time required to treat the patients, as well as an appropriate
period of time after testing negative for viral infection (e.g., SARS-CoV-2) to ensure that the
viral infection (e.g., SARS-CoV-2) does not recur.

In another aspect, the compound of the present invention, or a pharmaceutically acceptable salt,
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stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of the present invention can be administered once daily. In other
embodiments, the compound of the present invention, or a pharmaceutically acceptable salt,
stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of the present invention can be administered once every other day.
In another embodiment, the compound of the present invention is administered once every week.
In another embodiment, the compound of the present invention, or a pharmaceutically acceptable
salt, stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of the present invention is administered twice a week.

In an embodiment, the method for the treatment and/or prevention of viral (e.g., SARS-CoV-2)
infections of the present invention comprises administering a loading dose of the compound of
the present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate,
polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of the present
invention on the first day, then administering the maintenance dose of the compound of the
present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate,
polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of the present
invention once a day for the following days. The once-daily maintenance dose of the compound
of the present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate,
polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of the present
invention can be administered as needed, for example, up to 5 days, up to 7 days, up to 10 days,
up to 15 days, up to 20 days, up to 25 days, up to one month or longer. In another embodiment,
the once-daily maintenance dose is administered for about 6-12 days, such as about 8-10 days.
In another embodiment, the once-daily maintenance dose is administered for about 4 days. In
another embodiment, the once-daily maintenance dose is administered for about 5 days. In
another embodiment, the once-daily maintenance dose is administered for about 9 days. In
another embodiment, the once-daily maintenance dose is administered for about 10 days. The
loading dose can be equal to, less than, or greater than the maintenance dose. In another
embodiment, the loading dose is greater than the maintenance dose.

In an embodiment, the method for the treatment and/or prevention of viral infection (e.g., SARS-
CoV-2) of the present invention comprises administering a loading dose of 150-250 mg (e.g.,

about 200 mg) on the first day, followed by administering an once-daily maintenance dose of
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about 50-150 mg (e.g., about 100 mg) on the following days. In another embodiment, the once-
daily maintenance dose is administered for about 6-12 days, such as about 8-10 days. In another
embodiment, the once-daily maintenance dose is administered for about 9 days. In another
embodiment, the once-daily maintenance dose is administered for about 2-6 days, such as about
3-5 days. In another embodiment, the once-daily maintenance dose is administered for about 4
days.

In an embodiment, the method for the treatment and/or prevention of viral infection (e.g., SARS-
CoV-2) of the present invention comprises administering a loading dose of 50-250 mg (e.g.,
about 100mg) on the first day, followed by administering an once-daily maintenance dose of
about 10-100mg (e.g., about 50mg) on the following days. In another embodiment, the once-
daily maintenance dose is administered for about 6-12 days, such as about 8-10 days. In another
embodiment, the once-daily maintenance dose is administered for about 9 days. In another
embodiment, the once-daily maintenance dose is administered for about 2-6 days, such as about
3-5 days. In another embodiment, the once-daily maintenance dose is administered for about 4
days.

In an embodiment, the loading dose is equal to the maintenance dose. The once-daily dose can
be administered as needed, for example, for up to 5 days, up to 7 days, up to 10 days, up to 15
days, up to 20 days, up to 25 days, up to one month or longer. In another embodiment, the once-
daily dose is administered for up to 20 days, up to 15 days, up to 14 days, up to 13 days, up to
12 days, up to 10 days, up to 8 days, up to 6 days, up to 4 days, up to 3 days, up to 2 days or 1
day.

In another embodiment, the compound of the present invention, or a pharmaceutically acceptable
salt, stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of the present invention is administered once daily, lasting for about
6-12 days, such as about 8-10 days. In another embodiment, the compound of the present
invention, or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate, polymorph,
prodrug or isotopic variant thereof, or the pharmaceutical composition of the present invention
is administered once daily, lasting for about 9 days. In another embodiment, the compound of
the present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate,
polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of the present

invention is administered once daily, lasting for about 10 days. In another embodiment, about
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50-150 mg of the compound of the present invention is administered once daily, lasting for about
6-12 days, such as about 10 days. In another embodiment, about 100 mg of the compound of the

present invention is administered once daily, lasting for about 6-12 days, such as about 10 days.

Combination therapy

In another aspect, the compound of the present invention, or a pharmaceutically acceptable salt,
stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of the present invention can be used in combination with one or
more additional agents for the treatment and/or prevention of Coronaviridae, Paramyxoviridae,
Pneumoviridae,  Picornavirridae,  Flaviviridae,  Filoviridae,  Arenaviridae, and
Orthomyxoviridae infections.

In a specific embodiment, the compound of the present invention, or a pharmaceutically
acceptable salt, stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof,
or the pharmaceutical composition of the present invention can be administered together with
one or more additional agents in a single pharmaceutical composition. In another specific
embodiment, the compound of the present invention, or a pharmaceutically acceptable salt,
stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of the present invention can be administered together with one or
more additional agents in two or more separate pharmaceutical compositions. For example, the
compound of the present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate,
hydrate, polymorph, prodrug or isotopic variant thereof, or the pharmaceutical composition of
the present invention can administered in a single pharmaceutical composition, and at least one
of the additional agents can be administered in a second pharmaceutical composition. If there
are at least two additional agents, one or more of the additional agents can be in the first
pharmaceutical composition comprising the compound of the present invention, or a
pharmaceutically acceptable salt, sterecisomer, solvate, hydrate, polymorph, prodrug or isotopic
variant thereof, and at least one of the other additional agents can be in the second pharmaceutical
composition.

When the compound of the present invention, or a pharmaceutically acceptable salt, sterecisomer,
solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or a pharmaceutical

composition comprising the compound of the present invention, or a pharmaceutically
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acceptable salt, stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof
and one or more additional agents is used, the dosage and administration regimens are within the
knowledge of those skilled in the art. For example, when the recognized dosage and
administration regimens in the art are used as the standard of care treatments, in addition to the
treatment described, an effective amount or administration regimen as described herein can also
be used for administrating the compound of the present invention, or a pharmaceutically
acceptable salt, stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof,
or a pharmaceutical composition comprising the compound of the present invention, or a
pharmaceutically acceptable salt, sterecisomer, solvate, hydrate, polymorph, prodrug or isotopic
variant thereof and one or more additional agents, or replacing an agent in the combination
therapy.

The order of administration of the compound of the present invention, or a pharmaceutically
acceptable salt, stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof,
and one or more additional agents can be varied. In a specific embodiment, the compound of the
present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate,
polymorph, prodrug or isotopic variant thereof can be administrated before all additional agents.
In another specific embodiment, the compound of the present invention, or a pharmaceutically
acceptable salt, stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof
can be administered before at least one agent. In another specific embodiment, the compound of
the present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate,
polymorph, prodrug or isotopic variant thereof can be administered simultaneously with one or
more additional agents. In another specific embodiment, the compound of the present invention,
or a pharmaceutically acceptable salt, stereocisomer, solvate, hydrate, polymorph, prodrug or
isotopic variant thereof can be administered after administration of at least one additional agent.
In a specific embodiment, the combination of the compound of the present invention, or a
pharmaceutically acceptable salt, sterecisomer, solvate, hydrate, polymorph, prodrug or isotopic
variant thereof with one or more additional agents can result in an additive effect. In another
specific embodiment, the combination of the compound of the present invention, or a
pharmaceutically acceptable salt, sterecisomer, solvate, hydrate, polymorph, prodrug or isotopic
variant thereof with one or more additional agents can result in a synergistic enhancement effect.

In another specific embodiment, the combination of the compound of the present invention, or a
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pharmaceutically acceptable salt, stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic
variant thereof with one or more additional agents can result in a synergistic enhancement effect.
In some embodiments, the combination of the compound of the present invention, or a
pharmaceutically acceptable salt, sterecisomer, solvate, hydrate, polymorph, prodrug or isotopic
variant thereof with one or more additional agents can result in a strong synergistic enhancement
effect. The combination of the compound of the present invention, or a pharmaceutically
acceptable salt, stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof
with one or more additional agents is not antagonistic.

As used herein, the term "antagonistic” refers to a combination of compounds having lower
activity than the sum of the activities of each compound when measured individually (i.e., as
single compounds).

The term "synergistic effect" refers to the activity of the combination of compounds being greater
than the sum of the individual activities of the compounds when each compound's activity is
measured separately and combined.

The term "additive effect” refers to the activity of the combination of compounds being
approximately equal to the sum of the individual activities of the compounds when each
compound's activity is measured separately and combined.

Potential advantages of using the combination of the compound of the present invention, or a
pharmaceutically acceptable salt, stereocisomer, solvate, hydrate, polymorph, prodrug or isotopic
variant thereof with one or more additional agents may include that the amount of one or more
additional agents required for effective treatment of viral infection is reduced compared to the
amount needed to achieve the same therapeutic effect when administering one or more additional
agents without the compound of the present invention, or a pharmaceutically acceptable salt, a
stereoisomer, a solvate, a hydrate, a polymorph, a prodrug or an isotopically variant thereof.
Another potential advantage of utilizing the combination of the compound of the present
invention, or a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate, polymorph,
prodrug or isotopic variant thereof with one or more additional agents may be that using two or
more compounds with different mechanisms of action can create a higher barrier against the
development of resistant viral strains compared to the barrier created when administering a single
compound as monotherapy.

Additional advantages of utilizing the combination of the compound of the present invention, or

130



10

15

20

25

30

a pharmaceutically acceptable salt, stereoisomer, solvate, hydrate, polymorph, prodrug or
isotopic variant thereof with one or more additional agents may include: little to no cross
resistance between the compound of the present invention, or a pharmaceutically acceptable salt,
stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, and one or more
additional agents; different routes of elimination for the compound of the present invention, or a
pharmaceutically acceptable salt, sterecisomer, solvate, hydrate, polymorph, prodrug or isotopic
variant thereof, and one or more additional agents; little to no overlapping toxicity between the
compound of the present invention, or a pharmaceutically acceptable salt, stereoisomer, solvate,
hydrate, polymorph, prodrug or isotopic variant thereof, and one or more additional agents; and
little to no significant impact on cytochrome P450; little to no pharmacokinetic interaction
between the compound of the present invention, or a pharmaceutically acceptable salt,
stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, and one or more
additional agents; a greater percentage of subjects achieving sustained virologic response
compared to when the compound is administered as monotherapy, and/or a reduction in
treatment time for the sustained virologic response compared to when the compound is

administered as monotherapy.

Examples

The present invention will be further elaborated below in conjunction with specific examples. It
should be understood that these examples are only used to illustrate the present invention and
are not intended to limit the scope of the present invention. The experimental methods without
specifying the specific conditions in the following examples are usually conducted under
conventional conditions, or according to the conditions recommended by the manufacturers.
Unless otherwise specified, the parts and percentage are parts by weight and percentage by
weight.

Usually, in the preparation process, the reactions are carried out in an inert solvent at room
temperature to reflux temperature (such as 0°C to 100°C, preferably 0°C to 80°C). The reaction
time is usually 0.1-60 hours, preferably 0.5-24 hours.

The abbreviations as used herein have the following meanings:

H2SQOa4: Sulfuric acid

NIS: N-iodosuccinimide
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TFA: Trifluoroacetic acid

DMF: N,N-dimethylformamide

Pd(dppf)Clz: (1,1’-bis(diphenylphosphino)ferrocene)dichloropalladium
TMEDA: Tetramethylethylenediamine

NaBDa4: Sodium borodeuteride

TsP: 1-propylphosphonic acid cyclic anhydride

NMM: N-methylmorpholine

DMAP: N,N-dimethyl-4-pyridylamine

DCM: Dichloromethane

Preparation of Intermediate A-1: (3aR,4R,6R,6aR)-4-(4-aminopyrrolof[2,1-f][1,2 4]triazin-

7-yN-6-(hydroxymethyl)-2.2-dimethyltetrahydrofuro|3,4-d][1,3]dioxole-4-carbonitrile

OH OH
GS-441524

A-1

GS-441524 (2.0 g, 6.9 mmol) was added to a reaction flask, followed by the addition of 50 mL
of acetone to dissolve. 2,2-dimethoxypropane (1.09 g, 10.4 mmol) and concentrated sulfuric acid
(0.55 mL, 10.4 mmol) were added at room temperature. The mixture was stirred at room
temperature under nitrogen atmosphere for 4-6 hours. After completion of the reaction as
monitored by TLC, 15 mL of triethylamine was added to quench the reaction. The solvent was
removed by concentration. The residue was purified by column chromatography and dried under

vacuum to obtain 1.7 g of white solid (yield: 74%). LC-MS (APCI): m/z=332.3 (M+1)".
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Preparation of Intermediate A-2: (3aR.,4R,6R.,6aR)-4-(4-amino-5-iodopyrrolo[2,1-

f][1,2 4]triazin-7-yD)-6-(hydroxymethyl)-2.2-dimethyltetrahydrofuro[3,4-d][1,3]dioxole-4-

carbonitrile

A-2

DMF

The intermediate A-1 (11.8 g, 35.6 mmol) was added to a reaction flask, followed by the addition
of 70 mL of anhydrous DMF to dissolve. NIS (8.82 g, 39.2 mmol) and trifluoroacetic acid (0.81
g, 7.1 mmol) were added sequentially. The mixture was heated to 50°C under nitrogen
atmosphere and stirred for 1-2 hours. After completion of the reaction as monitored by TLC, the
mixture was cooled to room temperature and quenched with saturated aqueous sodium sulfite
solution. The resulting mixture was extracted with ethyl acetate 3-4 times. The organic layers
were combined, washed with saturated saline solution, concentrated, and purified by silica gel
column chromatography to obtain 14.3 g of the product (yield: 88%). LC-MS (APCI): m/z=458.4
(M+1)*,

Preparation of Intermediate A-3: (3aR.4R.6R.,6aR)-4-(4-amino-5-deuteriopyrrolo[2,1-

f][1,2,4]triazin-7-yD)-6-(hydroxymethyl)-2.2-dimethyltetrahydrofuro[3,4-d][1,3]dioxole-4-

carbonitrile
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The following synthetic routes were adopted:

Pd(dppf)Cl,, TMEDA, NaBD,

THF/D,0

The intermediate A-2 (1.2 g, 2.57 mmol) was added to a reaction flask, followed by the addtion
of 20 mL of anhydrous tetrahydrofuran and 2 mL of deuterium oxide. (Pd(dppf)Cl- (0.1 g, 0.13
mmol) and TMEDA (0.6 g, 5.14 mmol) were added sequentially. After the addition, the mixture
was stirred at room temperature for 10 minutes, followed by the addition of NaBD. (0.22 g, 5.14
mmol) in portions over 30 minutes. The reaction was continued at room temperature for 2-3
hours. After completion of the reaction as monitored by TLC, the reaction was quenched with
saturated aqueous ammonium chloride solution. The mixture was extracted with ethyl acetate 3-
4 times. The organic layers were combined, washed with saturated saline solution, concentrated,
and purified by silica gel column chromatography to obtain 0.47 g of the product (yield: 55%).
LC-MS (APCI): m/z=333.6 (M+1)".

Preparation of Intermediate A-4: Cyclobutyl L-alaninate hydrochloride

© ?NHHCI

A-4

The following synthetic routes were adopted:
OH

Ho [( o -
\H/\NHBOC \H/\NHBOC HCl/dioxane (@] NH, HCI
I 7 —— [

T3P, NMM, DMAP

A4
Step 1 Synthesis of cyclobutyl (tert-butoxycarbonyl)-L-alaninate
(tert-Butoxycarbonyl)-L-alanine (4.91 g, 26 mmol) and cyclobutanol (1.68 g, 23.4 mmol) were
added to a reaction flask, followed by the addition of 50 mL of anhydrous dichloromethane. The
mixture was cooled to 0°C under nitrogen atmosphere. NMM (7.08 g, 70.2 mmol), 1-
propylphosphonic acid cyclic anhydride (16.8 mL, 28 mmol), and DMAP (57.6 mg, 0.47 mmol)
were added sequentially. After the addition, the mixture was warmed to room temperature and

stirred for 2-4 hours. After completion of the reaction as monitored by TLC, the reaction was
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quenched with water (40 mL). The organic layers were separated, washed with saturated saline
solution, concentrated, and purified by silica gel column chromatography to obtain 2.4 g of white
solid (yield: 42%). *H NMR (400 MHz, DMSO) & 7.95 (s, 1H), 6.95 (s, 1H), 6.86 (s, 1H), 5.92
—5.76 (m, 1H), 5.50 (d, J = 12.9 Hz, 2H), 4.92 — 4.76 (m, 2H), 4.65 (s, 1H), 4.17 (d, J = 24.2
Hz, 3H), 3.96 (d, J = 36.1 Hz, 3H), 3.67 (s, 2H), 2.22 (s, 2H), 2.06 — 1.87 (m, 2H), 1.70 (d, J =
9.6 Hz, 1H), 1.55 (d, J = 9.3 Hz, 1H), 1.23 (m, 9H).

Step 2 Synthesis of Intermediate A-4

The compound (tert-butoxycarbonyl)-L-alaninate (2.4 g, 9.9 mmol) obtained from the previous
step was added to a reaction flask, followed by addition of 4 N hydrogen chloride solution in
dioxane (25 mL, 100 mmol). The mixture was stirred at room temperature for 1-2 hours. After
completion of the reaction as monitored by TLC, the solvent was removed by concentration. The
crude product was used directly in the next step without further purification. LC-MS (APCI):
m/z=144.4 (M+1)".

Preparation of Intermediate A-5: 2,2-dimethylbutyl L -alaninate hydrochloride

\></OmATNH2 HCI
0

A-5
The followmg synthetic routes were adopted:

HO\H/\NHBOC \></ \></ \H/\NHBOC HCl/dioxane \></O\n/?\NH2 HCl
o

T3P, NMM,DMAP

A5
Step 1 Synthesis of 2,2-dimethylbutyl (tert-butoxycarbonyl)-L-alaninate

(tert-Butoxycarbonyl)-L-alanine (4.91 g, 26 mmol) and 2,2-dimethyl-1-butanol (2.4 g, 23.4
mmol) were added to a reaction flask, followed by the addition of 50 mL of anhydrous
dichloromethane. The mixture was cooled to 0°C under nitrogen atmosphere. NMM (7.08 g,
70.2 mmol), 1-propylphosphonic acid cyclic anhydride (16.8 mL, 28 mmol), and DMAP (57.6
mg, 0.47 mmol) were added sequentially. After the addition, the mixture was warmed to room
temperature and stirred for 2-4 hours. After completion of the reaction as monitored by TLC, the
reaction was quenched with water (40 mL). The organic layers were separated, washed with
saturated saline solution, concentrated, and purified by silica gel column chromatography to

obtain 1.8 g of white solid (yield: 28%). LC-MS (APCI): m/z=274.6 (M+1)".
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Step 2 Synthesis of Intermediate A-5

The compound 2,2-dimethylbutyl (tert-butoxycarbonyl)-L-alaninate (1.8 g, 6.6 mmol) obtained
from the previous step was added to a reaction flask, followed by addition of 4 N hydrogen
chloride solution in dioxane (16.5 mL, 66 mmol). The mixture was stirred at room temperature
for 1-2 hours. After completion of the reaction as monitored by TLC, the solvent was removed
by concentration. The crude product was used directly in the next step without further

purification. LC-MS (APCI): m/z=174.5 (M+1)".

Preparation of Intermediate A-6: S-2-hydroxyethyl 2,2-dimethyl thiopropionate

Ho S
O A6

The following synthetic routes were adopted:

O]
H EtaN, DCM
o ST >HJ\C| Ho >

@)
A-6

2-Mercaptoethanol (3.9 g, 50 mmol) was dissolved in anhydrous dichloromethane (40 mL) and
cooled to -78 °C under a nitrogen atmosphere. Triethylamine (7.6 g, 75 mmol) was added,
followed by dropwise addition of a solution of pivaloyl chloride (6.6 g, 55 mmol) in
dichloromethane (10 mL). After the addition, the mixture was stirred at low temperature for 2-3
hours. After completion of the reaction as monitored by TLC, the reaction was quenched with
water (20 mL). The organic layers were separated, washed with saturated saline solution,
concentrated, and purified by column chromatography to obtain 6.9 g of colorless oily liquid,

i.e., compound 11 (yield: 86%). LC-MS(APCI): m/z=163.6(M+1)".

Preparation of Intermediate A-7: 3-(hexadecyloxy)propane-1-ol

CH3(CH2)150\/\/OH

The following synthetic routes were adopted:
CHy(CHp)1sBr + HO_~_OH  NaOH_~ CHy(CH,)150._~_OH

A-7
Bromohexadecane (1.52 g, 5 mmol) and 1,3-propanediol (1.14 g, 15 mmol) were added into a

reaction flask, followed by the addition of dimethy! sulfoxide (5 mL) and tetrahydrofuran (5 mL).
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Sodium hydroxide (800 mg, 20 mmol) was added, and the mixture was stirred at room
temperature for 24 hours. The mixture was diluted with water (10 mL), and the pH was adjusted
to neutral using 2 M aqueous hydrochloric acid. The resulting mixture was extracted with ethyl
acetate 3 times. The organic layers were combined, washed with saturated saline solution,
concentrated, and purified by silica gel column chromatography to obtain 1.0 g of compound

(yield: 67%). LC-MS(APCI): m/z=301.3(M+1)*.

Preparation of Intermediate A-8: Dodecyl L-alaninate hydrochloride
o :
" NH, Hel
0]

A-8
According to the preparation method of intermediate A-4, n-dodecanol (0.93 g, 5 mmol) was
used instead of cyclobutanol (1.68 g, 23.4 mmol) to prepare intermediate A-8. LC-MS (APCI):
m/z=258.6 (M+1)",

Preparation of Intermediate A-9: Octadeca-9.12-dien-1-yl L-alaninate (92,127)

hydrochloride

O\n/\NHZ HCl
O
|
=
A-9

According to the preparation method of intermediate A-4, (9Z,12Z7)-octadeca-9,12-dien-1-ol

(1.33 g, 5 mmol) was used instead of cyclobutanol (1.68 g, 23.4 mmol) to prepare intermediate

A-9. LC-MS (APCI): m/z=338.6 (M+1)".

Preparation of Intermediate A-10: 1.4-bicyclobutyl L-aspartate hydrochloride

BN

D/O\[]/-\NHz HCI

O A-10

The following synthetic routes were adopted:
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A-10
L-Aspartic acid (1.33 g, 10 mmol), cyclobutanol (10 mL), and trimethylchlorosilane (3.3 g, 30
mmol) were added into a reaction flask. The mixture was heated to 80 °C under a nitrogen
atmosphere and stirred overnight. After completion of the reaction as monitored by TLC, the
solvent was removed by concentration. The crude product was used directly in the next step

without purification. LC-MS (APCI): m/z=242.5 (M+1)".

Preparation of Intermediate A-11: 1,4-dicyclopentyl L-aspartate hydrochloride
LR
O/“\_

o B
O/ I NH, Hel
O A-11

The following synthetic routes were adopted:

o O O

H
’ 0 80 °C G/ O Nk,

A11

@)

|IZ

L-Aspartic acid (1.33 g, 10 mmol), cyclopentanol (10 mL), and trimethylchlorosilane (3.3 g, 30
mmol) were added into a reaction flask. The mixture was heated to 80 °C under a nitrogen
atmosphere and stirred overnight. After completion of the reaction as monitored by TLC, the
solvent was removed by concentration. The crude product was used directly in the next step

without purification. LC-MS (APCI): m/z=270.1 (M+1)".

Preparation of Intermediate A-12: 1,4-bis(2-ethyl butyl) L -aspartate hydrochloride
0]

o
/);/;O\[O]/\NHZ HCI
A-12

The following synthetic routes were adopted:
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/j/\ /)/\O/U\:
O -
HO , TMSCI I NH, HCl
80 °C o
A-12

L-Aspartic acid (1.33 g, 10 mmol), 2-ethyl-1-butanol (10 mL), and trimethylchlorosilane (3.3 g,

|IZ

30 mmol) were added into a reaction flask. The mixture was heated to 80 °C under a nitrogen
atmosphere and stirred overnight. After completion of the reaction as monitored by TLC, the
solvent was removed by concentration. The crude product was used directly in the next step

without purification. LC-MS (APCI): m/z=302.3 (M+1)".

Preparation of Intermediate A-13: cyclobutyl L-phenylalaninate hydrochloride

SN

© -NHHCI

A-13

According to the preparation method of intermediate A-4, (tert-butoxycarbonyl)-L-
phenylalanine (1.32 g, 5 mmol) was used instead of (tert-butoxycarbonyl)-L-alanine (4.91 g, 26
mmol) to obtain intermediate A-13. LC-MS (APCI): m/z=220.6 (M+1)".

Preparation of Intermediate A-14: 2-methoxy-2-methyl propyl L-phenylalanine

hydrochloride

SN

></o -
o jﬁNHz HCI
0

A-14

According to the preparation method of intermediate A-4, (tert-butoxycarbonyl)-L-
phenylalanine (1.32 g, 5 mmol) and 2-methoxy-2-methyl-1-propanol (0.52 g, 5 mmol) were used
instead of (tert-butoxycarbonyl)-L-alanine (4.91 g, 26 mmol) and cyclobutanol (1.68 g, 23.4
mmol), respectively, to prepare intermediate A-14. LC-MS (APCI): m/z=252.4 (M+1)".

Preparation of Intermediate B-1: isopropyl (S)-2-(((((2R,3S,4R ,5R)-5-(4-

aminopyrrolo[2,1-fl[1,2 4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

vl)methoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryllamino)propionate,
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B-1a: isopropyl (S)-2-(((R)-(((2R,3S,4R ,5R)-5-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yI)-5-

cyano-3,4-dihydroxytetrahydrofuran-2-

vmethoxy)(((isopropoxycarbonyloxy)methoxy)phosphoryllamino)propionate and

B-1b: isopropyl (S)-2-(((S)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-

cyano-3,4-dihydroxytetrahydrofuran-2-

vl)methoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphorylamino)propionate

pud O <
: Il H H_
Oy YUl
o H o) o H 0
(0] e}
YOW \(OT
e} (0]
B-1 B-1a B-1b

The following synthetic routes were adopted:

0
2 )\O)H/NHZ 0 i )\ . d
/@/O EI oy HCl  2)h0 /@%’;E’OH c” 0" o o-b-d
O,N EtsN, DCM 0N ITJ\KW%KHmﬁNm%Omi:j/lej\
oo o

NH, NH,

A1 o : ﬁ ~ XN o : g ~ NN

E—— \( \[(\N/\ ° \_N. HCOOH \( \[(\N/‘ °© \ N Chiral separation

' o Hy o NT _HCOOH o "o 0 N —

t-BuMgCl, THF i ., i .,

09 CN ) CN
Y T 0._0 Y bl OH OH

0 el 0

B-1

NH, NH,
0 : |‘c=‘) = 0 ﬁ 0 =7
.P—0 —

\[(\N : N\ _N /) \( N \_N /)
Y o) HJ() o) N o) HJo o/ N
) N + o0 TN
Y g OH OH \( T OH OH

o} o}
B-1a B-1b

Step 1 Synthesis of isopropyl (hydroxy(4-nitrophenoxy)phosphoryl)-L-alaninate

4-Nitrophenyl phosphorodichloridate (5.0 g, 19.6 mmol) was added to a reaction flask, followed
by the addition of 30 mL of anhydrous dichloromethane to dissolve. The mixture was cooled to
-78°C under nitrogen atmosphere, followed by dropwise addition of isopropyl L-alaninate
hydrochloride (3.3 g, 19.6 mmol) in 10 mL dichloromethane and triethylamine (5.95 g, 58.8
mmol) sequentially. After the addition, the reaction was continued at low temperature for 1-2
hours with stirring. After completion of the reaction as monitored by TLC, 10 mL of water was
added and the mixture was slowly warmed to room temperature over 0.5 hour. Reaction
completion was confirmed by LC-MS. The solvent was removed by concentration. The crude

product was directly used in the next step.
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Step 2 Synthesis of isopropyl ((((isopropoxycarbonyl)oxy)methoxy)(4-
nitrophenoxy)phosphoryl)-L-alaninate

The intermediate isopropyl (hydroxy(4-nitrophenoxy)phosphoryl)-L-alaninate from the
previous step was dissolved in acetonitrile (80 mL). Isopropyl chloromethyl carbonate (5.91 g,
38.7 mmol), potassium bicarbonate (3.88 g, 38.7 mmol), and potassium iodide (6.43 g, 38.7
mmol) were added sequentially. The mixture was heated to 60 °C under nitrogen atmosphere
and stirred overnight. After completion of the reaction as monitored by TLC, the solvent was
removed by concentration. The residue was purified by silica gel column chromatography
(petroleum ether/ethyl acetate 2:1) to obtain 3.7 g of colorless oily liquid (yield: 42%). LC-MS
(APCI): m/z=449.7 (M+1)".

Step 3 Synthesis of isopropyl (S)-2-(((((3aR,4R,6R,6aR)-6-(4-aminopyrrolo[2,1-f][1,2,4]triazin-
7-yl)-6-cyano-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxole-4-
yl)methoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)amino)propionate

The intermediate A-1 (0.83 g, 2.5 mmol) and isopropyl ((((isopropoxycarbonyl)oxy)methoxy)(4-
nitrophenoxy)phosphoryl)-L-alaninate (1.66 g, 3.7 mmol) were added to a reaction flask,
followed by the addition of 30 mL of anhydrous tetrahydrofuran. The mixture was cooled to 0°C
in an ice bath, and a 1M tetrahydrofuran solution of tert-butylmagnesium chloride (3.7 mL, 3.7
mmol) was added dropwise under nitrogen atmosphere. After the addition, the mixture was
slowly warmed to room temperature and stirred for 2-4 hours. After completion of the reaction
as monitored by TLC, the mixture was quenched with saturated aqueous ammonium chloride
solution and extracted with ethyl acetate 3-4 times. The organic layers were combined, washed
with saturated saline solution 3 times, and the organic layers were separated, concentrated, and
purified by silica gel column chromatography (petroleum ether/ethyl acetate = 1:1) to obtain 0.94
g of colorless oily liquid (yield: 59%). LC-MS (APCI): m/z=641.7 (M+1)".

Step 4 Synthesis of B-1

(S)-1sopropyl 2-(((((3aR,4R,6R,6aR)-6-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-6-cyano-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-
yl)methoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)amino)propanoate (1.15 g, 1.8
mmol) was added to a reaction flask, followed by the additon of formic acid (20 mL), and stirred
at room temperature overnight. After completion of the reaction as monitored by TLC, the

solvent was removed by concentration. The residue was purified by silica gel column
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chromatography to obtain 637 mg of white solid (yield: 59%). LC-MS (APCI): m/z=601.5
(M+1)*. *H NMR (400 MHz, DMSO-ds) & 7.93 (s, 1H), 6.95 (d, J = 3.6 Hz, 1H), 6.80 (d, J = 4.5
Hz, 1H), 6.02 (d, J = 5.8 Hz, 1H), 5.84 (dd, J = 22.5, 12.4 Hz, 1H), 5.55 — 5.32 (m, 3H), 4.90 —
4.72 (m, 2H), 4.58 (dd, J = 15.2, 3.8 Hz, 1H), 4.26 — 4.04 (m, 2H), 3.59 (ddd, J = 26.9, 16.9, 9.7
Hz, 1H), 1.23 (d, J = 6.2 Hz, 6H), 1.20 — 1.09 (m, 9H).

Step 5 Synthesis of B-1a and B-1b

The racemate compound B-1 was separated with reverse phase preparative chromatography to
obtain the target product B-1a (retention time: 8.34 min, relative content: 53.3%) and B-1b
(retention time: 9.21 min, relative content: 46.7%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Preparation of Intermediate B-2: 2-ethyl butyl (S)-2-(((((2R,3S,4R,5R)-5-(4-

aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

vmethoxy)(((isopropoxycarbonyloxy)methoxy)phosphoryl)amino)propionate,

B-2a: 2-ethyl butyl (S)-2-(((R)-(((2R,3S,4R.5R)-5-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-

v)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

yvl)methoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphorylamino)propionate and

B-2b: 2-ethyl butyl (S)-2-(((S)-(((2R,3S,4R ,5R)-5-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-

yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

v methoxy)((( isopropoxvcarbonvl)oxv)methoxv)phosphorvl)amino)propionate

NH, NH,
\j\/o : 9F" o \j\/ TN \j\/o : ‘OFL*O TN
TN S ) wAN YN TN YN
_/ _/
0-.© ©N CN 00 CN
\(\g OH OH \(T OH OH \(\g OH OH
B-2 B-2a B-2b

Following the synthetic procedure for intermediate B-1, 2-ethyl butyl L-alaninate hydrochloride

(2.09 g, 10 mmol) was used instead of isopropyl L-alaninate hydrochloride (3.3 g, 19.6 mmol)
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to obtain compound B-2 (1.41 g, overall yield: 22%) as a white solid. LC-MS (APCI): m/z=643.1
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.94 (s, 1H), 6.92 (d, J = 4.5 Hz, 1H), 6.80 (d, J = 4.5
Hz, 1H), 6.06 (d, J = 5.8 Hz, 1H), 5.86 (dd, J=12.7, 10.1 Hz, 1H), 5.51 - 5.39 (m, 3H), 4.80 (dt,
J=125, 6.2 Hz, 1H), 4.60 (d, J = 3.5 Hz, 1H), 4.25 — 4.10 (m, 2H), 3.99 (dd, J = 10.8, 5.9 Hz,
1H), 3.90 (dd, J = 10.8, 5.7 Hz, 1H), 3.65 (dd, J = 16.8, 9.6 Hz, 1H), 1.46 (dt, J = 12.3, 6.1 Hz,
1H), 1.33 - 1.00 (m, 13H), 0.82 (t, J = 7.4 Hz, 6H).

The racemate compound B-2 was separated with reverse phase preparative chromatography to
obtain the target product B-2a (retention time: 10.6 min, relative content: 52.9%) and B-2b
(retention time: 11.4 min, relative content: 47.1%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 15019 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Preparation of Intermediate B-3: 2-ethyl butyl (S)-2-(((((2R,3S,4R,5R)-5-(4-

aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

vmethoxy)((pivaloyloxy)methoxy)phosphoryl)amino)propionate,

B-3a: 2-ethyl butyl (S)-2-(((R)-(((2R,3S,4R.5R)-5-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-

v)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

yvDmethoxy)((pivaloyloxy)methoxy)phosphorylamino)propionate and

B-3b: 2-ethyl butyl (S)-2-(((S)-(((2R,3S,4R ,5R)-5-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-

yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

vmethoxy)((pivaloyloxy)methoxy)phosphoryl)amino)propionate

NH, NH, NH,
\jvo ﬁ—o TN \jvo : ﬁ =0 o E—o SN
TN N TN L S T )

o) o} H o o) o} N

s o 0 P
Ao on o o Ao on
OH OH OH OH OH OH
o}
B-3 B-3a B-3b

Following the synthetic procedure for intermediate B-1, 2-ethylbutyl L-alaninate hydrochloride
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(1.87 g, 5 mmol) and chloromethyl pivalate (1.5 g, 10 mmol) were used instead of isopropyl L-
alaninate hydrochloride (3.3 g, 19.6 mmol) and isopropyl chloromethyl carbonate (5.91 g, 38.7
mmol), respectively, to obtain compound B-3 (0.74 g, overall yield: 23%) as a white solid. LC-
MS (APCI): m/z 641.2 [M+1]*. *H NMR (400 MHz, DMSO-ds) & 7.94 (s, 1H), 6.92 (d, J = 4.5
Hz, 1H), 6.80 (d, J = 4.5 Hz, 1H), 6.06 (d, J = 5.8 Hz, 1H), 5.86 (dd, J = 12.7, 10.1 Hz, 1H), 5.51
—5.39 (m, 3H), 4.80 (dt, J = 12.5, 6.2 Hz, 1H), 4.60 (d, J = 3.5 Hz, 1H), 4.25 — 4.10 (m, 1H),
3.99 (dd, J = 10.8, 5.9 Hz, 1H), 3.90 (dd, J = 10.8, 5.7 Hz, 1H), 3.65 (dd, J = 16.8, 9.6 Hz, 1H),
1.46 (dt, J = 12.3, 6.1 Hz, 1H), 1.33 — 0.85 (m, 22H).

Step 2 Synthesis of B-3a and B-3b

The racemate compound B-3 was separated with reverse phase preparative chromatography to
obtain the target product B-3a (retention time: 8.14 min, relative content: 53.8%) and B-3b
(retention time: 8.82 min, relative content: 46.2%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Preparation of Intermediate B-4: cyclobutyl (S)-2-(((((2R,3S,4R.5R)-5-(4-

aminopyrrolof[2,1-fl[1,2.4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

vDmethoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphorylamino)propionate,

B-4a: cyclobutyl (S)-2-(((R)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-

5-cyano-3,4-dihydroxytetrahydrofuran-2-

v methoxy)(((isopropoxycarbonyloxy)methoxy)phosphoryllamino)propionate and

B-4b: cyclobutyl (S)-2-(((S)-(((2R,3S.,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-

5-cyano-3,4-dihydroxytetrahydrofuran-2-

yvl)methoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)amino)propionate
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Following the synthetic procedure for intermediate B-1, intermediate A-4 (1.43 g, 10 mmol) was
used instead of isopropyl L-alaninate hydrochloride (3.3 g, 19.6 mmol) to obtain compound B-4
(2.26 g, overall yield: 37%) as a white solid. LC-MS (APCI): m/z 613.5 [M+1]*. *H NMR (400
MHz, DMSO-ds).

Step 4 Synthesis of B-4a and B-4b

The racemate compound B-4 was separated with reverse phase preparative chromatography to
obtain the target product B-4a (retention time: 7.82 min, relative content: 54.6%) and B-4b
(retention time: 8.35 min, relative content: 45.4%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Preparation of Intermediate B-5: 2.2-dimethyl butyl (S)-2-(((((2R,3S,4R.5R)-5-(4-

aminopyrrolo[2,1-fl[1,2 4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

yvlmethoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphorylamino)propionate,
B-5a: 2.2-dimethyl butyl (9)-2-(((R)-(((2R,3S,4R ,5R)-5-(4-aminopyrrolo[2,1-

f][1,2. 4]triazin-7-yI)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

vmethoxy)(((isopropoxycarbonyloxy)methoxy)phosphoryllamino)propionate and

B-5b: 2.2-dimethyl butyl (S)-2-(((S)-(((2R,3S,4R ,5R)-5-(4-aminopyrrolo[2,1-

f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

yvlYmethoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryllamino)propionate

NH, NH, NH,
= (o] = (o] = (o]
H 1 S N H 1 S SN B 1 B SN
— (o) _P— P—
\></OT,(\NJ‘° (@) N\ NS \></ Y\N : 0 N\ _n. \X/OY\N T °© \_N.
o Ho o N o HJo o N o Hg o N
_/ Yy _/ ",
o0 CN 00 CN 00O CN
\rTg OH OH \(\g OH OH \(Tg OH OH
B-5 B-5a B-5b
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Following the synthetic procedure for intermediate B-1, intermediate A-5 (2.09 g, 10 mmol) was
used instead of isopropyl L-alaninate hydrochloride (3.3 g, 19.6 mmol) to obtain compound B-5
(1.41 g, overall yield: 22%) as a white solid. LC-MS (APCI): m/z 643.1 [M+1]*. *H NMR (400
MHz, DMSO-ds) § 7.94 (s, 1H), 6.92 (d, J = 4.5 Hz, 1H), 6.80 (d, J = 4.5 Hz, 1H), 6.06 (d, J =
5.8 Hz, 1H), 5.86 (dd, J = 12.7, 10.1 Hz, 1H), 5.51 — 5.39 (m, 3H), 4.80 (dt, J = 12.5, 6.2 Hz,
1H), 4.60 (d, J = 3.5 Hz, 1H), 4.25 — 4.10 (m, 2H), 3.99 (dd, J = 10.8, 5.9 Hz, 1H), 3.90 (dd, J =
10.8, 5.7 Hz, 1H), 3.65 (dd, J = 16.8, 9.6 Hz, 1H), 1.46 (dt, J = 12.3, 6.1 Hz, 1H), 1.33 - 0.88
(m, 19H).

The racemate compound B-5 was separated with reverse phase preparative chromatography to
obtain the target product B-5a (retention time: 8.54 min, relative content: 51.2%) and B-5b
(retention time: 9.62 min, relative content: 48.8%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Preparation of Intermediate B-6: ethyl 2-((((((2R.,3S,4R,5R)-5-(4-aminopyrrolo[2,1-

f1[1,2.4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-yl)methoxy)(((S)-1-(2-

ethylbutoxy)-1-oxopropan-2-yl)amino)phosphoryl)oxy)methyl)benzoate,

B-6a: Ethyl 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)(((S)-1-(2-ethylbutoxy)-1-oxopropan-2-

ylamino)phosphoryloxy)methylbenzoate and

B-6b: Ethyl 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)(((S)-1-(2-ethylbutoxy)-1-oxopropan-2-

vamino)phosphoryloxy)methyl)benzoate

NH, NH, NH,
- 0 - 0 - 0
H I " N H I <" >N H I < SN
\j\/oj(\ .P—0 \j\/o .P—o0 \j\/o P—O
N N\ _N_ N: N\ N N \_n. J
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B-6 B-6a B-6b
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Step 1 Synthesis of ethyl 2-((((((S)-1-(2-ethylbutoxy)-1-oxopropan-2-yl)amino)(4-
nitrophenoxy)phosphoryl)oxy)methyl)benzoate

4-nitrophenylphosphorus dichloride (1.27 g, 5.0 mmol) was dissolved in anhydrous
dichloromethane (20 mL), the solution was cooled to -78°C under nitrogen atmosphere, and a
mixed solution of triethylamine (759 mg, 7.5 mmol) and 2-ethyl butyl L-alaninate hydrochloride
(1.05 g, 5.0 mmol) in 10 mL dichloromethane was slowly added dropwise, stirred for reaction at
low temperature for 1-2 hours. After completion of the reaction as monitored by TLC, ethyl 2-
hydroxymethylbenzoate (1.08 g, 6.0 mmol), 2,6-dimethylpyridine (1.1 g, 10 mmol) and DMAP
(305 mg, 2.5 mmol) were added, raised to room temperature and stirred for reaction overnight.
After completion of the reaction as monitored by TLC, excessive water was added for dilution.
The mixture was extracted with dichloromethane for 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated and purified by silica gel column
chromatography to obtain 1.02 g of light yellow oily liquid (yield: 38%). LC-MS(APCI):
m/z=537.5(M+1)*.

Step 2 Synthesis of ethyl 2-((((((3aR,4R,6R,6aR)-6-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yI)-
6-cyano-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxole-4-yl)methoxy)(((S)-1-(2-ethylbutoxy)-
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1-oxopropan-2-yl)amino)phosphoryl)oxy)methyl)benzoate

The intermediate A-1 (0.83 g, 2.5 mmol) and ethyl 2-((((((S)-1-(2-ethylbutoxy)-1-oxopropan-2-
yl)amino)(4-nitrophenoxy)phosphoryl)oxy)methyl)benzoate (1.98 g, 3.7 mmol) were added into
a reaction flask, followed by the addtion of 30 mL of anhydrous tetrahydrofuran to dissolve. The
mixture was cooled to 0°C in an ice bath, and a 1M tetrahydrofuran solution of tert-
butylmagnesium chloride (3.7 mL, 3.7 mmol) was added dropwise under nitrogen atmosphere.
After the addition, the mixture was slowly warmed to room temperature and stirred for 2-4 hours.
After completion of the reaction as monitored by TLC, the mixture was quenched with saturated
aqueous ammonium chloride solution and extracted with ethyl acetate 3-4 times. The organic
layers were combined, washed with saturated saline solution 3 times, and the organic layers were
separated, concentrated, and purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 1:1) to obtain 1.35 g of light yellow oily liquid (yield: 74%). LC-MS (APCI):
m/z=729.3 (M+1)",

Step 3 Synthesis of Intermediate B-6

Ethyl 2-((((((3aR,4R,6R,6aR)-6-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-6-cyano-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methoxy)(((S)-1-(2-ethylbutoxy)-1-oxopropan-
2-yl)amino)phosphoryl)oxy)methyl)benzoate (320 mg, 0.44 mmol) was added into a reaction
flask, followed by the addtion of formic acid (10 mL). The mixture was stirred at room
temperature overnight. After completion of the reaction as monitored by TLC, the solvent was
removed by concentration. The residue was purified by silica gel column chromatography to
obtain 154 mg of light yellow solid (yield: 51%). LC-MS (APCI): m/z=689.7 (M+1)*. *H NMR
(400 MHz, DMSO-ds) & 7.93 (s, 1H), 7.44 (d, J = 3.5 Hz,1H), 7.41 (t, J = 3.5 Hz , 1H), 7.22 (m,
2H), 6.90 (d, J = 4.5 Hz, 1H), 6.80 (d, J = 4.5 Hz, 1H), 6.06 (d, J = 5.8 Hz, 1H), 5.86 (dd, J =
12.7,10.1 Hz, 1H), 5.51 - 5.39 (m, 2H), 4.80 (dt, J = 12.5, 6.2 Hz, 2H), 4.61 (d, J = 3.5 Hz, 2H),
4.25 - 4.10 (m, 6H), 3.99 (dd, J = 10.8, 5.9 Hz, 1H), 2.1 (dd, J = 16.8, 9.6 Hz, 2H), 1.32 - 0.85
(m, 16H).

Step 4 Synthesis of B-6a and B-6b

The racemate compound B-6 was separated with reverse phase preparative chromatography to
obtain the target product B-6a (retention time: 8.14 min, relative content: 52.2%) and B-6b
(retention time: 9.02 min, relative content: 47.8%).

Conditions of chromatographic separation:

148



10

15

20

25

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um
Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Preparation of Intermediate B-7: 2-ethyl butyl (5)-2-(((((2R,3S,4R.5R)-5-(4-

aminopyrrolof[2,1-fl[1,2.4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

vmethoxy)((2-methyl benzyl)oxy)phosphoryl)amino)propionate,

B-7a: 2-ethyl butyl (S)-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)((2-methyl

benzyloxy)phosphorylamino)propionate and

v)-5-cyano-3,4-dihydroxytetrahydrofuran-2-ylYmethoxy)((2-methyl

B-7b: 2-ethyl butyl (S)-2-(((R)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-
benzvl)oxv)phosphorvl)amino)propionate
Ha

N
\j\/o ; E‘O STTON ; H
TN YN TN
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N
\é OH OH

o]

0—1:

OH OH OH OH

B7 B-7a B-7b
Following the synthetic procedure for intermediate B-6, 2-methylbenzyl alcohol (1.46 g, 12
mmol) was used instead of ethyl 2-(hydroxymethyl)benzoate (1.08 g, 6.0 mmol) to obtain
compound B-7 (2.08 g, overall yield: 33%) as a white solid. LC-MS (APCI): m/z 631.1 [M+1]".
IH NMR (400 MHz, DMSO-ds) 6 7.93 (s, 1H), 7.44 (d, J = 3.5 Hz,1H), 7.41 (t, J = 3.5 Hz , 1H),
7.22 (m, 2H), 6.90 (d, J = 4.5 Hz, 1H), 6.80 (d, J = 4.5 Hz, 1H), 6.06 (d, J = 5.8 Hz, 1H), 5.86
(dd, J = 12.7, 10.1 Hz, 1H), 5.51 — 5.39 (m, 2H), 4.80 (dt, J = 12.5, 6.2 Hz, 2H), 4.61 (d, J = 3.5
Hz, 2H), 4.25 — 4.10 (m, 4H), 3.99 (dd, J = 10.8, 5.9 Hz, 1H), 2.2 (s, 3H), 2.1 (dd, J = 16.8, 9.6
Hz, 2H), 1.32 - 0.85 (m, 13H).

The racemate compound B-7 was separated with reverse phase preparative chromatography to
obtain the target product B-7a (retention time: 8.24 min, relative content: 53.3%) and B-7b
(retention time: 9.07 min, relative content: 46.7%).

Conditions of chromatographic separation:
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Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um
Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Preparation of Intermediate B-8: 2-ethyl butyl (5)-2-(((((2R,3S,4R.5R)-5-(4-

aminopyrrolof[2,1-fl[1,2.4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

v)methoxy)((4-(tert-butyl)benzyl)oxy)phosphoryl)amino)propionate,

B-8a: 2-ethyl butyl (S)-(((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)((4-(tert-

butylbenzyl)oxy)phosphorylamino)propionate and

B-8b: 2-ethyl butyl (S)-(((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)((4-(tert-

butvl)benzvl)oxv)phosphorvl)amino)propionate

NH,
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B8 B.6a B-8b
Following the synthetic procedure for intermediate B-6, 4-tert-butylbenzyl alcohol (1.97 g, 12
mmol) was used instead of ethyl 2-(hydroxymethyl)benzoate (1.08 g, 6.0 mmol) to obtain
compound B-8 (1.61 g, overall yield: 24%) as a white solid. LC-MS (APCI): m/z 673.4 [M+1]".
IH NMR (400 MHz, DMSO-ds) & 7.93 (s, 1H), 7.44 (d, J = 3.5 Hz,1H), 7.41 (t, J = 3.5 Hz , 1H),
7.22 (m, 2H), 6.90 (d, J = 4.5 Hz, 1H), 6.80 (d, J = 4.5 Hz, 1H), 6.06 (d, J = 5.8 Hz, 1H), 5.86
(dd, J = 12.7,10.1 Hz, 1H), 5.51 — 5.39 (m, 2H), 4.80 (dt, J = 12.5, 6.2 Hz, 2H), 4.61 (d, J = 3.5
Hz, 2H), 4.25 — 4.10 (m, 4H), 3.99 (dd, J = 10.8, 5.9 Hz, 1H), 2.1 (dd, J = 16.8, 9.6 Hz, 2H),
1.35-0.88 (m, 22H).

The racemate compound B-8 was separated with reverse phase preparative chromatography to
obtain the target product B-8a (retention time: 7.37 min, relative content: 55.0%) and B-8b
(retention time: 8.23 min, relative content: 45.0%).
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Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um
Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Preparation of Intermediate B-9: (((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2.4]triazin-

7-y1)-5-cyano-3.4-dihydroxytetrahydrofuran-2-

ylmethoxy)phosphoryl)bis(oxy))bis(methylene)diisopropy! bis(carbonate)

B-9

The following synthetic routes were adopted:
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B9
Step 1 Synthesis of (((4-nitrophenoxy)phosphoryl)bis(oxy))bis(methylene)diisopropyl
bis(carbonate)

4-Nitrophenyl phosphorodichloridate (2.2 g, 8.6 mmol) was added to a reaction flask, followed
by the addtion of 25 mL of tetrahydrofuran to dissolve. Purified water (5 mL) was added
dropwise, and the mixture was stirred at room temperature for 2 h. The solvent was removed by
concentration. The crude product was used directly in the next step.

The intermediate from the previous step was dissolved in 40 mL of acetonitrile. Isopropyl
chloromethyl carbonate (3.28 g, 21.5 mmol), potassium bicarbonate (2.15 g, 21.5 mmol), and
potassium iodide (2.85 g, 17.2 mmol) were added sequentially. After the addition, the mixture

was heated to 60°C under nitrogen atmosphere and stirred overnight. After completion of the
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reaction as monitored by TLC, the solvent was removed by concentration. The residue was
purified by silica gel column chromatography (petroleum ether/ethyl acetate 3:1) to obtain 1.74
g of colorless oily liquid (yield: 45%). LC-MS (APCI): m/z=452.7 (M+1)".

Step 2 Synthesis of (((((2R,3S,4R,5R)-6-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-6-cyano-
2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxole-4-
yl)methoxy)phosphoryl)bis(oxy))bis(methylene)diisopropyl bis(carbonate)

The intermediate A-1 (0.82 g, 2.5 mmol) and ((((a-
nitrophenoxy)phosphoryl)bis(oxy))bis(methylene)) diisopropyl bis(carbonate) (1.68 g, 3.7
mmol) were added into a reaction flask, followed by the addtion of 30 mL of anhydrous
tetrahydrofuran. The mixture was cooled to 0°C in an ice bath, and a 1M tetrahydrofuran solution
of tert-butylmagnesium chloride (3.7 mL, 3.7 mmol) was added dropwise under nitrogen
atmosphere. After the addition, the mixture was slowly warmed to room temperature and stirred
for 2-4 hours. After completion of the reaction as monitored by TLC, the mixture was quenched
with saturated aqueous ammonium chloride solution and extracted with ethyl acetate 3-4 times.
The organic layers were combined, washed with saturated saline solution 3 times, and the
organic layers were separated, concentrated, and purified by silica gel column chromatography
(petroleum ether/ethyl acetate = 1:1) to obtain 1.04 g of colorless oily liquid (yield: 65%). LC-
MS (APCI): m/z=644.2 (M+1)*.

Step 3 Synthesis of Intermediate B-9
(((((2R,3S,4R,5R)-6-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-6-cyano-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methoxy)phosphoryl)bis(oxy))bis(methylene)
diisopropyl dicarbonate (1.04 g, 1.6 mmol) was added into a reaction flask, followed by the
addtion of 20 mL of formic acid. The mixture was stirred at room temperature overnight. After
completion of the reaction as monitored by TLC, the solvent was removed by concentration. The
residue was purified by silica gel column chromatography to obtain 608 mg of white solid (yield:
63%). LC-MS (APCI): m/z=604.3 (M+1)*. 'H NMR (400 MHz, DMSO-ds) 5 8.04 (s, 1H), 7.07
(d, J = 4.5 Hz, 1H), 6.87 (d, J = 4.5 Hz, 1H), 5.57 (d, J = 13.6 Hz, 4H), 4.82 (td, J = 12.2, 6.1
Hz, 2H), 4.65 (d, J = 4.7 Hz, 1H), 4.30 (m, 1H), 4.11 (m, 1H), 3.96 — 3.88 (M, 2H), 1.24 (d, J =
6.4 Hz, 12H).

Preparation of Intermediate B-10: (((((2R,3S.,4R,5R)-5-(4-amino-5-deuteriopyrrolof2,1-
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ylmethoxy)phosphoryl)bis(oxy))bis(methylene)diisopropy! bis(carbonate)
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Following the synthetic procedure for intermediate B-9, intermediate A-3 (0.82 g, 2.5 mmol)
was used instead of intermediate A-1 (0.82 g, 2.5 mmol) to obtain 521 mg of compound B-10
(yield: 54%) as a white solid. LC-MS (APCI): m/z=605.5 (M+1)*. 'H NMR (400 MHz, DMSO-
ds) 5 8.08 (s, 1H), 6.88 (s, 1H), 5.52 (d, J = 13.6 Hz, 4H), 4.81 (td, J = 12.0, 6.0 Hz, 2H), 4.63
(d, J = 4.7 Hz, 1H), 4.30 (m, 1H), 4.11 (m, 1H), 3.96 — 3.85 (M, 2H), 1.22 (d, J = 6.4 Hz, 12H).

Preparation of Intermediate B-11: (((((2R,3S,4R ,5R)-5-(4-aminopyrrolo[2,1-

f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

vmethoxy)(phenoxy)phosphoryloxy)methyl isopropyl carbonate

O

o NH,
o— 9 ~ SN
0-F-0 S

©/O (0] / N
OH OHCN B-11

The following synthetic routes were adopted:
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Step 1 Synthesis of (4-nitrophenyl)(phenyl)hydrophosphate

4-Nitrophenyl phosphorodichloridate (5.0 g, 19.6 mmol) was added to a reaction flask, followed
by the addition of 30 mL of anhydrous dichloromethane to dissolve. The mixture was cooled to
-78°C under nitrogen atmosphere, followed by dropwise addition of phenol (1.84 g, 19.6 mmol)
in 5 mL dichloromethane and triethylamine (5.95 g, 58.8 mmol) sequentially. After the addition,

the reaction was continued at low temperature for 1-2 hours with stirring. After completion of
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the reaction as monitored by TLC, 10 mL of water was added and the mixture was slowly
warmed to room temperature over 0.5 hour. Reaction completion was confirmed by LC-MS. The
solvent was removed by concentration. The crude product was directly used in the next step. LC-
MS (APCI): m/z=296.4 (M+1)*.

Step 2 Synthesis of isopropyl ((((4-nitrophenoxy)(phenoxy)phosphoryl)oxy)methyl)carbonate
The intermediate (4-nitrophenyl)(phenyl)phosphinic acid from the previous step was dissolved
in acetonitrile (80 mL). Isopropyl chloromethyl carbonate (5.91 g, 38.7 mmol), potassium
bicarbonate (3.88 g, 38.7 mmol), and potassium iodide (6.43 g, 38.7 mmol) were added
sequentially. The mixture was heated to 60°C under nitrogen atmosphere and stirred overnight.
After completion of the reaction as monitored by TLC, the solvent was removed by concentration.
The residue was purified by silica gel column chromatography (petroleum ether/ethyl acetate
2:1) to obtain 3.4 g of colorless oily liquid (yield: 37%). LC-MS (APCI): m/z=468.7 (M+1)*.
Step 3 Synthesis of isopropyl (((((3aR,4R,6R,6aR)-6-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yI)-
6-cyano-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxole-4-
yl)methoxy)(phenoxy)phosphoryl)oxy)methyl carbonate

The intermediate  A-1  (0.83 g, 25 mmol) and isopropyl ((((4-
nitrophenoxy)(phenoxy)phosphoryl)oxy)methyl) carbonate (1.52 g, 3.7 mmol) were added to a
reaction flask, followed by the addtion of 30 mL of anhydrous tetrahydrofuran. The mixture was
cooled to 0°C in an ice bath, and a 1M tetrahydrofuran solution of tert-butylmagnesium chloride
(3.7 mL, 3.7 mmol) was added dropwise under nitrogen atmosphere. After the addition, the
mixture was slowly warmed to room temperature and stirred for 2-4 hours. After completion of
the reaction as monitored by TLC, the mixture was quenched with saturated aqueous ammonium
chloride solution and extracted with ethyl acetate 3-4 times. The organic layers were combined,
washed with saturated saline solution 3 times, and the organic layers were separated,
concentrated, and purified by silica gel column chromatography (petroleum ether/ethyl acetate
=1:1) to obtain 1.07 g of colorless oily liquid (yield: 71%). LC-MS (APCI): m/z=604.8 (M+1)".
Step 4 Synthesis of Intermediate B-11

Isopropyl (((((3aR,4R,6R,6aR)-6-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-6-cyano-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methoxy)(phenoxy)phosphoryl)oxy)methyl
carbonate (1.07 g, 1.8 mmol) was added into a reaction flask, followed by the addtion of 20 mL

of formic acid. The mixture was stirred at room temperature overnight. After completion of the
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reaction as monitored by TLC, the solvent was removed by concentration. The residue was
purified by silica gel column chromatography to obtain 476 mg of white solid (yield: 47%). LC-
MS (APCI): m/z=564.5 (M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.93 (d, J = 1.5 Hz, 1H), 7.35
(dd, J = 17.6, 8.1 Hz, 2H), 7.22 (dd, J = 13.7, 7.1 Hz, 1H), 7.16 (d, J = 7.7 Hz, 2H), 6.91 (t, J =
4.7 Hz, 1H), 6.80 (d, J = 4.4 Hz, 1H), 6.38 (s, 1H), 5.65 (dd, J = 14.0, 2.6 Hz, 2H), 5.47 (s, 1H),
4.79 (td, J = 12.3, 6.2 Hz, 1H), 4.69 (s, 1H), 4.46 — 4.37 (m, 1H), 4.30 (dd, J = 15.1, 5.9 Hz, 2H),
3.97 (d, J = 3.9 Hz, 1H), 1.24 — 1.16 (m, 6H).

Preparation of Intermediate B-12: (((((2R,3S,4R ,5R)-5-(4-aminopyrrolo[2,1-

f][1,2.4]triazin-7-y)-5-cyano-3,4-dihydroxytetrahydrofuran-2-ylYmethoxy)(naphthalen-1-

yvloxy)phosphoryl)oxy)methyl isopropyl carbonate

o—/<o

B-12

Following the synthetic procedure for intermediate B-11, 1-naphthol (0.94 g, 6.5 mmol) was

used instead of phenol (1.84 g, 19.6 mmol) to obtain compound B-12 (637 mg, overall yield:
16%) as a white solid. LC-MS (APCI): m/z=614.1 (M+1)*. *H NMR (400 MHz, DMSO-ds) &
8.10 — 7.76 (m, 6H), 7.56 (dt, J = 14.8, 6.8 Hz, 2H), 7.46 — 7.33 (m, 2H), 6.97 — 6.74 (m, 2H),
6.39 (s, 1H), 5.79 — 5.61 (m, 2H), 5.48 (s, 1H), 4.81 — 4.64 (m, 2H), 4.49 (s, 1H), 4.36 (d, J =
29.1 Hz, 2H), 4.00 (s, 1H), 1.16 (d, J = 6.1 Hz, 6H).

Preparation of Intermediate B-13: (((((2R,3S,4R ,5R)-5-(4-aminopyrrolo[2,1-

f][1,2.4]triazin-7-yl)-5-cyano-3.4-dihydroxytetrahydrofuran-2-yl)methoxy)(4-(tert-

butylphenoxy)phosphoryloxy)methyl isopropyl carbonate,

B-13a: (((S)-(((2R,3S,4R ,5R)-5-(4-aminopyrrolo]2,1-f][1,2.4]triazin-7-yl)-5-cyano-3,4-

dihydroxytetrahydrofuran-2-ylYmethoxy)(4-(tert-butyl)phenoxy)phosphoryl)oxy)methyl

isopropyl carbonate and

B-13b: (((R)-(((2R,3S,4R . ,5R)-5-(4-aminopyrrolof[2,1-fl[1,2.4]triazin-7-yl)-5-cyano-3,4-

dihydroxytetrahydrofuran-2-yl)methoxy)(4-(tert-butyl)phenoxy)phosphoryl)oxy)methyl
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isopropyl carbonate

40 0

X(j/ OH OH XQ/ OH OH

B-13 B-13a B-13b
Following the synthetic procedure for intermediate B-11, 4-tert-butylphenol (0.75 g, 5 mmol)
was used instead of phenol (1.84 g, 19.6 mmol) to obtain compound B-13 (650 mg, overall yield:
21%) as a white solid. LC-MS (APCI): m/z 620.1 [M+1]*. *H NMR (400 MHz, DMSO-ds) 5
7.92 (s, 1H), 7.30 (dd, J = 15.4, 8.0 Hz, 2H), 7.05 (s, 2H), 6.91 (s, 1H), 6.81 (s, 1H), 6.36 (s, 1H),
5.64 (d, J = 13.4 Hz, 2H), 5.45 (s, 1H), 4.80 (d, J = 5.4 Hz, 1H), 4.69 (s, 1H), 4.39 (s, 1H), 4.27
(s, 2H), 3.95 (s, 1H), 1.24 (d, J = 6.3 Hz, 15H).
The racemate compound B-13 was separated with supercritical fluid chromatography to obtain
the target product B-13a (retention time: 1.06 min, relative content: 48.1%) and B-13b (retention
time: 1.36 min, relative content: 51.9%).
Conditions of chromatographic separation:
Column: CHIRALPAK, IH-3, 50x4.6 mm I.D., 3 um
Column temperature: 35°C
Flow rate: 3.0 mL/min
Wavelength of UV detection: 220 nm
Mobile phase: carbon dioxide:isopropanol (0.05% diethylamine)=75:25

Preparation of Intermediate B-14: (((((2R,3S,4R 5R)-5-(4-aminopyrrolo[2,1-

f][1,2.4]triazin-7-yD)-5-cyano-3.4-dihydroxytetrahydrofuran-2-ylYmethoxy)(4-tert-butyl

phenoxy)phosphoryl)oxy)methyl isobutyrate

B-14

Following the synthetic procedure for intermediate B-11, 4-tert-butylphenol (0.75 g, 5 mmol)
and chloromethyl isobutyrate (1.37 g, 10 mmol) were used instead of phenol (1.84 g, 19.6 mmol)
and isopropyl chloromethyl carbonate (5.91 g, 38.7 mmol), respectively, to obtain compound B-
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14 (452 mg, overall yield: 15%) as a white solid. LC-MS (APCI): m/z=604.2 (M+1)*. *H NMR
(400 MHz, DMSO-ds) & 7.92 (s, 1H), 7.31 (dd, J = 13.7, 8.7 Hz, 2H), 7.11 — 7.01 (m, 2H), 6.90
(t, J = 4.6 Hz, 1H), 6.84 — 6.76 (m, 1H), 6.34 (dd, J = 6.0, 3.4 Hz, 1H), 5.63 (dd, J = 14.1, 5.3
Hz, 2H), 5.44 (t, J = 5.3 Hz, 1H), 4.69 (dd, J = 8.8, 5.4 Hz, 1H), 4.44 — 4.34 (m, 1H), 4.27 (t, J
= 6.4 Hz, 2H), 3.96 (dd, J = 9.7, 5.0 Hz, 1H), 1.24 (d, J = 5.7 Hz, 9H), 1.03 (t, J = 7.2 Hz, 6H).

Preparation of Intermediate B-15: S-(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)(4-tert-butyl

phenoxy)phosphoryloxy)ethyl) 2.2-dimethylthiopropionate

70zLS\—\o -0
}/@ B-15

The following synthetic routes were adopted:

OH s
o-P-Cl ﬁ/(j/ ,, HOT j(k 0-P-G
OoN O:N

O-1=0

R Y

EtsN, DCM 2,6-Lutidine, DMAP, DCM t-BuMgCl, THF
Q Q
%S \ % )
HCOOH o-P-
X@/O _ > ﬁ/©/0

Step 1 Synthesis of S-(2-(((4-tert-butyl phenoxy)(4-nitrophenoxy)phosphoryl)oxy)ethyl) 2,2-
dimethylthiopropionate

4-Nitrophenyl phosphorodichloridate (1.27 g, 5.0 mmol) was dissolved in anhydrous
dichloromethane (20 mL). The mixture was cooled to -78°C under nitrogen atmosphere. A
solution of triethylamine (759 mg, 7.5 mmol) and 4-tert-butylphenol (750 mg, 5.0 mmol) in
dichloromethane (10 mL) was added dropwise. The mixture was stirred at low temperature for
1-2 h. After completion of the reaction as monitored by TLC, intermediate A-6 (972 mg, 6.0
mmol), 2,6-dimethylpyridine (1.1 g, 10 mmol), and DMAP (305 mg, 2.5 mmol) were added. The

mixture was warmed to room temperature and stirred overnight. After completion of the reaction
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as monitored by TLC, excessive water was added for dilution. The mixture was extracted with
dichloromethane for 3-4 times. The organic layers were combined, washed with saturated saline
solution, concentrated and purified by silica gel column chromatography to obtain 1.16 g of light
yellow oily liquid (yield: 47%). LC-MS(APCI): m/z=496.5(M+1)".

Step 2 Synthesis of S-(2-(((((3aR,4R,6R,6aR)-6-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-6-
cyano-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxole-4-yl)methoxy)(4-tert-butyl
phenoxy)phosphoryl)oxy)ethyl) 2,2-dimethylthiopropionate

The intermediate A-1 (0.83 g, 25 mmol) and S-(2-(((4-tert-butylphenoxy)(4-
nitrophenoxy)phosphoryl)oxy)ethyl) 2,2-dimethylthiopropionate (1.83 g, 3.7 mmol) were added
to a reaction flask, followed by the addtion of 30 mL of anhydrous tetrahydrofuran to dissolve.
The mixture was cooled to 0°C in an ice bath, and a 1M tetrahydrofuran solution of tert-
butylmagnesium chloride (3.7 mL, 3.7 mmol) was added dropwise under nitrogen atmosphere.
After the addition, the mixture was slowly warmed to room temperature and stirred for 2-4 hours.
After completion of the reaction as monitored by TLC, the mixture was quenched with saturated
aqueous ammonium chloride solution and extracted with ethyl acetate 3-4 times. The organic
layers were combined, washed with saturated saline solution 3 times, and the organic layers were
separated, concentrated, and purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 1:1) to obtain 1.08 g of light yellow oily liquid (yield: 63%). LC-MS (APCI):
m/z=688.3 (M+1)",

Step 3 Synthesis of Intermediate B-15
S-(2-(((((3aR,4R,6R,6aR)-6-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-6-cyano-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxole-4-yl)methoxy)(4-tert-
butylphenoxy)phosphoryl)oxy)ethyl 2,2-dimethylthiopropionate (300 mg, 0.44 mmol) was
added into a reaction flask, followed by the addtion of 10 mL of formic acid. The mixture was
stirred at room temperature overnight. After completion of the reaction as monitored by TLC,
the solvent was removed by concentration. The residue was purified by silica gel column
chromatography to obtain 182 mg light yellow solid (yield: 64%). LC-MS (APCI): m/z=648.5
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.92 (s, 1H), 7.31 (dd, J = 15.5, 8.2 Hz, 2H), 7.07 (s,
2H), 6.91 (s, 1H), 6.81 (s, 1H), 6.34 (s, 1H), 5.43 (s, 1H), 4.69 (s, 1H), 4.35 (s, 1H), 4.26 (s, 2H),
4.10 (s, 2H), 3.97 (s, 1H), 3.08 (d, J = 5.3 Hz, 2H), 1.19 (dd, J = 40.8, 4.7 Hz, 18H).
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Preparation of Intermediate B-16: (((((2R,3S,4R ,5R)-5-(4-aminopyrrolo[2,1-

f][1,2.4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

ymethoxy)phosphorylbis(oxy))bis(methylene)bis(2,2-dimethylpropionate)

|
MOJ
OH OH

o] B-16
Following the synthetic procedure for intermediate B-9, chloromethyl pivalate (1.87 g, 12.5
mmol) was used instead of isopropyl chloromethyl carbonate (3.28 g, 21.5 mmol) to obtain
compound B-16 (719 mg, overall yield: 24%) as a white solid. LC-MS (APCI): m/z 600.1
[M+1]*. *H NMR (400 MHz, DMSO-ds) & 8.04 (s, 1H), 7.07 (d, J = 4.5 Hz, 1H), 6.87 (d, J = 4.5
Hz, 1H), 5.57 (d, J = 13.6 Hz, 4H), 4.82 (td, J = 12.2, 6.1 Hz, 2H), 4.65 (d, J = 4.7 Hz, 1H), 4.30
(m, 1H), 4.11 (m, 1H), 1.24 — 0.87 (d, J = 6.4 Hz, 18H).

Preparation of Intermediate  B-17: S-((((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-

f][1,2. 4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

yllmethoxy)phosphorylbis(oxy))bis(ethylidene))bis(2,2-dimethylthiopropionate)

B-17

The following synthetic routes were adopted:
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Step 1 Synthesis of S-((((4-nitrophenoxy)phosphoryl)bis(oxy))bis(ethylidene))bis(2,2-
dimethylthiopropionate)

4-Nitrophenyl phosphorodichloridate (1.27 g, 5.0 mmol) was dissolved in anhydrous
dichloromethane (20 mL) and cooled to -78°C under nitrogen atmosphere. A solution of
triethylamine (1.26 g, 12.5 mmol) and S-(2-hydroxyethyl) 2,2-dimethylpropanethioate (1.78 g,
11 mmol) in dichloromethane (10 mL) was added dropwise, followed by the addition of DMAP
(305 mg, 2.5 mmol). The mixture was slowly warmed to room temperature and stirred for
reaction overnight. After completion of the reaction as monitored by TLC, excessive water was
added for dilution. The mixture was extracted with dichloromethane for 3-4 times. The organic
layers were combined, washed with saturated saline solution, concentrated and purified by silica
gel column chromatography to obtain 1.22 g of light yellow oily liquid (yield: 48%). LC-
MS(APCI): m/z=508.5(M+1)".

Step 2 Synthesis of S-((((((2R,3S,4R,5R)-6-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-6-cyano-
2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxole-4-
yl)methoxy)phosphoryl)bis(oxy))bis(ethylidene))bis(2,2-dimethylthiopropionate)

The intermediate A-1 (0.83 g, 2.5 mmol) and S-((((4-
nitrophenoxy)phosphoryl)bis(oxy))bis(ethylidene))bis(2,2-dimethylthiopropionate) (1.87 g, 3.7
mmol) were added to a reaction flask, followed by the addtion of 30 mL of anhydrous
tetrahydrofuran to dissolve. The mixture was cooled to 0°C in an ice bath, and a 1M
tetrahydrofuran solution of tert-butylmagnesium chloride (3.7 mL, 3.7 mmol) was added

dropwise under nitrogen atmosphere. After the addition, the mixture was slowly warmed to room
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temperature and stirred for 2-4 hours. After completion of the reaction as monitored by TLC, the
mixture was quenched with saturated aqueous ammonium chloride solution and extracted with
ethyl acetate 3-4 times. The organic layers were combined, washed with saturated saline solution
3 times, and the organic layers were separated, concentrated, and purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 3:1) to obtain 1.1 g of light yellow oily liquid
(yield: 63%). LC-MS (APCI): m/z=700.3 (M+1)*.

Step 3 Synthesis of B-17
S-((((((2R,3S,4R,5R)-6-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-6-cyano-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methoxy)phosphoryl)bis(oxyethylene))bis(2,2-
dimethylpropanethioate) (307 mg, 0.44 mmol) was added into a reaction flask, followed by the
addtion of 10 mL of formic acid. The mixture was stirred at room temperature overnight. After
completion of the reaction as monitored by TLC, the solvent was removed by concentration. The
residue was purified by silica gel column chromatography to obtain 148 mg light yellow solid
(yield: 51%). LC-MS (APCI): m/z=660.7 (M+1)*. *H NMR (400 MHz, CDCl3)  7.97 (s, 1H),
6.90 (d, J = 4.6 Hz, 1H), 6.67 (d, J = 4.6 Hz, 1H), 5.88 (s, 2H), 4.64 (dd, J = 9.6, 4.3 Hz, 2H),
4.42 (d, J=4.1 Hz, 2H), 4.37 (dd, J = 7.7, 3.6 Hz, 1H), 4.30 — 4.20 (m, 4H), 3.17 — 3.02 (m, 4H),
1.19 (d, J = 1.1 Hz, 18H).

Preparation of Intermediate B-18: 2-ethyl butyl (5)-2-(((((2R,3S,4R.5R)-5-(4-

aminopyrrolof[2,1-fl[1,2 4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

vmethoxy)(((isopropoxycarbonyloxy)methoxy)phosphoryllamino)-1-phenylpropionate

= Q
Jyom/'\uff—o
0 o]
w/o\n/or Kk
o] B-18

Following the synthetic procedure for intermediate B-1, 2-ethylbutyl L-phenylalaninate

hydrochloride (1.42 g, 5 mmol) was used instead of isopropyl L-alaninate hydrochloride (3.3 g,
19.6 mmol) to obtain compound B-18 (1.08 g, overall yield: 30%) as a white solid. LC-MS
(APCI): m/z 719.1 [M+1]*. *H NMR (400 MHz, CDCls) & 7.95 (d, J = 2.9 Hz, 1H), 7.25 - 7.20
(m, 2H), 7.12 - 7.08 (m, 2H), 6.87 (dd, J = 6.3, 4.6 Hz, 1H), 6.62 (dd, J = 10.0, 4.6 Hz, 1H), 5.81
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(s, 2H), 5.44 — 5.31 (m, 2H), 4.92 — 4.85 (m, 1H), 4.55 (dd, J = 7.9, 5.7 Hz, 1H), 4.50 (d, J = 2.3
Hz, 1H), 4.33 (ddd, J = 12.0, 5.6, 3.2 Hz, 1H), 4.17 — 4.08 (m, 2H), 3.99 (dd, J = 9.8, 3.6 Hz,
2H), 3.62 (td, J = 10.7, 4.1 Hz, 1H), 3.06 — 2.97 (m, 1H), 2.92 (dd, J = 13.6, 6.7 Hz, 1H), 1.50 -
1.41 (m, 1H), 1.31 - 1.25 (m, 10H), 0.85 (td, J = 7.4, 5.4 Hz, 6H).

Preparation of Intermediate B-19: 2-ethylbutyl 1-(((((2R,3S,4R ,5R)-5-(4-

aminopyrrolof[2,1-fl[1,2.4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

vmethoxy)(((isopropoxycarbonyloxy)methoxy)phosphoryllamino)cyclobutane-1-

carboxylate

o §
\( I B-19

Following the synthetic procedure for intermediate B-1, 2-ethylbutyl 1-aminocyclobutane-1-
carboxylate (1.17 g, 5 mmol) was used instead of isopropyl L-alaninate hydrochloride (3.3 g,
19.6 mmol) to obtain compound B-19 (1.23 g, overall yield: 37%) as a white solid. LC-MS
(APCI): m/z 669.4 [M+1]*. 'H NMR (400 MHz, CDCls) & 7.92 (s, 1H), 6.87 (s, 1H), 6.65 (d, J
= 3.2 Hz, 1H), 6.01 (s, 2H), 5.67 — 5.53 (M, 2H), 5.47 (dd, J = 12.2, 5.3 Hz, 1H), 4.95 — 4.81 (m,
1H), 4.67 (d, J = 5.4 Hz, 1H), 4.56 (s, 1H), 4.40 (s, 1H), 4.28 (d, J = 17.5 Hz, 2H), 4.21 — 4.13
(m, 1H), 4.09 (d, J = 5.3 Hz, 2H), 3.94 (s, 1H), 2.45 (s, 4H), 2.04 — 1.84 (m, 2H), 1.59 — 1.52 (m,
1H), 1.34 (ddd, J = 23.0, 10.0, 5.0 Hz, 10H), 0.90 (t, J = 7.4 Hz, 6H).

Preparation of Intermediate B-20: 1,4-dipentyl N-((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-

f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

yllmethoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)-L -aspartate

B-20
Following the synthetic procedure for intermediate B-1, 1,4-dipentyl L-aspartate hydrochloride
(1.54 g, 5 mmol) was used instead of isopropyl L-alaninate hydrochloride (3.3 g, 19.6 mmol) to
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obtain compound B-20 (1.22 g, overall yield: 33%) as a white solid. LC-MS (APCI): m/z 743.2
[M+1]*. *H NMR (400 MHz, DMSO) & 7.93 (s, 1H), 6.90 (d, J = 4.5 Hz, 1H), 6.80 (d, J = 4.5
Hz, 1H), 6.23 (s, 2H), 4.80 (dt, J = 12.5, 6.2 Hz, 2H), 4.61 (d, J = 3.5 Hz, 2H), 4.25 — 4.10 (m,
6H), 3.12 (dd, J = 10.8, 5.9 Hz, 1H), 3.01 (m, 2H), 1.67 (m, 4H), 1.48 (m, 8H), 1.01 — 0.89 (m,
12H).

Preparation of Intermediate B-21: (((((2R,3S,4R ,5R)-5-(4-aminopyrrolo[2,1-

f][1,2,4]triazin-7-yl)-5-cyano-3.4-dihydroxytetrahydrofuran-2-yl)methoxy)(3-

(hexadecyloxy)propoxy)phosphoryloxy)methyl isopropyl carbonate,

B-21a: (((S)-(((2R,3S,4R ,5R)-5-(4-aminopyrrolo]2,1-f][1,2.4]triazin-7-yl)-5-cyano-3,4-

dihydroxytetrahydrofuran-2-ylYmethoxy)(3-

(hexadecyloxy)propoxy)phosphoryloxy)methyl isopropyl carbonate and

B-21a: (((R)-(((2R,3S,4R . ,5R)-5-(4-aminopyrrolof[2,1-fl[1.2.4]triazin-7-yl)-5-cyano-3,4-

dihydroxytetrahydrofuran-2-ylY)methoxy)(3-

(hexadecyloxy)propoxy)phosphoryloxy)methyl isopropyl carbonate

H3C(HC) 150\_\ NHz H3C(H2C) 150 NHz H3C(HC) 150
H >N u 9 N
e S N. A —P- 9 N o P-0 n
T o o N o ovo N
\( ©N CN oN

OH OH OH OH
B-21 B-21a B-21b

Following the synthetic procedure for intermediate B-1, intermediate A-7 (1.5 g, 5 mmol) was
used instead of isopropyl L-alaninate hydrochloride (3.3 g, 19.6 mmol) to obtain compound B-
21 (0.92 g, overall yield: 24%) as a colorless oily liquid. LC-MS (APCI): m/z 770.2 [M+1]*. *H
NMR (400 MHz, DMSO-ds)) & 7.92 (s, 1H), 6.90 (d, J = 4.4 Hz, 1H), 6.81 (d, J = 4.5 Hz, 1H),
6.35 (dd, J = 5.9, 3.3 Hz, 1H), 5.54 (d, J = 13.9 Hz, 2H), 5.41 (d, J = 5.5 Hz, 1H), 4.87 — 4.76
(m, 1H), 4.67 (t, J = 5.4 Hz, 1H), 4.30 — 4.18 (m, 2H), 4.17 — 4.07 (m, 1H), 4.00 (dd, J = 13.0,
6.5 Hz, 2H), 3.93 (d, J = 4.9 Hz, 1H), 3.31 - 3.25 (m, 2H), 1.77 (dd, J = 10.5, 5.9 Hz, 2H), 1.50
—1.38 (m, 2H), 1.24 (d, J = 7.3 Hz, 34H), 0.85 (t, J = 6.6 Hz, 3H).

The racemate compound B-21 was separated with supercritical fluid chromatography to obtain
the target product B-21a (retention time: 3.87 min, relative content: 51.3%) and B-21b (retention
time: 4.06 min, relative content: 48.7%).

Conditions of chromatographic separation:
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Column: CHIRALPAK, AD-3, 50x4.6 mm I.D., 3 um

Column temperature: 35°C

Flow rate: 3.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: carbon dioxide:isopropanol (0.05% diethylamine)=75:25

Preparation of Intermediate B-22: 1,4-dipentyl N-((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-

f][1,2.4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

ylYmethoxy)(phenoxy)phosphoryl)-L -aspartate,
B-22a: 1,4-dipentyl N-((R)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-5-

cyano-3.,4-dihydroxytetrahydrofuran-2-ylYmethoxy)(phenoxy)phosphoryl)-L -aspartate

and

B-22b: 1.4-dipentyl N-((S)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-5-

cyano-3, 4 dlhvdroxvtetrahvdrofuran 2- vl)methoxv)(phenoxv)phosphorvl) L- aspartate

\/\/\O)K o NH NH,
o H E’_ "N ~ N o B P o
AT S o o Mwm
I} HO le) / N
S~

OH OH OH OH OH OH
B-22 B-22a B-22b

Following the synthetic procedure for intermediate B-6, 1,4-dipentyl L-aspartate hydrochloride
(3.08 g, 10 mmol) and phenol (1.1 g, 12 mmol) were used instead of 2-ethylbutyl L-alaninate
hydrochloride (1.05 g, 5.0 mmol) and ethyl 2-(hydroxymethyl)benzoate (1.08 g, 6.0 mmol),
respectively, to obtain compound B-22 (1.33 g, overall yield: 19%) as a white solid. LC-MS
(APCI): m/z 703.2 [M+1]*. *H NMR (400 MHz, DMSO-ds) & 7.93 (s, 1H), 7.42 — 7.26 (m, 5H),
6.90 (d, J = 4.5 Hz, 1H), 6.80 (d, J = 4.5 Hz, 1H), 4.80 (dt, J = 12.5, 6.2 Hz, 2H), 4.61 (d, J = 3.5
Hz, 2H), 4.25 — 4.10 (m, 5H), 3.12 (dd, J = 10.8, 5.9 Hz, 1H), 3.01 (m, 2H), 1.67 (m, 4H), 1.48
(m, 8H), 1.01 — 0.89 (m, 6H).

The racemate compound B-22 was separated with reverse phase preparative chromatography to
obtain the target product B-22a (retention time: 9.47 min, relative content: 52.7%) and B-22b
(retention time: 9.97 min, relative content: 47.3%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C
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Flow rate: 1.0 mL/min
Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Preparation of Intermediate B-23: 1,4-dipentyl N-((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-

f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-yl)methoxy)(4-tert-butyl

phenoxy)phosphoryl)-L -aspartate

O

O ~, -P—
N \nAHl O

(@] o) / N

Following the synthetic procedure for intermediate B-6, 1,4-dipentyl L-aspartate hydrochloride

(3.08 g, 10 mmol) and 4-tert-butylphenol (1.8 g, 12 mmol) were used instead of 2-ethylbutyl L-
alaninate hydrochloride (1.05 g, 5.0 mmol) and ethyl 2-(hydroxymethyl)benzoate (1.08 g, 6.0
mmol), respectively, to obtain compound B-23 (495 mg, overall yield: 12%) as a white solid.
LC-MS (APCI): m/z 759.2 [M+1]*. 'H NMR (400 MHz, DMSO-ds) 5 7.92 (s, 1H), 7.44 - 7.25
(m, 5H), 6.90 (d, J = 4.5 Hz, 1H), 6.81 (d, J = 4.5 Hz, 1H), 4.78 (dt, J = 12.5, 6.2 Hz, 2H), 4.61
(d, J = 3.5 Hz, 2H), 4.25 — 4.10 (m, 5H), 3.12 (dd, J = 10.8, 5.9 Hz, 1H), 3.01 (m, 2H), 1.66 (m,
4H), 1.45-1.37 (m, 8H), 1.03 - 0.68 (m, 15H).

Preparation of Intermediate B-24: 2-ethylbutyl 1-(((((2R,3S,4R.5R)-5-(4-

aminopyrrolof[2,1-fl[1,2.4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

yvl)methoxy)(phenoxy)phosphorylamino)cyclobutane-1-carboxylate,

B-24a: 2-ethylbutyl 1-(((R)-(((2R,3S,4R ,5R)-5-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-5-

cyano-3,4-dihydroxytetrahydrofuran-2-

vmethoxy)(phenoxy)phosphoryl)amino)cyclobutane-1-carboxylate and

B-24b: 2-ethylbutyl 1-(((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)phosphorylamino)cyclobutane-1-carboxylate
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Following the synthetic procedure for intermediate B-6, 2-ethylbutyl 1-aminocyclobutane-1-
carboxylate (2.35 g, 10 mmol) and phenol (1.1 g, 12 mmol) were used instead of 2-ethylbutyl L-
alaninate hydrochloride (1.05 g, 5.0 mmol) and ethyl 2-(hydroxymethyl)benzoate (1.08 g, 6.0
mmol), respectively, to obtain compound B-24 (1.44 g, overall yield: 23%) as a white solid. LC-
MS (APCI): m/z 629.7 [M+1]*. 'H NMR (400 MHz, DMSO-ds) & 7.93 (s, 1H), 7.42 — 7.26 (m,
5H), 6.90 (d, J = 4.5 Hz, 1H), 6.80 (d, J = 4.5 Hz, 1H), 4.80 (d, J = 6.2 Hz, 2H), 4.63 (m, 2H),
4.22 (m, 3H), 2.45 (m, 2H), 2.25 (m, 2H), 2.07 (m, 1H), 1.48 (m, 4H), 1.01 — 0.89 (m, 6H).
The racemate compound B-24 was separated with reverse phase preparative chromatography to
obtain the target product B-24a (retention time: 8.35 min, relative content: 52.1%) and B-24b
(retention time: 9.26 min, relative content: 47.9%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Preparation of Intermediate B-25: 2-ethyl butyl N-((((2R,3S,4R.,5R)-5-(4-

aminopyrrolof[2,1-fl[1,2.4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

vmethoxy)(phenoxy)phosphoryl)-L -phenylalaninate,
B-25a: 2-ethyl butyl N-((R)-(((2R,3S,4R ,5R)-5-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-5-

cyano-3,4-dihydroxytetrahydrofuran-2-ylYmethoxy)(phenoxy)phosphoryl)-L-

phenylalaninate and

B-25b: 2-ethyl butyl N-((S)-(((2R,3S.4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yI)-5-

cyano-3,4-dihydroxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)-L -

phenylalaninate
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Following the synthetic procedure for intermediate B-6, 2-ethylbutyl L-phenylalaninate
hydrochloride (2.85 g, 10 mmol) and phenol (1.1 g, 12 mmol) were used instead of 2-ethylbutyl
L-alaninate hydrochloride (1.05 g, 5.0 mmol) and ethyl 2-(hydroxymethyl)benzoate (1.08 g, 6.0
mmol), respectively, to obtain compound B-25 (1.29 g, overall yield: 19%) as a white solid. LC-
MS (APCI): m/z 679.6 [M+1]*. *H NMR (400 MHz, CDCls)  7.91 (s, 1H), 7.21 (dt, J = 17.5,
7.5 Hz, 5H), 7.13 = 7.06 (m, 3H), 7.05 — 6.97 (m, 2H), 6.87 (d, J = 4.6 Hz, 1H), 6.52 (d, J = 4.7
Hz, 1H), 6.22 (d, J = 5.9 Hz, 1H), 5.90 (s, 2H), 5.49 (dd, J = 5.8, 4.0 Hz, 1H), 4.53 (d, J = 3.6
Hz, 1H), 4.36 — 4.28 (m, 1H), 4.24 — 4.12 (m, 2H), 3.96 — 3.77 (m, 3H), 2.91 (d, J = 6.2 Hz, 2H),
1.78 (s, 2H), 1.39 (dt, J = 12.4, 6.3 Hz, 1H), 1.27 — 1.20 (m, 4H), 1.12 — 0.87 (m, 6H).

The racemate compound B-25 was separated with reverse phase preparative chromatography to
obtain the target product B-25a (retention time: 10.02 min, relative content: 55.2%) and B-25b
(retention time: 10.94 min, relative content: 44.8%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Preparation of Intermediate B-26: (((((2R,3S,4R ,5R)-5-(4-aminopyrrolo[2,1-

f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-yl)methoxy)(4-(tert-

butyl)phenoxy)phosphoryl)oxy)methyl acetate,
B-26a: (((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)(4-(tert-butylphenoxy)phosphoryloxy)methyl

acetate and

B-26b: (((R)-(((2R,3S,4R . ,5R)-5-(4-aminopyrrolof[2,1-f][1.2.4]triazin-7-yl)-5-cyano-3,4-

dihydroxytetrahydrofuran-2-ylYmethoxy)(4-(tert-butyl)phenoxy)phosphoryl)oxy)methyl

acetate
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B-26 B-26a B-26b
Following the synthetic procedure for intermediate B-11, 4-tert-butylphenol (0.75 g, 5 mmol)
and chloromethyl acetate (1.09 g, 10 mmol) were used instead of phenol (1.84 g, 19.6 mmol)
and isopropyl chloromethyl carbonate (5.91 g, 38.7 mmol), respectively, to obtain compound B-
26 (482 mg, overall yield: 17.2%) as a white solid. LC-MS (APCI): m/z 576.1 [M+1]*. *H NMR
(400 MHz, DMSO-ds) 6 7.93 (s, 1H), 7.31 (dd, J = 13.7, 8.7 Hz, 2H), 7.11 — 7.01 (m, 2H), 6.90
(t, J = 4.6 Hz, 1H), 6.84 — 6.76 (m, 1H), 6.34 (dd, J = 6.0, 3.4 Hz, 1H), 5.63 (dd, J = 14.1, 5.3
Hz, 2H), 5.44 (t, J = 5.3 Hz, 1H), 4.69 (dd, J = 8.8, 5.4 Hz, 1H), 4.44 — 4.34 (m, 1H), 4.27 (t,J =
6.4 Hz, 2H), 3.96 (dd, J = 9.7, 5.0 Hz, 1H), 2.21 (s, 3H), 1.03 (s, 9H).
The racemate compound B-26 was separated with supercritical fluid chromatography to obtain
the target product B-26a (retention time: 1.52 min, relative content: 48.2%) and B-26b (retention
time: 1.77 min, relative content: 51.8%).
Conditions of chromatographic separation:
Column: CHIRALPAK, 1G-3, 50x4.6 mm I.D., 3 um
Column temperature: 35°C
Flow rate: 3.0 mL/min
Wavelength of UV detection: 220 nm
Mobile phase: carbon dioxide:isopropanol (0.05% diethylamine)=60:40

Preparation of Intermediate B-27: (((((2R,3S,4R ,5R)-5-(4-aminopyrrolo[2,1-

f][1,2.4]triazin-7-yD)-5-cyano-3.4-dihydroxytetrahydrofuran-2-ylYmethoxy)(4-tert-butyl

phenoxy)phosphoryl)oxy)methyl pivalate,
B-27a: (((S)-(((2R,3S,4R ,5R)-5-(4-aminopyrrolo]2,1-f][1,2.4]triazin-7-yl)-5-cyano-3,4-

dihydroxytetrahydrofuran-2-ylYmethoxy)(4-tert-butyl  phenoxy)phosphoryl)oxy)methyl

pivalate and
B-27b: (((R)-(((2R,3S,4R . ,5R)-5-(4-aminopyrrolof[2,1-f][1.2.4]triazin-7-yl)-5-cyano-3,4-

dihydroxytetrahydrofuran-2-ylYmethoxy)(4-tert-butyl  phenoxy)phosphoryl)oxy)methyl

pivalate
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B-27 B-27a B-27b
Following the synthetic procedure for intermediate B-11, 4-tert-butylphenol (0.75 g, 5 mmol)
and chloromethyl pivalate (1.5 g, 10 mmol) were used instead of phenol (1.84 g, 19.6 mmol) and
isopropyl chloromethyl carbonate (5.91 g, 38.7 mmol), respectively, to obtain compound B-27
(469 mg, overall yield: 16%) as a white solid. LC-MS (APCI): m/z 618.6 [M+1]*. *H NMR (400
MHz, DMSO-ds) § 7.92 (s, 1H), 7.31 (dd, J = 13.7, 8.7 Hz, 2H), 7.11 - 7.01 (m, 2H), 6.90 (t, J
= 4.6 Hz, 1H), 6.84 — 6.76 (m, 1H), 6.34 (dd, J = 6.0, 3.4 Hz, 1H), 5.63 (dd, J = 14.1, 5.3 Hz,
2H), 5.44 (t, J = 5.3 Hz, 1H), 4.69 (dd, J = 8.8, 5.4 Hz, 1H), 4.44 — 4.34 (m, 1H), 4.27 (t, ) = 6.4
Hz, 2H), 3.96 (dd, J = 9.7, 5.0 Hz, 1H), 1.24 - 1.03 (m, 18H).
The racemate compound B-27 was separated with supercritical fluid chromatography to obtain
the target product B-27a (retention time: 1.69 min, relative content: 52.3%) and B-27b (retention
time: 1.87 min, relative content: 47.7%).
Conditions of chromatographic separation:
Column: CHIRALPAK, 1G-3, 50x4.6 mm I.D., 3 um
Column temperature: 35°C
Flow rate: 3.0 mL/min
Wavelength of UV detection: 220 nm
Mobile phase: carbon dioxide:isopropanol (0.05% diethylamine)=60:40

Preparation of Intermediate B-28: (((((2R,3S,4R ,5R)-5-(4-aminopyrrolo[2,1-

f][1,2.4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

yl)methoxy)phosphoryl)bis(oxy))bis(methylene)bis(isobutyrate)

B-28
Following the synthetic procedure for intermediate B-9, chloromethyl isobutyrate (1.85 g, 12.5
mmol) was used instead of isopropyl chloromethyl carbonate (3.28 g, 21.5 mmol) to obtain
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compound B-28 (715 mg, overall yield: 23%) as a white solid. LC-MS (APCI): m/z 572.3
[M+1]*. 'H NMR (400 MHz, DMSO-ds)  8.04 (s, 1H), 7.07 (d, J = 4.5 Hz, 1H), 6.87 (d, J= 4.5
Hz, 1H), 5.57 (d, J = 13.6 Hz, 4H), 4.82 (td, J = 12.2, 6.1 Hz, 2H), 4.65 (d, J = 4.7 Hz, 1H), 4.30
(m, 1H), 4.11 (m, 1H), 1.21 — 0.89 (m, 12H).

Preparation of Intermediate B-29: dodecyl N-((((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-

f][1,2. 4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

v)methoxy)(phenoxy)phosphoryl)-L -alaninate

OH OH B-29

Following the synthetic procedure for intermediate B-6, intermediate A-8 (1.47 g, 5 mmol) and
phenol (0.57 g, 6 mmol) were used instead of 2-ethylbutyl L-alaninate hydrochloride (1.05 g,
5.0 mmol) and ethyl 2-(hydroxymethyl)benzoate (1.08 g, 6.0 mmol), respectively, to obtain
compound B-29 (686 mg, overall yield: 20%) as a colorless oily liquid. LC-MS (APCI): m/z
687.5 [M+1]*.

Preparation of Intermediate B-30: (9Z2,127)-octadeca-9,12-dien-1-yl N-((((2R,3S.,4R,5R)-5-

(4-aminopyrrolo[2,1-f][1,2 ,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

vmethoxy)(phenoxy)phosphoryl)-L -alaninate

B-30
Following the synthetic procedure for intermediate B-6, intermediate A-9 (1.87 g, 5 mmol) and
phenol (0.57 g, 6 mmol) were used instead of 2-ethylbutyl L-alaninate hydrochloride (1.05 g,
5.0 mmol) and ethyl 2-(hydroxymethyl)benzoate (1.08 g, 6.0 mmol), respectively. After TLC
confirmed reaction completion, the mixture was concentrated and carried forward directly to the

next step.
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Preparation of Intermediate B-31: (97,127)-octadeca-9,12-dien-1-yl N-((((2R,3S,4R.,5R)-5-

(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

yvDmethoxy)(4-(tert-butyl)phenoxy)phosphoryl)-L -alaninate,
B-3la: (97,127)-octadeca-9,12-dien-1-yl N-((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)(4-(tert-

butylDphenoxy)phosphoryl)-L -alaninate and
B-31b: (9Z,127)-octadeca-9,12-dien-1-yl N-((S)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-

f][1,2.4]triazin-7-yl)-5-cyano-3.4-dihydroxytetrahydrofuran-2-ylYmethoxy)(4-(tert-

butyl)phenoxy)phosphoryl)-L -alaninate

NHz NH,

: ;o )
meO 8 }_?yd i’° T
O O
= >‘/©/ OHOH >r©/ OH OH OHOH

B-31a B-31b

Following the synthetic procedure for intermediate B-6, intermediate A-9 (1.87 g, 5 mmol) and
4-tert-butylphenol (0.75 g, 5 mmol) were used instead of 2-ethylbutyl L-alaninate hydrochloride
(1.05 g, 5.0 mmol) and ethyl 2-(hydroxymethyl)benzoate (1.08 g, 6.0 mmol), respectively, to
obtain compound B-31 (1.11 g, overall yield: 27%) as a colorless oily liquid. LC-MS (APCI):
m/z 823.5 [M+1]*. 'H NMR (400 MHz, DMSO-ds) & 8.03 (s, 1H), 7.05 (d, J = 4.5 Hz, 1H), 6.87
(d, J=4.5Hz, 1H), 5.57 (d, J = 13.6 Hz, 4H), 4.81 (td, J = 12.2, 6.1 Hz, 2H), 4.65 (d, J = 4.7 Hz,
1H), 4.30 (m, 1H), 4.11 (m, 1H), 2.05 (m, 2H), 1.21 — 0.89 (d, J = 6.4 Hz, 20H), 0.81 (s, 9H).
The racemate compound B-31 was separated with reverse phase preparative chromatography to
obtain the target product B-31a (retention time: 9.48 min, relative content: 53.2%) and B-31b
(retention time: 11.1 min, relative content: 46.8%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 15019 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Preparation of Intermediate B-32: ((2R,3S,4R ,5R)-5-(4-aminopyrrolo[2,1-f][1,2 4]triazin-
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vl) phenyl phosphate

B-32

The following synthetic routes were adopted:
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B-32

Following the synthetic procedure for intermediate B-6, phenol (0.94 g, 10 mmol) and (9Z,12Z7)-
octadeca-9,12-dien-1-ol (1.33 g, 5 mmol) were used instead of 2-ethylbutyl L-alaninate
hydrochloride (1.05 g, 5.0 mmol) and ethyl 2-(hydroxymethyl)benzoate (1.08 g, 6.0 mmol),
respectively, to obtain compound B-32 (486 mg, overall yield: 14%) as a colorless oily liquid.
LC-MS (APCI): m/z 696.7 [M+1]*. 'H NMR (400 MHz, DMSO-ds) 5 7.93 (d, J = 1.6 Hz, 1H),
7.35 (dd, J = 16.6, 8.6 Hz, 2H), 7.25 — 7.14 (m, 3H), 6.90 (t, J = 4.8 Hz, 1H), 6.80 (dd, J = 4.4,
3.0 Hz, 1H), 6.36 (t, J = 5.9 Hz, 1H), 5.42 (t, J = 7.3 Hz, 1H), 4.68 (t, J = 5.5 Hz, 1H), 4.37 (dd,
J=14.3,8.0 Hz, 1H), 4.24 (dd, J = 19.6, 4.5 Hz, 2H), 4.10 (dt, J = 7.9, 4.0 Hz, 2H), 3.97 (dd, J
=11.1, 5.7 Hz, 1H), 3.25 (dd, J = 15.9, 9.2 Hz, 2H), 1.79 (dd, J = 10.7, 5.8 Hz, 2H), 1.40 (dd, J
=19.8, 13.7 Hz, 2H), 1.24 — 1.08 (m, 20H), 0.85 (t, J = 6.7 Hz, 3H).

Preparation of Intermediate B-33: ((2R,3S,4R ,5R)-5-(4-aminopyrrolo[2,1-f][1,2 4]triazin-

7-y)-5-cyano-3.4-dihydroxytetrahydrofuran-2-yl)methyl (4-(tert-butyl)phenyl) ((92,127)-

octadeca-9,12-dien-1-yl) phosphate
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B-33

Following the synthetic procedure for intermediate B-6, 4-tert-butylphenol (1.5 g, 10 mmol) and
(9Z,12Z)-octadeca-9,12-dien-1-ol (1.33 g, 5 mmol) were used instead of 2-ethylbutyl L-
alaninate hydrochloride (1.05 g, 5.0 mmol) and ethyl 2-(hydroxymethyl)benzoate (1.08 g, 6.0
mmol), respectively, to obtain compound B-33 (523 mg, overall yield: 22%) as a colorless oily
liquid. LC-MS (APCI): m/z 752.3 [M+1]*. 'H NMR (400 MHz, DMSO-ds) & 7.93 (d, J = 1.6 Hz,
1H), 7.36 (dd, J = 16.6, 8.6 Hz, 2H), 7.25 — 7.14 (m, 3H), 6.90 (t, J = 4.8 Hz, 1H), 6.80 (dd, J =
4.4,3.0 Hz, 1H), 6.36 (t, = 5.9 Hz, 1H), 5.42 (t, J = 7.3 Hz, 1H), 4.68 (t, J = 5.5 Hz, 1H), 4.37
(dd, J = 14.3, 8.0 Hz, 1H), 4.24 (dd, J = 19.6, 4.5 Hz, 2H), 4.10 (dt, J = 7.9, 4.0 Hz, 2H), 3.97
(dd, J = 11.1, 5.7 Hz, 1H), 3.25 (dd, J = 15.9, 9.2 Hz, 2H), 1.79 (dd, J = 10.7, 5.8 Hz, 2H), 1.40
(dd, J = 19.8, 13.7 Hz, 2H), 1.22 — 1.14 (t, J = 11.4 Hz, 29H), 0.86 (s, 9H).

Preparation of Intermediate B-34: (92,127)-octadeca-9,12-dien-1-yl N-((((2R,3S,4R.,5R)-5-

(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

vy methoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)-L -alaninate,
B-34a: (9Z7,127)-octadeca-9,12-dien-1-yl N-((R)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-

f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

vmethoxy)(((isopropoxycarbonyloxy)methoxy)phosphoryl)-L -alaninate, and
B-34b: (9Z7.,127)-octadeca-9,12-dien-1-yl N-((S)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-

f][1,2.4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

yvlYmethoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)-L -alaninate

NH2 NH, NH,
H 9 ~ - O - 0
O~ .P—0O Q N o H‘O ~r N o E‘—O ~r N
TN N A TN \ N, TN N
o] (o) o N o H§ o N o Hg o N
| o~ “CN \ o~ “CN \ o— “CN
o)
_ :<o OH OH ~ O:<o OH OH 7 o:<o OH OH
B-34 B-34a B-34b

Following the synthetic procedure for intermediate B-1, intermediate A-9 (1.87 g, 5 mmol) was
used instead of isopropyl L-alaninate hydrochloride (3.3 g, 19.6 mmol) to obtain compound B-
34 (846 mg, overall yield: 21%) as a white solid. LC-MS (APCI): m/z 807.1 [M+1]*. *H NMR
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(400 MHz, CDCls)  7.95 (d, J = 2.9 Hz, 1H), 7.25 — 7.20 (m, 2H), 7.12 — 7.08 (m, 2H), 6.87
(dd, J = 6.3, 4.6 Hz, 1H), 6.62 (dd, J = 10.0, 4.6 Hz, 1H), 5.81 (s, 2H), 5.44 — 5.31 (m, 2H), 4.92
—4.85 (m, 1H), 4.55 (dd, J = 7.9, 5.7 Hz, 1H), 4.50 (d, J = 2.3 Hz, 1H), 4.33 (ddd, J = 12.0, 5.6,
3.2 Hz, 1H), 4.17 — 4.08 (m, 2H), 3.99 (dd, J = 9.8, 3.6 Hz, 2H), 3.62 (td, J = 10.7, 4.1 Hz, 1H),
3.06 — 2.97 (m, 1H), 2.92 (dd, J = 13.6, 6.7 Hz, 1H), 1.50 — 1.41 (m, 1H), 1.31 - 1.25 (m, 10H),
0.85 (td, J = 7.4, 5.4 Hz, 6H).

The racemate compound B-34 was separated with reverse phase preparative chromatography to
obtain the target product B-34a (retention time: 13.22 min, relative content: 51.1%) and B-34b
(retention time: 15.01 min, relative content: 48.9%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Preparation of Intermediate B-35: (9Z7,127)-octadeca-9,12-dien-1-yl N-((((2R,3S,4R ,5R)-5-

(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

vmethoxy)((pivaloyloxy)methoxy)phosphoryl)-L -alaninate

B-35
Following the synthetic procedure for Intermediate B-1, intermediate A-9 (1.87 g, 5 mmol) and
chloromethyl pivalate (1.5 g, 10 mmol) were used instead of isopropyl L-alaninate hydrochloride
(3.3 g, 19.6 mmol) and isopropyl chloromethyl carbonate (5.91 g, 38.7 mmol), respectively, to
obtain compound B-35 (1.08 g, overall yield: 23%) as a colorless oily liquid. LC-MS (APCI):
m/z 805.5 [M+1]*. *H NMR (400 MHz, CDCls) & 7.95 (d, J = 2.9 Hz, 1H), 7.25 — 7.20 (m, 2H),
7.12 - 7.08 (m, 2H), 6.87 (dd, J = 6.3, 4.6 Hz, 1H), 6.62 (dd, J = 10.0, 4.6 Hz, 1H), 5.81 (s, 2H),
5.44 —5.31 (m, 2H), 4.92 — 4.85 (m, 1H), 4.55 (dd, J = 7.9, 5.7 Hz, 1H), 4.50 (d, J = 2.3 Hz, 1H),
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4.33 (ddd, J = 12.0, 5.6, 3.2 Hz, 1H), 4.17 — 4.08 (m, 2H), 3.99 (dd, J = 9.8, 3.6 Hz, 2H), 3.62
(td, J = 10.7, 4.1 Hz, 1H), 3.06 — 2.97 (m, 1H), 2.92 (dd, J = 13.6, 6.7 Hz, 1H), 1.50 — 1.41 (m,
1H), 1.31 - 1.25 (m, 10H), 0.85 (s, 9H).

Preparation of Intermediate B-36: 2-ethyl butyl N-((((2R,3S,4R,5R)-5-(4-

aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

v)methoxy)(4-tert-butyl phenoxy)phosphoryl)-L -phenylalaninate,
B-36a: 2-ethyl butyl N-((R)-(((2R,3S.,4R ,5R)-5-(4-aminopyrrolo[2,1-f][1.2.4]triazin-7-yl)-5-

cyano-3,4-dihydroxytetrahydrofuran-2-ylYmethoxy)(4-tert-butyl phenoxy)phosphoryl)-L-

phenylalaninate and

B-36b: 2-ethyl butyl N-((S)-(((2R,3S,4R ,5R)-5-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-y|)-5-

cyano-3.,4-dihydroxytetrahydrofuran-2-ylYmethoxy)(4-tert-butyl phenoxy)phosphoryl)-L-

phenylalaninate

@\ NH, ©\ NH, @\ NH,
o 0 S
P

S (0]
\j\/ B It "N B 1 " N H ] "N
O _P—0O o} .P—0O o} .P—0O
WK\H . \ N\N/) T(\” : \ N\N/) WK\H ‘ \ N\N/)
o o] 0/ o) o] O~/ o) o] O~/
N “CN “©N
>r©/ OH OH >r©/ OH OH >r©/ OH OH
B-36 B-36a B-36b

Following the synthetic procedure for intermediate B-6, 2-ethylbutyl L-phenylalaninate
hydrochloride (1.42 g, 5.0 mmol) and 4-tert-butylphenol (0.9 g, 6.0 mmol) were used instead of
2-ethylbutyl L-alaninate hydrochloride (1.05 g, 5.0 mmol) and ethyl 2-(hydroxymethyl)benzoate
(1.08 g, 6.0 mmol), respectively, to obtain compound B-36 (605 mg, overall yield: 25%) as a
white solid. LC-MS (APCI): m/z 735.4 [M+1]*. *H NMR (400 MHz, CDCls) § 7.93 (s, 1H), 7.22
(dt, J = 17.5, 7.5 Hz, 5H), 7.13 — 7.06 (m, 3H), 7.05 — 6.97 (m, 2H), 6.87 (d, J = 4.6 Hz, 1H),
6.52 (d, J = 4.7 Hz, 1H), 6.22 (d, J = 5.9 Hz, 1H), 5.90 (s, 2H), 5.49 (dd, J = 5.8, 4.0 Hz, 1H),
4.53 (d, J = 3.6 Hz, 1H), 4.36 — 4.28 (m, 1H), 4.24 — 4.12 (m, 2H), 3.96 — 3.77 (m, 3H), 2.91 (d,
J=6.2 Hz, 2H), 1.78 (s, 2H), 1.39 (dt, J = 12.4, 6.3 Hz, 1H), 1.27 — 1.20 (m, 6H), 0.97 (s, 9H).
The racemate compound B-36 was separated with reverse phase preparative chromatography to
obtain the target product B-36a (retention time: 10.11 min, relative content: 53.2%) and B-36b
(retention time: 10.99 min, relative content: 46.8%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C
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Flow rate: 1.0 mL/min
Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Preparation of Intermediate B-37: 1.4-dicyclobutyl N-((((2R,3S,4R,5R)-5-(4-

aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

ylYmethoxy)(phenoxy)phosphoryl)-L -aspartate,

B-37a: 1.,4-dicyclobutyl N-((R)-(((2R,3S,4R.5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-

v)-5-cyano-3,4-dihydroxytetrahydrofuran-2-ylYmethoxy)(phenoxy)phosphoryl)-L -

aspartate and

B-37b: 1.4-dicyclobutyl N-((S)-(((2R,3S,4R ,5R)-5-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-

yvI)-5-cyano-3,4-dihydroxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)-L -

aSQartate
) 0 0
Qo& NH, Qo/k NH, on NH,

9 <" >N H 1] ST B I <" N

O~ .P—0 o) _P—0 o _P—0
O TN o)™ TN o LW e

/ 00 0~/ o 0~/
O Wi SR O Wi
OH OH OH OH OH OH

B-37 B-37a B-37b

Following the synthetic procedure for intermediate B-6, intermediate A-10 (2.78 g, 10 mmol)
and phenol (1.1 g, 12 mmol) were used instead of 2-ethylbutyl L-alaninate hydrochloride (1.05
g, 5.0 mmol) and ethyl 2-(hydroxymethyl)benzoate (1.08 g, 6.0 mmol), respectively, to obtain
compound B-37 (526 mg, overall yield: 30%) as a white solid. LC-MS (APCI): m/z 671.2
[M+1]*. 'H NMR (400 MHz, DMSO-ds) & 7.93 (s, 1H), 7.44 — 7.22 (m, 5H), 6.91 (d, J = 4.5 Hz,
1H), 6.82 (d, J = 4.5 Hz, 1H), 4.80 (dt, J = 12.5, 6.2 Hz, 2H), 4.61 (d, J = 3.5 Hz, 2H), 4.25 —
4.10 (m, 5H), 3.15 (dd, J = 10.8, 5.9 Hz, 1H), 3.01 (m, 2H), 1.63 (m, 4H).

The racemate compound B-37 was separated with reverse phase preparative chromatography to
obtain the target product B-37a (retention time: 9.44 min, relative content: 50.2%) and B-37b
(retention time: 9.57 min, relative content: 49.8%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min
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Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Preparation of Intermediate B-38: 1,4-dicyclopentyl N-((((2R.,3S,4R,5R)-5-(4-

aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

vlYmethoxy)(phenoxy)phosphoryl)-L -aspartate,
B-38a: 1.4-dicyclopentyl N-((R)-(((2R,3S,4R.5R)-5-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-

v)-5-cyano-3,4-dihydroxytetrahydrofuran-2-ylYmethoxy)(phenoxy)phosphoryl)-L -

aspartate and

B-38b: 1.,4-dicyclopentyl N-((S)-(((2R.,3S,4R ,5R)-5-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-

yvI)-5-cyano-3,4-dihydroxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)-L -

asgartate
(0] (0] (0]
CL we (L we (LR N
S SIS S DUV IS 3 B
_P—0O P A
N \ N, N: S N N
CITNl e TN ey TTHL Lo )™
SHR= A S
OH OH OH OH OH OH
B-38 B-38a B-38b

Following the synthetic procedure for intermediate B-6, intermediate A-11 (3.06 g, 10 mmol)
and phenol (1.1 g, 12 mmol) were used instead of 2-ethylbutyl L-alaninate hydrochloride (1.05
g, 5.0 mmol) and ethyl 2-(hydroxymethyl)benzoate (1.08 g, 6.0 mmol), respectively, to obtain
compound B-38 (729 mg, overall yield: 35%) as a white solid. LC-MS (APCI): m/z 699.8
[M+1]*. 'H NMR (400 MHz, DMSO-ds) 6 7.92 (s, 1H), 7.42 — 7.26 (m, 5H), 6.92 (d, J = 4.5 Hz,
1H), 6.80 (d, J = 4.5 Hz, 1H), 4.81 (dt, J = 12.5, 6.2 Hz, 2H), 4.61 (d, J = 3.5 Hz, 2H), 4.25 —
4.10 (m, 5H), 3.12 (dd, J = 10.8, 5.9 Hz, 1H), 3.01 (m, 2H), 1.69 (m, 4H), 1.48-1.38 (m, 8H).
The racemate compound B-38 was separated with reverse phase preparative chromatography to
obtain the target product B-38a (retention time: 9.43 min, relative content: 50.2%) and B-38b
(retention time: 9.52 min, relative content: 49.8%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm
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Mobile phase: pure water:acetonitrile=40:60

Preparation of Intermediate B-39: 1.4-bis(2-ethyl butyl) N-((((2R,3S,4R.,5R)-5-(4-

aminopyrrolo[2,1-fl[1,2 4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

yvlYmethoxy)(phenoxy)phosphoryl)-L -aspartate,
B-39a: 1,4-bis(2-ethyl butyl) N-((R)-(((2R,3S,4R 5R)-5-(4-aminopyrrolo[2,1-

f][1,2. 4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

vmethoxy)(phenoxy)phosphoryl)-L -aspartate and
B-39b: 1.4-bis(2-ethyl butyl) N-((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)-L -aspartate
(o]

0 o}
NH NH, NH
/)/\OJJ\i 0 \; /)/\O)J\: 0 L /j/\o)k’ 0 \;
0w P—o = 0~ .P—0 - 0~ .P—0 =
N \ N, N: \ N_ N \ N,
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©/ N ©/ CN ©/ N
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B-39 B-39a B-39%

Following the synthetic procedure for intermediate B-6, intermediate A-12 (3.38 g, 10 mmol)
and phenol (1.1 g, 12 mmol) were used instead of 2-ethylbutyl L-alaninate hydrochloride (1.05
g, 5.0 mmol) and ethyl 2-(hydroxymethyl)benzoate (1.08 g, 6.0 mmol), respectively, to obtain
compound B-39 (508 mg, overall yield: 22%) as a white solid. LC-MS (APCI): m/z 731.2
[M+1]*. *H NMR (400 MHz, DMSO-ds) & 7.93 (s, 1H), 7.42 — 7.26 (m, 5H), 6.90 (d, J = 4.5 Hz,
1H), 6.80 (d, J = 4.5 Hz, 1H), 4.80 (dt, J = 12.5, 6.2 Hz, 2H), 4.61 (d, J = 3.5 Hz, 2H), 4.25 —
4.10 (m, 5H), 3.12 (dd, J = 10.8, 5.9 Hz, 1H), 3.01 (m, 2H), 1.67 (m, 4H), 1.48 (m, 8H), 1.01 —
0.89 (m, 6H).

The racemate compound B-39 was separated with reverse phase preparative chromatography to
obtain the target product B-39a (retention time: 9.42 min, relative content: 50.2%) and B-39b
(retention time: 9.54 min, relative content: 49.8%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60
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Preparation of Intermediate B-40: cyclobutyl N-((((2R.,3S,4R,5R)-5-(4-aminopyrrolo[2,1-

f][1,2.4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

yvl)methoxy)(phenoxy)phosphoryl)-L -phenylalaninate,
B-40a: cyclobutyl N-((R)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-5-

cyano-3,4-dihydroxytetrahydrofuran-2-ylYmethoxy)(phenoxy)phosphoryl)-L -

phenylalaninate and

B-40b: cyclobutyl N-((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)-L -

phenylalaninate
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B-40 B-40a B-40b

Following the synthetic procedure for intermediate B-6, intermediate A-13 (2.56 g, 10 mmol)
and phenol (1.1 g, 12 mmol) were used instead of 2-ethylbutyl L-alaninate hydrochloride (1.05
g, 5.0 mmol) and ethyl 2-(hydroxymethyl)benzoate (1.08 g, 6.0 mmol), respectively, to obtain
compound B-40 (693 mg, overall yield: 17%) as a white solid. LC-MS (APCI): m/z 649.5
[M+1]*. *H NMR (400 MHz, CDCl3) 6 7.91 (s, 1H), 7.21 (dt, J = 17.3, 7.5 Hz, 5H), 7.13 — 7.06
(m, 3H), 7.05 — 6.97 (m, 2H), 6.87 (d, J = 4.6 Hz, 1H), 6.52 (d, J = 4.7 Hz, 1H), 6.21 (d, J = 5.9
Hz, 1H), 5.90 (s, 2H), 5.49 (dd, J = 5.8, 4.0 Hz, 1H), 4.55 (d, J = 3.6 Hz, 1H), 4.36 — 4.28 (m,
1H), 4.24 — 4.12 (m, 2H), 3.96 — 3.77 (m, 3H), 2.90 (d, J = 6.2 Hz, 2H), 1.78 (s, 2H), 1.39 (dt, J
=12.4,6.3 Hz, 1H), 1.27 — 1.20 (m, 4H), 1.12 — 0.85 (m, 6H).

The racemate compound B-40 was separated with reverse phase preparative chromatography to
obtain the target product B-40a (retention time: 10.15 min, relative content: 52.4%) and B-40b
(retention time: 11.91 min, relative content: 47.6%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm
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Mobile phase: pure water:acetonitrile=40:60

Preparation of Intermediate B-41: 2-methoxy-2-methylpropyl N-((((2R,3S,4R.,5R)-5-(4-

aminopyrrolo[2,1-fl[1,2 4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

yl)methoxy)(phenoxy)phosphoryl)-L-phenylalaninate,
B-41a: 2-methoxy-2-methylpropyl N-((R)-(((2R,3S,4R ,5R)-5-(4-aminopyrrolo[2,1-

f][1,2. 4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

vmethoxy)(phenoxy)phosphoryl)-L -phenylalaninate and

B-41b: 2-methoxy-2-methylpropyl N-((S)-(((2R,3S.4R ,5R)-5-(4-aminopyrrolo[2,1-

f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

yl)methoxv)(phenoxv)phosphorvl) L-phenylalaninate

NH, NH,
N N
> KOWFN ﬁ) > Kowm ﬁ g yvowm w
OH OH OH OH OH OH
B-41a B-41b

Following the synthetic procedure for intermediate B-6, intermediate A-14 (2.87 g, 10 mmol)
and phenol (1.1 g, 12 mmol) were used instead of 2-ethylbutyl L-alaninate hydrochloride (1.05
g, 5.0 mmol) and ethyl 2-(hydroxymethyl)benzoate (1.08 g, 6.0 mmol), respectively, to obtain
compound B-41 (347 mg, overall yield: 9%) as a white solid. LC-MS (APCI): m/z 681.2 [M+1]".
IH NMR (400 MHz, CDCls) & 7.91 (s, 1H), 7.21 (dt, J = 17.5, 7.5 Hz, 5H), 7.13 - 7.06 (m, 3H),
7.05-6.97 (m, 2H), 6.87 (d, J = 4.6 Hz, 1H), 6.52 (d, J = 4.7 Hz, 1H), 6.22 (d, J = 5.9 Hz, 1H),
5.90 (s, 2H), 5.49 (dd, J = 5.8, 4.0 Hz, 1H), 4.53 (d, J = 3.6 Hz, 1H), 4.36 — 4.28 (m, 1H), 4.24 —
4.12 (m, 2H), 3.96 — 3.77 (m, 3H), 2.91 (d, J = 6.2 Hz, 2H), 1.78 (s, 2H), 1.39 (dt, J = 12.4, 6.3
Hz, 1H), 1.27 - 1.20 (m, 4H), 1.12 — 0.87 (m, 6H).

The racemate compound B-41 was separated with reverse phase preparative chromatography to
obtain the target product B-41a (retention time: 10.12 min, relative content: 51.4%) and B-41b
(retention time: 11.85 min, relative content: 48.6%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm
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Mobile phase: pure water:acetonitrile=40:60

Preparation of Intermediate B-42: (((((2R.3S,4R,5R)-5-(4-amino-5-iodopyrrolof2,1-

f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

yl)methoxy)phosphorylbis(oxy))bis(methylene)diisopropyl bis(carbonate)

B-42

Following the synthetic procedure for intermediate B-9, intermediate A-2 (1.14 g, 2.5 mmol)
was used instead of intermediate A-1 (0.82 g, 2.5 mmol) to obtain 275 mg of compound B-42
(yield: 58%) as an off-white solid. LC-MS (APCI): m/z=730.3 (M+1)*. *H NMR (400 MHz,
DMSO-ds) & 8.11 (s, 1H), 6.93 (s, 1H), 5.59 (d, J = 12.4 Hz, 4H), 4.77 (dd, J = 11.4, 5.6 Hz, 2H),
4.63 (d, J = 4.4 Hz, 1H), 4.31 (m, 1H), 4.12 (m, 1H), 3.94 — 3.81 (m, 2H), 1.25 (d, J = 6.4 Hz,
12H).

Preparation of Intermediate B-43: (((((2R.,3S,4R,5R)-5-(4-amino-6-bromopyrrolo[2,1-

f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-

yl)methoxy)phosphorylbis(oxy))bis(methylene)diisopropyl bis(carbonate)

B-43

B-43
The intermediate B-9 (100 mg, 0.16 mmol) was added to a reaction flask, followed by the addtion
of 5 mL of anhydrous dichloromethane to dissolve. N-Bromosuccinimide (35.4 mg, 0.20 mmol)

was added in portions at room temperature under nitrogen atmosphere. The mixture was stirred
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at room temperature overnight. After completion of the reaction as monitored by TLC, the
mixture was quenched with a small amount of water and extracted with dichloromethane 3-4
times. The organic layers were combined, washed with saturated saline solution, concentrated,
and purified by silica gel column chromatography to obtain 31 mg of the target product (yield:
28%). LC-MS (APCI): m/z=682.2 (M+1)*. 'H NMR (400 MHz, DMSO-ds) & 8.38 (s, 1H), 7.49
(s, 1H), 5.59 (d, J = 13.2 Hz, 4H), 4.80 (td, J = 12.4, 6.4 Hz, 2H), 4.62 (d, J = 4.7 Hz, 1H), 4.30
(m, 1H), 4.12 (m, 1H), 3.93 — 3.86 (m, 2H), 1.24 (d, J = 6.4 Hz, 12H).

Example 1: Preparation of (2R,3R.4R,5R)-2-(4-aminopyrrolof[2.1-f][1.2.4]triazin-7-yl)-2-

cyano-5-((((((S)-1-isopropoxy-1-oxopropan-2-

yDamino)(((isopropoxycarbonyl)oxy)methoxy)phosphoryloxy)methyDtetrahydrofuran-

3,4-diyl diacetate (Compound 1),
(2R,3R 4R ,5R)-2-(4-aminopyrrolo[2,1-f][1,2.41triazin-7-yl)-2-cyano-5-((((R)-(((S)-1-

isopropoxy-1-oxopropan-2-

vamino)(((isopropoxycarbonyloxy)methoxy)phosphoryloxy)methytetrahydrofuran-

3,4-diyl diacetate (Compound 1a) and
(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yI)-2-cyano-5-((((S)-(((S)-1-

isopropoxy-1-oxopropan-2-

yvDamino)(((isopropoxycarbonyloxy)methoxy)phosphoryoxy)methyDtetrahydrofuran-

3,4-diyl diacetate (Compound 1b)

The following synthetic routes were adopted:
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Chiral separation

Step 1 Synthesis of Compound 1

The compound B-1 (186 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Acetic anhydride (79 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-4 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 99 mg of the target product (yield: 47%). LC-MS (APCI): m/z=685.1
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.94 (s, 1H), 6.93 (d, J = 3.6 Hz, 1H), 6.81 (d, J = 4.5
Hz, 1H), 6.04 (d, J = 5.9 Hz, 1H), 5.84 (dd, J = 22.5, 12.4 Hz, 1H), 5.55 — 5.32 (m, 3H), 4.90 —
4.72 (m, 2H), 4.58 (dd, J = 15.2, 3.8 Hz, 1H), 4.26 — 4.04 (m, 2H), 3.59 (ddd, J = 26.9, 16.9, 9.7
Hz, 1H), 2.11 (d, J = 3.4 Hz, 6H), 1.23 (d, J = 6.2 Hz, 6H), 1.20 — 1.09 (m, 9H).

Step 2 Synthesis of Compound 1a and Compound 1b

The racemate compound 1 was separated with reverse phase preparative chromatography to
obtain the target product 1a (retention time: 9.16 min, relative content: 52.5%) and 1b (retention
time: 10.20 min, relative content: 47.5%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm
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Mobile phase: pure water:acetonitrile=40:60

Example 2: Preparation of (2R,3R.4R,5R)-2-(4-aminopyrrolof[2,1-f][1.2.4]triazin-7-yl)-2-

cyano-5-((((((S)-1-isopropoxy-1-oxopropan-2-

yDamino)(((isopropoxycarbonyl)oxy)methoxy)phosphoryloxy)methyDtetrahydrofuran-

3,4-diyl dipropionate (Compound 2),
(2R,3R,4R ,5R)-2-(4-aminopyrrolo[2,1-f][1,2.41triazin-7-yl)-2-cyano-5-((((R)-(((S)-1-

isopropoxy-1-oxopropan-2-

vamino)(((isopropoxycarbonyloxy)methoxy)phosphoryloxy)methytetrahydrofuran-

3,4-diyl dipropionate (Compound 2a) and
(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yI)-2-cyano-5-((((S)-(((S)-1-

isopropoxy-1-oxopropan-2-

yvDamino)(((isopropoxycarbonyloxy)methoxy)phosphoryoxy)methyDtetrahydrofuran-

3,4-diyl dipropionate (Compound 2b)

9
(o) ~.-P—0O
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DMAP o g
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Step 1 Synthesis of Compound 2
The compound B-1 (186 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion

of 10 mL of anhydrous dichloromethane to dissolve. Propionic anhydride (101 mg, 0.78 mmol),
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triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-4 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 128 mg of the target product (yield: 58%). LC-MS (APCI): m/z=713.3
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.94 (s, 1H), 6.93 (d, J = 4.4 Hz, 1H), 6.80 (d, J = 4.5
Hz, 1H), 6.06 (d, J = 5.8 Hz, 1H), 5.84 (dd, J = 23.2, 13.2 Hz, 1H), 5.52 — 5.38 (m, 3H), 4.91 —
4.74 (m, 2H), 4.58 (dd, J = 14.9, 3.5 Hz, 1H), 4.26 — 4.07 (m, 2H), 3.67 — 3.49 (m, 1H), 2.47 -
2.31 (m, 4H), 1.29 - 0.97 (m, 21H).

Step 2 Synthesis of Compound 2a and Compound 2b

The racemate compound 2 was separated with reverse phase preparative chromatography to
obtain the target product 2a (retention time: 8.47 min, relative content: 54.5%) and 2b (retention
time: 9.18 min, relative content: 45.5%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 3: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-

cyano-5-((((((S)-1-isopropoxy-1-oxopropan-2-

yDamino)(((isopropoxycarbonyl)oxy)methoxy)phosphoryloxy)methyDtetrahydrofuran-

3.,4-diyl bis(2-methylpropionate) (Compound 3),
(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.41triazin-7-yl)-2-cyano-5-((((R)-(((S)-1-

isopropoxy-1-oxopropan-2-

yvDamino)(((isopropoxycarbonyl)oxy)methoxy)phosphoryoxy)methyDtetrahydrofuran-

3,4-diyl bis(2-methylpropionate) (Compound 3a) and
(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yI)-2-cyano-5-((((S)-(((S)-1-

isopropoxy-1-oxopropan-2-
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yvDamino)(((isopropoxycarbonyloxy)methoxy)phosphoryoxy)methyDtetrahydrofuran-

3.4-diyl bis(2-methylpropionate) (Compound 3b)
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Step 1 Synthesis of Compound 3

The intermediate B-1 (186 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-4 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 89 mg of the target product (yield: 39%). LC-MS (APCI): m/z=741.3
(M+1)*. *H NMR (400 MHz, DMSO-ds) 6 7.93 (s, 1H), 6.92 (s, 1H), 6.79 (s, 1H), 6.05 (s, 1H),
5.84 (d, J = 11.0 Hz, 1H), 5.47 (d, J = 12.8 Hz, 3H), 4.82 (d, J = 5.0 Hz, 2H), 4.58 (d, J = 14.2
Hz, 1H), 4.18 (s, 2H), 3.58 (d, J = 18.6 Hz, 1H), 2.70 — 2.54 (m, 2H), 1.44 — 0.91 (m, 27H).
Step 2 Synthesis of Compound 3a and Compound 3b

The racemate compound 3 was separated with reverse phase preparative chromatography to

obtain the target product 3a (retention time: 9.15 min, relative content: 54.1%) and 3b (retention
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time: 10.04 min, relative content: 45.9%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um
Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 4: Preparation of (2R,3R.4R,5R)-2-(4-aminopyrrolof[2.1-f][1.2.4]triazin-7-yl)-2-

cyano-5-((((((S)-1-isopropoxy-1-oxopropan-2-

yDamino)(((isopropoxycarbonyl)oxy)methoxy)phosphoryloxy)methyDtetrahydrofuran-

3,4-diyl bis(2,2-dimethylpropionate) (Compound 4),
(2R,3R 4R ,5R)-2-(4-aminopyrrolo[2,1-f][1,2.41triazin-7-yl)-2-cyano-5-((((R)-(((S)-1-

isopropoxy-1-oxopropan-2-

vamino)(((isopropoxycarbonyloxy)methoxy)phosphoryloxy)methytetrahydrofuran-

3,4-diyl bis(2,2-dimethylpropionate) (Compound 4a) and
(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yI)-2-cyano-5-((((S)-(((S)-1-

isopropoxy-1-oxopropan-2-

yvDamino)(((isopropoxycarbonyloxy)methoxy)phosphoryoxy)methyDtetrahydrofuran-

3,4-diyl bis(2,2-dimethylpropionate) (Compound 4b)

The following synthetic routes were adopted:
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DMAP
Et;N, DCM

Step 1 Synthesis of Compound 4

The compound B-1 (186 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Pivalic anhydride (145 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-4 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 114 mg of the target product (yield: 48%). LC-MS (APCI): m/z=769.4
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.94 (s, 1H), 6.92 (s, 1H), 6.77 (s, 1H), 6.04 (d, J =
5.2 Hz, 1H), 5.83 (d, J = 12.0 Hz, 1H), 5.56 — 5.37 (m, 3H), 4.83 (s, 2H), 4.55 (d, J = 17.8 Hz,
1H), 4.17 (s, 2H), 1.18 (d, J = 27.9 Hz, 33H).

Step 2 Synthesis of Compound 4a and Compound 4b

The racemate compound 4 was separated with reverse phase preparative chromatography to
obtain the target product 4a (retention time: 7.38 min, relative content: 53.4%) and 4b (retention
time: 8.14 min, relative content: 46.6%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60
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Example 5: Preparation of (2R,3R.4R,5R)-2-(4-aminopyrrolof[2,1-f][1.2.4]triazin-7-yl)-2-

cyano-5-((((((S)-1-(2-ethylbutoxy)-1-oxopropan-2-

yvDamino)(((isopropoxycarbonyl)oxy)methoxy)phosphoryoxy)methyDtetrahydrofuran-

3,4-diyl diacetate (Compound 5),
(2R,3R,4R ,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((R)-(((S)-1-(2-

ethylbutoxy)-1-oxopropan-2-

vamino)(((isopropoxycarbonyloxy)methoxy)phosphoryloxy)methytetrahydrofuran-

3,4-diyl diacetate (Compound 5a) and
(2R,3R.4R ,5R)-2-(4-aminopyrrolof[2,1-f][1,2 . 4]triazin-7-yI)-2-cyano-5-((((S)-(((S)-1-(2-

ethylbutoxy)-1-oxopropan-2-

yDamino)(((isopropoxycarbonyl)oxy)methoxy)phosphoryloxy)methyDtetrahydrofuran-

3,4-diyl diacetate (Compound 5b)

NHy NH, NH,
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R I " N H 1] " N B I "N
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Step 1 Synthesis of Compound 5

The compound B-2 (199 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Acetic anhydride (79 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
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completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-4 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 151 mg of the target product (yield: 67%). LC-MS (APCI): m/z=727.4
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.92 (s, 1H), 6.91 (d, J = 4.6 Hz, 1H), 6.81 (d, J= 4.5
Hz, 1H), 6.03 (d, J = 5.8 Hz, 1H), 5.86 (dd, J = 12.7, 10.1 Hz, 1H), 5.51 — 5.39 (m, 3H), 4.80 (d,
J=12.5,6.2 Hz, 1H), 4.60 (d, J = 3.5 Hz, 1H), 4.25 — 4.10 (m, 2H), 3.99 (dd, J = 10.8, 5.9 Hz,
1H), 3.90 (dd, J = 10.8, 5.5 Hz, 1H), 3.65 (dd, J = 16.8, 9.6 Hz, 1H), 2.46 — 2.30 (m, 4H), 1.46
(dt, J = 12.3, 6.1 Hz, 1H), 1.32 — 1.00 (m, 13H), 0.82 (t, J = 7.4 Hz, 6H).

Step 2 Synthesis of Compound 5a and Compound 5b

The racemate compound 5 was separated with reverse phase preparative chromatography to
obtain the target product 5a (retention time: 8.69 min, relative content: 51.7%) and 5b (retention
time: 9.75 min, relative content: 48.3%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 6: Preparation of (2R,3R.4R,5R)-2-(4-aminopyrrolof[2.1-f][1.2.4]triazin-7-yl)-2-

cyano-5-((((((S)-1-(2-ethylbutoxy)-1-oxopropan-2-

yDamino)(((isopropoxycarbonyl)oxy)methoxy)phosphoryloxy)methyDtetrahydrofuran-

3,4-diyl dipropionate (Compound 6),

(2R.3R.4R.5R)-2-(4-aminopyrrolo[2,1-f][1.2.4]triazin-7-yl)-2-cyano-5-((((R)-(((S)-1-(2-

ethylbutoxy)-1-oxopropan-2-

vamino)(((isopropoxycarbonyloxy)methoxy)phosphoryloxy)methytetrahydrofuran-

3,4-diyl dipropionate (Compound 6a) and

(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-y])-2-cyano-5-((((S)-(((S)-1-(2-

ethylbutoxy)-1-oxopropan-2-
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yvDamino)(((isopropoxycarbonyloxy)methoxy)phosphoryoxy)methyDtetrahydrofuran-

3.4-diyl dipropionate (Compound 6b)
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Step 1 Synthesis of Compound 6

6

The compound B-2 (199 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Propionic anhydride (101 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-4 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 86 mg of the target product (yield: 37%). LC-MS (APCI): m/z=755.5
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.94 (s, 1H), 6.92 (d, J = 4.5 Hz, 1H), 6.80 (d, J = 4.5
Hz, 1H), 6.06 (d, J = 5.8 Hz, 1H), 5.86 (dd, J = 12.7, 10.1 Hz, 1H), 5.51 — 5.39 (m, 3H), 4.80 (dlt,
J=12.5, 6.2 Hz, 1H), 4.60 (d, J = 3.5 Hz, 1H), 4.25 — 4.10 (m, 2H), 3.99 (dd, J = 10.8, 5.9 Hz,
1H), 3.90 (dd, J = 10.8, 5.7 Hz, 1H), 3.65 (dd, J = 16.8, 9.6 Hz, 1H), 2.46 — 2.32 (m, 4H), 1.46
(dt, J = 12.3, 6.1 Hz, 1H), 1.33 = 1.00 (m, 19H), 0.82 (t, J = 7.4 Hz, 6H).

Step 2 Synthesis of Compound 6a and Compound 6b

The racemate compound 6 was separated with reverse phase preparative chromatography to
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obtain the target product 6a (retention time: 8.37 min, relative content: 53.6%) and 6b (retention
time: 9.25 min, relative content: 46.4%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 7: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-2-

cyano-5-((((((S)-1-(2-ethylbutoxy)-1-oxopropan-2-

yDamino)(((isopropoxycarbonyl)oxy)methoxy)phosphoryloxy)methyDtetrahydrofuran-

3.,4-diyl bis(2-methylpropionate) (Compound 7),

(2R,3R.4R.5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((R)-(((S)-1-(2-

ethylbutoxy)-1-oxopropan-2-

yvDamino)(((isopropoxycarbonyl)oxy)methoxy)phosphoryoxy)methyDtetrahydrofuran-

3,4-diyl bis(2-methylpropionate) (Compound 7a) and

(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-y])-2-cyano-5-((((S)-(((S)-1-(2-

ethylbutoxy)-1-oxopropan-2-

vamino)(((isopropoxycarbonyloxy)methoxy)phosphoryloxy)methytetrahydrofuran-

3,4-diyl bis(2-methylpropionate) (Compound 7b)

NH, NH, NH,
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The following synthetic routes were adopted:
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Step 1 Synthesis of Compound 7

The intermediate B-2 (199 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-4 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 136 mg of the target product (yield: 56%). LC-MS (APCI): m/z=783.7
(M+1)*. *H NMR (400 MHz, DMSO-ds) & 7.91 (s, 1H), 6.90 (d, J = 4.6 Hz, 1H), 6.80 (d, J = 4.6
Hz, 1H), 6.06 (d, J = 5.4 Hz, 1H), 5.86 (dd, J = 12.6, 10.1 Hz, 1H), 5.51 — 5.39 (m, 3H), 4.80 (d,
J=125, 6.2 Hz, 1H), 4.60 (d, J = 3.5 Hz, 1H), 4.25 — 4.10 (m, 2H), 3.99 (dd, J = 10.8, 5.9 Hz,
1H), 3.90 (dd, J = 10.8, 5.7 Hz, 1H), 3.65 (dd, J = 16.8, 9.6 Hz, 1H), 2.46 — 2.32 (m, 2H), 1.46
(dt, J = 12.3, 6.1 Hz, 1H), 1.33 — 1.00 (m, 19H), 0.81 (m, 12H).

Step 2 Synthesis of Compound 7a and Compound 7b

The racemate compound 7 was separated with reverse phase preparative chromatography to
obtain the target product 7a (retention time: 8.39 min, relative content: 51.6%) and 7b (retention
time: 9.27 min, relative content: 48.4%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm
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Mobile phase: pure water:acetonitrile=40:60

Example 8: Preparation of (2R,3R.4R,5R)-2-(4-aminopyrrolof[2.1-f][1.2.4]triazin-7-yl)-2-

cyano-5-((((((S)-1-(2-ethylbutoxy)-1-oxopropan-2-

yDamino)(((isopropoxycarbonyl)oxy)methoxy)phosphoryloxy)methyDtetrahydrofuran-

3,4-diyl bis(2,2-dimethylpropionate) (Compound 8),

(2R.3R.4R.5R)-2-(4-aminopyrrolo[2,1-f][1.2.4]triazin-7-yl)-2-cyano-5-((((R)-(((S)-1-(2-

ethylbutoxy)-1-oxopropan-2-

vamino)(((isopropoxycarbonyloxy)methoxy)phosphoryloxy)methytetrahydrofuran-

3,4-diyl bis(2,2-dimethylpropionate) (Compound 8a) and

(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-y])-2-cyano-5-((((S)-(((S)-1-(2-

ethylbutoxy)-1-oxopropan-2-

yvDamino)(((isopropoxycarbonyloxy)methoxy)phosphoryoxy)methyDtetrahydrofuran-

3,4-diyl bis(2,2-dimethylpropionate) (Compound 8b)
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Step 1 Synthesis of Compound 8
The intermediate B-2 (199 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Pivalic anhydride (145 mg, 0.78 mmol),
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triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-4 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 100 mg of the target product (yield: 40%). LC-MS (APCI): m/z=811.2
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.94 (s, 1H), 6.92 (d, J = 4.5 Hz, 1H), 6.80 (d, J = 4.5
Hz, 1H), 6.06 (d, J = 5.4 Hz, 1H), 5.86 (dd, J = 12.6, 10.2 Hz, 1H), 5.51 - 5.39 (m, 3H), 4.80 (dt,
J =125, 6.2 Hz, 1H), 4.60 (d, J = 3.5 Hz, 1H), 4.25 — 4.10 (m, 2H), 3.99 (dd, J = 10.8, 5.9 Hz,
1H), 3.90 (dd, J = 10.8, 5.7 Hz, 1H), 3.65 (dd, J = 16.8, 9.6 Hz, 1H), 1.46 (dt, J = 12.3, 6.1 Hz,
1H), 1.33 - 0.86 (m, 37H).

Step 2 Synthesis of Compound 8a and Compound 8b

The racemate compound 8 was separated with reverse phase preparative chromatography to
obtain the target product 8a (retention time: 7.38 min, relative content: 54.1%) and 8b (retention
time: 8.24 min, relative content: 45.9%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 9: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-2-

cyano-5-((((((S)-1-(2-ethylbutoxy)-1-oxopropan-2-

yDamino)((pivaloyloxy)methoxy)phosphoryloxy)methyDtetrahydrofuran-3,4-diyl

diacetate (Compound 9),

(2R,3R.4R.5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((R)-(((S)-1-(2-

ethylbutoxy)-1-oxopropan-2-

yDamino)((pivaloyloxy)methoxy)phosphoryl)oxy)methytetrahydrofuran-3,4-diyl

diacetate (Compound 9a) and
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(2R.3R.4R.5R)-2-(4-aminopyrrolo[2,1-f][1.2.4]triazin-7-yI)-2-cyano-5-((((S)-(((S)-1-(2-

ethylbutoxy)-1-oxopropan-2-

yDamino)((pivaloyloxy)methoxy)phosphoryl)oxy)methyDtetrahydrofuran-3,4-diyl

diacetate (Compound 9b)

NH, NH, NH,
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Step 1 Synthesis of Compound 9

The intermediate B-3 (198 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Acetic anhydride (79 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-4 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 164 mg of the target product (yield: 73%). LC-MS (APCI): m/z=725.6
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.94 (s, 1H), 6.92 (d, J = 4.5 Hz, 1H), 6.80 (d, J = 4.5
Hz, 1H), 6.06 (d, J = 5.8 Hz, 1H), 5.86 (dd, J = 12.7, 10.1 Hz, 1H), 5.51 — 5.39 (m, 3H), 4.80 (d,
J=125, 6.2 Hz, 1H), 4.60 (d, J = 3.5 Hz, 1H), 4.25 — 4.10 (m, 1H), 3.99 (dd, J = 10.8, 5.9 Hz,
1H), 3.90 (dd, J = 10.8, 5.7 Hz, 1H), 3.65 (dd, J = 16.8, 9.6 Hz, 1H), 2.03 (s, 6H), 1.46 (dt, J =
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12.3, 6.1 Hz, 1H), 1.33 — 0.85 (m, 22H).

Step 2 Synthesis of Compound 9a and Compound 9b

The racemate compound 9 was separated with reverse phase preparative chromatography to
obtain the target product 9a (retention time: 8.23 min, relative content: 56.3%) and 9b (retention
time: 9.21 min, relative content: 43.7%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 10: Preparation of (2R,3R. 4R ,5R)-2-(4-aminopyrrolo[2,1-f]l[1.2.4]triazin-7-yl)-2-

cyano-5-((((((S)-1-(2-ethylbutoxy)-1-oxopropan-2-

yDamino)((pivaloyloxy)methoxy)phosphoryl)oxy)methyDtetrahydrofuran-3,4-diyl

dipropionate (Compound 10),

(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-y])-2-cyano-5-((((R)-(((S)-1-(2-

ethylbutoxy)-1-oxopropan-2-

yDamino)((pivaloyloxy)methoxy)phosphoryl)oxy)methyDtetrahydrofuran-3,4-diyl

dipropionate (Compound 10a) and

(2R.3R.4R.5R)-2-(4-aminopyrrolo[2,1-f][1.2.4]triazin-7-yl)-2-cyano-5-((((S)-(((S)-1-(2-

ethylbutoxy)-1-oxopropan-2-

yDamino)((pivaloyloxy)methoxy)phosphoryl)oxy)methytetrahydrofuran-3,4-diyl

dipropionate (Compound 10b)

NH, NH, NH,
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The following synthetic routes were adopted:
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propionic anhydride Chiral separation
DMAP

Et;N, DCM

Step 1 Synthesis of Compound 10

The intermediate B-3 (198 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Propionic anhydride (101 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-4 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 128 mg of the target product (yield: 55%). LC-MS (APCI): m/z=753.2
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.94 (s, 1H), 6.92 (d, J = 4.5 Hz, 1H), 6.80 (d, J = 4.5
Hz, 1H), 6.06 (d, J = 5.8 Hz, 1H), 5.86 (dd, J = 12.7, 10.1 Hz, 1H), 5.51 — 5.39 (m, 3H), 4.80 (d,
J=125, 6.2 Hz, 1H), 4.60 (d, J = 3.5 Hz, 1H), 4.25 — 4.10 (m, 1H), 3.99 (dd, J = 10.8, 5.9 Hz,
1H), 3.90 (dd, J = 10.8, 5.7 Hz, 1H), 3.65 (dd, J = 16.8, 9.6 Hz, 1H), 2.03 (m, 4H), 1.46 (dt, J =
12.3, 6.1 Hz, 1H), 1.33 — 0.85 (m, 28H).

Step 2 Synthesis of Compound 10a and Compound 10b

The racemate compound 10 was separated with reverse phase preparative chromatography to
obtain the target product 10a (retention time: 8.15 min, relative content: 52.4%) and 10b
(retention time: 9.01 min, relative content: 47.6%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm
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Mobile phase: pure water:acetonitrile=40:60

Example 11: Preparation of (2R,3R.4R,5R)-2-(4-aminopyrrolo[2,1-f][1.2.4]triazin-7-yl)-2-

cyano-5-((((((S)-1-(2-ethylbutoxy)-1-oxopropan-2-

yDamino)((pivaloyloxy)methoxy)phosphoryl)oxy)methytetrahydrofuran-3,4-diyl bisdiyl

bis(2-methylpropionate) (Compound 11),

(2R.3R.4R.5R)-2-(4-aminopyrrolo[2,1-f][1.2.4]triazin-7-yl)-2-cyano-5-((((R)-(((S)-1-(2-

ethylbutoxy)-1-oxopropan-2-

yDamino)((pivaloyloxy)methoxy)phosphory)oxy)methyDtetrahydrofuran-3.4-diyl  bis(2-

methylpropionate) (Compound 11a) and

(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-y])-2-cyano-5-((((S)-(((S)-1-(2-

ethylbutoxy)-1-oxopropan-2-

yDamino)((pivaloyloxy)methoxy)phosphoryoxy)methyDtetrahydrofuran-3.4-diyl  bis(2-

methylpropionate) (Compound 11b)

NH, NH, NH,

\j\/ g : i \j\/ : g
no < N H no < N B u‘ N
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Step 1 Synthesis of Compound 11
The intermediate B-3 (198 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion

of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78 mmol),
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triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-4 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 128 mg of the target product (yield: 53%). LC-MS (APCI): m/z=781.1
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.94 (s, 1H), 6.92 (d, J = 4.5 Hz, 1H), 6.80 (d, J = 4.5
Hz, 1H), 6.06 (d, J = 5.8 Hz, 1H), 5.86 (dd, J=12.7, 10.1 Hz, 1H), 5.51 - 5.39 (m, 3H), 4.80 (dt,
J =125, 6.2 Hz, 1H), 4.60 (d, J = 3.5 Hz, 1H), 4.25 — 4.10 (m, 1H), 3.99 (dd, J = 10.8, 5.9 Hz,
1H), 3.90 (dd, J = 10.8, 5.7 Hz, 1H), 3.65 (dd, J = 16.8, 9.6 Hz, 1H), 2.04 (m, 2H), 1.46 (dt, J =
12.3, 6.1 Hz, 1H), 1.33 - 0.84 (m, 34H).

Step 2 Synthesis of Compound 11a and Compound 11b

The racemate compound 11 was separated with reverse phase preparative chromatography to
obtain the target product 1la (retention time: 8.67 min, relative content: 54.7%) and 11b
(retention time: 9.93 min, relative content: 45.3%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 12: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-2-

cyano-5-((((((S)-1-(2-ethylbutoxy)-1-oxopropan-2-

yDamino)((pivaloyloxy)methoxy)phosphoryoxy)methyDtetrahydrofuran-3.4-diyl bis(2,2-

dimethylpropionate) (Compound 12),

(2R,3R.4R.5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((R)-(((S)-1-(2-

ethylbutoxy)-1-oxopropan-2-

yDamino)((pivaloyloxy)methoxy)phosphoryl)oxy)methyDtetrahydrofuran-3.4-diyl bis(2,2-

dimethylpropionate) (Compound 12a) and
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(2R.3R.4R.5R)-2-(4-aminopyrrolo[2,1-f][1.2.4]triazin-7-yI)-2-cyano-5-((((S)-(((S)-1-(2-

ethylbutoxy)-1-oxopropan-2-

yDamino)((pivaloyloxy)methoxy)phosphory)oxy)methyDtetrahydrofuran-3.4-diyl bis(2,2-

dimethylpropionate) (Compound 12b)

NH, NH, NH,
\jvo g—o =N o g—o =N \jyo CH)—o =STON
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The following synthetic routes were adopted:

isobutyric anhydride
- - 0 .

DMAP
EtsN, DCM

Chiral separation

Step 1 Synthesis of Compound 12

The intermediate B-3 (198 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Pivalic anhydride (145 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-4 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 93 mg of the target product (yield: 37%). LC-MS (APCI): m/z=809.4
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.94 (s, 1H), 6.92 (d, J = 4.5 Hz, 1H), 6.80 (d, J = 4.5
Hz, 1H), 6.06 (d, J = 5.8 Hz, 1H), 5.86 (dd, J = 12.7, 10.1 Hz, 1H), 5.51 — 5.39 (m, 3H), 4.80 (dlt,
J =125, 6.2 Hz, 1H), 4.60 (d, J = 3.5 Hz, 1H), 4.25 — 4.10 (m, 1H), 3.99 (dd, J = 10.8, 5.9 Hz,
1H), 3.90 (dd, J = 10.8, 5.7 Hz, 1H), 3.65 (dd, J = 16.8, 9.6 Hz, 1H), 1.46 (dt, J = 12.3, 6.1 Hz,

1H), 1.33 - 0.85 (m, 40H).
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Step 2 Synthesis of Compound 12a and Compound 12b

The racemate compound 12 was separated with reverse phase preparative chromatography to
obtain the target product 12a (retention time: 8.01 min, relative content: 52.4%) and 12b
(retention time: 8.92 min, relative content: 47.6%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 13: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-2-

cyano-5-((((((S)-1-cyclobutoxy-1-oxopropan-2-

vamino)(((isopropoxycarbonyloxy)methoxy)phosphoryloxy)methytetrahydrofuran-

3,4-diyl bis(2-methylpropionate) (Compound 13),
(2R,3R.4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yI)-2-cyano-5-((((R)-(((S)-1-

cyclobutoxy-1-oxopropan-2-

yDamino)(((isopropoxycarbonyl)oxy)methoxy)phosphoryloxy)methyDtetrahydrofuran-

3.4-diyl bis(2-methylpropionate) (Compound 13a) and
(2R,3R,4R ,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-2-cyano-5-((((S)-(((S)-1-

cyclobutoxy-1-oxopropan-2-

yvDamino)(((isopropoxycarbonyl)oxy)methoxy)phosphoryoxy)methyDtetrahydrofuran-

3,4-diyl bis(2-methylpropionate) (Compound 13b)

The following synthetic routes were adopted:
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Step 1 Synthesis of Compound 13

The intermediate B-4 (190 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-4 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 121 mg of the target product (yield: 52%). LC-MS (APCI): m/z=753.3
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.93 (s, 1H), 6.93 (d, J = 4.7 Hz, 1H), 6.79 (d, J = 4.6
Hz, 1H), 6.06 (d, J = 5.8 Hz, 1H), 5.83 (dd, J = 13.0, 10.0 Hz, 1H), 5.45 (dqg, J = 7.2, 5.6 Hz,
3H), 4.88 — 4.76 (m, 2H), 4.60 (d, J = 3.2 Hz, 1H), 4.19 (d, J = 3.8 Hz, 2H), 3.57 (d, J = 7.2 Hz,
1H), 2.62 (dd, J = 12.0, 5.0 Hz, 3H), 2.24 (dd, J = 16.3, 8.4 Hz, 2H), 2.06 — 1.89 (m, 4H), 1.72
(d, J =10.0 Hz, 1H), 1.57 (dd, J = 18.5, 8.0 Hz, 1H), 1.23 (dd, J = 6.0, 1.5 Hz, 9H), 1.19 - 1.06
(m, 12H).

Step 2 Synthesis of Compound 13a and Compound 13b

The racemate compound 13 was separated with reverse phase preparative chromatography to
obtain the target product 13a (retention time: 7.34 min, relative content: 55.1%) and 13b
(retention time: 8.37 min, relative content: 44.9%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C
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Flow rate: 1.0 mL/min
Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 14: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-2-

cyano-5-((((((S)-1-(2,2-dimethylbutoxy)-1-oxopropan-2-

yvDamino)(((isopropoxycarbonyloxy)methoxy)phosphoryoxy)methyDtetrahydrofuran-

3,4-diyl bis(2-methylpropionate) (Compound 14),
(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.41triazin-7-yl)-2-cyano-5-((((R)-(((S)-1-(2,2-

dimethylbutoxy)-1-oxopropan-2-

yDamino)(((isopropoxycarbonyl)oxy)methoxy)phosphoryloxy)methyDtetrahydrofuran-

3,4-diyl bis(dimethyl 2-methylpropanoate) (Compound 14a) and
(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((S)-(((S)-1-(2,2-

dimethylbutoxy)-1-oxopropan-2-

vamino)(((isopropoxycarbonyloxy)methoxy)phosphoryloxy)methytetrahydrofuran-

3,4-diyl bis(2-methylpropionate) (Compound 14b)

NH, NH, NH;
o o
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Step 1 Synthesis of Compound 14
The intermediate B-4 (199 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
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of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-5 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 153 mg of the target product (yield: 63%). LC-MS (APCI): m/z=783.4
(M+1)*. *H NMR (400 MHz, DMSO-ds) & 7.93 (s, 1H), 6.90 (d, J = 4.5 Hz, 1H), 6.80 (d, J = 4.5
Hz, 1H), 6.06 (d, J = 5.8 Hz, 1H), 5.86 (dd, J=12.7, 10.1 Hz, 1H), 5.51 - 5.39 (m, 3H), 4.80 (dt,
J=125, 6.2 Hz, 1H), 4.61 (d, J = 3.5 Hz, 1H), 4.25 — 4.10 (m, 2H), 3.99 (dd, J = 10.8, 5.9 Hz,
1H), 3.90 (dd, J = 10.8, 5.7 Hz, 1H), 3.63 (dd, J = 16.8, 9.6 Hz, 1H), 1.46 (dt, J = 12.3, 6.1 Hz,
1H), 1.32 - 0.85 (m, 21H).

Step 2 Synthesis of Compound 14a and Compound 14b

The racemate compound 14 was separated with reverse phase preparative chromatography to

obtain the target products 14a and 14b.

Example 15: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-2-

cyano-5-(((((2-(ethoxycarbonyl)benzyoxy)(((S)-1-(2-ethylbutoxy)-1-oxopropan-2-

vamino)phosphoryhoxy)methytetrahydrofuran-3,4-diyl bis(2-methylpropionate)

(Compound 15),

(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((S)-((2-

(ethoxycarbonylbenzyoxy)(((S)-1-(2-ethylbutoxy)-1-oxopropan-2-

ylamino)phosphoryloxy)methyltetrahydrofuran-3,4-diyl bis(2-methylpropionate)

(Compound 15a) and

(2R,3R.,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((R)-((2-

(ethoxycarbonylbenzyloxy)(((S)-1-(2-ethylbutoxy)-1-oxopropan-2-

vamino)phosphorylhoxy)methytetrahydrofuran-3,4-diyl bis(2-methylpropionate)
(Compound 15b)
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Step 1 Synthesis of Compound 15

The intermediate B-4 (213 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-6 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 136 mg of the target product (yield: 53%). LC-MS (APCI): m/z=829.3
(M+1)*. *H NMR (400 MHz, DMSO-ds) & 7.93 (s, 1H), 7.44 (d, J = 3.5 Hz,1H), 7.42 (t, J = 3.5
Hz , 1H), 7.22 (m, 2H), 6.90 (d, J = 4.5 Hz, 1H), 6.80 (d, J = 4.5 Hz, 1H), 6.06 (d, J = 5.8 Hz,
1H), 5.86 (dd, J = 1g2.7, 10.1 Hz, 1H), 5.51 — 5.39 (m, 2H), 4.80 (dt, J = 12.5, 6.2 Hz, 2H), 4.61
(d, J = 3.5 Hz, 2H), 4.25 — 4.10 (m, 6H), 3.99 (dd, J = 10.8, 5.9 Hz, 1H), 2.1 (dd, J = 16.8, 9.6
Hz, 2H), 1.35 — 0.81 (m, 28H).

Step 2 Synthesis of Compound 15a and Compound 15b

The racemate compound 15 was separated with reverse phase preparative chromatography to
obtain the target product 15a (retention time: 7.64 min, relative content: 53.7%) and 15b
(retention time: 8.47 min, relative content: 46.3%).
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Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um
Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 16: Preparation of (2R,3R.4R,5R)-2-(4-aminopyrrolo[2,1-f][1.2.4]triazin-7-yl)-2-

cyano-5-((((((S)-1-(2-ethylbutoxy)-1-oxopropan-2-yl)amino)((2-methyl

benzyloxy)phosphoryloxy)methyl)tetrahydrofuran-3,4-diyl bis(2-methylpropionate)
(Compound 16),

(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-y1)-2-cyano-5-((((S)-(((S)-1-(2-

ethylbutoxy)-1-oxopropan-2-yl)amino)((2-methyl

benzy)oxy)phosphoryloxy)methyDtetrahydrofuran-3.4-diyl bis(2-methylpropionate)

(Compound 16a) and

(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1.2,4]triazin-7-y)-2-cyano-5-((((R)-(((S)-1-(2-

ethylbutoxy)-1-oxopropan-2-yl)amino)((2-methyl

benzyloxy)phosphoryloxy)methyltetrahydrofuran-3,4-diyl bis(2-methylpropionate)
(Compound 16b)

NH NH,
= (0] = (0] =
\j\/o : H—O =N (0] : H—O SN \j\/o :
T(\H/ \ N. /) \H/\N/i \ N\N/) \é(\

]

I <" N

.P—0
| N N N NN
(0] (0] o / (o] 0 O / le) (0] / N
CN TN ’/CN
16 16a 16b

The following synthetic routes were adopted:
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“ Chiral separation
T .

Step 1 Synthesis of Compound 16

The intermediate B-4 (195 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-7 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 81 mg of the target product (yield: 34%). LC-MS (APCI): m/z=771.2
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.94 (s, 1H), 7.42 (d, J = 3.5 Hz,1H), 7.45 (t, J = 3.5
Hz , 1H), 7.22 (m, 2H), 6.90 (d, J = 4.5 Hz, 1H), 6.80 (d, J = 4.5 Hz, 1H), 6.06 (d, J = 5.8 Hz,
1H), 5.86 (dd, J = 12.7, 10.1 Hz, 1H), 5.51 — 5.39 (m, 2H), 4.80 (dt, J = 12.5, 6.2 Hz, 2H), 4.61
(d, J = 3.5 Hz, 2H), 4.25 — 4.10 (m, 4H), 3.99 (dd, J = 10.8, 5.9 Hz, 1H), 2.2 (s, 3H), 2.1 (dd, J
= 16.8, 9.6 Hz, 2H), 1.32 — 0.85 (m, 25H).

Step 2 Synthesis of Compound 16a and Compound 16b

The racemate compound 16 was separated with reverse phase preparative chromatography to
obtain the target product 16a (retention time: 8.13 min, relative content: 50.7%) and 16b
(retention time: 8.98 min, relative content: 49.3%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min
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Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 17: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-5-

((((bis(((isopropoxycarbonyloxy)methoxy)phosphoryl))oxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl diacetate (Compound 17)

DCM

B-9 17

The intermediate B-9 (200 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Acetic anhydride (79 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-4 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 132 mg of the target product (yield: 62%). LC-MS (APCI): m/z=688.4
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.98 (s, 1H), 6.99 (d, J = 4.5 Hz, 1H), 6.84 (d, J = 4.5
Hz, 1H), 6.04 (d, J =5.9 Hz, 1H), 5.54 (d, J = 13.1 Hz, 4H), 5.41 - 5.34 (m, 1H), 4.81 (dt, J =
12.3, 6.1 Hz, 2H), 4.60 (s, 1H), 4.33 (dd, J = 13.9, 7.8 Hz, 2H), 2.11 (s, 6H), 1.23 (d, J = 5.8 Hz,
12H).

Example 18: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-5-

((((bis(((isopropoxycarbonyloxy)methoxy))phosphoryloxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl dipropionate (Compound 18)
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The intermediate B-9 (200 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Propionic anhydride (101 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-4 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 122 mg of the target product (yield: 55%). LC-MS (APCI): m/z=716.8
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.96 (s, 1H), 7.02 (d, J = 4.5 Hz, 1H), 6.81 (d, J = 4.5
Hz, 1H), 6.06 (d, J = 5.9 Hz, 1H), 5.54 (d, J = 13.1 Hz, 4H), 5.40 — 5.31 (m, 1H), 4.82 (dt, J =
12.3, 6.1 Hz, 2H), 4.60 (s, 1H), 4.33 (dd, J = 13.9, 7.8 Hz, 2H), 2.07 (m, 4H), 1.26 (d, J = 5.8
Hz, 12H), 1.22 (t, J = 4.6 Hz, 6H).

Example 19: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-5-

((((bis(((isopropoxycarbonyloxy)methoxy))phosphoryloxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl bis(2-methylpropionate) (Compound 19)

The following route was adopted for synthesis:
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B-9

The intermediate B-4 (200 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-9 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 117 mg of the target product (yield: 51%). LC-MS (APCI): m/z=744.4
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.97 (s, 1H), 6.99 (d, J = 4.6 Hz, 1H), 6.82 (d, J = 4.6
Hz, 1H), 6.05 (d, J = 5.8 Hz, 1H), 5.58 — 5.49 (m, 4H), 5.42 (dd, J = 5.7, 4.1 Hz, 1H), 4.81 (dt,
J =125, 6.2 Hz, 2H), 4.60 (d, J = 3.7 Hz, 1H), 4.34 (t, J = 5.9 Hz, 2H), 2.60 (dt, J = 14.0, 7.0
Hz, 2H), 1.23 (d, J = 6.1 Hz, 12H), 1.15 (dd, J = 8.3, 7.1 Hz, 6H), 1.09 (d, J = 7.0 Hz, 6H).

Example 20: Preparation of (2R,3R.4R,5R)-2-(4-aminopyrrolof[2,1-f][1.2.4]triazin-7-yl)-5-

((((bis(((isopropoxycarbonyl)oxy)methoxy))phosphoryl)oxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl bis(2,2-dimethylpropionate) (Compound 20)

°N
OO0 ©O
L5 .

_/ DCM O\[fo_/ N
\( 0._0 0._0
° I X

B-9 20

The intermediate B-9 (200 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion

of 10 mL of anhydrous dichloromethane to dissolve. Pivalic anhydride (145 mg, 0.78 mmol),
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triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-4 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 160 mg of the target product (yield: 67%). LC-MS (APCI): m/z=772.6
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.93 (s, 1H), 6.92 (d, J = 4.5 Hz, 1H), 6.79 (d, J = 4.6
Hz, 1H), 6.08 (d, J = 5.7 Hz, 1H), 5.53 (ddd, J = 11.1, 6.9, 4.4 Hz, 4H), 5.41 (dd, J = 5.5, 3.4 Hz,
1H), 4.81 (dt, J = 12.3, 6.1 Hz, 2H), 4.56 (d, J = 2.7 Hz, 1H), 4.39 — 4.25 (m, 2H), 1.23 (dd, J =
7.4,2.9 Hz, 21H), 1.14 (s, 9H).

Example 21: Preparation of (2R,3R,4R,5R)-2-(4-amino-5-deuteriopyrrolo[2,1-

f1[1,2.4]triazin-7-yl)-5-

((((bis(((isopropoxycarbonyl)oxy)methoxy))phosphoryl)oxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl bis(2-methylpropionate) (Compound 21)

© 21

DCM

The intermediate B-10 (200 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
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chromatography to obtain 151 mg of the target product (yield: 66%). LC-MS (APCI): m/z=745.2
(M+1)*. *H NMR (400 MHz, DMSO-ds) & 7.95 (s, 1H), 6.80 (s, 1H), 6.05 (d, J = 5.6 Hz, 1H),
5.59 — 5.49 (m, 4H), 5.41 (dd, J = 5.7, 4.1 Hz, 1H), 4.80 (dt, J = 12.5, 6.2 Hz, 2H), 4.61 (d, J =
3.7 Hz, 1H), 4.34 (t, J = 5.9 Hz, 2H), 2.60 (dt, J = 14.0, 7.0 Hz, 2H), 1.23 (d, J = 6.1 Hz, 12H),
1.15 (dd, J = 8.3, 7.1 Hz, 6H), 1.09 (d, J = 7.0 Hz, 6H).

Example 22: Preparation of (2R,3R.4R ,5R)-2-(4-aminopyrrolof[2,1-f][1.2.4]triazin-7-yl)-5-

((((4-tert-butyl phenoxy)(((isopropoxycarbonyloxy)methoxy)phosphoryl)oxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl diacetate (Compound 22),
(2R,3R.4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yD-5-((((S)-(4-tert-butyl

phenoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryloxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl diacetate (Compound 22a) and
((2R,3R,4R.,5R)-2-(4-aminopyrrolo[2,1-f][1.2.4]triazin-7-y1)-5-((((R)-(4-tert-butyl

phenoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)oxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl diacetate (Compound 22b)

o—/<o

SFC separation

Step 1 Synthesis of Compound 22
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The intermediate B-13 (192 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Acetic anhydride (80 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 157 mg of the target product (yield: 72%). LC-MS (APCI): m/z=704.3
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.93 (d, J = 2.9 Hz, 1H), 7.24 (t, J = 8.2 Hz, 2H),
6.99 (dd, J = 7.9, 4.9 Hz, 2H), 6.93 (dd, J = 7.1, 4.6 Hz, 1H), 6.79 (d, J = 4.6 Hz, 1H), 6.05 (dd,
J=6.1, 2.2 Hz, 1H), 5.68 — 5.56 (m, 2H), 5.41 (ddd, J = 6.1, 4.4, 3.2 Hz, 1H), 4.85 — 4.74 (m,
1H), 4.62 (s, 1H), 4.49 — 4.37 (m, 2H), 2.11 (d, J = 3.6 Hz, 6H), 1.22 (dd, J = 8.1, 4.5 Hz, 15H).
Step 2 Synthesis of Compound 22a and Compound 22b

The racemate compound 22 was separated with supercritical fluid chromatography to obtain the
target product 22a (retention time: 1.80 min, relative content: 50.7%) and 22b (retention time:
1.94 min, relative content: 49.3%).

Conditions of chromatographic separation:

Column: CHIRALPAK, 1G-3, 50x4.6 mm I.D., 3 um

Column temperature: 35°C

Flow rate: 3.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: carbon dioxide:isopropanol (0.05% diethylamine)=60:40

Example 23: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-5-

((((A-tert-butyl phenoxy)(((isopropoxycarbonyloxy)methoxy)phosphoryl)oxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl dipropionate (Compound 23),

(2R,3R.4R.,5R)-2-(4-aminopyrrolo[2,1-f][1.2 4]triazin-7-y1)-5-((((S)-(4-tert-butyl

phenoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryloxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl dipropionate (Compound 23a) and

((2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yD)-5-((((R)-(4-tert-butyl

phenoxy)(((isopropoxycarbonyloxy)methoxy)phosphoryl)oxy)methyl)-2-
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cyanotetrahydrofuran-3,4-diyl dipropionate (Compound 23b)

—(O 0

SFC separation
Propionic anhydride e

DMAP, Et;N, DCM

B-13

23a
5  Step 1 Synthesis of Compound 23

The intermediate B-13 (192 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Propionic anhydride (101 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
10  After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 129 mg of the target product (yield: 57%). LC-MS (APCI): m/z=732.9
(M+1)*. IH NMR (400 MHz, DMSO-ds) & 7.92 (d, J = 2.9 Hz, 1H), 7.29 — 7.20 (m, 2H), 6.99
15  (dd, J = 8.0, 5.9 Hz, 2H), 6.93 (dd, J = 7.4, 4.7 Hz, 1H), 6.78 (d, J = 4.6 Hz, 1H), 6.07 (dd, J =
5.9, 3.5 Hz, 1H), 5.69 — 5.57 (m, 2H), 5.44 (dt, J = 6.0, 4.1 Hz, 1H), 4.86 — 4.74 (m, 1H), 4.62
(s, 1H), 4.44 (dd, J = 10.0, 4.2 Hz, 2H), 2.46 — 2.34 (m, 4H), 1.22 (dd, J = 8.4, 4.4 Hz, 15H),

1.06 (dt, J = 17.2, 7.5 Hz, 6H).
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Step 2 Synthesis of Compound 23a and Compound 23b

The racemate compound 23 was separated with supercritical fluid chromatography to obtain the
target product 23a (retention time: 1.78 min, relative content: 51.8%) and 23b (retention time:
1.89 min, relative content: 48.2%).

Conditions of chromatographic separation:

Column: CHIRALPAK, 1G-3, 50x4.6 mm I.D., 3 um

Column temperature: 35°C

Flow rate: 3.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: carbon dioxide:isopropanol (0.05% diethylamine)=60:40

Example 24: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-5-

((((4-tert-butyl phenoxy)(((isopropoxycarbonyloxy)methoxy)phosphoryl)oxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl bis(2-methylpropionate) (Compound 24).

(2R.,3R.4R.,5R)-2-(4-aminopyrrolo[2,1-f][1.2 4]triazin-7-y1)-5-((((S)-(4-tert-butyl

phenoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryloxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl bis(2-methylpropionate) (Compound 24a) and
((2R,3R,4R 5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yD-5-((((R)-(4-tert-butyl

phenoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)oxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl bis(2-methylpropionate) (Compound 24b)

oJ<O OJ<O

The following synthetic routes were adopted:
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Step 1 Synthesis of Compound 24

The intermediate B-4 (192 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-13 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 129 mg of the target product (yield: 55%). LC-MS (APCI): m/z=760.2
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.91 (d, J = 3.3 Hz, 1H), 7.24 (t, J = 8.5 Hz, 2H),
6.99 (dd, J = 8.1, 6.4 Hz, 2H), 6.92 (dd, J = 8.0, 4.6 Hz, 1H), 6.76 (dd, J = 4.6, 1.9 Hz, 1H), 6.05
(t, J = 6.1 Hz, 1H), 5.63 (ddd, J = 10.9, 5.5, 3.0 Hz, 2H), 5.44 (td, J = 5.7, 3.8 Hz, 1H), 4.79 (dt,
J=12.5,6.3 Hz, 1H), 4.62 (s, 1H), 4.52 — 4.36 (m, 2H), 2.60 (tt, J = 14.3, 7.1 Hz, 2H), 1.22 (dd,
J=8.4, 4.4 Hz, 15H), 1.19 - 1.07 (m, 12H).

Step 2 Synthesis of Compound 24a and Compound 24b

The racemate compound 24 was separated with supercritical fluid chromatography to obtain the
target product 24a (retention time: 1.76 min, relative content: 52.8%) and 24b (retention time:
1.89 min, relative content: 47.2%).

Conditions of chromatographic separation:

Column: CHIRALPAK, 1G-3, 50x4.6 mm 1.D., 3 um

Column temperature: 35°C
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Flow rate: 3.0 mL/min
Wavelength of UV detection: 220 nm
Mobile phase: carbon dioxide:isopropanol (0.05% diethylamine)=60:40

Example 25: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-5-

((((4-tert-butyl phenoxy)(((isopropoxycarbonyloxy)methoxy)phosphoryl)oxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl bis(2,2-dimethylpropionate) (Compound 25),

(2R.,3R.4R.,5R)-2-(4-aminopyrrolo[2,1-f][1.2 4]triazin-7-y1)-5-((((S)-(4-tert-butyl

phenoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)oxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl bis(2,2-dimethylpropionate) (Compound 25a) and
((2R,3R,4R ,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yD-5-((((R)-(4-tert-butyl

phenoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryloxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl bis(2,2-dimethylpropionate) (Compound 25b)

Trimethylacetic Anhydride
Et;N, DMAP, DCM

SFC separation

.

Step 1 Synthesis of Compound 25

The intermediate B-13 (192 mg, 0.31 mmol) was added to a reaction flask, followed by the
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addtion of 10 mL of anhydrous dichloromethane to dissolve. Pivalic anhydride (145 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 93 mg of the target product (yield: 38%). LC-MS (APCI): m/z=788.1
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.91 (d, J = 4.3 Hz, 1H), 7.24 (t, J = 8.9 Hz, 2H),
6.98 (t, J = 7.6 Hz, 2H), 6.92 (dd, J = 9.2, 4.7 Hz, 1H), 6.74 (t, J = 4.7 Hz, 1H), 6.06 (dd, J =
11.5, 5.8 Hz, 1H), 5.68 — 5.57 (m, 2H), 5.41 (ddd, J = 8.7, 5.8, 3.2 Hz, 1H), 4.84 — 4.74 (m, 1H),
4.58 (s, 1H), 4.52 — 4.35 (m, 2H), 1.26 — 1.19 (m, 24H), 1.15 (d, J = 0.7 Hz, 9H).

Step 2 Synthesis of Compound 25a and Compound 25b

The racemate compound 25 was separated with supercritical fluid chromatography to obtain the
target product 25a (retention time: 1.69 min, relative content: 54.0%) and 25b (retention time:
1.85 min, relative content: 46.0%).

Conditions of chromatographic separation:

Column: CHIRALPAK, 1G-3, 50x4.6 mm 1.D., 3 um

Column temperature: 35°C

Flow rate: 3.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: carbon dioxide:isopropanol (0.05% diethylamine)=60:40

Example 26: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-5-

((((4-tert-butyl phenoxy)((isobutyryloxy)methoxy)phosphoryloxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl bis(2-methylpropionate) (Compound 26),

(2R,3R.4R.,5R)-2-(4-aminopyrrolo[2,1-f][1.2 4]triazin-7-y1)-5-((((S)-(4-tert-butyl

phenoxy)((isobutyryloxy)methoxy)phosphoryl)oxy)methyl)-2-cyanotetrahydrofuran-3,4-

diyl bis(2-methylpropionate) (Compound 26a) and

(2R,3R,4R ,5R)-2-(4-aminopyrrolo][2,1-f][1,2.4]triazin-7-yD-5-((((R)-(4-tert-butyl

phenoxy)((isobutyryloxy)methoxy)phosphoryloxy)methyl)-2-cyanotetrahydrofuran-3,4-

diyl bis(2-methylpropionate) (Compound 26b)
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26a 26b

Chiral separation

Et;N, DCM

26a 26b
Step 1 Synthesis of Compound 26
The intermediate B-14 (187 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and 4-dimethylaminopyridine (19.6 mg, 0.16 mmol)
were added successively. The mixture was stirred at room temperature under nitrogen
atmosphere overnight. After completion of the reaction as monitored by TLC, the mixture was
quenched with a small amount of water and extracted with dichloromethane 3-4 times. The
organic layers were combined, washed with saturated saline solution, concentrated, and purified
by silica gel column chromatography to obtain 113 mg of the target product (yield: 49%). LC-
MS (APCI): m/z=744.4 (M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.90 (s, 1H), 7.33 (dd, J =
13.4, 8.6 Hz, 2H), 7.11 - 7.05 (m, 2H), 6.92 (t, J = 4.6 Hz, 1H), 6.84 — 6.76 (m, 1H), 6.34 (dd, J
= 6.0, 3.4 Hz, 1H), 5.62 (dd, J = 14.1, 5.3 Hz, 2H), 5.44 (t, J = 5.3 Hz, 1H), 4.69 (dd, J = 8.8,5.4
Hz, 1H), 4.44 — 4.34 (m, 1H), 4.27 (t, J = 6.4 Hz, 2H), 3.96 (dd, J = 9.7, 5.0 Hz, 1H), 2.01 (m,
2H), 1.22 (m, 21H), 1.01 (t, J = 7.4 Hz, 6H).
Step 2 Synthesis of Compound 26a and Compound 26b

The racemate compound 26 was separated with supercritical fluid chromatography to obtain the
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target products 26a and 26b.

Example 27: Preparation of (2R,3R.4R,5R)-2-(4-aminopyrrolo[2,1-f][1.2.4]triazin-7-yl)-5-

((((4-tert-butyl phenoxy)(2-(pivaloylthio)ethoxy)phosphoryloxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl bis(2-methylpropionate) (Compound 27),

(2R,3R,4R ,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yD)-5-((((R)-(4-tert-butyl

phenoxy)(2-(pivaloylthio)ethoxy)phosphoryloxy)methyl)-2-cyanotetrahydrofuran-3,4-

diyl bis(2-methylpropionate) (Compound 27a) and
(2R.,3R.4R.,5R)-2-(4-aminopyrrolo[2,1-f][1.2 4]triazin-7-y1)-5-((((S)-(4-tert-butyl

phenoxy)(2-(pivaloylthio)ethoxy)phosphoryl)oxy)methyl)-2-cyanotetrahydrofuran-3,4-

diyl bis(2-methylpropionate) (Compound 27b)

Isobutyric anhydride, DMAP
Et;N, DCM

Chiral separation

Step 1 Synthesis of Compound 27

The intermediate B-4 (201 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After

completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
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of water and extracted with dichloromethane 3-15 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 178 mg of the target product (yield: 73%). LC-MS (APCI): m/z=788.4
(M+1)*. 'H NMR (400 MHz, DMSO-ds)  7.92 (d, J = 3.2 Hz, 1H), 7.26 (dd, J = 8.1, 5.9 Hz,
2H), 7.02 (t, J = 8.2 Hz, 2H), 6.94 (dd, J = 7.1, 4.6 Hz, 1H), 6.76 (d, J = 4.2 Hz, 1H), 6.06 (d, J
= 5.6 Hz, 1H), 5.46 (dd, J = 9.6, 6.5 Hz, 1H), 4.63 (s, 1H), 4.42 (s, 2H), 4.07 (dd, J = 12.8, 6.2
Hz, 2H), 3.05 (d, J = 5.1 Hz, 2H), 2.60 (tt, J = 14.0, 6.9 Hz, 2H), 1.33 — 1.04 (m, 30H).

Step 2 Synthesis of Compound 27a and Compound 27b

The racemate compound 27 was separated with supercritical fluid chromatography to obtain the

target products 27a and 27b.

Example 28: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-5-

((((bis(((isopropoxycarbonyl)oxy)methoxy))phosphoryl)oxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyldiisopropyl bis(carbonate) (Compound 28)

The following route was adopted for synthesis:

O O 1
CI/\OJ\OJ\ )\O/U\O/\O/IID_

o e X
DS §
B-9 28 T Y

The intermediate B-9 (500 mg, 0.83 mmol) was added to a reaction flask, followed by the

o

K,CO3, DMF, 80 °C

addition of 8 mL of anhydrous DMF to dissolve. Isopropyl chloromethyl carbonate (441 mg, 2.9
mmol) and potassium carbonate (459 mg, 3.32 mmol) were added successively. After the
addition, the mixture was heated to 80°C under nitrogen atmosphere and stirred overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with excess water
and extracted with ethyl acetate 3-4 times. The organic layers were combined, washed with
saturated saline solution, concentrated, and purified by silica gel column chromatography to
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obtain 90 mg of white solid (yield: 14%). LC-MS (APCI): m/z=776.7 (M+1)*. 'H NMR (400
MHz, DMSO-ds) & 7.97 (s, 1H), 6.99 (d, J = 4.6 Hz, 1H), 6.82 (d, J = 4.6 Hz, 1H), 6.05 (d, J =
5.8 Hz, 1H), 5.58 — 5.49 (m, 4H), 5.42 (dd, J = 5.7, 4.1 Hz, 1H), 4.81 (dt, J = 12.5, 6.2 Hz, 2H),
4.60 (d, J = 3.7 Hz, 1H), 4.34 (t, J = 5.9 Hz, 2H), 4.21 (m, 2H), 1.23 (d, J = 6.1 Hz, 12H), 1.15
(dd, J = 8.3, 7.1 Hz, 6H), 1.09 (d, J = 7.0 Hz, 6H).

Example 29: Preparation of (2R,3R.4R ,5R)-2-(4-aminopyrrolof[2,1-f]l[1.2.4]triazin-7-yl)-5-

((((bis(((tert-butylcarbonyloxy)methoxy))phosphoryl)oxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl bis(2-methylpropionate) (Compound 29)

T

Isobutyric anhydride
Et;N, DMAP, DCM

The intermediate B-4 (186 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-16 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 147 mg of the target product (yield: 64%). LC-MS (APCI): m/z=740.7
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 8.04 (s, 1H), 7.07 (d, J = 4.5 Hz, 1H), 6.87 (d, J = 4.5
Hz, 1H), 5.57 (d, J = 13.6 Hz, 4H), 4.82 (td, J = 12.2, 6.1 Hz, 2H), 4.65 (d, J = 4.7 Hz, 1H), 4.30
(m, 1H), 4.11 (m, 1H), 2.05 (m, 2H), 1.24 — 0.87 (d, J = 6.4 Hz, 30H).
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Example 30: Preparation of (2R,3R.4R,5R)-2-(4-aminopyrrolof[2,1-f]l[1.2.4]triazin-7-yl)-5-

((((bis(2-(pivaloylthio)ethoxy))phosphoryl)oxy)methyl)-2-cyanotetrahydrofuran-3,4-diyl

bis(2-methylpropionate) (Compound 30)

30

R s NH,
\ N
Isobutyric anhydride, DMAP O-P-0 .

Et;N, DCM

I
S/\/O .,
CN
o o 0.0
DS
30

The intermediate B-4 (204 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-17 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 168 mg of the target product (yield: 68%). LC-MS (APCI): m/z=800.7
(M+1)*. 'H NMR (400 MHz, CDCl3) 6 7.97 (s, 1H), 6.90 (d, J = 4.6 Hz, 1H), 6.67 (d, J = 4.6
Hz, 1H), 5.88 (s, 2H), 4.64 (dd, J = 9.6, 4.3 Hz, 2H), 4.42 (d, J = 4.1 Hz, 2H), 4.37 (dd, J = 7.7,
3.6 Hz, 1H), 4.30 — 4.20 (m, 4H), 3.17 - 3.02 (m, 4H), 2.03 (m, 2H), 1.19 -0.89 (m, 30H).

Example 31: Preparation of (2R,3R.4R ,5R)-2-(4-aminopyrrolof[2,1-f][1.2.4]triazin-7-yl)-2-

cyano-5-((((((S)-1-(2-ethylbutoxy)-1-0x0-3-phenylpropan-2-

vamino)(((isopropoxycarbonyloxy)methoxy)phosphoryloxy)methytetrahydrofuran-

3,4-diyl bis(2-methylpropionate) (Compound 31),
(2R,3R.4R ,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((R)-(((S)-1-(2-

ethylbutoxy)-1-ox0-3-phenylpropan-2-
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yvDamino)(((isopropoxycarbonyloxy)methoxy)phosphoryoxy)methyDtetrahydrofuran-

3,4-diyl bis(2-methylpropionate) (Compound 31a) and
(2R,3R,4R ,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((S)-(((S)-1-(2-

ethylbutoxy)-1-ox0-3-phenylpropan-2-

yDamino)(((isopropoxycarbonyl)oxy)methoxy)phosphoryloxy)methyDtetrahydrofuran-

3,4-diyl bis(2-methylpropionate) (Compound 31b)

©\ NH, ©\ NH, @\ NH,
o }_?Qﬁ Jetbe oy

=

z \

0 o/ N o 0 N 0
Y
(0]

s SR I s *"*ii

The following synthetic routes were adopted:

O‘\I

31

Isobutyric anhydride
Et;N, DMAP, DCM

Chiral separation

31b

Step 1 Synthesis of Compound 31

The intermediate B-4 (222 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-18 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 85 mg of the target product (yield: 32%). LC-MS (APCI): m/z=859.5
(M+1)*. IH NMR (400 MHz, CDCls) & 8.00 (s, 1H), 7.25 — 7.20 (m, 2H), 7.09 (d, J = 6.9 Hz,
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2H), 6.93 (d, J = 4.6 Hz, 1H), 6.56 (d, J = 4.6 Hz, 1H), 6.22 (d, J = 5.8 Hz, 1H), 5.69 (s, 2H),
5.55 — 5.49 (m, 1H), 5.48 — 5.37 (m, 2H), 4.89 (dt, J = 12.4, 6.2 Hz, 1H), 4.53 (d, J = 3.7 Hz,
1H), 4.21 (ddt, J = 19.3, 15.1, 7.9 Hz, 3H), 3.97 (d, J = 5.5 Hz, 2H), 3.54 (t, J = 10.7 Hz, 1H),
2.94 (qd, J = 13.7, 6.2 Hz, 2H), 2.63 (ddt, J = 20.9, 14.0, 7.0 Hz, 2H), 1.44 (dt, J = 12.1, 6.1 Hz,
1H), 1.23 (ddd, J = 24.4, 21.1, 6.6 Hz, 22H), 0.84 (t, J = 7.4 Hz, 6H).

Step 2 Synthesis of Compound 31a and Compound 31b

The racemate compound 31 was separated with reverse phase preparative chromatography to
obtain the target product 31a (retention time: 11.21 min, relative content: 50.4%) and 31b
(retention time: 12.31 min, relative content: 49.6%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 32: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-2-
cyano-5-(((((1-((2-
ethylbutoxy)carbonyl)cyclobutyllamino)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)

oxy)methyDtetrahydrofuran-3.4-diyl bis(2-methylpropionate) (Compound 32),
(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-2-cyano-5-((((R)-((1-((2-

ethylbutoxy)carbonyl)cyclobutyl)amino)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)

oxy)methyDtetrahydrofuran-3,4-diyl bis(2-methylpropionate) (Compound 32a) and
(2R,3R.,4R,5R)-2-(4-aminopyrrolo]2,1-f][1,2,4]triazin-7-yI)-2-cyano-5-((((S)-((1-((2-

ethylbutoxy)carbonyl)cyclobutyllamino)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)

oxv)methvl)tetrahvdrofuran 3,4-diyl bis(2- methvlpropionate) (Compound 32b)

Ry i

RS SR W““’

The following synthetic routes were adopted:

N

O—'U

226



10

15

20

Isobutyric anhydride Chiral separation

EtsN, DMAP, DCM

II II

Step 1 Synthesis of Compound 32

The intermediate B-19 (207 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 105 mg of the target product (yield: 42%). LC-MS (APCI): m/z=809.7
(M+1)*. 'H NMR (400 MHz, CDCls) § 7.92 (s, 1H), 6.87 (s, 1H), 6.65 (d, J = 3.2 Hz, 1H), 6.01
(s, 2H), 5.67 — 5.53 (m, 2H), 5.47 (dd, J = 12.2, 5.3 Hz, 1H), 4.95 — 4.81 (m, 1H), 4.67 (d, J =
5.4 Hz, 1H), 4.56 (s, 1H), 4.40 (s, 1H), 4.28 (d, J = 17.5 Hz, 2H), 4.21 — 4.13 (m, 1H), 4.09 (d,
J=5.3 Hz, 2H), 3.94 (s, 1H), 2.45 (s, 4H), 2.04 — 1.84 (m, 4H), 1.59 — 1.52 (m, 1H), 1.34 (ddd,
J=23.0, 10.0, 5.0 Hz, 22H), 0.90 (t, J = 7.4 Hz, 6H).

Step 2 Synthesis of Compound 32a and Compound 32b

The racemate compound 32 was separated with reverse phase preparative chromatography to
obtain the target product 32a (retention time: 11.33 min, relative content: 51.4%) and 32b
(retention time: 12.01 min, relative content: 48.6%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min
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Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 33: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-

cyano-5-((((((S)-1,4-dipentyloxy-1,4-dioxobutan-2-

yvDamino)(((isopropoxycarbonyl)oxy)methoxy)phosphoryoxy)methyDtetrahydrofuran-

3.4-diyl bis(2-methylpropionate) (Compound 33),

(2R,3R.4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((R)-(((S)-1.4-

dipentyloxy-1,4-dioxobutan-2-

yvDamino)(((isopropoxycarbonyl)oxy)methoxy)phosphoryoxy)methyDtetrahydrofuran-

3,4-diyl bis(2-methylpropionate) (Compound 33a) and
(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yI)-2-cyano-5-((((S)-(((S)-1,4-

dipentyloxy-1,4-dioxobutan-2-

vamino)(((isopropoxycarbonyloxy)methoxy)phosphoryloxy)methytetrahydrofuran-

3,4-diyl bis(2-methylpropionate) (Compound 33b)
(e} (0]

(o}
\/\/\o o NH; \/\/\O o NH; \/\/\OJ\ o NH;
H Il S B Il S I N
0 P—o o P—o N 0 P—o N
/\/\/T\Hf‘ T NN N- \ N /\/\/T\Nf‘ \_n. S
fo) 0 fe) N o H o fe) / o H 0 fo) N
0._0 C'Z‘; o g IIC% o g oN
\( T 0.0 O \( T 0.0 O \( T 00 0._0
33 33a 33b

The following synthetic routes were adopted:

(0]
\/\/\O)k:

Isobutyric anhydride
o,
Et;N, DMAP, DCM

Chiral separation

O
\/\/\ok o NH2
o b—o =T N
NN A \
TN o YN
¢} (e} +

g
’ 33a

Step 1 Synthesis of Compound 33
The intermediate B-4 (230 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
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of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-20 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 98 mg of the target product (yield: 36%). LC-MS (APCI): m/z=883.4
(M+1)+. 'H NMR (400 MHz, DMSO-ds) & 7.93 (s, 1H), 6.90 (d, J = 4.5 Hz, 1H), 6.80 (d, J =
4.5 Hz, 1H), 6.23 (s, 2H), 4.80 (dt, J = 12.5, 6.2 Hz, 2H), 4.61 (d, J = 3.5 Hz, 2H), 4.25 — 4.10
(m, 6H), 3.12 (dd, J = 10.8, 5.9 Hz, 1H), 3.01 (m, 2H), 2.05 (m, 2H), 1.67 (m, 4H), 1.48 (m, 8H),
1.01 - 0.89 (m, 24H).

Step 2 Synthesis of Compound 33a and 33b

The racemate compound 33 was separated with reverse phase preparative chromatography to

obtain the target products 33a and 33b.

Example 34: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-2-

cyano-5-((((3-
(hexadecyloxy)propoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)oxy)methyl)tetr

ahydrofuran-3,4-diyl diacetate (Compound 34),
(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-2-cyano-5-((((S)-(3-

(hexadecyloxy)propoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)oxy)methytetr

ahydrofuran-3,4-diyl diacetate (Compound 34a) and
(2R,3R.,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yI)-2-cyano-5-((((R)-(3-

(hexadecyloxy)propoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)oxy)methyl)tetr

ahydrofuran-3.4-diyl diacetate (Compound 34b)

H3C(HC) 150 H3C(H,C) 15o H3C(H,C)150
9 ~ SN Aﬁ\L‘*\ Q SN
o P o} \ N. // o P-0 \ N, 0 P-0 \ N
o o_ 0 e o N 0 N
“CN N \T/ N

Y) “r ¥ oY Y° Y

34a 34b

The following synthetic routes were adopted:
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(H2C)150 H3C(H2C)150
o) o\/‘o A0, DMAP | o. O ‘O SFC separation
Y hig Et;N, DCM Y N E——
0 0

T O\f

B-21

H30(H20)1504\_\ 0 HsC(H,C) 1504\_\
O—-P- o-
(@] (e} o) (0] (o)
DG 2 * DG a
Y © ﬁ/O O\f \r © j’/o O\f

34a 34b
Step 1 Synthesis of Compound 34
The intermediate B-21 (238 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Acetic anhydride (79 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 108 mg of the target product (yield: 41%). LC-MS (APCI): m/z=854.4
(M+1)*. 'H NMR (400 MHz, DMSO-ds) 6 7.92 (s, 1H), 6.90 (d, J = 4.4 Hz, 1H), 6.81 (d, J = 4.5
Hz, 1H), 6.35 (dd, J = 5.9, 3.3 Hz, 1H), 5.54 (d, J = 13.9 Hz, 2H), 5.41 (d, J = 5.5 Hz, 1H), 4.87
—4.76 (m, 1H), 4.67 (t, J = 5.4 Hz, 1H), 4.30 — 4.18 (m, 2H), 4.17 — 4.07 (m, 1H), 4.00 (dd, J =
13.0, 6.5 Hz, 2H), 3.93 (d, J = 4.9 Hz, 1H), 3.31 — 3.25 (m, 2H), 2.07 (s, 6H), 1.77 (dd, J = 10.5,
5.9 Hz, 2H), 1.50 — 1.38 (m, 2H), 1.24 (d, J = 7.3 Hz, 34H), 0.85 (t, J = 6.6 Hz, 3H).
Step 2 Synthesis of Compound 34a and Compound 34b
The racemate compound 34 was separated with supercritical fluid chromatography to obtain the
target product 34a (retention time: 1.85 min, relative content: 51.1%) and 34b (retention time:
1.96 min, relative content: 48.9%).
Conditions of chromatographic separation:
Column: CHIRALPAK, IH-3, 50x4.6 mm I.D., 3 um
Column temperature: 35°C
Flow rate: 3.0 mL/min

Wavelength of UV detection: 220 nm
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Mobile phase: carbon dioxide:ethanol (0.05% diethylamine)=80:20

Example 35: Preparation of (2R,3R.4R,5R)-2-(4-aminopyrrolo[2,1-f][1.2.4]triazin-7-yl)-2-

cyano-5-((((3-
(hexadecyloxy)propoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)oxy)methy)tetr

ahydrofuran-3,4-diyl dipropionate (Compound 35),

(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((S)-(3-

(hexadecyloxy)propoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)oxy)methytetr

ahydrofuran-3.4-diyl dipropionate (Compound 35a) and
(2R,3R.4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yI)-2-cyano-5-((((R)-(3-

(hexadecyloxy)propoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)oxy)methy)tetr

ahydrofuran-3,4-diyl dipropionate (Compound 35b)

HsC(H;C)150 NHz H30<H20)150 HaC(HoC)1s0 NH2
‘\—\ H SN 9 ‘\—\ 9 SN
-p- \N\/) OPO \N/ 0-P-0 \N\/)
o N \/o o YOYO\/O o N
Y N “eN S oN
Oj/O O\/\/\O j/O O\i Oj/O O (0]
35 35a 35b

H30(H2C)1504\_\ o H3C(H,C)150
|

Propionic anhydride
il ikl Audubir

0._0._0 N
Y b Et;N, DMAP, DCM \(
o)

SFC separation
e .

O»'U

Step 1 Synthesis of Compound 35

The intermediate B-21 (238 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Propionic anhydride (101 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and 4-dimethylaminopyridine (19.6 mg, 0.16 mmol)
were added successively. The mixture was stirred at room temperature under nitrogen
atmosphere overnight. After completion of the reaction as monitored by TLC, the mixture was

quenched with a small amount of water and extracted with dichloromethane 3-4 times. The
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organic layers were combined, washed with saturated saline solution, concentrated, and purified
by silica gel column chromatography to obtain 93 mg of the target product (yield: 34%). LC-MS
(APCI): m/z=882.6 (M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.92 (s, 1H), 6.90 (d, J = 4.4 Hz,
1H), 6.81 (d, J = 4.5 Hz, 1H), 6.35 (dd, J = 5.9, 3.3 Hz, 1H), 5.54 (d, J = 13.9 Hz, 2H), 5.41 (d,
J=55Hz, 1H), 4.87 — 4.76 (m, 1H), 4.67 (t, J = 5.4 Hz, 1H), 4.30 — 4.18 (m, 2H), 4.17 — 4.07
(m, 1H), 4.00 (dd, J = 13.0, 6.5 Hz, 2H), 3.93 (d, J = 4.9 Hz, 1H), 3.31 — 3.25 (m, 2H), 2.06 (m,
4H), 1.77 (dd, J = 10.5, 5.9 Hz, 2H), 1.50 — 1.38 (m, 2H), 1.24 (m, 40H), 0.85 (t, J = 6.6 Hz, 3H).
Step 2 Synthesis of Compound 35a and Compound 35b

The racemate compound 35 was separated with supercritical fluid chromatography to obtain the
target product 35a (retention time: 1.88 min, relative content: 49.8%) and 35b (retention time:
2.01 min, relative content: 50.2%).

Conditions of chromatographic separation:

Column: CHIRALPAK, IH-3, 50x4.6 mm I.D., 3 um

Column temperature: 35°C

Flow rate: 3.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: carbon dioxide:ethanol (0.05% diethylamine)=80:20

Example 36: Preparation of (2R,3R.4R ,5R)-2-(4-aminopyrrolof[2,1-f]l[1.2.4]triazin-7-yl)-2-

cyano-5-((((3-
(hexadecyloxy)propoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)oxy)methytetr

ahydrofuran-3,4-diyl bis(2-methylpropionate) (Compound 36),
(2R,3R,4R,5R)-2-(4-aminopyrrolo][2,1-f][1,2,4]triazin-7-yl)-2-cyano-5-((((S)-(3-

(hexadecyloxy)propoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)oxy)methyl)tetr

ahydrofuran-3,4-diyl bis(2-methylpropionate) (Compound 36a) and

(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((R)-(3-

(hexadecyloxy)propoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)oxy)methytetr

ahydrofuran-3,4-diyl bis(2-methylpropionate) (Compound 36b)

232



10

15

20

NH, NH,

HaC(H,C) so\_\

o H3C(HzC)150 H3C(HaC)150
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0-P-0 \N\/) 0-P-0 \ N J 0-p-0 \ N
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36b

The following synthetic routes were adopted:

H3C(Hzc)150‘\_\

(e}

Isobutyric anhydride
et bbbkl hellicar

SFC separation
- T .
EtzN, DMAP, DCM

B-21

H30(HZC)1504\_\
. \(OIOV

H3C(H,C) 150‘\_\
YC’WOV
(o]

Step 1 Synthesis of Compound 36

The intermediate B-4 (238 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion
of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-21 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 82 mg of the target product (yield: 29%). LC-MS (APCI): m/z=910.1
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.92 (s, 1H), 6.90 (d, J = 4.4 Hz, 1H), 6.81 (d, J= 4.5
Hz, 1H), 6.35 (dd, J = 5.9, 3.3 Hz, 1H), 5.54 (d, J = 13.9 Hz, 2H), 5.41 (d, J = 5.5 Hz, 1H), 4.87
—4.76 (m, 1H), 4.67 (t, J = 5.4 Hz, 1H), 4.30 — 4.18 (m, 2H), 4.17 — 4.07 (m, 1H), 4.00 (dd, J =
13.0, 6.5 Hz, 2H), 3.93 (d, J = 4.9 Hz, 1H), 3.31 - 3.25 (m, 2H), 2.03 (m, 2H), 1.77 (dd, J = 10.5,
5.9 Hz, 2H), 1.50 — 1.38 (m, 2H), 1.24 (m, 46H), 0.85 (t, J = 6.6 Hz, 3H).

Step 2 Synthesis of Compound 36a and Compound 36b

The racemate compound 36 was separated with supercritical fluid chromatography to obtain the
target product 36a (retention time: 1.80 min, relative content: 52.2%) and 36b (retention time:
1.93 min, relative content: 47.8%).
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Conditions of chromatographic separation:

Column: CHIRALPAK, IH-3, 50x4.6 mm I.D., 3 um

Column temperature: 35°C

Flow rate: 3.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: carbon dioxide:ethanol (0.05% diethylamine)=80:20

Example 37: Preparation of (2R,3R.4R,5R)-2-(4-aminopyrrolo[2,1-f][1.2.4]triazin-7-yl)-2-

cyano-5-((((3-
(hexadecyloxy)propoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)oxy)methy)tetr

ahydrofuran-3,4-diyl bis(2,2-dimethylpropionate) (Compound 37),
(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-2-cyano-5-((((S)-(3-

(hexadecyloxy)propoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)oxy)methyDtetr

ahydrofuran-3.4-diyl bis(2,2-dimethylpropionate) (Compound 37a) and

(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((R)-(3-

(hexadecyloxy)propoxy)(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)oxy)methytetr

ahydrofuran-3,4-diyl bis(2,2-dimethylpropionate) (Compound 37b)

NH, NH;

H3C(H2C)150 H3C(H2C)150 C(H,C)150
N ~SN N e 9 N
—P-0 \ N /) 0-P-0 N\ _N. ) 0-P-0
0] (¢] o o fo) o N
\r W ~ \r W ~ CN \r W ~

37a

O

The following synthetic routes were adopted:
NH»

H3C(H2C)150 H3C(H,C)450
4\_\ 0 Ny 4\_\ 0

O-P-0 \ } . . 0-P-0
o Ové o N‘N/) Trimethylacetic Anhydride é N/ SFC separation
Y Et;N, DMAP, DCM O EE——
0 CN CN
OH OH 0.0 0O__0O
B-21 J\(\
NH, Ha

37a 37b

Step 1 Synthesis of Compound 37
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The intermediate B-21 (238 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Pivalic anhydride (145 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 67 mg of the target product (yield: 23%). LC-MS (APCI): m/z=938.4
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.92 (s, 1H), 6.90 (d, J = 4.4 Hz, 1H), 6.81 (d, J = 4.5
Hz, 1H), 6.35 (dd, J = 5.9, 3.3 Hz, 1H), 5.54 (d, J = 13.9 Hz, 2H), 5.41 (d, J = 5.5 Hz, 1H), 4.87
—4.76 (m, 1H), 4.67 (t, J = 5.4 Hz, 1H), 4.30 — 4.18 (m, 2H), 4.17 — 4.07 (m, 1H), 4.00 (dd, J =
13.0, 6.5 Hz, 2H), 3.93 (d, J = 4.9 Hz, 1H), 3.31 — 3.25 (m, 2H), 1.77 (dd, J = 10.5, 5.9 Hz, 2H),
1.50 — 1.38 (m, 2H), 1.24 — 1.12 (m, 52H), 0.85 (t, J = 6.6 Hz, 3H).

Step 2 Synthesis of Compound 37a and Compound 37b

The racemate compound 37 was separated with supercritical fluid chromatography to obtain the
target product 37a (retention time: 1.63 min, relative content: 51.1%) and 37b (retention time:
1.89 min, relative content: 48.9%).

Conditions of chromatographic separation:

Column: CHIRALPAK, 1G-3, 50x4.6 mm I.D., 3 um

Column temperature: 35°C

Flow rate: 3.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: carbon dioxide:ethanol (0.05% diethylamine)=80:20

Example 38: Preparation of (2R,3R.4R ,5R)-2-(4-aminopyrrolof[2,1-f][1.2.4]triazin-7-yl)-2-

cyano-5-((((((S)-1,4-dipentyloxy-1,4-dioxobutan-2-

yDamino)(phenoxy)phosphoryloxy)methyDtetrahydrofuran-3.4-diyl bis(2-

methylpropionate) (Compound 38),
(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yI)-2-cyano-5-((((R)-(((S)-1,4-

dipentyloxy-1,4-dioxobutan-2-

yDamino)(phenoxy)phosphoryloxy)methytetrahydrofuran-3.4-diyl bis(2-
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methylpropionate) (Compound 38a) and
(?R,3R,4R ,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((S)-(((S)-1,4-

dipentyloxy-1,4-dioxobutan-2-

yvlamino)(phenoxy)phosphoryloxy)methytetrahydrofuran-3.4-diyl bis(2-

methvlproplonate) (Compound 38b)

NHy

N y O
/\/\/O\H/\N ,‘;_ \pg\j\l)\h‘ : \ N /\/\/O\H/\N ‘ —O0
TN CN CN
The followmg synthetic routes were adopted:

o
NH,
\\//\\//\o . o O/ﬁ\
(0] : 5—0 oN 0 H —O0
NN \U/A\N/‘ \ N 4J N \H/A\H
o Ho 0/ N Isobutyric anhydride o O _Chiral separation _
©/ N Et,N, DMAP, DCM “oN

Step 1 Synthesis of Compound 38

The intermediate B-22 (218 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 115 mg of the target product (yield: 44%). LC-MS (APCI): m/z=843.3
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.93 (s, 1H), 7.42-7.26 (m, 5H), 6.90 (d, J = 4.5 Hz,
1H), 6.80 (d, J = 4.5 Hz, 1H), 4.80 (dt, J = 12.5, 6.2 Hz, 2H), 4.61 (d, J = 3.5 Hz, 2H), 4.25-4.10
(m, 5H), 3.12 (dd, J = 10.8, 5.9 Hz, 1H), 3.01 (m, 2H), 2.03 (m, 2H), 1.67 (M, 4H), 1.48 (m, 8H),
1.23-0.86 (m, 18H).

Step 2 Synthesis of Compound 38a and Compound 38b
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The racemate compound 38 was separated with reverse phase preparative chromatography to
obtain the target product 38a (retention time: 9.63 min, relative content: 50.9%) and 38b
(retention time: 10.23 min, relative content: 49.1%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 15019 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 39: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-2-

cyano-5-((((((S)-1,4-dipentyloxy-1.4-dioxobutan-2-yllamino)(4-tert-butyl

phenoxy)phosphoryloxy)methyDtetrahydrofuran-3.4-diyl bis(2-methylpropionate)
(Compound 39),

(2R,3R.4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((R)-(((S)-1.4-

dipentyloxy-1.4-dioxobutan-2-yl)amino)(4-tert-butyl

phenoxy)phosphoryl)oxy)methytetrahydrofuran-3,4-diyl bis(2-methylpropionate)

(Compound 39a) and

(2R,3R.4R.5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((S)-(((S)-1.4-

dipentyloxy-1,4-dioxobutan-2-yl)amino)(4-tert-butyl

phenoxy)phosphoryl)oxy)methyDtetrahydrofuran-3.4-diyl bis(2-methylpropionate)
(Compound 39b)
o [e] (o]

\/\/\OJK o NHz \/\/\OJK o NH, \/\/\OJ\ o NH;

o : /'\:\’70 "N H /u- ~r N H i "N
NN \[(])/\H(‘) \ N N/) /\/\/O\[O]/\Hg 0 o \ N N/) /\/\/O\g/\u/z o o \_N N/)

N oN “oN
XQ/ C)j/C> Of XQ/ Oj/ko O. O E/Q/ Oj/C) (0] (0]
39 39a 3%

The following synthetic routes were adopted:
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Step 1 Synthesis of Compound 39

The intermediate B-23 (235 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 164 mg of the target product (yield: 59%). LC-MS (APCI): m/z=899.6
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.92 (s, 1H), 7.42-7.26 (m, 5H), 6.91 (d, J = 4.5 Hz,
1H), 6.80 (d, J = 4.5 Hz, 1H), 4.80 (dt, J = 12.5, 6.2 Hz, 2H), 4.61 (d, J = 3.5 Hz, 2H), 4.25-4.10
(m, 5H), 3.12 (dd, J = 10.8, 5.9 Hz, 1H), 3.01 (m, 2H), 2.06 (m, 2H), 1.64 (m, 4H), 1.44-1.31 (m,
8H), 1.26-0.74 (m, 27H).

Step 2 Synthesis of Compound 39a and Compound 39b

The racemate compound 39 was separated with reverse phase preparative chromatography to
obtain the target product 39a (retention time: 12.53 min, relative content: 50.5%) and 39b
(retention time: 14.36 min, relative content: 49.5%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60
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Example 40: Preparation of (2R,3R.4R ,5R)-2-(4-aminopyrrolo[2,1-f][1.2.4]triazin-7-yl)-2-

cyano-5-(((((1-((2-

ethylbutoxy)carbonyl)cyclobutyl)amino)(phenoxy)phosphoryl)oxy)methytetrahydrofura

n-3,4-diyl bis(2-methylpropionate) (Compound 40),

(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-y)-2-cyano-5-((((R)-((1-((2-

ethylbutoxy)carbonyl)cyclobutyl)amino)(phenoxy)phosphoryl)oxy)methytetrahydrofura

n-3,4-diyl bis(2-methylpropionate) (Compound 40a) and

(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((S)-((1-((2-

ethylbutoxy)carbonyl)cyclobutyl)amino)(phenoxy)phosphoryloxy)methytetrahydrofura

n-3,4-diyl bis(2-methylpropionate) (Compound 40b)

NHp NH, NHz
\j\/oﬁ g SN \j\/O\YQ E (¢} TN \LOTQ g SON
Vo e iy YN N1 o )™
0 o o/ N o} o O~/ 0 o o) N
©/ N ©/ “©N ©/ N
X T T

The following synthetic routes were adopted'
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Step 1 Synthesis of Compound 40

40b

The intermediate B-24 (195 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column

chromatography to obtain 124 mg of the target product (yield: 52%). LC-MS (APCI): m/z=769.3
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(M+1)*. *H NMR (400 MHz, DMSO-ds) & 7.93 (s, 1H), 7.42-7.26 (m, 5H), 6.90 (d, J = 4.5 Hz,
1H), 6.80 (d, J = 4.5 Hz, 1H), 4.80 (d, J = 6.2 Hz, 2H), 4.63 (m, 2H), 4.22 (m, 3H), 2.45 (m, 2H),
2.25 (m, 2H), 2.07 (m, 3H), 1.48 (m, 4H), 1.01-0.89 (m, 18H).

Step 2 Synthesis of Compound 40a and Compound 40b

The racemate compound 40 was separated with reverse phase preparative chromatography to
obtain the target product 40a (retention time: 8.37 min, relative content: 53.3%) and 40b
(retention time: 9.24 min, relative content: 46.7%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 41: Preparation of (2R,3R.4R,5R)-2-(4-aminopyrrolo[2,1-f][1.2.4]triazin-7-yl)-2-

cyano-5-((((((S)-1-(2-ethylbutoxy)-1-ox0-3-phenylpropan-2-

yDamino)(phenoxy)phosphoryl)oxy)methytetrahydrofuran-3,4-diyl bis(2-

methylpropionate) (Compound 41),
(2R,3R 4R ,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yI)-2-cyano-5-((((R)-(((S)-1-(2-

ethylbutoxy)-1-0x0-3-phenylpropan-2-

yDamino)(phenoxy)phosphoryloxy)methytetrahydrofuran-3.4-diyl bis(2-

methylpropionate) (Compound 41a) and
(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yI)-2-cyano-5-((((S)-(((S)-1-(2-

ethylbutoxy)-1-ox0-3-phenylpropan-2-

yDamino)(phenoxy)phosphoryloxy)methytetrahydrofuran-3.4-diyl bis(2-

methylpropionate) (Compound 41b)

@\ NH, @\ NH, @\ NH,
r O N 0 X O
\jyoj(:\N,I!‘—O \\N )N \jyoj(?\ P—0 QL \J" \jyoj(i\N,P—o 8 \J“
0 H(‘, o) N S ”0 oy N 5 Rl o )W
e o T O T
41

41a 41b

The following synthetic routes were adopted:
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Step 1 Synthesis of Compound 41

The intermediate B-25 (210 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 122 mg of the target product (yield: 48%). LC-MS (APCI): m/z=819.5
(M+1)*. IH NMR (400 MHz, CDCl3) & 7.91 (s, 1H), 7.21 (dt, J = 17.5, 7.5 Hz, 5H), 7.13-7.06
(m, 3H), 7.05-6.97 (m, 2H), 6.87 (d, J = 4.6 Hz, 1H), 6.52 (d, J = 4.7 Hz, 1H), 6.22 (d, J = 5.9
Hz, 1H), 5.90 (s, 2H), 5.49 (dd, J = 5.8, 4.0 Hz, 1H), 4.53 (d, J = 3.6 Hz, 1H), 4.36-4.28 (m, 1H),
4.24-4.12 (m, 2H), 3.96-3.77 (m, 3H), 2.91 (d, J = 6.2 Hz, 2H), 2.69-2.55 (m, 2H), 1.78 (s, 2H),
1.39 (dt, J = 12.4, 6.3 Hz, 1H), 1.27- 1.20 (m, 10H), 1.17 (dd, J = 7.0, 1.2 Hz, 6H), 0.80 (t, J =
7.4 Hz, 6H).

Step 2 Synthesis of Compound 41a and Compound 41b

The racemate compound 41 was separated with reverse phase preparative chromatography to
obtain the target product 4la (retention time: 9.64 min, relative content: 54.9%) and 41b
(retention time: 10.24 min, relative content: 45.1%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min
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Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 42: Preparation of (2R,3R,4R,5R)-2-(4-amino-5-iodopyrrolof[2,1-f][1,2 4]triazin-

7-yN-5-(((bis(((isopropoxycarbonyl)oxy)methoxy)phosphoryl)oxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl bis(2-methylpropionate) (Compound 42)

Isobutyric anhydride
Et;N, DMAP, DCM

B-42
B-42 (226 mg, 0.31 mmol) was added to a reaction flask, followed by the addtion of 10 mL of
anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78 mmol),
triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added successively.
The mixture was stirred at room temperature under nitrogen atmosphere overnight. After
completion of the reaction as monitored by TLC, the mixture was quenched with a small amount
of water and extracted with dichloromethane 3-4 times. The organic layers were combined,
washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 127 mg of the target product (yield: 47%). LC-MS (APCI): m/z=870.6
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.99 (s, 1H), 6.75 (s, 1H), 6.11 (d, J = 5.5 Hz, 1H),
5.58 — 5.45 (m, 4H), 5.44 (dd, J = 5.5, 4.3 Hz, 1H), 4.83 (dt, J = 12.5, 6.4 Hz, 2H), 4.60 (d, J =
3.7 Hz, 1H), 4.34 (t, J = 5.9 Hz, 2H), 2.61 (dt, J = 14.0, 7.0 Hz, 2H), 1.26 (d, J = 6.1 Hz, 12H),
1.17 (dd, J = 8.3, 7.1 Hz, 6H), 1.07 (d, J = 7.0 Hz, 6H).

Example 43: Preparation of (2R,3R. 4R ,5R)-2-(4-aminopyrrolo[2,1-f][1.2.4]triazin-7-yl)-5-

((((acetoxylmethoxy)(4-tert-butyl phenoxy)phosphoryl)oxy)methyl)-2-

242



10

15

20

cyanotetrahydrofuran-3,4-diyl bis(2-methylpropionate) (Compound 43),

(2R,3R.,4R.,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-y1)-5-(((((S)-acetoxylmethoxy)(4-

tert-butyl phenoxy)phosphoryl)oxy)methyl)-2-cyanotetrahydrofuran-3.4-diyl bis(2-

methylpropionate) (Compound 43a) and
(2R,3R,4R ,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yD)-5-(((((R)-acetoxylmethoxy)(4-

tert-butyl phenoxy)phosphoryl)oxy)methyl)-2-cyanotetrahydrofuran-3,4-diyl bis(2-

methylpropionate) (Compound 43b)

43 43a 43b

Isobutyric anhydride, DMAP
Et;N, DCM

Step 1 Synthesis of Compound 43

The intermediate B-26 (178 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 93 mg of the target product (yield: 42%). LC-MS (APCI): m/z=716.4
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.91 (s, 1H), 7.31 (dd, J = 13.4, 8.6 Hz, 2H), 7.11 -
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7.05 (m, 2H), 6.92 (t, J = 4.6 Hz, 1H), 6.84 — 6.76 (m, 1H), 6.34 (dd, J = 6.0, 3.4 Hz, 1H), 5.62
(dd, J = 14.1, 5.3 Hz, 2H), 5.44 (t, J = 5.3 Hz, 1H), 4.69 (dd, J = 8.8, 5.4 Hz, 1H), 4.44 — 4.34
(m, 1H), 4.27 (t, J = 6.4 Hz, 2H), 3.96 (dd, J = 9.7, 5.0 Hz, 1H), 2.01 (m, 2H), 1.22 — 1.01 (m,
21H).

Step 2 Synthesis of Compound 43a and Compound 43b

The racemate compound 43 was separated with supercritical fluid chromatography to obtain 43a
(retention time: 1.51 min, relative content: 49.2%) and 43b (retention time: 1.62 min, relative
content: 50.8%).

Conditions of chromatographic separation:

Column: CHIRALPAK, 1G-3, 50x4.6 mm I.D., 3 um

Column temperature: 35°C

Flow rate: 3.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: carbon dioxide:isopropanol (0.05% diethylamine)=60:40

Example 44: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-5-

((((4-tert-butyl phenoxy)(((tert-butylcarbonyloxy)methoxy)phosphoryl)oxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl bis(2-methylpropionate) (Compound 44),

(2R.3R.4R.5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yD)-5-(((((S)-4-tert-butyl

phenoxy)(((tert-butylcarbonyloxy)methoxy)phosphoryloxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl bis(2-methylpropionate) (Compound 44a) and

(2R,3R.,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yD)-5-(((((R)-4-tert-butyl

phenoxy)(((tert-butylcarbonyl)oxy)methoxy)phosphoryl)oxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl bis(2-methylpropionate) (Compound 44b)

The following synthetic routes were adopted:
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Isobutyric anhydride, DMAP
Et;N, DCM

Step 1 Synthesis of Compound 44

The intermediate B-27 (188 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 99 mg of the target product (yield: 42%). LC-MS (APCI): m/z=758.3
(M+1)*. IH NMR (400 MHz, DMSO-ds) & 7.90 (s, 1H), 7.33 (dd, J = 13.4, 8.6 Hz, 2H), 7.11 -
7.05 (m, 2H), 6.92 (t, J = 4.6 Hz, 1H), 6.84 — 6.76 (m, 1H), 6.34 (dd, J = 6.0, 3.4 Hz, 1H), 5.62
(dd, J = 14.1, 5.3 Hz, 2H), 5.44 (t, J = 5.3 Hz, 1H), 4.69 (dd, J = 8.8, 5.4 Hz, 1H), 4.44 — 4.34
(m, 1H), 4.27 (t, J = 6.4 Hz, 2H), 3.96 (dd, J = 9.7, 5.0 Hz, 1H), 2.01 (m, 2H), 1.22 — 1.01 (m,
30H).

Step 2 Synthesis of Compound 44a and Compound 44b

The racemate compound 44 was separated with supercritical fluid chromatography to obtain the
target product 44a (retention time: 1.52 min, relative content: 49.0%) and 44b (retention time:
1.61 min, relative content: 51.0%).

Conditions of chromatographic separation:

Column: CHIRALPAK, 1G-3, 50x4.6 mm I.D., 3 um

Column temperature: 35°C

Flow rate: 3.0 mL/min

Wavelength of UV detection: 220 nm
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Mobile phase: carbon dioxide:isopropanol (0.05% diethylamine)=60:40

Example 45: Preparation of (2R,3R.4R,5R)-2-(4-aminopyrrolof[2,1-f][1.2.4]triazin-7-yl)-5-

((((bis(((isopropylcarbonyoxy)methoxy))phosphoryloxy)methyl)-2-

cyanotetrahydrofuran-3,4-diyl bis(2-methylpropionate) (Compound 45)

45

Isobutyric anhydride
Etz;N, DMAP, DCM

The intermediate B-28 (177 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 105 mg of the product (yield: 48%). LC-MS (APCI): m/z=712.3
(M+1)*. *H NMR (400 MHz, DMSO-ds)  8.00 (s, 1H), 7.04 (d, J = 4.5 Hz, 1H), 6.87 (d, J = 4.5
Hz, 1H), 5.57 (d, J = 13.6 Hz, 4H), 4.82 (td, J = 12.2, 6.1 Hz, 2H), 4.65 (d, J = 4.7 Hz, 1H), 4.30
(m, 1H), 4.11 (m, 1H), 2.05 (m, 2H), 1.24 — 0.87 (m, 24H).

Example 46: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-

cyano-5-((((((S)-1-(dodecyloxy)-1-oxopropan-2-

yDamino)(phenoxy)phosphoryloxy)methyDtetrahydrofuran-3.4-diyl bis(2-

methylpropionate) (Compound 46),
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(2R.3R.4R.5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((R)-(((S)-1-

(dodecyloxy)-1-oxopropan-2-

ylamino)(phenoxy)phosphoryl)oxy)methyl)tetrahydrofuran-3.4-diyl bis(2-
methylpropionate) (Compound 46a) and

(2R,3R.4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-y)-2-cyano-5-((((S)-(((S)-1-
(dodecyloxy)-1-oxopropan-2-
ylamino)(phenoxy)phosphoryl)oxy)methyltetrahydrofuran-3.4-diyl bis(2-

methylpropionate) (Compound 46b)

NH, NH,

= O

"N "N H 1]
\@Q\j)\) T\N P (o} o \ N\N/) %\/0\{){\” z O\@Q)\
cN N
(0]

The following route was adopted for synthesis:
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Step 1 Synthesis of Compound 46

The intermediate B-29 (213 mg, 0.31 mmol) was added to a reaction flask, followed by the

addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78

mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added

successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.

After completion of the reaction as monitored by TLC, the mixture was quenched with a small

amount of water and extracted with dichloromethane 3-4 times. The organic layers were

combined, washed with saturated saline solution, concentrated, and purified by silica gel column

chromatography to obtain 159 mg of the target product (yield: 62%). LC-MS (APCI): m/z=827.6
(M+1)*. *H NMR (400 MHz, DMSO-ds) & 7.99 (s, 1H), 7.04 (d, J = 4.5 Hz, 1H), 6.87 (d, J = 4.5
Hz, 1H), 5.57 (d, J = 13.6 Hz, 4H), 4.82 (td, J = 12.2, 6.1 Hz, 2H), 4.62 (d, J = 4.7 Hz, 1H), 4.30

(m, 1H), 4.11 (m, 1H), 2.05 (m, 2H), 1.27-0.82 (m, 24H).
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Step 2 Synthesis of Compound 46a and Compound 46b

The racemate compound 46 was separated with reverse phase preparative chromatography to
obtain the target product 46a (retention time: 11.6 min, relative content: 51.6%) and 46b
(retention time: 13.2 min, relative content: 48.4%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 47: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-2-
cyano-5-((((((S)-1-(((9Z,127)-octadeca-9,12-dien-1-yl)oxy)-1-oxopropan-2-

yDamino)(phenoxy)phosphoryloxy)methyDtetrahydrofuran-3.4-diyl bis(2-

methylpropionate) (Compound 47),
(2R,3R.4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yI)-2-cyano-5-((((R)-(((S)-1-

(((92,127)-octadeca-9,12-dien-1-yl)oxy)-1-oxopropan-2-

yDamino)(phenoxy)phosphoryl)oxy)methytetrahydrofuran-3,4-diyl bis(2-

methylpropionate) (Compound 47a) and

(2R.3R.4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((S)-(((S)-1-

(((9Z,127)-octadeca-9,12-dien-1-yl)oxy)-1-oxopropan-2-

ylamino)(phenoxy)phosphoryloxy)methytetrahydrofuran-3.4-diyl bis(2-

methylpropionate) (Compound 47b)

NH, NH» NH,
o E o SN o~ g o SN o E OON
P p— P—0
TN N TN N TN \ N J
oo O~/ P Y o, oo o/ N
[j N ‘ @/ N | “oN

47a 47b

The following route was adopted for synthesis:
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Step 1 Synthesis of Compound 47

Following the synthetic procedure for compound 46, intermediate B-30 (239 mg, 0.31 mmol)
was substituted with Intermediate B-29 (213 mg, 0.31 mmol) to obtain compound 47 (544 mg)
as a colorless oily liquid. LC-MS (APCI): m/z = 907.7 [M+1]*. *H NMR (400 MHz, DMSO-ds)
§8.04 (s, 1H), 7.07 (d, J = 4.5 Hz, 1H), 6.87 (d, J = 4.5 Hz, 1H), 5.57 (d, J = 13.6 Hz, 4H), 4.82
(td, J = 12.2, 6.1 Hz, 2H), 4.65 (d, J = 4.7 Hz, 1H), 4.30 (m, 1H), 4.11 (m, 1H), 2.05 (m, 2H),
1.24 - 0.87 (m, 30H).

Step 2 Synthesis of Compound 47a and Compound 47b

The racemate compound 47 was separated with reverse phase preparative chromatography to
obtain the target product 47a (retention time: 11.3 min, relative content: 54.7%) and 47b
(retention time: 13.5 min, relative content: 45.3%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 48: Preparation of (2R,3R.4R ,5R)-2-(4-aminopyrrolof[2,1-f]l[1.2.4]triazin-7-yl)-2-

cyano-5-((((4-tert-butyl phenoxy)(((S)-1-(((9Z,122Z)-octadeca-9,12-dien-1-yl)oxy)-1-

oxopropan-2-yllamino)phosphoryloxy)methytetrahydrofuran-3,4-diyl bis(2-

methylpropionate) (Compound 48),
(2R,3R,4R,5R)-2-(4-aminopyrrolo][2,1-f][1,2.4]triazin-7-yI)-2-cyano-5-((((R)-(4-tert-butyl
phenoxy)(((S)-1-(((9Z,127)-octadeca-9,12-dien-1-yl)oxy)-1-oxopropan-2-
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vamino)phosphoryhoxy)methytetrahydrofuran-3,4-diyl bis(2-methylpropionate)

(Compound 48a) and

(2R.3R.4R.,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((S)-(4-tert-butyl
phenoxy)(((S)-1-(((92,127)-octadeca-9,12-dien-1-yl)oxy)-1-oxopropan-2-

ylamino)phosphoryloxy)methyltetrahydrofuran-3,4-diyl bis(2-methylpropionate)
(Compound 48b)

NHz NH,

48a

The following route was adopted for synthesis:

NH,
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48
Step 1 Synthesis of Compound 48

The intermediate B-31 (255 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 152 mg of the target product (yield: 51%). LC-MS (APCI): m/z=963.4
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 8.02 (s, 1H), 7.03 (d, J = 4.5 Hz, 1H), 6.87 (d, = 4.5
Hz, 1H), 5.57 (d, J = 13.6 Hz, 4H), 4.82 (td, J = 12.2, 6.1 Hz, 2H), 4.65 (d, J = 4.7 Hz, 1H), 4.30
(m, 1H), 4.11 (m, 1H), 2.05 (M, 2H), 1.25 — 0.87 (d, J = 6.4 Hz, 21H), 0.82 (s, 9H).

Step 2 Synthesis of Compound 48a and Compound 48b

The racemate compound 48 was separated with reverse phase preparative chromatography to
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obtain the target product 48a (retention time: 13.4 min, relative content: 50.3%) and 48b
(retention time: 15.4 min, relative content: 49.7%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 49: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-
cyano-5-((((((9Z2,127)-octadeca-9,12-dien-1-

vDoxy)(phenoxy)phosphoryloxy)methyDtetrahydrofuran-3,4-diyl bis(2-methylpropionate)

(Compound 49)

2
0—P-0

0] O/
18] o
49

The following route was adopted for synthesis:

Isobutyric anhydride
EtsN, DMAP, DCM

B-32
The intermediate B-32 (215 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column

chromatography to obtain 114 mg of the target product (yield: 44%). LC-MS (APCI): m/z=836.2
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(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 8.01 (s, 1H), 7.07 (d, J = 4.5 Hz, 1H), 6.87 (d, J = 4.5
Hz, 1H), 5.57 (d, J = 13.6 Hz, 4H), 4.82 (td, J = 12.2, 6.1 Hz, 2H), 4.65 (d, J = 4.7 Hz, 1H), 4.30
(m, 1H), 4.11 (m, 1H), 2.05 (m, 2H), 1.26 — 0.84 (m, 30H).

Example 50: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-2-
cyano-5-((((((92,127)-octadeca-9,12-dien-1-yoxy)(4-tert-butyl

phenoxy)phosphoryloxy)methyDtetrahydrofuran-3.4-diyl bis(2-methylpropionate)

(Compound 50)

50

Isobutyric anhydride
Et;N, DMAP, DCM

The intermediate B-33 (233 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 121 mg of the target product (yield: 44%). LC-MS (APCI): m/z=892.4
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 8.03 (s, 1H), 7.11 (d, J = 4.5 Hz, 1H), 6.87 (d, J= 4.5
Hz, 1H), 5.57 (d, J = 13.6 Hz, 4H), 4.82 (td, J = 12.2, 6.1 Hz, 2H), 4.65 (d, J = 4.7 Hz, 1H), 4.30
(m, 1H), 4.11 (m, 1H), 2.05 (m, 2H), 1.24 — 0.87 (d, J = 6.4 Hz, 30H).

Example 51: Preparation of (2R,3R.4R,5R)-2-(4-aminopyrrolo[2,1-f][1.2.4]triazin-7-yl)-2-
cyano-5-((((((S)-1-(((92,127)-octadeca-9,12-dien-1-yl)oxy)-1-oxopropan-2-

yDamino)((pivaloyloxy)methoxy)phosphoryl)oxy)methyDtetrahydrofuran-3.,4-diyl  bis(2-
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methylpropionate) (Compound 51)

51

Isobutyric anhydride O
Et;N, DMAP, DCM

The intermediate B-35 (249 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 170 mg of the target product (yield: 58%). LC-MS (APCI): m/z=945.7
(M+1)*. IH NMR (400 MHz, CDCls) & 8.00 (s, 1H), 7.25 — 7.20 (m, 2H), 7.09 (d, J = 6.9 Hz,
2H), 6.93 (d, J = 4.6 Hz, 1H), 6.56 (d, J = 4.6 Hz, 1H), 6.22 (d, J = 5.8 Hz, 1H), 5.69 (s, 2H),
5.55 — 5.49 (m, 1H), 5.48 — 5.37 (m, 2H), 4.89 (dt, J = 12.4, 6.2 Hz, 1H), 4.53 (d, J = 3.7 Hz,
1H), 4.21 (ddt, J = 19.3, 15.1, 7.9 Hz, 3H), 3.97 (d, J = 5.5 Hz, 2H), 3.54 (t, J = 10.7 Hz, 1H),
2.94 (qd, J = 13.7, 6.2 Hz, 2H), 2.63 (ddt, J = 20.9, 14.0, 7.0 Hz, 2H), 1.44 (dt, J = 12.1, 6.1 Hz,
1H), 1.23 (ddd, J = 24.4, 21.1, 6.6 Hz, 22H), 0.84 (s, 9H).

Example 52: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-2-

cyano-5-((((((isopropoxycarbonyloxy)methoxy)(((S)-1-(((9Z,127)-octadeca-9,12-dien-1-

voxy)-1-oxopropan-2-yl)amino)phosphorylhoxy)methytetrahydrofuran-3,4-diyl  bis(2-

methylpropionate) (Compound 52),
(2R,3R.4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((R)-

(((isopropoxycarbonyloxy)methoxy)(((S)-1-(((9Z2,127)-octadeca-9,12-dien-1-yl)oxy)-1-
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oxopropan-2-yllamino)phosphoryloxy)methytetrahydrofuran-3,4-diyl bis(2-

methylpropionate) (Compound 52a) and

(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((S)-

(((isopropoxycarbonyloxy)methoxy)(((S)-1-(((92,127)-octadeca-9,12-dien-1-yl)oxy)-1-

oxopropan-2-yamino)phosphoryl)oxy)methytetrahydrofuran-3,4-diyl bis(2-

methylpropionate) (Compound 52b)

NH,

NH,
: o)
: ‘F‘> P—o0 TN
S ) TN S ) N’l NN
jo jo
| CN CN
Z O =z

The following synthetic routes were adopted:
NH, NH,
H <" N H 9 <" N
\[(\N \ N\N/) OT\NJ"‘O \_N. /)
0 Isobutyric anhydride Ooio % N Chiral separation
Ny o:< o o Eon oA DoM o< Ojio Oi"c‘,
4§ B-34 4< 52
NH2 NH,
(H) " SN (\)\ N
o) P—o0 o .P—0
\ = \ —
\[c];)\ﬂo (0] N N) \[.(\H (‘) fo) N N)
> o—
Y LT Ty
52a 52b

Step 1 Synthesis of Compound 52

The intermediate B-34 (250 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 132 mg of the target product (yield: 45%). LC-MS (APCI): m/z=947.5
(M+1)*. IH NMR (400 MHz, CDCls) & 8.01 (s, 1H), 7.26 — 7.20 (m, 2H), 7.11 (d, J = 6.9 Hz,
2H), 6.92 (d, J = 4.6 Hz, 1H), 6.56 (d, J = 4.6 Hz, 1H), 6.24 (d, J = 5.8 Hz, 1H), 5.66 (s, 2H),
5.55 — 5.49 (m, 1H), 5.48 — 5.37 (m, 2H), 4.89 (dt, J = 12.4, 6.2 Hz, 1H), 4.53 (d, J = 3.7 Hz,
1H), 4.21 (ddt, J = 19.3, 15.1, 7.9 Hz, 3H), 3.97 (d, J = 5.5 Hz, 2H), 3.54 (t, J = 10.7 Hz, 1H),
2.94 (qd, J = 13.7, 6.2 Hz, 2H), 2.63 (ddt, J = 20.9, 14.0, 7.0 Hz, 2H), 1.44 (dt, J = 12.1, 6.1 Hz,
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1H), 1.23 (ddd, J = 24.4, 21.1, 6.6 Hz, 22H), 0.84 (t, J = 7.4 Hz, 6H).

Step 2 Synthesis of Compound 52a and Compound 52b

The racemate compound 52 was separated with reverse phase preparative chromatography to
obtain the target product 52a (retention time: 11.25 min, relative content: 50.4%) and 52b
(retention time: 12.39 min, relative content: 49.6%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 53: Preparation of (2R,3R.4R ,5R)-2-(4-aminopyrrolo[2,1-f]l[1.2.4]triazin-7-yl)-2-

cyano-5-((((((S)-1-(2-ethylbutoxy)-1-0x0-3-phenylpropan-2-yl)amino)(4-tert-butyl

phenoxy)phosphoryloxy)methyDtetrahydrofuran-3.4-diyl bis(2-methylpropionate)
(Compound 53),
(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yI)-2-cyano-5-((((((S)-1-(2-

ethylbutoxy)-1-o0x0-3-phenylpropan-2-yl)amino)((R)-4-tert-butyl

phenoxy)phosphoryloxy)methyDtetrahydrofuran-3.4-diyl bis(2-methylpropionate)

(Compound 53a) and
(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-2-cyano-5-((((((S)-1-(2-

ethylbutoxy)-1-ox0-3-phenylpropan-2-yamino)((S)-4-tert-butyl

phenoxy)phosphoryl)oxy)methytetrahydrofuran-3,4-diyl bis(2-methylpropionate)

QL

(Compound 53b)

[ NH, @\ NH,
(0]

NH,
\jyo ‘b0 STON \j\/o : go SN \Jyo ‘b0 SN
TN \ N NE \_n. TN \ N
oMo o/ N To(\Ha o/ N o H(‘) o/ N
N “CN N
53 53a 53b

The following synthetic routes were adopted:
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Step 1 Synthesis of Compound 53
The intermediate B-36 (227 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 179 mg of the target product (yield: 66%). LC-MS (APCI): m/z=875.2
(M+1)*. *H NMR (400 MHz, CDCls) & 7.91 (s, 1H), 7.21 (dt, J = 17.5, 7.5 Hz, 5H), 7.13 - 7.06
(m, 3H), 7.05 — 6.97 (M, 2H), 6.87 (d, J = 4.6 Hz, 1H), 6.52 (d, J = 4.7 Hz, 1H), 6.22 (d, J = 5.9
Hz, 1H), 5.90 (s, 2H), 5.49 (dd, J = 5.8, 4.0 Hz, 1H), 4.53 (d, J = 3.6 Hz, 1H), 4.36 — 4.28 (m,
1H), 4.24 — 4.12 (m, 2H), 3.96 — 3.77 (m, 3H), 2.91 (d, J = 6.2 Hz, 2H), 2.69 — 2.55 (m, 2H),
1.78 (s, 2H), 1.39 (dt, J = 12.4, 6.3 Hz, 1H), 1.27 — 1.20 (m, 10H), 1.17 (dd, J = 7.0, 1.2 Hz, 6H),
0.81 (t, J = 7.4 Hz, 9H).
Step 2 Synthesis of Compound 53a and Compound 53b
The racemate compound 53 was separated with reverse phase preparative chromatography to
obtain the target product 53a (retention time: 11.26 min, relative content: 53.4%) and 53b
(retention time: 13.24 min, relative content: 46.6%).
Conditions of chromatographic separation:
Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um
Column temperature: 30°C

Flow rate: 1.0 mL/min
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Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 54: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-

cyano-5-((((((S)-1,4-dicyclobutoxy-1,4-dioxobutan-2-

yvlamino)(phenoxy)phosphoryl)oxy)methytetrahydrofuran-3,4-diyl

bis(2-

methylpropionate) (Compound 54),

(2R,3R.4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((R)-(((S)-1.4-

dicyclobutoxy-1.4-dioxobutan-2-

yvlamino)(phenoxy)phosphoryloxy)methytetrahydrofuran-3.4-diyl

bis(2-

methylpropionate) (Compound 54a) and

(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-2-cyano-5-((((S)-(((S)-1,4-

dicyclobutoxy-1,4-dioxobutan-2-

yDamino)(phenoxy)phosphoryloxy)methyDtetrahydrofuran-3.4-diyl

bis(2-

methylpropionate) (Compound 54b)

) ) 0
NH NH NH
N 0 . Qo)k; 0 P e 0 .
O~ .P—0 = o] .P—0 O~ .P—0O =
N \_N. N \_N. N N
U \!.(\HC‘) 0/ N‘N) U KH{) 0~/ N) U \[O]AH(‘) 0/ NN)
©/ N ©/ N N
54 54a 54b
The following synthetic routes were adopted:
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EtsN, DMAP,DCM ©/ N
OH OH 0,0 0.0
B-37 54 I i
o o
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54b

Step 1 Synthesis of Compound 54

The intermediate B-37 (208 mg, 0.31 mmol) was added to a reaction flask, followed by the

addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78

mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
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successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 85 mg of the target product (yield: 34%). LC-MS (APCI): m/z=811.1
(M+1)*. 'H NMR (400 MHz, DMSO-dg) & 7.91 (s, 1H), 7.40 - 7.22 (m, 5H), 6.91 (d, J = 4.5 Hz,
1H), 6.81 (d, J = 4.5 Hz, 1H), 4.81 (dt, J = 12.5, 6.2 Hz, 2H), 4.61 (d, J = 3.5 Hz, 2H), 4.25 —
4.10 (m, 5H), 3.12 (dd, J = 10.8, 5.9 Hz, 1H), 3.05 (m, 2H), 2.06 (m, 2H), 1.64 (m, 4H), 1.43(m,
8H), 1.22 — 0.94 (m, 12H).

Step 2 Synthesis of Compound 54a and Compound 54b

The racemate compound 54 was separated with reverse phase preparative chromatography to
obtain the target product 54a (retention time: 9.62 min, relative content: 50.4%) and 54b
(retention time: 10.21 min, relative content: 49.6%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 55: Preparation of (2R,3R.4R,5R)-2-(4-aminopyrrolo[2,1-f][1.2.4]triazin-7-yl)-2-

cyano-5-((((((S)-1,4-dicyclobutoxy-1.4-dioxobutan-2-

yDamino)(phenoxy)phosphoryl)oxy)methytetrahydrofuran-3,4-diyl diacetate

(Compound 55),
(2R.3R.4R.5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((R)-(((S)-1.4-

dicyclobutoxy-1.4-dioxobutan-2-

yDamino)(phenoxy)phosphoryloxy)methyDtetrahydrofuran-3.4-diyl diacetate

(Compound 55a) and

(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-y)-2-cyano-5-((((S)-(((S)-1,4-

dicyclobutoxy-1,4-dioxobutan-2-

yDamino)(phenoxy)phosphoryloxy)methytetrahydrofuran-3.4-diyl diacetate
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The following synthetic routes were adopted:
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Step 1 Synthesis of Compound 55

The intermediate B-37 (208 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Acetic anhydride (79 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 147 mg of the product (yield: 63%). LC-MS (APCI): m/z=755.3
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.89 (s, 1H), 7.37 = 7.26 (m, 5H), 6.88 (d, J = 4.5 Hz,
1H), 6.81 (d, J = 4.5 Hz, 1H), 4.80 (dt, J = 12.5, 6.2 Hz, 2H), 4.59 (d, J = 3.6 Hz, 2H), 4.25 —
4.10 (m, 5H), 3.12 (dd, J = 10.8, 5.9 Hz, 1H), 3.01 (m, 2H), 2.03 (m, 2H), 1.67 (M, 4H), 1.41-
1.26 (m, 8H), 1.21 (m, 6H).

Step 2 Synthesis of Compound 55a and Compound 55b

The racemate compound 55 was separated with reverse phase preparative chromatography to
obtain the target product 55a (retention time: 8.36 min, relative content: 49.8%) and 55b
(retention time: 9.28 min, relative content: 50.2%).

Conditions of chromatographic separation:
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Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um
Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 56: Preparation of (2R,3R.4R ,5R)-2-(4-aminopyrrolof[2,1-f][1.2.4]triazin-7-yl)-2-

cyano-5-((((((S)-1.4-dicyclobutoxy-1.4-dioxobutan-2-

yDamino)(phenoxy)phosphoryloxy)methytetrahydrofuran-3.4-diyl dipropionate
(Compound 56),
(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yI)-2-cyano-5-((((R)-(((S)-1,4-

dicyclobutoxy-1,4-dioxobutan-2-

yDamino)(phenoxy)phosphoryloxy)methytetrahydrofuran-3.4-diyl dipropionate

(Compound 56a) and

(2R,3R.4R.5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((S)-(((S)-1.,4-

dicyclobutoxy-1,4-dioxobutan-2-

yDamino)(phenoxy)phosphoryl)oxy)methytetrahydrofuran-3,4-diyl dipropionate
(Compound 56b)

N Y j\ NH,
P PR o W ﬁ
(T(j/o ° “oN ?(j/o ! N
00 0.0 o © o o
J J\/ T j T

The following synthetic routes were adopted:

(0] (e}
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Step 1 Synthesis of Compound 56
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The intermediate B-37 (208 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Propionic anhydride (101 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 133 mg of the product (yield: 55%). LC-MS (APCI): m/z=783.2
(M+1)*. *H NMR (400 MHz, DMSO-ds) & 7.93 (s, 1H), 7.40 - 7.26 (m, 5H), 6.90 (d, J = 4.5 Hz,
1H), 6.85 (d, J = 4.5 Hz, 1H), 4.80 (dt, J = 12.5, 6.2 Hz, 2H), 4.61 (d, J = 3.5 Hz, 2H), 4.23 -
4.10 (m, 5H), 3.12 (dd, J = 10.8, 5.9 Hz, 1H), 3.05 (m, 2H), 2.03 (m, 2H), 1.63 (M, 4H), 1.44-
1.37 (m, 8H), 1.18 (m, 6H).

Step 2 Synthesis of Compound 56a and Compound 56b

The racemate compound 56 was separated with reverse phase preparative chromatography to
obtain the target product 56a (retention time: 11.22 min, relative content: 51.2%) and 56b
(retention time: 12.36 min, relative content: 48.8%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 57: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-2-

cyano-5-((((((S)-1.4-dicyclobutoxy-1.4-dioxobutan-2-

yDamino)(phenoxy)phosphoryloxy)methytetrahydrofuran-3.4-diyl bis(2,2-

dimethylpropionate) (Compound 57),
(2R,3R.,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yI)-2-cyano-5-((((R)-(((S)-1,4-

dicyclobutoxy-1,4-dioxobutan-2-

yDamino)(phenoxy)phosphoryl)oxy)methytetrahydrofuran-3,4-diyl bis(2,2-

dimethylpropionate) (Compound 57a) and
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(2R,3R.4R.5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((S)-(((S)-1.4-

dicyclobutoxy-1.4-dioxobutan-2-

yDamino)(phenoxy)phosphoryloxy)methyDtetrahydrofuran-3.4-diyl bis(2,2-

dimethylpropionate) (Compound 57b)

D\OJOK; Q ~ N\H; : i 0
g b o
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The following synthetic routes were adopted:
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Step 1 Synthesis of Compound 57

Qk NH, Y
UOTOK\H?O o?N‘N/) + U

)

The intermediate B-37 (208 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Pivalic anhydride (145 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 86 mg of the target product (yield: 33%). LC-MS (APCI): m/z=839.4
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.91 (s, 1H), 7.41-7.26 (m, 5H), 6.90 (d, J = 4.5 Hz,
1H), 6.80 (d, J = 4.5 Hz, 1H), 4.80 (dt, J = 12.5, 6.2 Hz, 2H), 4.64 (d, J = 3.5 Hz, 2H), 4.25-4.10
(m, 5H), 3.12 (dd, J = 10.8, 5.9 Hz, 1H), 3.06 (m, 2H), 2.01 (m, 2H), 1.67 (m, 4H), 1.45-1.27 (m,
8H), 1.23-0.91 (m, 18H).

Step 2 Synthesis of Compound 57a and Compound 57b
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The racemate compound 57 was separated with reverse phase preparative chromatography to
obtain the target product 57a (retention time: 12.35 min, relative content: 48.7%) and 57b
(retention time: 13.57 min, relative content: 51.3%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 15019 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 58: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-2-

cyano-5-((((((S)-1,4-bicyclopentyloxy-1,4-dioxobutan-2-

yDamino)(phenoxy)phosphoryloxy)methytetrahydrofuran-3.4-diyl diacetate

(Compound 58),

(2R,3R.4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((R)-(((S)-1.4-

bicyclopentyloxy-1,4-dioxobutan-2-

yDamino)(phenoxy)phosphoryl)oxy)methytetrahydrofuran-3,4-diyl diacetate

(Compound 58a) and

(2R,3R.4R.5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((S)-(((S)-1.4-

bicyclopentyloxy-1,4-dioxobutan-2-

yDamino)(phenoxy)phosphoryloxy)methytetrahydrofuran-3.4-diyl diacetate

(Compound 58b)

O\OJOJ\ NH, O\ojlj o NH, O\oj\: NH,

H 9_7 <" SN o : H—O <" SN B 9_7 <" SN
SRy w T o L S
[:::J/ 0.0 O CQS [:::I/ 0.0 O Cﬁg [:::I/ 0.0 O CQ%
v v v
58

58a 58b

The following synthetic routes were adopted:
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Step 1 Synthesis of Compound 58
The intermediate B-38 (216 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Acetic anhydride (79 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 179 mg of the target product (yield: 74%). LC-MS (APCI): m/z=783.3
(M+1)*. *H NMR (400 MHz, DMSO-ds) & 7.92 (s, 1H), 7.42-7.26 (m, 5H), 6.88 (d, J = 4.5 Hz,
1H), 6.80 (d, J = 4.5 Hz, 1H), 4.80 (dt, J = 12.5, 6.2 Hz, 2H), 4.62 (d, J = 3.5 Hz, 2H), 4.25-4.10
(m, 5H), 3.12 (dd, J = 10.8, 5.9 Hz, 1H), 3.01 (m, 2H), 2.07 (m, 2H), 1.67 (m, 4H), 1.48-1.29 (m,
8H).

Step 2 Synthesis of Compound 58a and Compound 58b

The racemate compound 58 was separated with reverse phase preparative chromatography to
obtain the target product 58a (retention time: 8.56 min, relative content: 51.2%) and 58b
(retention time: 9.34 min, relative content: 48.8%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60
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Example 59: Preparation of (2R,3R.4R ,5R)-2-(4-aminopyrrolo[2,1-f][1.2.4]triazin-7-yl)-2-

cyano-5-((((((S)-1,4-bicyclopentyloxy-1.4-dioxobutan-2-

yDamino)(phenoxy)phosphoryloxy)methyDtetrahydrofuran-3.4-diyl dipropionate
(Compound 59),
(2R,3R,4R,5R)-2-(4-aminopyrrolo][2,1-f][1,2 4]triazin-7-yI)-2-cyano-5-((((R)-(((S)-1,4-

bicyclopentyloxy-1,4-dioxobutan-2-

yDamino)(phenoxy)phosphoryloxy)methytetrahydrofuran-3.4-diyl dipropionate

(Compound 59a) and
(?R,3R,4R ,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((S)-(((S)-1,4-

bicyclopentyloxy-1,4-dioxobutan-2-

yDamino)(phenoxy)phosphoryl)oxy)methytetrahydrofuran-3,4-diyl dipropionate

(Compound 59b)

O\oj\: NH,

\\N \) : \@Q% goru,iow
o OCN o oCN ©/ 0O o.l/Chcl)
J\/ T j T J T

The following synthetic routes were adopted:

(o] (0]
O\ NH; O\ NH,
o)J\ o o)J\_ o
B 1 N B 1] 7
O~y B0 @ )N L 4 )N
O/ N | N‘N/ Propionic anhydride G/ 5 H(‘) o N‘N/ Chiral separation

[¢] 0 00—/ /
©/ N EtN, DMAP,DCM ©/ N
OH OH o o

59a j/

Step 1 Synthesis of Compound 59

The intermediate B-38 (216 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Propionic anhydride (101 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
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combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 118 mg of the target product (yield: 47%). LC-MS (APCI): m/z=811.4
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.91 (s, 1H), 7.39-7.26 (m, 5H), 6.91 (d, J = 4.5 Hz,
1H), 6.80 (d, J = 4.5 Hz, 1H), 4.80 (dt, J = 12.5, 6.2 Hz, 2H), 4.61 (d, J = 3.5 Hz, 2H), 4.27-4.10
(m, 5H), 3.12 (dd, J = 10.8, 5.9 Hz, 1H), 3.01 (m, 2H), 2.03 (m, 2H), 1.67 (m, 4H), 1.48 (m, 8H),
1.22-1.10 (m, 6H).

Step 2 Synthesis of Compound 59a and Compound 59b

The racemate compound 59 was separated with reverse phase preparative chromatography to
obtain the target product 59a (retention time: 9.37 min, relative content: 51.0%) and 59b
(retention time: 10.42 min, relative content: 49.0%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 15019 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 60: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-2-

cyano-5-((((((S)-1,4-bicyclopentyloxy-1,4-dioxobutan-2-

yDamino)(phenoxy)phosphoryloxy)methytetrahydrofuran-3.4-diyl bis(2-

methylpropionate) (Compound 60),
(2R,3R.,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yI)-2-cyano-5-((((R)-(((S)-1,4-

bicyclopentyloxy-1,4-dioxobutan-2-

yDamino)(phenoxy)phosphoryl)oxy)methytetrahydrofuran-3,4-diyl bis(2-

methylpropionate) (Compound 60a) and
(2R,3R,4R ,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((S)-(((S)-1,4-

bicyclopentyloxy-1,4-dioxobutan-2-

yvlamino)(phenoxy)phosphoryloxy)methytetrahydrofuran-3.4-diyl bis(2-

methylpropionate) (Compound 60b)
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The following synthetic routes were adopted:
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Step 1 Synthesis of Compound 60

The intermediate B-38 (216 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 174 mg of the product (yield: 67%). LC-MS (APCI): m/z=839.7
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.92 (s, 1H), 7.38-7.22 (m, 5H), 6.90 (d, J = 4.5 Hz,
1H), 6.81 (d, J = 4.5 Hz, 1H), 4.80 (dt, J = 12.5, 6.2 Hz, 2H), 4.62 (d, J = 3.5 Hz, 2H), 4.25-4.10
(m, 5H), 3.12 (dd, J = 10.8, 5.9 Hz, 1H), 2.99 (m, 2H), 2.04 (m, 2H), 1.65 (m, 4H), 1.44 (m, 8H),

1.22-0.97 (m, 12H).
Step 2 Synthesis of Compound 60a and Compound 60b

The racemate compound 60 was separated with reverse phase preparative chromatography to

obtain the target product 60a (retention time: 9.78 min, relative content: 51.1%) and 60b

(retention time: 10.93 min, relative content: 48.9%).
Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um
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Column temperature: 30°C
Flow rate: 1.0 mL/min
Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 61: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-2-

cyano-5-((((((S)-1,4-bicyclopentyloxy-1,4-dioxobutan-2-

yDamino)(phenoxy)phosphoryloxy)methytetrahydrofuran-3.4-diyl bis(2,2-

dimethylpropionate) (Compound 61),
(2R,3R.4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yI)-2-cyano-5-((((R)-(((S)-1,4-

bicyclopentyloxy-1,4-dioxobutan-2-

yDamino)(phenoxy)phosphoryl)oxy)methytetrahydrofuran-3,4-diyl bis(2,2-

dimethylpropionate) (Compound 61a) and
(?R,3R,4R ,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((S)-(((S)-1,4-

bicyclopentyloxy-1,4-dioxobutan-2-

ylamino)(phenoxy)phosphoryloxy)methytetrahydrofuran-3.4-diyl bis(2,2-

dimethylpropionate) (Compound 61b)

a2 Q. :
NH NH NH.
O/U\f o ! 2 O)J\, o 2 /lk o Ny 2
om/t\ P—0 & J‘ oL .P—0 < \)N j]/\N P—0 9 )N

N N. N7: N. =

Cro H(‘) Ny Nig G/\gAHé o NonT Cro H(‘) o/ N

7, Y1 S S
0.0 O o

61 61a 61b

The following synthetic routes were adopted
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Step 1 Synthesis of Compound 61
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The intermediate B-38 (216 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Pivalic anhydride (145 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 78 mg of the target product (yield: 29%). LC-MS (APCI): m/z=867.1
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.93 (s, 1H), 7.42-7.26 (m, 5H), 6.91 (d, J = 4.5 Hz,
1H), 6.82 (d, J = 4.5 Hz, 1H), 4.80 (dt, J = 12.5, 6.2 Hz, 2H), 4.61 (d, J = 3.5 Hz, 2H), 4.25-4.10
(m, 5H), 3.12 (dd, J = 10.8, 5.9 Hz, 1H), 3.01 (m, 2H), 2.03 (m, 2H), 1.69 (m, 4H), 1.45 (m, 6H),
1.31-0.91 (m, 18H).

Step 2 Synthesis of Compound 61a and Compound 61b

The racemate compound 61 was separated with reverse phase preparative chromatography to
obtain the target product 6la (retention time: 9.58 min, relative content: 49.9%) and 61b
(retention time: 10.64 min, relative content: 50.1%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 15019 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 62: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-2-
cyano-5-((((((S)-1.,4-bis(2-ethylbutoxy)-1.4-dioxobutan-2-

yDamino)(phenoxy)phosphoryloxy)methytetrahydrofuran-3.4-diyl bis(2-

methylpropionate) (Compound 62),
(2R,3R.,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yI)-2-cyano-5-((((R)-(((S)-1,4-
bis(2-ethylbutoxy)-1,4-dioxobutan-2-

yDamino)(phenoxy)phosphoryl)oxy)methytetrahydrofuran-3,4-diyl bis(2-

methylpropionate) (Compound 62a) and

269



10

15

20

(2R,3R.4R.5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((S)-(((S)-1.4-

bis(2-ethylbutoxy)-1,4-dioxobutan-2-

yDamino)(phenoxy)phosphoryloxy)methyDtetrahydrofuran-3.4-diyl

bis(2-

methylpropionate) (Compound 62b)
(o]

X N g 1
T el oy TR IS SN ,
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The following synthetic routes were adopted:
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Step 1 Synthesis of Compound 62

o]
N RS S o N TS
.P—0O \_N /) Isobutyric anhydride OT(\ _P—0O /) Chiral separation

The intermediate B-39 (226 mg, 0.31 mmol) was added to a reaction flask, followed by the

addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78

mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added

successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.

After completion of the reaction as monitored by TLC, the mixture was quenched with a small

amount of water and extracted with dichloromethane 3-4 times. The organic layers were

combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 135 mg of the product (yield: 50%). LC-MS (APCI): m/z=871.2
(M+1)*. 'H NMR (400 MHz, DMSO-ds) & 7.93 (s, 1H), 7.42-7.26 (m, 5H), 6.90 (d, J = 4.5 Hz,
1H), 6.80 (d, J = 4.5 Hz, 1H), 4.80 (dt, J = 12.5, 6.2 Hz, 2H), 4.61 (d, J = 3.5 Hz, 2H), 4.25-4.10
(m, 5H), 3.12 (dd, J = 10.8, 5.9 Hz, 1H), 3.01 (m, 2H), 2.03 (m, 2H), 1.67 (m, 4H), 1.48 (m, 8H),

1.23-0.86 (m, 18H).
Step 2 Synthesis of Compound 62a and Compound 62b

The racemate compound 62 was separated with reverse phase preparative chromatography to
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obtain the target product 62a (retention time: 9.07 min, relative content: 48.6%) and 62b
(retention time: 10.11 min, relative content: 51.4%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 63: Preparation of (2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-

cyano-5-((((((S)-1-cyclobutoxy-1-o0xo0-3-phenylpropan-2-

yDamino)(phenoxy)phosphoryl)oxy)methytetrahydrofuran-3,4-diyl bis(2-

methylpropionate) (Compound 63),
(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.41triazin-7-yl)-2-cyano-5-((((R)-(((S)-1-

cyclobutoxy-1-ox0-3-phenylpropan-2-

ylamino)(phenoxy)phosphoryloxy)methytetrahydrofuran-3.4-diyl bis(2-

methylpropionate) (Compound 63a) and
(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yI)-2-cyano-5-((((S)-(((S)-1-

cyclobutoxy-1-ox0-3-phenylpropan-2-

yDamino)(phenoxy)phosphoryloxy)methytetrahydrofuran-3.4-diyl bis(2-

methylpropionate) (Compound 63b)

2, r A, r Q

NH,

0w b0 STON o b0 SN 0w b0 STON

P— _ L \ Pz . \ =

U ToﬁH(‘) o} ) N‘N) D/ Tohué o N‘NJ U r” 0/ N\N)
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(]

O=—T

The following synthetic routes were adopted:
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Step 1 Synthesis of Compound 63

The intermediate B-40 (201 mg, 0.31 mmol) was added to a reaction flask, followed by the
addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78
mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 134 mg of the product (yield: 55%). LC-MS (APCI): m/z=789.3
(M+1)*. 'H NMR (400 MHz, CDCl3) & 7.92 (s, 1H), 7.21 (dt, J = 16.8, 7.5 Hz, 5H), 7.16-7.05
(m, 3H), 7.05-6.98 (m, 2H), 6.87 (d, J = 4.6 Hz, 1H), 6.51 (d, J = 4.7 Hz, 1H), 6.22 (d, J = 5.9
Hz, 1H), 5.90 (s, 2H), 5.52 (dd, J = 5.8, 4.0 Hz, 1H), 4.50 (d, J = 3.6 Hz, 1H), 4.36-4.28 (m, 1H),
4.25-4.11 (m, 2H), 3.96-3.77 (m, 3H), 2.92 (d, J = 6.2 Hz, 2H), 2.70-2.53 (m, 2H), 1.78 (s, 2H),
1.41 (dt, J = 12.4, 6.3 Hz, 1H), 1.27-1.20 (m, 10H), 1.19 (dd, J = 7.0, 1.2 Hz, 6H), 0.82 (t, J =
7.4 Hz, 6H).

Step 2 Synthesis of Compound 63a and Compound 63b

The racemate compound 63 was separated with reverse phase preparative chromatography to
obtain the target product 63a (retention time: 9.62 min, relative content: 54.9%) and 63b
(retention time: 10.20 min, relative content: 45.1%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 150x19 mm, 5 um

Column temperature: 30°C
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Flow rate: 1.0 mL/min
Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

5 Example 64: Preparation of (2R,3R,4R ,5R)-2-(4-aminopyrrolo[2,1-f][1,2 4]triazin-7-yl)-2-

cyano-5-((((((S)-1-(2-methoxy-2-methylpropoxy)-1-oxo-3-phenylpropan-2-

yDamino)(phenoxy)phosphoryloxy)methytetrahydrofuran-3.4-diyl bis(2-

methylpropionate) (Compound 64),
(2R,3R,4R,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((R)-(((S)-1-(2-

10  methoxy-2-methylpropoxy)-1-oxo-3-phenylpropan-2-

yDamino)(phenoxy)phosphoryl)oxy)methytetrahydrofuran-3,4-diyl bis(2-

methylpropionate) (Compound 64a) and
(2R,3R,4R ,5R)-2-(4-aminopyrrolo[2,1-f][1,2.4]triazin-7-yl)-2-cyano-5-((((S)-(((S)-1-(2-

methoxy-2-methylpropoxy)-1-oxo-3-phenylpropan-2-

15 yDamino)(phenoxy)phosphoryhoxy)methytetrahydrofuran-3,4-diyl bis(2-

methvlpropionate) (Compound 64b)
T;NP oﬁ) \o j w)\) ~o : ﬁ
TN TN TN

The following synthetic routes were adopted:

o N Isobutyric anhydride H | o N Chiral separation
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64a 64b
20  Step 1 Synthesis of Compound 64
The intermediate B-41 (211 mg, 0.31 mmol) was added to a reaction flask, followed by the

addtion of 10 mL of anhydrous dichloromethane to dissolve. Isobutyric anhydride (123 mg, 0.78
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mmol), triethylamine (111 mg, 1.1 mmol) and DMAP (19.6 mg, 0.16 mmol) were added
successively. The mixture was stirred at room temperature under nitrogen atmosphere overnight.
After completion of the reaction as monitored by TLC, the mixture was quenched with a small
amount of water and extracted with dichloromethane 3-4 times. The organic layers were
combined, washed with saturated saline solution, concentrated, and purified by silica gel column
chromatography to obtain 84 mg of the target product (yield: 33%). LC-MS (APCI): m/z=821.2
(M+1)*. 'H NMR (400 MHz, CDCls) & 7.91 (s, 1H), 7.19 (dt, J = 17.5, 7.5 Hz, 5H), 7.16-7.03
(m, 3H), 7.05-6.98 (m, 2H), 6.87 (d, J = 4.6 Hz, 1H), 6.51 (d, J = 4.7 Hz, 1H), 6.22 (d, J = 5.9
Hz, 1H), 5.90 (s, 2H), 5.52 (dd, J = 5.8, 4.0 Hz, 1H), 4.50 (d, J = 3.6 Hz, 1H), 4.36-4.28 (m, 1H),
4.25-4.11 (m, 2H), 3.96-3.77 (m, 3H), 2.92 (d, J = 6.2 Hz, 2H), 2.70-2.53 (m, 2H), 1.78 (s, 2H),
1.40 (dt, J = 12.4, 6.3 Hz, 1H), 1.27-1.20 (m, 10H), 1.19 (dd, J = 7.0, 1.2 Hz, 6H), 0.82 (t, J =
7.4 Hz, 6H).

Step 2 Synthesis of Compound 64a and Compound 64b

The racemate compound 64 was separated with reverse phase preparative chromatography to
obtain the target product 64a (retention time: 9.61 min, relative content: 50.7%) and 64b
(retention time: 10.14 min, relative content: 49.3%).

Conditions of chromatographic separation:

Column: Waters, Prep C18 OBD™, 15019 mm, 5 um

Column temperature: 30°C

Flow rate: 1.0 mL/min

Wavelength of UV detection: 220 nm

Mobile phase: pure water:acetonitrile=40:60

Example 65: Preparation of (2R.3R,4R,5R)-2-(4-amino-6-bromopyrrolof[2,1-

f][1,2.4]triazin-7-yD)-5-(((bis(((isopropoxycarbonyloxy)methoxy)phosphoryl)oxy)methyl)-

2-cyanotetrahydrofuran-3.4-diyl bis(2-methylpropionate) (Compound 65)
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The compound 19 (100 mg, 0.13 mmol) was added to a reaction flask, followed by the addtion
of 5 mL of anhydrous dichloromethane to dissolve. N-Bromosuccinimide (28.7 mg, 0.16 mmol)
was added in portions at room temperature under nitrogen atmosphere. The mixture was stirred
at room temperature overnight. After completion of the reaction as monitored by TLC, the
mixture was quenched with a small amount of water and extracted with dichloromethane 3-4
times. The organic layers were combined, washed with saturated saline solution, concentrated,
and purified by silica gel column chromatography to obtain 39.5 mg of the target product (yield:
37%). LC-MS (APCI): m/z=822.5 (M+1)*. 'H NMR (400 MHz, DMSO-ds) & 8.36 (s, 1H), 7.21
(s, 1H), 6.14 (d, J = 6.0 Hz, 1H), 5.58 — 5.45 (m, 4H), 5.42 (dd, J = 5.7, 4.1 Hz, 1H), 4.82 (dt, J
=12.5, 6.2 Hz, 2H), 4.60 (d, J = 3.7 Hz, 1H), 4.36 (t, J = 5.2 Hz, 2H), 2.64 (dt, J = 14.0, 7.0 Hz,
2H), 1.22 (d, J = 6.2 Hz, 12H), 1.17 (dd, J = 8.2, 7.2 Hz, 6H), 1.11 (d, J = 7.2 Hz, 6H).

Biological Activity Testing

(1) SARS-CoV-2 replicon reporter assay

The anti-SARS-CoV-2 (WT or Omicron mutant) activity of the compounds of the present
invention was evaluated using an in vitro SARS-CoV-2 replicon reporter assay, based on
changes in reporter gene expression levels of the pseudovirus (replication-competent only) and
cell viability. Remdesivir was selected as the positive control compound.

Method: After electroporation of SARS-CoV-2 replicon RNA into Huh7 (human hepatoma)

cells, the cells were seeded at an appropriate density into microplates containing serially diluted
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test compounds (8 concentration points, duplicate wells). An HPE control (cells electroporated
with SARS-CoV-2 replicon but without compound treatment) was set up. Cells were cultured
for 1 day in a 5% CO: incubator at 37°C. GFP-expressing cells in each well were quantified. For
cytotoxicity assessment (performed under identical conditions as the antiviral assay), cell
viability was measured using the CellTiter-Glo kit (Promega). Compound antiviral activity and
cytotoxicity were calculated based on dose-dependent effects on pseudovirus reporter expression
and cell viability, respectively. Using GraphPad Prism, nonlinear regression analysis was
performed on the inhibition rates and cell viability rates to calculate the half-maximal effective
concentration (ECso) and half-maximal cytotoxic concentration (CCso) values of the compounds,
with activity grades defined as: A represents ECso < 5nM, B represents ECso of 5-10 nM, C
represents ECso of 10-50 nM, D represents ECso of 50-500 nM, and E represents ECso > 500 nM.
Results demonstrated that the compounds of the present invention exhibit potent anti-SARS-
CoV-2 (WT or Omicron mutant) activity. Representative compounds' inhibitory effects on Huh7

cell proliferation are shown in the following table:

Compound number SARS-CoV-2 Replicon (Huh-7cell) ECso
la
1b
2a
2b
3a
3b
4a
4b
5a
5b
6a
6b
7a
7b
9a
9b
10a
10b
1la
11b
12a
12b
13a
13b
14
16a

OO I>IOOo0To0rwooO>mwooo>orwmo
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16b

17

18

19

20

21

22a

22b

23a

23b

24a

24b

26a

27

28

29

30

3la

31b

32a

32b

36

38a

38b

39a

39b

40a

40b

41a

41b

43a

43b

443

44b

45

46a

46b

o1

52a

52b

53a

53b

54a

54b

60a

60b

62a

62b

63a

63b
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(2) Vero E6 cytopathic effect (CPE) assay

The anti-SARS-CoV-2 (WT or Omicron mutant) activity and cytotoxicity of the compounds
were evaluated using an in vitro Vero E6 (African green monkey kidney cells) CPE assay, based
on the inhibition rate (%) of virus-induced cytopathic effects and cell viability (%). Remdesivir
was selected as the positive control compound.

Method: Cells were seeded in microplates at an appropriate density and cultured overnight in a
5% CO: incubator at 37°C. The following day, two-fold serially diluted compounds (6
concentration points, duplicate wells) and virus were added. Cell control (cells, without
compound treatment or viral infection), virus control (cells with viral infection, without
compound treatment), and culture medium control (only with culture medium) were set up. The
final concentration of DMSO in the culture medium was 0.5%. Cells were cultivated in an
incubator for 3 days. Cytotoxicity testing followed identical conditions without viral infection.
The cell viability was measured using the CellTiter-Glo kit (Promega). The antiviral activity and
cytotoxicity of the compounds were determined by the inhibition rate (%) of virus-induced
cytopathic effects and cell viability (%) at different compound concentrations, respectively.
Using GraphPad Prism, nonlinear regression analysis was performed on the inhibition rates and
cell viability rates to calculate the half-maximal effective concentration (ECso) and half-maximal
cytotoxic concentration (CCso) values of the compounds.

Results demonstrated that the compounds of the present invention exhibit potent anti-SARS-

CoV-2 (WT or Omicron mutant) activity and selectivity.

(3) Calu-3 cytopathic effect assay

The anti-SARS-CoV-2 (WT or Omicron mutant) activity and cytotoxicity of the compounds of
the present invention were evaluated using an in vitro Calu-3 (human lung adenocarcinoma cells)
cytopathic effect (CPE) assay, based on the inhibition rate (%) of virus-induced cytopathic
effects and cell viability (%). Remdesivir was selected as the positive control compound.
Method: Cells were seeded in microplates at an appropriate density and cultured overnight in a
5% CO: incubator at 37°C. The following day, two-fold serially diluted compounds (6
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concentration points, duplicate wells) and virus were added. Cell control (cells, without
compound treatment or viral infection), virus control (cells with viral infection, without
compound treatment), and culture medium control (only with culture medium) were set up. The
final concentration of DMSO in the culture medium was 0.5%. Cells were cultivated in an
incubator for 3 days. Cytotoxicity testing followed identical conditions without viral infection.
The cell viability was measured using the CellTiter-Glo kit (Promega). The antiviral activity and
cytotoxicity of the compounds were determined by the inhibition rate (%) of virus-induced
cytopathic effects and cell viability (%) at different compound concentrations, respectively.
Using GraphPad Prism, nonlinear regression analysis was performed on the inhibition rates and
cell viability rates to calculate the half-maximal effective concentration (ECso) and half-maximal
cytotoxic concentration (CCso) values of the compounds.

Results demonstrated that the compounds of the present invention exhibit potent anti-SARS-

CoV-2 (WT or Omicron mutant) activity.

(4) ARS-CoV-2 immunofluorescence assay

The anti-SARS-CoV-2 (WT or Omicron mutant) activity and cytotoxicity of the compounds of
the present invention were evaluated using an in vitro Vero cell immunofluorescence assay by
detecting viral nucleocapsid (N) protein expression and calculating the inhibition rate (%) of
viral replication. Remdesivir was selected as the positive control compound.

Method: Vero cells were seeded in microplates at an appropriate density and cultured overnight
in a 5% CO: incubator at 37°C. The following day, two-fold serially diluted compounds (10
concentration points, duplicate wells) and virus were added. After 24 hours of infection,
immunofluorescence assay was used to detect the expression of virus N protein. The number of
cells in the cell test wells was detected by Hoechst staining method. The cytotoxicity was
calculated based on the number of cells in different wells. The antiviral activity of the compound
was represented by the inhibition rate (%) of viral replication at various concentrations. The ECso
and CCso values of the compound were calculated using GraphPad Prism or XLfit software.
Results demonstrated that the compounds of the present invention exhibit potent anti-SARS-

CoV-2 (WT or Omicron mutant) activity and selectivity.

(5) RSV CPE assay
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HEp-2 (Human laryngeal epidermoid cancer cells) cells were seeded in microplates at an
appropriate density and cultured overnight in a 5% CO: incubator at 37°C. On the following day,
gradient-diluted test compounds (8 concentration gradients, in duplicate wells) and RSV A2
virus were added. ALS-8112 or Ziresovir was selected as the positive control compound. Cell
control (cells, without compound treatment or viral infection) and virus control (cells with viral
infection, without compound treatment) were set up. The final concentrations of DMSO in the
culture medium were both 0.5%. Cells were cultivated in an incubator at 37°C, 5% COz2 for 5
days. Cytotoxicity testing followed identical conditions without viral infection. The cell viability
was measured using the kit CCK8. The antiviral activity and cytotoxicity of the compounds were
determined by the inhibition rate (%) of virus-induced cytopathic effects and HEp-2 cell viability
(%) at different compound concentrations, respectively. The inhibition rates and cell viability
rates of the compounds were subjected to nonlinear regression analysis using GraphPad Prism
to calculate the EC50 and CC50 values, with activity grades defined as: A represents ECso < 100
nM, B represents ECso of 100-200 nM, C represents ECso of 200-500 nM, D represents ECso of
500-1000 nM, and E represents ECso > 1000 nM.

Results demonstrated that the compounds of the present invention exhibit potent antiviral activity
and selectivity against RSV A2 virus. Representative compounds' inhibitory effects on HEp-2

cell proliferation are shown in the following table:

Compound number RSV A2 (Hep-2 cell) ECso
la
1b
3a
3b
5a
5b
7a
7b
11b
13b
17
19
20
24a
26
27
28
29
30
31b

OO0OmoOommmMmOIm@OO|@O|TO|L 0|0 W
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32b
38b
39a
39b
41b
53a
53b
54a
54b
55a
55b
56a
56b
57a
57b
58a
58b
59a
59b
60a
60b
6la
61b
62a
62b
63a
63b
64a
64b

> W >0>o0o0m>ororonomomm>w>> > > > >0

(6) RSV ELISA assay

HEp-2 cells were seeded in microplates at an appropriate density and cultured overnight in a 5%
CO: incubator at 37°C. On the following day, gradient-diluted test compounds (8 concentration
gradients, in duplicate wells) and RSV virus were added. ALS-8112 or Ziresovir was selected as
the positive control compound. Cell control (cells, without compound treatment or viral infection)
and virus control (cells with viral infection, without compound treatment) were set up. The final
concentrations of DMSO in the culture medium were both 0.5%. Cells were cultivated in an
incubator at 37°C, 5% CO:2 for 5 days. After the cells were fixed, ELISA was used to detect the
protein expression of RSV in the cells. Cytotoxicity testing followed identical conditions without
viral infection. The cell viability was measured using the kit CCK8. The antiviral activity and
cytotoxicity of the compounds were determined by the inhibition rate (%) of viral replication

and HEp-2 cell viability (%) at different compound concentrations, respectively. Using
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GraphPad Prism, nonlinear regression analysis was performed on the inhibition rates and cell
viability rates to calculate ECso and CCso values of the compounds.
Results demonstrated that the compounds of the present invention exhibit potent antiviral activity

and selectivity against RSV virus.

(7) RSV plaqgue reduction assay

HEp-2 cells were seeded in microplates at an appropriate density and cultured overnight in a 5%
CO: incubator at 37°C. On the following day, gradient-diluted test compounds (5 concentration
gradients, in duplicate wells) and RSV virus were added. ALS-8112 or Ziresovir was selected as
the positive control compound. Virus control (cells viral infection, without compound treatment)
was set up. The final concentrations of DMSO in the culture medium were both 0.5%. The
infection supernatant was aspirated 1-2 hours post-infection and replaced with maintenance
medium containing the corresponding concentrations of compounds. Cells were cultivated in an
incubator at 37°C, 5% CO:2 for 3-4 days. The cells were fixed and stained, followed by
quantification of viral plaques per well. The antiviral activity of the compound was represented
by the inhibition rate (%) of viral plaque formation at various concentrations. Nonlinear fitting
analysis was performed on the inhibition rate of the compound using GraphPad Prism, and the
ECso value of the compound was calculated.

Results demonstrated that the compounds of the present invention exhibit potent antiviral activity

against RSV virus.

(8) Dengue virus plaque reduction assay

Vero cells were seeded in 6-well plates at an appropriate density and cultured overnight at 37°C
with 5% CO.. The following day, two-fold serially diluted compounds (5 concentration points,
single well) and virus (50 PFU/mL) were added. After 2-4 hours of infection, the supernatant
was aspirated and replaced with maintenance medium containing corresponding concentrations
of compounds. The final concentration of DMSO in the cell culture was 0.5%. After 7 days of
incubation at 37°C with 5% CO, cells were fixed and stained with crystal violet, followed by
plague counting in each well. Cytotoxicity testing was performed in parallel using 96-well plates.
Cell viability was measured using cell viability detection reagents, with raw data used for

calculating both the inhibitory activity of compounds against viral plagque formation and
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cytotoxicity. Dose-response curves were analyzed and ECso and CCso values were calculated
using GraphPad Prism software.
Results demonstrated that the compounds of the present invention exhibit potent antiviral activity

and selectivity against Dengue virus.

(9) Zika virus cytopathic effect (CPE) assay

Huh7 cells were seeded in 96-well plates at an appropriate density and cultured overnight at
37°C with 5% CO.. The following day, two-fold serially diluted compounds (8 concentrations,
duplicate wells) and virus were added. Cell control (uninfected) and virus control were set up.
The final concentration of DMSO in the cell culture was 0.5%. Cells were cultured at 37°C with
5% CO: for 3 days until distinct cytopathic effects (CPE) became evident in the virus control
wells. Cytotoxicity testing followed identical conditions without viral infection. Cell viability
was measured using cell viability detection reagents, with raw data used for calculating antiviral
activity and cytotoxicity. Dose-response curves were analyzed and ECso and CCso values were
calculated using GraphPad Prism software.

Results demonstrated that the compounds of the present invention exhibit potent antiviral activity

and selectivity against Zika virus.

(10) Evaluation of in vivo pharmacological efficacy of the compound of the present invention
using ACE2 transgenic mouse infection model

Model building

Animal species and strains: C57BL/6-Tgtn(CAG-humanACE2-IRES-Luciferase-WPRE-
polyA)Smoc (NM-TG-200002) ACE2 transgenic humanized mice, male, 21-week-old.
Facilities: SPF Animal house (AAALAC), BSL-3 Laboratory (Animal Biosafety Level IlI
Laboratory of the Second Military Medical University of the People's Liberation Army, No.: Jun
ABSL3-003).

Strain: SARS-CoV-2 virus (Pubmed No: MT627325).

Infection method: Intranasal inoculation with 1x10* PFU SARS-CoV-2 virus suspended in
serum-free DMEM medium.

Viral load: Mean greater than 1e7 copies/g.

Experimental Protocol:
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Group design:

Model control group, positive control group, test compound group

(low/medium/high dose), 5 animals/group;

Administration time: 0-3 days after viral infection;

Administration mode: Gavage;

Dosing frequency/duration: Twice daily for 3 consecutive days;

Sample collection: On day 4, the mice were treated and lung tissues were collected;

Sample testing: the virus titers in the above lung tissue samples were detected.

Day 0 P3 The mice were placed into the laboratory environment for
Laboratory | adaptation, and the body weights were measured.
Day 1 P3 The body weights were measured, and infected with euvirus,
Laboratory | and administered once immediately 1 hour after infection, and
administered again after 6 hours.
Day 2-3 P3 The body weights were measured, the status of mice was
Laboratory | observed twice, and administered twice a day.
Day 4-6 P3 72 hours after infection, lung tissue samples were collected:;
Laboratory | Half of the pulmonary lobes were fixed for HE pathology;
MRNA was extracted from the other half of the pulmonary
lobes and the lung load was measured.

Clinical observation and detection indicators:

clinical signs were observed, the body weights were measured, and the survival rate was recorded;

72 hours after infection, samples were taken to detect the viral load in lung tissues;

The lung tissues were fixed for the pulmonary HE pathology.

The experimental results demonstrated that the compound of the present invention exhibits

excellent in vivo potency and low toxicity.

(11) Metabolic stability evaluation

Metabolic stability is generally used to describe the rate and extent of compound metabolism,

and is one of the main factors affecting its pharmacokinetic properties. Many compounds are

substrates for CYP450 enzymes and other drug metabolizing enzymes, and liver microsomes are

CYP450-rich systems. The purpose of this experiment is to study the in vitro metabolic stability

of the compound by incubating the compound of the present invention with human, rat, and
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mouse liver microsomes, respectively and detect the remaining proportion of the compound
using LC-MS/MS.

(DFormulation of solution

Phosphate buffered saline (PBS): 150 mL of the pre-formulated KH2PO4(0.5M) solution and 700
mL of K2HPO4 (0.5M) solution were taken and mixed, the pH value of the mixed solution was
adjusted to 7.4 with KzHPO4 (0.5M) solution, and stored at 4°C as a 5-fold concentration PBS
for later use. It was diluted 5 times with ultrapure water before use, and 3.3 mM of magnesium
chloride was added to obtain phosphate buffered saline PBS (100 mM).

NADPH regeneration system solution: NADPH solution containing 6.5 mM of NADP, 16.5 mM
of G-6-P, 3 U/mL of G-6-P D was formulated with 5mL of PBS.

Internal standard termination solution: 50 ng/mL of propranolol hydrochloride and 200 ng/mL
of Tolbutamide were formulated with acetonitrile as the internal standard working solutions.
Human liver microsomal solution: 0.31 mL of human liver microsomes (25 mg/mL) was taken
and added to 0.961 mL of PBS (pH 7.4) to mix well, so as to obtain a human liver microsome
diluent with a protein concentration of 0.625 mg/mL.

Rat liver microsomal solution: 0.31 mL of rat liver microsomes (25 mg/mL) was taken and added
to 0.961 mL of PBS (pH 7.4) to mix well, so as to obtain a rat liver microsome diluent with a
protein concentration of 0.625 mg/mL.

Mouse liver microsomal solution: 0.31 mL of mouse liver microsomes (25 mg/mL) was taken
and added to 0.961 mL of PBS (pH 7.4) to mix well, so as to obtain a mouse liver microsome
diluent with a protein concentration of 0.625 mg/mL.

Sample working solution: The compound of the present invention, non-deuterated compound
powder, and positive controls (dextromethorphan powder and omeprazole powder) were
prepared as 10 mM stock solutions in DMSO. These were then diluted with 70% acetonitrile-
water to obtain 0.25 mM sample working solutions.

@sSample incubation

398 uL of human liver microsomal diluent was taken and added into a 96-well incubation plate
(N=2), followed by 2 uL of 0.25 mM test compound or dextromethorphan, and mixed thoroughly.
398 uL of SD rat liver microsomal diluent was taken and added into a 96-well incubation plate
(N=2), followed by 2 uL of 0.25 mM test compound or omeprazole, and mixed thoroughly.

300 uL of pre-chilled stop solution was added to each well of a 96-well deep-well plate placed
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on ice (termination plate).

The 96-well incubation plate and NADPH regeneration system were placed in a 37°C water bath
with 100 rpm shaking for 5 min. 80 uL of incubation mixture was transferred from each well of
the incubation plate to the termination plate, mixed, and supplemented with 20 uL of NADPH
regeneration system solution (0 min sample). 80 uL of NADPH regeneration system solution
was then added to each well of the incubation plate to initiate the reaction (timing started). The
reaction concentration of the compound to be tested was 1 uM, and the protein concentration
was 0.5 mg/mL.

At 10, 30, and 90 minutes into the reaction, 100 uL of the reaction solution was collected and
transferred to the termination plate, followed by vortexing for 3 minutes to stop the reaction.
The termination plate was centrifuged at 5000 rpm and 4°C for 15 minutes. 200 pL of supernatant
was taken and added to a 96-well plate prefilled with 200 uL of ultrapure water, mixed well and
analyzed by LC-MS/MS (injection volume: 10 pL).

(®Analysis method of sample

The LC-MS/MS system was employed to detect peak areas of the test compound,
dextromethorphan, omeprazole, and internal standard, followed by calculation of the compound-
to-internal standard peak area ratio.

(®Data processing

Peak areas of samples and internal standards were acquired using the mass spectrometer and
Analyst software. The remaining compound percentage (R%) versus time was plotted using
GraphPad Prism 7.0 software with a mono-exponential decay model to determine the substrate
elimination rate constant (K):

Ct/CO= exp(-K*t)

the half-life period Ti2 and intrinsic clearance rate CLint were calculated according to the

following formula, wherein V/M was equal to 1/C (protein).

_ 0693 V.
M

CLint

Tup= — 2% b  tu2(min); CLin(uL/min/mg).

Experimental results demonstrated that the compound of the present invention exhibits excellent

metabolic stability.

(12) Rat pharmacokinetic study
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Male rats (n=3 per group) were fasted for 12 hours prior to dosing with free access to water, and
received standardized feeding 4 hours post-dose. The vehicle consisted of 5% DMSO + 5%
EtOH + 40% PEG300 + 50% saline. The intravenous injection group received 2 mg/kg of the
test compound, with blood collected from the jugular vein at 0.083 h, 0.25h,0.5h, 1 h, 2 h, 4 h,
6 h, 8 h, and 24 h after administration. The oral gavage group received 10 mg/kg of the test
compound, with blood collected from the jugular veinat 0.25h, 0.5h, 1 h, 2h, 4 h, 6 h, 8 h, and
24 h after administration. Approximately 0.2 mL of each sample was collected, anticoagulated
with heparin sodium, and placed on wet ice after collection. The plasma was separated by
centrifugation within 1 hour (centrifugation conditions: 6000 g, 3 minutes, 2-8°C). For PK blood
sample analysis, the hydrolyzed parent drug GS-441524 was measured. Plasma samples were
stored in a freezer at -80°C before analysis. Pharmacokinetic parameters were calculated using
Phoenix WinNonlin 8.2.0 based on plasma drug concentration data at different time points.
Experimental results demonstrated that the compound of the present invention exhibits superior
pharmacokinetic properties in animals. Following a single intravenous bolus administration of 2
mg/kg of the representative compound of the present invention to male rats, the peak plasma
concentration (Cmax) of the representative compound ranged from 45-1000 ng/mL, with an area
under the plasma concentration-time curve from time zero to the last quantifiable time point
(AUCo-ast) of 150-850 ng-h/mL. After a single oral administration of 10 mg/kg of the
representative compound of the present invention to male rats, the peak plasma concentration
(Cmax) of the representative compound ranged from 20-390 ng/mL, with an area under the plasma
concentration-time curve from time zero to the last quantifiable time point (AUCo-last) of 155-
1646 ng-h/mL.

The above content provides further detailed explanation of the present invention in conjunction
with specific preferred embodiments. It should not be construed that the practical implementation
of the present invention is limited only to these descriptions. For those skilled in the art to which
this invention pertains, any simple deductions or substitutions made without departing from the
inventive concept shall all be considered as falling within the protection scope of the present

invention.
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1. A compound of formula (1):

(N

wherein,

Rx is H or OH;

Rx1, Rx2 and Rxs are independently H, D, halogen, -Ra, -C(O)Ra, -C(O)ORa, -C(O)NRGbR, -
NRbR:, -NRaC(O)Rb, -NRaC(O)ORb, -NRaC(O)NRsRe, -ORa, -OC(O)Rs, -OC(O)NRuR:, -
NRaS(0O)2Rb, -S(O)2NRa, -S(O)Ra or -S(0)2Ra;

wherein each of Ra, Rp and Rc is independently H, D, C1-6 alkyl, C1-6 haloalkyl, Csz-s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Ry and Rc together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein said Cis alkyl, Ci-s haloalkyl, Cs-s
cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more deuterium atoms, up to full deuteration;
X1 and Xz are independently a bond, O, S or NH;

R1 and R2 are independently Ci2s alkyl, Ci2s haloalkyl, Css cycloalkyl, 3-7 membered
heterocyclyl, C2-2s alkenyl, Cz-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein said
Ci1-28 alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl, Cz-2s
alkynyl, Cs-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R;
L is CHz, CDz or CHD;

W1 is formula (A):

Rz Ry Z; }/R
AW m 24 “
' " formula (A)

wherein,
Y1isOorS;
Z1isO,NHor S;
Z2isO,NHor S;
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Zsisabond, O, NH or S;

miis 1,2, 3,4,50r6;

niisOor1;

nz2is 0 or 1;

each of Rs and R4 is independently H, D, halogen, Ci-s alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Ce-10 aryl or
5-10 membered heteroaryl, or Rs and R4 together with the C atom to which they are attached,
form a Cs-s cycloalkyl or 3-7 membered heterocyclyl, wherein said Ci-6 alkyl, C1-6 haloalkyl, C1-
6 alkoxy, Ci-6 haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;

Rsis H, D, Ci-2s alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl,
Ca2-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein said Ci-2s alkyl, Ci-28 haloalkyl,
Css cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl, C2-2s alkynyl, Ce-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;

W2 is formula (B):

Rs
A %
Y5 2 .
" ‘ formula (B)

wherein,

Y2is O, NH or S;

Z4isO,NHor S;

Zs5is O, NHor S;

Zs is abond, O, NH or S;

mz2is 0,1, 2, 3,4,5or6;

nsisOor 1;

nsisOor1;

each of Re and R7 is independently H, D, halogen, Ci-s alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Ce-10 aryl or
5-10 membered heteroaryl, or Res and Rz together with the C atom to which they are attached,
form a Cs.s cycloalkyl or 3-7 membered heterocyclyl, wherein said C1-6 alkyl, C1-6 haloalkyl, Ci-
s alkoxy, Ci-6 haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-s alkenyl, C2-6 alkynyl,

Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;
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Rsis H, D, Ci-2s alkyl, C1-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl,
C2-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein said Ci-2s alkyl, Ci1-28 haloalkyl,
Cs cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl, C2-2s alkynyl, Ce-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;

or, any one of W1 and W- together with the 3'-position C atom of glycosyl form -Y3-, wherein
Y3is O, NHor S;

or, W1 and W2 together with the P atom to which they are attached, form -Y4(C(R3Ra4)p)Y -,
wherein Y4is O, NHor S,and pis 2, 3, 4 or 5;

each R is independently D, halogen, -Rd4, -C(O)Rd4, -C(O)OR4, -C(O)NReRf, -NReRf, -
NR4C(O)Re, -NR4C(O)ORe, -NR4C(O)NReRf, -ORd, -OC(O)Rd, -OC(O)NReRy, -NRaS(O)2Re, -
S(0)2NRg, -S(O)Rd or -S(O)2R4, or two R on the same atom or two adjacent atoms, together with
the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cs-10
aryl or 5-10 membered heteroaryl, wherein said Cs-6 cycloalkyl, 3-7 membered heterocyclyl, Ce-
10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”, up to full
deuteration;

each R’ is independently D, halogen, -Rd, -C(O)Rd, -C(O)OR4, -C(O)NReRf, -NReRf, -
NR4C(O)Re, -NR¢C(O)ORe, -NR4C(O)NReRy, -ORq, -OC(O)R¢, -OC(O)NReRy, -NRaS(O)2Re, -
S(0)2NRg, -S(O)R4 or -S(0O)2R4, or two R” on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Cs-10 aryl or 5-10 membered heteroaryl, wherein said Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”;
wherein each of R4, Re and Rs is independently H, D, Ci-6 alkyl, C1-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Re and Rs together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein said Cis alkyl, Ci-s haloalkyl, Cs-s
cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R”;

each R” is independently D, halogen, -Rg, -C(O)Rg, -C(O)ORg, -C(O)NRhRj, -NR:Rj, -
NRgC(O)Rn, -NRgC(O)ORn, -NRgC(O)NRhR), -ORg, -OC(O)Rg, -OC(O)NRRj, -NRgS(O)2Rn, -
S(0)2NRg, -S(O)Rg or -S(O)2Rg, or two R” on the same atom or two adjacent atoms, together

with the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl,
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Ce-10 aryl or 5-10 membered heteroaryl, wherein said Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Cs-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more deuterium
atoms, up to full deuteration;

wherein each of Rg, Rn and Rj is independently H, D, Ci-6 alkyl, C1-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Rn and Rj together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein said Cis alkyl, Ci-s haloalkyl, Cs-s
cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more deuterium atoms, up to full deuteration;
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

2. The compound of claim 1, which is of formula (la) or formula (1b):

formula (la), or formula (Ib)

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

3. The compound of claim 1 or 2, or a tautomer, stereoisomer, prodrug, crystalline form,

pharmaceutically acceptable salt, hydrate or solvate thereof, wherein W1 is:
\/0 s\ﬂ/R5 \/0 O\Iipid-like \(o lipid-like
,5(0>(o\ﬂ/o\Rﬁ \/OXOTRS R0 R, I} M M \{OXN
Rz Ry O , R3 Ry O , mq , mq , mq Or Rs Ry ,

wherein, lipid-like is Cs-2s alkyl, Cs-2s haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl, wherein said Cs-
28 alkyl, Cs-2s haloalkyl, Cs-2s alkenyl and Cs-2s alkynyl are optionally substituted with one or
more R;

Ar is Ce-10 aryl or 5-10 membered heteroaryl, wherein said Ce-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R;

R3, R4, Rs, m1 and R are as described in claim 1.

4. The compound of any one of claims 1 to 3, which is a compound of formula (I1), (I11) or (IV):
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(1), or Re Ri formula (1V)
wherein,
Rx is H or OH;
Rx1, Rx2 and Rxs are independently H, D, halogen, -Ra, -C(O)Ra, -C(O)ORa, -C(O)NRGbRc, -
NRbR:, -NRaC(O)Rb, -NRaC(O)ORb, -NRaC(O)NRsRc, -ORa, -OC(O)Ra, -OC(O)NRuR, -
NRaS(0)2Rb, -S(0)2NRa, -S(O)Ra or -S(0)2Rs;
wherein each of Ra, Ro and Rc is independently H, D, Ci-6 alkyl, C1-6 haloalkyl, Cs.6 cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Ry and Rc together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein said Cis alkyl, Cis haloalkyl, Css
cycloalkyl, 3-7 membered heterocyclyl, C2-s alkenyl, C2-6 alkynyl, Ce-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more deuterium atoms, up to full deuteration;
X1 and Xz are independently a bond, O, S or NH;
R1 and Rz are independently Ci-2s alkyl, Ci2s haloalkyl, Css cycloalkyl, 3-7 membered
heterocyclyl, C2-2s alkenyl, Cz-2s alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein said
Ci-28 alkyl, Ci-2s haloalkyl, Cs cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, C2-2s
alkynyl, Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R;
L is CHz, CDz or CHD;
miis 1,2, 3,4,50r6;
Rs and R4 are independently H, D, halogen, Cis alkyl, Cis haloalkyl, Ci-s alkoxy, Cis
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-6 alkenyl, C2-6 alkynyl, Cs-10 aryl or
5-10 membered heteroaryl, or Rs and R4 together with the C atom to which they are attached,
form a Cs-6 cycloalkyl or 3-7 membered heterocyclyl, wherein said Ci-6 alkyl, C1-6 haloalkyl, Cai-
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s alkoxy, Ci-6 haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, C2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;

Rsis H, D, Ci-28 alkyl, C1-28 haloalkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl,
Ca2-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein said Ci-2s alkyl, Ci-28 haloalkyl,
Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, C2-2s alkynyl, Ce-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;

W2 is formula (B):

Rs Ry Zs J/R
8
A %
Y3
my 2 Ny

ns formula (B)
wherein,
Y2isO,NHor S;
Z4isO,NHor S;
Z51sO,NH or S;
Zs is abond, O, NH or S;
m2is 0,1, 2, 3,4,5or6;
nsis 0 or 1;
nsaisOor 1;
each of Re and Rz is independently H, D, halogen, Ci-s alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-s alkenyl, C2-6 alkynyl, Cs-10 aryl or
5-10 membered heteroaryl, or Re and Rz together with the C atom to which they are attached,
form a Cs-s cycloalkyl or 3-7 membered heterocyclyl, wherein said C1-6 alkyl, C1-6 haloalkyl, C1-
s alkoxy, C1-6 haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;
Rsis H, D, Ci-2s alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl,
C2-28 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl, wherein said Ci-2s alkyl, Ci-2s haloalkyl,
Cs cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl, C2-2s alkynyl, Ce-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;
or, W2 together with the 3'-position C atom of glycosyl form -Y3s-, wherein Y3 is O, NH or S;
each R is independently D, halogen, -Rd4, -C(O)Rd4, -C(O)OR4, -C(O)NReRf, -NReRf, -
NR4C(O)Re, -NR4C(O)ORe, -NR4C(O)NReRy, -OR4, -OC(O)R¢, -OC(O)NReRy, -NRaS(O)2Re, -
S(0O)2NRug, -S(O)R4 or -S(O)2R4, or two R on the same atom or two adjacent atoms, together with
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the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cs-10
aryl or 5-10 membered heteroaryl, wherein said Cs-6 cycloalkyl, 3-7 membered heterocyclyl, Ce-
10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”, up to full
deuteration;

each R’ is independently D, halogen, -Rd, -C(O)Rd, -C(O)OR4, -C(O)NReRf, -NReRf, -
NR4C(O)Re, -NR4C(O)ORe, -NR4C(O)NReRy, -OR4, -OC(O)R¢, -OC(O)NReRy, -NRaS(O)2Re, -
S(0O)2NRg, -S(O)R4 or -S(0)2R4, or two R’ on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Cs-10 aryl or 5-10 membered heteroaryl, wherein said Cs.s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”;
wherein each of R4, Re and Rs is independently H, D, Ci-6 alkyl, Ci-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Re and Rt together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein said Cis alkyl, Ci-s haloalkyl, Cs-6
cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R”;

each R” is independently D, halogen, -Rg, -C(O)Rg, -C(O)ORg, -C(O)NRhRj, -NR:uRj, -
NRgC(O)Rn, -NRgC(O)ORn, -NRgC(O)NRhR), -ORg, -OC(O)Rg, -OC(O)NRiRj, -NRgS(O)2Rn, -
S(0O)2NRyg, -S(O)Rg or -S(0O)2Rg, or two R” on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Cs-10 aryl or 5-10 membered heteroaryl, wherein said Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more deuterium
atoms, up to full deuteration;

wherein each of Rg, Rn and Rj is independently H, D, Ci-6 alkyl, C1-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Rn and Rj together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein said Cis alkyl, Ci-s haloalkyl, Cs-6
cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, C2-6 alkynyl, Ces-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more deuterium atoms, up to full deuteration;
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

or solvate thereof.
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5. The compound of claim 4, which is a compound of formula (I1a), formula (11b), formula (I11a),

formula (I11b), formula (I\Va) or formula (1\Vb):

formula (I'\VVa) or Ro Ry formula (I\VVb)

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

6. The compound of claim 4 or 5, or a tautomer, stereoisomer, prodrug, crystalline form,
pharmaceutically acceptable salt, hydrate or solvate thereof, wherein:

Rx is H or OH,;

Rx1, Rx2 and Rxs are independently H, D, halogen or Ci-6 alkyl, wherein said Ci-6 alkyl are
optionally substituted with one or more deuterium atoms, up to full deuteration;

X1 and Xz are independently a bond, O, S or NH;

Ri1 and R2 are independently Ci-2s alkyl, Ci-2s haloalkyl, Css cycloalkyl, 3-7 membered
heterocyclyl, Cz-2s alkenyl, C2-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein said

Ci-28 alkyl, Ci-28 haloalkyl, Css cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, C2-2s
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alkynyl, Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R;
L is CHz, CDz or CHD;

miis 1, 2or3;

Rs and R4 are independently H, D, Ci-s alkyl, Cs-s cycloalkyl or 3-7 membered heterocyclyl, or
Rs and R4 together with the C atom to which they are attached, form a Cs-s cycloalkyl or 3-7
membered heterocyclyl, wherein said Ci-6 alkyl, Cs-s cycloalkyl and 3-7 membered heterocyclyl
are optionally substituted with one or more R’;

Rs is Ci-28 alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl,
wherein said Ci-28 alkyl, Ci-28 haloalkyl, Cs.6 cycloalkyl, 3-7 membered heterocyclyl and Ca-2s

alkenyl are optionally substituted with one or more R;

W2 is:
H>%0k . . . . . \{O\M/SYRB YO\MO\Ipd_"ke \{O\M/Iipid-like . .
N -Re R Re RiR,| © R R R. Rq ’
Y Rs R7 ¢ ) \{ R>6<R7\[C])/ ) ) \/ R>5<R7I]/ ) ma , m2 y m2 f \(O\Ar Or \( R2<R7 ’
wherein,

mz2is 1,2, 3,4,5o0r6;

each of Re and Rz is independently H, D, halogen, Ci- alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Ce-10 aryl or
5-10 membered heteroaryl, or Re and Rz together with the C atom to which they are attached,
form a Cs-6 cycloalkyl or 3-7 membered heterocyclyl, wherein said Ci-6 alkyl, C1-6 haloalkyl, Cai-
6 alkoxy, Ci-6 haloalkoxy, Cs.s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;

Rs is C1-28 alkyl, Ci-2s haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl, Co-
28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein said Ci-2s alkyl, C1-2s haloalkyl, Cs-
6 cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, C2-2s alkynyl, Ce-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;

lipid-like is Cs-25 alkyl, Cs-2s haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl, wherein said Cs-2s alkyl,
Cs-28 haloalkyl, Cs-2s alkenyl and Cs-2s alkynyl are optionally substituted with one or more R;
Ar is Ce10 aryl or 5-10 membered heteroaryl, wherein said Cs-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R;

each R is independently D, halogen, -Rd, -C(O)R4, -C(O)OR4, -C(O)NReRf, -NReRf, -
NRdC(O)Re, -NRdC(O)ORe, -NRdJC(O)NReRt, -ORd, -OC(O)Rd, -OC(O)NReRf, -NRd¢S(O)2Re, -
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S(0O)2NRug, -S(O)R4 or -S(O)2R4, or two R on the same atom or two adjacent atoms, together with
the atoms to which they are attached, form a Cs.s cycloalkyl, 3-7 membered heterocyclyl, Ce-10
aryl or 5-10 membered heteroaryl, wherein said Cs-6 cycloalkyl, 3-7 membered heterocyclyl, Ce-
10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”, up to full
deuteration;

each R’ is independently D, halogen, -Rd, -C(O)Rd, -C(O)OR4, -C(O)NReRf, -NReRf, -
NRdC(O)Re, -NRdC(O)ORe, -NRdC(O)NReRt, -ORd, -OC(O)Rd, -OC(O)NReRf, -NRd¢S(O)2Re, -
S(0)2NRyg, -S(O)R4 or -S(O)2Rq, or two R’ on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl or 5-10 membered heteroaryl, wherein said Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”;
wherein each of R4, Re and Rs is independently H, D, Ci-6 alkyl, Ci-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Ces-10 aryl or 5-10 membered heteroaryl,
or Re and Ry together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein said Cis alkyl, Ci-s haloalkyl, Cs-6
cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, C2-6 alkynyl, Ces-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R”;

each R” is independently D, halogen, -Rg, -C(O)Rg, -C(O)ORg, -C(O)NRhRj, -NR:uRj, -
NRgC(O)Rn, -NRgC(O)ORn, -NRgC(O)NRhRj, -ORg, -OC(0O)Rg, -OC(O)NRhR;j, -NRgS(O)2Rn, -
S(0)2NRyg, -S(O)Rg or -S(0)2Rg, or two R” on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs-6 cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl or 5-10 membered heteroaryl, wherein said Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more deuterium
atoms, up to full deuteration;

wherein each of Rg, Rn and Rj is independently H, D, Ci-6 alkyl, Ci-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz6 alkenyl, Cz2-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Rn and Rj together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein said Cis alkyl, Ci6 haloalkyl, Css
cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, C2-6 alkynyl, Ces-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more deuterium atoms, up to full deuteration.

7. The compound of any one of claims 4 to 6, or a tautomer, stereoisomer, prodrug, crystalline
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form, pharmaceutically acceptable salt, hydra})te or sSoI\R/ate thereof, wherein: »

o Ny X mone ineke
AP
wherein, mzis 1, 2, 3 or 4;
each of Re and Rz is independently H, D, Ci-6 alkyl, Ci-6 alkoxy, Cs-6 cycloalkyl or 3-7 membered
heterocyclyl, or Re and Rz together with the C atom to which they are attached, form a Cs-6
cycloalkyl or 3-7 membered heterocyclyl, wherein said Ci-6 alkyl, Ci-6 alkoxy, Cs-6 cycloalkyl
and 3-7 membered heterocyclyl are optionally substituted with one or more R’;
each Rs is independently Ci-2s alkyl, C1-28 haloalkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl,
Ca-28 alkenyl or C2-2s alkynyl, wherein said Ci-2s alkyl, Ci-2s haloalkyl, Cs¢ cycloalkyl, 3-7
membered heterocyclyl, Cz-2s alkenyl and Ca-2s alkynyl are optionally substituted with one or
more R;
lipid-like is Cs-25 alkyl, Cs-2s haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl, wherein said Cs-2s alkyl,
Cs-28 haloalkyl, Cs-2s alkenyl and Cs-2s alkynyl are optionally substituted with one or more R;
Ar is Ce10 aryl or 5-10 membered heteroaryl, wherein said Ces-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R.
8. The compound of any one of claims 4 to 7, or a tautomer, stereoisomer, prodrug, crystalline

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

N R
ol

Wais ®wr |

wherein, Rs is C1-6 alkyl, and Rz is H, or Re and R7 together with the C atom to which they are
attached, form a Cs-s cycloalkyl, wherein said Ci-6 alkyl and Cs.s cycloalkyl are optionally
substituted with one or more groups selected from phenyl or -C(O)OCa-s alkyl;

Rs is independently Ci-2s alkyl, Css cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl,
wherein said Ci-2s alkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl is optionally

substituted with one or more Ci-6 alkoxy;
. X
preferably, W2 is = ;

preferably, W2 is L ﬁ;
preferably, W2 is YN%(’*, ‘{N%"%\, \/%AC YN%O%\, % ,
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e OT\ O~ W)L /D j)k _(CHa1CHs HT)L _ (CHy)sCH=CHCH,CH=CH(CH,)(CHs
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\/H i
(o] O
H
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H o
W J\ o R i W X O/\(\
. N N \'¢ 7)1\0/\(\ NW)J\ o
preferably, Wz is Y%O , Y%O%, ;TR ,
(o] o]
" o] x{“ o> o ﬂ o o \/H o/D
‘{Né ‘0/\<\ O~ NW)L HW)J\ _(CHy)1:CHs Hj)k _ (CHy)§CH=CHCH,CH=CH(CH,)4CHs
, i ’ X o , \'¢ o ’ h'¢ (e} ,
Q w8

T
preferably, W2 is Y%k ‘{WA/X\ YW)LAC Yﬁ)k%\ %

e o/D
e Zﬁj\ /\C\ ﬁ?&/\/\ v j)J\ ﬂ v \HJ\ C(CHICHs \‘)J\ _ (CHy)sCH=CHCH,CH=CH(CH,),CHs \%

9. The compound of any one of claims 4 to 7, or a tautomer, stereoisomer, prodrug, crystalline

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

0. O 0.

N

R

Wais ®ro |

wherein, Re and R7 are H;

Rs is independently Ci-2s alkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl;
preferably, W2 is YOVOTOY.

10. The compound of any one of claims 4 to 7, or a tautomer, stereoisomer, prodrug, crystalline
form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,

Wais 20T

wherein, Re and R7 are H;

Rs is independently Ci-2s alkyl, Cs-6 cycloalkyl 3-7 membered heterocyclyl or C2-2s alkenyl,
O A le/ \\/ ~~ \ﬂ/\

oy g Mk

11. The compound of any one of claims 4 to 7, or a tautomer, stereoisomer, prodrug, crystalline

preferably, W2 is

preferably, W2 is
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form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,
H\/O S\H/RB

Rs R7

W2 is mo

wherein, mz is 1 or 2;

Re and R7 are H;

Rs is independently Ci-2s alkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl;

o_*s o_$ o._s Ag~s Ag~s A~

- \./ \/ \/ O (o) O

preferably, W2 is T T\ “o)< T I‘A or s

12. The compound of any one of claims 4 to 7, or a tautomer, stereoisomer, prodrug, crystalline

form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,
\{OMO\pd-like
W2 is ",

wherein, mz is 2, 3 or 4;

Re and Rz are independently H or Ci-6 alkoxy, wherein said C1-6 alkoxy is optionally substituted
with one or more groups selected from Ce-10 aryl or 5-10 membered heteroaryl, wherein said Ce-
10 aryl or 5-10 membered heteroaryl is optionally substituted with one or more groups selected
from halogen or Ci1-6 alkoxy;

lipid-like is Cs-2s alkyl or Cs-2s alkenyl;

. O _~_DO«, O _~_O~ O _~_O~ O _~Cratzs O _~Cretas
preferably, W2 is ¥ Cats X Cats X LA G A S
OCHjg OCHjg

° ¢ ¢ g

o o o o
o CigH O\)\/O O\)\/O O\/K/O O\/K/O
‘{ i , Y “CigHas , Y “CigHar , ‘\/ “CigHas or ‘\/ “CigHar ;

H OO~ OO~ OO~ O Crattzs O - Cretas
preferably, W2 IS Y CiaHz y ‘{ CieHas ) ‘L\/ CygHaz , Y O , Y (o)
OCHg OCHg

° 0 ¥ ¢

o o o o
o CigH O\/k/o o\/k/o ka/o ka/o
\L/ o Gt , \/ ~CieHss 1 \/ Cighar ’ ‘.{ CieHas or ‘s( “CigHyr .

13. The compound of any one of claims 4 to 7, or a tautomer, stereoisomer, prodrug, crystalline

form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,
\{O\Mpid-ike
W2 is s

wherein, mz is 2, 3 or 4;

Rs and R7 are H;
lipid-like is Cs-2s alkenyl;

p refe rab I y W2 i S ;"i\o/ (CH2)gCH=CHCH,CH=CH(CH>)4CH3 .
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14. The compound of any one of claims 4 to 7, or a tautomer, stereoisomer, prodrug, crystalline
form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,

Wais X7,

wherein, Ar is Ce-10 aryl or 5-10 membered heteroaryl, wherein said Ce-10 aryl or 5-10 membered

heteroaryl is optionally substituted with one or more Ci-6 alkyl;

®
preferably, W2 is /\© /\Q\K or .

15. The compound of any one of claims 4 to 7, or a tautomer, stereoisomer, prodrug, crystalline
form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,

W2 is \{OFZC,

wherein, Re and R7 are H;

Ar is Ce-10 aryl or 5-10 membered heteroaryl, wherein said Cs-10 aryl or 5-10 membered
heteroaryl is optionally substituted with one or more groups selected from Cis alkyl or -

C(0)OCu16 alkyl;

preferably, W2 is A/© , o/l\oA or /\/©)<

16. The compound of any one of claims 4 to 15, or a tautomer, sterecisomer, prodrug, crystalline

form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein, W2 is N TAO

H v 9
WooQ ‘{H\Hﬂ\ b YN 0/\Ii\ ‘{H i YN\¢2/\/\/
N (¢} N o o NN
X W)J\o/><\ , /\i\ , X W)J\O/>< , , < ; /\i\ , J
i D i v o.__0_ _O. o.__o o__0
N N _(CHy)11CHa N _ (CHp)sCH=CHCH,CH=CH(CH,),CHs ~ ~ ~
ey ARG SSRGS SIS )

\(O\/O\[H< YO\/S\[( \(0\/5\[]/\ YO\/S\[(l< Ao/\/SY Ao/\/s\ﬂ/\ !&O/\/S\”/}< \/O\/\/O\C .
© ’ °, ° 1 ° ' O, O ’ ° "

T

O (O O (O (o] Ci4H (0] C1eH 0. C1gH O\)\/O O\)\/O
~ N C1eH33 I~ cme \{ N 29’ \{ o e 33’ \( N 37, Y \CmHaa’ Y \C1eH37’

ocH3 OCHa

\/ \)\/ CWSH“, ‘\/ \)\/ CmHa?’ AO/(CHz)aCH=CHCHzCH=CH(CH2)4CH3’ /\©, A©\’<, , A/©, y
og Eo/\ or /\/©/l<,

Wi i L v Lo < T
preferably, W2 is \/NWAOL, YN%C’%, Y%AC Yj)ko%\, % ,
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H

0
H X 0NN o o o
\(N 0 O i /D N (CH3)11CH N (CH3)sCH=CHCH,CH=CH(CH,)4CH. OO\ °
\{ o \{ o~ (CH2)11CHa Y o~ (CHs 7 2)aCHy “( \n/ j/
i) 0 i) ) ) ) o k)

\{o\/o\g/ \(O\/OI]/\ \/OVO\LH< \{O\/ST YOVSII/\ \/OVSI* A o/\/sr /\O/\/s\g/\

A s
o T\)< o o \° O o, o CiH o CreH o CigH
141129 167133 18137
o, T \CquS, O CiHa ~~ it o7 y N y X )
OCH: OCH3

\( \)\/ C1sH33, Y \/k/ C1eH37 ‘\/ \/k/ CwsHaa ‘\/ \/'\/ Cwan KO/(CHQ)ECH=CHCHQCH:CH(CHQ)ACHE’ A@, /\©\ﬁ,
, /v© : oio/\ or &/©X ;
4 ©
o ‘{N o

wof J\ W H\Hj\ W \%\(\

N N \{ O N O
preferably, W2 is © %O ,C %Ox\ : T , %Ox : :

o
P “(H o TN o ﬂ o o
\(Né 0 O H\Hk H% _ (CH2)11CHa NW)J\ _ (CHz)eCH=CHCH,CH=CH(CH,),CH, N N
/\(\’ I ’ e o , ' o , e o h¢ \L]/ \r’

\/OVO\(HJ/ \/0\/0\@/\ YO\/O\LH< \/O\/ST \/O\/S\g/\ \/0\/31* Ao~ ST Ao~ S\g/\

A s
o ﬁ/k o o o o o o CyaH o CoeH o CieH
147129 167133 181137
! 1{ ~ TN \C“HQQ \/\/ C1SH33 NN CwaH:n \‘\/ \/\O/ \.\/ \/\O/ 1{ \/\o/
1 L L 1 )
OCH3 OCH;,

\/ \)\/ C1sH:a \\/ \)\/ C15H37 \( \)\/ 015H33 \( Q\/ C1gH37 J,x{o/(C)Hz)gcH=CHCH;CH=CH(CH2)4CH3 /b m
1 ’ '

W,*MQ S %@ﬂ G %ﬁf
SOy

o
H
0 ‘{N o
w0 J\ W HW)J\ W g \%\(\
N N \{ (¢} N O
preferably, W2 is © 7)% ,C 7)%%, “C N %Ox : :
o
W "(H 0NN o o o
\{Nziko/\i\’ I 0\/\/\’ ‘{H\‘)J\o/@1 ‘{HW)LO/(CHZ)MCH:: YnW)J\O/(CH;)3CH=CHCH;CH=CH(CH2)4CH3 \/o\/o\g/o\r’

YO\/O\LI/ \(O\/OI]/\ \/OVO\LH< \(O\/ST YOVSII/\ \/OVSI* A o/\/sr KO/\/S\L]/\

A s
o ﬁ/k o o o o o o CyaH o CoeH o CieH
147129 167133 181137
I ' 0N e N C1sH33 N C13H37 ' ~ o e ~ "o e ~ "o
1 L L 1 )
OCH;, OCH3

° \/k/ “Ciethss ° \)\/ Cuater | 3 \/'\/ “Cutss ° VK/ ot A\ (OH2)sCH=CHCH,CH= CH(CHZ),,CH:, A@ m
B o B AR ek NS S N
/K/@ o™ or
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YOVOWH\
o .

17. The compound of any one of claims 4 to 16, or a tautomer, stereoisomer, prodrug, crystalline
form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,

Rx is H;

Rx1, Rx2 and Rxs are independently H, D or halogen;

X1 and Xz are independently a bond or O;

R1 and Rz are independently Ca-s alkyl, Cs-6 cycloalkyl or Ce-10 aryl;

L is CHz, CDz or CHD;

miisl,2or3;

Rs and Ra are independently H, D or Ci-6 alkyl;

Rs is Ci-28 alkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl.

18. The compound of any one of claims 4 to 17, or a tautomer, stereoisomer, prodrug, crystalline
form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,

Rx is H;

Rx1, Rx2 and Rxs are independently H or D;

X1 and Xz are independently a bond or O;

R1 and Rz are independently Ci-s alkyl;

L is CHz, CDz or CHD;

miis 1, 2or3;

R3 and R4 are independently H or D;

Rs is Ci-6 alkyl.

19. The compound of claim 5, which is a compound of formula (11a) or formula (I1b):

formula  (Ila),
formula (11b),

wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;
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X1 and Xz are independently a bond, O, S or NH, preferably a bond or O, and more preferably a
bond;

R1 and Rz are independently Ci-s alkyl (preferably Ci-3 alkyl), which is optionally substituted
with one or more deuterium atoms, up to full deuteration;

L is CHz, CD2 or CHD;

Rs and R4 are independently H, D, halogen, Ci-s alkyl or Ci-s haloalkyl, preferably H or D;

Rs is Ci6 alkyl (preferably isopropyl), which is optionally substituted with one or more

deuterium atoms, up to full deuteration;

0 0
Lo h'e ~lipid-like
N _R. (0] (0] O.
e o OO, Ro R7
W2is ReRs , X Ar Rs R7 O or my :

each of Re and Rz is independently H, D, Ci-s alkyl (preferably Ci-3 alkyl) or -ORg, or Re and R7
together with the C atom to which they are attached, form a Cs-s cycloalkyl or 3-7 membered
heterocyclyl, which is optionally substituted with one or more R’, which is optionally substituted
with one or more deuterium atoms, up to full deuteration;

each R’ is independently -C(O)OCi-s alkyl, Ce-10 aryl or 5-10 membered heteroaryl, preferably -
C(O)OCu-6 alkyl or phenyl;

Rs is Ci-6 alkyl, Cs-6 cycloalkyl or 3-7 membered heterocyclyl, preferably Ci-6 alkyl or Css
cycloalkyl, which is optionally substituted with one or more R, which is optionally substituted
with one or more deuterium atoms, up to full deuteration;

Ar is phenyl, which is optionally substituted with one or more R;

R is independently D, Ci-s alkyl or -OCi-6 alkyl, which is optionally substituted with one or more
deuterium atoms, up to full deuteration;

mzis 1, 2, 3,4, 5or 6, preferably 2, 3 or 4;

lipid-like is Cs-2s alkyl or Cs-2s alkenyl, preferably Ci2-20 alkyl, which is optionally substituted
with one or more deuterium atoms, up to full deuteration;

Ra is independently (CHz2)1-3-Ce-10 aryl or (CHz2)1-3-5-10 membered heteroaryl, preferably CHa-
phenyl, which is optionally substituted with one or more R”;

R” is independently D, halogen or -OCi-6 alkyl, which is optionally substituted with one or more
deuterium atoms, up to full deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.
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20. The compound of claim 19, wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;

X1 and Xz are independently a bond or O, preferably a bond;

R1 and Rz are independently Ci- alkyl (preferably Ci-s alkyl), which is optionally substituted
with one or more deuterium atoms, up to full deuteration;

L is CHz, CDz or CHD;

Rs and R4 are independently H, D, halogen, Ci-6 alkyl or C1-6 haloalkyl, preferably H or D;

Rs is Cis alkyl (preferably isopropyl), which is optionally substituted with one or more

deuterium atgms, up to full deuteration;
H

W2 is YNRfoO/RS or %ORZQWJO\R&;

each of Re and Ry is independently H, D or Ci-3 alkyl, or Re and R together with the C atom to

which they are attached, form a Css cycloalkyl or 3-7 membered heterocyclyl, which is

optionally substituted with one or more R’, which is optionally substituted with one or more

deuterium atoms, up to full deuteration;

each R’ is independently -C(O)OCa-s alkyl or Ce-10 aryl, preferably -C(O)OCi-6 alkyl or phenyl;

Rs is Ci-6 alkyl or Cs-6 cycloalkyl, which is optionally substituted with one or more R, which is

optionally substituted with one or more deuterium atoms, up to full deuteration;

R is independently -OCu.6 alkyl;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate

or solvate thereof.

21. The compound of claim 20, wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;

X1 and Xz are independently a bond or O, preferably a bond;

R1 and Rz are independently Ci- alkyl (preferably Ci-s alkyl), which is optionally substituted

with one or more deuterium atoms, up to full deuteration;

L is CHz, CDz or CHD;

Rs and R4 are independently H, D, halogen, Ci-6 alkyl or C1-6 haloalkyl, preferably H or D;

Rs is Ci6 alkyl (preferably isopropyl), which is optionally substituted with one or more
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deuterium atoms, up to full deuteration;
(0]

N R .
W2 is N Rﬁ?“ or E{ORZi\gO Rg;
each of Re and Ry is independently H, D or Ca-3 alkyl, which is optionally substituted with one
or more deuterium atoms, up to full deuteration;

Rs is Ci-6 alkyl or Cs-s cycloalkyl, which is optionally substituted with one or more deuterium
atoms, up to full deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

22. The compound of claim 19, wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;

X1 and Xz are independently a bond or O, preferably a bond;

R1 and Rz are independently Ci-6 alkyl (preferably Ci-3 alkyl), which is optionally substituted
with one or more deuterium atoms, up to full deuteration;

L is CHz, CD2 or CHD;

Rs and R4 are independently H, D, halogen, Ci-s alkyl or Ci-6 haloalkyl, preferably H or D;

Rs is Ci6 alkyl (preferably isopropyl), which is optionally substituted with one or more
deuterium atoms, up to full deuteration;

O (0} O.
] 0. Re
Wais A or RiR/ O :

Ar is phenyl, which is optionally substituted with one or more R;

R is independently Ci-6 alkyl, which is optionally substituted with one or more deuterium atoms,
up to full deuteration;

each of Re and Ry is independently H, D or Ca-3 alkyl, which is optionally substituted with one
or more deuterium atoms, up to full deuteration;

Rs is Ci-6 alkyl or Cs-6 cycloalkyl, which is optionally substituted with one or more deuterium
atoms, up to full deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

23. The compound of claim 19, wherein,

Rx is H or OH, preferably H;
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Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;

X1 and Xz are independently a bond or O, preferably a bond;

R1 and Rz are independently Ci-s alkyl (preferably Ci-3 alkyl), which is optionally substituted
with one or more deuterium atoms, up to full deuteration;

L is CHz, CD2 or CHD;

Rs and R4 are independently H or D;

Rs is isopropyl, which is optionally substituted with one or more deuterium atoms, up to full

deuteration;
O (0] (ON

R
Wois ~ Wb

each of Re and Ry is independently H or D;

Rs is isopropyl, which is optionally substituted with one or more deuterium atoms, up to full
deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

24. The compound of claim 5, which is a compound of formula (l11a) or formula (I111b):

formula (I113), formula
(111b)

wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;

X1 and Xz are independently a bond or O, preferably a bond;

R1 and Rz are independently Ci-6 alkyl (preferably Ci-3 alkyl), which is optionally substituted
with one or more D, up to full deuteration;

L is CHz, CDz or CHD;

Rs and R4 are independently H or D;

Rs is Ci-6 alkyl, which is optionally substituted with one or more D, until they are completely

deuterated;
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Lo
W2 is H{NRe Ry O/Rs, O o YORZ(:TRB;

each of Re and Ry is independently H, D or Ca-3 alkyl, which is optionally substituted with one
or more D, up to full deuteration;

Rs is C1-6 alkyl, which is optionally substituted with one or more D, up to full deuteration;

Ar is phenyl, which is optionally substituted with one or more R;

R is independently Ci-s alkyl, which is optionally substituted with one or more D, up to full
deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

25. The compound of claim 24, wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;

X1 and Xz are independently a bond or O, preferably a bond;

R1 and Rz are independently Ci- alkyl (preferably Ci-s alkyl), which is optionally substituted
with one or more D, up to full deuteration;

L is CHz, CDz or CHD;

Rs and R4 are independently H or D;

Rs is Ci-6 alkyl (preferably tert-butyl), which is optionally substituted with one or more D, up to

full deuteration;
(@]

N R
o8

W2is ReRs :

each of Re and Ry is independently H, D or Ca-3 alkyl, which is optionally substituted with one
or more D, up to full deuteration;

Rs is Ci-6 alkyl, which is optionally substituted with one or more D, up to full deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

26. The compound of claim 24, wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;

X1 and Xz are independently a bond or O, preferably a bond,;

R1 and Rz are independently Ci-s alkyl (preferably Ci-3 alkyl), which is optionally substituted
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with one or more D, up to full deuteration;

L is CHz, CDz or CHD;

Rs and R4 are independently H or D;

Rs is Ci-6 alkyl (preferably Ci-3 alkyl, preferably isopropyl), which is optionally substituted with
one or more D, up to full deuteration;

Wais X

Ar is phenyl, which is optionally substituted with one or more R;

R is independently Ci-6 alkyl, which is optionally substituted with one or more D, up to full
deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

27. The compound of claim 24, wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;

X1 and Xz are independently a bond or O, preferably a bond;

R1 and Rz are independently Ci-s alkyl (preferably Ci-3 alkyl), which is optionally substituted
with one or more D, up to full deuteration;

L is CHz, CDz or CHD;

Rs and R4 are independently H or D;

Rs is Ci1-6 alkyl (preferably Ci-3 alkyl, preferably tert-butyl, more preferably isopropyl), which is
optionally substituted with one or more D, up to full deuteration;

Wais %L

each of Re and Rz is independently H or D;

Rs is Ci-6 alkyl (preferably Ci-3 alkyl, preferably tert-butyl, more preferably isopropyl), which is
optionally substituted with one or more D, up to full deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

28. The compound of claim 5, which is a compound of formula (I'\VVa) or formula (1Vb):
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formula (IVa), or
formula (1VVb)
wherein,
Rx is H or OH, preferably H;
Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;
X1 and Xz are independently a bond or O, preferably a bond,;
R1 and Rz are independently Ci-s alkyl (preferably Ci-3 alkyl), which is optionally substituted
with one or more D, up to full deuteration;
L is CHz, CDz or CHD;
miis 1, 2or3;
Rs and R4 are independently H or D;
Rs is Ci-6 alkyl (preferably tert-butyl), which is optionally substituted with one or more D, up to
full deuteration; . .
X T

Rs R7

Wais X7 o mo

mzis 1, 2or3;

each of Re and Ry is independently H or D, which is optionally substituted with one or more D,
up to full deuteration;

Rs is C1-6 alkyl (preferably tert-butyl), which is optionally substituted with one or more D, up to
full deuteration;

Ar is phenyl, which is optionally substituted with one or more R;

R is independently Ci- alkyl, which is optionally substituted with one or more D, up to full
deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or a solvate thereof.

29. The compound of any one of claims 1 to 3, which is a compound of formula (V) or (VI):
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R;
Rx Rx
Rx; HN

R HN
o o9 X1\ SN lipid-like ol >N
lipid-like” “P—O0._ Rxz P—0_ Rea—{
~ ~
! L NN, 2 KRy W, L N.
RsRy W, o N" Rys 4 2 0 N™ "Rxa
m, “CN mq “CN

OTO o\fo OTO O\Xfo
Ry Ry formula (V), or Re Ry formula (VI)
wherein,
Rx is H or OH;

Rx1, Rx2 and Rxs are independently H, D, halogen, -Ra, -C(O)Ra, -C(O)ORa, -C(O)NRGbR, -
NRbRe, -NRaC(O)Rb, -NRaC(O)ORb, -NRaC(O)NRbRc, -ORa, -OC(O)Ra, -OC(O)NRuRs, -
NRaS(0)2Rb, -S(0)2NRa, -S(O)Ra or -S(0)2Rs;

wherein each of Ra, Rp and Rc is independently H, D, Ci-s alkyl, C1-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-6 alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Ry and Rc together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein said Cis alkyl, Ci6 haloalkyl, Css
cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, C2-6 alkynyl, Ces-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more deuterium atoms, up to full deuteration;
X1 and Xz are independently a bond, O, S or NH;

R1 and R2 are independently Ci-2s alkyl, Ci-2s haloalkyl, Css cycloalkyl, 3-7 membered
heterocyclyl, C2-2s alkenyl, Cz-2s alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein said
Ci-28 alkyl, Ci-28 haloalkyl, Css cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, Ca-2s
alkynyl, Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R;
L is CHz, CDz or CHD;

miis 1,2, 3,4,50r6;

Rs and R4 are independently H, D, halogen, Ci6 alkyl, Ci-s haloalkyl, Cis alkoxy, Ci6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-6 alkenyl, C2-6 alkynyl, Cs-10 aryl or
5-10 membered heteroaryl, or Rs and R4 together with the C atom to which they are attached,
form a Cs-6 cycloalkyl or 3-7 membered heterocyclyl, wherein said C1-6 alkyl, C1-6 haloalkyl, Ci-
s alkoxy, Ci-6 haloalkoxy, Cs-6 cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, C2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;
lipid-like is Cs-25 alkyl, Cs-2s haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl, wherein said Cs-2s alkyl,
Cs-28 haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl is optionally substituted with one or more R;

W2 is formula (B):
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Rs Ry Zs l/R
'8
A %
Y3
my Zs ng

ns formula (B)
wherein,
Y2isO,NHor S;
Z4isO,NHor S;
Zs5is O, NHor S;
Zs is abond, O, NH or S;
mz2is0, 1, 2,3,4,5o0r6;
nsisOor1;
naisOor 1;
each of Re and Rz is independently H, D, halogen, Ci- alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Ce-10 aryl or
5-10 membered heteroaryl, or Re and Rz together with the C atom to which they are attached,
form a Cs-6 cycloalkyl or 3-7 membered heterocyclyl, wherein said Ci-6 alkyl, C1-6 haloalkyl, Cai-
6 alkoxy, Ci-6 haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;
Rsis H, D, Ci-2s alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl,
Caz-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein said Ci-2s alkyl, Ci-28 haloalkyl,
Css cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl, C2-2s alkynyl, Ce-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;
or, W2 together with the 3'-position carbon C of glycosyl form -Y3-, wherein Y3 is O, NH or S;
each R is independently D, halogen, -Rd4, -C(O)Rd4, -C(O)OR4, -C(O)NReRf, -NReRf, -
NR4C(O)Re, -NR4C(O)ORe, -NR4C(O)NReRf, -OR4, -OC(O)Rd, -OC(O)NReRy, -NRaS(O)2Re, -
S(0)2NRg, -S(O)R4 or -S(O)2R4, or two R on the same atom or two adjacent atoms, together with
the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl, Ce-10
aryl or 5-10 membered heteroaryl, wherein said Cs-6 cycloalkyl, 3-7 membered heterocyclyl, Ce-
10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”, up to full
deuteration;
each R’ is independently D, halogen, -Rd, -C(O)Rd, -C(O)OR4, -C(O)NReRf, -NReRf, -
NR4C(O)Re, -NR4C(O)ORe, -NR4C(O)NReRy, -ORq, -OC(O)R¢, -OC(O)NReRy, -NRaS(O)2Re, -
S(0O)2NRg, -S(O)R4 or -S(0)2R4, or two R’ on the same atom or two adjacent atoms, together
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with the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Cs-10 aryl or 5-10 membered heteroaryl, wherein said Cs.s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”;
wherein each of R4, Re and Rs is independently H, D, Ci-6 alkyl, C1-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Re and Rs together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein said Cis alkyl, Ci-s haloalkyl, Cs-s
cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R”;

each R” is independently D, halogen, -Rg, -C(O)Rg, -C(O)ORg, -C(O)NRhRj, -NR:Rj, -
NRgC(O)Rn, -NRgC(O)ORn, -NRgC(O)NRhR), -ORg, -OC(O)Rg, -OC(O)NRRj, -NRgS(O)2Rn, -
S(0)2NRg, -S(O)Rg or -S(O)2Rg, or two R” on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Cs-10 aryl or 5-10 membered heteroaryl, wherein said Cs.s cycloalkyl, 3-7 membered heterocyclyl,
Cs-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more deuterium
atoms, up to full deuteration;

wherein each of Rg, Rn and Rj is independently H, D, Ci-6 alkyl, C1-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Rn and Rj together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein said Cis alkyl, Ci-s haloalkyl, Cs-s
cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more deuterium atoms, up to full deuteration;
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or a solvate thereof.

30. The compound of claim 29, which is a compound of formula (Va), formula (Vb), formula

(Vla) or formula (V1b):

Rx

o Ry1 HN
el 0.1l <7 SN ol \N
lipid-lik P—O R;
ipid-like m V‘Vz \gﬁ\ww/)\&@ lipid-like™ M sz \ N
my "'/CNO CN
OO0 O
Y 7
Xa X4
Ro Ry formula (Va), Rz Rw formula (Vb),
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lipid-like O, “ = \N lipid-like = \N
P P— RX2 .. i P—o sz Q L
R4R W R4R3
CN CN

Rz R1 formula (VIa), or Rz R1 formula (VIb)
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

31. The compound of claim 29 or 30, or a tautomer, stereoisomer, prodrug, crystalline form,
pharmaceutically acceptable salt, hydrate or solvate thereof, wherein:

Rx is H or OH;

Rx1, Rx2 and Rxs are independently H, D, halogen or Ci alkyl, wherein said Ci-6 alkyl are
optionally substituted with one or more deuterium atoms, up to full deuteration;

X1 and Xz are independently a bond, O, S or NH;

R1 and R2 are independently Ci-2s alkyl, Ci-2s haloalkyl, Css cycloalkyl, 3-7 membered
heterocyclyl, C2-2s alkenyl, Cz-2s alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein said
Ci-28 alkyl, Ci-28 haloalkyl, Css cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, C2-2s
alkynyl, Cs-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;
L is CHz, CDz or CHD;

mais 2, 3 or 4,

Rs and R4 are independently H, D, Ci-s alkyl, Cs.6 cycloalkyl or 3-7 membered heterocyclyl, or
Rs and R4 together with the C atom to which they are attached, form a Cs-s cycloalkyl or 3-7
membered heterocyclyl, wherein said Ci-6 alkyl, Cs-6 cycloalkyl and 3-7 membered heterocyclyl
are optionally substituted with one or more R’;

lipid-like is Ci-28 alkyl, C1-28 haloalkyl, C2-2s alkenyl or Cz-2s alkynyl, wherein said Ci-2s alkyl,
C1-28 haloalkyl, C2-2s alkenyl and C2-2s alkynyl are optionally substituted with one or more R;
W2 is:

e JoRy e or Y
wherein,

mz2is 1,2, 3,4,50r6;

each of Re and R7 is independently H, D, halogen, Ci-s alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Ce-10 aryl or
5-10 membered heteroaryl, or Res and Rz together with the C atom to which they are attached,
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form a Cs-6 cycloalkyl or 3-7 membered heterocyclyl, wherein said Ci-6 alkyl, C1-6 haloalkyl, Ca-
6 alkoxy, Ci-6 haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;

Rs is Ci1-28 alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, Co-
28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein said Ci-2s alkyl, C1-2s haloalkyl, Cs-
6 cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, C2-2s alkynyl, Ce-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;

Ar is Ce-10 aryl or 5-10 membered heteroaryl, wherein said Ce-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R;

each R is independently D, halogen, -Rd4, -C(O)Rd4, -C(O)OR4, -C(O)NReRf, -NReRf, -
NR4C(O)Re, -NR¢C(O)ORe, -NR4C(O)NReRy, -OR4, -OC(O)R¢, -OC(O)NReRy, -NRaS(O)2Re, -
S(0)2NRg, -S(O)Rd or -S(O)2R4, or two R on the same atom or two adjacent atoms, together with
the atoms to which they are attached, form a Cs.s cycloalkyl, 3-7 membered heterocyclyl, Cs-10
aryl or 5-10 membered heteroaryl, wherein said Cs-6 cycloalkyl, 3-7 membered heterocyclyl, Ce-
10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”, up to full
deuteration;

each R’ is independently D, halogen, -Rd, -C(O)Rd, -C(O)OR4, -C(O)NReRf, -NReRf, -
NR4C(O)Re, -NR4C(O)ORe, -NR4C(O)NReRf, -ORq, -OC(O)R¢, -OC(O)NReR, -NRaS(O)2Re, -
S(0O)2NRyg, -S(O)R4 or -S(0)2R4, or two R’ on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Cs-10 aryl or 5-10 membered heteroaryl, wherein said Cs.s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”;
wherein each of R4, Re and Rs is independently H, D, Ci-6 alkyl, Ci-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Re and Rs together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein said Cis alkyl, Ci-s haloalkyl, Cs-6
cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R”;

each R” is independently D, halogen, -Rg, -C(O)Rg, -C(O)ORg, -C(O)NRhRj, -NR:uRj, -
NRgC(O)Rn, -NRgC(O)ORn, -NRgC(O)NRhR}, -ORg, -OC(O)Rg, -OC(O)NRRj, -NRgS(O)2Rn, -
S(0O)2NRyg, -S(O)Rg or -S(0O)2Rg, or two R” on the same atom or two adjacent atoms, together
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with the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Cs-10 aryl or 5-10 membered heteroaryl, wherein said Cs.s cycloalkyl, 3-7 membered heterocyclyl,
Cs-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more deuterium
atoms, up to full deuteration;

wherein each of Rg, Rn and Rj is independently H, D, Ci-6 alkyl, Ci1-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Rn and Rj together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein said Cis alkyl, Ci-s haloalkyl, Cs-6
cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more deuterium atoms, up to full deuteration.
32. The compound of any one of claims 29 to 31, or a tautomer, sterecisomer, prodrug, crystalline

form, pharmaceutically acceptable salt, hytojrate or sRoIvate thereof, wherein:
b8 X e

W2 is e RS SR G & M T or S

wherein, mzis 1, 2, 3 or 4,

each of Re and Rz is independently H, D, Ci-6 alkyl, C1-6 alkoxy, Cs-6 cycloalkyl or 3-7 membered

heterocyclyl, or Re and Rz together with the C atom to which they are attached, form a Css

cycloalkyl or 3-7 membered heterocyclyl, wherein said Ci-6 alkyl, C1-6 alkoxy, Cs-6 cycloalkyl

and 3-7 membered heterocyclyl are optionally substituted with one or more R’;

each Rs is independently C1-28 alkyl, C1-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl,

C2-28 alkenyl or C2-2s alkynyl, wherein said Ci-2s alkyl, Ci-2s haloalkyl, Cs¢ cycloalkyl, 3-7

membered heterocyclyl, Cz-2s alkenyl and Ca-2s alkynyl are optionally substituted with one or

more R;

Ar is Ce10 aryl or 5-10 membered heteroaryl, wherein said Ces-10 aryl and 5-10 membered

heteroaryl are optionally substituted with one or more R.

33. The compound of any one of claims 29 to 32, or a tautomer, stereoisomer, prodrug, crystalline

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

H
\{N%'LO/RE

Wais mwx |
wherein, Rs is Ci-6 alkyl, and Rz is H, or Rs and R7 together with the C atom to which they are
attached, form a Cs-s cycloalkyl, wherein said Ci-6 alkyl and Cs.s cycloalkyl are optionally

substituted with one or more groups selected from phenyl or -C(O)OCu-s alkyl;
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Rs is independently Ci-2s alkyl, Css cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl,
wherein said Ci-2s alkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl is optionally

substituted with one or more Ci-s alkoxy;

. X -
preferably, Wz2is =

(0]

s
preferably, Wzis = ;
o
y
o] o H i o} \/N O/\i\
o Il ok y“j)% T)k o
preferably, W- is e , YTAO%, AC AN ,
o
H
YH)lLO YNﬁgWHO/QH" b f
o NN N N _(CH2)11CHa N _ (CHy)sCH=CHCH,CH=CH(CH)4CHa
AC, . ,Y%o ,YTAO or\{W)ko ;
o
y
o [e] H i (o] \\/N O/\i\
g g e g -
preferably, W2 is YWA(’*, YWAO%, /\C e , ,
o
o] YH o NN
‘(Hé ‘o/\C\ O \/Hj)oko/@ .\/H\‘)CLO/(CHZ)MCH3 \/nj)oj\o/(CHz)aCH=CHCHzCH=CH(CH2)4CH3
) ° ) ) or .

34. The compound of any one of claims 29 to 32, or a tautomer, sterecisomer, prodrug, crystalline

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

Wais 401 "
wherein, Re and R7 are H;
Rs is independently Ci-2s alkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl;
preferably, W2 is YOVOTOY.
35. The compound of any one of claims 29 to 32, or a tautomer, sterecisomer, prodrug, crystalline
form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,
Wais 00T
wherein, Re and R7 are H;
Rs is independently Ci-2s alkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl;
preferably, W2 is YOVOI'/, Yovor or A °
36. The compound of any one of claims 29 to 32, or a tautomer, sterecisomer, prodrug, crystalline
form, phgrmacsezutjcally acceptable salt, hydrate or solvate thereof, wherein,

X A

Rs R7

W2 is m
wherein, mzis 1 or 2;

Rs and R7 are H;
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Rs is independently Ci-2s alkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl;

SN 0. *§ NG g'i S /‘< S ,fi S
. X X ¢ o o
preferably, W2 is I'/, 1(\, I‘)<, T, 1]/\ or o IH<

37. The compound of any one of claims 29 to 32, or a tautomer, stereocisomer, prodrug, crystalline
form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,

Wais X,

wherein, Ar is Ce-10 aryl or 5-10 membered heteroaryl, wherein said Cs-10 aryl or 5-10 membered

heteroaryl is optionally substituted with one or more Ci-6 alkyl;

®
preferably, W2 is &© /\Q\K or .

38. The compound of any one of claims 29 to 32, or a tautomer, stereocisomer, prodrug, crystalline
form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,

W2 is YOFZC,

wherein, Re and R7 are H;

Ar is Ce10 aryl or 5-10 membered heteroaryl, wherein said Ce-10 aryl or 5-10 membered
heteroaryl are optionally substituted with one or more groups selected from Cuis alkyl or -

C(0)OCu- alkyl;
preferably, W2 is /\/© , oioA or A/©)<

39. The compound of any one of claims 29 to 38, or a tautomer, stereoisomer, prodrug, crystalline

L
form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein, Wz is TA

Ao Y ade %ﬁyﬁf ﬁ

\{ \HJ\ /D \{ W)J\ _(CHp)11CH3 \/ \HJ\ _ (CH2)gCH=CHCH,CH=CH(CH2)4CH3 \/ ~© \”/ Y ‘\/ ~~ Y \( ~~ \ﬂ/\

\/\/71)< \/\/Y \/\/Y\ \{\/\H/k AO/\/SY KO/\/SY\ Ko/\/sm/k &©
/\©ﬁ< /’ /\/© &/Q oio/\ or w©)<
y o ©
o o ¢ 5 g ¥ QG
preferably, W> is YN%OL, YNWAO%, YNW)LOA(\, N %0%0\, % :

R adiasdine ollas ol as Silae el as el ¢
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ANWA &N% /\© /\©\g ’ e /\Q N?« or x@k

40. The compound of any one of claims 29 to 39, or a tautomer, sterecisomer, prodrug, crystalline
form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,

Rx is H;

Rx1, Rx2 and Rxs are independently H, D or halogen;

X1 and Xz are independently a bond or O;

R1 and Rz are independently Ci-6 alkyl, Cs-s cycloalkyl or Ce-10 aryl;

L is CHz, CDz or CHD;

mais 2, 3 or 4,

Rs and R4 are independently H, D or Cis alkoxy, wherein said Ci-s alkoxy is optionally
substituted with one or more groups selected from Ce-10 aryl or 5-10 membered heteroaryl,
wherein said Cs-10 aryl or 5-10 membered heteroaryl is optionally substituted with one or more
groups selected from halogen or Ci-6 alkoxy;

lipid-like is Ci-28 alkyl or Cz-2s alkenyl.

41. The compound of any one of claims 29 to 40, or a tautomer, sterecisomer, prodrug, crystalline
form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,

Rx is H;

Rx1, Rx2 and Rxs are independently H or D;

X1 and Xz are independently a bond or O;

R1 and Rz are independently Ci-s alkyl;

L is CHz, CD2 or CHD;

muyis 2, 3 or 4,

Rs and R4 are independently H, D or Cis alkoxy, wherein said Ci-s alkoxy is optionally
substituted with one or more groups selected from Ce-10 aryl or 5-10 membered heteroaryl,
wherein said Ce-10 aryl or 5-10 membered heteroaryl is optionally substituted with one or more
groups selected from halogen or Ci-6 alkoxy;

lipid-like is Ci-28 alkyl or Cz-2s alkenyl.

42. The compound of any one of claims 1 to 3, which is a compound of formula (V11):
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formula (VI1)

wherein,

Rx is H or OH;

Rx1, Rx2 and Rxs are independently H, D, halogen, -Ra, -C(O)Ra, -C(O)ORa, -C(O)NRGbR, -
NRbRe, -NRaC(O)Rb, -NRaC(O)ORb, -NRaC(O)NRbRe, -ORa, -OC(O)Rs, -OC(O)NRuR:, -
NRaS(0)2Rb, -S(0)2NRa, -S(O)Ra or -S(0)2Rs;

wherein each of Ra, Rp and Rc is independently H, D, C1-6 alkyl, C1-6 haloalkyl, Csz-s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl,
or Ry and Rc together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein said Cis alkyl, Ci-s haloalkyl, Cs-s
cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more deuterium atoms, up to full deuteration;
X1 and Xz are independently a bond, O, S or NH;

R1 and R2 are independently Ci2s alkyl, Ci2s haloalkyl, Css cycloalkyl, 3-7 membered
heterocyclyl, C2-2s alkenyl, Cz-2s alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein said
Ci-28 alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl, Cz-2s
alkynyl, Cs-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R;
L is CHz, CDz or CHD;

Rs and R4 are independently H, D, halogen, Cis alkyl, Cis haloalkyl, Ci-s alkoxy, Cis
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl or
5-10 membered heteroaryl, or Rs and R4 together with the C atom to which they are attached,
form a Cs-6 cycloalkyl or 3-7 membered heterocyclyl, wherein said Ci-6 alkyl, C1-6 haloalkyl, Cai-
6 alkoxy, Ci-s haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;

Ar is Ce10 aryl or 5-10 membered heteroaryl, wherein said Cs-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R;

W2 is formula (B):
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Rs Ry Zs l/R
'8
A %
Y3
my Zs ng

ns formula (B)
wherein,
Y2isO,NHor S;
Z4isO,NHor S;
Zs5is O, NHor S;
Zs is abond, O, NH or S;
m2is0,1,2,3,4,5or6;
nsisOor1;
naisOor 1;
each of Re and Rz is independently H, D, halogen, Ci- alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Ce-10 aryl or
5-10 membered heteroaryl, or Re and Rz together with the C atom to which they are attached,
form a Cs-6 cycloalkyl or 3-7 membered heterocyclyl, wherein said Ci-6 alkyl, C1-6 haloalkyl, Cai-
6 alkoxy, Ci-6 haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;
Rsis H, D, Ci-2s alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl,
Caz-28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein said Ci-2s alkyl, Ci-28 haloalkyl,
Css cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl, C2-2s alkynyl, Ce-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;
or, W2 together with the 3'-position C atom of glycosyl form -Y3-, wherein Y3 is O, NH or S;
each R is independently D, halogen, -Rd, -C(O)Rd4, -C(O)OR4, -C(O)NReRf, -NReRf, -
NR4C(O)Re, -NR4C(O)ORe, -NR4C(O)NReRf, -OR4, -OC(O)Rd, -OC(O)NReRy, -NRaS(O)2Re, -
S(0)2NRg, -S(O)R4 or -S(O)2R4, or two R on the same atom or two adjacent atoms, together with
the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl, Ce-10
aryl or 5-10 membered heteroaryl, wherein said Cs-6 cycloalkyl, 3-7 membered heterocyclyl, Ce-
10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”, up to full
deuteration;
each R’ is independently D, halogen, -Rd, -C(O)Rd, -C(O)OR4, -C(O)NReRf, -NReRf, -
NR4C(O)Re, -NR4C(O)ORe, -NR4C(O)NReRy, -ORq, -OC(O)R¢, -OC(O)NReRy, -NRaS(O)2Re, -
S(0O)2NRg, -S(O)R4 or -S(0)2R4, or two R’ on the same atom or two adjacent atoms, together
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with the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Cs-10 aryl or 5-10 membered heteroaryl, wherein said Cs.s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”;
wherein each of R4, Re and Rs is independently H, D, Ci-6 alkyl, C1-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Re and Rs together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein said Cis alkyl, Ci-s haloalkyl, Cs-s
cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R”;

each R” is independently D, halogen, -Rg, -C(O)Rg, -C(O)ORg, -C(O)NRhRj, -NR:Rj, -
NRgC(O)Rn, -NRgC(O)ORn, -NRgC(O)NRhR), -ORg, -OC(O)Rg, -OC(O)NRRj, -NRgS(O)2Rn, -
S(0)2NRg, -S(O)Rg or -S(O)2Rg, or two R” on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Cs-10 aryl or 5-10 membered heteroaryl, wherein said Cs.s cycloalkyl, 3-7 membered heterocyclyl,
Cs-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more deuterium
atoms, up to full deuteration;

wherein each of Rg, Rn and Rj is independently H, D, Ci-6 alkyl, C1-6 haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Rn and Rj together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein said Cis alkyl, Ci-s haloalkyl, Cs-s
cycloalkyl, 3-7 membered heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, Cs-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more deuterium atoms, up to full deuteration;
or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

43. The compound of claim 42, which is a compound of formula (VIla) or formula (V1Ib):
R,

formula (VIla), or formula

(VIIb)
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or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate
or solvate thereof.

44. The compound of claim 42 or 43, or a tautomer, stereoisomer, prodrug, crystalline form,
pharmaceutically acceptable salt, hydrate or solvate thereof, wherein:

Rx is H or OH;

Rx1, Rx2 and Rxs are independently H, D, halogen or Ci¢ alkyl, wherein said Ci-6 alkyl is
optionally substituted with one or more deuterium atoms, up to full deuteration;

X1 and Xz are independently a bond, O, S or NH;

R1 and R: are independently Ci-2s alkyl, Ci-2s haloalkyl, Css cycloalkyl, 3-7 membered
heterocyclyl, C2-2s alkenyl, Cz-2s alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein said
Ci-28 alkyl, Ci-2s haloalkyl, Css cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, C2-2s
alkynyl, Cs-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;
L is CHz, CDz or CHD;

Rs and R4 are independently H, D, Ci-6 alkyl, Cs.6 cycloalkyl or 3-7 membered heterocyclyl, or
Rs and R4 together with the C atom to which they are attached, form a Cs-s cycloalkyl or 3-7
membered heterocyclyl, wherein said Ci-6 alkyl, Cs-6 cycloalkyl and 3-7 membered heterocyclyl
are optionally substituted with one or more R’;

Ar is Ce10 aryl or 5-10 membered heteroaryl, wherein said Ces-10 aryl and 5-10 membered

heteroaryl are optionally substituted with one or more R;

W2 is:
. o \/OM/SYRB YOMO\"‘M'"“ \/OMIpid-ke
N _Rg N NN 0. _O_ _Rg o
h'¢ inko ’ X R2<Ry\£)( Rg’ ¢ FZ%T ’ Rs Ry - 1 Rs Rs - or R3 Rs s ’
wherein,

mzisl,2,3,4,5o0r6;

each of Re and R7 is independently H, D, halogen, Ci-s alkyl, Ci-6 haloalkyl, Ci-6 alkoxy, Ci-6
haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cz-s alkenyl, Cz2-6 alkynyl, Ce-10 aryl or
5-10 membered heteroaryl, or Re and Rz together with the C atom to which they are attached,
form a Cs.6 cycloalkyl or 3-7 membered heterocyclyl, wherein said C1-6 alkyl, C1-6 haloalkyl, Ci-
s alkoxy, Ci-6 haloalkoxy, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-s alkenyl, C2-6 alkynyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R’;

Rs is Ci-28 alkyl, Ci-28 haloalkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, C2-2s alkenyl, Co-
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28 alkynyl, Ce-10 aryl or 5-10 membered heteroaryl, wherein said Ci-2s alkyl, Ci-28 haloalkyl, Cs-
6 cycloalkyl, 3-7 membered heterocyclyl, Cz-2s alkenyl, Cz-2s alkynyl, Cs-10 aryl and 5-10
membered heteroaryl are optionally substituted with one or more R;

lipid-like is Cs-2s alkyl, Cs-28 haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl, wherein said Cs-2s alkyl,
Cs-28 haloalkyl, Cs-2s alkenyl and Cs-2s alkynyl are optionally substituted with one or more R;
Ar is Ce10 aryl or 5-10 membered heteroaryl, wherein said Ces-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R;

each R is independently D, halogen, -Rd4, -C(O)Rd4, -C(O)OR4, -C(O)NReRf, -NReRs, -
NRdJC(O)Re, -NRdC(O)ORe, -NR4C(O)NReRt, -ORg, -OC(O)Rd, -OC(O)NReRf, -NRdS(O)2Re, -
S(0)2NRg, -S(O)R4 or -S(0)2R4, or two R on the same atom or two adjacent atoms, together with
the atoms to which they are attached, form a Cs-s cycloalkyl, 3-7 membered heterocyclyl, Cs-10
aryl or 5-10 membered heteroaryl, wherein said Cs-s cycloalkyl, 3-7 membered heterocyclyl, Ce-
10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”, up to full
deuteration;

each R’ is independently D, halogen, -Rd, -C(O)Rg, -C(O)OR4, -C(O)NReRf, -NReRs, -
NR4C(O)Re, -NR4C(O)ORe, -NR4C(O)NReRf, -ORd, -OC(O)Rd, -OC(O)NReRy, -NRaS(O)2Re, -
S(0)2NRg, -S(O)R4 or -S(0O)2R4, or two R” on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs.s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl or 5-10 membered heteroaryl, wherein said Cs-s cycloalkyl, 3-7 membered heterocyclyl,
Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more R”;
wherein each of R4, Re and Rt is independently H, D, Cu1-6 alkyl, C1-6 haloalkyl, Cs.s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Re and Rs together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein said Cis alkyl, Cis haloalkyl, Css
cycloalkyl, 3-7 membered heterocyclyl, C2-s alkenyl, C2-6 alkynyl, Ce-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R”;

each R” is independently D, halogen, -Rg, -C(O)Rg, -C(O)ORg, -C(O)NRnRj, -NRhRj, -
NRgC(O)Rn, -NRgC(O)ORn, -NRgC(O)NRhR}, -ORg, -OC(O)Rg, -OC(O)NRR;, -NRgS(O)2Rn, -
S(0)2NRg, -S(O)Rg or -S(O)2Rg, or two R” on the same atom or two adjacent atoms, together
with the atoms to which they are attached, form a Cs.s cycloalkyl, 3-7 membered heterocyclyl,

Ce-10 aryl or 5-10 membered heteroaryl, wherein said Cs-s cycloalkyl, 3-7 membered heterocyclyl,
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Ce-10 aryl and 5-10 membered heteroaryl are optionally substituted with one or more deuterium
atoms, up to full deuteration;

wherein each of Rg, Rn and Rj is independently H, D, Ci-6 alkyl, Ci-s haloalkyl, Cs-s cycloalkyl,
3-7 membered heterocyclyl, Cz-s alkenyl, Cz-6 alkynyl, Cs-10 aryl or 5-10 membered heteroaryl,
or Rn and Rj together with the N atom to which they are attached, form a 3-7 membered
heterocyclyl or 5-10 membered heteroaryl; wherein said Cis alkyl, Ci6 haloalkyl, Css
cycloalkyl, 3-7 membered heterocyclyl, C2-s alkenyl, C2-6 alkynyl, Ce-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more deuterium atoms, up to full deuteration.
45. The compound of any one of claims 42 to 44, or a tautomer, stereocisomer, prodrug, crystalline

form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein:

W 9 o. o o o o & \/O s\n/RE \/o O picike \/0 pidike
. \{N%J\O/Rs e K T “Re X T s e o %, ne
W2 1S Ro o ’ Rs R7 O Re Rz 0, my ma or my .

wherein, mz2is 1, 2, 3 or 4;

each of Re and Rz is independently H, D, Ci-6 alkyl, C1-6 alkoxy, Cs-s cycloalkyl or 3-7 membered
heterocyclyl, or Rs and Rz together with the C atom to which they are attached, form a Css
cycloalkyl or 3-7 membered heterocyclyl, wherein said Ci-6 alkyl, C1-6 alkoxy, Cs-s cycloalkyl
and 3-7 membered heterocyclyl are optionally substituted with one or more R’;

each Rs is independently Ci-2s alkyl, C1-2s haloalkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl,
C2-28 alkenyl or Co2-2s alkynyl, wherein said Ci-2s alkyl, Ci-28 haloalkyl, Cs¢ cycloalkyl, 3-7
membered heterocyclyl, Cz-2s alkenyl and Cz-2s alkynyl are optionally substituted with one or
more R;

lipid-like is Cs-2s alkyl, Cs-28 haloalkyl, Cs-2s alkenyl or Cs-2s alkynyl, wherein said Cs-2s alkyl,
Cs-28 haloalkyl, Cs-2s alkenyl and Cs-2s alkynyl are optionally substituted with one or more R;
Ar is Ce10 aryl or 5-10 membered heteroaryl, wherein said Ces-10 aryl and 5-10 membered
heteroaryl are optionally substituted with one or more R.

46. The compound of any one of claims 42 to 45, or a tautomer, stereocisomer, prodrug, crystalline

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

H
\/N%O/Rs

Wais =R
wherein, Rs is Ci-6 alkyl, and Rz is H, or Re and R7 together with the C atom to which they are
attached, form a Cs-s cycloalkyl, wherein said Ci-6 alkyl and Cs.s cycloalkyl are optionally

substituted with one or more groups selected from phenyl or -C(O)OCu-s alkyl;
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Rs is independently Ci-2s alkyl, Css cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl,
wherein said Ci-2s alkyl, Cs.s cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl are

optionally substituted with one or more C1-6 alkoxy;
. X :
preferably, W2is = ;

X
preferably, Wzis = ;
o]
)
o} o] wo 0 \/N O/\i\
A L S Ao
preferably, W2 is © 1, YT < AC TR, ,
o
H o \(Hﬁo/\/\/ o ﬂ ° o
\'¢ o SN AN HW/U\ Hj)k _(CH2)11CHs HW/U\ _ (CHp)gCH=CHCH,CH=CH(CH,)sCH3
& /\C I A A O or < T ° ;
v 9
o} o] W 0 \/N O/\i\
A L S Ao
preferably, W2 is 1, ST <7 AC AR ,
o
H o \{H\io/\/\/ o /D o o
% o O~ R R _(CH1iCHs N _ (CHo)sCH=CHCH,CH=CH(CH)4CH;
Z§AC ! ,“‘/%C ,YWAO orYW)ko .

47. The compound of any one of claims 42 to 45, or a tautomer, sterecisomer, prodrug, crystalline

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

O O 0.
“Re

W2 is \{inv o,
wherein, Re and R7 are H;
Rs is independently Ci-2s alkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl;
preferably, W2 is YOVOTJOY.
48. The compound of any one of claims 42 to 45, or a tautomer, sterecisomer, prodrug, crystalline
form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,
Wais “ 40T
wherein, Re and R7 are H;
Rs is independently Ci-2s alkyl, Cs-6 cycloalkyl, 3-7 membered heterocyclyl or C2-2s alkenyl;
preferably, W2 is YOVOT, Yovor or A °
49. The compound of any one of claims 42 to 45, or a tautomer, sterecisomer, prodrug, crystalline
form, ph?rmacgutRically acceptable salt, hydrate or solvate thereof, wherein,

X e

Rs Ry

W2 is m
wherein, mzis 1 or 2;

Rs and R7 are H;
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Rs is independently Ci-2s alkyl, Cs-s cycloalkyl, 3-7 membered heterocyclyl or Cz-2s alkenyl;

oS 08 oS A S f‘ﬁ S .f( S
. X g e o o o
preferably, W2 is T r IH< T I‘A or 1*

50. The compound of any one of claims 42 to 45, or a tautomer, sterecisomer, prodrug, crystalline

form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,
"‘( Mo\lpd -like
W2 is g

wherein, mzis 2, 3 or 4;

Re and R are independently H or Ci-6 alkoxy, wherein said C1-s alkoxy are optionally substituted
with one or more groups selected from Cs-10 aryl or 5-10 membered heteroaryl, wherein said Ce-
10 aryl or 5-10 membered heteroaryl are optionally substituted with one or more groups selected
from halogen or Ci-6 alkoxy;

lipid-like is Cs-2s alkyl or Cs-2s alkenyl;

H OO RNENEEN NN O - Cratae O - Creta
preferably, W is ¥ et | X e | X S S
OCH3 OCH3

T R ¥¥

o CagH o o o o o_h_o o_h_o
b'e o e 37' \'d \/I\/ \C16H33’ X \)\/ \C15H37, X “Crets or A \CMHW;

- O. 0. O. (o} O. (o} O. Cy4H. O. CigH:
NN NN NN N N 1429 N~ 167133
preferably, W2 IS \g/ CiaHag , \\/ CigHag , \\/ CigHar , \\/ o , \\/ o
OCH, OCH,

R R Y ¥

YO\/\O/C‘\BHCH , YO\J\/O\C16H33 1 “(O\)\/O\CmHm ’ YO\)\/O\CWHH or YO\)\/O\CWHW .

51. The compound of any one of claims 42 to 45, or a tautomer, sterecisomer, prodrug, crystalline

form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,
‘( \M/pld like
W2 is RS

wherein, mzis 2, 3 or 4;

Rs and R7 are H;

lipid-like is Cs-2s alkenyl;
preferably W2 iS Ao/(CHQ)SCH=CHCHQCH=CH(CH2)ACH3.

52. The compound of any one of claims 42 to 51, or a tautomer, stereoisomer, prodrug, crystalllne

form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein, W2 is © TA

o " o o ‘(H o " o x{n\i;o/\/\/
S ST QI SN ST e

0 0 o
H /D H K o_ _0_ 0 o_ o o_ 0o
N N _(CHz)11CHs NW)J\ _ (CH2)sCH=CHCH,CH=CH(CH,){CHs WO \|/ WO O
o o o
A ~ A ~ ¥ v ™
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"(ovof< YOS Y°VSWOX Pty Aoy ’&"NSEX OO

TR

o) 0. 0. 0. O Ci4Hzg O CieHaz (0] C1gHaz O\)\/O O\)\/O
\’\/ ~ \Cwsta’ \’\/ ~ \Cme’ \’\/ ~ o7 y \\/ ~ o7 y Y ~"o” y “( \C1GH33, Y \C1BH37’

OCH3 OCHj;
; _F :L[ F
o (o}
o\)\/o O\)\/O - —
\'d \CWH%, e ~CrgHar or ,&O/(CHQ)SCH-CHCHQCH-CH(CHQ)ACHG;

o
"
o} o] W 0 \/N O/\i\

A L e Ao
preferably, W2 is © 1, YT 7 AC AR ,

Q

R
“{H é i ‘o/\<\ N ﬁgx YH\H.LO/D \/“j)?\o,(cm)ﬂcm \/n\HOJ\O/(CH2)50H=CHCHQCH=CH(CH2)4CH3
) 0 ) ) )

YOVO\Q/OY Yovo\g/ Yo\/o\g/\ \/ovo\g)< \(O\/ST Yovs\(r)(\ \/O\/S\Q/k Ao/\/s\g(

A SO
o> jl/\ 0 m)< o o ° \° oo o CiH o CeH
141129 16133
g \ , \{ ~ TN \CMHQQ NN C15H33 NN C1EH37 e ~ "o , e ~ "o ,

OCH;, OCH;‘

@ 8@

o

YO\/\ C1eH37’ \( \/'\/ cme \( \/'\/ C1eH37 x{ vk/ C«eHea \/ \/'\/ “CigHar or ,»{ _(CHz)gCH=CHCH,CH= CH(CH2)4CH3

53. The compound of any one of claims 42 to 52, or a tautomer, sterecisomer, prodrug, crystalline
form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,

Rx is H;

Rx1, Rx2 and Rxs are independently H, D or halogen;

X1 and Xz are independently a bond or O;

R1 and Rz are independently Ci-6 alkyl, Cs-6 cycloalkyl or Ce-10 aryl;

L is CHz, CDz or CHD;

Rs and R4 are independently H, D or Ci-s alkyl;

Ar is Ce-10 aryl or 5-10 membered heteroaryl.

54. The compound of any one of claims 42 to 53, or a tautomer, stereoisomer, prodrug, crystalline
form, pharmaceutically acceptable salt, hydrate or solvate thereof, wherein,

Rx is H;

Rx1, Rx2 and Rxs are independently H or D;

X1 and Xz are independently a bond or O;

R1 and Rz are independently Ci-6 alkyl;

L is CHz, CDz or CHD;
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Rs and R4 are independently H or D;
Ar is Ce-10 aryl.
55. A compound of formula (Vlla), formula (V1la) or formula (V1Ib):

formula (VII), Ry Ri formula (V1la)

or formula (VI1)

wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;

X1 and Xz are independently a bond, O, S or NH, preferably a bond or O, and more preferably a
bond;

R1 and R2 are independently Ci-s alkyl (preferably Ci-s alkyl), which is optionally substituted
with one or more deuterium atoms, up to full deuteration;

L is CHz, CDz or CHD;

Ro is CH2-Ce-10 aryl, CH2-5-10 membered heteroaryl, CH2C(O)O-C1-6 alkyl, CH2C(O)O-C3-6
cycloalkyl or CH2C(O)0O-3-7 membered heteroaryl, preferably CHz-phenyl, CH2C(O)O-C1-6
alkyl or CH2C(0O)O-Cs-6 cycloalkyl, which is optionally substituted with one or more deuterium
atoms, up to full deuteration; and R0 is H or D;

or, Rg and R1o together with the C atom to which they are attached, form a Cs-s cycloalkyl or 3-
7 membered heterocyclyl, which is optionally substituted with one or more deuterium atoms, up
to full deuteration;

Ar is phenyl, which is optionally substituted with one or more R;

R is independently D, Cu1-6 alkyl or -OC1-6 alkyl, which is optionally substituted with one or more
deuterium atoms, up to full deuteration;

or a tautomer, a stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt,

hydrate or solvate thereof.
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56. The compound of claim 55, wherein,

Rx is H or OH, preferably H;

Rx1, Rx2 and Rxs are independently H, D or halogen, preferably H or D;

X1 and Xz are independently a bond or O, preferably a bond;

R1 and Rz are independently Ci-s alkyl (preferably Ci-3 alkyl, more preferably isopropyl), which
is optionally substituted with one or more deuterium atoms, up to full deuteration;

L is CHz, CDz or CHD;

Ro is CHz-phenyl, CH2C(0O)O-C1-6 alkyl or CH2C(O)O-Cs-6 cycloalkyl, which is optionally
substituted with one or more deuterium atoms, up to full deuteration; and Rio is H or D;

Ar is phenyl, which is optionally substituted with one or more R;

R is independently Ci-s alkyl (preferably tert-butyl), which is optionally substituted with one or
more deuterium atoms, up to full deuteration;

or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt,
hydrate or solvate thereof.

57. A compound, or a tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically
acceptable salt, hydrate or solvate thereof, wherein, the compound is selected from the group

consisting of:
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58. An intermediate compound, or tautomer, stereoisomer, prodrug, crystalline form,
pharmaceutically acceptable salt, hydrate or solvate thereof, wherein, the intermediate

compound is selected from the group consisting of:
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59.A pharmaceutical composition comprising the compound of any one of claims 1 to 58, or a
tautomer, stereoisomer, prodrug, crystalline form, pharmaceutically acceptable salt, hydrate or
solvate thereof, and a pharmaceutically acceptable excipient, as well as optionally, other
therapeutic agents.

60. Use of the compound of any one of claims 1 to 58, or a tautomer, stereoisomer, prodrug,

crystalline form, pharmaceutically acceptable salt, hydrate or solvate thereof, or the
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pharmaceutical composition of claim 59 in the preparation of a medicament for the treatment
and/or prevention of viral infections.

61. A method for treating and/or preventing viral infections in a subject, the method comprising
administering the compound of any one of claims 1 to 58, or a pharmaceutically acceptable salt,
stereoisomer, solvate, hydrate, polymorph, prodrug or isotopic variant thereof, or the
pharmaceutical composition of claim 59 to said subject.

62. A compound of any one of claims 1 to 58, or a tautomer, stereocisomer, prodrug, crystalline
form, pharmaceutically acceptable salt, hydrate or solvate thereof, or the pharmaceutical
composition of claim 59, for use in treatment and/or prevention of viral infections.

63. The use of claim 60, the method of claim 61, or the use of compound or composition of claim
62, wherein said viral infections are Coronaviridae infections, Paramyxoviridae infections,
Pneumoviridae infections, Picornaviridae infections, Flaviviridae infections, Filoviridae
infections, Arenaviridae infections, Orthomyxoviridae infections, or monkeypox;

preferably, said coronavirus is SARS-CoV virus and variants thereof, MERS-CoV virus and
variants thereof and SARS-CoV-2 virus and variants thereof, other human coronaviruses (229E,
NL63, OC43, HKU1 or WIV1), zoonotic coronaviruses (PEDV or HKU CoV isolates, such as
HKU3, HKU5 or HKU9), feline coronaviruses (Feline Enteric Coronavirus or Feline infectious
peritonitis virus) or porcine epidemic diarrhea virus; preferably, said coronavirus is SARS-CoV
virus and variants thereof, MERS-CoV virus and variants thereof and SARS-CoV-2 virus and
variants thereof; preferably, said coronavirus is SARS-CoV-2 virus and variants thereof;
preferably, said SARS-CoV-2 virus variants are Alpha variant, Beta variant, Delta variant,
Gamma variant or Omicron variant;

preferably, said Paramyxoviridae is parainfluenza virus, measles or mumps virus;

preferably, said Pneumoviridae is RSV or Human metapneumovirus; preferably, said
Pneumoviridae is RSV;

preferably, said Picornavirridae is Enterovirus or Rhinovirus;

preferably, said Flaviviridae are Dengue virus, Yellow Fever virus, West Nile virus, Zika virus,
Japanese Encephalitis virus and Hepatitis C;

preferably, said Filoviridae is Ebola virus, Zaire ebolavirus, Bundibugio ebolavirus, Sudan
ebolavirus, Tai Forest ebolavirus, Reston ebolavirus or Marburg virus;

preferably, said Arenaviridae is Lassa virus or Junin virus.
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