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Phosphoric acid derivatives and pharmaceuntical use thereof
FIELD OF THE INVENTION

This invention pertains to phosphoric acid dertvatives and their use of preparing an antiviral
medicament. Tn particular, the present invention pertains to the novel phosphoric acid derivatives
and their use in prophylaxis or treatment of diseases caused by viral infection, such as human

papillomavirus.
BACKGROUND OF THE INVENTION

DNA replication 1s the fundamental process of duplicating DNA for a daughter cell, which 1s
catalyzed by DNA polymerases. BNA polymerase adds mononucleotides to synthesize a template-
specific daughter DNA strand with jmpressive accuracy, which is essential for mautaining
genomic order and thus for the long-erm survival of a species. Numerous pathological states,

imcluding viral infections and cancer, are attributed to uncontrollable DNA polymerase activity.

Viruses contain etther DNA or RNA genome, only produce and replicate in host cells. After
entering the host cells, viruses use viral and cellular machineries to complete thewr life activities,
and produce a new generation of viruses. DNA viruses replicate their genomes using DNA
polymerases, while RNA viruses replicate and transcribe their genomes using RNA polymerases.
Some viruses need to encode their own polymerases for transeription and replication, while many
eukaryotic DNA viruses do not encode a viral polymerase, instead relying entirely on host cell
machinery for genome replication and mRNA synthesis. (Kyung H. Cho, Viral Polymerases, Adv

Exp Med Biol. Author manuscript; available in PMC 2016 Jan 13).

Viral infection may lead to mild to severe ilinesses in humans and mammals, and in some instances,
canresult in death. Examples of pathogenic human DNA viruses are human papitlomavirus (HPV),
herpes stmplex virus (H8V), cytomegalovirus (CMV'}, hepatitis B virus (HBV), adenovirus, as
well as some reverse-transcribing viruses including human immunodeficiency virus (HIV). Viral
mnfection may also lead to neoplasia or cancer in human and other host species, such as human
papillomavirus (HPV), hepatitis B virues and Epstein Barr virus (EBV). Antiviral agents interfere
with the integrity of viral life cycle and have been used to prevent or treat viral infection. However,

mproved antiviral agents are needed for treatment of many common viral diseases.
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For example, currently there is no treatment for the HPV virus itself (HPV Treatment | CDC,

https://www.cde.gov/std/hpv/treatment htm, last update July 22, 2021 ). Human papillomavirus
{HPV) belongs to a type of double stranded small DNA virus without an envelope. HPVs do not
code for a DNA polymerase, and viral DNA replication relies on host DNA polymerases and other
replication proteins. HPV mfection has a high degree of strict tissue specificity. It mainly infects
human mucosal tissues and epithehal cells, which depends on the differentiated stage of epithelial
cells. HPV 15 commonly classified into fow-risk and high-risk types. High nigk types of HPV are
more likely to lead to human cancer including cervical, rectal, penile, vaginal, and oropharyngeal
cancer. The most common cancer-causing HPV types are 16 and 18, which are also the types that
the HPV vaccines mainly provide protection. HPV vaccine has been approved for prevention of
mfection, but not for elimination of the existing HPV mfection, genital warts or precancercus
lesions. In addition, HPV vaccings only prevent cervical cancer caused by certain subtypes.

Therefore, there 1s a need to develop antiviral treatment for HPV infection.

At present, many marketing antiviral agents are DNA or RNA polymerase substrate {nucleoside or
nucleotide) analog, including azidothymidine, acyclovir, ganciclovir, lamivudine, adefovir,
tenofovir and cidofovir. For example, cidofovir is a nucleotide analog that resembles cytosine, and
is an antiviral agent FDA approved for the management of CMV retiniiis in patients with AIDS.
After miracetiular phosphorylation, the active metabolite cidofovir diphosphate serves as a
substrate for viral DNA polymerase and is incorporated into viral DNA| thus terminating further
viral DNA replication. It has activity against various DNA viruses, including acyclovir-resistant
HSV infections and HPV. Case reports describe the use of cidofovir in the management of
recalcitrant warts, however, lack of clinical trials and high cost have limited its utilization (Cook
et al, Cidofovir in the Management of Non-Genital Warts: A Review. J Drugs Dermatol. 2023 Oct
1;22{30):1009-1016. dot: 10.36849/JDD 7258 )

The acyclic nucleotide, 9-(2-phosphonylmethoxyethyl} guanine (PMEG) forms an active
phosphorylated metabolite, PMEG diphosphate (PMEG-DP), in cells, which inhibits the growth
of various transformed cell lines due to potent inhibition of the nuclear DNA polymerases ¢,  and
g, resulting in inhibition of DNA synthesis and/or DNA repair. However, the utility of PMEG as
an antiproliferative agent is limited by its poor cellular permeability and toxicity due to systemic
exposure {Wolfgang et al, Antimicrobial Agents and Chemotherapy, 2009, 2777-2784). Gilead has
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disclosed a series of phosphonates, monophosphonandates and bisphosphonamidates that was
designed to increase the permeability and accumulation of metabolites (specifically PMEG-DP)
mto cells for the treatment of DNA viral infections, specifically for treating HPV infections in
WOZ005066189A1 and WOZ009105513A2. the Regents of the University of California has also
disclosed a series of nucleotide analogs as HPVY inhibitors in WOZ014143643A1,
WOZ016044281 AT and WO2017048950A1.

The present disclosure provides the novel phosphoric acid derivatives and their use of treating

diseases caused by human DNA virus and potentially neoplasia.
SUMMARY OF THE INVENTION

The objective of the present invention is to provide a compound of formula (1), a stereoisomer

thereof, or a pharmaceutically acceptable salt, solvates and prodrugs thereof:

R
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formula {1}
Wherein,

L 1s independently selected from -O- or -NH-;

Ry is independently selected from hydrogen, Ci-Csalkyl, deuterated Ci-Cs alkyl, C1-Cs
haloalkyl, C;-Cs hydroxyalkyl, Ci-Cs alkoxy, Ci-Ce haloalkoxy, C2~Cs alkenyl, Co-Cs alkynyl,
Cs-Caeyceloalkyl, 4 to 7 membered heterocyelyl, Ce-Cioaryl and S to 10 membered heteroaryl,
wheren the C3-Cs cycloalkyl, 4 to 7 membered heterocyclyl, Cs-Croaryl and 5 to 10 membered
heteroaryl are each optionally further substituted by one or more deuterium, Ci-Cs alkyl, C-Cs
haloalkyl, Ci-Co hydroxyalkyl, Ci-Cs alkoxy, Ci-Cs haloalkoxy, Cr-Cs alkenyl, Co-Ce alkynyl,

halogen, hydroxy, amine, nitro, cyano and ester group,
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Ry 18 mdependently selected from hydrogen, amino, hydroxy, halogen, cyano, Cy-Cs alkyl, C-Cs
haloalkyl, Ci-Ce hydroxvyalkyl, C1-Cs alkoxy, Ci-Cs haloalkoxy, Cr-Cs alkenyl and C3-Cs
alkynyl;

R and Ry are each independenily selected from hydrogen, deuterium, halogen, hydroxy, amino,
C1-Ce alkyl, deuterated C1-Coalkyl, Ci-Cs hydroxyalkyl, Ci-Cs haloalkyt and C-Cs alkoxy;

Or Rs and Ry together with the atoms to which they are attached can form a 3 to 7 membered
heterocycle comprising 1-2 hetercatoms selected from O, N and §;

Rs and Rs are each independently selected from hydrogen, C1-Cs alkyl, Ci-Cs haloalkyl, Ci-Cs
hydroxyalkyl, C1-Cs alkoxy, Ci-Ce haloalkoxy, Cs-Cs cycloalkyl, 4 to 7 membered heterocyclyi,
Ce-Cioaryl, benzyl and 5 to 10 membered hetercaryl, wherein the Cz-Cs cycloalkyl, 4 to 7
membered heterocyclyl, Cs-Cioaryl \benzyl and 5 to 10 membered hetercaryl are each optionally
further substituted by one or more deuterium, Ci-Csalkyl, Ci-Cs haloalkyl, C1-Cs hydroxyalkyl,
C1-Ce alkoxy, Ci-Cs haloalkoxy | halogen, hydroxy, amino, nitro, cyano and ester group;

L2 1s mdependently selected from -O- or -NH-;
Ry is independently selected from 76 and 7d;

Rya R Ryc and Ry are each independently selected from hydrogen, deuterium, C1-Cs alkyl,
deuterated C1-Cs alkyl, Ci-Cs haloalkyl, Ci-Ce hydroxyalkyl, Ci-Cs alkoxy, C1-Ce haloalkoxy,
C-Cs alkenyl, C2-Ce alkynyl, -C(0)0-Cy~Ce alkyl, ~C3-Ce cycloalkyl, 4 to 7 membered
heterocyclyl, Ce-Ciparyl and 5 to 10 membered heteroaryl, wherein the C5-Cg eycloalkyl, 4107
membered heterocyclyl, Cs-Cioaryl and 5 to 10 membered heteroaryl are each optionally further
substituted by one or more deuterium, C1-Cs alkyl, C1-Cs haloalkyl, C1-Cs hydroxyalkyl, Ci-Ce
alkoxy, C-Ce haloalkoxy, Cr-Cs alkenyl, Co-Cs alkynyl, halogen, hydroxy, amino, nitro, cyano
and ester group;

Or Ry and Ryq together with the atom to which they are attached can form a Cs-Crcarbocycle or

a 3 to 7 membered heterocycle comprising 1-2 heteroatoms selected from O, N and S.

In a more preferred embodiment, 1n the compound of formula (1), the sterecisomer or the
pharmaceutically acceptable salt, solvates and prodrugs thereof, each Ry 18 independently
selected from hydrogen, Cy~Cs alkyl (such as methyl, ethyl, propyl and 1sopropyl}, Ci-Cs

halpalkyl, Ci-Ces alkoxy, Ci-Cs hydroxyalkyl, (2-Cs alkenyl, C3-Cs alkynyl,
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In a more preferred embodiment, 1n the compound of formula (1), the sterecisomer or the
pharmaceutically acceptable salt, solvates and prodrugs thereof, each Ry is independently

elected from hydrogen, Ci~Cs alkyl (such as methyl, ethyl, propyl and isopropyl), Ci-Cs
haloalkyl, Ci-Cs alkoxy and Ci-Ce hiydroxyalkyl

In a more preferred embodiment, 1n the compound of formula (1), the sterecisomer or the
pharmaceutically acceptable salt, solvates and prodrugs thereof, each Rs is independently
selected from hydrogen, Ci-Cs alky] (such as methyl, ethyl, propyl and 1sopropvl}, Ci-Cs
haloalkyl, Ci-Ce alkoxy, Ci-Cs hydroxyalkyl and benzyl

In a more preferred embodiment, 1n the compound of formula (1), the sterecisomer or the
pharmaceutically acceptable salt, solvates and prodrugs thereof, each R, and Ry are
mdependently selected from hydrogen, Ci-Cealkyl (such as methyl, ethyl, propy! and isopropyl),
Cy-Ce haloalkyl (such as difluoromethyl, trifluoromethyl, 1, 1-diftuorcethyl, 1,1,2-trifluoroethyl,
2,2, 2-rifluoroethyl, pentafluoroethyl, 1,1,2 2-tetrafluoroethyl, 1,1,2, 2-tetrafluoropropyl and
1,11 -mﬂ1.10r0»u2»meihy]propan-Z»vE) ~C(0)0~C; -Cs aikyl
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In a more preferred embodiment, in the compound of formula (1), the sterecisomer or the
pharmaceutically acceptable salt, solvates and prodrugs thereof, each Ry and Rygare
mdependently selected from hydrogen, Ci1-Csalkyl (such as methyl, ethyl, propyl, isopropy! and
isobutyvl), Cy-Cs haloalkyl and phenyl.
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In a more preferred embodiment, in the compound of formula (1), the sterecisomer or the
R?c

N-—4<\
pharmaceutically acceptable salt, solvates and prodrugs thereof, @ac’ng‘ Rra is selected

.
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In a more preferred embodiment, the compound of formula (1), the stereoisomer or the
pharmaceutically acceptable salt, solvates and prodrugs thereof 1s the compound of formula (I-1}

of formula (I-2), the sterecisomer or the pharmaceutically acceptable salt, solvates and prodrugs

thereof:
,RE} Rg
Ry R
1 L q 1\L1 OLQV
D AT TR
ML) o m R F ) o m
Ry NN 4 Ry N7 TN 4 R7e
2 } (Q\/ LZ' CF3 2 )\ O/ O_Nx< :
Ry ) & R{ \( Rrg
R4 7h R4
formuta (I~1) or formula {1-2}
Wherein:

Ly, L2, Ry, Ra, Ra, Ra, Rs, Rs, R, Rye and Ryg are defined as in formula (T},

In a more preferred embodiment, the compound of formuia (I}, the stereoisomer or the
pharmaceutically acceptable salt, solvates and prodrugs thereof 1s the compound of formula (I-3}

or formula (I-4), the sterecisomer or the pharmaceutically acceptable salt, solvates and prodrugs

thereof:
Rg Rg
R‘E\O o) ) R1\€? O -
N)T”% o0 N%IE\% Ra—y" =0
] o, NH iy O, NH
T Vi iz R/J\N N P Rra
7 o o 2 O~r Nl
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2 R 3
Ry 7 Rs
formula (-3} or formuia {1-4)
Whereuu
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Ri1, Ry, Ry, Ry, Rs, R, Ry, Ry and Ry are defined as in formula {I).

In another embodiment, described here are compounds formula (I}, a stereoisomer thereof, or a

pharmaceutically acceptable salt, solvates and prodrugs thereof:

formula (1)
Wherein,

R; 18 independently selected from hydrogen, amino, hydroxy, halogen, cyvano, Ci-Cs alkyl, C1-Cs
haloalkyl, Ci-Ce hydroxyalkyl, Ci-Cs alkoxy, Ci-Ce haloalkoxy, C3-Cs alkeny] and C-Ce
alkynyl;

Rs and Ry are each independently selected from hydrogen, halogen, hydroxy, amino, Ci-Cs alkyl,
deuterated Ci-Cealkyl, Ci-Cs hydroxyalkyl, Ci-Cs haloalkyl and Ci-Cs alkoxy;

Or Rz and Ry together with the atoms to which they are attached can form a 3 to 7 membered
heterocycle comprising §-2 heteroatoms selected from O, Nand S;

Rs and Rs are each independently selected from hydrogen, Cy-Cs alkyl, Ci-Cs haloalkyl, Ci-Cs
hydroxyalkyl, C1-Cs alkoxy, Ci-Cs haloalkoxy, Cs-Cs eycloalkyl, 4 to 7 membered heterocyelyl,
Cs-Croaryl, benzyl and 5 to 10 membered heterocaryl, wherein the C3-Cy cycloalkyl, 4t0 7
membered heterocvelyl, Ce-Croaryl \benzyl and 5 to 10 membered heteroaryl are each optionally
further substifuted by one or more deuterium, Ci-Co alkyl, C1-Cs haloalkyl, Ci-Cs hydroxyalkyl,
{4-Cs alkoxy, Ci-Cs haloalkoxy | halogen, hydroxy, amino, nitro, cvano and ester group;

1, 1s independently selected from -0O- or -NH-;

R7 is independently selected from Res and
Ry R Ry and Ryg are each independently selected from hydrogen, deuterium, Ci-Ce alkyl,
deuterated C1-Cs alkyl, Ci-Cs haloalkyl, Ci-Ce hydroxyalkyl, Ci-Cs alkoxy, C1-Cs haloalkoxy,
C2-Cs alkenyl, Co-Co alkynyl, -C{O0-C1-Cs alkyl, -Cs-Cs cycloalkyl, 4 to 7 membered

heterocyclyl, Cs-Cioaryl and S to 10 membered hetercaryl, wherein the Cs-Cg cycloalkyl, 4 to 7
7
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membered heterocyclyl, Co-Croary! and 5 to 10 membered heteroary! are each optionally further
substituted by one or more deuterium, Ci-Cs alkyl, C1-Cs haloalkyl, C1-Cs hydroxyalkyl, C1-Cs
alkoxy, C-Ce haloalkoxy, C2-Cs alkenyl, C:-Ce alkynyl, halogen, hydroxy, amine, nitro, cyano
and ester group;

Or Ry: and Ryg together with the atom to which they are attached can form a (;-Cgcarbocycle or

a 3 to 7 membered heterocycle comprising 1-2 heteroatoms selected from O, Nand S

In a more preferred embodiment, in the compound of formula (11}, the sterecisomer or the
pharmaceutically acceptable salt, solvates and prodrugs thereof, each Ry is independently

selected from hydrogen, C1-Cs alkyl (such as methyl, ethvi, propyl and isopropyl}, Ci-Cs

haloalkyl, Ci-Csalkoxy and Ci-Ce hydroxyalkyl

in a more preferred embodiment, in the compound of formula (I1), the sterecisomer or the
pharmaceutically accepiable salt, solvates and prodrugs thereof, each Rs 15 independently

selected from hydrogen, C1-Cs alkyl (such as methyl, ethyl, propvl and isopropyl), Ci-Cs

haloalkyl, Ci-Cealkoxy, C1-Cs hydroxyalkyl and benzyl.

In a more preferred embodiment, in the compound of formula (11}, the stereoisomer or the
pharmaceutically acceptable salt, solvates and prodrugs thereof, each Ry, and Ry, are
mndependently selected from hydrogen, C1-Csalky! (such as methyl, ethyl, propyl and isopropyl),
(1-Cs haloalky! (such as diftucromethyl, trifluoromethyl, 1,1-difluoroethyl, 1,1, 2-trifluoroethyl,
2.2, 2-trifluoroethyl, pentafluorcethyl, 1,12, 2-tetrafluorcethyl, 1,1,2 2-tetrafluoropropyl and
1,1, T-rifluoro-2-methylpropan-2-yl), -C{OY0-C1-Cs alkyl,
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In a more preferred embodiment, in the compound of formula (II}, the stereoisomer or the

pharmaceutically acceptable salt, solvates and prodrugs thereof, each Ry and Rygare

o
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mdependently selected from hydrogen, Cy-UCealkyl (such as methyl, ethyl, propyl, 1sopropyl and

isobutyl}, Ci-Cs haloalkyl and phenvl.

In a more preferred embodiment, 1n the compound of formula (I1), the sterecisomer or the
Reg

b=

pharmaceutically acceptable salt, solvates and prodrugs thereof, each Rya jsselected

Ry Py

from /\ \/K//

In ancther embodiment, described here are compounds formula (HI), a sterecisomer thereof, or a

pharmaceutically acceptable salt, solvaies and prodrugs thereof:

formuia (lil)
Wherein,

L1 1s independently selected from -O- or -NH-;

Ry 18 independently selected from hydrogen, Ci-Csalkyl, deuterated Ci-Ce alkyl, Ci-Cs
haloalkyl, Ci-Cs hydroxyalkyl, C1-Cs alkoxy, C1-Cs haloalkoxy, C2-Cs alkenyl, $-Cs allkynyl,
C3-Cg cycloaikyl, 4 to 7 membered heterocyelyl, Ce-Croaryi and 5 to 10 membered heteroaryi,
wherein the C3-Cq cycloalkyl, 4 to 7 membered heterocycelyl, Ce-Croaryl and S to 10 membered
heteroaryl are each optionally further substituted by one or more deutertum, Cy-Cealkyl, Ci-Cs
haloalkyl, Ci-Ce hydroxyalkyl, C1-Cs alkoxy, Ci-Cs haloalkoxy, C2-Cs alkenyl, To-Cs alkynyl,
halogen, hydroxy, amino, niiro, cyano and ester group;

Rs and Ry are each independently selected from hydrogen, deuterium, halogen, hydroxy, amino,
C1-Ce alkyl, deuterated C1-Coalkyl, Ci-Cs hydroxyalkyl, Ci-Cs haloalkyt and Cy-Cs alkoxy;

Or Rz and Ry together with the atoms to which they are attached can form a 3 to 7 membered

heterocycle comprising 1-2 heteroatoms selected from O, N and §;
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Rs and Ry are each independently selected from hydrogen, C1-Cs alkyl, Ci-Ce haloalkyl, Ci-Cs
hydroxyalkyl, C1-Cs atkoxy, C1-Cs haloalkoxy, C+-Cs eycloalkyl, 4 to 7 membered heterocyelyl,
Ce-Croaryl, benzyl and 5 to 10 membered heteroaryl, wherein the C3-Cs cycloalkyl, 4t0 7
membered heterocyclyl, Ce-Croaryl \benzyl and 5 to 10 membered heterocary! are each optionally
further sebstituted by onte or more deuterium, C1-Csalkyl, Ci-Cs haloalkyl, Cy-Cs hydroxyalkyl,
{-Cs alkoxy, Ci-Cs haloalkoxy , halogen, hydroxy, amino, nitro, cvano and ester group;

Lo 1s independently selected from -0O- or -NH-;

Rzs ;r— N :<R7c

R7 15 independently selected from R7b and R7a

Rz R Ry and Ryg are each independently selected from hydrogen, deuterium, C1-Cs alkyl,
deuterated Ci-Cs alkyl, Ci-Cs haloalkyl, Ci-Ce hydroxyalkyl, Ci-Cs alkoxy, C1-Cs haloalkoxy,
C2-Ce alkenyl, C2-Ce alkynyl, -C{OY0-C1-Cs alkyl, -C3-Cs cycloalkyl, 4 to 7 membered
heterocyclyl, Cs-Cioaryl and 5 to 10 membered heteroaryl, wherein the Ca-Cscycloalkyl, 4to 7
membered heterocyclyl, Ce-Croaryl and S to 10 membered heteroaryl are each optionally further
substituted by one or more deuterium, Ci-Ce alkyl, C1-Cs haloalkyl, Ci-Cs hydroxyalkyl, C1-Cs
alkoxy, C1-Cs haloalkoxy, C2-Cs alkenyl, C:-Ce alkynyl, halogen, hydroxy, aming, nitro, cyvano
and ester group;

Or R and Ryg together with the atom to which they are attached can form a Cz-Cs carboeycle or

a 3 to 7 membered heterocycle comprising 1-2 heteroatoms selected from O, Nand S.

In a more preferred embodiment, 1n the compound of formula (I11), the stereocisomer or the
pharmaceutically acceptable salt, solvates and prodrugs thereof, each R; is independently
selected from hydrogen, Ci-Cs alkyl (such as methyl, ethyl, propyl and sopropyl), Ci-Cs
haloalkyl, Ci-Csalkoxy, C1~Cs hydroxyalkyl, Cr-Cs alkenyl, C2-Ce alkynyl,

o4 %n o 0L T

In a more preferred embodiment, in the compound of formula (I11), the sterecisomer or the
pharmaceutically acceptable salt, solvates and prodrugs thereof, each Ry 1s independently
selected from hydrogen, Ci-Cs alkyl (such as methyl, ethyl, propyl and sopropyl), Ci-Cs

haloalkyl, Cy-Csalkoxy and Ci-Cs hydroxyalkyl.

10
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In a more preferred embodiment, in the compound of formula (111), the sterecisomer or the
pharmaceutically acceptable salt, solvates and prodrugs thereof, each Rs 15 independently
selected from hydrogen, C1-Cs alkyl (such as methyl, ethyl, propyl and isopropyl}, Ci-Cs
haloalkyl, Ci-Ce alkoxy, Ci-Cs hydroxyalkyl and benzyl.

In a more preferred embodiment, in the compound of formula (311), the stereoisomer or the
pharmaceutically acceptable salt, solvates and prodrugs thereof, each Ry, and Ry are
independently selected from hydrogen, C1-Csalkyl (such as methyl, ethyl, propyl and 1sopropyl},
{1-Cs haloalkyl (such as diftuoromethyl, trifluoromethyl, 1,1-difluoroethyl, 1,1 2-trifluoroethyl,
2.2, 2-rifluoroethyl, pentafluoroethyl, 1,1,2,2-tetrafluoroethyl, 1,1,2,2-tetrafluoropropyl and

1,1, 1-triftuoro-2-methylpropan-2-yl, -C{OY0-C1-Cs alkyl,
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In a more preferred embodiment, in the compound of formula (I11), the stereocisomer or the
pharmaceutically acceptable salt, solvates and prodrugs thereof, each Ry and Rygare
mndependently selected from hydrogen, C1-Cs alkyl (such as methyl, ethyl, propyl, isopropy! and

isobutyl), C1-Cs haloallkyl and phenyl.

In a more preferred embodiment, in the compound of formula (III), the sterecisomer or the

pharmaceutically acceptable salt, solvates and prodrugs thereof, each R7s is selected

Lok Sy

i BN ANS émpo

In another embodiment, described here are compounds formula (IV}, a sterecisomer thereof, ora

pharmaceutically acceptable salt, solvates and prodrugs thereof:

11
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formula (V)
Wherein,

(15 independently selected from

Ry~ Ri~ R,
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Ls ts mdependently selected from -0~ or -NH-;

Ry 1s independently selected from hydrogen, C1-Cealkyl, deuterated Ci-Cs alkyl, Ci-Cs
haloalkyl, Ci-Ce hydroxyalkyl, C-Cs alkoxy, Ci-Cs haloalkoxy, Cr-Cs alkenyl, Cr-Cs alkynyl,
5-Creycloalkyl, 4 to 7 membered heterocyclyl, Ce-Croaryl and 5 to 10 membered hetercaryi,
wherein the Cx-Cg cycloalkyl, 4 to 7 membered heterocyclyl, Cs-Croaryl and 5 to 10 membered
heteroaryl are each optionally further substituted by one or more deuterium, Ci-Csalkyl, C1-Cs
haloalkyl, C;-Ce hydroxyalkyl, C1-Cs alkoxy, C1-Cs haloalkoxy, 3-Cs alkenyl, C2-Cs alkynyl,
halogen, hydroxy, amino, nitro, cyano and ester group,

R: 1s independently selected from hydrogen, amino, hydroxy, halogen, cvano, Ci-Cs alkyl, C1-Cs
haloalkyl, Ci-Ce hydroxvyalkyl, Ci-Ce alkoxy, Ci-Cs haloalkoxy, C2-Cs alkenyl and C-Cs
alkynyi;

R 15 independently selected from hydrogen, amino, hydroxy, halogen, cyano, Ci-Ce alkyl, C1-Cs
haloalkyl, C1-Ce hydroxyalkyl, Ci-Cs alkoxy and C1-Cs haloalkoxy;

R and Ry are each independently selected from hydrogen, deuterium, halogen, hydroxy, amino,
C1-Ce alkyl, deuterated Ci-Cealkyl, C;-Ce hydroxyalkyl, Ci-Cs haloalkyl and C1-Cs alkoxy;

Or Rz and Ry together with the atoms to which they are attached can form a 3 to 7 membered
heterocycle comprising §-2 heteroatoms selected from O, Nand S;

Rs and Rs are each independently selected from hydrogen, Ci-Cs alkyl, Ci-Cs haloalkyl, Ci-Cs
hydroxyalkyl, C1-Cs alkoxy, Ci-Ce haloalkoxy, C5-Cs cycloalkyl, 4 to 7 membered heterocyclyl,

Cs-Cioaryi, benzyl and 3 to 10 membered heteroary], wherein the Ca-Cs cycloalkyl, 4 to 7
12
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membered heterocyclyl, Cs-Cioaryl \benzyl and 5 to 10 membered heteroaryl are each optionally
further substituted by one or more deuterium, Ci-Csalkyl, C-Cg haloalkyl, Ci-Cs hydroxyalkyl,
C1-Cs atkoxy, C1-Cs haloalkoxy | halogen, hydroxy, amino, nitro, cyano and ester group;

1z i1s independently selected from -O- or -NH-;

Ry 18 independently selected trom hydrogen, deuterium, Ci-Csalkyl, deuterated Cr-Cs alkyl, Ci-
s haloalkyl, C1-Ce hydroxyalkyl, C1-Cs alkoxy, Ci-Cs haloalkoxy, (2-Cs alkenyl, C2-Cs alkynyl,
-C(OYO-C1-Ce alkyl, -Cs3-Cy cyeloalkyl, 4 to 7 membered heterocyelyl, Co-Croaryiand 5 to 10
membered heteroaryl, wherein the C1-Cs cycloalkyl, 4 to 7 membered heterocyclyl, Cs-Croaryl
and 5 to 10 membered hetercary! are each optionally further substituted by one or more
deuterium, C1-Cs alkyl, Ci-Cs haloalkyl, Ci-Ce hydroxyalkyl, Ci-Cs alkoxy, C1-Cs haloalkoxy,
C2-Cs alkenyl, Cr-Ce alkynyl, halogen, hvdroxy, amino, nitro, cyano and ester group;

a 3 to 7 membered heterocycle comprising 1-2 heteroatoms selected from O, N and S.

In a more preferred embodiment, in the compound of formula (IV), the sterecisomer or the
pharmaceutically acceptable salt, solvates and prodrugs thereof, each Ry is independently
selected from hydrogen, C1-Cs alky! (such as methyl, ethyl, propy! and isopropyl}, Ci-Cs
haloalkyl, Ci-Ce alkoxy, C1-Cs hydroxyalkyl, C2-Cs alkenyl, C2-Ce alkynyl,

/w,’“:x,’“:a/bﬁ/@m 400

In a more preferred embodiment, in the compound of formula (IV), the sterecisomer or the
pharmaceutically acceptable salt, solvates and prodrugs thereof, each Ry is independently
selected from hydrogen, Ci-Cs alkyl (such as methyl, ethyl, propyl and sopropyl), Ci-Cs
haloalkyl, Ci-Ce alkoxy and Ci-Cs hydroxyalkyl

In a more preferred embodiment, in the compound of formula (IV), the sterecisomer or the
pharmaceutically acceptable salt, solvates and prodrugs thereof, each Rs is independently
selected from hydrogen, Ci-Cs alkyl (such as methyl, ethyl, propyl and sopropyl), Ci-Cs
haloalkyl, Ci-Ce alkoxy, C1-Co hydroxyalkyl and benzyl.

In a more preferred embodiment, in the compound of formula (IV), the stereoisomer or the
pharmaceutically acceptable salt, solvates and prodrugs thereof, each Ry is independently
selected from hydrogen, C1-Cs alkyi (such as methyl, ethyl, propy! and sopropyl), Ci-Cs

13
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haloalkyt (such as diflucromethyl, trifluoromethyl, 1,1-difluorcethyl, 1,1, 2-triffuoroethyl, 2,2,2-
triftuoroethyl, pentafluoroethyl, 1,1,2 2-tetrafluoroethyl, 1,1,2 2-tetraftuoropropyl and 1,1,1-

trifluoro-2-methylpropan-2-yl, -C{0)Y0-C:-Ce alkyl,

oo

-~ T T )\\ T /ey L I~ A T (]

Fatdh 3 } ) } e

(\‘\ 2 \‘\ Fordt ) \§) e/ CI\(’\\;\ )-::/’) ::2 NC\//}\"\I . )/ O 3 Vot
NG YRS ¢ ; k E:)’ci &, \\\\/l NG ) EN, s/ ]

In the most preferred embodiment, the compound of formula (1}, (I-1), (-2}, (I-3), (i-4), (1), (11I)
or {IV), the stereoisomer or the pharmaceutically acceptable salt, solvates and prodrugs thereof is

selected from the table 1:

Table 1. Representative Compounds of formula (1), (i-1), (1-2), (1-3), (I-4), (1), () or (IV).

# Structure Mame
. O} ethyl ({((2-(2-ammo-6-methoxy-9H-purin-9-
~o 1
1 A 0 Dethoxyymethy1¥2.2,3.3,3-
Mf\j:) L ylethoxy)methyl}(2.2,3,
AN e N e, pentafiuoropropoxyphosphoryl)-L-alaninate
\
ethyvl (({2-(2-ammo-6-0x0-~1,6-dihy dro-9H-purn-9-
o hyt (((2-(2 6 1,6~-dihy dro-9H-p 9
o
2 HN \",.—?*XI;\) "-1‘/£ ~0 ylethoxyymethyl}(2.2,3.3,3-
« M 0, MNH .
HaN N’J\NLJQ_ JP\O&ZF pentafluoropropoxy phosphoryl)-L-alanmate
3
L O) ethyl ({({2-(2-amino-6-ethoxy-9H-purin-9-
o )
3 w0 yl)ethoxy)methyl}(2,2,3,3.3-
N A . L
HaN" i - %ZFS pentafluoropropoxy yphosphoryl}-L-alaninate
P O} ethyl (({(Z-(Z-amino-6-1sopropoxy-9H-purin-9-
o 2
4 RN =0 yhethoxyymethyl}(2,2,3 3 3-
o B> o mw ’ . IO
S, R F
et NP0 e, pentafiuoropropoxyphosphoryl)-L-alaninate

14
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/__/
O\/

ethyl ({((2-(2-amino-6-propoxy-9H-purin-9-
yhethoxy)methy1}(2,2,3,3,3-

pentafluoropropoxyiphosphorvl)-L-alaninate

ethy] ({((2-(2-amino-6-(2-hydroxyethoxy)-SH-purin-
9-yhethoxy)methyl}(2,2,3,3,3-

pentafluoropropoxy phosphoryl)-L-alaninate

c') %
3 N»ﬁ\r.h =0
F‘gN‘)\\"N’i\N> OoP/NH FE F
O~ o e,
HO\: >
N o
-
6 NJ\VN °
PSRN T
HNT NN 24
L9 o e,
|
0\' \
i o
X o
7 b wa
NZ \
/JQ‘ /{’L \> O, NH g
HaNT N L

ethy! {(((2-(2-amino-6-(2-methoxyethoxy}-9H-
purin-9-ylethoxy ymethyi}(2,2,3,3,3-

pentafiuoropropoxy phosphoryl}-L-alaninate

ethy! ({({2-(2-amino-6-butoxy-9H-purin-9-
viethoxymethy1}(2,2,3,3,3-
pentafiuoropropoxy )phosphoryl}-L-alaninate

A O)’ ethyl ({(2-(2-amino-6-cyclopropoxy-9H-purin-9-
2 -
9 Nz}\rw\\ h{LQ yijethoxyimethyl}2,2.3,3,3-
: 1\ ,.?;\ 7 Q. NHE ) .
N Lo~ ;Fa pentafluoropropoxy phosphoryl)-L-alaninate
(Y O,\} ethyl ({((2-{2-amino-6-cyclobutoxy-9H-purin-9-
Q 1
10 N~2\ru\> "-«‘/&‘ ° yljethoxymethyl}(2,2,3,3,3-
N O M & , \ A
A N Z.:z pentafluoropropoxy jphosphoryl}-L-alaninate
Q/:]\ 0} ethyl {({2-(2-amino-6-{cyclopentyloxy)-9H-purin-9-
Q 1
11 NP N =0 yl)ethoxymethyl}(2,2,3,3,3-
PN - T .
A L pentafluoropropoxy yphosphoryl)-L-alaninate
Enl 0} ethyl ({{2-(Z-amino-6-{cyclohexyloxy }-9H-purin-9-
A y
12 NP 0 yljethoxyymethyl}2,2,3.3,3-
N ,LN\) o, NHE ¢ . )
TN oM e, pentafiuoropropoxyphosphoryl)-L-alaninate
"\‘\ 3 ethy! ({(2-(6-{allylamino}-2-amino-SH-purin-9-
N ;
13 P N i yhethoxymethyl}(2,2,3,3,3-
H N/‘,\“\ ”LN} Y ’
2! N k/@_/ ua\)(m:a

pentafluoropropoxy jphosphoryl)-L-alaninate

15




WO 2025/162234

PCT/CN2025/074583

L 0/\' ethyl ({{2-(2-amino-6-{oxetan-3-ylamino}-9H-
NH 1
14 NP -0 purin-9-yljethoxy)methyi}(2,2,3,3,3-
A o e g .
HNTONTR o %CFz pentafluoropropoxyiphosphorvl)-L-alaninate
A 3 ethyl ({({(2-{Z-amino-6-(cyclopropylamino)-9H-
NH q
15 ,ﬂﬁkp_-h\l ;{; 0 purin-9-yDethoxy)methyi}2,2.3,3,3-
PN S N
e oo e, pentafiuoropropoxy iphosphoryl}-L-alaninate
[ 3 ethy! (((2-(2-amuino-6-{prop-2-yn-1-ylamino }-9H-
[»]
16 Nji,N =0 purin-9-yethoxy ymethyl}2,2,3,3,3-
AR LN pentafiuoropropoxy)phosphoryl)-L-alaninate
,':: @ 0} ethyl (({(2-(2-amino-6-{naphthalen-2-ylamino)-9H-
R ]
17 s - o purin-9-ylethoxymethyi}2,2.3,3,3-
e G o, NHE ¢
L N pentafluoropropoxy jphosphoryl}-L-alaninate
) ethyt {{{1 -(Z-amino-G~-methoxy-9H-purin-9-
- o byl (({(3-(2 6 b 9H 9
L
i8 N\) ™ o“g: ) vi)propan-2-yljoxymethyl}2,2,3,3,3-
BTN o R g .
‘\( ° ¢ pentafluoropropoxy phosphoryl}-L-alannate
A
6 o ethyl {{{{1-(2-ammo-6-methoxy-9H-purin-9-y1}-3-
A - o
19 - :\Nj\N\) o Mg hydroxypropan-2-yhoxy)ymethyi}2,2,3,3,3-
o I\\ 0~ 0\/\ 7 3 .
3 - pentafluoropropoxy jphosphoryl)-L-alaninate
HO
“ q> ethyl ({({{(1-(2-amino-6-methoxy-9H-purin-9-y1}-3-
N M, =0 N ~
20 . ,“Cﬁr Yo g:ﬁ\r fluoropropan-2-yDoxymethyi){2,2.3,3 3-
* LN i
. pentafiuoropropoxy phosphoryl}-L-alaninate
)
~o q ethyl ({({{1-(Z-amino-6-methoxy~9H-purin-9-yi}-3-
N”)‘F—'Na ""‘\/EG ‘
W M2 G, NH g methoxy an-2-vioxy e 22373 3.
21 NS N\\{o\/"\o‘ \r},\z ) methoxypropan-2-yhoxyymethyi}2,2,3,3,3
< pentafiuoropropoxy iphosphoryl}-L-alaninate
|
O,\\ isopropyl ({(2-(2-amino-6-methoxy-9H-purin-9-
\.0 Y
22 NENN (O yhethoxy)ymethyl}(2,2,3,3.3-
IN /,\ > Q, NH g

pentafluoropropoxy jphosphoryl)-L-alanmate
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£

pentan-3-yl ({{2-(2-amino-6-methoxy-H-purin-9-

23 . ﬁ\,,n\) o yljethoxy)methy1}(2,2,3,3,3-
Hai \'N/'\N\\ /o..i‘\F‘»':!iF \FcFa pentafluoropropoxy yphosphoryl)-L-alaninate
N L : o’\ ethyl ({(2-(2-amino-6-methoxy-9H-purin-9-
L) 3
24 NA\I,N\\ (o yljethoxy)methyl}(2,2,3,3,3-
/\_=\/ O NH g . .
HANTNT o) 'i:% pentafluoropropoxy jphosphoryl)-L-phenylalaninate
P ethyl ({(2-{Z-amino-6-(cvclopropylamino}-9H-
A\ ) ’
NH
25 N/\’,w ! o purin-9-yDethoxy )methy1)(2,2,3,3,3-
A M2 G, NH g
A e~ ‘Fm pentaflucropropoxy}phosphoryh)-L-phenylalaninate
. o} ethyt ({{2-(2-amino-6-methoxy-9H-purin-9-
o )
26 NN 0 yijethoxy ymethyl}2,2,2-
y NAN}LQ o, NH N ~
2 O~ 0. Fs trifiuorcethoxy Jphosphoryt)-L-alaninate
- 0} ethyl {{{2-(Z-amino-6-methoxy-9H-purin-9-
- ;
27 f\ﬁ/h\} ;ﬁo yhethoxymethyl)(3,3,3-
NN oo e, trifluoropropoxy yphosphoryl)-L-alaninate
o a ethyl ({((2-(2-amino-6-methoxy-9H-purin-9-
28 NF ,r*N\> o\ﬁj{; yhethoxyymethyl}((3,3,4,4, 4-pentaflucrobutan-2-
Sy N T F
reN NLJON/ P“(L,\/\/\cw3 yhoxy)phosphoryh)-L-alaninate
)
\Ok %}0 ethyl ({{2-(2-amino-6-methoxy-9H-purin-9-
NE N, ( .
29 " ZN":R/P"N\) . O NH E o vhethoxymethy!¥2,2 3,3, 3-pentatluoro-1-
[ A
}‘}‘ phenylpropoxy yphesphoryl)-L-alaninate
./
)
o % o ethyl {{(2-(Z-amino-6-methoxy-9H-purin-9-
NP N
30 : A IN?’ o N e g ylethoxymethyi}(2,2,3,3,3-pentafluoro-1-{2-

fluorophenyl}propoxy)phosphoryl}-L-alaninate
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3
b . \;k;o ethyl {({({(2-(2-anmino-6-methoxy-9H-purin-9-
NN
WY o hmoE N . ) )
31 HzNA'N’"'N\Vg:Pl::}/\’éFQ yhethoxy)ymethy1}(2,2.3,3.3-pentafluoro-1-(4-
\%: ) fluorophenyl}propoxyphosphoryl)-L-alaninate
(
~, 0/\‘ . .
f\ . <5 ethyt ({{2-(2-amino-6-methoxy-9H-purin-9-
NN =
32 Heht™ ‘NLN\ifgiP(:'i/’fJCF ylethoxy)methyl)(2,2,3,3,3-pentaflooro-1-(3-
%3 fluorophenyl}propoxy)phosphoryly-L-alaninate
o
4
~o o oy . .
g -0 ethyl ({{2-(2-amino-6-methoxy-9H-purin-9-
A_L) o\\}iHEF ‘ o )
33 L S yhethoxymethyi}(2,2,3,3 3-pentafluoro-1-(4~
3 methoxyphenypropoxy jphosphoryl}-L-alaninate
OCH,
)
“a q ethyl ({(2-(2-amino-6-methoxy-YH-purin-9-
PN ¢ ;
34 . i jZN‘) o j< . ylethoxyymethyi}2.2,3,3,3-pentafluoro-1-{2-
! N O .
e g fluoro-4-methoxyphenvhpropoxy)phosphoryh)-L-
P/} )
) alaninate
BCH,
{
. cj)
/‘f\/ . ethyl {{(2-(Z-amino-6-methoxy-9H-purin-9-
N
35 NN S N AT yhethoxy)methyl)(1-cyclohexyl-2,2.3,3,3-
A W B \o-~/<c.=3 ]
/L\ pentafluoropropoxy jphosphoryl}-L-alaninate
/
“o 0) ethyl {{{2-(Z-amino-6-methoxy-9H-purin-9-
¥V ) o~
36 N%\ﬂ\g fﬁ:a yhethoxy)methy!)(2,2,3,3-
" /i% o (S E F ) R
e E\L /ON/P‘Q-\/‘/\Tii tetraftuorcbutoxyiphosphorvl)-L-alaninate
\ . ) .
o o« ethy! (((2-(2-amino-6-methoxy-9H-purin-9-
37 sﬁ""\r?“\) O“?i yhethoxy)methyl}(3,3,4,4,4-pentaflucrobutan-2-
"y AR P ; A, ‘k’ H E )
e N\\f’“’ ; O*T)kCFa yljoxy)phosphoryi)-L-alaninate

18
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N "-{) ethyl ({(2-(2-amino-6-methoxy-9H-purin-9-
38 jsz\i—N\ “’*(): @ vhethoxyymethy1}2,2,3,3-
a o, NH F ‘
RN ONTN Jo\/”\gw/){(_i tetrafluoropropoxy Jphosphoryl}-L-alaninate
- O) ethyl ({((2-(2-ammno-6-methoxy-SH-purin-9-
o
39 N I?—N‘ h»(g o yhethoxymethy)(3,3,3-trifluore-2,2-
s P 0, NH ) i
HN "“ANL oo /‘(CFQ dimethylpropoxy)phosphoryl)-L-alaninate
- Q) ethyt ({(2-(2-amino-6-methoxy-SH-purin-9-
i
40 NJ\‘.—P{} .._/‘” o yljethoxy)methyl}2,2,3-
Ny O MM . : .
N J\N\ \/o\/"‘ow%f/‘: trifluoropropoxy jphosphoryl}-L-alaninate
0,3 ethyl ({(2-(2-amino-6-methoxy-9H-purin-S-
\G 3
41 NJ\;F'”} \\/& © yhethoxyymethyl)(2,2-difluoroethoxy yphosphoryl)-
X A p O, NH F
L N L-alaninate
. 05 ethyl {{(2-(2-armmo-6-methoxy-9H-purin-9-
~o
42 RPN \\/\1 ° vl}ethoxyymethy1}2,2-
PN A F L , 4
HANT ’\L J,e.\/P\ow/\; diflucropropoxy Jphosphoryi)-L-alanimate
)
\JO %L o ethy! (((2-(2-ammno-6-methoxy-SH-purin-9-
LR\ =~
43 HZNANLN" QN F g vhethoxyymethyl}(2,2,3,3,3-pentafluoro-1-
o o CFy ) : ’
N phenylpropoxyphosphoryl}-L-alaninate
N
)
" L, ethyt ({(2-(2-amino-6-methoxy-9H-purin-9-
YN o '
44 e e G in;:” yhethoxy )methyD{{propan-2-
U \N
" ylideneaminecjoxy)phosphoryl)-L-alaninate
N
)
"o 3 o ethyl ({((2-(2-amino-6-methoxy-9H-purin-9-
r?E/’N\ Nt : s 7 A-dimethy lnents
45 N N\i . \%P:zif vethoxymethy3{({2,4-dimethyipentan-3-
e \7/{'{1/ yhidenejaminojoxy)phosphoryl}-L-alaninate
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\i; . ,O‘ig ethyl ({((2-(2-amino-6-methoxy-SH-purin-9-
46 HZN.JPLNINE o? :*‘N vlethoxy)methy3{((2,6-dimethytheptan-4-
ylideneamino}oxy)phosphoryl}-L-alaninate
o q} ethyl ({(2-(2-amino-6-methoxy-9H-purin-9-
47 . N/’*:I:» O;ﬁo yvhethoxy imethyl}({cyclopentylidensamino}oxy)pho
’ Rt \0/‘5‘\ sphoryl}-L-alaninate
}
o CLQ ethyl {{{2-{2~-amino-6-methoxy-9H-purin-9-
48 HNE;I,? opt vl)ethoxy)methyi}{{cyclohexylideneamino)oxy)pho
= E\ sphoryl})-L-alaninate
- O} ethyl (((2-(2-ammno-6-methoxy-9H-purin-9-
40 mif\/ﬁ::~\> U\\P}d ::0 yi)fatboxy)méthyI}((((Z)—1— -
L/“"; ;0/1\ phenylethylidene}amino}oxyphosphoryi}-L-
i alaninate
}
o ?\Qa ethyl {{{2-(2-amino-6-methoxy-9H-purin-9-
50 »e :L oj"’\'ii/ yl)ethoxy)methyl)(1-phenylethoxy)phosphoryl)-L-
4’\ alaninate
)
\jj ) %)QR_Q ethyt ({{2-(2-amino-6-methoxy-9H-purin-9-
51 HoN iNIN\\}:_,Dj\\P:i;‘%FF vijethoxymethyl}(2,2,2-trifluoro-~1-
:; ) phenylethoxy)phosphoryl)-L-alaninate
)
\/? N \;LO ethyl (((2-(2-amino-6-methoxy-9H-purin-9-
52 /!i\ \> *”P}'"‘ ¢ vlethoxyymethy)(2-methoxy-2-0x0-1-

phenylethoxy )phosphoryl)-L-alaninate

piy
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o Q)
N*i\/N .“\)EG
53 s ) o
HNT NN -4

ethyl {({({(2-(2-anmuno-6-methoxy-9H-purin-9-
viyethoxyymethyli(benzylamino)phosphoryi)-L-

alaninate

L 4]
oo
x
Z
r z
k‘(3
7
N
o

ethyl ({(2-(2-amino-6-methoxy-9H-purin-9-
viethoxyimethy ({4~

methoxybenzylanuno)phosphoryl)-L-alaninate

ethyt ({((2-(2-amino-6-methoxy-SH-purin-9-

N* IN\> -
55 I . Gy N vhethoxy ymethy 1 }{2-
Raad . )
AN methoxybenzylamino)phosphoryl-L-alaninate
oy
~ 0>
NivN =g ethyl ({(2-(2-amino-6-raethoxy-9H-purin-9-
IS N
56 HZNA‘NAL&%@:T ylethoxy )methy {((3-
Q methoxybenzyljanmino)phosphorvi)-L-alaninate
1
\C} O)
o ‘ ‘,N> \(k—o ethyl ({(2-(2-ammno-6-methoxy-9H-purin-9-
SN > o—;\/ “
57 L yl)ethoxy )methy!)((4-
r;’L ; fluorobenzy lamino)phosphoryl)-L-alanmate
\j/’
F
\
) . .
Nj I ethyl ({(2-(2-ammo-6-methoxy-9H-purin-9-
> o4 ;
58 ‘NI{/ofa:i yljethoxy )methy!)((4-
:/ chlorobenzyhanuno)phosphoryl}-L-alanivate
&
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59

ethyl (((2-(2-ammno-6-methoxy-SH-purin-9-

ylethoxyymethy }(4-

?{\,(J\f'ﬁt\j\
a cyanobenzybjaminophosphoryi)-L-alaninate
e
. isobuty! {({{2-(2-ammmo-6-(cyclopropylamino)-9H-
2 o7 |
o - \) o purin-9-
1§ an)
., Nj: S D:Q . yiethoxyymethy(benzylaminojphosphoryl)-1-
o o e
It phenylalaninate
IZ\N\:J. o\i ethyl ({(benzyloxy}{{{1-(4-{cyclopropylamingc}-2-
2 e . g . -
61 /’jkuﬁ“ o:‘/“w oxopyrimidin-1{2H}-y1}-3-hydroxypropan-2-
o L QJP‘G_
H; \"\:\\ vhoxyymethyljphosphoryl}-L-alaninate
\
HaN ¢ ethyl (({(1-(4-amino-2-oxopyrimidin-1(2H}-y1}-3-
g | |
62 NS oo m hydroxypropan-2-vhoxy)methy1)(2,2,3,3,3-
° M\\_(G‘*/ P\O’YTVF ‘ .
3 P F pentafiuoropropoxy jphosphoryl}-L-alaninate
HO
\
—~o ¢ ethyl ({((1-hydroxy-3-{4-methoxy-2-oxopyrimidin-
2\ =0 N
63 ;‘\}\M‘}\ o:}:: _ 1(2H)-ylpropan-2-yljoxyymethyi}2,2,3,3,.3-
S ) ] )
~ ox?\:\; pentafiuoropropoxy iphosphoryl}-L-alaninate
HO
\ ethyl ({({{1-(4-(cyclopropylamino}-2-oxopyrimidin-
. 9
o :j/i\‘ .\\/\‘1‘0 12H}-y1)-3-hydroxypropan-2-
C b o me ‘
s L\,,,u\f\o/xjﬁ yhoxyymethyi}2,2,3,3,3-
) Fe F .
HO pentafiuoropropoxyphosphoryl)-L-alaninate
(} ethyl ({{2-{6-amino-9H-purin-9-
Nty 3
- A 0 . : T rEEY
65 'L/N\L:‘> o E yhethoxy)methv1}(2,2,3,3,3
Lo~ 0. “\:‘F pentafluoropropoxy phosphoryl)-L-alaninate
O)\ ethyl (({2-(2,6-diamino-SH-purin-9-
MHe
60 N’/"TN\> 0"‘*{?? viethoxymethyl}2,2,.3,3,3-
N S W NHE o
RN N\\,@\/P‘o {\lp pentafiuoropropoxy iphosphoryl}-L-alaninate
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N
A\NH (\,/J 0\) wsobutyl ({({2-(2-amino-6-(cyclopropylaminoe)-9H-
. //1\ - b D A . . N
67 . «l j;:» o N purin-9-yethoxy ymethy }{{(2,6-dimethylheptan-4-
o N . 0 ~ D\ —N . . N N .
~ ?TI ) vhdenejanunojoxyjphosphoryl)-L-phenylalaninate
o ..,;i ethyl {{{2-(2-amino-6-methoxy-9H-purin-9-
P =0 . : L
68 IS o tw yhethoxyymethyl¥pyridin-2-
HNT N N\\/Q_ “/P\O/\r— ‘
N’\/,\, vimethoxy )phosphoryl}-L-alaninate
)
o q ethyl ({((2-(2-ammno-6-methoxy-SH-purin-9-
PN © -
69 .\ N/?LN, L:‘} L yljethoxyymethylj(pyridin-3-
! v .‘\_ [ ST - .
~ e (\ yimethoxyJphosphoryi)-L-alaninate
N
v
5 o ethyl ({((2-(2-amino-6-methoxy-9H-purin-9-
A =0 .
70 1 j[:» o, A yhethoxyymethyl}(pyridin-4-
HANTTNTTN R
I [ ™ yimethoxy }phosphoryl}-L-alaninate
=
\{ isobutyl (((2-(2-amino-6-methoxy-9H-purin-9-
e Q "
7 . j\r’“ ~o yiethoxy)methyl)(2,2,3.3,3-
g ; . .
HzN‘J\N"Lf\{\XOi \;i: \ch pentafiuoropropoxy)phosphoryl)-L-alaninate
~ q,-\/‘ - butyl {({{2-(Z-amino-6-methoxy-9H-purin-2-
72 N@,N) O\{‘f yethoxy)methyl)(2.2,3.3,3-
P NP N NHE £
Rl hfwovp‘o\)(cm pentafiuoropropoxy)phosphoryl)-L-alaninate
; \‘;:/( 1sobuty] {{{(2-(2-amino-6-methoxy-9H-purin-9-
\~0 P4 )
73 NENgEY =0 yhethoxymethyl}(2,2.3,3,3-

pentafluoropropoxy)phosphoryii-L-phenylalanmate

In one embodiment, the present invention provides a pharmaceutical composition comprising a

compound of formula (1), (I-1), (1-2), (-3}, (-4), (1), ({11} or (1Y), the sterecisomer or a

pharmaceutically acceptable salt, prodrug, or solvate salt thereof and one or more

pharmaceutically acceptable carriers or excipients.
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In one embodiment, the compounds of formula (I}, (I-1}, 1-2), (I-3), (I-4), (ID), (1) or IV), the
sterepisomer or a pharmaceutically acceptable salt, prodrug, or solvate salt thereof described
herein may be used in prophylaxis or treatment of diseases caused by viral infection, preferably

as an antiviral agent against human papillomavirus (HPV).

In one embodiment, the compounds of formula (1), (I-1), (I-2), (I-3), (I-4), (II), (HI) or (IV), the
sterepisomer or a pharmaceutically acceptable salt, prodrug, or solvate salt thereof described
herem for the preparation of a medicament for the prophylaxis or treatment of the diseases or
conditions caused by viral infection, preferably as an antiviral agent against human

paptilomavirus (HPV).

In some embodiments, the human papillomavirus can be a high-risk human papillomavirus, such
as those described herein. For example, the high-risk human papillomavirus can be selected from
HPV-16, HPV-18, HPV-31, HPV-33, HPV-35, HPV-39, HPV-45 HPV-51, HPV- 52, HPV-56,
HPV-538, HPV-5%, HPV-68, HPV-73 and HPV-82. In one embodiment, the human
papillomavirus can be HPV-16. In embodiments, the human papillomavirus can be HPV-18. In
one embodiment, the human papillomavirus can be one or more of the following high-risk types:
HPV-31, HPV-33, HPV-35, HPV-39, HPV-45, HPV-51, HPV-532, HPV-56, HPV-58, HPV-59,
HPV-68, HPV-73 and HPV-82.

In some embodiments, the human papillomavirus can be a low-risk human papillomavirus,
mcluding those described herein. In one embodiment, the human papillomavirus can be HPV-6.

In embodiments, the human papillomavirus can be HPV- 11

In some embodiments, the diseases or conditions caused by HPVY infection can be the result of
clinical or sub-clinical papillomavirus infections. Such diseases or conditions, herein sometimes
called "HPV associated disorders” or "pathological processes mediated by HPV mfection”,
mclude, e.g., epithelial mahgnancies, skin cancer (non-melanoma or melanoma), anogenital
malignancies such as cervical cancer, HPV associated precancerous lesions (including LSIL or
HSIL cervical tissue), anal carcinoma, malignant lesions, benign lesions, papillomacarcinomas,
papilloadenocystomas, papilloma neuropathicum, papillomatosis, cutaneous and mucosal
papillomas, condylomas, fibroblastic tumors, and other pathological conditions associated with

papillomavirus.
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In some embodiments, the diseases or conditions caused by HPV infection can be benign skin
warts or common warts. Such warts include, e.g., common warts (verruca vulgaris), for example,
palmar, plantar, and pertungual warts; flat and filiform warts; anal, oral, pharyngeal, laryngeal,
and tongue papillomas; and venereal warts {condvloma accuminata), also known as genital warts
{for example, penile, vulvar, vaginal and cervical warts}, which are one of the most serious

manifestations of HPV infection.

In one embodiment, a compound of formula (1), (1-1}, (-2}, {I-3), (1-4), (11}, (1) or (1V), the
stereoisomer or a pharmaceutically acceptable salt, prodrug, or solvate may be used in
combination with one or more additional therapeutic agents in the prophylaxis or treatment of

viral infection.

in one embodiment, methods of the prophylaxis or treatment of a viral infection, especially HPV
infection, comprise administering to a subject in need thereof a compound of formula(l), (1-1),
{1-2), (-3}, (I-4), (11), {111y or (IV), the sterecisomer or a pharmaceutically acceptable salt, solvate

or prodrug thereof, or a pharmaceutical formulation thereof are provided.
DETAILED DESCRIPTION OF THE INVENTION

The present imvention may be understood more readily by reference to the following detailed
description of the preferred embodiments of the invention and the Examples included herein. It is
to be understood that the terminology used herein is for the purpose of describing specific

embodiments only and s not intended to be limiting.

Further, one or more hydrogen atoms, carbon atoms or other atoms of the compound of formula
(O, (-1, (1-2), (1-3), (1-4), (10, (1) or (1V), the sterenisomer or a pharmaceutically acceptable
salt, prodrug, or solvate salt thereof can be substituted by an 1sotope of a hydrogen atom, a
carbor atom or other atoms, respectively. In addition, the compound of formula (1), (I-1), (I-2),
(I-3), (1-4y, {11), (111} or (V), the stereoisomer or a pharmaceutically acceptable salt, prodrug, or
solvate salt thereof includes all radioactive labeled bodies thereof. Such the "radioactive
iabeling" and "radioactive labeled form" of the compound of formula (1), (I-1), (I-2), (I-3}, I-4),
(1), (1) or (1V), the sterecisomer or a pharmaceutically acceptable salt, prodrug, or solvate salt
thereof are included in the present invention, respectively, and are useful as a study and/or
diagnostic tool 1n metabolized drug dynamic state study and binding assay. Examples of an
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isotope which can be incorporated into the compound of the compound of formula (1), (I-13, (-
2), (1-3}, (1-4), (ID), (1) or (1V), the stereoisomer or a pharmaceutically acceptable salt, prodrug,
or solvate salt thereof of the present invention include a hydrogen atom, a carbon atom, a
nitrogen atom, an oxygen atom, a phosphorus atom, a sulfur atom, a fluorine atom and a chlorine
atom, such as H, *H, BC, ¥, PN, 80, V0, 1P, 32p, %8, ¥F and *°CL A particularly preferable
example of an isotope which can be incorporated into the compound of formula (1), (1-1), (1-2},
(1-3}, (I-4}, (L), (I11) or (1Y), the stereoisomer or a pharmaceutically acceptable salt, prodrug, or
solvate salt thereof of the present invention is “H (i.e., heavy hydrogen atom), and can be
prepared by the method shown in Reference examples of the present description, or the method
well-known in the art. In addition, a heavy hydrogen atom is expressed as "D" in Reference
examples of the present description. The compound of (I), (-1}, (1-2), (1-3), (1-4), (ID), (if}) or
{1V}, the stereoisomer or a pharmaceutically acceptable salt, prodrug, or solvate salt thereof of
the present invention in which a hydrogen atom has been converted into a heavy hydrogen atom
are excellent in respect of bioavailability, metabolism safety, drug efficacy, and toxicity as

compared with unconverted forms, in some cases, and can be useful as medicaments.

As used herein, the term "n-membered"” where n is an integer typically describes the number of
ring-forming atoms m a moiety where the number of ring-forming atoms is n. For exaruple,
pyridine is an example of a 6-membered heteroaryl ring and thiophene is an example of'a 5-

membered heteroaryl ring.

The term “alkyl” refers to a saturated aliphatic hvdrocarbon group, which is a straight or
branched chain group comprising 1 to 20 carbon atoms, preferably an atkyl having 1 to § carbon
atoms, more preferably an alkyl baving 1 to 6 carbon atoms (C1-Cealkyl), and most preferably an
alkyl having 1 to 3 carbon atoms. Non-limiting examples mclude methyl, ethyl, n-propyl,
isopropyl, n-butyl, 1scbutyl, teri-butyl, sec-butyl, n-pentyl, 1,1-dimethylpropyl, 1,2-
dimethylpropyl, 2,2-dimethyipropyl, 1-ethylpropyl, 2-methylbutyl, 3-methylbutyln-hexyl, 1-
ethyl-2-methylpropyl, 1,1,2Z-ttimethylpropyl, 1,1-dimethyibutyl, 1,2-dimethyibutyl, 2,2-
dimethylbutyl, 1,3-dimethyibutyl, 2-ethyibutyl, 2-methylpentvl, 3-methvipentyl, 4-methylpentyl,
2,3-dimethyibutyl, n-heptyl, Z-methythexyl, 3-methylhexyl, 4-methylhexyl, S-methylhexyl, 2,3-
dimethylpentyl, 2,4-dimethyipentyl, 2,2-dimethylpentyl, 3,3-dimethylpentyl, 2-ethyipentyl, 3-
ethylpentyl, n-octyl, 2,3-dimethylhexyl, 2 4-dimethythexyl, 2,5-dimethylhexyl, 2,2~
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dimethythexyl, 3,3-dimethylhexyl, 4, 4-dimethythexyl, 2-ethyihexyl, 3-ethylhexvi, 4-ethylhexyl,
2-methyl-2-ethylpentyl, 2-methyl-3-ethylpenty], n-nonyl, 2-methyl-2-ethylhexyl, 2-methyl-3-
ethylhexyl, 2,2-diethyipentyl, n-decyl, 3,3-diethythexyl, 2,2-diethythexy!, and various branched
isomers thereof. For example, the term "Ciaalkyl" means an alkyl group having 1 to 4 carbon
atoms. Specifically, Ci.4 alkyl is intended to include Cy alkyl {methyl), Co alkyl {ethyl), Cs alkyl
{n-propyl, 1sopropyl}, Cs alkyl (1.e, n-butyl, t-butyl, isobutyl, sec-butyl). The alkyl group can be
substituted or unsubstituted. When substituted, the substituent group(s) can be substituted at any
available connection point. The substituent group(s) is preferably one or more groups
independently selected from the group consisting of alkyl, alkenyl, alkynyl, alkoxy, alkylthio,
alkyviamino, halogen, thiol, hydroxy, nitro, cvano, cycloatkyl, heterocyclyl, aryl, heteroaryl,
cycloalkoxy, heterocyclyloxy, cycloalkylthio, heterocyclylthio, oxo, carboxy and carboxylate
aroup, and preferably methyl, ethyl, isopropyl, tert-butyl, haloalkyl, deuterated alkyl, alkoxy-

substituted altkyl and hydroxy-substituted atkyl

The term “alkeny!” as used herein refers to an unsaturated linear {1.e., unbranched} or branched
univalent hydrocarbon chain or combination thereof, having at least one site of olefinic
unsaturation (1.e., having at least one motety of the formula a C=C) and having the number of
carbon atoms designated. The atkeny! group may be in "cis" or "trans” configurations, or
altematively in "E" or "Z" configurations. The alkenyl s preferably an alkeny! having 2 to 8
carbon atoms, more preferably an alkenyl having 2 to 6 carbon atoms (C2-Cs alkenyl), and most
preferably an alkeny} having 2 to 3 carbon atoms. The alkenyl can be further substituted by other
related group, for example alkyl, alkenyl, alkynyl, alkoxy, alkylthio, alkyvlaming, halogen, thiol,
hydroxy, nitro, cyano, cycloalkyl, heterocyclyl, aryi, hetercaryl, cycloalkoxy, heterocyclyloxy,

cycloalkylthio, heterocyclylthio, carboxy or carboxylate sroup.

The term "alkynyl" as used herein refers to an unsaturated linear {(1.e.. unbranched) or branched
univalent hydrocarbon chain or combination thereof, having at least one site of acetylenic
unsaturation {1.e., having at least one moiety of the formula C=C) having the number of carbon
atoms designated. The alkynyl is preferably an alkynyl having 2 to 8 carbon atoms, more
preferably an alkynyl having 2 to € carben atoms (C:-Ce alkenyl), and most preferably an
alkvnyl having 2 to 3 carbon atoms. The alkynyl can be further substituted by other related
group, for example alkyl, alkenyl, alkynyl, alkoxy, alkvlthio, alkylamino, halogen, thiol,
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hydroxy, nitro, cvano, cycloalkyl, heterocyclyl, aryi, heteroaryl, cycloalkoxy, heterocyclyloxy,

cycloalkylthio, heterocyclylthio, carboxy or carboxylate group.

The term “cycloalky?” refers to a saturated or partially unsaturated monoeyclic or polycyclic
hydrocarbon substituent group having 3 to 20 carbon ators, preferably 3 to 8 carbon atoms (i.e,,
{Csz cycloatkyl means a cycloalkyl with three to eight carbon atoms), and more preferably 3 to 6
carbon atoms. Non-limiting examples of monocyclic cycloalkyl include cyclopropyl, cyclobutyl,
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyi, cycichexadienyl, cycloheptyl,
cycloheptatrienyl, cyclooctyl and the like. Polycyelic cycloalkyl mcludes a cycloalkyl having a
spiro ring, fused ring or bridged ring. The cycloalkyl is preferably cyclopropyl, cyclobutyl,
cyclohexyil, cyclopentyl and cycloheptyl. The cycloalkyl can be further substituted by other
related group, for example alkyl, alkenyl, alkynyl, alkoxy, atkylthio, alkyvlaming, halogen, thiol,
hydroxy, nitro, cyano, cycloalkyl, heterocyclyl, arvl, heteroaryl, cycloalkoxy, heterocyclyloxy,

cyecloalkylthio, heterocyelylthio, carboxy or carboxylate group.

The term "aryl" as used herein refers to an unsaturated aromatic carbocyclic group having a
single ring (e.g., phenvl} or multiple condensed rings (e.g., naphthy! or anthry!) which condensed
rings may or may not be aromatic. Particular Ce.10 aryl groups are those having from 6 to 10
annular {i.e., ring) carbon atoms (for example, phenyl and naphthyl). An aryl group having more
than one ring where at least one ring is non-aromatic may be connected to the parent structure at
either an aromatic ring position or at a non-aromatic ring posiiton. In one variation, an aryl group
having more than one ring where at least one ring is non-aromatic 1s connected to the parent

structure at an aromatic ring position. Non-limiting examples thereof include:

Ol 3
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The aryl group can be substituted or unsubstituted. When substituted, the substituent group{s} is
preferably one or more groups independently selected from the group consisting of alkyl,

alkenyl, alkynyl, alkoxy, alkylthio, alkylamino, halogen, thiol, hydroxy, nitro, cyano, cycloalkyl,
28
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heterocyclyl, aryl, heteroaryl, cycloalkoxy, heterocyclyloxy, cycloalkylthio, heterocyelylthio,

carboxy and carboxylate group.

The term " carbocycle " as used herein refers to a non-aromatic carbon only contaming ring
system which can be saturated or contains one or more units of unsaturation, having three to
fourteen ring carbon atoms. In some embodiments, the number of carbon atoms is 3 to 8 (C5-Cs
carbocyele). Examples of Cs-Cg carbocycle inchude, but are not limited to, cycloalkyl and

cycloalkenyl groups. Non-limiting examples thereof include:

e

\—e \
2 >

The term "hetercaryl” as used herein refers to an unsaturated aromatic cyclic group having
annular {i.e., ring) carbon atoms and at least one annular heteroatom, including but not himited to
heteroatoms such as nitrogen, phosphorus, oxygen and sulfur. A heteroaryi group may have a
single ring {(e.g., pyridyl, furyl) or multiple condensed rings {(e.g, indohizinyl, benzothienyl)
which condensed rings may or may not be aromatic. In some embodiments, the heteroatoms
disclosed herein are selected from O, 8 and N. And the term "a 5- to 10-membered hetercaryl" is
specifically intended to include any 5-, 6-, 7-, 8-, 9-, or 10-membered heteroaryl group. The
heteroarvl is more preferably S or 6 membered heteroaryl, for example, imidazolyl, thienyl,
thiazolyl, pyrazolyl, oxazolyl, pyrrolyl, triazolyl, tetrazolyl, pyridinyl, pyrimidinyl, thiadiazolvl,
pyrazinyl and the like, preferably trazolyl, thienyl, mmidazolyl, pyrazolyl or pyrimdinyl,
thiazelyl; and more preferably triazolyl, pyrrolyl, thienyl, thiazely! and pyrimidinyl. Non-

limiting examples thereof mclude:
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The heteroaryl group can be optionally substituted or unsubstituted. When substituted, the
substituent group(s) is preferably one or more groups independently selected from the group
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consisting of alkyl, alkenyl, alkynyl, alkoxy, alkylthio, alkylamino, halogen, thiol, hydroxy,
nitro, cyano, cycloalkyl heterocyclyl, aryl, heteroaryl, cycloalkoxy, heterocyelyloxy,

cycloalkylthio, heterocyelylthio, carboxy and carboxylate group.

The term “heterocyclyl” refers to a 3 to 20 membered saturated or partially unsaturated
monecyclic or polycyclic hydrocarbon substituent group, wherein one or more ring atoms are
heteroatoms selected from the group consisting of N, C and 8{O)m (wherein m is an integer of O

to 2}, but excluding —O—0—, —O—8— or —8—8-— in the ring

r=2d

with the remaining ring
atoms being carbon atoms. Preferably, the heterocyclyl has 3 to 12 ring atoms wherein 1 to 4
atoms are hetercatoms; more preferably, the heterocycely! has 4 to 10 ring atoms; and most
preferably 4 to 7 ring atoms. For example, the term “4- to 10-membered heterocyclyl”means the
heterocyclyl having 4 to 10 ring atoms. Non-himiting examples of monocyclic heterocyclyl
mchude pyrrolidinyl, imidazolidiny], tetrahydrofuranyl, tetrahydrothienyl, dihydroimidazolyl,
dihydrofuryl, dihydropyrazolyl, dihydropyrrolyl, pipenidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, homopiperazinyl, pyranyl and the like, and preferably tetrahydrofuranyl, and
tetrahydropyranyl, pyrazolyl, morpholinyl, piperazinyl and pyranyl Polycyclic heterocyclyl
mcludes a heterocyclyl having a spiro ring, fused ring or bridged ring. The heterocyclyl having a
spiro ring, fused ring or bridged ring s optionally bonded to another group via a single bond, or
further bonded to other cycloalkyl, heterocyclyl, aryl and heteroaryl via any two or more atoms
on the ring. The heterocycelyl group can be optionally substituted or unsubstituted. When
substituted, the substituent group(s) is preferably one or more groups independently selected
from the group consisting of alkyl, alkenvl, alkynyl, alkoxy, alkylthio, alkylamino, halogen,
thiol, hydroxy, nitro, cyano, cycloalkyl, heterocyclyl, aryl, heteroaryl, cycloalkoxy,

heterocyclyloxy, cycloalkylthio, heterocyclylthio, oxo, carboxy and carboxylate group.
The term “hale” or “halogen”™ refers to fluorine, chlorine, bromine or 1odine,

The term “haloalkyl” refers to an alkyl group substituted with one or more halogen that may be
the same of different, wherein the alkyl 1s as defined above. For example, "Ci.s haloalkyl" as
used herein, refers to a Ci.s alkyl group wherein the alkyl group is substituted with one or more
halogen atoms. Examples of Cy¢ haloalkyl include, but are not limited to, chioromethyl,
dichioromethyl, trichloromethyl, dichloroethyl, dichloropropyl, fluocromethyl, difluoromethyl,
trifluoromethyl, 1,1-difluoroethyl, 1,1, 2-trifluorcethyl, 2,2, 2-trifluorocethyi, 1,1,2,2-
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tetrafluoroethyl, pentafluorcethyl, diftuoropropyl, 1,1,2,2-tetraflucropropyl, heptaffuoropropyl,

1,1, 1-triftuoro-2-methy lpropan-2-yl, difluorochloromethyl and dichloroflucromethyl.

The term “alkoxy” refers to an —O-{alkyl) or an —O- (unsubstituted cycloalkyl) group, wherein
the alkyl is as defined above. The alkoxy 13 preferably an alkoxy having 1 to 8 carbon atoms,
more preferably an alkoxy having 1 to 6 carbon atoms {C1-Cs alkoxry), and most preferably an
alkoxy having 1 to 3 carbon atoms. Non-limiting examples of alkoxy include methoxy, ethoxy,
propoxy, butoxy, cyclopropyloxy, cyclobuiyloxy, cyclopentyloxy, cyclohexyloxy. The alkoxy
group can be optionally substituted or unsubstituted. When substituted, the substituent group(s}
is preferably one or more groups independently selected from the group consisting of alkyl
alkenyl, alkynyl alkoxy, alkylthio, alkylamino, halogen, thiol, hydroxy, nitre, cyano, cycloalkyl,
heterocyclyl, arvl, hetercaryl, cycloalkoxy, heterocyclyloxy, cyeloalkylthio, heterocyclylthio,

carboxy and carboxylate group.

The term “haloalkoxy” refers to an alkoxy group substituted by one or more halogens, wherein

the alkoxy s as defined above.

The term “deuterium’” refers to an 1sotope of hydrogen that has one proton and one neuvtron in its

nucleus and that has twice the mass of ordinary hydrogen, the symbol of deuterium s “D”.

The term “deuterated alkyl” refers to an alkoxy group substituted by one or more deuterium,

wherein the alkyl is as defined above.

The term “hydroxyalkyl” refers to an alkoxy group substituted by one or more hydroxy, wherein

the alkyl is as defined above.

133 al
-

The term “ester group” refers to an (GO ~"group connected with an alkyl, wherein the

alkyl is as defined above, such as “-C(0)0-C-Cs alky!”.
The term “amino” refers to a —NH; group.

The term“nitro” refers to a —NO; group.

The term™hydroxy” refers to an —OH group.

The term“cyano” refers to a —CN group.



WO 2025/162234 PCT/CN2025/074583

The term "optionally substituted"”, as used herein, means that substitution is optional and
therefore includes both unsubstituted and substituted atoms and moieties. A "substituted” atom
or motety indicates that any hydrogen on the designated atom or moiety can be replaced witha
selection from the indicated substituent group (up to and ncluding that every hydrogen atom on
the designated atom or moiety is replaced with a selection from the indicated substituent group),
provided that the normal valency of the designated atom or motety is not exceeded, and that the
substitution results in a stable compound. For example, if a methyl group (ie., -CHs} 18
optionally substituted, then up to 3 hydrogen atoms on the carbon atom can be replaced with

substituent groups.

A salt or "a pharmaceutically acceptable salt” means a salt prepared by conventional means, and
are well known by those skilled in the art. The “pharmacologically acceptable salts” include

basic salts of inorganic and organic acids (Berge et al | J. Pharm. Sci. 1977, 66:1).

A "solvate" is formed by treating a compound in a solvent. Solvates of salis of the compounds

are also provided. In the case of treating compounds with water, the solvate is hydrates.

A "prodrug” includes any compound that converts into a compound of the present invention,

when administered to a subject, e.g., upon metabolic processing of the prodrug.

The term “stereoisomer” refers to compounds which have identical chemical constitution, but

differ with regard to the arrangement of the atoms or groups in space.

As used herein, "treat" or “{reating” in reference to a disorder means to ameliorate or prevent the
disorder or one or more of the biological manifestations of the disorder, to interfere with one or
more points in the biological cascade that leads to or is responsible for the disorder, to alleviate
one or more of the symptoms or effects associated with the disorder. As indicated above,
"treatment” of a disorder includes prevention of the disorder, and "prevention” is understood to
refer to the prophylactic administration of a drug to substantially diminish the likelihood or
severity of a disorder or biological manifestation thereof, or to delay the onset of such disorder or

biological manifestation thereof.

The term “subject” refers to a human {(including adults and children} or other animals. In one

embodiment, "patient” refers o a human.

[}
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As used herem, "safe and effective dose" in reference to a compound of formulas, ora
pharmaceutically acceptable salt, prodrug, or solvate thereof an amount sufficient to treat the
patient's condition but low enough to avoid serious side effecis. A safe and effective dose of a
compound will vary with the particular compound chosen (e.g. consider the potency, efficacy,
and haif-life of the compound); the route of administration chosen; the disorder being treated; the
severity of the disorder being treated; the age, size, weight, and physical condition of the patient
being treated; the medical history of the patient to be treated; the duration of the treatment; the

nature of concurrent therapy; the desired therapeutic effect; and like factors.

The potencies of compounds as inhibitors of an enzyme activity (or other biological activity) can
be established by determining the concentrations at which each compound inhibits the activity to
a predefined extent and then comparing the resulis. “ICsg” or “ICo” of an inhibitor can be
determined by the concentration that inhibits 50% or 90% of the activity in a biochemical assay,
which can be accomplished using conventional technigues known in the art, including the

techniques describes in the examples below.

PREFERRED EMBODIMENTS

The present mvention is further described in combination with the following examples, which
are not intended to limit the scope of the present invention.

EXAMPLES

The compounds of the present invention may be prepared using the methods disclosed herein and
routine modifications thereof, which will be apparent given the disclosure herein and methods
are well known in the art. Conventional and well-known synthetic methods may be used in
addition to the teachings herein. The synthesis of representative compounds described herein
may be accomplished as described in the following examples. If available, reagents may be

purchased commercially, e.g., from Sigma Aldrich or other chemical suppliers.

The starting materials used in the examples of the present invention are known and commercially

available, or can be synthesized by adopting or according to known methods in the art.
General

The structures of the compounds of the present invention were identified by nuclear magnetic
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resonance {NMR) and/or liqud chromatography-mass spectrometry {(LC-MS}. 1H-NMR spectra
are recorded on a Bruker 400 MHZ NMR spectrometer. Significant peaks are tabulated in the order:
multiplicity (s, singlet; d, doublet; ¢, triplet; q, quartet; m, multiplet; br s, broad singlet), coupling
constant{s} in Hertz (Hz) and number of protons. Mass spectrometry results are reported as the
ratio of mass over charge, followed by the relative abundance of each ion (in parentheses
Electrospray ionization (ESI} mass spectrometry analysis is conducted on a Shimadzu LC/MSD

electrospray mass spectrometer.

The terms “solvent”, “inert organic solvent”, or “inert solvent” refer to a solvent inert under the
conditions of the reaction being described in conjunction therewith (including, for example,
toluene{“Tol™}, acetonitrile, tetrahydrofuran (“THF”), dimethylformamide ("DMF”), ethyl acetate
{EA or EtOAc), dichloromethane (DCM), methanol, pyridine and the like. Unless specified to the
contrary, the solvents used in the reactions of the present invention are inert organic solvents, and
the reactions are carried out under an inert gas, preferably nitrogen and argon.
“SFC” refers to Supercritical Fluid Chromatography, the stereoisomers of example compounds
can be prepared with chiral SFC (column: DAICEL CHIRALCEL GD (250mm™30mm, 1 Gum).
“DIEA” or “DIPEA” refers to N, N-Disopropylethylamine.
“TMSBt” refers to Trimethylbromostlane.
“EDCI” refers to 1-Ethyl-3-(3-dimethylammopropyl) carbodiimide.
“PYBOP” refers to Benzotniazol-1-yl-oxviripyrrolidinophosphonium hexafluorophosphate.
“DMAP” refers to 4-Dimethylaminopyridive.
Exampie 1
Ethyl ((2-(2-amino-6-methoxy-9H-purin-9-yljethoxy)methyi}(2,2.3,3,3-

pentafluoropropoxy)phosphoryl}-L-alaninate

)
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Step 1.

To a solution of G-methoxy-9H-purin-2-amine (3.00 g 182 mmol, 1 eq) and 2-[2-

chloroethoxymethyl{isopropoxy jphosphoryloxypropane (5.17 g, 20.0 mmel, 1.1 eq) in DMF (80
b} was added Cs2C05 (2.96 g, 9.08 mmol, 0.5 eq). The nuxture was stirred at 120 °C for 12 hr.
The reaction mixture was concentrated under vacuum to give the crude product. The residue was
purified by flash silica gel chromatography (ISCO®; 80 g SepaFlash® Silica Flash Column, Eluent
of 0~10% Methanol/Dichloromethane gradient @ 60 mb/mn).  Compound 9-[2-
{ditsopropoxyphos phorylmethoxy)ethyl]-6-methoxy-purin-Z-amine (1.20 g, 3.30 mmol, 12%
vield, 75% purity) was obtained as a yellow oil.

MS m/z (EST):.360 [M+H] ™

Step 2.

To a solution of 9-[2-{diisopropoxyphosphorylmethoxy jethyl]-6-methoxy-purin-2-amine {1.20 g,
3.30 mmoi, 1 eq) in DCM (6 mL) was added TMSBr (4.74 g, 31 0 mmol, 4.01 mL, 10 eq) and 2,6-
dimethylpyridine {5.64 g, 52.7 mmol, 6.13 mL, 17 eq) at ¢ °C. The mixture was stirred at 25 °C
for 6hr. The mixture was quenched by MeOH (10 mL} at ¢ °C, and stirred for 1 hour at 25 °C. The
mixture was purified by prep-HPLC {column: Welch Xtimate C18 250 * 50mm * 10um; mobile
phase: [water{ NH{HCO:}-ACN]; gradient: 09%-20% B over 20 min). Compound 2-(2-amino-6-
methoxy-purin-9-yljethoxymethylphos phonic acid (500 mg, 1.65 mmol, 53% yield) was obtained
as a white solid.

MS m/z (BS1):304 [M+H] ™

Step 3.
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To a solution of 2-(Z-amno-6-methoxy-purin-9-yljethoxymethylphosphonic acid (100 mg, 330
pmol, 1 eq} and ethy! (28)-2Z-aminopropancate (253 mg, 1.65 mmol, 5 eq, HC1 salt) in H0 (3 mL)
was added DIEA (213 mg, 1.65 mmol, 287 yL, 5 eq) and EDCI (316 mg, 1.65 mmol, 5 eq). The
mixture was stirred at 40 °C for 12hr. The reaction mixture was filtered to give the filirate. The
residue was purified by prep-HPLC {column: Welch Xtimate C18 40%200 mm 7 um;, mobile phase:
[water(NH4HCG33-ACN]; gradient:0%-30% B over 25 min). Compound 2-(2-amino-6-methoxy-
purin-9-vi} ethoxymethyl-N-[{15}-2-ethoxy-1-methyi-2-oxo-ethyljphosphonamidic acid {35 mg,
111.85 umol, 33% yield) was obtained as a white solid.

MS m/z (BS1): 403[{M+H] ™

Step 4.

A muxture of 2-(2-amino-6-methoxy-purin-9-yhethoxymethyl-N-[rac-(1 S)-2-ethoxy-1-methyl-2-
oxo-ethylphosphonamidic acid (80.0 mg, 199 wmol, 1 eg), 2,2,3,3,3-pentafluoropropan-1-0 {89.0
mg, 597 umol, 59.1 ul, 3 eq), DIEA (102 mg, 795 wmol, 138 pL, 4 eq) and PYBOP (206 mg, 398
umol, 2 eq) in DMF was degassed and purged with N for 3 times, and then the mixture was stirred
at 25 °C for 16 hr under N, atmosphere. The reaction mixture was filtered to remove the insoluble
to give the crude product. The residue was purified by flash silica gel chromatography (column:
Welch Xtimate C18 40*200num 7um; mobile phase: [water (NHiHCO2)-ACNY, gradient: 12%-
52% B over 25 nun). Compound ethyi (28)-2-{[2-(2-amino-6-methoxy-purin-9-v1) ethoxymethyl-
(2,2, 3,3, 3 pentafluoropropoxy} phosphoryl] amino] propancate (9.5 mg, 17.07 umol, 11% yield,
96% purity } was obtained as a white solid.

'H NMR (400 MHz, METHANOL-dy) 4 ppm 7.86 (d, T = 5.38 Hz, 1 H) 437 - 4.61 (m, 2 H) 4.26
-434(m, 2H}409-419(m, ZH}405(, 3 H)3.95(brs, SH 1.32(dd, J=11.26, 713 Hz, 3
HY1.21-1.28 (m, 3 Hy.

MS m/z (EST):535 [M+H]

The serial nombers of the exemplary compounds of the present invention are consistent with the
serial numbers of the representative compounds in the Table 1. Those skifled in the art can use
intermediates similar to Example 1 to synthesize other exemplary compounds Example 2,1 8-
43,50-60,65-66 are prepared in accordance with the method of Example 1.

Example 22

Isopropyl (25)-2-{[2-(2-amino-6-methoxy-purin-9-yl) ethoxymethyl-(2, 2, 3, 3, 3-pentafiue
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ropropoxy ) phosphoryl] amino] propancate

"H NMR (400 MHz, METHANOL-dg) S ppm 7.85(d, J =4.25Hz, 1 H)4.92-5.02(m, 1 H) 439
457 (m, 2H)431(4d, J=500,275Hz, 2H)}405(,3H)384-397{m, SHY131(dd, J=
10.57,7.39 Hz, 3H) 1.21 - 1.26 (m, 6 H)

MS m/z (EST): 548 [M+H] ™

Example 24

'H NMR (400 MHz, METHANOL-d,) 8§ =781 (d, J=12.1 Hz, 1H), 7.32 - 7.15 (m, 5H), 468 -
4.54 {m, 2H), 431 - 4.06 (m, 4H), 4.04 (5, 3H), 3.94 - 3.67 (m, 6H), 2.86 - 2.66 {m, 1H), 1.97 -
1.82 {m, 1H), 0.95 - 0.88 {m, 6H)

MS m/z (BESD:61HMHH] T

Example 25

Isobutyl (28)-2-[[2-[2-amino-6-(cyclopropylamine} purin-9-ylj ethoxymethyl-(2, 2, 3, 3, 3-
pentafluoropropoxy) phosphoryl] amine}-3-phenyl-propanoate

'H NMR (400 MHz, METHANOL-d4) 8 ppm 7.71 (s, 1 H) 7.17 - 7.33 (m, 5 H) 4.14 - 426 (m, 3
Hy377-394(m, SHY3.65-377(m, 3H)3.18-325{(m, L H) 287 -2.96(m, 1 H) 278 (dd, J
=13.57, 1044 Hz 1 H) 1.89(dt, I=13.38,669Hz 1 H) 091 (dd, I =6.6% 1 94 Hz, 6 H) 0.80 -
0.86(m, 2H)0.54-063(m, 2H)

MS nv/z (EST)663[M+H] ™

Example 26

ethyl ({(2-(Z-amino-6-methoxy-SH-purin-9-yhethoxyjmethyl}(2.2,2-
trifluorocethoxy)phosphoryl}-L-alaninate

"H NMR (400 MHz, DMSOL-de) § ppm 7.78 - 7.95 (m, 1 H) 6.40 (s, 2 H) 5.59 (dd, J = 12.63,
1001 Hz, 1 H)433-448(m, 2H)4.01 -421 (m, 4H)3.96(s,3H}3.73-390{(m, SH) L.15 -
1.26 (m, 6 H)

MS m/z (EST)485 [M+H]

Example 27
ethyl ({(Z-(2-amino-&-methoxy-9H-purin-9-ylethoxymethyl ¥ 3,3,3-
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trifluoropropoxy)phosphoryl)-L-alaninate

"H NMR (400 Mz, METHANOL-ds) 8 ppm 7.86(d, J = 6.00 Hz, 1 H) 4.28 - 432 (m, 2 H) 4.10
-424(m, 4 H)4.05(,3H}3.86-394(m,3H)3.84(dd, J=819,519Hz 1 H}3.79(d, /=8.50
Hz, 1H)243-259(m, 2H) 1.22- 134 (m, 6 H)

MS m/z (ESL499[M+H] ™

Example 38

ethyl ({(2-(2-amino-6-methexy-9H-purin-9-yljethoxy jmethyl)2,2,3,3-
tetrafiuoropropoxy)phospheryl)-L-alaninate

"H NMR (400 MHz, Methanol-ds} 6 = 7.86 (d, / = 5.6 Hz, 1H), 6.33 - 6.00 (m, 1H), 4.43 - 426
{m, 4H), 4.20 - 4.09 {(m, 2H), 4.05 (s, 3H), 3.97 - 3.84 (m, SH), 1.34 - 1.22 {m, 6H)

MS m/z (EST):517[M+H] ~

Example 39

ethyl (((Z-(Z-amino-6-methoxy-SH-purin-9-yliethoxy)methyl)(3,3,3-trifluoro-2,2-
dirnethyipropoxyphosphoryl)-L-alaninate

"H NMR (400 MHz, METHANOL-d3) Sppm 7.75(d, J=4.75Hz, 1 H) 420 (brd, 1 =488 Hz, 2
H}4.01 -409(m, 2H)3.95(s, 3H) 3.81 (dt, 1 =9.60,461Hz SH)3.67-3.76(m, 2H) 1.20 -
124, 3H) 1.15(br d, J=4.50Hz, 3H)0.99(d,I=3.13Hz, 6 H)

MS nv/z (EST)S27[M+HT ™

Example 41

ethyl ({(2-(Z-amino-6-methoxy-SH-purin-9-yhethoxy)methyl}(2,2-
difluoroethoxy)phosphoryl)-L-alaninate

"H NMR (400 MHz, METHANOL-d) 6 ppm 7.89(d, J =638 Hz, 1 H) 5.82-6.18(m, 1 H)4.30
~435(m, 2Hy410-424(m 4 H}407(G,3H)384-396{m, 5H}131-136{(m 3 H)1.24-
1.30 (m, 3 H)

MS m/z (ESTy467[M+H] ™

Example 42
ethyl ({(Z2-(2-amino-&-methoxy-9H-purin-9-ylethoxymethyi}(2,2-
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difluoropropoxy)phosphoryl}-L-alaninate

"H NMR (400 MHz, Methanol-ds} 6 = 7.86 (d, /= 5.9 Hz, 1H), 435 - 427 (m, 2H), 419 - 407
{m, 3H}, 4.05 (s, 3H}, 4.03 - 3.81 (m, 6H)}, 1.68 - 1.49 (m, 3H), 1.34 - 1.22 (m, 6H)

MS m/z (EST): 481 [MHH] ™

Example 5¢

ethyl {({((2-(Z-amino-S-methoxy-9H-purin-9-yijethexyymethyli(1-phenylethoxyiphosphoryl}-
{~alaninate

"H NMR (400 MHz, Methanol-ds) 6 = 7.89 - 7.77 {m, 1H), 7.36 - 7.22 (m, 5H), 5.59 - 5.38 {(m,
1H), 433 -4.20 (m, 2H), 418 - 412 (m, 1H), 405 (s, 3H), 3.98 - 3.62 (m, 6H), 1.37 - 1.46 (m,
3H), 1.33-1.14 (m, 6H)

MS m/z (ESI): 507 [M+H] "

Example 51

ethyl (((Z-(Z-amino-6-methoxy-SH-purin-9-yliethoxy)methyl}( 2,2, 2-frifluoro-1-
phenylethoxy)phosphoryi)-L-alaninate

'H NMR (400 MHz, Methanol-ds) 8 = 7.89 - 7.73 (m, 1H), 7.48 - 7.32 (m, 5H), 592 - 5.61 (m,
1H), 436 -4.26 (m, 1H), 4.22 - 412 (m, 2H), 4.06 (d, F = 2.1 Hz, 3H), 4.02 -3.62 (m, 6H), 1.33 -
1.0 (m, 6H)

MS m/z (ESTy:561 [MH+H]

Example 52

ethyl ({(2-(Z-amino-6-methoxy-SH-purin-9-ylhethoxy)methyD(2-methoxy-2-oxo-1-
phenylethoxy)phosphoryl)-L-alaninate

"H NMR (400 MHz, Methanol-ds) & = 7.83 (s, 1H), 7.41 - 7.32 (m, SH), 5.85(d, /= 10.0 Hz, 1H),
4.27 - 414 {m, 6H), 4.06 (s, 3H), 4.03 - 3.97 (m, 1H), 3.86 - 3.80 {in, 4H), 1.33 - 1.25 (m, 6H},
119, J =72 Hz, 3H)

MS m/z (ESD): S5 [MHH] ™

Example 53
ethyl ({(Z2-(2-amino-&-methoxy-9H-purin-9-ylethoxyhmethyl Y benzylaminophosphoryi}-L-
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alaninate

TH NMR (400 MHz, METHANOL-d) 8 ppm 7.90 (s, 1 H) 7.17 - 734 (m, 5 H) 430 (br d, J =
338Hz 2HY4.02-420(m, 7H)381 -3.95{(m, 3H}3.73 (brd, /=850 Hz 2H)1.21 - 1.35
{m, 6 H)

MS m/z (ES1):492 [M+H] ™

Example 66

isebutyl ({{(2-(2-amino-6-(cyclopropylamine )-9H-purin-9-

vhethoxy)methyl  benzylamino)phosphorvi)-L-phenylalaninate

TH NMR (400 MHz, METHANOL-dy) S ppm 7.73 (4, J =613 Hz, 1 H) 7.07 - 7.29 (m, 10 H) 4.17
423 (m, 2HY4.05-413(m, THY373-390(m, SH)3.66(, /J=500Hz 1 H)3.60(dd, J=
876,225Hz, 1 Hy3.45(dd, J=13.20, 857Hz 1 H)}2.97-3.07(m, 1 H) 287 (br d, / =3.50 Hz,
THY2.81(de, J=1354, 811 Hz, 1 H) 1.82(dt, J=13.20,654 Hz 1 H) 0.8 (d, /=663 Hz, 6
Hy082(brd, J=613Hz, 2H3054-0.59(m, 2 H}

MS m/z (ESI):621 [M+H] *

Example 71

isobutyl ({((2-(2-amino-6-methoxy-9H-purin-9-yl)ethoxy)methyl){(2,2.3,3,3-
pentafluoropropoxy phosphoryl}-EL-alaninate

"H NMR (400 MHz, METHANOL-d,) 6 ppm 7.85(d, J =513 Hz, 1 )443 (brd, J =713 Hz, 2
Hy431d, J =478, 244 Hz, 2H)} 405 (s, 3 H)382-397(m, TH) 1.92(br d, } = 575Hz 1 H}
1.34{dd, F==13.20,7.19 Hz, 3 H) 0.93 {dd, J=6.57, 4.69 Hz, 6 H)

MS m/z (E8T): 563 [M+H] 7

Example 72

butyl (((2-(Z-amine-6-methoxy-SH-purin-9-yl)ethoxyimethyl)(2,2,3,3,3-

pentaflusropropoxy jphosphoryl}-E-alaninate

"H NMR (400 MHz, METHANOL-ds) 6 ppm 7.87(d, /=563 Hz, 1 H)4.41 - 457 (m, 2 H) 4.28
~436{(m, 2H}410-419(m, 2H} 407 (5,3 H}386-398 (m, SH}1.58-1.68{(m 2H)1.32-
143 (m, SH)0.96 (id, /= 7.38,3.63 Hz, 3 H)

MS m/z (ESI):563 [M+H] ™
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Example 73
isobutyl ({((2-(2-amine-6-methoxy-9H-purin-9-yijethoxymethyi)(2,2,3,3,3-
pentaflusropropoxy jphosphoryl)-L-phenyialaninate
'H NMR {400 MHz, Methanol-ds) 6 = 7.81 (d, /= 12.1 Hz, 1H), 7.32 - 7.15 (m, 5H), 4.68 - 4.54
{m, ZH), 431 - 4.06 {m, 4H}, 4.04 (5, 3H)}, 3.94 - 3.67 (m, 6H), 2.86 - 2.66 {m, 1H}, 1.97 - 1.82
{m, 1H), 0.95 - 0.88 (m, 6H)
MS m/z (ES1):639 [M+H] ™
Example 3
Ethyl (((2-(2-amine-6-ethoxy-9H-purin-9-yijethoxy)methyi)2,2,3.3,3-

pentafluoropropexy)phesphoryl)-L-alaninate
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Step 1 and 2 were conducted in the similar manner as those in example 1 to give ethyl (((2-(2-
amino-6-chloro~-SH-purin-9-yhethoxyymethy1}{2,2,3,3, 3-pentafluoropropoxy yphosphoryl}-L-
alaninate.
MS my/z (ESI}:539 [M+H] *
Step 3.
To a solution of ethyl (((2-(2-amino-6-chloro-9H-purin-9-yhethoxy)methyi){2,2,3,3,3-
pentaflooropropoxy yphosphoryl}-L-alaninate (1.0 mmol} and ethanol (3 mmol} in Pyridine (1.5

mi}) was added DMAP (1.0 mmol, 1 eg). The mixture was stirred at 120°C for 16 hrs. The reaction
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mixture was filtered to remove the insoluble and purified by prep-HPLC to give the compound
ethyt {{(2-(Z-amino-G-ethoxy-9H-purin-9-yl)ethoxy imethy1¥(2,2,3,3,3-
pentafluoropropoxy yphosphorvi)-L-alaninate.

'H NMR (400 MHz, Methanol-ds) 6 = 7.84 (d, J = 5.3 Hz, 1H), 4.58 - 4.37 (m, 4H), 434 - 4.26
(m, 2H), 4.21 - 4.09 (m, 2H), 3.96 - 3.84 (m, SH), 1.43 (1, J = 7.1 Hz, 3H), 1.35 - 1.30 (m, 3H),
1.28 - 1.22 (m, 3H)

MS m/z (EST): 549 [M+HH] -

Those skilled in the art can use intermediates similar to Example 3 to synthesize other exemplary
compounds. Example 4-12 are prepared in accordance with the method of Example 3.

Example 7

Ethyl (28)-2-{[2-[2-amine-6-(2-methoxyethoxy )purin-9-yljethoxymethyl-(2,2,3,3,3-
pentaflusropropexy)phospherylamino]propanoate

1H NMR (400 MHz, METHANOGE-43) 0 ppm 7.76 - 791 {m, 1 H) 461 (dd, J =519,431 Hz, 2
Hy444(d, J=13.04,719Hz, 2H) 427 -434 (m, 2HY4.09-419(m, 2H)385-398(m, 5
H)3.76 - 3.82 (m, 2 H} 3.41 (s, 3 H) 1.30- 1.37 (m, 3 H) 1.20 - 1.29 (m, 3 H)

MS m/z (ESI):579 [MAH]

Example 13
Ethyl (28)-2-[[2-[6-(allylamino)-2-amino-purin-9-yljethoxymethyl-(2,2,3,3.3-
pentafluoropropoxy)phosphoryljamino]propancate
TH NMR (400 MHz, METHANOL-ds) § ppm 7.64 (d, /=425 Hz, 1 H) 5.81 - 5.97 (m, 1 H})
517(dd, 7=17.20, 1.56 Hz, 1 H} 5.03 (dd, /= 10.26, 1.50Hz, 1 H} 428 -4.51 (m, 2H} 4.13 -
420 ¢m, 2H)398 -4 11 {m, 4H)3.73-3.806(m, SH) 1.21 - 1.26(m, 3 H) 115 (id, /= 7.13,
513 Hz 3H)
MS m/z (ESD: 560 [MHH]

Example 13

Ethyi {({({2-(6-(allylamino)-2-amino-9H-purin-9-yljethoxymethyl}(2,2,3.3,3-

pentaflucropropoxyphosphoryl)-L-alaninate
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Step 1.

To a solution of 6-chioro-9-[2~(dusopropoxyphosphorylmethoxyethyllpurin-2-amme (200 mg,
510 umol, 1 eq) and prop-2-en-1-amine hydrochlonide (57.3 mg, 613 pmol, 1.2 eq) in i-PrOH (1
ml} was added DIEA (198 mg, 1.53 mmol, 267 ul., 3 eq). The nuxture was stured at 90 °C for
12hr. The reaction muxture was concentrated under vacuum to give the crude product. The residue
was purified by flash  silica gel  chromatography.  Compound  N6-allyl-9-[2-
{ditisopropoxyphosphorylmethoxy)ethyljpurine-2,6-diamine (220 mg, crude) was obtained as a
yvellow o1l

MS m/z (ESI):385 [M+H] ™

Step 2.

To a solution of N6-allyl-9-[ 2-(diisopropoxyphosphorylimethoxyethyljpurine-2,6- diamine (210
mg, 509 umol, 1 eq) in ACN (3 mL) was added TMSBr {779 mg, 5.09 mumol, 658 pl., 10 eq} at
0 °C. The mixture was stirred at 25 °C for 12hr. The reaction mixture was concentrated under
vacuum o give the crude product. The mixture was purified by prep-HPLC (column: (C18-3

100*30 mm*S um; mobile phase: {water (HCD-ACN], gradient: 0%-12% B over 20 min).
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Compound 2-[6-(allylamino)-Z-amino- purin-9-yijethoxymethylphosphonic acid (50 mg, 152.32
pmol, 29% vield) was obtained as a white sohid.
MS m/z (ESI):329 [M+H]
Step 3.
To a solution of 2-[6-(allylaminge)-2-amino-purin-9-yijethoxymethylphosphonic acid (50 mg, 152
pmol, 1 eq} and ethyl (28})-2-aminopropancate (89.2 mg, 762 pmol, 5 eq) in HxO (1.5 mL) was
added EDCE {146 mg, 762 pmol, 5 eq} and DIEA (98 4 mg, 762 pmol, 133 ul, S eq). The mixture
was stirred at 40 °C for 12hr. The filtrate was purified by prep-TLC (S10:, DCM: MeOH =4:1).
Compound 2-[6-{allylamino}-2-amino-purin-9-vl] ethoxymethyl-N-[(18)-2-ethoxy-1-methyl- 2-
oxo-ethyl]phosphonamidic acid (30 mg, 70.19 umol, 46% yield) was obtained as a vellow oil.
MS m/z (ESI):428 [M+H]
Step 4.
Following the similar manner i example 1 to provide ethyl ({({2-(6-(allylamino)-2-anunc-9H-
purin-9-vlhiethoxy)methy13(2,2,3,3,3-pentafluoropropoxyphosphoryl)-L-alaninate.
'H NMR (400 MHz, METHANOL-ds) & ppm 7.64 (d, J=4.25 Hz, 1 H) 5.81 - 5.97 (m, 1 H)
$17(dd, J=17.20,1.56 Hz, 1 H)5.03(dd, 7=10.26, L. 50Hz, 1 H} 428 - 451 (m, 2H)} 4.13 -
420 (o, 2H)398 -4 11 {(m, 4 H)3.73-386{(m, 5H) 1.21 - 126 (m, 3 H) 1.15 (14, /=713,
513 Hz 3H)
M8 m/z (EST): 560 [M+H] *
Those skilled in the art can use intermediates similar to Example 13 to synthesize other exemplary
compounds. Example 14-17 are prepared in accordance with the method of Example 13
Example 44
Ethyl (((3~(2-amino-6-methoxy-9H-purin-9-yljethoxy)methyl{{propan-2-

yhideneaminojoxy)phosphoryl)-L-alaninate
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Step 1.

Compound 2 6-dimethylheptan-4-one oxame (875 mg, 5.56 mmol, 79% yield) was obtamed as a
vellow oil. (Reference.  Chem. Compum., 2018, 54, 12262-12265)

"H NMR (400 MHz, Chloroform-d} & = 2.29 - 2.02 {(m, 4H), 2.02 - 1.84 (m, 2H), 1.02 - 0.83 (m,
12H).

Step 2.

To a selution of 2-(2-amino-6-methoxy-purin-9-yliethoxymethyl-N-{(18}-2-ethoxy-1- methyl-2-
oxo-ethyl]phosphonamidic acid {80.0 mg, 199 umol, 1 eq) and 2,6-dimethylheptan- 4-one oxime
{94.0 mg, 596 umol, 3 eq) in DMF (1.50 mL} was added DIEA (103 mg, 795 umol, 139 ul, 4 eq)
and PYBOP (310 mg, 596 umol, 3 eq). The mixture was stirred at 25°C for 16 hr under N»
atmosphere. The reaction muxture was filtered to remove the msoluble and concentrated under
vacuum to give the crude product The crude product was purified by prep-HPLC (Neutral
condition, column: Welch Xtimate C18 40%200mm 7um; mobile phase: [waterNHHCO5)-
ACN]gradient: 22%-62% B over 25 min). Compound ethyl (28)-2-[[2-(2-amino-6-methoxy-
purin-9-vhethoxymethyl-[(1-1sobutyl-3~-methyl-butylidenejaminojoxy-
phosphoryllaminojpropanocate (17.5 mg, 31.9 umol, 58% vield, 98% purity) was obtained as a
white solid.

'H NMR (400 MHz, Methanol-ds) 6 =7.96 - 7.72 {m, 1H), 4.32 - 425 (m, 2H), 4.21 - 410 (m,
2H), 4.05 (s, 3H), 4.03 - 3.84 (m, 5H), 2.27 - 2.10 (m, 2H), 2.10 - 2.04 (m, 2H), 1.99 - 1.81 (m,
2H), 1.38 - 1.32 (m, 3H), 1.26 (¢, I = 7.1 Hz, 3H), 0.92 - 0.81 (m, 121}

MS m/z (EST):542 [M+H]

Those skilled in the art can use intermediates similar to Example 44 1o synthesize other exemplary
compounds. Example 45-49 are prepared in accordance with the method of Example 44,
Example 46

ethyl {{(2-(Z-amino-6-methoxy-9H-purin-9-yethoxy ymethy[{(((2,6-dimethy lheptan-4-
45
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viidenejaminooxy jphosphoryi)-L-alaninate
"H NMR (400 MHz, Methanol-dy) 6 = 7.85 (s, 1H), 4.31 - 4.23 (m, 2H), 421 - 4. 11 (m, 2H), 4.05
(s, 3H}, 4.00 - 3.84 (m, 5H), 2.43 - 2.27 {m, 4H), 1.80 - 1.72 {m, 4H), 1.34 (d, J = 7.1 Hz, 3H),

1.26 (t, J= 7.1 Hz, 3H)
MS m/z (ES1):484 [M+H] ™

Example 47

ethvl ({({(2-(2-aminc-6-methoxy-9H-purin-9-

PCT/CN2025/074583

yvhethoxyymethyhi({cvclopentyhideneamino)oxy )phosphoryl}-L-alaninate

"H NMR (400 MHz, Methanol-ds} 6 = 7.83 (d, /= 8.4 Hz, 1H), 7.59 - 7.34 (m, 5H), 432 - 424
{m, 2H), 418 - 4.00 (m, SH), 3.96 (d, /= 2.0 Hz, 3H), 3.94 - 383 (m, ZH), 2.28 (s, 3H), 1.40 -
135 (m, 3H), 1.27 - 1.20 (m, 3H)

MS m/z (ES1):458 [M+H] *

Example 61

ethyl ({(benzyloxy){((1-(4-(cyclopropylamine)-2-oxopyrimidin-1(2H)-y1)-3-hydroxypropan-

2-yhoxymethyljphosphoryi)-L-alaninate
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Step 1.

To a solution of 4-{cyclopropylamino)pyrimidin-2-0! {1.00 g, 6.62 mmol, 1 eg) and (28)-2-
{trityloxymethy Doxirane (2.09 g, 6.62 mmol, T eg) in DMF (10.0 mL) was added Cs:CO3 (3.23 g,
9.92 mmol, 1.5 eg). The mixture was stirred at 100 °C for 3hr. The reaction mixture was filtered
to remove the msoluble and concentrated under vacuum {o give the crude product The residue
was purtfied by flash silica gel chromatography to give compound 4-{cyclopropylamine)-1-frac-
(28)-2-hydroxy-3-trityloxy-propytipyrimidin-2Z-one (1.20 g, 2.57 mmol, 38% vyield) as a white
solid.

MS m/z (BSD:468 [M+H] ™

Step 2.

To a solution of 4-(cyclopropylamine)-1-[rac-(28)-2-hydroxy-3-trityloxy-propyl] pyrimidin-2-
one (1.00 g, 2.14 mmol, 1 eg} and diethoxyphosphorylmethyl 4- methylbenzenesulfonate (1.03 g,
3.21 mmol, 823 ul, 1.5 eg) in THF (10.0 mL} was added NaH (256 mg, 6.42 mmol, 60% purity,
3 eg) at -20°C. The mixture was stirred at 50 °C for 12hr. The reaction mixture was filtered to give
the filtrate. The residue was purified by prep-HPLC. Compound 4-{cyclopropylamino)-1-[(28)-2-
{diethoxyphosphoryimethoxy)-3-trityloxy-propyllpyrimidin-2-one {550 mg, 890 umol, 41% vield)
was obtained as a yellow solid.

MS m/z (EST):618 [M+H] "

Step 3.

To a solution of 4-{cyclopropylaminoe)-1-[{283-2-(dicthoxyphosphoryimethoxy)-3- trityloxy-
propylpyrimidin-2-one (540 mg, 874 pmol, 1 eg} in DCM {5.00 mL) was added TMSBr (1.34 g,
8.74 mmol, 1.13 ml, 10 eg) and 2,6-dimethylpyridine {1.59 g, 14.8 mmol, 1.73 mL, 17 eq) at 0°C.
The mixture was stirred at 25 °C for 12hr. The reaction rmixtore was concentrated under vacuum
to give the compound [{18}-1-[[4-(cyclopropylamino}~ 2-oxo-pyrimidin- 1 -yllmethyl]-2-trityloxy-
ethoxy lmethylphosphonic acid (600 mg, crude) was obtained as a yellow sohd.

MS m/z (ESI):562 [M+H] ™

Step 4.

To a solution of [(18}-1-[[4-{cyclopropylamine)-2-oxo-pyrimidin-1-yljmethyi}-2- trityloxy-
ethoxy methylphosphonic acid (500 mg, 891 umol, 1 eg) and ethyl (258)-2-aminopropanoate (683
mg, 4.45 mol, 5 eg) in H20 (1.00 mL) was added EDCI (853 mg, 4.45 mol, 5 eqg) and DIEA (575
mg, 4.45mol, 77.5 yuk., 5 eq). The mixture was stirred at 40 °C for 12hr. The reaction mixture was
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filtered to give the filtrate. The residue was purified by prep-HPLC. Compound [{(1R)-1-{{4-
{cyclopropylamino) -2-oxo-pyrimidin-1-yljmethyi}-2-trityloxy-ethoxy jmethy -N-[(1R}-2-
ethoxy-1-methyl-2-oxo-ethyl]phosphonamidic acid (210 mg, 317 pmol, 39% yield) was obtamed
as a white solid.

MS m/z (ES1):419 [M+H] ™

Step 5.

To a solution of [(1S)-1-[[4-(cyciopropylamino)-2-oxo-pyrimidin-1-yljmethyi]-2- trityloxy-
ethoxy Jmethyl-N-[{18)-2-ethoxy-1-methyl-2-oxo-ethyljphosphonanmidic acid (200 mg, 302 umol,
1 eg} and phenylmethanol (982 mg, 908 umol, 94.1 ul, 3 eg) in DMF (4.00 mL) was added
PYBOP (315 mg, 605 umol, 2 eg) and DIEA (156 mg, 1.21 mmol, 210 uL, 4 eq). The reaction
mixture was filtered to give the filtrate. The residue was purified by prep-HPLC {column: Welch
Ktimate C18 40 * 200 mm 7 um; mobile phase: [water (NH4HCO:)-ACN]; gradient: 40% - 80%
B over 25 mm). Compound ethyl (28}-2-[[benzyloxy-[[{18}-1-[[4-{cyclopropylaming}-2-oxo-
pyrimidin- -y imethyl]-2-trityloxy-ethoxy jmethylphosphoryljaminojpropanoate (70.0 mg, 93.2
pmol, 30% vield) was obtained as a white sohd,

MS m/z (EST): 751 [M+H] ™

Step 6.

To a solution of ethyl {28)-2-[[benzyloxy-[[(18)-1-[[4-{cyclopropylamino}-2-oxo- pyrimidin-|-
viimethyl]-2-trityloxy-ethoxy Imethyliphosphoryl]laminolpropancate (40.0 mg, 53.2 umol, 1 eg)
i HOAc (1.00 ml.} was stirred at 40 °C for 48hr. The reaction mixture was filtered to give the
filtrate. The residue was purified by prep-HPLC (column: Welch Xtimate C18 40 * 200 vam 7
um; mobile phase: fwater (FAACN]; gradient; 0% - 38% B over 25 min). Compound ethyl (28)-
2-{fbenzyloxy-[[{15}-1-f[4-(cyclopropylamino)-2Z-oxo-pyrimidin- 1 -y1] methyl]-2-hydroxy-
sthoxy imethyljphosphoryijaminolpropanocate (2.10 mg, 3.98 pmol, 7% vield, 96% purity) was
obtained as a white solid.

'H NMR (400 MHz, METHANOL-ds) 8 ppm 7.30 - 7.73 (m, 6 H) 6.10 (br dd, /= 8.63, 2.13 Hz,
1 H}5.68 (brdd, /= 1094, 757 Hz, 1 H)5.02- 508 (m, 2H)3.95- 430 (m, 6 H} 3.68-3.92 {(m,
4H)3.52-3.66 (m, 1 H) 2.84 (br d, /= 2.75 Hz, 1 H) 1.40 (brs, 3 H) 1.27 (q, J = 6.96 Hz, 3 H)
0.81 (br d, /= 5.38 Hz, 2 H) 0.45 - 0.67 (m, 2 H)

MS m/z (ESI): S09[M+H] *

Those skilled in the art can use intermediates similar to Example 61 to synthesize other exemplary
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compounds Example 62-64 are prepared in accordance with the method of Exarmple 61
Example 67
Isobutyt ({({2-(2-amino-6-(cyclopropylamine}-9H-purin-9-yhethoxy)methyD({(2,6-

dimethylheptan-4-yiidene)aminojoxyphosphoryi}-L-phenyialaninate
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A muxture of 2 6-dimethylheptan-4-one oxiume (35.5 mg, 226 umol, 3 eg), 2-[2-amino-6-
{cyclopropylaminolpurin-9-yl]ethoxymethyl-N-{(18}-1 -benzyl-2-1sobutoxy-2-ox0-
ethy]phosphonamidic acid {(40.0 mg, 75.3 umol, 1 eq), PYBOP (117 mg, 226 umol, 3 eg), DIEA
{38.9 mg, 301 pmol, 524 ul., 4 eq) in DMF {1 mL) was degassed and purged with Ny for 3 times,
and then the mixture was stirred at 25 °C for 16 hr under No atmosphere. The reaction mixture was
concentrated directly. The crude product was purified by reversed-phase HPLC (colummn: Welch
Ktimate C18 40% 200mm 7um;mobile phase: [water{ NHyHCQ:)}-ACN] gradient:40% -80% B
over 25 wman).  Compound isobutyl  {25)-2-[[2-[2-amino-6-(cyclopropylamnopurin-9-
vijethoxymethyi-[(1- isobutyl-3-methyl-butylidenelaminojoxy-phosphoryl Jamine]-3-phenyl-
propanoate (13.9 g, 20.72 umol, 28% yield) was obtained as a white solid.

'H NMR (400 MHz, METHANOL-ds) 5 ppm 7.68 (s, 1 H) 7.15 - 7.28 {m, 5 H} 4.15 - 4.27 (m, 3
Hy381-38(m, 2H)366-378(m, 3H)351(dd, /=1320,769Hz 1 H)299-3.0%(m, 1
Hy2900(d, J=1329807Hz 2H)217-225(m, 1 H) 207-215(m, 1 H)2.02 - 2.06 (m, 2 H)
1.78-1.95 (m, 3 H) 0.78 - 0.91 {m, 20 H} 0.55 - 0.61 {m, 2 H}

MS m/z (EST):671 [M+H]

Example 68

ethyl ({(2-(2-amino-6-methoxy-SH-porin-9-yhethoxy)methyl )} pyridin-2-
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vimethoxy)phosphoryl)-L-alaninate
)
~a [v]
N‘/’I\ﬂ“N\ ,.k‘/\\‘-o
HZN’L\\N’! *N> O NH

23

_o~"o

A
/ HO~ ) ]

"o g o N'L> N ’;\Y’N \{‘*O
N’}\“"?‘g "“\/l PN ,LN‘> o, M
N SN Q\“PfNH PyEOP (15 ea DIEA ey AL N Lo~ \O/\,«
LS~ Ton DMF, 25°C, 12 hrs A
\sz’J
siep 1

Step 1.

To a solution of 2-(2-amino-6-methoxy-purin-9-yhethoxymethyl-N-[rac-{(18)-2-ethoxy -1-
methyl-2-oxo-ethy!lphosphonamidic acid (50.0 mg, 124 yumol, 1 eq) and 2-pynidyl methanol (27.0
mg, 249 umol, 24 0yl 2 eq) in DMF (1.5 mL) was added DIEA (64.0 mg, 498 umol, 87.0 1l 4
eq) and PyBOP (129 mg, 249 pmol, 2 eq). The mixture was stirred at 25°C for 16 hrs. The reaction
nmuxture was filtered and purified by prep-HPLC (Neutral condition, column: Welch Xtimate C18
40%200 mm 7 um; mobile phase: [water (NH{HCO3)-ACN]; gradient:0%-40% B over 25 min).
Compound  ethyl  rac-(28)-2-[[2-(2-amino-6-methoxy-purin-9-yl})  ethoxymethyl  -(2-
pyridyimethoxyyphosphoryilaminolpropancate (16 4 mg, 32% vield, 97% purity) was obtained as

a colorless o1l

H NMR (400 MHz, DMSO-de) 5 8.51 (br d, /= 2.4 Hz, 1 H), 7.86 - 7.75 (m, 2 H), 7.43 - 7.28
(m, 2 H), 6.39 (s, 2H), 5.47 - 532 (m, 1 H), 5.05 - 4.87 (m, 2 H), 4.21 - 415 (m, 2 H), 4.08 - 3.99
{m, 2H}, 394 (5,3 H),388-381(m, 4H),378(d,/=81Hz 1 H),1.23-1.20{m, 3H), 1.18-
111 (m, 3 H)

MS m/z (EST):494 [M+H]

Those skilled in the art can use intermediates similar to Example 68 to synthesize other exemplary

compounds. Example 69-70 are prepared in accordance with the method of Example 68.

BICLOGICAL EVALUATION
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Exmplary compounds of (I}, (I-1}, (-2}, (1-3), (1-4), (II), (II]) or (IV) were tested to assess

biological activity..

1. Antiproliferation assay
Three cervical carcinoma cell lines carrying integrated copies of HPV subtypes (HPV-16
SiHa and CaSki cells; HPV-18 in Hela), cultured in Dulbecco’s modified Eagle’s medium
{(VivaCell biosciences, Shanghai, China), supplemented with 10% fetal bovine serum
(VivaCell bigsciences, Shanghai, China}, and antibiotics {100 umits/ml penicillin, and 100
ug/ml streptomycin [VivaCell biosciences, Shanghai, China]). Celis were detached from
culture flasks using trypsin, counted, and plated in 96-well culture plates (750 cells per well).
The following day, fourfold serial dilutions of compounds were added in duplicate. No
compound was added to control wells to represent 100% proliferation. Seven days after the
addition of compounds, cell viability was determined using CellTiter-Gloreagent (Promega)
with luminescence guantified on a luminometer (Varioskan LUX, thermoscientific). The ICS0
values were calculated by fitting these data to a logistic curve using GraphPad Prism software.

Table 2. Antiproliferative activity of test compounds

Antiproliferative activity
(1Csp, nM)

Number CaSki (HPV16) Hela (HPV18) StHa (HPV16)
Example 1 4.9 4.9 .75
Example 3 40 60 19
Example 7 130 140 30
Example 13 420 360 18
Example 22 90 226 36
Exampile 25 56 4% 1.7
Example 26 230 290 60
Example 27 82 140 18
Example 38 56 350 38
Example 39 99 220 160
Exampie 41 130 32 75
Example 42 150 140 22
Example 44 8.5 10 1.1
Example 45 290 530 48
Example 47 220 510 62
Example 50 4300 3700 1700
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Exampie 51 43 92 23
Example 52 230 920 250
Exampie 53 110 300 19
Example 60 36 33 3.2
Example 65 9.5 53 12
Example 67 8.1 20 1.1
Example 71 13 17 13
Example 72 8.3 12 1.5
Example 73 93 53 2

2. Celiular DNA synthesis assay

Cells were detached from culture flasks using trypsin, counted, and plated n 96-well culture

plates {5000-10000 cells per well, optimized for each cell type). The following day, four fold

serial dilutions of compounds were added in duplicate. No compound was added to control

wells to represent 100% signal. After the addition of compounds for 40 h, labeling with 3-

bromo-2"-deoxyuridine (BrdU)} was performed by adding 20 ul of 100 oM BrdlJ without

removing compounds, followed by 4 h of incubation. At the end of incubation, cells were fixed,

and the amount of BrdU incorporated into DNA was quantified by an enzyme-linked

immunosorbent assay using a Cell Proliferation ELISA and BrdU {colonimetric) Kit {sigma-

aldrich). From the experimental data, sigmoidal dose-response curves were generated and the

150 values were calculated using GraphPad Prism software.

Table 3. Inhibition of cellular DNA synthesis as measured by BrdU labeling in HPV -18-transformed

Siha cells.

Number ECs (nM)

Example 1 2.88
Hxarmple 22 146
Example 44 24
Example 67 1.5
Example 71 0.96
HExample 72 2.
Example 73 i8
Compound { 136

o

[}
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Compound 1 1s ethy! (((2-{2-ammno-6-methoxy-9H-purin-9-

yhethoxyymethy{benzyloxy jphosphoryl)-L-alaninate disclosed in W{(32024020127
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Claims

1. A compound of formula (1), a sterevisomer thereof, or a pharmaceutically acceptable salt,

solvates and prodrugs thereof:
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Ry, R

formauta (1)
Wherein,

L1 1s independently selected from -O- or -NH-;

Ry is independently selected from hydrogen, C1-Cealkyl, deuterated Ci-Cs alkyl, Ci-Ce
haloalkyl, Cy-Cs hydroxvalkyl, C1-Cs alkoxy, C1-Cs haloalkoxy, C2-Cs alkenyl, C2-Ce atkynyl,
C3-Cs eycloalkyl, 4 to 7 membered heterocyelyl, Cs-Cioaryl and 5 to 10 membered heteroaryl,
wherein the Ca~-Ca eycloalkyl, 4 to 7 membered heterocycelyl, Ce-Cioaryl and S to 10 membered
heteroaryl are each optionally further substituted by one or more deuterium, Ci-Cealkyl, C1-Cs
haloalkyl, Ci-Cs hydroxvalkyl, Ci-Cs alkoxy, C1-Ce haloalkoxy, C2-Cs alkenyl, C2-Co alkynyl,
halogen, hydroxy, amino, nitro, cyano and ester group;

Ry 1s independently selected from hydrogen, aming, hydroxy, halogen, cyano, Ci-Cs alkyl, C-Cs
haloalkyl, Ci-Ce hydroxyalkyl, Ci-Cs alkoxy, Ci-Cs haloalkoxy, Cr-Cs alkenyl and Cr-Ce
alkyoyi;

Ry and Ry are each independently selected from hydrogen, deuterium, halogen, hydroxy, amino,
1-Cs allkyl, deuterated Ci-Csalkyl, C1-Ce hydroxyalkyl, Ci1-Ce haloalkyt and C1-Ce alkoxy;

Or Ra and Ry together with the atoms to which they are attached can form a 3 to 7 membered
heterocycle comprising 1-2 heteroatoms selected from O, N and S

Rs and Rg are each independently selected from hydrogen, C1-Cs alkyl, C1-Ce halpalkyl, Ci-Ce
hydroxyalkyl, C1-Ce alkoxy, Ci-Cs haloalkoxy, Ci-Cscycloalkyl, 4 to 7 membered heterocyclyl,

Cs-Croarvi, benzyl and 5 to 10 membered hetercaryl, wherein the C3-Cy cveloalkyl, 4to 7
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membered heterocyclyl, Cs-Cioaryl \benzyl and 5 to 10 membered heteroaryl are each optionally
further substituted by one or more deuterium, Ci-Csalkyl, C-Cg haloalkyl, Ci-Cs hydroxyalkyl,
C1-Cs atkoxy, C1-Cs haloalkoxy | halogen, hydroxy, amino, nitro, cyano and ester group;
1z i1s independently selected from -O- or -NH-;

Rza FN ::<R7c
Ry is independently selected from Rb and Rm;
R7a R ,Ryc and Ryg are each independently selected from hydrogen, deuterium, C1-Cs alkyl,
deuterated C1-Cs alkyl, Ci-Ce haloalkyl, Ci-Ce hydroxyalkyl, Ci-Ce alkoxy, C1-Ce haloalkoxy,
C-Cs alkenyl, Co-Co alkyavl, -C(0OY0-C1~-Ce alkyl, ~-C5-Ce cycloalkyl, 4 to 7 membered
heterocyclyl, Co-Cioaryl and S to 10 membered heteroaryl, wherein the Cs-Cg cycloalkyl, 4 t6 7
membered heterocyclyl, Co-Cioaryl and 5 to 10 membered heteroaryl are each optionally further
substituted by one or more deuterium, Ci-Cs alkyl, C-Cs haloalkyl, Ci-Cs hydroxyalkyl, C-Cs
alkoxy, C~Cs haloalkoxy, C2-Cs alkenyl, Co-Cs alkynyl, halogen, hydroxy, amino, nitro, cyano
and ester group;
Or Rye and Ryg together with the atom to which they are attached can form a Cs-Cr carbocycle or

a 3 to 7 membered heterocycle comprising 1-2 heteroatoms selected from O, N and S.

2. The compound according to claim 1, a stereoisomer thereof, or a pharmaceutically acceptable
salt, solvates and prodrugs thereof, wherein each Ry is independently selected from hydrogen,

C-Ce alkyl, C1-Cs haloalkyl, Ci-Csalkoxy, C-Cs hydroxyalkyl, Co-Cs alkenyl, Cr-Co alkynyl,

0 4e 0 0L T

5

3. The compound according to claim 1, a sterecisomer thereof, or a pharmaceutically acceptable
salt, solvates and prodrugs thereof, wherein Rs is independently selected from hydrogen, Ci-Cs

alkvl, Ci~Cs haloalkyl, C1-Cs alkoxy, Ci-Ce hydroxyalkyl and benzyl.
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4 The compound according to claim 1, a sterecisomer thereof, or a pharmaceutically acceptable
salt, solvates and prodrugs thereof, wherein Ry, and Ry are independently selected from

hydrogen, C1-Ce alkyl, C1-Cs haioalkyi -C(())O—Cl-Ce atkyl,
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5. The compound according to claim 1, a sterecisomer thereof, or a pharmaceutically acceptable
salt, solvates and prodrugs thereof, wherein each Ry and Rygare independently selected from

hydrogen, Ci-Ce alkyl, C1-Cs haloalkyl and phenyl.

6. The compound according to claim 1, a stereoisomer thereof, or a pharmaceutically acceptable

N :::::(RTC f\!N

salt, solvates and prodrugs thereof, wherein Rad 15 ndependently selected from /k\ ,

‘,N fen

A L1 %’BW*@

7. The compound according to claim 1, a stercoisomer thereof, or a pharmaceutically acceptable
salt, solvates and prodrugs thereof, wherein the compound of formula (1}, the stereoisomer or the
pharmaceutically acceptable salt, solvates and prodrugs thereof 1s the compound of formula (I-1}
or formula (I-2), the sterecisomer or the pharmaceutically acceptable salt, solvates and prodrugs

thereof:

o
(=2}
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Ra \ {
R \ R
3 R, Ry Ry 7d
formuia {i~1) or formula (i-2}

Wherein:
Ly, Lo, Ry, Ry, Ry, Ry, Rs, Re, Row, Ry and Ryg are defined as in claim 1

8. The compound according to claim 1, a stereoisomer thereof, or a pharmaceutically acceptable

salt, solvates and prodrugs thereof, selected from
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9. A compound formula (H), a sterecisomer thereof, or a pharmaceutically acceptable salt,

solvates and prodrugs thereof:

o)

i =0
s
/g - 0\\P,NH
Ry N O \L

2
R{L \% 4

Rz

formula (i)
Wherein,

R; 18 independently selected from hydrogen, amino, hydroxy, halogen, cyvano, Ci-Cs alkyl, C1-Cs
haloalkyl, Ci-Ce hydroxyalkyl, Ci-Cs alkoxy, Ci-Ce haloalkoxy, C3-Cs alkeny] and C-Ce
alkyuoyl;

Rs and Ry are each independently selected from hydrogen, halogen, hydroxy, amino, Ci-Cs alkyl,
deuterated Ci-Cealkyl, Ci-Cs hydroxyalkyl, Ci-Cs haloalkyl and Ci-Cs alkoxy;

Or Rs and R4 together with the atoms to which they are attached can form a 3 to 7 membered
heterocycle comprising §-2 heteroatoms selected from O, Nand S;

Rs and Rg are each independently selected from hydrogen, Ci-Cs alkyl, C1-Cs haloalkyl, Ci-Cs
hydroxyalkyl, C1-Cs alkoxy, Ci-Cs haloalkoxy, Cs-Cs eycloalkyl, 4 to 7 membered heterocyelyl,
Cs-Croaryl, benzyl and 5 to 10 membered heteroaryl, wherein the C3-Cy cycloalkyl 4to 7
membered heterocycelyl, Ce-Croaryl \benzyl and 5 to 10 membered hetercaryl are each optionally
further substituted by one or more deuterium, C;-Ce alkyl, C1-Co haloallyl, C1-Cs hydroxyalkyl,
1-Cg alkoxy, Ci-Cs haloalkoxy , halogen, hydroxy, amino, nitro, cvano and ester group;

L, 1s independently selected from -0O- or -NH-;

R7a %*N :<R?c

R7 15 independently selected from R7o and Rra .

Rya R Ry and Ryg are each independently selected from hydrogen, deuterium, Ci-Ce alkyl,
deuterated Ci-Co alkyl, Ci1-Cs haloalkyl, Ci-Ce hvdroxvalkyl, Ci-Cs alkoxy, Ci-Cs haloalkoxy,
Cr-Cg alkenyl, C3-Cs alkynyl, -C(OCYO-Ci-Cs alkyl, -Cs-Cgs cycloalkyl, 4 to 7 membered
heterocyclyl, Ce-Croaryl and 5 to 10 membered heteroaryl, wherein the Ci-Cg eycloalkyl, 4t0 7

6L
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membered heterocyclyl, Co-Croary! and 5 to 10 membered heteroary! are each optionally further
substituted by one or more deuterium, Ci-Cs alkyl, C1-Cs haloalkyl, C1-Cs hydroxyalkyl, C1-Cs
alkoxy, C-Ce haloalkoxy, C2-Cs alkenyl, C:-Ce alkynyl, halogen, hydroxy, amine, nitro, cyano
and ester group;

Or Ry: and Ryg together with the atom to which they are attached can form a (;-Cgcarbocycle or

a 3 to 7 membered heterocycle comprising 1-2 heteroatoms selected from O, N and S.

In a more preferred embodiment, in the compound of formula (11}, the sterecisomer or the
pharmaceutically acceptable salt, solvates and prodrugs thereof, each Ry is independently
selected from hydrogen, C1-Cs alkyl (such as methyl, ethvi, propyl and isopropyl}, Ci-Cs

haloalkyl, Ci-Csalkoxy and Ci-Ce hydroxyalkyl

10.The compound according to claim 9, a sterecisomer thereof, or a pharmaceutically acceptable
salt, solvates and prodrugs thereof 1s

)

7

o Q
HNJ\W‘N ¢°

b Y oM
HZN'&N'J\N o R F

W O~"o CFs

11. A compound formula (111}, a stereoisomer thereof, or a pharmaceutically acceptable salt,

solvates and prodrugs thereof:

formula {}if}
Wherein,

L1 1s independently selected from -O- or -NH-;
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Ry 18 mdependently selected from hydrogen, Ci-Cealkyl, deuterated Cy-Cs alkyl, C-C
haloalkyl, Ci-Ce hydroxyalkyl, C1-Cs alkoxy, Ci-Cs haloalkoxy, Cr-Cs alkenyl, Co-Cs alkynyl,
C1-Cg cycloalkyl, 4 to 7 membered heterocyelyl, Cs-Croaryl and 5 to 10 membered heteroaryl,
wherein the (3-Cg cycloalkyl, 4 to 7 membered heterocyclyl, Ce-Croaryl and 5 to 10 membered
heteroarvl are each optionally further substituted by one or more deuterium, C-Csalkyl, C-Cs
haloalkyl, C1-Cs hydroxyalkyl, C1-Ce alkoxy, Ci1-Cs haloalkoxy, C2-Cs alkenyl, Cr-Co alkynyl,
halogen, hydroxy, amino, nitro, cyano and ester group;
Rs and Ry are each independently selected from hydrogen, deuterium, halogen, hydroxy, amino,
C1-Cs alkyl, deuterated Ci-Coalkyl, Ci1-Co hydroxyalkyl, Ci-Cs haloalkyl and Ci-Cs alkoxy;
Or Rs and Ry together with the atoms to which they are attached can form a 3 to 7 membered
heterocycle comprising 1-2 heteroatoms selected from O, N and §;
Rs and Rs are each independently selected from hydrogen, C1-Cs alkyl, Ci-Cs haloalkyl, C1-Cs
hydroxyalkyl, C1-Cs alkoxy, C1-Ce haloalkoxy, (s-Cscycloalkyl, 4 to 7 membered heterocyclyl,
Ce-Cyoaryl, benzyl and 5 to 10 membered heteroaryl, wherein the Ca-Cs cycloalkyl, 4to 7
membered heterocyelyl, Ce-Croaryl benzyl and 5 to 10 membered hetercarvl are each optionally
further substituted by one or more deuterium, Ci-Ce alkyl, C1-Cs haloalkyl, Ci-Cs hydroxyalkyl,
Cy-Ce alkoxy, Ci-Cs haloalkoxy , halogen, hydroxy, amino, nitro, cyano and ester group;
L2 1s independently selected from -O- or -NH-;
R7a
Ry is independently selected from Rob and ;
Rya R ,Ryc and Ryg are each independently selected from hydrogen, deuterium, C1-Cesalkyl,
deuterated Ci-Cs alkyl, Ci-Cs haloalkyl, Ci-Ce hydroxyalkyl, Ci-Cs alkoxy, C1-Cs haloalkoxy,
22-Cs alkenyl, C2-Ces alkynyl, -C{O)O-C1-Cs alkyl, -Cs-Cs eycioalkyl, 4 to 7 membered
heterocyclyl, Co-Cioaryl and 5 to 10 membered heteroaryl, wherein the Ca-Cs cycloalkyl, 4to 7
membered heterocyclyl, Ce-Cioaryl and S to 10 membered heteroaryl are each optionally further
substituted by one or more deuterium, Ci-Ce alkyl, C1-Cs haloalkyl, Ci-Cs hydroxyalkyl, C1-Cs
alkoxy, C1-Cs haloalkoxy, C2-Cs alkenyl, C:-Ce alkynyl, halogen, hydroxy, amino, nitro, cyvano
and ester group;
Or Ry; and Ryg together with the atom to which they are attached can form a C3-Cgcarbocyele or

a 3 to 7 membered heterocycle comprising 1-2 heteroatoms selected from O, Nand S.
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12.The compound according to claim 11, a sterecisomer thereof, or a pharmaceutically

acceptable salt, solvates and prodrugs thereof, selected from

} a/\ O') }
[N ] HEF;"}\ o 2 M/\Qo D Q
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13. A compound formula IV}, a stereoisomer thereof, or a pharmaceutically acceptable salt,

solvates and prodrugs thereof:

o R
Rew g

G qx ,ii.’H

oK R F
Ry 2~ CFy
Rzp
formula {1V}

Wherein,

G1s independently selected from

R
Riw 1\1.-. RML
Ly ! [¢] 1 Rg ?\ R

A N 2 A = :

R;LN I“‘N\> RZJLN E l’:'N R;i‘NII} ;‘“‘Ng HN)’\N\
e s A S I

L1 1s independently selected from -O- or -NH-;
Ri is independently selected from hydrogen, Ci1-Cealkyl, deuterated Ci-Cs alkyl, Ci-Co
haloalkyl, Ci-Ce hydroxyalkyl, C1-Cs alkoxy, Ci-Cs haloalkoxy, C3-Cs alkenyl, C3-Cs alkynyl,
C3-Cs cycloalkyl, 4 to 7 membered heterocyclyl, Cs-Cioaryl and 5 to 10 membered hetercaryl,
wherein the C3-Cg cycloalkyl, 4 to 7 membered heterocyclyl, Ce-Cioaryl and S to 10 membered
hetercaryl are each optionally further substituted by one or more deuterium, Ci-Cealkyl, C1-Cs
haloalkyl, Ci-Cs hydroxyalkyl, C1-Cs alkoxy, C1-Cs haloalkoxy, C2-Cs alkenyl, C2-Ce alkynyl,

halogen, hydroxy, amino, nitro, cyano and ester group;

B4



WO 2025/162234 PCT/CN2025/074583

Ry 18 mdependently selected from hydrogen, amino, hydroxy, halogen, cyano, Cy-Cs alkyl, C-Cs
haloalkyl, Ci-Ce hydroxvyalkyl, C1-Cs alkoxy, Ci-Cs haloalkoxy, Cr-Cs alkenyl and C3-Cs
alkynyl;

Rg is independently selected from hydrogen, amino, hydroxy, halogen, cyano, Ci-Ce alkyl, Ci1-Cs
haloalkyl, C;-Ce hydroxyalkyl, C1-Cs alkoxy and C1-Cs haloalkoxy;

R and Ry are each independently selected from hydrogen, deuterium, halogen, hydroxy, amino,
C1-Cs alkyl, deuterated Ci-Coalkyl, Ci1-Cs hydroxyalkvl, Ci-Cs haloalky! and C1-Cs alkoxy;

Or Rz and Ry together with the atoms to which they are attached can form a 3 to 7 membered
heterocycle comprising 1-2 heteroatoms selected from O, N and §;

Rs and Rs are each independently selected from hydrogen, C1-Cs alkyl, Ci-Cs haloalkyl, Ci-Cs
hydroxyalkyl, C1-Cs alkoxy, C1-Ce haloalkoxy, Us-Cscycloalkyl, 4 to 7 membered heterocyclyl,
Cs-Croaryl, benzyl and 5 to 10 membered hetercaryl, wherein the C3-Cs cycloalkyl, 4t0 7
membered heterocyclyl, Cs-Croaryl ,benzyl and 5 to 10 membered hetercaryl are each optionally
further substituted by one or more deuterium, Ci-Ce alkyl, Ci-Cs haloalkyl, Ci-Cs hydroxyalkyl,
C4-Ce alkoxy, C1-Cs haloalkoxy |, halogen, hydroxy, amino, nitro, cyano and ester group;

L2 1s mdependently selected from -O- or -NH-;

R is independently selected from hydrogen, deuterium, Ci-Csalkyl, deuterated C1-Cs alkyl, Cs-
Cs haloalkyl, Ci-Cshvdroxyalkyl, C1-Cs alkoxy, Ci-Cs baloalkoxy, Cr-Cs alkenyl, C2-Ce alkynyl,
~C{OYO-Cy-Co alkyl, -Cs-Cr eycloalkyl, 4 to 7 membered heterocycelyl, Co-Croaryl and S to 10
membered heteroaryl, wheremn the C3-Cg cycloalkyl, 4 to 7 membered heterocyclyl, Co-Croaryl
and 5 to 10 membered heteroaryl are each optionally further substituted by one or more
deutertum, C1-Csalkyl, C1-Cs haloalkyl, Ci-Cs hydroxyalkyl, Ci-Cs alkoxy, Ci-Cs haloalkoxy,
C2-Ce alkenyl, Cy-Cs alkynyl, halogen, hydroxy, amino, mitro, cyano and ester group;

a 3 to 7 membered heterocycle comprising 1-2 heteroatoms selected from O, Nand 8.

14.The compound according to claim 13, a stereoisomer thereof, or a pharmaceutically

acceptable salt, solvates and prodrugs thereof, selected from
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15, A pharmaceutical composition comprising a compound of any one of claims 1-14, ora
sterecisomer thereof, or a pharmaceutically acceptable salt, solvates and prodrugs thereof, and

one or more pharmaceutically acceptable carriers.

16. Use of the compound of a compound of any one of clatms 1-14, a sterecisomer thereof, ora
pharmaceutically acceptable salt, solvates and prodrugs thereof in the preparation of a
medicament for the prophylaxis or treatment of the diseases or conditions caused by viral

infection, preferably as an antiviral agent against human papillomavirus (HPV).

17. A method of the prophylaxis or treatment of a viral infection, especially HPV infection,
comprise administering to a subject in need thereof a compound of any one of claims 1-14, a
stereoisomer thereof, or a pharmaceutically acceptable salt, solvates and prodrugs thereof, ora

pharmaceutical composition of claim 15
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