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NUCLEOSIDE LINE-1 INHIBITORS

BACKGROUND

Field

[oe01] The present disclosure provides LINE-1 inhibitors and methods of treating or
preventing a disease, disorder, or condition caused by LINE-1 retrotransposition in a
subject by administering a LINE-1 inhibitor, or a pharmaceuotical composition thereotf, or a

tautomer thereof, to the subject.

Background

{00662} Long INterspersed Element-1 (LINE-1 or L1} retrotransposons form the only
autonomously active family of transposable elements 1o humans. They are expressed and
mohile in the germline, in embryonic stem cells, and in the early embryo, but are silenced
in most somatic tissues. LINE-1 plays an important role in individual genome variations
through insertional mutagenesis and sequence transduction, which occasionally lead to
genetic diseases and disorders. For example, retrotransposable element activity 18 increased
in many neurclogical disorders. See, e.g., Terry and Devine, Front. Genet., 08 January
2020, httpsi//doi.org/10.338%/fgene 2019.01244 and WO 2020/154656.

[0063] The LINE-1 element codes for two proteins, ORFlp and ORF2p, which are
essendtal for its mobility. ORFlp is an RNA-binding protein with nucleic acid chaperone
activity. ORF2p possesses endonuclease and reverse transcriptase activities. These
proteins and the LINE-1 RNA assemble into a ribonucleoprotein particle (LINE-1 RNP) —
the core of the retrotransposition machinery. The LINE-1 RNP rediates the synthesis of
new LINE-1 copies upon cieavage of the target DNA and reverse transcription of the LINE-
1 RNA at the target site. The LINE-1 element takes benefit of celiular host factors to
complete its life cycle, however several cellular pathways also limit the cellular
accumulation of LINE-1 RNPs and their deleterious activities. See, e.g., Pizarro and
Cristofari (2016) Front. Cell Dev. Biol. 4:14. doi: 10.3389/fcell 2016.00014. There exisis
a need in the art for LINE-1 inhibitors to treat or prevent diseases, disorders, or conditions

caused by LINE-1 retrotransposition in a subject.
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BRIEF SUMMARY

In one aspect, the present disclosure provides compounds of Table 1, see below,
and the pharmaceutically acceptable salts or solvates thereof, and/or tautomers thereof)
compounds of Table 2, see below, and the pharmaceutically acceptable salts or solvates
thereof, and/or tautomers thereof, and compounds of Table 3, see below, and the
pharmaceutically acceptable salts or solvates thereof, and/or tautomers thereof
The compounds of Tables 1-3, and the pharmaceutically acceptable salts or solvates
thereof, and/or tautomers thereof, are collectively referred to as "Compounds of the
Disclosure” or individually referred to as a "Compound of the Disclosure.”

In another aspect, the present disclosure provides methods of treating or preventing
a disease, disorder, or condition in a subject in need thereof, the method comprising
administering to the subject a therapeutically effective amount of a Compound of the
Disclosure. Exemplary diseases, disorders, or conditions include, but are not limited, to
neurodegenerative diseases, autoimmune diseases, and age-associated diseases.

In another aspect, the present disclosure provides methods of treating or preventing
a disease, disorder, or condition caused by a pathophysiological retrotransposon-associated
process in a subject in need thereof, the method comprising administering to the subject a
therapeutically effective amount of a Compound of the Disclosure.

In another aspect, the present disclosure provides methods of treating or preventing
a symptom of a disease, disorder, or condition caused by a pathophysiclogical
retrotransposon-associated process in a subject in need thereof, the method comprising
administering to the subject a therapeutically effective amount of a Compound of the
Disclosure, or a pharmaceutical composition thereof.

in another aspect, the present disclosure provides methods of inhibiting a LINE-1
retrotransposition event, e.g., a somatic LINE-1 insertion, that causes a disease, disorder,
or condition, in a subject in need thereof, the method comprising administering to the
subject a therapeutically effective amount of a Compound of the Disclosure to the subject,
or a pharmaceutical composition thereof.

In another aspect, the present disclosure provides methods of treating a disease,
condition, or disorder in a subject in need thereof, the method comprising (a) determining
whether an overexpression of a biomarker, e.g, retrotransposon RNA, retrotransposon

reverse transcriptase, or retrotransposon DNA, e.g, LINE-1 RNA, ORFip, or ORF2p,
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is present or absent in a biological sample taken from the subject; and (b} administering
a therapeutically effective amount of a compound of a Compound of the Disclosure,
or a pharmaceutical composition thereof, to the subject if an overexpression of the
biomarker is present in the biological sample.

In another aspect, the present disclosure provides methods of identifying whether a
subject having a disease, condition, or disorder is a candidate for treatment with a
Compound of the Disclosure, or a pharmaceutical composition thereof, the method
comprising {a) determining whether an overexpression of a biomarker, e.g., retrotransposon
RNA, retrofransposon reverse transcriptase, or retrotransposon DNA, e g, LINE-1 RNA,
ORF1p, or ORF2p, is present or absent in a biological sample taken from the subject; and
(b} identitying the subject as being a candidate for treatment if an overexpression of the
biomarker is present; or {¢} identifying the subject as not being a candidate for treatment if
an overexpression of the biomarker is absent.

In another aspect, the present disclosure provides methods of predicting treatment
outcome in a subject having a disease, condition, or disorder, the method comprising
determining whether an overexpression of a biomarker, e.g, retrotransposon RNA,
retrotransposon reverse transcriptase, or retrotransposon DNA eg, LINE-1 RNA, ORFlp,
or ORF2p, is present or absent in a hiclogical sample taken from the subject, wherein (a)
the presence of an overexpression of the biomarker in the biclogical sample indicates that
adrministering a Compound of the Disclosure, or a pharmaceutical composition thereof]
to the subject will likely cause a favorable therapeutic response; and (b) the absence of an
overexpression of the biomarker in the biological sample indicates that administering a
Compound of the Disclosure, or a pharmaceutical composition thereof, to the subject will
likely cause an unfavorable therapeutic response.

In another aspect, the present disclosure provides methods, comprising
administering a therapeutically effective amount of a Compound of the Disclosure, or a
pharmaceutical composition thereof] to a subject in need thereof, wherein (a) the subject
has a disease, disorder, or condition, and (b} the disease, disorder, or condition is
characterized as having an overexpression of a biomarker, e.g., retrotransposon RNA,
retrotransposon reverse transcriptase, or retrotransposon BNA, e.g, LINE-1 RNA, ORFlp,

or ORF2p.
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{0013} In another aspect, the present disclosure provides a kit comprising a Compound of
the Disclosure, or a pharmaceutical composition thereof, and instructions for administering
the compound ot composition to a subject baving a disease, condition, or disorder caused
by a pathophysiological retrotransposon-associated process.

[0014] In another aspect, the present disclosure provides a Compound of the Disclosure, or
a pharmaceutical composition thereof, for use in treating or preventing a disease, disorder,
or condition.

j[0015] in another aspect, the present disclosure provides a Compound of the Disclosure, or
a pharmaceutical composition thereof, for use in treating or preventing a disease, disorder,
or condition caused by a pathophysiological retrotransposon-associated process.

10016} In another aspect, the present disclosure provides a Compound of the Disclosure, or
a pharmaceutical composition thereof, for use in treating or preventing a symptom of a
disease, disorder, or condition caused by a pathophysiclogical retrotranspeson-associated
Process.

0017} In another aspect, the present disclosure provides the use of Compound of the
Disclosure, or a pharmaceutical composition thereof, for the manufacture of a medicament
for treating or preventing a disease, disorder, or condition.

{0018} In another aspect, the present disclosure provides the use of Compound of the
Disclosure, or a pharmaceutical composition thereof, for the manufacture of a medicament
for treating or preventing a disease, disorder, or condition caused by a pathophysiclogical
retrotransposon-associated process.

[6019] In another aspect, the present disclosure provides the use of Compound of the
Dhsclosure, or a pharmaceutical composition thereof, for the manufacture of a medicament
for treating or preventing a symptom of a disease, disorder, or condition.

{00261 fn another aspect, the present disclosure provides the use of Compound of the
Disclosure, or a pharmaceutical composition thereof, for the manufacture of a medicament
for treating or preventing a symptom of a disease, disorder, or condition caused by a

pathophysiological refroiransposon-associated process.
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DETAILED DESCRIPTION

L Compounds of the Disclosure

{0621} In one embodiment, Compounds of the Disclosure are compounds of Table 1, ora

pharmaceutically acceptable salt or solvate thereof, or a tautomer thereof

Table 1
(J?d' Structure Chemical Name
Mo,
(9-((2R 48 3R)-5-cthyl-4-hydroxy-5-
i (hydroxymethyltetrahydrofuran-2-
vi}-9H-purin~G-ol
S-bromo-~ {-{{2R.45,5R}-5-¢cthyl-4-
2 hydroxy-53-
(hydroxymethylitetrabydrofuran-2-
yh-4-hydroxypyrimidin-2{ 1H}-one
CEM\QH (2R,35,58)-5-{4-ammo-~6-fluoro-3-
3 R 0 methyl-1H-pyrazolo[3 4-djpyvrimidin-
FY’N N, §-yh)-2-cthynyl-2-
| N (hydroxymethytetrahydrofuran-3-ol
Na 4
Nk,
HQ OH
¢ (KRR}
e .
O (2R .35 5R)-5-(2-amino-6-
HoNL_ N N {cyclopropyviamine}-9H-purin-9-yi}-2+
4 Ty (hydroxymethyl)-2-
Ny N vinyHetrahydrofuran-3-ol
N
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(ZR,38 3R}-5~(6-{cyclopropylamine)-
2-fluoro-SH-purin-9-y1})-2-

R (hydroxymethyl}-2-
vinyhetrahydrofuran-3-ol
1-((ZR 48, 5R }-4-hydroxy-3-
6 (hydroxymethyl}-3-

vinyhetrahydrofuran-2-vi-3-

NN methoxypyrimudine-2,4(1H, 3H)-dione
H
OH ,
SooH ({25,458, 3R)}-4-hvdroxy-5-
M [ ’\>,A’J (hydroxymethyl}-5-
7 = /"\N\“L\Q v vinyltetrahydrofaran-2-y1)-2 4-dioxo-
/& 1,2,3 4-tetrahydropyrinidine-3-
O E o] carbouitrile
OMoy

VEV 4-amino~3-flgoro-1-((2R, 48 SR)-4~

: hydroxy-3-(hvdroxymethyl}-5-

",4"/ . - e g 7 . .oy

B N N O = vinvltetrahvdrofuran-2-vDpvrmidin-
2{1H}-one

H.NT N 0
HG —

OH | 2-amino-9-({ZR 45 3R}-d-hydroxy-5-

o] \ <

9 (hydroxymethyiy-5-
HeN \]//N N\ vinyhtetrahydrofuran-2-v)-1 H-purin-

wo b2 6(9H)-one
S N

{(ZR.38 5R)-5-(2-amino-6-
(methvlamino}-9H-purin-9-vi}-2-

10 (hydroxymethyl}-2-
vinyltetrahvdrofuran-3-o0l
s, 1-{{(48 3R}-S-ethynyl-d-hydroxy-3-
11 | HO (hvdroxymethyltetrahydrofuran-2-

e e
27 07NN NP 0 2 detrazole-3-carboxamide
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d-amino-1-{{ZR 3R 4R SR}-5-cthyayl-
3-fluorc-4-hydroxy-5-
(hvdroxymethyltetrahydrofuran-2-
vhpyrimidin-2{1H}-one

i2

{2R.3R 4R 3R}-S-(6-amino-2-fhioro-
SH-purin-9-y)-2-ethynyl-4-fluore-2-
(byvdroxymethylitetrabvdrofuran-3-ol

{{2R_ 3R}-5~{6-amino-9H-purin-9-y1}-
2-gthynyl-2 S-dihydrofuran-2-
viymethanol

14

4-amino~3-bromo-1-((2R 45 ,5R)}-4~
hydroxy-5-(hydroxyvmethyi)}-5-
methyltetrahydrofuran-2-
yhpyrimidin-2{1H}-one

i5

’)\KNHE {2R,38,5R)~5-{4-amino-S-bromo-2-~
. i oxopyrimidin-1{ZH)-yl)-3-hydroxy-2-

3 oM M j
16 \<> T‘“’ \T/ (hydroxymethy tetrabydrofuran-2-
NC e carbonitrile

\ 3-fluoro-1-((2R,48,5R}-d-hydroxy-3-
W (hydroxymethyl}-5-
vinyhetrahydrofuran-2-vlpyrimidine-

2,4(1H 3H)-dione

)
0}_ Z}
o
\

1-{(2R,48,5R }-5-¢thyl-4-hvdroxy-5-
18 Fo o ‘/L Py (hyvdroxymethyietrahydrofuran-2-
I’ i o v1)-5-fluoropyrimidine-2.4( 1H,3H)-

dione

T ™o 1-({2R5R)-5-cthynyl-5-
- ’% (hydroxymethyl}-2,5-dihydrofuran-2-

ol PN
’ /& vi}-S-fluoropyrimidine-2 4(1H 3H}-
O

O dione
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-
OH
(g_) 1-((28 5R)-5-thyi-4-hydroxy-5-
20 P T e) e {hydroxymethyljtetrahydrofuran-2-
i yhpyrimidine-2,4{ 1H . 3H}-dione
0P NS0
H
O
o ©OH 9-({48,5R)-5-ethyvnyl-d-hydroxy-3-
81 N (hydroxymethyitetrabydrofuran-2-
7o y3-9H-purin-6-ol
Ny
XN
9-({(2ZR, 45 5R)-4-hydroxy-5-
108 {(hydroxymethyl}-5-
'//N N vinvhetrahydrofuran-2-y1)-9H-porin-
N l Z> 6ol
X N
OH
SN
gﬂ\h“ {(2R,35,5R)-5-(2~amino-6~-methoxy-
§61 HaN . N N SH-purin-9-y1}-2-cthynyi-2-
) \]4’ ! > (hvdroxymethytitetrahvdrofuran-3-ol
No
e
AP
O NYNH (({{3R,5R}-5-(5~-methyl-2 4-dioxo-3,4+
(12 __T 5 dibvdropyrnmidin-1(2H)-
- - yijtetrahydrofuran-3-
O yhoxy ymethylphosphonic acid
HG“’P\:O
OH
- NH,
oo N 3
N ({(GRSR)-5-(6-amino-SH-purin-9-
113 vijetrahydrofuran-3-
0O yhoxy)methyviiphosphonic acid
osd
Hdp\OH
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Br
f/ NHg 4-amino-3-bromo-1-((2R,48,5R)-3-
OH ! {fluoromethyl}-4-hydroxy-5-
116 O oM. N
Fao j \n” (bydroxymethvitetrabydrofuran-2-
AN 0O yhpvrimidin-2{1H)-one
HO
¢ FN
H(}:\i VN\%\\(NHE (ZR,38,5R}-5-¢{6-amino-2~-methoxy-
15 2 B W "N 9H-purin-0-y1}-2-(hvdroxymethyl}-2-
HO N ‘\“K/ vinyhtetrahydrofuran-3-ol
OMs
Cl
o %\?ﬁ S-chloro-1-((2R 48 5R)-4-hydroxy-5-
\ (hydroxymethyl}-5-
126 t‘ OT N hil NH methyltetrahydrofuran-2-
w - 0 vhpyrimidine-2 4(1H,3H)-dione
HO
NG R 4Q o b
OH = 1-({(2R 48,5R)-4-hydroxy-5-
123 0. LN NH (hydroxymethyl}-5- i
R T \ﬂ/ methyitetrabvdrofuran-2-yi)-5-
TN O methylpyrimidine-2 4(1H,3H}~dione
HG
HQ o —OH
; o 1‘;\\
§G {2R,38,5R)-5~(6-anuno~-2~methoxy-
§29 O N 9H-purin-9-yi}-2-ethyl-2-
-~ -N 3
\]4’ | /,> {hydroxymethyltetrahydrofuran-3-ol
N N
NH,
OH
r N 4-aming-S-chloro-1-((2R 48,5R}-4-
o hydroxy-S-(hvdroxvmethyl}-5-
. OM FUTOXY-2~-{113 3 !
131 ¢ \//,»;\ N "J\O ! methyitetrabvdrofuran-2-
i yipyrimidin-2{ {H}-one
HNT NS0 P :
OH .
R o :/ 4-amino-3-fluoro-1-{({ZR 3a8 6aR}-6a-
>“"" Ny N (hydroxymethyl}-2.3,3a 6a-
139 HEN_(&\ N <¥IC> tetrahydrofuro]3,2-b{furan-2-
N"&(} yvhpyrimidin-2{ IH}-one
HsN
g\¢ﬁ 5-{aminomethyvi}-1-((ZR 48,5R})-4-
= c -
146 hydroxy-S-(hvdroxymethyi)-3-
] HQ_\/C} N \r NH methylietrahydrofuran-2-
RO a vhpyrovidine-2 4(1H,3H)-dione
HO'
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(2R, 35,48,5R)-3-(6~amino-2-fluoro-
OH-purin-9-yi}-2-ethyi-2-

161 (hydroxymethyljtetrahydrofuran-3,4-
diot
N 4-amino-S-fluoro-1-((ZR,58)-5-
219 W o Y " {hydroxymethy!}-S-
HO N \4,'\ methyltetrahydrofuran-2-
F yDpyrimidin-2(1Hj-one
N HNe—
oH i Y \§ {2R.35,3R)-5~(2-amino-6~
167 o N N (methylamine)-9H-porin-9-y1}-2-
/ o 7’ N:“~'< {(hydroxyvmethyl}-2-
. NH, methylietrahydrofuran-3-ol
OH
N Nr
ff o
- {2R_38 458 3R})-5-(S-aminc-2-fhuoro-
: HO N/ : » RN
188 Q- N --—-{ SH-purimn-9-y1}-2-¢hydroxymethyl)-2-
x F methyletrabvdrofuiran-3,4-diol
BN OH
HO
Y 1-({2R.3R 48,5R})-3 4-dihydroxy-5-
189 (hydroxymethyl}-3-

WU

methvitetrahydrofuran-2-yi)-3-
fluoropyrnudine-2,4( 1H,3H)-dione

{6022} in another embodiment, Compounds of the Disclosure are compounds of Table 2,
ot a pharmaceutically acceptable salt or solvate thereof, or a tautomer theveof.
Table 2
(/?d" Structure Chemical Name
Nao.
Me
%\y{) 1-({2R,58)-5~(hvdroxymethyl}-5-methyl-
21 ) 2 3-dihvdrofuran-2-vi)-S-methylpyrimidine-
HO © N\E(NH 2 4(TH.3H)-dione
Me™ \ .
)
E /[ V\OH 1-{(5R)-5-e¢thynyl-5-(hydroxymethyi)-2
22 f\N © \\\\\% dihydrofuran-2-y1}-5-flucropy ﬂn’ildli’ig“
o ﬁ/&O 2 4(TH,3H)-dione
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O
N, I-((2R4R,5R)-4-hydroxy-5-
23 o N“’L\O =, OH (hyvdroxymethyl)-5-methyltetrahydrofuran-
& 2-vl}-S-methvipyrimidine-2 4(1FH, 3H}-dione
o7 TN o
H
O
I{}fig/ (2R 4R 38)-4-hydroxy-5-
%, ~OH {hydroxymethyl}-5-{prop-1-yn-1-
24 Y\N © yietrahydrofuran-2-yi}-S-
0% N /&O methylpyrimiding-2 4 1H, 3H-dione
H
OH QH
fg// 1-((2R 4R, 3R)-4-hydroxy-5-
28 /’f’\NVL\Q‘ = (hydroxymethyl}-3~-vinyhetrahydrofuran-2-
/L% yh-5-methylpyrinudine-2 4(1H 3H})-dione
1-{({ZR 3R 5R}-5-cthynyl-5-
26 {(hvdroxymethyl)-3-(p-
tolylthio)tetrahydrofuran-2-v1i)-5-
methyipyrimidine-2 4(1H, 3H}-dione
S-cyclopropvi-1-((2R, 5R)-5-~cthynyl-5-
27 (hydroxymethyl}-2,5-dihvdrofuran-2-
yhpyrimidine-2,4(1H,3H}-dione
gt f >A0H 1-4((2R.5R)-5-ethynyl-3-(hydroxymethyl)-
28 F Z 2N O "Q\\\\ 2,5-dihydrofuran-2-yi}-5-
/g {triflooromethylipyrimidine-2 4(1H 3H)-
O § O dione
OM
bﬁ,&\g 1-((2R 4R _5R)-3-ethynyl-4-hydroxy-S-
25 N O "’%\\} H thydroxymethvijtetrahydrofuran-2-vi)-5-
methvipyrimidine-2 4(1H,3H)-dione
O N° 70
H
iﬂf\i}H 1-{(2R 3R}-S-ethvnyl-5-(hyd hyl)
. oy (2R, 3R}-S-ethynyl-5-(hydroxymethyl)-
30 I N" O %\\\ 2 S-dihvdrofuran-2-vijpyvrimidine-
o N /gg 2,4(1H.3H)-dione
H
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I-({(2R 3R, 5R)-5-cthynyl-5-
31 : {hvdroxymethyl}-3-(p-
’ N tolyithiojtetrabydrofuran-2-vipyrinudine-
f\N o s \\\§H 2,4{1H, 3H}-dione
o N/&D
H
OH
i‘:' \ 4-amino-1-((25,45, 5R)-5-cthynyl-4~
32 - ", OH hyvdroxy-3-(hydroxvmethyiitetrahydrofuran-
/ AY J ! S A J. A LA o
/C\N © \\\{“ 2-yhpyrimidm-2(1H}-one
.
HN™ N 0
N S W P JRS— i B , .
R NI NPTy 1-2R,3R)-S-cthvnvi-3-(hvdroxymethyl)-
33 \I\N © \\\\\ 2,S-dihydrofuran-2-vi)-2,4-dioxo-1,2,3 4~
0% N0 tetrahvdropynimidine-3-carbonitrile
H
-OH
/ =
§Q 7-{(2R SR}-S-cthynyl-3-(hydroxymethy -
34 2 5-dihydroturan-2-y1)}-3, 7-dihydro-4H-
pyreolof 2, 3-djpyrinudin-4-one
S-ethyl-1-({ZR 5R)-3-ethynvi-5~
35 (hydroxymethyl)-2,5-dibydrofuran-2-
yhpynmidine-2 4{1H, 3H)-dione
[ , . o
Oy oy QH 1-{(2R_5R}-5~cthynyl-5-(hydroxymethyvl)-
36 d / NT O C\\\“ 2.5-dithydrofuran-2-vi}-5-
o= N R methoxypyrimidine-2,4(1H 3H)-dione
H
o D [ ‘%
> o s OH 1-((ZR 5R}-5-ethynyl-3-(hydroxymethyl}-
37 Dy NT O \\\\\} 2 S-dihydrofuran-2-yl}-3-{methyl-
o7 N g d3ypyrimidine-2, 4 1H, 3H}-dione
H
-0k
/ ‘uir_,_':?-'
38 O {{2R,5R}-2-cthyvnyi-5-(9H-purin-9-vi}-2,5~
8 dihyvdrofuran-2-ylmethanol
T |
e,
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39 N {{ZR,5R}-5-(6~chloro-9H-purin-9-v1)-2-
’ = T/N> ethynyl-2, 5-dihydrofuran-2-yhmethano]
Lo
Ci
HoN._N. 0
M e A-amino-1-((ZR,5R)-5-ethynyl-3-
40 SR e /}/’ (hydroxymethyl}-2, 5-dihydrofuran-2-yi}-5-
F i %, O fluoropyrimidin-2 {1 H}-one
o
N 2l N\
/)Q\ | N> {{2R, 3R }-5-(2~chloro-6-methoxy-9H-purin-
41 Ct N =z Seyiy-2-ethynyl-2, S-dihydroforan-2-
vlimethanol
/
: vi:f\ /‘ff\QH 4-amino--{((2R SR}-5-cthynyl-5-
42 ZONT 0 \%\\} (hvdroxymethyl)-2,5-dihydroforan-2-y1}-5-
N N /L\\‘\O methylpyvrimidin-2(1Hj-one
CHa
0] e Eres
= E-((48,3R)-5-cthynyl-4-hydroxy-3-
43 HO O, N, _MNH (hvdroxymethylitetrahvdrofuran-2-yi)-5-
w \ﬂ/ methylpyrinuding-2, 4 IH, 3H-dione
= R o
HO
Br
O . o s -
= S-bromo-1-((48,5R}-S-ethvnyl-4-hydroxy-3-
44 HO OY‘N NH (hvdroxymethyhitetrahydrofuran-2-
{//;«“‘ \ \(E‘l/ yhpynmdine-2 4(1H, 3H)-dione
HO
F
0o < <
= 1-({4S,SR)-5-cthynyl-4-hydroxy-5-
45 H gf\{)f N \n/ NH {hvdroxymethyhtetrahydrofuran-2-yi)-5-
o flucropyrinudine-2, 4(1H,3H)-dione
& R o
HO
CHy
NH, : < <
= [ 4-amino-1-({(4S,5R)-3-cthynyi-4-hydroxy-5-
46 HO~ O, N \|/ Y thydroxymethyljtetrahvdrofuran-2-vi)-5~
w methylpyrimidin-2{1H}-one
¥ B o
HO
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CHy
= O 1-{({2R,538})-5-cvclopropyi-5-
47 HO O. (hyvdroxymethyl)-2,5-dihydroforan-2-y1}-5-
’w m’ methylpyrimidine-2 4(1H, 3H)-dione
CH,
P F-((2R,58)-5-thvdroxymethyt)-5-
48 HO O. .N. _NH {methoxymethvl}-2 5-dihydrofuran-2-viy-5-
" methylpyrimidine-2,4( 1H, 3H)-dione
/ hylpyrimidine-2,4(1H,3H)-di
—~0 ©
] =
HO Y?“‘N\({}‘ o 2-amino-9-{(28 48, 5R)-5-cthynyl-4-
49 &) Ao NH hydroxy-5-{hydroxymethyiitetrahydrofuran-
HO n 2-y})-1,9-dihydro-6H-purin-6-one
NHa
CHj
22O 1-{{28 48.5R)-5-cthynvl-4-hvdroxy-3-
56 HO Q. N NH thvdroxymethyhitetrahvdrofuran-2-yl-5-
@,//\\~‘ Y methylpyrinudine-2 4(1H. 3H)-dione
R O
HO
(/\fa I-((4S,5R)-5-¢cthvnyl-4-hyd
) ~{{4S,5R)-3~¢cthynyl-4-hydroxy-5-
51 HO R © N“N}]/NH {hydroxymethyijtetrahydrofuran-2-
2\ S yhpyrimidine-2,4(1H,3H)-dione
HO
O s~cyclopropyl-1-({(48,5R)-5-cthynyl-4-
82 hydroxy-3-{(hvdroxymethyljtetrahydrofuran-
O 3 : 3 3
H‘i:f\/\j \I'( 2y pyrimidine-2 4(1H 3H)-dione
Br
9] < s 5ot
= S-bromo-1-{{258,45,5R}-5-cthynyl-4-
53 HO 0. N.__NH hydroxy-3-(hydroxyraethyljtetrahydrofuran-
' 2-vhpyrinudine-2,4(1H, 3H)-dione
R O
HO
F
0O
= 1-{(28, 48, 5R)-5-cthynyl-4-hvdroxy-5-
85 HO- O WN.__NH (hvdroxymethyltetrahvdrofuran-2-yi-5-
f///,\\*’ \ \7,: \E]/ fluoropyrimidine-2 4(1H,3H)-dione
R O
HG
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F
NH, o o
= ] 4-amino-1-{(28 48 5R)-5-cthynyl-4-
35 HO—%, O “\N\'[/N hydroxy-3-(hydroxyraethyhtetrahydrofuran-~
W 2-y13-5-fluoropyrnmidin-2{1H)-one
/g’g\i ] Y Py
S O
HG
CHy
NH, . <
=4 E 4-amino-1-{(2$ 48 3R}-5-cthynyl-4~
56 HO O, WN N hydroxy-3-(hydroxymethyiftetrahydrofuran-~
/X} ! 2-o1)-S-methylpyrimidin-2(1H}-one
ZZ o)
HO
FoHCO
Kfl\\f?ﬂ S-{difluoromethoxy}- 1 -{{ZR,5R}-5-¢thynyl-
57 S-{hydroxyraethyl}-2,5-dihydroforan-2-
HG o © NTNH yhpynmidine-2 4{1H, 3H)-dione
Z = g
CN
AN ({45 5R)-5-ethynyl-4-hydroxy-5-
" » {hydroxymethyvijtetrahydrofaran-2-v1)-2,4-
S8 HO WN\(NH dioxo-1,2,3 d-tetrahydropyrimidine-5-
=2\ 5 carbonitrile
HO
OCH;
0O e e .
r/ 1-{({4S.5R)-5-¢cthynyl-4-hydroxy-5-
5% HO Q. N.__NH thydroxymethyittetrabydrofuran-2-vi)-5-
e 7 \n/ methoxypyrimidine-2,4(1H 3H)-dione
Z= ) O
HG
Br
CNH, . . ,
cd | 4-amino-5-bromo-1-{{(4S 5R)-5-cthynyl-4~
60 HO O N.__N hydroxy-3-{hydroxymethyljtetrahydrofuran-
{///\\" \T’ 2-yBpyrimidin-2{ 1H}-one
2 O
HO
61 N (2R, 38)-2~cthynyl-2-(hydroxymethyl}-5-(6~
& \irﬁ\ rethoxy-9H-purin-9-vijetrahvdrofuran-3-of
H E /;,
e
Son
' 1-({2R,48,5R)-4-hydroxy-3-
62 e ) = (hydroxymethyl)-S-vinyletrabydrofuran-2-
/j\§ vi)-5-methyipyrunidine-2 4(1H,3H}-dione
o7 N O
H
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63

1-{(28 48, 5R)~4-hydroxy-5-
(hydroxymethyl}-3-vinyltetrahydrofuran-2-
vi)-S-methyipyrimidine-2,4(1H,3H}-dione

64

S-bromo-1-{{2R 45, 5R)-4-hydroxy-5-
(hydroxymethyl)-S-vinyltetrahydrofuran-2-
vhpyrimidine-2 4(1H, 3H}-dione

S-bromo~1-{{25,48,5R}-4-hydroxy-35-
(hyvdroxymethyh-5-vinyitetrahydrofuran-2-
yhpyrimidine-2,4(1H,3H)-dione

66

1-{{48,5R)-4-hydroxy-5-(hydroxymethyi}-5S-
vinylietrahvdrofuran-2-yi}-5-
methoxypyrinuidine-2,4{1H,3H)-dione

&7

4-aminc-3-bromo-1-((45,5R}-4-hydroxy-5-
(hydroxymethyl)-S-vinyletrahydrofuran-2-
yhpyrimidin-2{1H}-one

68

I-{{5R}-5-cthyl-4-hydroxy-3-
(hvdroxymethylictrahvdrofuran-2-y1)-5-
methoxypyrimiding-2 4(1H, 3H)-dione

69

1-((2R 48, 5R)~4~hydroxy~5-
(hydroxymethyl)-5-vinyietrabydrofuran-2-
yh-2,4-dioxo-1,2,3 4-tetrahydropynmidine-
S-carbonitrile

~-§
7

4-gmino-3-bromo-1-((48,5R)-3-cthyl-4-
hvdroxy-S-(hvdroxymethytetrahydrofuran-
2-yDpyrimidin-2{1H}-one
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OH g
(&) , 1-((28 3R)-5-othyl-4-hydroxy-3-
7% 2 K thydroxymethyirtetrabydrofuran-2-vi)-5-
/«k\\ methylpyrinidine-2, 41 H, 3H)-dione
o~ N7 O
H
HO ]
N { OH 1(OR 38,58)-5-(2.6-diamino-9H-purin-9-y1}-
72 2 74.?’4 R 2-cthynyl-2-
N N (hydroxymethyjictrahydrofuran-3-ol
A2
TN
Hol
f':;‘ >«"”\ 1(2R 3R 3-Sethynyl-S-(hydroxyvmethyh)-
. OH S A e
- For S 07 2,5-dibydrofiran-2-v1)-3-
! F F ’,;\ {{triflucromethylthio}pyrimidine-
G g O 2,4(1H, 3H)-dione
r;,
[ ‘>\:1 4-amino-1-((28,58)-S-cthynyl-5-
£ o OH amine 8,558)-S-cthynyl-S
74 \/‘//c\N o Q«i\ (hvdroxymethyl}-2,5-dibvdrofuran-2-v1}-5-
HoN /&\\\N /l%() fluoropyrimidm-2{1 Hj-one
HO [47
o OH (ZR,35,3R}-S-(4-amino-6-fhucro-3-methyi-
g {H-pyrazolof3 4~-djpyrmdin-1-yi3-2-
- PN N ethynyl-2-(thydroxymethyijtetrahydrofuran-
?i\!\\\g;{\! 30}
NH,
O
. 4-amino-1-((28 4R 55)-5-ethynyl-4-
76 o~ \vL\ O hedroxy-5-(hydroxymethyltetrahydrofuran-
/ N O Q\ . A e -
2-yBpyrinidin-2{ 1H}-one
N
HoNT N7 O
O
I /gﬁ;\;iﬂ ’ 4-gmino-1-({2R 4R 58)-3-cthynyi-4-
77 hydroxy-3-(hydroxymethyltetraby droforan-
= o YRS TCIIyLC
/C\/i {:\ 2~yhpyrimidin-2({ {H}-one
~
HoN N° "0
N ,/<O
- o EEE\? NH 2-amino-9-((25 4R, 58)-5-cthynyl-4-
78 HO™ ™, N = hydroxy-3-(hyvdroxymethyltetrahvdrofuran-
2-vH-1 9-dihvy ~-6H-purin-6-one
& NH, 2-yH)-1,9-dihydro-6H-purin-6-on
HO
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2~amino-9-{(ZR_ 4R, 55}-S-ethvovl-4~
78 HoN._ N hvdroxy-3-(hvdroxvmethyltetrahvdrofuran-
- | 2-v1)-1,9-dthydro-6H-purin-6-ono
HN\T
O
Ho A/
QM\OH (2R, 35,38)-5-{6-amino-9H-purin-9-y1)-2-
§¢ N N: cthynyl-2-(hydroxymethyitetrahydrofuran-
f/ E > 3-0}
AN
NH»
Ho 4
o OH (2R 38,5R)-5-(2-amino-6-
HoN. N {cyclopropylamino}-SH-purin-9-yi)-2-
82 ? \’9 | N/; ethynyl-2-(hvdroxymethyltetrahydrofiran-
Na N 3.0l
NH
Ho
&,,‘D CH (2R 38.58)-5-(2-amino-6-
83 HoN. N E’*j {cvelopropylamino}-SH-purin-9-yi)-2-
- i } ethynyvi-2-(hydroxymethytetrahydrofuran-
N . N 3“01
NH
o 7
o | )
e {2R,38,35)-5-(6~{cyclopropyiamino)-2-
84 F\,{,N N fluoro-9H-purin-9-y1}-2-cthyayl-2-
N - ,> (hrydroxymethyiyetrahydrofuran-3-ol
M
v
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HO
o O
(2R,38,5R}-5-(6-(cvclopropylaming}-2-
85 PN~ N fluoro-YH-purin-9-v1}-2-cthynyl-2-
N ,} (hyvdroxymethyiietrabydrofuran-3-ol
X N
JNH
S
o OH
(2R, 38, 5R)-5~{6~{cvclopropyvlamino}-9H-
86 F;“ N purin-0-y1)-2-gthynyl-2-
N | /> (hvdroxymethyinetrabhyvdrofuran-3-ol
X N
NH
HQ =
<;f0 OH 2-amino-9-{(28,45 5R)-4-hydroxy-3-
87 HaN. N ,,i\? (hydroxymethyl}-3-vinyhetrahydrofuran-2-
\]{f i;f /> v)-9H-purin-6-ol
Ny g
OH
O &\N"m \ Q (2R,38,35)-5-(6~{cyclopropylarino}-9H-
88 HO:;.\?Q\ \m/ ~7 purin-9-y))-2-ethynyl-2-
gﬁ 0: NN {hydroxymethyljtetrahydrofuran-3-of
PH ey

89 N i‘:’\:\‘f//;

4-amino-1-((28,45,5R)-4-bvdroxy-35-
(hydroxymethyl}-3~vinyhetrahydroturan~-2-
yhpyrunidin-2(1 Hy-one

9% Brj:/,\N\v o
G

HNT N0
SHon
] 4-amino-5-bromo-1-{({ZR 45 5R}-4~
e hvdroxy-5-(hydroxymethyl}-5-

90 Br M & vinyltetrabydrofuran-2-vHpyrmdin-2( 1H)-~
one

H N \N"J“Q

OHon

4-amino-3-bromo-1-((28,45 3R)-4-hydroxy-
S-(hvdroxymethyly-5-vinvltetrabydrofuran-
2-yhpyrimidin-2{ 1H}-one
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92

5-{{diflucromethylithio)-1-{({(ZR,5R}-5-
cthynyl-5-(hvdroxymethyl-2,5-
dilwvdrofuran-2-yhpyrimidine-2 4¢ 1H 3H)-
dione

93

{(2R,38,5R}-2-cthyoyl-5-(2-fluoro-6-
(methylaming)-4,5-dibhydro-9H-punin-9-y1}-
2-(hydroxymethyl tetrahydrofuran-3-ol

94

(2R 35 3R)-5~-(6~{cyclopropylamino}-4,5-
dihydro-9H-purin-9-y1)-2-(hydroxymethyl}-
2-vinylhetrahydrofaran-3-ol

1-{((28,4R.58)-4-hydroxy-5-
(hvdroxymethyetrabyvdrofuran-2-y1-5-
methylpyrinidine-2 4 HH,3H)-dione

96

{2R,38,5R}-5-(6~(cyclopropylamine y-4,5-
dibydro-9H-purin-9-yi}-2-ethyl-2-
(hydroxymethyhtetrahydrofuran-3-o

(2R 35, 5R)}-5-(Z-amino-6-
{cyclopropylamino)-4,S-dihydro-9H-purin-
Goyl}-2-cthyl-2-
{(hydroxymethyljtetrahydrofuran-3-ol
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SHon
1-({2R 48,5R)-5-cthyl-4-hydroxy-5-
o8 (hyvdroxymethyijtetrahyvdrofiran-2-vi}-2 4~
’ dioxo-1,2,3 4-tetrahydropyrimiding-5-~
carbonitrile
(2R.38,5R}-5-(6-{cyclopropylaming)-2-
89 fHuoro-9H-purin-9-y1)-2-cthyl-2-
(hydroxymethyhietrahydrofiran-3-0l
{2R,358,5R)-3-(2-amino-6-methoxy-9H-
i62 purin-9-yi-2-thvdroxymethyi)-2-
vinyltetrahydrofiran-3-ol
Y
i
0
OHon
- 1-{{2R 45,5R)-3-cthyl-4-hydroxy-3-
163 A /\NVL\Q e {bvdroxymethyiitetrabydrofuran-2-yi-5-
/LQ methoxypyrinuidine-2,4{1H,3H)-dione
07 N O
H
OH
NF Br s !OH 3-bromo-6-{{({28,45, 5R}-4-hydroxy-5-
164 | (\>f“’ . {hydroxymethyi}-S-vinyltetrahydrofiran-2-
//i\ . - . L,
O N ﬁ“ O yhamino)pyrinudin-2{1H}-one
OHoy
| d-amino-S-bromo~-1-{{ZR 45 5R}-5-¢thyl-4-
168 Bra = N“’i\ g hydroxy-3-{(hydroxymethyiftetrahydrofuran-
\j\/\ 2-ybpyrinudin-2(1H}-one
HNT N /‘L\\Q
2
H
Ogy N 20 1-((2R 3R}-S-ethynyl-3-(methoxymethyl)-
166 R \I 2, 5~dibydrofuran-2-y1)-S-methylpyrimiding-
,c;\:f\xg‘ﬁ!"‘N & 2.4(1H,3H)-dione
H
O N (20 1-{{2R, 58)-5~(methoxyrethyi)-2.5-
147 Oo LN \i dibydrofoeran-2-yl)-3-methylpyrimidine-
ﬂj} 2 A(1H,3H)-dione
M(} -
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1-{((2R48,5R)-5-ethvl-4-hvdroxy-5-
1068 (hydroxymethylitetrahydroturan-2 -y -4~
hydroxypyrimidin-2{ 1H}-one
L < i KON e
118 HO Q. N N {(2R.38 48, 3R)-2~(v-amino-9H-purin-9-vi}-
=/ S-{hydroxymethyietrahvdrofirran-3 4-diol
SH OH
i
OH v o sm .
= E 4-hydroxy-1-{(2R.48 3R }-4-hydroxy-3-
111 HO 0\4" N N {hvdroxymethyltetrahydrofuran-2-vi-5~
/\i_,/' Y iodopyrimidin-2(i1H}-one
3 0
HO
O
Br 4-amino-S-bromo-1-{{2R 458 5R}-5-cthynvi-
- -0 /:—<>_ 4-hydroxy-5-
= | \>‘“ N g NHy {bvdroxymethylitetrabydrofuran-2-
e C? —N vhpvrimidin-2(1H}-one
O
[ Br 4-aminc-5-bromo-1-({25,48,5R}-3-ethynyl-
115 O /—<; 4-hydroxy-5-
- == | o o NHy thydroxymethyvijietrahydrofuran-2-
el O% N yhpyrinidin-2(1H)-one
Cl
= NH, 4-amino~3-chloro-1-({25,48 SR}-5-ethynyl-
124 o [/ ! 4-hvdroxv-3-~
- Ho/m N \1/ N {bydroxymethylitetrabydrofuran-2-
{;/;"\ \ - yhpyrimidin-2(1H}-one
HO
G f:N O
- AN ~ {2R.38,5R)-5-(2-amino-6-methoxy-9H-
35 | HO i in-9-y1)-2-cthyl-2-
128 ] N purin-9-yi}-2-cthyl-2
HO N ‘“ﬁ/ {(hydroxymethyljtetrahydrofuran-3-ol
NH,
Py
;/>’,J 4-amino-S-chioro-1-{(2R.48,5R }-4-hydroxy-
128 Ch & N"J\{) K S-{hydroxymethyh)-S-vinyltctrahvdrofuran-
r\ 2-yhpyrimidin-2{1H}-one
HNT N /&50
2
GH
I o 5-bromo-1-((2R.48,5R)-4-hydroxy-3-
132 B N O o (hvdroxymethvl)-S-methyltetrahydrofuran-
/g 2-vhpyrinudine-2,4(1H, 3H)-dione
o] § o)
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OH
f'/§>"‘"\ 1-((2R 48.5R}-4-hvdroxy-3-
O o g, OH (hydroxymethyly-5-methyfetrahydrofiran-
133 T i 2-y1)-3-methosxypyrimiding-2,4(1HL3H)-
o N/&C dione
H
Mg
I J\\.n‘! oM S-chloro-1-{(2R,48,5R}-5-(flucromethyi)-4-
134 C"f\Nf’L\Q‘)\“/ hydroxy-S-(hyvdroxvmethyiletrahydrofuran-
2vhpyrimidine-2 41 H, 3H)-dione
PN No
H
?Hff
TN S-bromo-~ {-{{ZR. 45, 3R}-S-{(fluoromethyl)-4-
hvdroxy-S-(hydroxvmethyijetrahydrofuran-
2-vhpyruovidine-2 4(1H,3H}-diove

135

1-((2R.48,5R)-4-hydroxy-5-

136

Py
{(hydroxymethyl)-5-methyltctrabydrofuran-
2-yH)-2 4-dioxo-1,2,3 4~
tetrahydropyrimidine-S-carbonitrile

I-{{2R.45,5R}-5-(fluoromethyl}-4-hydroxy-

OH
137 N Vo' -OH S-(hydroxymethylitetrabydrofuran-2-yi)-5-
k methylpyvrimidine-2 4(1H,3H)~dione
07 N7 O
H
N NH,
o M N
o, N- 72\ \ (2R 38,58 }-5-{6-amino-2-fluoro-YH-punn-
143 Fo NE= S-vi}-2-{(R)-1-tluoroethyi}-2-
- - (hydroxymethybietrahydrofuran-3-0l
~OH
OH =N NH,
° gi;\\% ‘\(N (2R 38.5R)-5-(6-amino-2-fuoro-9H-purin-
146 - Geyty-2-(hydroxymethyvi}-2-((E3-prop-1-cn-
T \ N “<F f-yitetrahvdrofuran-3-ol
OH
N MNH,
OH f’_{ R ARl A o .
o. N 4 \N (2R,38 5R}-5-{6-amino-2-fluoro-SH-purin-
147 K o N ___< Syl 2-Chvdroxvmethyi}-2-(2-methylprop-
’ ' \ -en-1-vijtetrabydrofuran-3-ol
oH
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on fr,N NHs
o N 4 “\<N (2R, 38,5R)-5-(6~amino-2-fluoro-9H-purin-
149 PR \N:{ 9-y1)-2-(2-fluoroethyl)-2-
F i - {hydroxymethyljtetrahydrofuran-3-ol
OH
o rf,m NH
F o N /‘—\<N {2R,38,5R3-5-{6~-amino~2-fHuoro-fH-punin-
158 A XY = 9-y1)-2~(2,2-difluoroethyl)-2-
F L = (hvdroxymethyljetrabydrofuran-3-ol
OH
OH r:,N NH,
F o, N- 4 “\<N (2R 38 5R})-5~(6-ammo-2-fluoro-9H-purin-
151 SN 7 N:< O-yh-2-(2, 2-difluoroviny}-2-
F o - (hydroxymethylctrahydrofuran-3-ol
GH
on N NHz
o g{g \gj‘*(\(i\i {2R,35,5R)-5-{6-amuno-2-fluoro-9H-purin-
152 Fao N :___< G-y 2-{difluoromethyi}-2-
Py - (hydroxymethyljtetrahydrofuran-3-o
F oz
OH
OH [{,N NH,
o. N 4 h\gN {2R,35,5R)-5-{6-amno-2-fluoro-9H-purin-
183 A~ :;__< Syhi-2+ 2-hydroxyethyl}2~
HG \ {(hydroxymethyljtetrahydrofuran-3-ol
OH
oH 7 ) <NH2
o ;lg\\/ \ \ {(38,5R}-5-(6-amino-2-fluore-SH-purin-9-
154 HO._. N :,< yi}-3-hydroxyietrahydrofuran-2,2-
\ . divhdimethanol
o
on N NH
» o N/ N (2R 38.5R)-5~(6-amino-2-fluoro-9H-purin-
156 N = O-yii-2-(hydroxymethyl}-2-
- {{methylamino}methylitetrahydrofuran-3-ol
OH
Br
.,)/\\f»@ {2R.38,5R)-5-(5-bromo-2 4-dioxo-3,4~
- ! dihydropyrinudin- 1 2H)-v}-3-hydroxy-2-~
187 HO N._ . NH J : Yip=2-h3 3
G\; T {(bvdroxymethyiftetrabydrofuran-2-
NG \ /o carbonitrile
el
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OMe
“d /O o
OH 1-{{2R 458 5R}-3-(fluoromethyl}-4-hydroxy-
158 o, N Y NH S-(thvdroxymethyDtetrahvdrofuran-2-y1)-5-
AN 0 methoxypyrimidine-2,4{ 1 H,3H)-dione
o
CN
OH {/ 0 F-{(2R,48 5R)-5-(fluoromethyi}-4-hvdroxy-
M. NH S-(hydroxymethylpetrahydrofuran-2-v1)-
is8 O o N P
R \ﬂ/ 2 4-dioxo-1,2,3 d-tetrabydropyrinudine-5-
NN ; e
\ O carbonitrile
o
CMe
OH K’L\}//Q (2R,38,5R}-3-hydroxy-2-thydroxymethyl)-
5-{3-methoxy-2,4-dioxo-3,4-
N _NH : y-<, ;
160 3 C T dihydropyrinudin-1 2H)-vitetrahydrofuran-
NC™ Y 0 2-carhonitrile
OH
OH r;,N NH»
o N\</ \§ (2R,38,5R})-5-(6-amimo-2~fluoro-SH-punn-
162 R = O-y}-2-(chlorocthynyl)-2-
/f,/’:'\ \ {hydroxymethyljtetrahydrofuran-3-ol
cl i F
OH [,:f N Ohde
[ o N\gf R (2R,38.5R)-5-(2-amino-6-methoxy-9H-
163 E. “K \'f == ‘< purin-9-vI}-2-(flucromethyl)-2-
A NH (hydroxyvmethyijtetrahydrofuran-3-ol
z 2
OH
i
OH (/L\irNHZ (ZR.35,3R}-5~(d-amino-S-chloro-2-
, M. N oxopyrimudin-12H)-yH-3-hydroxy-2-
164 A o \'r thydroxymethytitetrahydrofuran-2-
NG y o carbonitrile
OH
OH T:,,-N HN—
[ o N /4 ‘\< {2R.38,5R)-5-(2-amino-6~(methylanuno}-
166 Fae v == N SH-purin-G-yi-2-(fluoromethyiy-2-
S A NH (hydroxymethyDietrahydrofuran-3-ol
= 2
OH
OH r—’*N OMe
[ pi;\gi §< (2R 38, 5R}~5~(2-amino-6-methoxy-9H-
0 N . 3% 7Y —y is]
168 R 7’7 N# purin-9-y1)-2-azido-2-
N3 - N {(hydroxymethyljtetrahydrofuran-3-of
oy 2
OH
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N HN-
OH & ~ (2R 38,5R)-5-(2-amino-6-
169 O\}N 7 \N {cvclopropylamino }-SH-purin-9-vi)-3-
N Nﬁ hyvdroxy-2-(hydroxymethytetrahydrofuran-
B N, 2-carbonitrile
OH
Cl
o %\YO (7R 38,5R)-3-(S-chloro-2,4-dioxo-3,4~
172 ' N. _NH dihydropyrimidm- [{2H)-y1}-3-hydroxy-2-
' \ O \]” thydroxymethyijtetrahydrofuran-2-
NG\ 0 carbonitrile
o
ON
o %\%0 1-((2R,48,5R)-5-cyano-4-hydroxy-S5-
173 N, NH (hydroxymethylfetrahydrofuran-2-v1)-2,4-
' A o \‘r dioxo-1,2,3 4-tetrabydropyrinuidine-5-
NG o carbonitrile
o1
on =N NF
é\/() ;\;\?i \<N (2R, 38.5R})-5-(v-amino-2-fluoro-9H-purin-
174 HN e N N :,_< G-yii-2-(hydroxymethyl}-2-
‘\ ...... / . {{methylaminoymethylietrahydrofuran-3-ol
oH
oH F,N NH,
| [ o, N Y {2R 38,5R)-5-(6-amino-2-fluoro-YH-purin-
178 O '\ #N S-yi)-2-thvdroxymethyl}-2~((R)-1-
W e " methoxyethybitetrahydrofuran-3-ol
OH
oH (/N NH,
o N 4 \N (2R ,35,5R)-5-{6-ammo-2-fluoro-YH-purn-
176 = A y = Gy y-2-(hyvdroxymethyl}-2-(propa-~1,2-dien-
A = t-yltotrahvdrofuran-3-of
OH
oH = NH,
{ g{; 4 _\<N {2R,35,5R)-5-{6-amno-2-fluoro-9H-purin-
177 HO R — Sy h-2-(hyvdroxvmethyi}-2-({(E}-3-
T \ N _< hydroxyprop-1-en-1-ylitetrahydrofuran-3-ol
OH
on =N N
o gig\? »\(N {2R.35,5R)-5-{6~ammno-2-fluoro-IH-purin-
17& = o — 9-91}-2-{{E}-3-fluoroprop-t-en-1-yij-2-
e \ N {hydroxymethyljtetrahydrofuran-3-ol
OH
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on =N N
o \ "/ _\<N {2R,35,5R)-5-(6-amino-2-fluoro-9H-purin-
179 o ' = Gy}-2-(bvdroxymethvl}-2-(prop-1-yn-1-
/f/j./f’ ; e vhitetrahvdrofuran-3-ol
OH
OH 14!’\] NH,
{ N \g)_ﬁ\% {2R,38,5R)-5-{6-ammo-2-fluore-9H-purin-
186 G-yh)-2-(hydroxymethyi}-2-(2,2.2-
trithuoroethyitetrabvdrofuran-3-ol
{2R,3R 48, SR)-5-(6-amino-2~chloro-9H-~
i81 putin-9-yh-4-fluoro-2-(hydroxymethyi)-2-
methyltetrahydrofuran-3-of
{2R,3R 48 SR)-5~(G-ammo-2-chloro-9H-
182 punn-9-vh-2-ethvl-4-fluoro-2-
(hvdroxymethylitetrabydrofuran-3-ol
a
}\; A le (2R, 35 3R)-5-{6-amino-2-chioro-SH-purin-
180 0- N4 9-y1)-2-cthyl-2-
HO 7 Ci {hydroxymethyljtetrahydrofuran-3-ol
HO
_N NH,
- \w“ N {ZR,3R 48 5R}-5-(6-ammo-2-fluore-9H-
151 \“ O—¢ Nﬂ_"< purin-9-yh-2-cthyl-4-fluoro-2-
HO s . E (hyvdroxymethyiietrabydrofuran-3-ol
HO
MNH
Y NFg
-~ o
g A <‘\;\§ 2R3R45,5R)-5-{6-amino-9H-purin-G-yi}-
192 \ o Nt 2-cthyl-4-fluoro-2-
MG M - (hydroxymethyljtetrahydrofuran-3-of
HO
NH
o=
N4y, /N {2R,38 48 5R}-5-{6-amino-2-chloro-9H-
183 ‘\ O- N—f{\ purin-9-yi)-2-cthvl-2-
o, ¢ (hvdroxymethy!fetrabydrofiran-3,4-diol
HO - OH ’
HO
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N 2
(’{’ P
N'""% p (2R, 35,45, 5R)-5-{6-amuno-9H-purin-9-vi}-
194 \\ Ie} N 4 2-¢thyl-2-(hydroxymethyvitetrahydrofuran-
ie 3, 4-diol
HO : OH
OH
NH,
¢y
N4, /N (2R 38 4R 5R}-S-(6-amino-2-chloro-9H-
195 \ o N~ purin-9-yl)-2-cthyl-2-
iy . G (hydroxymethylitetrahvdrofuran-3,4-diol
HO " OH : .
HO
NHa
D o
- ﬁ !N (2R, 35 4R 5R)-5-(6-amino-SH-purimn-9-vi}-
196 ‘\ 's) g\;»—f 2-ethvi-2-thydroxymethyDictrahvdrofuran-
" y 3.4-diol
HO " OH
HO
Os N _NH, ﬁ ‘
i j: 4-aming-1-((2R 3R 48,5R)-3,4-
b O eNF dihydroxy-S-(hydroxymethyl)-5-
197 Hgvg methyltetrahydrofuran-2-y1)-5-
H 5 “oH fluoropyrimidin-2{1H}-one
DF‘NwrNHz 4-amino-1-((ZR 3R 48 SR)-3.4-
HO, %, O N dibydroxy-5-(hydroxymethyl}-5-
198 \""’(W}fﬁ \’//J methyltetrabydrofuran-2-yDpyrinidin-
H (5 “Om 2{1H}-one
O. N H - ” .
y N S-fluoro-1-({2R 45, 5R}-4-hydroxy-5-
%, 3 {hydroxymethyl}-5-
99 HO_ ™, N~ ymeth; )
! \“""{T N methyltetrahydrofuran-2-y1)-4-
H (5 {methylamino)pyrimidin-2(1 H}-one
[ QY'N\ NH, | 4-amino-1-{{(2R 4R 5R}-S-ethynyi-3,3-
200 HO ™ Ol uN_ difluoro-4-hydroxy-5-
2 WI {(hydroxymethy! tetrahydrofuran-2-
Ha' v F vhpyrimidin-2{1H)-one
GﬁfN\ N~ 4—(ethyiamino)wﬁfﬂuoro,—1-{(2R74SﬂSR)-
281 HO, 7, O N /I 4-hydroxy-5-(hydroxymethyi)-5-
\w{f - methyltetrahydrofuran-2-ylpyrimidin-
" (5 2(1Hj-one
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© M NH, (2R 3R,5R)-5-{4-amino-2-oxopyrimidio-
302 HO o N, J H{2ZH)-y1)-4,4-difluoro-3-hydroxy-2-
) N’;?\(_I {(hydroxymethyl stetrahydrofuran-2-
HE L F carbonitrile
\\\\‘\\; !mN
HC\;@@N oMz (2R 38 4R SR)-5-(6-amino-2-fluoro-9H-
283 \_/ i‘é i{i purin-9-y1}-2-ethynyi-2-
HO  ©OH \/{' (hydroxymethytetrahydrofuran-3,4-diol
F
OH N
- Q I‘é\)\\\/NHQ {2R,38 4R SR)-5-(6-amino-2-fluore-9H-
204 \‘&(7‘ i \N purin-9-yi}-2-(hydroxymethyl}-2-({E}-
HG DM N\{’ prop-1-en-1-yhitetrahydrofuran-3,4-diol
F
O“?/ N\ OH 1-{{2R.,38,48,5R -3 4-dihydroxy-5-
208 HO, . QN /)/ {hydroxymethyl}-5-
- %‘\ NN methyltetrahydrofuran-2-y1)-3-flucro-4-
HC; OH hydroxypyrimidin-2(1H}-one
H
%MN\F;O 1-((2R,35,48, 5R)-3 4-dihydroxy-5-
i Frocy S
HO. % Ol N {(hydroxymethyl}-5-
206 \’“”< r = methylietrabydrofuran-2-yDpyrimidine-
- “—\OH 2,4(1H 3H}-dione
OH f:N
/\\ o NNNH? (2R,38,4R 5R)-5-(6-amino-2-fluoro-9H-
207 " f oW purin-2-y1}-2~{cvclopropylmethyi}-2-
ue '?C}H N‘\f’ (hydroxymethyljtetrahydrofuran-3 4-diol
F
OH N
N O N NH, (2R, 35,4R SR)-5-(6-amino-2-fluoro-9H-
"’\q\‘ ~ - .
208 { B}si purin-9-y1}-2-butyl-2-
HG\\ o N\,(» (hydroxymethytetrahydrofuran-3,4-diol
F
© N NH, 4-amino-1-((2R,3R,48,5R}-4-hydroxy-5-
HO_ = 0 {hydroxymethyl}-3,5-
& s N S }' S B
209 \V’(I s dimethyltetrahydrofuran-2-yipyrimidin-
g 2{1H}-one
o o o e Es &/ L
NN o 2R 38, 5R-5-(2 4-dioxo-3 4-
i Thy IR o1V o dross.
218 HO~ C N\j dﬂhy{dropyxvumdm-'l (2}1}»)/1}»:, hydmf)
NE 7“ 2-{hydroxymethyiftetrahydrofuran-2-
" 0;‘ carbonitrile
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Oyﬁ o 1-({(2R.4S,5R}-5-(fluoromethyi)-4-
211 Fs, O N\j hydroxy-5-
B f“"’(_ 7& = {(hydroxymethyl ytetrahvdrofuran-2-
H@H (5‘ - yhpyrimidine-2 4(1H,3H)-dione
H
o)
Yo
O e
212 s N tetrahydrouridine
Hﬂmj ~ ’
HO  OH
Q@,g o 5-fluoro-1-{(2R,58)-5-(hy Smxy methyl)-
213 HO 2 O ! F S-methyltetrahydrofuran-2-
- N omEeRyhene . :
%?A e "KF yhpyrimidine-2,4(1H,3H)-dione
C’yw\ NH, 4-amino-1-((2R.38 48 5R)-3,4-
214 HO, ™ O NJ dihydroxy-5-(hydroxymethyl)-3,5-
7} dimethyltetrahydrofuran-2-yDpyrimidin-
ao mﬁ“"GH 2(1H}-one
Qy—N\ NH, d‘??immim({izRfmﬂ&S?}fﬂn
215 HO QYN\’J ~ dibiydroxy-: w(1§(:r0xymetly )TB,}.
dimethyitetrahydrofuran-2-yDpyrimidin-
ne | 'OH 2(1H)-one
C’gﬁ o 1-((2R,48,5R)-4-hydroxy-5-
HO, . O b {hydroxymethyl}-5-
216 \%TN‘/ _ : N
methyltetrahydrofuran-2-y]jpyrimidine-
uo' 2,4(1H 3H)-dione
o H
Yo
217 o Q\.&N\j uracil 1-beta-d-arabinofuranoside
HO  OH
0 {2R,5R }-5-{4-amino-2-oxopyrimidin-
’1s o gk 1(2H)-y1)-2-
H(‘:}_,:_.r,‘.\( ;7»’* N, = {hydroxymethyl tetrahydrofuran-2-
N=AL carbonitrile
, O‘S\”NwNHg 4-amino-1-(2R 48 SR -4-hydroxy-s-
230 HO_ OVN B (hydroxymethyl}-S-methyl-3-
\"’r( [ methylenetetrabydrofuran-2-
ng & yhpyrimidin-2(1H}-one
i GYNWNHQ 4-amino-1-((2R 3R4S,5R)-5-
223 HO_ = O N/ (fluoromethyl)-3,4-dibydroxy-5-
- \""’(_f N {(hydroxymethyl tetrahydrofuran-2-
H 0;‘ "’CBH yhpyrimidin-2¢{} H)-one
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0 N M iy KN & I

%x N NH, 4-amino~-1-({2R,35 45 SR)-5~
233 , NJ {(fluoromethyl}-3,4~-dihydroxy-5-

\ = (hydroxymethyl ftetrahydrofuran-2-
H O;‘ vhpyrimidin-2(1 H}-one
j’\ 4-amino-S-fluoro-1-{{2R 38,45 5K }-5-

N.# {(fluoromethyl -3, 4-dibydroxy-5-

(hydroxymethyl tetrahydrofuran-2-
vhpyrimidin-2{1H)-one

[

B

N
Qu

NH
\\T/ “T ? 4-amino-5-fluoro-1-((2R 3R 48, 5R}-5-
P

235 et G {flupromethyl)-3 4-dihydroxy-5-
' ' {(hydroxymethyhtetrahydrofuran-2-
HO H (5 “Oy yhpyrimidin-2(1H}-one
HO . . T
R ~ F 4-amino-S-fluoro-1-({(1R 3R 4R, 58, 7R )-
: = O~ . 7-flucro-4-hydroxy-1-(hydroxymethyl)-
228 HEN‘?\;—\N’ ' | g 2,6-dioxabicyclof[3.2 Otheptan-3-
% ue & yhpyrimidin-2{1H)-one

O%"NQ?/NHZ d-amino-1-((2R,38,48,SR}-4-hydroxy-5-
{hydroxymethyl}-3,5-
dimethyltetrahydrofuran-2-yDpyrinudin-
S 2{1H)-one

{(2R,38,5R}-5~(6-amino-2-fluoro-9H-
purin-9-y13-2-{cyclobutylmethyl}-2-
(hydroxymethyl ptetrahydrofuran-3-ol

fa]
Id
]

{ZR,35,5R}-5-{6~amino-2-fluore-9H-
purin-9-y1}-2-butyl-2-
{hydroxymethyltetrahvdrofiiran-3-ol

236

2-((2R,35,5R)-5-{4-amino-5-fluoro-2-

231 N { o E\%’ oggﬁyri midin-1{2H}-v1}-3-hydroxy-2-
‘ et NN {(hydroxymethyltetrahydrofuran-2-
: yDacetonitrile
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o L w, 4-amino-1-({(2R 4S,5R)-5-
‘ N i 14 -5
1 \inD Nk ’ (diﬂ}m@mcﬁhy 1) 4 hydr@y '
ST ey (hydroxymethyDietrabydrofuran-2-y1}-5+
B fluoropyrimidin-2{1H}-one
HG ’
¥ . -
v { 4-amino-1-((2R 45,5R -5~
Ao wg ; .
433 Ny & = {azidomethyi}-4-hydroxy-5-
- e AN»\K«N (hydroxymethyl tetrahydrofuran-2-yl)-5-
S8 flucropyrimidin-2{1H)-one
4-amino-S-fluoro-1-{{2ZR 48,58})-5-
234 fluoro~-4-hydroxy-5-
) (hydroxymethylitetrahydrofuran-2-
yhpyrimidin-2(1H}-one
}- ;o
oH L 4-amino-1-{{(2R 48,5R)-5-
234 O o N {chioromethyl}-4-hydroxy-5-
REh \Ngg\*_&g«g (hydroxymethyDtetrahydrofuran-2-yi)-5-
A rimidin-2( 15~
o & fluoropyrimidin-2(1H}-one
3
SR A N (2R 35,48 5R)-2-{4-amino-5-fluoro-2-
336 % o) Eié iﬁ oxopyrimidin-1{2H)-v1}-4-hydroxy-5-
' [ \f‘* Y {(hydroxymethyl)-5-
uwey Ty £ methyltetrahydrofuran-3-carbonitrile
O
N .
OH 1w 4-amino-S-fluore-1-{{(2R,48,5R -4~
337 = % L \“‘f’ b hydroxy-5-(hydroxymethyl)-3-
' et {}s}ﬁﬁ» g {({methylthioymethyitetrahydrofuran-2-
‘vm\vi\,\f g yhpyrimidin-2{1H}-one
4-amino-1-{(ZR 48,58)-5-fluoro-4-
338 hydroxy-5-
{(hydroxymethyltetrahydrofuran-2-
yhpyrimidin-2{1H)-one
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R e N d-amino-1-((2R 48 5R}-5-
239 F\ ‘i&ms ;; i\i (ﬂuOromethyl)n-ff‘nhydr@%y—:?~
Sy {hydroxymethy!jtetrahydrothiophen-2-
wo yhpyrimidin-2{{H)-one
oH (iﬁ::\\E\,.-vNHz 4-amino-1-((2R,4S,5R)-5-ethynyl-4-
8 . L hydroxy-3-
. . . NN * : .
248 - > \gg" (hydroxymethyijtetrahydrothiophen-2-
o Y ) yhpyrimidin-2(1H}-one
;’G H ik) rﬁﬁa (2R,38,5R)-5-(4-amino-2Z-oxopyrimidin-
8 1(2H-y1-3-hydroxy-2-
o b8 NN . FyL-a-ydioxy-
24 NC %1 .\*“’ b {(hydroxymethylitetrahydrothiophene-2-
wo o) carbonitrile
¢ 0 @ m?{,}ma 4-amino-1-((2R 48, 5R)-5-(1-
942 '\}“ %i}\ & N fluorcethyi)-4-hydroxy-5-
oL X E\T (hydroxymethy! ttetrahydrofuran-2-
R N . i L
Hes O vhpyrimidin-2({ H}j-one
S 4-amino-1-{(2R 48 5R)-5-
243 ;\tv“(“{}‘».ﬁiix\_,?* ) {difluoromethyl}-4-hydroxy-5-
N m ] {(hydroxymethylitetrahydrofuran-2-
i 2 yhpyrimidin-2(1H}-one
4-amino-1-{(2R,48,5R }-4-hydroxy-5-
244 {(hydroxymethy{)}-5-
- {({methylthioymethyl tetrahydrofuran-2-
vhpyrimidin-2{1H})-one
b PR 2-((2R38,5R)-5-(4-amino-2-
245 ﬁéi‘;‘\}%‘; . N & oxopyrimidin-1{2H)-y1}-3-hydroxy-2-
T ““" \E (hydroxymethyl stetrahydrofuran-2-
HOY & yhacetonitrile
SO N 4-amino-1-{(2R 4S,5R)-5-
246 N Nlo z&z . (azidomethyl}-4-hydroxy-5-
b {(hydroxymethyD tetrahydrofuran-2-
woo Y 6 yhpyrimidin-2(iH)-one
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247

4-amino-S-fluoro-1-((2R,48,5R)-3-( 1~
fluoroethyl}-4-hydroxy-5-
{(hydroxymethyljtetrahydrofuran-2-
yhpyrimidin-2{1H}-one

248

4-amino-1-{{2R, 48,5R)-4-hydroxy-5-
{hydroxymethyl}-5-
methyltetrabydrothiophen-2-
yhpyrimidin-2(1H}-one

249

4-amino-5-fluoro-1-({2R 48 53R )-S5~
{fluoromethyl}-4-hydroxy-5-
{(hydroxymethyijtetrahydrothiophen-2-
yDpyrimidin-2{1H}-one

250

4-amino-S-fluoro-1-((2R,45,5R)-4-
hydroxy-5-(hydroxymethyi)-5-
methvitetrahydrothiophen-2-
yhpyrimidin-2{1H}-one

251

(2R,35,5R)-5-{4-amino-5-flucre-2-
oxopyrimidin-1{2H}-y1}-3-hydroxy-2-
{hydroxymethyljtetrahydrothiophene-2-
carbonitrile

252

4-amino-1-{{(2R 45 5R)-5-ethynyi-4-
hydroxy-5-
{hydroxymethyljtetrahydrothiophen-2-
viS-fluoropyrimidin-2{1H}-one

kb
o
(7

4-amino-1-((2ZR,45,5R }-4-hydroxy-5-
(hvdroxymethyl}-5-(prop-1-ya-1-
yetrabydrofuran-2-yhpyrimidin-
2{1H}-one
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4-amino-5-fluoro-1-{({2R 48 5R -4~
hydroxy-3-(hydroxymethy! }-5~(prop-1-
yn-1-yietrahydrofuran-2-y] ypyrimidin-
2{1H})-one

4-aroino-1-{{(2R 48, 5R }-5-
{chioroethynyi-4-hydroxy-S-
(hydroxymethyltetrahydrofuran-2-yl -5«
fluoropyrimidin-2{1H)-one

4-amino-~1-{(ZR,48,5R}-5-
{chloroethynyl}-4-hydroxy-5-
(hydroxymethyltetrahydrofuran-2-
yhpyrimidin-2(1 H}-one

256

{0023} In one embodiment, Compounds of the Disclosure are compounds of Table 3, or a
pharmaceutically acceptable salt or solvate thereof, or a tautomer thereof.

Table 3

Cpd.

No Structure Chemical Name

=N NH; | U e
[/ __< (2R, 35, 5R}-5~(b-amino-2-fluoro-YH-purin-9-
HO—y o N~¢ Y
N=(
F

142 \ yi}-3-hydroxy-2-
NG

{hydroxymethyltetrabydrofuran-2-
HO

carbominle

(0024} Tables 1-3 provide chemical structures and the associated chemical names
generated by Chemdraw® Professional version 20.1.1.125. In the event of any ambiguity
between their chemical structure and chemical name, Compounds of the Disclosure are
defined by their structure.

[0025] In another embodiment, the disclosure provides a pharmaceutical composition
comprising a Compound of the Disclosure, or a pharmaceutically acceptable salt or solvate

thereof, or a tautomer thereof, and one or more pharmaceutically acceptable excipients.
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iI. Therapeutic Methods and Uses

Compounds of the Disclosure inhibit LINE-1 retrotransposition.  As such, these
compounds can be used to treat diseases, disorders, or conditions wherein, for example,
LINE-1 retrotransposition plays a causative role.

A Compound of the Disclosure, or pharmaceutical composition thereof, can be
administered {0 a subject in need thereof, e.g., a subject already suffering from a disease,
condition, or disorder; a subject suspected of having a disease, condition, or disorder; or a
subject at risk of acquiring a disease, condition, or disorder. When a Compound of the
Disclosure is administered to a subject at risk of acquiring a disease, condition, or disorder,
the intention 18 to try to avoid the disease, condition, or disorder in the subject, e.g. by
preventing or reducing the LINE-1 retrotransposition activity that causes the disease,
condition, or disorder.

In one embodiment, the disclosure provides a method of treating or preventing
a disease, disorder, or condition in a subject in need thereof, and/or treating or preventing
a symptom of the disease, disorder, or condition, the method comprising administering a
therapeutically effective amount of a Compound of the Disclosure, or pharmaceutical
composition thereof, to the subject.

In another embodiment, the disclosure provides a method of treating a disease,
disorder, or condition in a subject in need thereof, the method comprising administering a
therapeutically effective amount of a Compound of the Disclosure, or pharmaceutical
composition thereof, to the subject.

In another embodiment, the disclosure provides a method of preventing a disease,
disorder, or condition in a subject in need thereof, the method comprising administering a
therapeutically effective amount of a Compound of the Disclosure, or pharmaceutical
composition thereot, to the subject.

In another embodiment, the disclosure provides a method of treating a symptom of
a disease, disorder, or condition in a subject in need thereof, the method comprising
adrainistering a therapeutically effective amount of a Compound of the Disclosure, or
pharmaceutical composition thereof, to the subject.

In another embodiment, the disclosure provides a method of preventing a symptom

of a disease, disorder, or condition in a subject in need thereof, the method comprising



WO 2023/192491 PCT/US2023/016921
-37 -

administering a therapeutically effective amount of a Compound of the Disclosure, or
pharmaceutical composition thereof, to the subject.

[0833] In another erobodirent, the disclosure provides a Comapound of the Disclosure, or
pharmaceutical composition thereof, for use in treating or preventing a disease, disorder,
or condition in a subject and/or treating or preventing a symptors of the disease, disorder,
or condition.

[0034] Tn another embodiment, the disclosure provides a Compound of the Disclosure, or
pharmaceutical composition thereof, for use in treating a disease, disorder, or condition in
a subject.

0035} In another embodiment, the disclosure provides a Compound of the Disclosure, or
pharmaceutical composition thereof, for use in preventing a disease, disorder, or condition
in a subject.

{0036} In another emboediment, the disclosure provides a Compound of the Disclosure, or
pharmaceutical composition thereof, for use in treating a symptom of a disease, disorder,
or condition in a subject.

[8037] In another embodiment, the disclosure provides a Compound of the Disclosure, or
pharmaceutical composition thereof, for use preventing a symptom of a disease, disorder,
or condition in a subject.

0038} In another embodiment, the disclosure provides the use of a Compound of the
Disclosure, or pharmaceutical composition thereof, in the manufacture of a medicament for
treating or preventing a disease, disorder, or condition in a subject and/or freating or
preventing a symptom of the disease, disorder, or condition.

{00391 In another embodiment, the disclosure provides the use of a Compound of the
Disclosure, or pharmaceutical composition thereof, in the manufacture of a medicament for
treating a disease, disorder, or condition in a subject.

{0048} In another embodiment, the disclosure provides the use of a Compound of the
Disclosure, or pharmaceutical composition thereof, in the manufacture of a medicament for
preventing a disease, disorder, or condition in a subject.

0041} In another embodiment, the disclosure provides the use of a Compound of the
Disclosure, or pharnmaceutical composition thereof, in the manufacture of 3 medicament for

treating a symptom of a disease, disorder, or condition in a subject.
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{0042} In another embodiment, the disclosure provides the use of a Compound of the
Disclosure, or pharmaceutical composition thereof, in the manufacture of a medicament for
preventing a symptom of the disease, disorder, or condition in a subject.

[6043] In another embodiment, the subject is (a) not infected with the HIV virus, (b} not
suspected of being infected with the HIV virus, (¢} not being treated for the HIV virus,
and/or (d) not being treated to prevent the HIV virus.

[0044] In another embodiment, the disclosure provides a method of inhibiting a LINE-1
retrotransposition event that causes a disease, disorder, or condition in a subject in need
thereof, the method comprising administering to the subject a therapeutically effective

amount of a Compound of the Disclosure.

AN Diseases, Disorders, and Conditions

[0045] Without wishing to be bound by any particular theory, Compounds of the
Disclosure can be used to treat or prevent diseases, disorders, or conditions in a subject
because they inhibit LINE-1 retrotransposition.

10046 In one embodiment, Compounds of the Disclosure inhibit human LINE-1
retrotransposition activity with a half maximal inhibitory concentration (ICso) of T uM or
less in an in vitro Hela cell-based dual-luciferase assay as described in EXAMPLE 35
see below. See also  Joneset al, (2008) Plo§ ONE  3(2)y 1547
dot:10.1371/journal pone 0001547, Xie et al., (2011} Nucleic Acids Res. 39(3). ¢16. dot
10.1093/nar/gkq1076; Kopera et al., Methods Mol Biol 1400:139-156 (2016). In another
embodiment, the ICso 18 0.5 uM or less. In another embodiment, the 1Cso 18 0.25 uM or
less. In another embodiment, the ICs0is 0.15 uM orless. In another embodiment, the ICso
is 0.1 pM or less. In another embodiment, the ICs is 0.05 pM or less. In another
embodiment, the ICso 15 0.01 uM or less.  In another embodiment, the ICse is 0.005 uM or
less.

{0647} In one embodiment, the disease, disorder, or condition, and/or symptom(s) thereof
is caused by a pathophysiological retrotransposon-associated process, wherein the disease,
disorder, or condition is not cancer and/or not an infectious disease.

[0048] In another embodiment, the disease, disorder, or condition is a neurodegenerative
disease. See, e.g, Dugger and Dickson, Cold Spring Harb Perspect Biol 2016,9:a028035.
Exemplary neurodegenerative diseases include, but are not hmited to, Alzheimer's disease,

amyotrophic lateral sclerosis {ALS), Parkinson's disease, dementia with Lewy Bodies
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{3LB), mult systems atrophy (MSA), Huntington's disease, frontotemporal lobar
degeneration (FTLD), mild cogrutive impairment (MCT), corticobasal degeneration {CDB},
progressive supra vuclear palsy (PSP), Rett Syudrome, peripberal degenerative disease, or
Aicardi-Goutieres syndrome (AGS). In another embodiment, the frontotemporal lobar
degeneration is frontotemporal dementia. See, e.g., Mohandas and Rajmohan, /ndian J
Psychiatry 51{Suppl 1):565-569 (2009}

[0849] In another embodiment, symptoms of the neurodegenerative disease include, but
are not limited to, memory loss, forgetfulness, apathy, anxiety, agitation, a loss of
inhibition, or mood changes,

{0058} In ancther embodiment, the disease, disorder, or condition is an autcimmune
disease. See, e.g., Wang et al., J Infern Med 278:369-395 (2016). Exemplary auntoimmune
diseases include, but are not limited to, lupus, rheumatoid arthritis (RA), Sjogrens
syndrome, or multiple sclerosis (MS}).

8051} In another embodiment, symptoms of the autoimmune disease include, but are not
fimited to, fatigue, achy nwscles, swelling and redness, low-grade fever, trouble
concentrating, numbness and tingling in the haunds and feet, hair loss, or skin rash.

[0053] In another embodiment, the disease, disorder, or condition is an age-associated
disease. See, e.g., Franceschi et al, Front. Med 5:61. doi: 10.338%/fmed 2018.00061; De
Cecco et al., Nafure 5666:73-78 (2019);, US2021/0106586. Exemplary age-associated
diseases include, but are not limited to, Alzheimer's disease, Parkinson's disease,
atherosclerosis, ostecarthritis, osteoporosis, rheumatoid arthritis  (RA), macular
degeneration, peripheral degenerative disease, or skin aging. In one embodiment, the
subject having the age-associated disease is at least 40 years old. In one embodiment, the
subject having the age-associated disease is at least 45 vears old. In one embodiment, the
subject having the age-associated disease is at Jeast 30 years old. In one embodiment, the
subject having the age-associated disease is at least 55 years old. In one embodiment, the
subject having the age-associated disease is at least 60 years old. In one embodiment, the
subject having the age-associated disease is at least 65 years old. In one embodiment, the
subject having the age-associated disease is at least 70 years old. In one embodiment, the

subject having the age-associated disease is at least 75 vears old.
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In another embodiment, the disease, disorder, or condition is autism specirum
disorder {ASD), cardiovascular dystunction, hearing loss, hematopoietic stem cell function,
pulmonary fibrosis, schizophrenia, or vision loss.

In ancther embodiment, the disease, disorder, or condition is wound healing in a
subject in need thereof.

In another embodiment, the disease, disorder, or condition is tissue regeneration in
a subject in need thereof.

In another embodiment, the disease, disorder, or condition is Alzheumer's disease.

In another embodiment, the symptom of Alzheimer's disease any one or more of
memory loss, misplacing items, forgetting the names of places or objects, repeating
questions, being less flexible, confusion, disorientation, obsessive behavior, compulsive
behavior, delusions, aphasia, disturbed sleep, mood swings, depression, anxiety,
frustration, agitation, difficulty in performing spatial tasks, agnosia, difficulty with
ambulation, weight loss, loss of speech, loss of short terma memory, or loss of long term
memory, and combinations thereof.

In another embodiment, the sympton(s) of Alzheimer's disease are determined
using the cognitive subscale of the Alzheimer's disease Assessment Scale (ADAS-cog), the
Clinician's Interview-Based Impression of Change (CIBIC-plus), or the Activities of Daily
Living Scale (ADL).

In ancther embodiment, the disease, disorder, or condition 18 Alzheimer's disease,
and one or more optional therapeutic agents are administered to the subject. In another
embodiment, the optional therapeutic agents are doneperil, galantamine, rivastigming,
memantine, bapineuzumab, ABBV-BE12, CTS-21166, verubecestat (MK-8931),
{anabecestat (AZ133293), LY2886721, nicotinamide, MPTOG211 or adacanumab-avwa.

fn another embodiment, the disease, disorder, or condition is amyotrophic lateral
sclerosis.

In ancther embodiment, the disease, disorder, or condition is amyotrophic lateral
sclerosis and one or more optional therapeutic agents are administered to the subject. In
another embodiment, the optional therapeutic agents are edaravoue, riluzole, raltegravir,
curcumin, derivatives of curcumin, chicoric acid, derivatives of chicoric acid, 3.5-
dicaffeoylquinic acid, derivatives of 3,53-dicaffeoylquinic acid, aurintricarboxyhic acid,

derivatives of aurintricasboxylic acid, caffeic acid phenethy! ester, derivatives of caffeic
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acid phenethy!l ester, tyrphostin, derivatives of tyrphostin, quercetin, derivatives of
quercetin, S-1360, ziotevir (AR-177), L-870812, and L-25 870810, MK-0518,
BMS-538158, or GSK364735C.

{00662} In another embodiment, the disease, disorder, or condition is ataxia-telangiectasia.

[0063] In another embodiment, the disease, disorder, or condition is age-related macular
degeneration, systemic lupus erythematosus, [FN-associated autoimmune disease, €.z,
rheumatoild arthritis, psoriasis, vitiligo, hypothyroidism, hyperthyroidism, idiopathic
thrombocytopenic purpura, autoimmune hemolytic anemia, myasthenia gravis, Addison
disease, celiac disease, polymyositis, or superimposed autoimmune hepatitis, Fanconi
Anemia, idiopathic pulmonary fibrosis, or cardiovascular disease. In another embodiment,
the systemic disease is age-related macular degeneration. In another embodiment, the
systemic disease iz systemic lupus erythematosus, In another embodiment, the systemic
disease is an [FN-associated autoimmune disease, €.g., psoriasis. In another embodiment,
the systemic disease is Fanconi Anervia. Io another erobodirent, the systemic disease is
idiopathic pulmonary fibrosis.  In ancther embodiment, the systemic disease is
cardiovascular disease.

{0064} In another embodiment, the disease, disorder, or condition is Rett Syndrome, AGS,
ataxia-telangiectasia, ASD, schizophrenia, cocaine or methamphetamine abuse, FTLD, or
ALK, See, eg, Terry and Devine, Fropt. Gener, 08 January 2020,
https://dot. org/10.3389/fgene 2019.01244.

[0065) In one embodiment, a Compound of the Disclosure is administered to a subject
having a disease, disorder, or condition as a single agent.

00661 in another embodiment, a Compound of the Disclosure is administered to a subject
having a disease, disorder, or condition in combination with one or more optional
therapeutic  agents. See, e.g, Durles et al, Pharmaceuticals 2018, 11, 44
doi:10.3390/ph11026044 for optionally therapeutic agents to treat neurodegenerative
diseases.

0067} In another embodiment, a Compound of the Disclosure is administered to a subject
having a disease, disorder, or condition in combination with one optional therapeutic agent.
In another embodiment, a Compound of the Disclosure is administered to a subject having

a disease, disorder, or condition in combination with two optional therapeutic agents. In
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another embodiment, a Compound of the Disclosure is administered to a subject having a
disease, disorder, or condition in combination with three optional therapeutic agents.

The Compound of the Disclosure and the one or more optional therapeutic agents
can be administered in combination under one or more of the following conditions: at
different periodicities, at different durations, at different concentrations, by different
administration routes, efc.

In one embodiment, the Compound of the Disclosure and the one or more optional
therapeutic agents are administered in combination fo a subject as part of a single
pharmaceutical composition.

In another embodiment, the Compound of the Disclosure and the one or more
opticnal therapeutic agents are administered in combination to a subject separately, e.g., as
two or more separate pharmaceutical compositions. [In this case, two separate
pharmaceutical compositions — one comprising the Compound of the Disclosure and one
comprising the optional therapeutic agent — are administered to a subject. The separate
pharmaceutical compositions can be administered to the subject, for example, at different
periodicities, at different durations, or by the same or different administration routes, e.g,,
the Compound of the Disclosure can be administered orally and the optionally therapeutic
agent can be administered intravenously.

In ancther embodiments, the Compound of the Disclosure is administered to the
subject prior to the one or more optional therapeutic agents, eg., 0.5, 1,2, 3, 4, 5, 10, 12,
or 18 hours, 1,2, 3,4, 5, or 6 days, or 1, 2, 3, or 4 weeks prior to the administration of the
one or more optional therapeutic agents.

In another embodiments, the Compound of the Disclosure is administered to the
subject after the one or more optional therapeutic agents, e.g, 0.5, 1,2, 3,4, 5, 10, 12, or
18 hours, 1, 2,3, 4, 5, or &6 days, or 1, 2, 3, or 4 weeks after the administration of the one or
more optional therapeutic agents.

In another embodiments, the Compound of the Disclosure and the one or more
optional therapeutic agents are administered concurrently.

In one embodiment, the Compound of the Disclosure i3 administered to the subject
according to a continuous dosing schedule.

In one embodiment, the Compound of the Disclosure is administered to the subject

according to an intermitient dosing schedule.
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{0078} In one embodiment, the Compound of the Disclosure is orally administered to the
subject.

68771 The therapeutic methods provided herein comprise administering a Coropound of

the Disclosure to a subject having a disease, disorder, or condition in an amount which is
effective to achieve its intended purpose. While individual needs vary, determination of
optimal ranges of effective amounts of each component is within the skill of the ant.
Typically, the Coropound of the Disclosure is administered in an amount from about 0.01
mg/kg to about 500 mg/kg, about 0.05 mg/kg to about 100 mg/kg, about 0.05 mg/kg to
about 50 mg/kg, or about 0.05 mg/kg to about 10 mg/kg.  In one embodiment, the
Compound of the Disclosure is administered once a day. In another embodiment, the
Compound of the Disclosure is administered twice a day. In one embodiment, the
Compound of the Disclosure is administered three times a day. In one embodiment, the
Compound of the Disclosure is administered four times a day. These dosages are
exemplary, but there can be individual instances in which higher or lower dosages are
merited, and such are within the scope of this disclosure. In practice, the physician
determines the actual dosing regimen that is most suitable for an individual subject, which
can vary with the age, weight, and response of the particular subject.

0078} The unit dose may comprise from about 0.01 mg to about 1000 mg, e.g., about | mg
to about 500 mg, e.g., about 1 mg to about 250 mg, e.2., about 1 mg to about 100 mg of the
Compound of the Disclosure. For example, the unit oral dose of the Compound of the
Disclosure may comprise, for example, 1 mg, 2 mg, 3 mg, 4 mg, 5 mg, 6 mg, 7 mg, 8 mg,
9mg, 10mg, 1l mg, 12 mg 13 mg, 14 mg, 15 mg, 16 mg, 17 mg, 18 mg, 19 mg, 20 mg,
21 mg, 22 mg, 23 mg, 24 mg, 25 mg, 20 mg, 27 mg, 28 mg, 29 mg, 30 mg, 31 mg, 32 mg,
33 mg, 34 mg, 35 mg, 36 mg, 37 mg, 38 mg, 39 mg, 40 mg, 41 mg, 42 mg, 43 mg, 44 mg,
45 mg, 46 mg, 47 mg, 48 mg, 49 mg, 50 mg, 51 mg, 52 mg, 53 mg, 54 mg, 55 mg, 50 mg,
57 mg, 58 mg, 59 mg, 60 mg, 61 mg, 62 mg, 63 mg, 64 mg, 65 mg, 66 mg, 67 mg, 08 myg,
69 mg, 70 mg, 71 mg, 72 mg, 73 mg, 74 g, 75 mg, 76 mg, 77 mg, 78 mg, 79 mg, 80 mg,
81 mg, 82 mg, 83 mg, 84 mg, &5 myg, 86 mg, 87 mg, 88 mg, 89 mg, 00 mg, 01 mg, 92 mg,
93 mg, 94 mg, 95 mg, 96 mg, 97 mg, 98 mg, 99 mg, or 100 mg. The unit dose may be
administered one or more times daily, e.g., as one or more tablets or capsules. The unit
dose may also be administered by any suitable route, e.g., orally, by IV, inhalation or

subcutaneocusly to the subject. In practice, the physician determines the actual dosing
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regimen that is most suitable for an individual subject, which can vary with the age, weight,
and response of the particular subject.

In one embodiment, the Compound of the Disclosure is administered to a subject in
an amount from about 0.1 mg to about 100 mg once a day, twice a day, three times a day,
or four times a day. In another ewbodirent, the Compound of the Disclosure is
administered to a subject in an amount from about 1 mg to about 50 mg per day.

In ove embodiment, the Compound of the Disclosure s administered to the subject
in a single dose. In another embodiment, the Compound of the Disclosure is administered
to the subject in two divided doses. In another embodiment, the Compound of the
Disclosure is administered to the subject in three divided doses. In another embodiment,
the Compound of the Disclosure is administered to the subject in four divided doses.

The Compound of the Disclosure can be administered to a subject in the form of a
raw chemical or as part of a pharmaceutical composition containing the Compound of the
Disclosure combined with a suitable pharmaceutically acceptable carrier. Such a carrier
can be selected from pharmaceuticaily acceptable excipients, vehicles, and auxiliaries. The

tetm “pharmaceutically acceptable carrier,” "pharmaceutically acceptable vehicle)” or
"pharmaceuticaily acceptable vehicle” encompasses any of the standard pharmaceutical
carriers, solvents, surfactants, or vehicles. Suitable pharmaceutically acceptable vehicles
include aqueocus vehicles and nonaqueous vehicles. Standard pharmaceutical carriers and
their formulations are described in Remington's Pharmaceutical Sciences, Mack Publishing
Co., Baston, PA, 19th ed. 1995

A pharmaceutical composition comprising the Compound of the Disclosure can
contain from about 0.01 1o 99 percent by weight, e.g., from about 0.25 to 75 percent by
weight, of the Compound of the Disclosure, e.g., about 1%, about 5%, about 10%, about
15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 43%6, about 50%,
about 55%, about 60%, about 65%, about 70%, or about 75% by weight of the Compound
of the Disclosure.

The Compound of the Disclosure, or pharmaceutical composition comprising the
Compound of the Disclosure, can be administered by any suiiable route, for example by
oral, buccal, inhalation, sublingual, rectal, vaginal, intracisternal or intrathecal through
lumbar puncture, transurethral, nasal, percutaneous, i.e., transdermal, or parenteral

{including intravenous, intramuscular, subcutanecus, intracoronary, intradermal,
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intramammary, intraperitoneal, intraarticular, intrathecal, retrobulbar, intrapulmonary
imjection and/or surgical iruplantation at a particular site} administration to a subject.
Dosage forms depend on the route administration. Dosage forms include, but are not
limited to, tablets, dragees, slow release lozenges, capsules, liquid solutions, liquid
suspensions, oral/nasal spray, transdermal patch, thin dissclvable film, cintments, sustained
or controlled release implants, mouth rinses and mouth washes, gels, hair rinses, hair gels,
and shampoos, and suppositories, as well as suitable solutions for administration by
intravenocus infusion, and suitable suspensions for administration subcutanecus injection,
and suitable powders for reconstitution. Parenteral administration can be accomplished
using a needle and syringe or using other technique known in the art. In one embodiment,
the Compound of the Disclosure is administered orally to the subject. In one embodiment,
the Compound of the Disclosure is administered subcutaneously to the subject. In one
embodiment, the Compound of the Disclosure is administered intravenously to the subject.

The Compound of the Disclosure and pharmaceutical compositions comprising the
Compound of the Disclosure may be administered to any subject which may experience the
beneficial effects of inhibittng LINE-1 retrotransposition activity. The term "subject” as
used herein refers to any human or animal that is in need of or might benefit from
administration of the Compound of the Disclosure. Foremost among such subjects are
mammals, e.g., humans, although the methods and compositions provided herein are not
intended to be so limited.  Other subjects include veterinary animals, e.g., cows, sheep,
pigs, horses, dogs, cats and the like. In one embodiment, the subject is 2 human. In one
embodiment, the subject is an animal. In another embodiment, the subject is a human
having a disease, condition, or disorder responsive to LINE-1 inlibition.

The pharmaceutical preparations provided herein are manufactured by means of
conventional mixing, granulating, dragee-making, dissolving, or lyophilizing processes.
Thus, pharmaceutical preparations for oral use can be obtained by combining the active
compounds with solid excipients, optionally grinding the resulting mixture and processing
the mixture of granules, after adding suitable auxiliaries, it desired or necessary, to obtain
tablets or dragee cores.

Suitable excipients are, in particular, fillers such as saccharides, for example lactose
or sucrose, mannitol or sorbitol, cellulose preparations and/or calcium phosphates, for

example tricalcium phosphate or calcium hydrogen phosphate, as well as binders such as
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starch paste, using, for example, maize starch, wheat starch, rice starch, potato starch,
gelatin,  tragacanth, methyl cellulose, hydroxypropyimethyvlcellulose,  sodium
catboxymethylcellulose, and/or polyviny! pyrrolidone. I desired, disintegrating agents
may be added such as the above-mentioned starches and also carboxymethyi-starch, cross-
linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof, such as sodium alginate.
Auxiliaries can be suitable flow-regulating agents and Iubricants. Suitable auxiliaries
include, for example, silica, talc, stearic acid or salts thereof, such as magnesium stearate
or calcium stearate, and/or polyethylene glvcol. Dragee cores are provided with suitable
coatings which, if desired, are resistant to gastric juices. For this purpoese, concentrated
saccharide solutions may be used, which may optionally contain gum arabic, talc, polyvinyl
pyrrolidone, polyethylene glycol and/or titamum dioxide, lacquer solutions and suitable
organic solvents or solvent mixtures. In order to produce coatings resistant to gastric juices,
solutions of suitable celiulose preparations such as acetylcellulose phthalate or
hydroxypropylmethyl-celiulose phthalate, are used. Dye stuffs or pigments may be added
to the tablets or dragee coatings, for example, for identification or in order to characterize
combinations of active compound doses.

Other pharmaceutical preparations which can be used orally include push-fit
capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer
such as glycerol or sorbitol. The push-fit capsules can contain the active compounds in the
form of granules which may be mixed with fillers such as lactose, binders such as starches,
and/or lubricants such as talc or magnesium stearate and, optionally, stabilizers. ln soft
capsules, the active compounds are in one embodiment dissolved or suspended in suitable
liquids, such as fatty cils, or Hguid paraffin. In addition, stabilizers may be added.

Possible pharmaceutical preparations which can be used rectally include, for
example, suppositories, which consist of a combination of one or more of the active
compounds with a supposttory base. Suitable suppository bases are, for example, natural
or synthetic trigiycerides, or paraffin hydrocarbons. In addition, it is also possible to use
gelatin rectal capsules which consist of a combination of the active compounds with a base.
Possible base materials include, for example, liquid triglveerides, polyethylene glycols, or
paratfin hydrocarbons.

Suttable formulations for parenteral administration include agueous solutions of the

active compounds in water-soluble form, for exampie, water-soluble salts and alkaline
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solutions. In addition, suspensions of a Compound of the Disclosure may be administered
o a subiect. Suitable lipophilic solvents or vehicles include fatty cils, for example, sesame
oil, or synthetic fatty acid esters, for example, ethyl oleate or triglycerides or polyethylene
glycol-400. Aqueous injection suspensions may contain substances which increase the
viscosity of the suspension including, for example, sodium carboxyrethyl cellulose,
sorbitol, and/or dextran. Optionally, the suspension may also contain stabilizers and other
additives.

0098} Therapeutically effective amounts of a Compound of the Disclosure formulated in
accordance with standard pharmaceutical practices are administered to a subject in need
thereof, Whether such a treatment is indicated depends on the individual case and is subject
to medical assessment (diagnosis) that takes into consideration signs, symptoms, and/or
malfunciions that are present, the risks of developing particular signs, symptoms and/or
malfunctions, and other factors.

8091} Pharmaceutical compositions include those wherein a Compound of the Disclosure
is administered in an effective amount to achieve its intended purpose. The exact
formulation, route of administration, and dosage is determined by an individual physician
in view of the diagnosed condition or disease. Dosage amount and interval can be adjusted
individually to provide levels of the Compound of the Disclosure that is sufficient to
maintain therapeutic effects.

10092} Toxicity and therapeutic efficacy of the Compound of the Disclosure can be
determined by standard pharmaceutical procedures in cell cultures or experimental animals,
¢.g., tfor determining the maximum tolerated dose (MTD) of a compound, which defines as
the highest dose that causes no toxicity in a subject. The dose ratio between the maximum
tolerated dose and therapeutic effects is the therapeutic index. The dosage can vary within
this range depending upon the dosage form ewployed, and the route of administration
utilized. Determination of a therapeutically effective amount is well within the capability
of those skilled in the art, especially in light of the detailed disclosure provided herein.

100931 A therapeutically effective amount of the Compound of the Disclosure required for
use in therapy varies with the nature of the disease being treated, the length of time that
activity is desired, and the age and the condition of the subject, and ultimately is determined
by the attendant physician. For example, dosage amounts and intervals can be adjusted

individually to provide plasma levels of a Compound of the Disclosure that are suffictent
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to maintain the desired therapeutic effects.  The desired dose conveniently can be
administered in a single dose, or as multiple doses administered at appropriate intervals,

for example as one, two, three, four or more subdoses per day.

Iv. Kits

In another embodiment, the present disclosure provides kits comprising a
Compound of the Disclosure, or a pharmaceutical composition thereof, and instructions for
administering the compound or composition to a subject having a disease, disorder, or
condition.

In ancther embodiment, the present disclosure provides kits comprising a
Compound of the Disclosure, or a pharmaceutical composition thereof, packaged in a
mavuet that facilitates their use to practice methods of the present disclosure.

in one embodument, the kit includes a Compound of the Disclosure, or a
pharmaceutical composition thereof, packaged in a container, such as a sealed bottle or
vessel, with a label affixed to the container or included in the kit that describes use of the
compound or composition to practice the method of the disclosure. In one embodiment,
the compound or composition is packaged in a unit dosage form. The kit may include a
single dose or multiple doses of a Compound of the Disclosure, or a pharmaceutical
composition thereof.

In ancther embodiment, the kit includes a Compound of the Disclosure, or a

composition thereof, and one or more optional therapeutic agents.

V. Biomarkers

In another ewbodiment, present disclosure provides methods of treating a subject
having a disease, condition, or disorder, the method comprising (a) determining whether a
biomarker i3 present or absent in a biological sample taken from the subject, and
(b) administering a therapeutically effective amount of a Compound of the Disclosure to
the subject if the biomarker is present in the biological sample.

The term "biomarker” as used herein refers to any biological compound, such as a
gene, a protein, a fragment of a protein, a peptide, a polypeptide, a nucleic acid, etc., or
chromosome abnormality, such as a chromosome translocation, that can be detected and/or
quantified in a subject in vivo or in a biological sample obtained from a subject. A

biomarker can be the entire intact molecule, or it can be a portion or fragment thereof. In
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one embodiment, the expression ievel of the biomarker is measured. The expression level
of the biomarker can be measured, for example, by detecting the protein or RNA, e.g,
mRNA, fevel of the biomarker. 1o some ervbeodirents, portious or fragrments of biomarkers
can be detected or measured, for example, by an antibody or other specific binding agent.
In some embodiments, a measurable aspect of the biomarker is associated with a given state
of the subject, such as the subject's age. For biomarkers that are detected at the protein or
RNA level, such measurable aspects may include, for example, the presence, absence, or
concentration, 1.¢., expression level, of the biomarker in the subject, or biological sample
obtained from the subject. For biomarkers that are detected at the nucleic acid level, such
measurable aspects may include, for example, allelic versions of the biomarker or type,
rate, and/or degree of mutation of the biomarker, also referred o herein as mutation status.

For biomarkers that are detected based on expression level of protein or RNA,
expression level measured between different phenotypic statuses can be considered
different, for example, it the mean or median expression level of the biomarker in the
different groups is calculated to be statistically significant. Common tests for statistical
significance include, among others, t~test, ANOVA, Kruskal-Wallis, Wilcoxon, Mann-
Whitney, Significance Analysis of Microarrays, odds ratio, etc. Biomarkers, alone or in
combination, provide measures of relative likelihood that a subject belongs to one
phenotypic status or another. Therefore, they are useful, inter alia, as markers for disease
and as indicators that particular therapeutic treatment regimens will likely result in
beneficial patient outcomes. The term "overexpression” indicates that the expression level
of the biomarker in the subject having a disease, condition, or disorder is above the mean
or median expression level of the biomarker in, e.g., a normal undiseased subject.

Biomarkers include, but are not limited to, retrotransposon RNA,| retrotransposon
reverse transcriptase e.g., ORFlp, ORFIp, and/or retrotransposon DNA.  In one
embodiment, the measurable aspect of the biomarker is its expression status. In another
embodiment, the measurable aspect of the biomarker is elevated levels of the biomarker.
In one embodiment, the measurable aspect of the biomarker is its mutation status.

In one embodiment, the biomarker is the expression level of LINE-1. Methods of
determining the expression level of LINE-1 are described in US 2020/0253888, and may

comprise, for example, determining the level of ORFlp, determining the level of LINE-1
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mRNA, determining the amount of LINE-1 in a cell sample of the subject, or determining
the level of ORF2p, or a combination thereot.

In ove embodiment, the biomarker is retrotransposon RNA expression which is
differentially present in a subject of one phenotypic status, e.g, a subject having an
age-associated disease or a neurodegenecrative disease, as compared with another
phenotypic status, e.¢., a normal undiseased subject or a subject having a disease, disorder,
or condition without overexpression retrotransposon RNA. In one embodiment, the
biomarker is overexpression of retrotransposon RNA.

In one embodiment, the biomarker is LINE-1 RNA expression which is
differentially present in a subject of one phenoiypic status, e.g., a subject having an
age-associated disease or a neurodegenerative disease, as compared with another
phenotypic status, e.g., a normal undiseased subject or a subject having a disease, disorder,
or condition without overexpression LINE-1 RNA. In one embodiment, the biomarker is
overexpression of LINE-T RNA,

In ancther embodiment, the biomarker is retrotransposon reverse transcriptase
which 1s differentially present in a subject of one phenotypic status, e.g., a subject having
an age-associated disease or a neurodegenerative disease, as compared with another
phenotypic status, e.g, a normal undiseased subject or a subject having a disease, disorder,
or condition without overexpression of the retrotransposon reverse transcriptase. In one
ermbodiment, the biomarker is overexpression of retrotransposon reverse transcriptase.

In ancther embodiment, the biomarker is ORFIp expression which is differentially
present in a subject of one phenotypic status, e.g., a subject having an age-associated
disease or a neurodegenerative disease, as compared with ancther phenotypic status, eg., a
normal undiseased subject or a subject having a disease, disorder, or condition without
overexpression ORF1p. In one embodiment, the biomarker ts overexpression of ORFlp.

In another embodiment, the biomarker is OR¥FZp expression which is differentially
present in a subject of one phenotypic status, e.g., a subject having an age-associated
disease or a neurodegenerative disease, as compared with another phenotypic status, e.g., a
normal undiseased subject or a subject having a disease, disorder, or condition without
overexpression ORFZp. In one embodiment, the biomarker is overexpression of ORF2p.

Biomarker standards can be predetermined, determined concurrently, or determined

after a biological sample is obtained from the subject. Biomarker standards for use with the
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methods described herein can, for example, include data from samples from subjects
without a neurcdegenerative disease, data from samples from subjects with a
neurodegenerative disease. Comparisons can be roade to establish predetermined threshold
biomarker standards for different classes of subjects, e g, diseased vs. non-diseased
subjects. The standards can be run in the same assay or can be known standards from a
Previcus assay.

In one embodiment, the biorarker is retrotransposon DNA expression which is
differentially present in a subject of one phenotypic status, e.g, a subject having an
age-associated disease or a neurodegenerative disease, as compared with another
phenotypic status, e.g., a normal undiseased subject or a subject having a disease, disorder,
or condition without overgxpression retrotransposon DNA.  In one embodiment, the
biomarker is overexpression of reiroiransposon DNA.  In ancther embodiment, the
biomarker is overexpression of retrotransposon nuclear DNA.  In another embodiment, the
biomarker is overexpression of retrotransposon cytoplasmic DNA.

In one embodiment, the biomarker is LINE-1 DNA expression which is
differentially present in a subject of one phenotypic status, e.g, a subject having an
age-associated disease or a neurodegenerative disease, as compared with another
phenotypic status, e.g., a normal undiseased subject or a subject having a disease, disorder,
or condition without overexpression LINE-1 DNA. In one embodiment, the biomarker is
overexpression of LINE-1 DNA . In another embodiment, the biomarker is overexpression
of LINE-1 nuclear BNA. In ancther embodiment, the biomarker is overexpression of
LINE-1 cytoplasmic DNA.

A biomarker is differentially present between different phenctypic status groups it
the mean or median expression or mutation levels of the biomarker is calculated to be
different, 1.¢., higher or lower, between the groups. Thus, biomarkers provide an indication
that a subject, e.g, a subject having ALS, belongs to one phenotypic status or another.

In addition io individual biclogical compounds, eg., LINE-1 RNA, the term
"biomarker" as used herein is meant to include groups, sets, or arrays of multiple biolegical
coropounds. For example, the combination of LINE-1 RNA overexpression and ORFlp
overexpression may comprise a biomarker, or the overexpression of LINE-1 RNA and
LINE-1 DNA may comprise a biomarker. The term "biomarker” may comprise one, two,

three, four, five, six, seven, cight, ning, ten, fifteen, twenty, twenty five, thirty, or more,
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biclogical compounds. In embodiment, the biomarker comprises one, two, or three
biclogical compounds.

{0113} The determination of the expression level or mutation status of a biomarker in a
subject can be performed using any of the many methods known in the art.  Any method
known in the art for quantitating specific proteins and/or detecting biomarker expression,
ez, LINE-1 RNA expression, ORFlp expression, and/or ORF2p expression, or the
expression or mutation levels of any other biomarker(s} in a patient or a biological sample
may be used in the methods of the disclosure. Examples include, but are not limited 1o,
PCR (polymerase chain reaction), or RT-PCR, flow cytometry, Northern blot, Western
blot, ELISA {enzyme linked immunosorbent assay), RIA (radicimmuncassay), gene chip
analysis of RNA expression, immunchistochemistry or immunofluorescence. See, e.g,
Slagle et al. Cancer 83:1401 (1998). Certain embodiments of the disclosure include
methods wherein biomarker RMNA expression (transcription) is determined.  Other
embodiments of the disclosure include methods wherein protein expression in the
biclogical sample is determined. See, eg., Harlow et al, Antibodies: A Laboratory
Manual, Cold Spring Hatbor Laboratory, Cold Spring Harbor, NY, (1988}, Ausubel et al,,
Current Protocols in Molecular Biology, John Wiley & Sons, New York 3rd Edition,
{1995y, Kamel and Al-Amodi, Genomics Proteomics Bioinformatics 15:220-235 (2017).
For northern blot or RT-PCR analysis, RNA is isolated from tissue sample using RNAse
free techniques. Such techniques are commonly known in the art.

{0114} In one embodiment of the disclosure, a biclogical sample is obtained from the
subject and the biological sample 15 assayed for determination of a biomarker expression
of mutation stans.

0115} In another embodiment of the disclosure, Northern blot analysis of biomarker
transeription in a tumor cell sample 18 performed. Northern analysis is a standard method
for detection and/or quantitation of mRNA levels in a sample. Initially, RNA is isolated
from a sample to be assayed using Northern blot analysis. In the analysis, the RNA samples
are first separated by size via electrophorests in an agarose gel under denaturing conditions.
The RNA is then transferred to a membrane, crosslinked and hybridized with a labeled
probe.  Typically, Northern hybridization itnvolves polymerizing radiolabeled or
nonisotopically labeled DNA| in vitro, or generation of oligonucleotides as hybridization

probes. Typically, the membrane holding the RNA sample is prehybridized or blocked
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prior to probe hybridization to prevent the probe from coating the membrane and, thus, to
reduce non-specific background signal. After hvbridization, typically, unhybnidized probe
i3 removed by washing in several changes of buffer. Strivgency of the wash and
hybridization conditions can be designed, selected and implemented by any practitioner of
ordinary skill in the art. Detection is accomplished using detectably labeled probes and a
suitable detection method. Radiolabeled and non-radiolabled probes and their use are well
known in the art.  The presence and or relative levels of expression of the biomarker being
assayed can be quantified using, for example, densitometry.

{9116} In ancther embodiment, biomarker expression and/or mutation status is determined
using RT-PCR. RT-PCR allows detection of the progress of a PCR amplification of a target
gene in real time. Design of the primers and probes required to detect expression and/or
mutation status of a biomarker of the disclosure is within the skill of a practitioner of
ordinary skill in the art. RT-PCR can be used, for example, to determine the level of RNA
encoding a biomarker of the disclosure in a tissue sample. In an embodiment of the
disclosure, RNA from the biological sample is isolated, under RNAse free conditions, than
converted to DNA by treatment with reverse transcriptase.  Methods for reverse
transcriptase conversion of RNA to DNA are well known in the art. A description of PCR
is provided in the following references: Mullis et al., Cold Spring Harbor Symp. Quant.
Biol. 51:263 (1986); EP 50,424; EP 84,796, EP 258 017, EP 237 362; EP 201,184; U S,
Patent Nos. 4,683,202; 4,582,788; 4,683,194,

0117} RT-PCR probes depend on the 5'-3' nuclease activity of the DNA polymerase used
for PCR to hydrolyze an oligonucleotide that is hybridized to the target amplicon
{biomarker gene). RT-PCR probes are oligonucleotides that have a fluorescent reporter
dye attached to the &' end and a gquencher moiety coupled to the 3' end (or vice versa).
These probes are designed to hybridize to an internal region of a PCR product. In the
unhybridized state, the proximity of the fluor and the quench molecules prevents the
detection of fluorescent signal from the probe. During PCR amplification, when the
polymerase replicates a template on which an RT-PCR probe is bound, the 5-3' nuclease
activity of the polymerase cleaves the probe. This decouples the fluorescent and guenching
dyes and FRET no longer occurs. Thus, fluorescence increases in each cycle, in a manner

proportional to the amount of probe cleavage. Fluorescence signal emitted from the
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reaction can be measured or followed over time using equipment which is commercially
avatlable using routine and conventional technigues.

fn another embodiment of the disclosure, expression of proteins encoded by
biomarkers are detected by western blot analysis. A western blot {(also known as an
tmununoblot} is a method for protein detection in a given sample of tissue homogenate or
extract. It uses gel electrophoresis to separate denatured proteins by mass. The proteins are
then transferred out of the gel and onto a membrane (e g., nitroceliulose or polyvinviidene
fluoride (PVDF)}), where they are detected using a primary antibody that specifically bind
to the protein. The bound antibody can then detected by a secondary antibody that is
conjugated with a detectable label (e.g, biotin, horseradish peroxidase or alkaline
phosphatase). Detection of the secondary label signal indicates the presence of the protein.

In another embodiment of the disclosure, the expression of a protein encoded by a
biomarker is detected by enzyme-linked immunosorbent assay (ELISA) In one
embodiment of the disclosure, "sandwich ELISA" comprises coating a plate with a capture
antibody; adding sample wherein any antigen present binds to the capture antibody; adding
a detecting antibody which also binds the antigen; adding an enzyme-linked secondary
antibody which binds to detecting antibody; and adding substrate which is converted by an
enzyme on the secondary antibody to a detectable form. Detection of the signal from the
secondary antibody indicates presence of the biomarker antigen protein.

In another embodiment of the disclosure, the expression of & protein, e.g., ORFlp,
ORF2p, encoded by a biomarker is detected by s single molecule array assay (Simoa™).

In another embodiment of the disclosure, the expression of a protein, e.g, ORFlp,
ORFZp, encoded by a biomarker is detected droplet digital ELISA (ddELISA).
Using ddELISA, LINE-1/ORF 1p protein can be measured in serum. See Cohen et al., ACS
Nane 14:9491-9501 (2020).

Vi Definitions

The term "pathophysiological retrotransposon-associated process” as used herein
refers to a disordered physiciogical process relating to aberrant retrotransposition activity
of at least one retrotransposon. Exemplary retrotransposons include, but are not limited to,
LINE-1 and human endogenous retroviruses (HERVs), eg, HERV-K and HERV-E
See, e.g., Saleh et al, (2019) Frome. Newrol 10:894. dot: 10.3389/fheur 201900894,

Diseases, disorders, or conditions caused by a  pathophysiclogical
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retrotransposon-associated process include, but are not limited to, neurodegenerative
diseases, autoimmune diseases, age-associated diseases, autism spectrum disorder (ASD),
cardiovascular dysfunction, hearing loss, hematopoietic stemr cell function, pulmonary
fibrosis, schizophrenia, or vision loss.

{06123} The term "pathophysiological LINE-1-associated process” as used herein refers to
a disordered physiological process relating to aberrant LINE-1 (L1) retrotransposition
activity. See, eg., RNaleh et al, (2019) front. Newol 10:394 doi:
10.3389/fneur 2019.00894;  Zhao et al, PLoS Genet 15(4)  e1008043.
https://doi.org/10.137 Vjournal pgen. 1008043; Bundo et al, Newron 87:306-313 (2014).

01244 The term "LINE-1 retrotransposition event that causes a disease, disorder, or
condition” as used heretn refers to any causal factor, e.g. , aberrant transcription, alterative
splicing, insertional mutagenesis, DNA damage, chromosomal transiocation, increased
expression of LINE-1T RNA, ORF1p (a 40 kDa RNA-binding protein), ORF2p (a~150kDa
protein with endonuclease (EN) and reverse transcriptase (RT) activities) associated with
LINE-1 retrotransposition that results in or promotes a pathological condition, eg., a
disease or disorder, in a subject. See, e.g., Beck et al., Annu Rev Genomics Hum Genet
12:187-215 (2011);, Pizarro and Cristofart (2016) Front. Cell Dev. Biol 4:14,
https://dot.org/10.338%/fcell 2016.00014. In  one embodiment, the LINE-1
retrotransposition event is a somatic LINE-1 insertion. In another embodiment, LINE-1
retrotransposition event is increased expression of LINE-1 RNA in the subject.

{0125} The term "tautomer” as used herein refers o each of two or more isomers of a
compound which exist together in equilibrium, and are interchanged by migration of an
atom, £.g., 2 hydrogen, or group within the molecule. Certain Compounds of the Disclosure
may exist as tautomers. In situations where tautomers are possible, the present disclosure
includes all tastomeric forms. For example, as iHustrated in Chart 1, both the lactim and
lactam tautomers are encompassed, and both the amino and imino fautomers are

encompassed.
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Likewise, as illustrated in Chart 2, both the lactim and lactam tautomers are encompassed,

and both the amino and iming tautomers are encompassed.
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The equilibriurn arrows in Charts 1 and 2 are not totended to show the position of the
equilibrium, only that an equilibrium exists between the two tautomeric forms.

{0126} The term "biological sample" as used herein refers any tissue or fluid from a subject
that 1s suitable for detecting a biomarker. Examples of useful biclogical samples include,
but are not limited to, biopsied tissues and/or celis, e.g., lymph gland, inflamed tissue, tissue

and/or cells involved in a condition or disease, blood, plasma, serous fluid, cerebrospinal
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fluid, saliva, uring, Iymph, cerebral spinal fluid, and the like. Other suitable biological
samples will be familiar to those of ordinary skill in the relevant arts. A biological sample
can be analyzed for the expression level of a biological compound, e.g, LINE-1 RNA,
ORF1p protein, ORF2p protein, using any technique known in the art. Such techniques
include, but are not Hmited to, polymerase chain reaction (PCR) methodology, reverse
transcription-polymerase chain reaction (RT-PCR) methodology, or cytoplasmic light
chain immunofluorescence combined with fluorescence in situ hybridization {¢Ig-FISH).
A biological sample can be obtained using technigues that are well within the scope of
ordinary knowledge of a clinical practitioner. In one embodiment of the disclosure, the
biclogical sample comprises a tissue or blood sample.

The terms "a", "an”, "the", and similar referents in the context of describing the
disclosure {(especially in the context of the claims} are to be construed to cover both the
singular and the plural, unless otherwise indicated. Recitation of ranges of values herein
merely are intended to serve as a shorthand method of referring individually to each
separate value falling within the range, unless otherwise indicated herein, and each separate
value is incorporated into the specification as if it were individually recited herein. Theuse
of any and all examples, or exemplary language, e.g., "such as," provided herein, is
intended to better illustrate the disclosure and is not a himitation on the scope of the
disclosure unless otherwise claimed. No language in the specification should be construed
as indicating any non-claimed element as essential to the practice of the disclosure.

The term "about," as used herein, includes the recited number = 10%. Thus, "about
0" means 9to 11

"

As used herein, the terms "treat,” "treating,” "treatment,” and the like refer to
eliminating, reducing, or ameliorating a disease, disorder, or condition, and/or the
symptoms associated therewith,  Although not precluded, treating a disease, disorder, or
condition does not require that the disease, disorder, or condition, and/or symptom(s)
associated therewith be completely eliminated.  However, in one embodiment,
administration of a Compound of the Disclosure leads to complete elimination of the
disease and associated symptoms.

Asused herein, the terms "prevent," "preventing,” "prevention” and the like refer to
a method of preventing the onset of a disease, disorder, or condition and/or symptom(s)

associated therewith, or barring a subject from acquiring the disease, disorder, or condition.
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The terms "prevent,” "preventing,” and "prevention" also include delaying the onset of

disease, disorder, or condition and/or its attendant symptom(s), and reducing a subject's

won

risk of acquiring the disease, disorder, or condition. The terros "prevent,” "preventing” and
"prevention” alse includes "prophylactic treatment,” which refers to reducing the
probability of redeveloping the disease, disorder, or condition, or of a recurrence of a
previcusly-controiled disease, disorder, or condition, in a subject who does not have, but is
at risk of or is susceptible to, redeveloping the disease, disorder, or condition or a recurrence

LINn

of the disease, disorder, or condition. The terms "prevent," "preventing” and "prevention”
also include delaying or reversing the progression of the underlying pathology of the
disease, disorder, or condition, ¢.g., a mutation caused by a somatic LINE-1 insertion.

The termn "therapeutically effective amount,” as used herein, refers 1o that amount
of a Compound of the Disclosure and, optionally, one or more optional therapeutic agents
sufficient to result in amelioration of one or more symptoms of a disease, disorder, or
condition, or prevent advancement of a disease, disorder, or condition, or cause regression
of a disease, disorder, or condition. For example, a therapeutically effective amount will
refer to the amount of & Compound of the Disclosure that causes a therapeutic respounse,
e.g., delay the progression of the disease, disorder, or condition in subject by at least about
2%, at least about 5%, at least about 10%, at least about 15%, at least about 20%, at least
about 25%, at least about 30%, at least about 35%, at least about 40%, at least about 45%,
at least about 50%, at least about 55%, at least about 60%, at least about 65%, at least about
70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least
about 95%, or at least about 100%, or more.

The termy "container” means any receptacle and closure therefore suitable for
storing, shipping, dispensing, and/or handling the Compound of the Disclosure.
MNou-iimiting exemplary containers include vials, ampules, bottles, and syringes.

The term "insert" means information accompanying a pharmaceutical product that
provides a description of how to administer the product, along with the safety and efficacy
data required to allow the physician, pharmacist, and subject to make an informed decision
regarding use of the product. The package insert generally is regarded as the "label” for a
pharmaceutical product.

In some embodiments, when administered in combination, two or more therapeutic

"won LI

agents can have a synergistic effect. The terms "synergy,” "synergistic,” “synergistically”
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and derivations thereof, such as in a "synergistic effect” or a "synergistic combination” or
a "synergistic composition” as used herein refer to circumstances under which the
biological activity of a combination of an agent and at least one additional therapeutic agent
is greater than the sum of the biclogical activities of the respective agents when
administered individually. For example, the term "synergistically effective” as used herein
refers to the interaction between a Compound of the Disclosure and another therapeutic
agent that causes the total effect of the drugs to be greater than the sum of the individual
effects of each drug. Berenbaum, Pharmacological Reviews 41:93-141 (1989}

{0135} Synergy can be expressed in terms of a "Synergy Index (81)," which generally can
be determined by the method described by F. C. Kull et al. Applied Microbiology 9, 538
(1961), from the ratio determined by

Qu(da + (s = Synergy Index (8I)
wherein:
0136} (34 is the concentration of a component A, acting alone, which produced an end

point in refation to component A,

(8137} Qa is the concentration of component A, in a mixture, which produced an end point;
{0138} Qn is the concentration of a component B, acting alone, which produced an end

point in relation to component B; and

[0139] (v is the conceniration of component B, in a mixture, which produced an end point.

101461 Generally, when the sum of Gu/Qa and Gw/(Js is greater than one, antagonism is
indicated. When the sum is equal to one, additivity is indicated. When the sum is less than
one, synergism is demonstrated. The lower the S1, the greater the synergy shown by that
particular mixture. Thus, a "synergistic combination” has an activity higher that what can
be expected based on the observed activities of the individual components when used alone.
Further, a "synergistically effective amount” of a component refers to the amount of the
component necessary to elicit a synergistic effect in, for example, another therapeutic agent
present in the composition,

LU 1

0141} The terms "intermittent dose administration,” "intermittent dosing schedule," and
similar terms as used herein refer to, 1.e., not continuous, administration, of a Compound
of the Disclosure to a subject.

{0143} Intermittent dose administration of a Compound of the Disclosure may maintain or

efficacy achieved with continuous dosing, but with less side-effects, e.g., less body weight
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loss. Intermittent dose administration regimens useful in the present disclosure encompass
any discontinuous administration regimen that provides a therapeutically effective amount
of a Compound of the Disclosure to a subject in need thereof. Intermittent dosing regimens
can use equivalent, lower, or higher doses of the Compound of the Disclosure than would
be used in continuous dosing regimens. Advantages of intermitient dose administration of
a Compound of the Disclosure include, but are not limited to, improved safety, decreased
toxicity, e.g., decreased weight loss, increased exposure, increased efficacy, and/or
increased subject compliance. These advantages may be realized when the Compound of
the Disclosure is administered as a single agent or when administered in combination with
one or more optional therapeutic agents. (On the day a Compound of the Disclosure is
scheduled to be administered to the subject, administration can occur in a single or in
divided doses, e.g., once-a-day, twice-a-day, three times a day, four times a day or more,
Dosing can also occur via any suitable route, e g, orally, intravenously, or subcutaneously.
o one embodiment, the Compound of the Disclosure is administered to the subject once
{QD} or twice (BID) on the day the compound is scheduled to be administered.

In one embodiment, Cormpounds of the Disclosure are administered according to a
continuous dosing schedule. In another embodiment, Compounds of the Disclosure are
administered according to an intermittent dosing schedule.

The phrase "in combination” as used in connection with the administration of a
Compound of the Disclosure and one or more optional therapeutic agents to a subject means
that the Compound of the [Msclosure and the one or more optional therapeutic agents can
be administered to the subject together, e.g., as part of a single pharmaceutical composition
or formulation, or separately, e.g., as part of two or more separate pharmaceutical
compositions or formulations. The phrase "in combination” as used in connection with the
administration of a Compound of the Disclosure and the ove or more optional therapeutic
agents to a subject is thus intended to embrace administration of the Compound of the
Disclosure and the one or muore optional therapeutic agents in a sequential manner, wherein
the Compound of the Disclosure and the one or more optional therapeutic agents are
administered to the subject at a different time, as well as administration concurrently, or in
a substantially simultaneous manner, e.g., iess than 30 minutes apart. Simultaneous
administration can be accomplished, for example, by administering to the subject a single

capsule having a fixed ratic of each of the Compound of the Disclosure and the one or more
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optional therapeutic agents or in multiple, single capsules for each of the Compound of the
Disclosure and the one or more optional therapeutic agents. Sequential or substantially
simultaneous administration of the Compound of the Disclosure and the one or wore
optional therapeutic agents can be accomplished by any appropriate route including, but
not limited to, oral routes, tntravenous routes, subcutaneous routes, inframuscular routes,
etc. The Compound of the Disclosure and the one or more optional therapeutic agents can
be administered by the same route or by different routes. For exarple, the one or more
optional therapeutic agents and the Compound of the Disclosure of the combination may
be administered orally. Alternatively, for example, the Compound of the Disclosure tor
may be administered orally and the one or more optional therapeutic agenis may be
administered by intravenous injection. The Compound of the Disclosure and the one or
more optional therapeutic agenis may also be administered in alternation. In one
embodiment, the Compound of the Disclosure and the one or more optional therapeutic
agenis are administered to a subject separaiely, e.g, as part of two or more separate

pharmaceutical compositions or formulations.

VII.  Particular Embodiments

{0145} The disclosure provides the following particular embodiments.
[0146] Embodiment 1. A method of treating or preventivg a disease, disorder, or

condition caused by a pathophysiclogical retrotransposon-associated process in a subject
in veed thereof, and/or treating or preventing a symptom of the disease, disorder, or
condition, the method comprising administering to the subject a therapeutically effective
amount of a compound of’

0147} {i) Table 1, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof;

{0148} (i1} Table 2, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof, or

[0149] {ii1) Table 3, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof.

{01561 Embodiment 2. A method of inhibiting a LINE-1 retrotransposition event
that causes a disease, disorder, or condition in a subject in need thereof, the method
comprising administering to the subject a therapeutically effective amount of a compound

of:
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{0151 {i) Table 1, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof]

j0152) (i1) Table 2, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof, or

015831 {ii1) Table 3, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof.

[0154] Embodiment 3. A method of treating a disease, condition, or disorder in a
subject, the method comprising:

{0185} {a) determining whether an  overexpression of retrotransposon RNA,
refrotransposon reverse transcriptase, or retrotransposon DNA is present or absent in a

biclogical sample taken from the subject; and

[6156] (b}  administering a therapeutically effective amount of a compound of:

{8187} {iy Table 1, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof;

0158} {ii) Table 2, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer

thereof, or

[0159] (iit} Table 3, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof,

0168} to the subject if an overexpression of refrotransposon RNA, retrotransposon reverse
transcriptase, or retrotransposon DNA 1s present in the biological sample.

{0161} Embodiment 4, A method of identifying whether a subject having a disease,
condition, or disorder is a candidate for treatment with a compound of’

{01621 {iy Table 1, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof,

0163} {(i1) Table 2, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer

thereof’ or

0164} (i1t} Table 3, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof,

[0165] the method comprising:

{0166} {a) determining whether an  overexpression of retrotransposon  RNA,

retrotransposon reverse transcriptase, or retrotransposon DNA is present or absent in a

biclogical sample taken from the subject; and
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{0167} {by  identifving the subject as being a candidate for treatment if an
overexpression of retrotransposon RNA, retrotransposon reverse transcriptase, or
retrotransposon DINA 1s present; or

{0168} {c) identifying the subject as not being a candidate for treatment if an
overexpression  of refrotransposon RNA, retrofransposon reverse iranscriptase, or
retrotransposon DNA is absent.

[0169] Embodiment 5. A method of predicting treatment outcome in a subject
having a disease, condition, or disorder, the method comprising determining whether an
overexpression of retrotransposon RNA, retrotransposon reverse transcriptase, or
retrotransposon IINA is present or absent in a biclogical sample taken from the subject,
wherein:

[6178] {a} the presence of an overexpression of retrotransposon RNA, retrotransposon
reverse transcriptase, or retrotransposon DNA in the biological sample indicates that
administering a compound of:

01714 {i) Table 1, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof

{0172} (ii) Table 2, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer

thereof, or

[0173] {ii1) Table 3, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof,

{0174} to the subject will likely cause a favorable therapeutic response; and

[0175) {b) the absence of an overexpression of retrotransposon RNA, retrotransposon

reverse transcriptase, or retrotransposon DNA in the biological sample indicates that

administering a compound of:

{6176} (i) Table 1, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof,
{0177} {ii) Table 2, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer

thereof; or
[6178] (iii} Table 3, or a pharmaceutically acceptable salt or solvate thereof, or a tautorer
thereof,

{0179} to the subject will likely cause an unfavorable therapeutic response.
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01890} Embodiment 6. A method, comprising administering a therapeutically
effective amount of a compound of

j0181 (i) Table 1, or a pharmaceutically acceptable salt or solvaie thereof, or a tautomer
thereof:

0182} {ii) Table 2, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof, or

[0183] (iii} Table 3, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof,

0184} to a subject, wherein:

{2} the subject has a disease, condition, or disorder; and
(0 the disease, condition, or disorder is characterized as having an overexpression of
retrotransposon RNA, retrotransposon reverse transcriptase, of retrotransposon BNA.

[0185} Embodiment 7. The method of any one of Embodiments 1-6, comprising a
compound of Table 1, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof.

{0186} Embodiment 8. The method of any one of Exnbodiments 1-6, comprising a
compound of Table 2, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof.

{0187} Embodiment 9. The method of Embodiment 7, wherein the compound of
Table 1is Cpd. No. 1, or a pharmaceutically acceptable sait or solvate thereof, or a tautomer
thereof.

{0188} Embodiment 10, The method of Embodiment 7, wherein the compound of
Table 11s Cpd. No. 3, or a pharmaceutically accepiable salt or solvate thereof, or a tautomer
thereof.

{0189} Embodiment 11 The method of Embodiment 7, wherein the compound of
Table 1 s Cpd. 8, or a pharmaceutically acceptable salt or sclvate thereof, or a tautomer
thereof.

10190} Embodiment 12. The method of Embodiment 7, wherein the compound of
Table 115 Cpd. No. 9, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer

thereot.
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{01911 Embodiment 13. The method of Embodiment 12, wherein the compound of
Table 11s Cpd. No. 4, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof.

{6192} Embodiment 14. The method of any one of Embodiments 1-6, comprising a
compound of Table 3, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof.

[0193] Embodiment 15. The method of any one of Embodiments 1-14 for treating the
disease, disorder, or condition in & subject.

0194} Embodiment 16, The method of any one of Embodiments 1-14 for preventing
the disease, disorder, or condition in a subject.

101951 Embodiment 17, The method of any one of Embodiments 1-14 for treating the
symptom of a disease, disorder, or condition in a subject.

{0196} Embodiment 18. The method of any one of Embodiments 1-14 for preventing
the symptom of a disease, disorder, or condition in a subject.

81971 Embodiment 19. The method of any one of Embodiments 1-18, wherein the
disease, disorder, or condition 1s a neurodegenerative disease.

{0198} Embodiment 20. The method of Embediment 19, wherein the
neurodegenerative  disease 1s  Alzheimer's disease, amvotrophic lateral sclerosis,
Parkinson's disease, dementia with Lewy Bodies, multi systems atrophy, Huntington's
disease, frontotemporal lobar degeneration, mild cognitive impairment, corticobasal
degeneration, progressive supra nuclear palsy, Rett Syndrome, peripheral degenerative
disease, or Alcardi-Goutiéres syndrome.

0199 Embodiment 21, The method of any one of Embodiments 1-18, wherein the
disease, disorder, or condition is an autoimmune disease.

{6208} Embodiment 22. The method of Embodiment 11, wherein the autoimmune
disease is lupus, rheumatoid arthritis, Sjogrens syndrome, or multiple sclerosis.

{92611 Embodiment 23 The method of any one of Embodiments 1-18, wherein the
disease, disorder, or condition is an age-associated disease.

{0202} Embodiment 24. The method of Embodiment 23, wherein the age-associated
disease 13 Alzheimer's disease, Parkinson's disease, atherosclerosis, ostecarthritis,
osteoporosis, rheumatotd arthritis, macular degeneration, peripheral degenerative disease,

or skin aging.
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{02831 Embodiment 25 The method of any one of Embodiments 1-18, wherein the
disease, disorder, or condition is autism spectrum disorder (ASD), cardiovascular
dysfunction, hearing loss, hematopoietic stem cell function, pulmonary fibrosis,
schizophrenia, or vision loss.

{0204 Embodiment 26, The method of any one of Embodiments 1-18, wherein the
disease, disorder, or condition is progressive supra nuclear palsy.

[0265] Embodiment 27. The method of any one of Embodiments 1-18, wherein the
disease, disorder, or condition is amyotrophic lateral sclercsis.

9266} Embodiment 28 The method of any one of Embodiments 1-18, wherein the
disease, disorder, or condition is Aicardi-Goutiéres syndrome,

{62071 Embodiment 29. The method of any one of Embodiments 1-3 or 5-28 further
comprising one or more optional therapeutic agents to the subject.

j0208} Embodiment 30. The method of any one of Embodiments 1-29, wherein the
subject is (a) not infected with the HIV virus; (b) not suspected of being infected with the
HIV virus; {¢) not being treated for the HIV virus; and/or (d) not being treated to prevent
the HIV virus.

{0209} Embodiment 31. The method of any one of Embodiments 1-30, wherein the
compound inhibits human LINE-1 retrotransposition activity with a half maximal
inhibitory concentration of 1 pM or less in an in vitro Hela cell-based dual-luciferase
as8say.

{0218} Embodiment 32. A kit for carrying out the method of any one of claims 1-31,
the kit comprising a compound of;

0211 {iy Table 1, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof:

6212} (i) Table 2, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof’ or

{0213} (i1t} Table 3, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof, and instructions for administering the compound to a subject having a disease,
condition, or disorder.

{6214 Embodiment 33. The kit of Embodiment 32 comprising a compound of

Table 1, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer thereof,
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{02151 Embodiment 34. The kit of Embodiment 32 comprising a compound of
Table 2, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer thereof.

0216} Embodiment 35. The kit of Embodiment 33, wherein the compound of Table 1
is Cpd. No. 1, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer thereof.

[0217] Embodiment 36, The kit of Embodiment 33, wherein the compound of Table 1
is Cpd. No. 3, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer thereof.

[0218] Embodiment 37. The kit of Embodiment 33, wherein the compound of Table 1
is Cpd. No. 8, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer thereof.

9219} Embodiment 38 The kit of Embodiment 33, wherein the compound of Table 1
is Cpd. No. 9, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer thereof.

{62281 Embodiment 39. The kit of Ernbodiment 33, wheretn the compound of Table 1
is Cpd. No. 4, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer thereof.

[0221} Embodiment 40. The kit of Embodiment 32 comprsing a compound of
Table 3, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer thereof.

02221 Embodiment 41. A compound of:

10223} (i) Table 1, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof, or a pharmaceutical composition thereof;

09224} {(i1) Table 2, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof, or a pharmaceutical composition thereof; or

10225} {111} Table 3, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof, or a pharmaceutical composition thereof,

{0226} for use in treating or preventing a disease, disorder, or condition caused by a
pathophysiological retrotransposon-associated process in a subject in need thereof, and/or

treating or preventing a symptom of the disease, disorder, or condition.

16227} Embodiment 42. A compound of:
{0228} (1) Table 1, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer

thereof, or a pharmaceutical composition thereof;

102291 {ii) Table 2, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof, or a pharmaceutical composition thereof, or

{62381 (111} Table 3, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer

thereof, or a pharmaceutical composition thereof,
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{0231} for use in inhibiting a LINE-1 retrotransposition event that causes a disease,
disorder, or condition in a subject in need thereof.

j0232} Embodiment 43, A compound of

{0233} {iy Table 1, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof, or a pharmaceutical composition thereof;

102344 {11} Table 2, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof, or a pharmaceutical composition thereof, or

[0235] {(i1i} Table 3, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof, or a pharmaceutical composition thereof,

{0238} for use in treating a disease, condition, or disorder is characterized as having an
overexpression of retrotransposon RNA, retrotransposon reverse transcriptase, or
refrotransposon DINAL

{0237} Embodiment 44. The compound of any one of Embodiments 41-43,
comprising a compound of Table 1, or a pharmaceutically acceptable salt or solvate thereof,
or a tautomer thereof.

10238 Embodiment 45. The compound of any one of Embodiments 41-43,
comprising a compound of Table 2, or a pharmaceutically acceptable salt or solvate thereot,
or a tautomer thereof.

02391 Embodiment 46. The compound of Embodiment 44, wherein the compound
of Table 1 1s Cpd. No. 1, or a pharmaceutically acceptable salt or solvate thereof, or a
tautomer thereof

10240} Embodiment 47. The compound of Embodiment 44, wherein the compound
of Table 1 is Cpd. No. 3, or a pharmaceuticaily acceptable salt or solvate thereof, or a
tautomer thereof.

{02411 Embodiment 48. The compound of Embodiment 44, wherein the compound
of Table 1 is Cpd. No. &, or a pharmaceutically acceptable salt or solvate thereof, or a
tautomer thereof.

10242} Embodiment 49 The compound of Embodiment 44, wherein the compound
of Table 1 1s Cpd. No. 9, or a pharmaceutically acceptable salt or solvate thereof, or a

tautomer thereof.
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Embodiment 50. The compound of Embodiment 44, wherein the compound
of Table 1 13 Cpd. No. 4, or a pharmaceutically acceptable salt or solvate thereof, or a
tautomer thereof.

Embodiment 51. The compound of any one of Embodiments 41-43,
comprising a compound of Table 3, or a pharmaceutically acceptable salt or solvate thereof,
or a tautomer thereof.

Embodiment 52. The compound or pharmaceutical composition for use of any
one of Embodimenis 41 or 44-51 for treating the disease, disorder, or condition in a subject.

Embodiment 53 The compound or pharmaceutical composition for use of any
one of Embodiments 41 or 44-51 for preventing the disease, disorder, or condition in a
subject.

Embodiment 54, The compound or pharmaceutical composition for use of any
one of Embodiments 41 or 44-51, for treating the symptom of a disease, disorder, or
condition in a subject.

Embodiment 55. The compound or pharmaceutical composition for use of any
one of Embodiments 41 or 44-51, for preventing the symptom of a disease, disorder, or
condition in a subject.

Embodiment 56. The compound or pharmaceutical composition for use of any
one of Embodiments 41-55, wherein the disease, disorder, or condition is a
neurodegenerative disease.

Embodiment 57. The compound or pharmaceutical composition for use of
Embodiment 56, wherein the neurodegenerative disease is Alzheimer's disease,
amyotrophic lateral sclerosis, Parkinson's disease, dementia with Lewy Bodies, multi
systems atrophy, Huntington's disease, frontotemporal lobar degeneration, mild cognitive
impairment, cotticobasal degeneration, progressive supra nuclear palsy, Rett Syndrome,
peripheral degenerative disease, or Aicardi-Goutieres syndrome.

Embodiment S8 The compound or pharmaceutical composition for use of any
one of Embodiments 41-53, wherein the disease, disorder, or condition is an autcimmune
disease.

Embodiment 59. The compound or pharmaceutical composition for use of
Embodiment 58, wherein the avtoimmune disease is lupus, rheumatotd arthritis, Sjogrens

syndrome, or muitiple sclerosis.
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Embodiment 60. The compound or pharmaceutical composition for use of any
one of Embodiments 41-55, wherein the disease, disorder, or condition is an age-associated
disease.

Embodiment 61 The compound or pharmaceutical composition for use of
Embodiment 60, wherein the age-associated disease is Alzheimer's disease, Parkinson's
disease, atherosclerosis, ostecarthritis, osteoporosis, rheumatoid arthritis, macular
degeneration, peripheral degenerative disease, or skin aging.

Embodiment 62. The compound or pharmaceutical composition for use of any
one of Embodiments 41-55, wherein the disease, disorder, or condition is autisin spectrum
disorder {ASD), cardiovascular dysfunction, hearing loss, hematopoietic stem cell function,
pulmonary fibrosis, schizophrenia, or vision loss.

Embodiment 63. The compound or pharmaceutical composition for use of any
one of Embodiments 41-55, wherein the disease, disorder, or condition is progressive supra
nuclear palsy.

Embodiment 64. The compound or pharmaceutical composition for use of any
one of HEmbodiments 41-35, wherein the disease, disorder, or condition is amyotrophic
lateral sclerosis.

Embodiment 65, The compound or pharmaceutical composition for use of any
one of Embodiments 41-535, wherein the disease, disorder, or condition is Aicardi-Goutiéres
syndrome.

Embodiment 66. The compound or pharmaceutical composition for use of any
one of Embodiments 41-55 wherein one or more optional therapeutic agents is to be
administered to the subject.

Embodiment 67. The compound or pharmaceutical composition for use of any
one of Embodiments 41-66, wherein the subject is (a) not infected with the HIV virus; {(b)
not suspected of being infected with the HIV virus; (¢} not being treated for the HIV virus;
and/or (d) not being treated to prevent the HIV virus,

Embodiment 68. The compound or pharmaceutical composition for use of any
one of Embodiments 41-67, wherein the compound ivhibits buman LINE-1
retrotransposttion activity with a half maximal inhibitory concentration of 1 uM or less in

an in vitro HeLa cell-based dual-luciferase assay.
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{0262} Embodiment 69. The compound or pharmaceutical composition for use of
Embodiment 68, wherein the compound inhibits human LINE-1 retrotransposition activity
with a balf maximal inhibitory concentration of 0.25 pM or less 1u an in vitro HeLa cell-

based dual-luciferase assay.

{92631 Embodiment 70, The compound for use of any one of Embodiments 41-69.
0264} Embodiment 71. The pharmaceutical composition for use of any one of

Embodiments 41-69.

[0265] Embodiment 82. Use of a compound of;

9266} (i) Table 1, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof;

102671 {11) Table 2, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer

thereof, or a pharmaceutical composition thereof, or

0268} (i1} Table 3, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof, or a pharmaceutical composition thereof,

0263 for the manufacture of a medicament for treating or preventing a disease, disorder,
or condition caused by a pathophysiological retrotransposou-associated process 1o a subject
in need thereof, and/or treating or preventing a symptom of the disease, disorder, or
condition.

0278} Embodiment 83. Use of a compound of!

10271} {1) Table 1, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof,

[0272] (i1) Table 2, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof, or a pharmaceutical composition thereof; or

0273} {iii) Table 3, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof, or a pharmaceuntical composition thereof,

{0274} for the manufacture of a medicament for inhibiting a LINE-1 retrotransposition

event that causes a disease, disorder, or condition in a subject in need thereof.

102754 Embodiment 84. Use of a compound of’

{0276} (i) Table 1, or a pharmaceutically acceptable salt or solvaie thereof, or a tautomer
thereot’

{0277} (ii) Table 2, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer

thereof, or a pharmaceutical composition thereof, or
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{02781 {iit) Table 3, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof, or a pharmaceutical compesition thereof,

{0279} for the manufacture of a medicament for treating a disease, condition, or disorder is
characterized as having an overexpression retrotransposon RNA, retrotransposon reverse
transcriptase, or retrotransposon DNA.

{02861 Embodiment 85. The use of any one of Embodiments 82-84 comprising a
compound of Table 1, or a pharmaceutically acceptable sali or solvate thereof, or a tautomer
thereof.

9281} Embodiment 86, The use of Embodiment §5 comprising a compound of Table
2, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer thereof.

[62821 Embodiment 87. The use of Embodiment 86, wherein the compound of
Table 1is Cpd. No. 1, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof.

[0283] Embodiment 8% The use of Embodiment 87, wherein the compound of
Table 11s Cpd. No. 3, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof,

[0284] Embodiment 89, The use of Embodiment 88, wherein the compound of
Table 1 1s Cpd. No. §, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof,

102851 Embodiment 90. The use of Embodiment 89, wherein the compound of
Table 1is Cpd. No. 9, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof.

{0286} Embodiment 91. The use of Embodiment 90, wherein the compound of
Table 11s Cpd. No. 4, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof.

{0287} Embodiment 92. The use of any one of Embodiments 82-84 comprising a
compound of Table 3, or a pharmaceutically acceptable salt or solvate thereof, or a tautomer
thereof.

10288} Embodiment 93. The use of any one of Embodiments 82 or 85-92 for treating
the disease, disorder, or condition in a subject.

10289} Embodiment 94. The use of any one of Embodiments 82 or §5-92 for

preventing the disease, disorder, or condition in a subject.
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{0298} Embodiment 95. The use of any one of Embodiments 82 or 85-92, for treating
the symptom of a disease, disorder, or condition in a subject.

j02911 Embodiment 96. The use of any one of Embodiments 82 or 85-92, for
preventing the symptom of a disease, disorder, or condition in a subject.

{02921 Embodiment 97, The use of any one of Embodiments 82-96, wherein the
disease, disorder, or condition is a neurcdegenerative disease.

[0293] Embodiment 98. The use of Embodiment 97, wherein the neurodegenerative
disease is Alzheimer's disease, amyotrophic lateral sclerosis, Parkinson's disease, dementia
with Lewy Bodies, multi systems atrophy, Huntington's disease, frontotemporal lobar
degeneration, mild cognitive impairment, corticobasal degeneration, progressive supra
nuclear palsy, Rett Syndrome, peripheral degenerative disease, or Aicardi-Goutiéres
syndrome.

{0294 Embodiment 99. The use of any one of Hmbodiments 82-96, wherein the
disease, disorder, or condition is an autoimmune disease.

02951 Embodiment 100. The use of Embodiment 99, wherein the autoimmune disease
is fupus, theumatoid arthritis, Sjogrens syndrome, or multiple sclerosis,

{0296 Embodiment 101 The use of any one of Embodiments 82-96, wherein the
disease, disorder, or condition 18 an age-associated disease.

02971 Embodiment 102. The use of Embodiment 101, wherein the age-associaied
disease is Alzheimer's disease, Parkinson's disease, atherosclerosis, osteoarthritis,
osteoporosis, rheumatoid arthritis, macular degeneration, peripheral degenerative disease,
or skin aging.

{02981 Embodiment 103 The use of any one of Embodiments 82-96, wherein the
disease, disorder, or condition is autism spectrum disorder (ASD), cardiovascular
dysfunction, hearing loss, hematopoietic stemy cell function, pulmonary fibrosis,
schizophrenia, or vision {oss.

{02991 Embodiment 104, The use of any one of Embodiments 82-96, wherein the
disease, disorder, or condition is progressive supra nuclear palsy.

103641 Embodiment 105, The use of any one of Embodiments 82-96, wherein the
disease, disorder, or condition is amyotrophic lateral sclerosis,

{0301} Embodiment 106, The use of any one of Embodiments 82-96, wherein the

disease, disorder, or condition is Aicardi-Goutiéres syndrome.
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{03821 Embodiment 107. The use of any one of Embodiments 82-96 wherein one or
more optional therapeutic agents 15 to be administered to the subject.

103631 Embodiment 108, The use of any one of Embodiments 82-107, wherein the
subject is {a) not infected with the HIV virus; (b} not suspected of being infected with the
HIV virus; {¢) not being treated for the HIV virus; and/or (d) not being treated to prevent
the HIV virus.

{83841 Embodiment 109, The use of any one of Embodiments 82-108, wherein the
compound inhibits human LINE-1 retrotransposition activity with a half maximal
inhibitory concentration of T uM or less in an in vitro Hel.a cell-based dual-luciferase
assay.

{83051 Embodiment 110. The method of any one of Embodiments 3-6, wherein the
retrotransposon RNA is LINE-1 RNA.

{0306} Embodiment 111, The method of any one of Embodiments 3-6, wherein the
retrotransposon reverse transcriptase is ORF2p.

03071 Embodiment 112. The method of any one of Embodiments 3-6, wherein the
retrotransposon DNA 15 LINE-1 DNA.

{0308 Embodiment 113, The compound for use of Embodiment 43, wherein the
retrotransposon RNA is LINE-1 RNA.

036891 Embodiment 114 The compound for use of Embodiment 43, wherein the
refrotransposon reverse transcriptase is ORF2p.

[0319] Embodiment 115, The compound for use of Embodiment 43, wherein the
retrotransposon DNA is LINE-1 DNA.

03114 Embodiment 110. The use of Embodiment 34, wherein the retrotransposon
RMA is LINE-1 RNA.

6312} Embodiment 117, The use of Embodiment 84, wherein the retrotransposon
reverse transcriptase is ORF2p.

{93131 Embodiment 118, The use of Embodiment 84, wherein the retrotransposon
DNA is LINE-1 DNA.

10314 Embodiment 119, The method of any one of Embodiments 1-18, wherein the
disease, disorder, or condition is ataxia-telangiectasia.

0315 Embodiment 120 The method of any one of Embodiments 1-18, wherein the

disease, disorder, or condition is age-related macular degeneration,
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{03161 Embodiment 121. The method of any one of Embodiments 1-18, wherein the
disease, disorder, or condition 1s systemmic lupus erythematosus.

83171 Embodiment 122, The method of any one of Embodiments 1-18, wherein the
disease, disorder, or condition is IFN-associated autoimmune disease.

[0318] Embodiment 123 The method of Embodiment 122, wherein the IFN-associated
autoimnune disease is psoriasis.

{83191 Embodiment 124, The method of any one of Embodiments 1-18, wherein the
disease, disorder, or condition is Fancont Anemia.

9320} Embodiment 125 The method of any one of Embodiments 1-18, wherein the
disease, disorder, or condition is idiopathic pulmonary fibrosis.

{63211 Embodiment 126. The method of any one of Embodiments 1-18, wherein the
disease, disorder, or condition is cardiovascular disease.

{03221 Embodiment 127 The compound for use of any one of Embodiments 41-55,
wherein the disease, disorder, or condition is ataxia-telangiectasia.

{83234 Embodiment 128, The compound for use of any one of Embodiments 41-55,
wherein the disease, disorder, or condition is age-related macular degeneration.

{0324} Embodiment 129 The compound for use of any one of Embodiments 41-55,
wherein the disease, disorder, or condition 13 systemic fupus erythematosus.

{0325} Embodiment 130. The compound for use of any one of Embodiments 41-55,
wherein the disease, disorder, or condition is IFN-associated autoimmune disease.

{6326 Embodiment 131, The compound for use of Embodiment 130, wherein the
TFN-associated autoimmune disease is psoriasis.

{83274 Embodiment 132. The compound for use of any one of Embodiments 41-35,
wherein the disease, disorder, or condition is Fanconi Anemia.

[03281] Embodiment 133. The compound for use of any one of Embodiments 41-85,
wherein the disease, disorder, or condition is idiopathic pulmonary fibrosis.

[0329] Embodiment 134 The compound for use of any one of Embodiments 41-55,
wherein the disease, disorder, or condition is cardiovascular disease.

103341 Embodiment 135, The use of any one of Embodiments 82-96, wherein the
disease, disorder, or condition is ataxia-telangiectasia.

{0331} Embodiment 136, The use of any one of Embodiments 82-96, wherein the

disease, disorder, or condition is age-related macular degeneration,
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63324 Embodiment 137. The compound for use of any one of Embodiments 82-96,
wherein the disease, disorder, or condition is systemic lupus erythematosus.

106333} Embodiment 138. The compound for use of any one of Embodiments §2-96,
wherein the disease, disorder, or condition i1s IFN-associated autcimmune disease.

[0334] Embodiment 139, The compound for use of Embodiment 138, wherein the
[FN-associated autoimmune disease is psoriasis.

[8335] Embodiment 140. The compound for use of any one of Embodiments 82-96,
wherein the disease, disorder, or condition 1s Fancont Anemia.

19336} Embodiment 141, The compound for use of any one of Embodiments 82-96,
wherein the disease, disorder, or condition is idiopathic pulmonary fibrosis.

103371 Embodiment 142, The compound for use of any one of Embodiments 82-96,
wherein the disease, disorder, or condition is cardiovascular disease.

{0338 Embodiment 143, The method, kit, compound for use, or use of any one of
Embodiments 1, 32, 41, or 82, wherein the disease, disorder, or condition is not (i} cancer;

or (i1} an infectious disease.

EXAMPLES

[0339] The compounds of Tables | and 2 may be prepared as described in the EXAMPLES
below, and, for example, in Nomura et al |, J Med Chem. 42:2901-2908 (1999); Chrul et
al., J Med Chem. 43:4516-4525 (2000), JP Patent No. 6767011, and/or US Patent
No. 10,933,067,

103401 The abbreviations in Table 4 may be used in the EXAMPLES.

Table 4

ag. agueous

ACN, MeCN, CH3CN acetoniirile

AIBN azobisisobutyronitrile

AmF ammonium formate

ArmBic ammonium bicarbonate

BSA, BTMSA N, O-bis(trimethylsilyDacetamide

CDC1s chioroform-d

cale. caiculated
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cong. concentrate

DCM methylene chloride or dichloromethane
DMFE dimethyiformamide

DMAP 4-dimethylaminopyridine

DMSO dimethyisulfoxide

DMS0O-ds deutered dimethylsulfoxide

Ht ethyl

Hiz(O diethy! ether

ESI-MS electrospray ionisation mass spectrometry
HiQAC ethyl acetate

FA formic acid

Hz hydrogen gas

H.0 water

HC hydrochloric acid

hex. hexanes

hep. heptanes

HPLC high pressure liquid chromatography
IBPA isopropanol

KaCOs potassium carbonate

LCMS liquid chromatography mass spectrometry
M molar

Me methyl

MHz megahertz

mg miiligram(s)

min, moinutes

il millifiter(s)

mM miilimolar

MeOH methanol

MeOD ruethanol-ds

Mgs504 magnesium sulfate

MS mass spectrometer
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ug microgram{s)
uk microliter(s)
uM micromolar
umol micromole
Nz nitrogen gas
NaHCO: sodium bicarbonate
Nal Sodium iodide
Na:COs sodium carbonate
Nax50s sodium sulfate
NaOH sodium hydroxide
NaOMe sodiurn methoxide
NH4l ammonium chioride
'H NMR proton nuclear magnetic resonance
OGN overnight
Pd/C palladium on carbon
Ph phenyl
psi pound per square inch
quant. quantitative
RT retention time
rt roOm temperature
r.b.f (ibf} round bottom flask
sat. saturated
THF tetrahydrofuran
TLC thin layer chromatography
TTMSS tris(trimethylsilylisifane
UPLC ultra performance liquid chromatography
uv ultraviolet
Prep-HPLC Preparative HPLC

The following 1.C-MS Methods may be used in the EXAMPLES.
Method A UPLC-MS method: Waters Acquity UPLC CSH C18, 1.8 um, 2.1 x

30 mm at 40°C; 3% to 100% B 1n 5.2 minutes; hold 100% B for 1.8 minutes, run time =
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7.0 min, flow 0.9 mL/min; Eluents: A = Milli~-Q Ho0 + 10 mM Ammonium formate pH =
3.8, B = MeCN. Waters Acquity UPLC systerm. UV Detector = Waters Acquity PDA,
198-360 nm. MS Detector = Waters SQD ESL

{0343} Methed B: Waters Acquity CSH C18, 3.5um, 4.6 x 30 mm at 40°C; Iso 5% B for
(.5 min, 5% to 100% B in S mioutes; hold 100% B for 1.5 minutes, run time = 7.0 min,
flow 0.9 mL/min; Eluents: A = Milli-@ H:G + 10 mM Ammonium formate pH=38;, B =
MeCN. Waters Alliance 2695 systern. UV Detection: Waters 2996 PDA, 198-360nm. MS
Detector: Waters 2Q 2000, ESI

{0344} Method C: SHIMADZU LC20-MS2010: MERCK, RP-18e 25-2mm at 50 °C; 1.5
ML/4 L TFA in water (solvent A) and 0.75 ML/4 LTFA in acetonitrile (solvent B), using
the elution gradient 5%-95% (solvent B) over 0.7 minutes and holding at 95% for 0.4
minutes at a flow rate of 1.5 mi/min, run time = 1.5 min; UV Detector = 220 nm, 254 nm;
MS Detector = ESI

{0345] Method D LCMS-BT: SHIMADZU LL20-MS2020: X bridge Shield RP-18,5 pm,
2.1%50 mm at 50 °C; 0.8 mL/4L NH5-H2O in water (solvent A) and acetonitrile (solvent
B), using the elution gradient 0%-30% (solvent B) over 2 minutes and holding at 30% for
(.48 minutes at a flow rate of 1 mi/min, run time = 3 min; UV Detector = 220 nm, 254 nm;
MS Detector = ESI

0346} Method E: LOMS-AN: Agilent LC1200-MS6110: X timate C18 2.1%30 mm, 3 pm
at S0°C; 1.5 ML/4L TFA in water (solvent Ay and 0.75 ML/4 L TF A in acetonitrile (solvent
B), using the elution gradient 0%-60% (sclvent B} over 0.9 minutes and holding at 60% for
(.6 minutes at a flow rate of 1.2 mi/min, run time = 2 min; UV Detector = 220 nm; MS
Detector = ESL

03474 Method F: LCMS-CL  Agilent LCI1200-MS6110:  Xbridge Shield RP-
18,5um, 2. 1¥30mm; at 30 °C,; water (4L} + NHzHz0 (081l (solvent A) and acetouitrile
(solvent B}, using the elution gradient 0 % - 60 % (solvent B} over 2.0 minutes and holding
at 60% for 0.48 minutes at a flow rate of I mi/min, run time = 3.0 min; UV Detecior =
220nm, 254nm; MS Detector = ESL

{0348} Method G: UPLC-MS Method: Waters Acquity UPLC CSH C18, 1.8um, 2.1 x
30mm at 40°C; 5% to 100% B in 2.0 minutes; hold 100% B for 0.7 minutes, run timg = 2.7

min, flow 0.9 mL/min; Eluents: A = Milli-Q H:0 + 10mM Ammonium formate pH =3 8;



WO 2023/192491 PCT/US2023/016921

[0349]

10350]

[0351]

- 80 -

B = MeCN. Waters Acquity UPLC system. UV Detector = Waters Acquity PDA, 198-360
nm. MS Detector = Waters SQD ESL
Method H: UPLC-MS Method: Waters Acquity UPLC Agilent Poroshell 120 EC
C18, 1 8um, 2.1 x 250mm at 40°C; 5% to 100% B in 5.0 minutes; hold 100% B for 2.0
oiinutes, run time = 7.0 min, flow 0.5 ml/min;, Eluents: A = Milli-Q H20 + 10mM
Ammonium formate pH =3 8, B = MeCN. Waters Acquity UPLC system. UV Detector =
Waters Acquity PDA, 198-360 nm. MS Detector = Waters SQD HSL
EXAMPLE 1
Synthesis of 1-((2R 48, 5R)-4-hydroxy-5S-(hydroxymethy}-S-vinyltetrahydrofuran-2-vi)-
S-methylpyrimidine-2,4(1H,3H)-dione (Cpd. No. 62}

o . o
N Lindlar Calalyst 2\%
HO~ o) //\f/ Ha HO

N. _NH -
== EtOAc/pyr Y.
& G

HO

1-{(2R,48,5R)-5-Ethynyl-4-hydroxy-S-Chydroxymethyitetrahy drofuran-2-y1-5-

-3
\‘)
G
=z
=(
=z
X

methylpyrimidine-2,4(1H, 3H)-dione was prepared according to WO 2007/038507 AZ.
1-((2R, 48,5 R }-5-ethynyl-4-hydroxy-S-(hydroxymethytetrahydrofuran-2-y1)-5-

methylpyrimidine-2 4(1H,3H)-dione (180 myg, 676 pmol) was dissolved in 91
EtCAc/pyridine (653 ul/22.5 ply in a S-mL vial with a rubber septum. Then solid Lindlar
Catalyst (18.0 mg, 67.6 umol) was added and the reaction mixture was flushed with Hz gas
with a balloon for 30 min. This reaction was stisred till full conversion to the title compound
was observed by LC-MS. Then, the reaction mixture was filtered over Celite® and rinsed
with EtOAc. The desired product was purified by flash chromatography on silica gel
(EtOAc), vielding 1-((2R, 4S8, 5R)-4-hydroxy-S-(hydroxymethyl3-5-vinyltetrahydrofuran-2-
yi}-S-methyipyrimidine-2 4(1H,3H)-dione (11 mg, 58%) LC-MS (ESH wm/z caled for
CuHisN2Os: 268.11. Found 2673 [M-H]. '"H NMR: (400 MHz, CD:OD) 9.01 (s, 1H),
7.23 (¢, J= 5.7 Hz, 1H), 6.99 (dd, J= 17.3, 109 Hz, 1H). 6.51 (dd, J= 17.3, 2.0 Hz, 1F),
6.30 (dd, J= 10.9, 1.2 Hz, 1H), 5.63 (1, J= 7.4 Hz, 1H), 4.65 (qAB, J= 11.9, 5.0 Hz, 2H),
3.30 (dd, /= 7.4, 5.8 Hz, 2H), 2.93 (s, 3H).
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EXAMPLE 2
Synthesis of S-bromo-1-({(ZR,48,5R }-4-hydroxy-5-(thydroxymetlyl)-S-
vinyltetrahydrofuran-2-yDpyrimidine-2,4(1H,3H)-dione {Cpd. No. 64)
8r Br

/)YO Lindlar Catalyst %J\f()
HO-™ O _n He
st

HO

P

NH HO™™S O _.N_ _NH
Y EioAP SOy
! 7

HO ©
{03582} 5-Bromo-1-({ZR,45,5R}-5-ethynyl-4-hydroxy-5-(hvdroxymethy! tetrahydrofuran-
2-yhipyrimidine-2,4(1H,3H)-dione was prepared according to W 2007/038507 A2,
0353} S-bromo-1-((2R,485,5R }-5-ethynyl-4-hydroxy-5-(thydroxymethyitetrahydrofuran-

2-ybpyrimidine-2 4(1H,3H)-dione (3.3 mg, 997 umoly was dissolved n 91
EtOAc/pyridine (96.3 pl /332 pl) in a S-mL vial with a rubber septum. Then solid Lindlar
Catalyst (330 mg, 9.97 umol) was added and the reaction mixture was flushed by bubbling
Haz gas with a balloon for 30 min. This reaction was stirred tili full conversion to the title
compound was observed by LC-MS. Then, the reaction mixture was filtered over Celite®
and rinsed with EtOAc. The desired product was purified by flash chromatography on silica
gel  (EtOAc),  yielding  S-bromo-1-((ZR,48,5R }-4-hydroxy-S-(hydroxymethyl}-5-
vinyltetrabvdrofuran-2-yDpyrimidine-2 4(1H,3H}-dione (2.7 wg, 81%) LLC-MS (ESD
m/z caled for CiiHBBrN2Os: 332 .00, Found 331.2 [M-H]. *H NMR (400 MHz, CD:0D)
38.67 (s, 1H), 6.12(t, J= 53 Hz, 1H), 5.92 (dd, /= 17.3, 10.9 Hz, 1H), 5.46 (dd, /= 17.3,
1.9 Hz, 1H), 5.28 (dd, /= 10.9, 1.9 Hz, 1H), 455 (t, /= 7.6 Hz, 1), 3.69 (d,.J=12.0 Hz,
1H), 3.53 (d, /= 12.0 Hz, 1H), 2.27 (dd, J= 7.7, 5.5 Hz, 2H).
EXAMPLE 3
Synthesis of 1-({2R 45,5R)}-4-hydroxy-5-(hydroxymethyl)-S-vinyltetrahydrofuran-2-yi)-
S-methoxypyrimidine-2 4(1H 3H-dione (Cpd. No. 6}

OMe OMe
O ) G
o0 o f/ 1. My, Lindlar cat, MeOH o o |"’/
p-io N, NH N, NH
= 7Y 2. NaOMe, MeOH M hig
s o < ¢
o-TolC HG
{0354 Step 1. 1-({(2R 48, 5R)-5-Ethynyl-4-hydroxy-3-(hydroxymethyl ytetrahydroturan-2-
yh-S-methoxypyrimidine-2 4(1H,3H-dione was prepared according to

WO 2007/038507 A2
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{03551 To a mixture of [(2R 38, 5R)-2-ethynyl-5-(S-methoxy-2, 4-dioxo-pyrimidin-1-y1}3-3-
(4-methylbenzoyloxy-tetrahydrotfuran-2-yljmethyl 4-methylbenzoate (15 mg, 28.93
pmol) in MeOH (2 mL) was added Lindlar catalyst (7 mg) in one portion at 25 °C under
Hz (15 psi). The resulting mixture was stirred at 25 °C for 1 hour. Then the mixture was
filtered and the {iltrate was concentrated to afford the compound (15 mg, 99%) as a while
solid.

10356} Step 2. To a mixture of [(2/,38,5R)-5-(5-methoxy-2,4-dioxo-pyrimidin-1-y1}-3-(4-
methylbenzovioxy-2-vinyl-tetrahydrofuran-2-yl imethyi 4-methylbenzoate (15 mg, 28.82
pmol) in MeOH (5 mL} was added NaOMe (156 ug, 2 88 pmol) in one portion at 25 °C.
After stitring at 25 °C for 1 hour, the mixture was concenirated under reduced pressure,
The residue was purified by prep-HPLC (basic) to afford the title compound (5 mg, 62%)
as a white solid. LCMS (EST): m/z 307.0 (M+Na)™. "H NMR (400 MHz, DMSO-ds) § 11.28
(s, 1H), 7.77 (s, 1H), 6.17 - 6.07 {m, 1H), 5.97 - 5.85 (m, 1H}, 5.44 (t, /= 4.8 Hz, 1H), 5.39
- 531 {m, 1H), 5.28 (d, /= 5.2 Hz, 1H), 5.23 - 5.15 (m, 1H), 4.54 - 4.46 (m, 1H), 3.65 -
3.55 {m, 1H), 3.59 (s, 3H), 3.43 - 3.36 (m, 1H), 2.24 - 2.15 {m, 1H), 2.13 - 2.04 (m, 1H).

EXAMPLE 4
Synthesis of 1-({2R,48,5R }-4-hydroxy-S-(hydroxymethy}-S-vinyltetrahydrofuran-2-y1)-
2,4-dioxo-1,2,3 4-tetrahydropyrimidine-S-carbonitrile (Cpd. No. 69)
ON CN

(KfO Lindlar Catalyst : {,)\f@
H

2
o 2
HO™\ O aN___NH HO™ 00 N NH
== I MeQH ////\ Y
< G 4o e
Hd HO

{0357} 1-{(2R,45,5R)-5-ethynyi-4-hydroxy-5-(hydroxymethyDtetrahy drofuran-2-y1)-2.4-

~

dioxo-~1,2,3 4-tetrahydropyrimidine-S-carbonitrile  was  prepared  according to
WO 2007/038507 A2 using  S-pyrimidinecarbonitrile.  1-((2R,48,5R)-S-ethynyl-4-
bydroxy-5-{hydroxymethyl tetrahydrofuran-2-y13-2, 4-dioxe-~1,2,3,4-

tetrahydropyrimidine-5-carbonitrile (8.9 mg, 32.1 pmol) was dissolved in MeGH (321 ub)
ina S-mL vial with a rubber septum. Then solid Lindlar Catalyst (8.9 mg, 32.1 umol} was
added and the reaction mixture was flushed by bubbling Hz gas with a balloon for 30 min.
This reaction was stirred tilf full conversion to the title compound was observed by LC-
MS. Then, the reaction mixture was filtered over Celite® and rinsed with EtQAc. The

desired product was purified by flash chromatography on silica gel (EiQAc), vielding
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1-{({2R,45,5R}-4-hydroxy-5-{(hydroxymethyl}-S-vinyltetrahydrofuran-2-y1)-2,4-dioxo-
1,2.3 4-tetrahydropyrimidine-5-carbonitrile (1.36 mg, 13%). LC-MS (ESI) m/z caled for
CioH13N30s: 279.1. Found 278.1 [M-HT. 'H NMR (400 MHz, CD:0D) 8§ 9.13 (d, ./ = 4.5
Hz 1H), 6.21 - 598 (m, 1H), 592 (dd, /=173, 11.0Hz, 1H), 546 (dd,./ =173, 1.9 Hz,
1H), 529 (dd, J=11.0, 1.9 Hz, 1H}), 460 - 445 (m, 1H), 3.72(dd, /= 11.9, 6.9 Hz, 1H),
3.65-3.54 (m, 1H), 2.48 - 2.22 (m, 2H).
EXAMPLE S
Synthesis of 4-amino-5-bromo-1-{(2R,45,5R }-4-hydroxy-5-(hydroxymethyi)-5-
vinyltetrahydrofuran-2-yDpyrimidin-2(1H)-one {Cpd. No. 90)
Br Br

(/kﬂ/;mg Lindler Catelyst (/LW/NHZ
HO—\_ 0 HO™% AP |
o N N -0
2ty o O
HO'

-
N

HO

{0358} 4-amino-5-bromo-1-{((2R,48,5R)-5-ethynyl-4-hydroxy-5-
(hydroxymethylitetrahydrofuran-2-yDpyrimidin-2(1Hj-one was prepared according to
WO 2007/038507 A2.

{03589} 4-amino-S-bromo-1-{(2R 48, 5R)}-5-ethynyl-4-hydroxy-5-
{bydroxymethy] tetrahydrofuran-2-ypyrimidin-2{1 H)}-one (64.0 wg, 194 pmol) was
dissolved in MeOH (1.94 mL) in a 5-mbL vial with a rubber septum. Then solid Lindlar
Catalyst (64 mg, 194 pmol) was added and the reaction mixture was flushed by bubbling
H: gas with a balloon for 30 min. This reaction was stirred till full conversion to the title
compound was observed by LC-MS. Then, the reaction mixture was filtered over Celite®
and rinsed with MeOH. The desired product was purified by tash chromatography on silica
gel using 0-100% Z2-propancl in EtOAc, yielding 4-amino-S-bromo-1-{{2R 45,5R}-4-
hydroxy-S-(hyvdroxymethyl)}-5-vinyltetrahydrofuran-2-yhpyrimidin-2(1H}-one {(31.6 mg,
45%;). LC-MS (ESI) m/z caled for CriHwuBrN30Os: 331.02. Found 334.0 [M+3H]™ 'H NMR
(400 MHz, CD30D) & 8.70 (s, 1H), 6.06 (dd, ./ = 6.9, 3.0 Hz, 1H), 6.02 — 5.82 (m, 1H),
546 (dd,.J=17.3, 1.8 Hz, 1H), 536 — 519 (m, 1H), 4.59 ~ 4.43 {m, 1H), 4.44 — 4.36 {m,
1H), 3.70 (dd, /= 12.0, 5.7 Hz, 1H), 3.55 (d, J= 12.0 Hz, 1H), 2.38 — 2.24 {m, 1H), 2.18
(ddd, /=134,7.1, 3.0 Hz, 1H).



WO 2023/192491 PCT/US2023/016921
-84 -

EXAMPLE 6
Synthesis of 2-amino-9-((2R,48,5R)-4-hydroxy-S-(hydroxymethyl}-3-
vinyltetrabydrofuran-2-y - tH~-purin-6(9H)-one (Cpd. No. 9)

HO™S O( N 0 Lindlar Catalyst HO™Y O N o
== d Hy ya 2
R N NH . /< N NH
HO =7 EtCAc/pyr HO \(
|
NH, NH;
{0360 2-Amino-9-((2R 45, 5R)-5-ethynyl-4-hydroxy-5-(hydroxymethyli tetrahydrofuran-

2-y1)-1H-purin-6{SH)-one was prepared according to WO 2007/038507 A2
{03611 2-amino-9-{(ZR 48 5R}-S-ethynyl-4-hydroxy-5-(hydroxymethyt jtetrahydrofuran-
2-vh-1H-purin-6(9H }-one (125 mg, 429 umol} was dissolved in EtOAc/pyridine (415 mL/
143 ul}y in a S-mbL vial with a rubber sepium. Then solid Lindlar Catalyst (125 mg, 429
umol} was added and the reaction mixture was flushed by bubbling Ho gas with a balloon
for 30 min. This reaction was stirred till full conversion to the title compound was cbserved
by LC-MS. Then, the reaction mixture was filtered over Celite® and rinsed with MeOH.
The desired product was purified by using SFC purification using a IC, 10 x 250 mm S um
column and an isocratic gradient of 25% MeQOH, 0.1% NH4OH, 75% COrwith a 10 mL/min
flowrate and a 20 min runtime, vyielding 2-amino-9-((2R.48,5R }-4-hydroxy-5S-
{hydroxymethyl}-5-vinyltetrahydrofuran-2-y1}- 1H-purin-6{(9H}-one (2.62 mg, 2%). LC-
MS (ESI) m/z caled for CuoHisNsOy: 293.1. Found 292.2 [M-HJ. 'H NMR (400 MHz,
CD:OD) § 817 (d, J = 99.1 Hz, 1H), 6.28 (dd, ./ = 7.9, 3.6 Hz, 1H), 6.04 (ddd, J = 173,
13.6, 11.1 Hz, 1H), 5.37 — 5.08 (m, 2H), 4.47 (dd, J = 6.5, 2.9 Hz, 1H), 3.58 — 3.37 (m,
2H), 3.04— 2.84 (m, 1H), 2.37 - 2.23 (m, 1H).
EXAMPLE 7
Synthesis of 4-amino-5-bromo-1-{{48,5R}-5-ethyl-4-hydroxy-5-
{(hydroxymethyljtetrahydrofuran-2-yDpyrimidin-2( 1H}-one (Cpd. No. 70)
Br Br

NH NH
o %Y 2 PO, o %Kn/ 2
HO~ = HO™
=" ke Oty
) o MeOH /o 4

HO HO
{03621 4-Amino-5-bromo-1-{{48,5R }-S-ethynyl-4-hyvdroxy-5-

(hydroxymethyl ytetrahvdrofuran-2-vhpyrimidin-2{ 1 H)-one was synthesized according the

procedure described in WO 2007/038507 A2.
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{03631 4-amino-3-bromo-1-((48,5R -5-ethynyl-d-hydroxy-5-
(hydroxymethyltetrahydrofuran-2-yDpyrimidin-2(1Hy-one {545 mg, 164 umol} was
dissolved in MeOH in & 5-ml, vial with a rubber septum. Then solid PtO2 (0.500 mg, 2.20
pmol} was added and the reaction mixture was flushed with Hz baloon for 30 min. This
reaction was stirred il full conversion to the title compound was observed by LC-MS.
Then the reaction mixture was filtered through Celite® and washed with MeQOH and the
solvent was removed under reduced pressure. The crude mixture was purified by column
chromatography on silica gel (EtCAc/hep 111 10 100% EtQAc) vielding 4-amino-5-bromo-
1-{{45,5R)-5-ethyl-4-hydroxy-5-(hydroxymethy! tetrahvdrofuran-2-vlpyrimidin-2(1H)-
one {0.750 mg, 13 %) as a mixture of anomers an off~white powder. LC-MS (ESI} m/z
caled for CiHisBrN:Os: 332.03. Found 332.2 [M-H]- 'H NMR (400 MHz, CD:0D) §
855 (s, TH), 6.11 - 6.03 (m, 1H), 447 ~ 434 (m, 1H)}, 412 - 4.00 (m, TH), 3.70(d, J =
11.7 Hz, 1H), 3.61 — 3.44 (m, 1H), 2.43 (ddd, J=26.1, 18.8, 13.1 Hz, 1H), 2.23 (ddd, J =
13.8, 6.9, 5.5 Hz, 1H), 1.86 (dd, ./ = 15.3, 7.5 Hz, 1H), 1.68 (t, J= 7.6 Hz, 1), 0.96 (tt, J
=226, 11.3 Hz, 3H).

EXAMPLE B
Synthesis of 1-((45,5R}-5-ethyl-4-hydroxy-5-{(hydroxymethyijtetrahydrofuran-2-y1}-5-
methoxypyrimidine-2 4(1H, 3H)-dione (Cpd. No. 68)

[(;wi\fxa Lindiar catalyst (/kfe
HO k OVN NH Hz N HO N O N NH
= hil i} T
\ MeOH /]

& G 5 O
HO HO
0364} 1-{{48,5R)-5-Ethynyl-4-hydroxy-5-(hydroxymethyl ytetrahy drofuran-2-y1}-3-

methoxypyrimidine-2,4(1H,3H)-dione was synthesized according the procedure described
in WO 2007/038507 AZ.
[0365] 1-({45,5R}-5-ethynyi-4-hydroxy-5-(hydroxymethyljtetrahydrofuran-2-y1)-5-

methoxypyrimidine-2 4(1H,3H)-dione (7.20 mg, 287 pmol) was dissolved in MeOH in a
S5-mL vial with a rubber septum. Then solid Lindlar Catalyst (7.20 mg, 287 umol) was
added and the reaction mixture was flushed with Hz baloon for 30 min. This reaction was
stirred till full conversion to the title compound was observed by LC-MS. Then the reaction
mixture was filtered through Celite® and washed with MeOH and the solvent was removed

under  reduced  pressure, affording  4-amino-1-{{48,5R}-5-ethyl-4-hydroxy-5-
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{hydroxymethyltetrahydrofuran-2-y1}-S-methoxypyrimidin-2(1 H)-one (5.75 mg, 66%]) as
a mixture of anomers an white powder. LC-MS (EST) m/z caled for CiaH1eN3Os: 284 13,
Found 284 4 [M-H]-. 'H NMR (400 MHz, CD:0D} 8 782 (d, /= 22.7 Hz, 1H), 6.38 - 6.07
(m, 1H}, 455~ 410 (m, 1H), 3.64 -~ 337 {(m, 2H), 3.33 (5, 3H), 233 {(1d, /= 7.0, 6.0 Hz,
1H), 1.95 - 1.75 (m, 1H), 1.62 (dd, J = 41.8, 7.6 Hz, 1H), 1.54 (m, 1H), 0.96 (dt, J = 11.9,
7.6 Hz, 3H).
EXAMPLE O
Synthesis of (2R, 38 5R}-5-(6-(cyclopropylamino}-9H-purin-9-y [ }-2-(hydroxymethyl }-2-
vinyltetrahydrofuran-3-ol (Cpd. No. 94)

A

g ¢ op
R == A i 74 =N
R 0% O GJNT N AL 7 DA ¢ :E, P
= (Y [Nz TN DR 2. Lindlar catelyst, Hp
DIEA == S T >
g . N MeOH, ot 1 h
=20 LBUOH, 80 °C, 16 h 2
Ve el
= vl
FAN -
HT/
o] N
FNA 1 ,:f HN/A
L ./ o '\<07,N N 3. NaOMe N
I . A
g THFMaOH, 6 °Crt, 3 h HO’\i)y;\N"”\N’—J
.O = R
/=._>: HO
7
{0366} {{2R.385,5R )-S-{6-chloro-9H-purin-9-y}-2-ethyoyi-2-({{4-

methylbenzoyioxy)methyljtetrahydrofuran-3-yl  4-methylbenzoate was synthesized
according the procedure described in WO 2007/038507 A2 using N-cyclopropyl-9H-purin-

G-amine.

{0367} Step 1. To a muxture of [(2R3S 5R)-5-(6-chloropurin-9-yl)-2-ethyayl-3-(4-

methylbenzoyiyoxy-tetrahydrofuran-2-yilmethyl 4-methylbenzoate (0.05 g, 94.17 pmol}
and cyclopropanamine (8 mg, 141 25 umol) in t-BuOH (2 mL) was added DIEA (24 mg,
18834 umol) in one portion at 25 °C under Nz. The resulting mixture was stured at 90 °C
for 16 hours. After cooling to room temperature, the mixture was concentrated under
reduced pressure. The residue was purified by pre-TLC (50% EtOAc in petroleurn ether)
to afford the compound (45 mg, 87 %) as a colorless oil. 'H NMR (400 MHz, CDCl3) §
8.66 (s, 1H), 8.24 (5, 1H), 8.06 - 8.00 (1, ZH), 7.87 - 7.80 {(m, 2H), 7.30 (d, J = 8.0 Hz, 2H),
719{(d, J=80Hz 2H), 6.65-6.55(m, 1H), 621 -6.13 (m, 1H), 491 (d, J=12.0Hz 1H),
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4,63 (d, = 12.0 Hz, 1H), 3.47 - 3.30 (m, 1H), 3.00 - 2.90 (m, 1H), 2.74 (s, 1H), 2.44 (d, J
=16.0 Hz, 6H).

10368} Step 2. To a solution of [{2R.3S,5R)-S-{6~(cyclopropylaminojpurin-9-yl}-2-
cthynyl-3-(4-methylbenzoyloxy-tetrahydrofuran-2-vlimethyl 4-methylbenzoate (45 mg,
81.58 pmol) in MeQOH (2 mL) was added Lindlar catalyst (17 mg) in one portion at 25 °C
under Hz (15 psi). The resulting mixture was stirred at 25 °C for 1 hour. The mixture was
filtered and concentrated directly to afford the compound (45 mg, 99 %) as a white solid.

{03691 Step 3. To a mixture of [(2R,35,5R)-5-[6-(cyclopropylaming)purin-9-yl{-3-{4-
methylbenzoyDoxy-2-vinyl-tetrahydrofuran-2-yljmethyl 4-methylbenzoate (45 mg, 8129
umol} in MeOH (5 mL) was added Na0OMe (439 ug, .13 pmol) in one portion at 25 °C.
After stirring at 25 °C for | hour. The mixture was concentrated under reduced prssure. The
residue was purified by prep-HPLC (acetonitrile 0-30% / 0.225% formic acid in water) to
afford the title compound {13.6 mg, 53%) as a white solid. 'H NMR (400 MHz, DMSO-d6)
§ 837 (s, 1H), 8.24 (s, 1H), 7.96 (s, 1FH), 6.40 - 6,30 (m, 1H), 6.03 - 591 (m, 1H), 544 -
532 (m, 2H), 5.28 (d, ] = 5.2 Hz, 1H), 5.23 - 5.16 (m, 1H), 4.68 - 4.61 (m, 1H), 3.56 - 3 .41
(m, 2H), 2.66 - 2.61 (m, 1H), 2.31- 2.21 {m, 1H), 0.76 - 0.68 (m, 2H), 0.65 - 0.55 {m, 2H).

EXAMPLE 10
Synthesis of (2R,35 5R)-5-{6-{cyclopropviamino}-2-tluore-9H-purin-9-y1}-2-

(hydroxymethyl)}-2-vinyltetrahydrofuran-3-ol (Cpd. No. 5}

pTolo—%__O =N w1 Hg Lindlarcat, MeOH  Ho—s, 0O =N NH
. \WN R \"d
= \\")\%x/ Va .\
A N N NHgeH,0, MeOH, 40°C /. o N
p-TolQ hd HO R
F F
[0370] [(2R,35,5R)-5-[6-(cyclopropylamino}-2-fluoro-purin-9-yl}-2-ethynyl-3-(4-

methylbenzoyhoxy-tetrahydrofuran-2-yljmethyl  4-methyvlbenzoate was  synthesized
according the procedure described in WO 2007/038507 A2 using N-cyclopropyl-2-flucro-
9H-purin-G-amine.

10371 Step 1. Toa solution of [{ZR 35, SR)-5-[6-{cyclopropylamino)-2-fluore-purin-9-yii-
2-ethynyl-3-{4-methylbenzoy!joxy-tetrahydrofuran-2-vljmethyl  4-methylbenzoate (50
mg, 87.78 umol) in EtOAc (3 mL) was added Lindlar catalyst (18 mg, 8.78 umol, 10%
purity} iv one portion at 25°C. The mixture was degassed with Ho for three times and stirred

at 25 °C under Hz (15 psi) for | h. After that, the reaction mixture was filtered, the filtrate
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was concentrated to afford the compound (46 mg, 92%) as a white solid. LCMS (ESH m/z

5941 (M+Nay+.
10372} Step 2. To a solution of [(2R,35,5R)-5-{6-(cyclopropylamino)-2-fluoro-purin-9-yi}-

3-(4-methylbenzoy! joxy-2-vinyl-tetrahydrofuran-2-ylimethy! 4-methylbenzoate (45 mg

78.73 pumol) in MeOH (3 mL) was added NH3.H20 (1 mL, 6.49 mmol, 25% purity) at 25

°C. The mixture was stirred at 40 °C for 16 h. After that, the reaction mixture was

concentrated. The residue was purified by reversed-phase HPLC (acetonitrile 1-27% /
2, 53%} as a white solid.
'H NMR (400 MHz, DMSO-d6) 5 8.54 (br s, 1H), 8.37 (s, 1H), 6.28 - 6.20 (m, 1), 6.00 -
590 (m, 1H), 542 -536(m, 1H), 530 (brd, I=48Hz 1H), 526 - 518 (m, 1H), 510 (br
t,I=56Hz 1H), 471-459 (m, 1H), 3.55-3.45 (m, 2H), 293 (brs, 1H), 2.61 - 2.70 (m,
1H}, 2.31 - 2.22 {m, 1H), 0.79 - 0.60 (m, 4H).

EXAMPLE 11

0.225% formic acid in water) to the title compound {14.1 m

Synthesis of (2R,38,5R)-5-(Z-amino-6-{cyclopropylamino}-9H-purin-9-y1)-2-
(hydroxymethyl)-2Z-vinyltetrahydrofuran-3-ol (Cpd. No. 4}

A

HN
C) Moy
A f o { A
A 4\0 0NN NHz "\*‘ OB N
== 7 plEaA j— 2. Lindlar catafyst, Hy
& e o C)‘\ R
O\_“Q £BuOH, 80 °C, 16 h {\qg MeOH, rt., 1 h
'Y \
N L7
)7 /
AN
Y~
o N A
i ) N
i \‘%‘0* o K/N L e
N :::::;‘s--L‘]" N7 hH 3. NaOMe <’N |’£N
8 B
g THEMBOH, 0°C-rt, 30 HOR O N/J\
>::O i/
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10373} (2R,38,5R)-5-(2-amino-0-(cyclopropylamino}-9H-purin-9-yl)-2-ethynyi-2-

{hydroxymethy!tetrahydrofuran-3-0l was synthesized according the procedure described
in WO 2007/038507 A2 using N°-cyclopropyl-9H-purine-2,6-diamine.

103741 Step 1. To a muxture of [{2R,38)-5-(2Z-amino-6~-chloro-purin-9-yi}-2-ethynyl-3-{4-
methylbenzoyloxy-tetrahydrofuran-2-yljmethyl 4-methylbenzoate (0.20 g, 366.32 pmol)

and cyclopropanamine {31 g, 549.48 ymol) in t-BuOH (15 mL) was added DIEA (95 mg,
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32.64 umol) in one portion at 25 °C under Ma. The resulting mixture was stirred at 90 °C
for 16 hours. After cooling to room temperature, the reaction mixture was concentrated
under reduced pressure. The residue was purified by pre-TLC (50% EtOAc in petroleum
ether) to afford the compound (0.04 ¢, 19%) as a colorless oil. *H NMR (400 MHz, CDClhs):
S8OS-797(d, J=84He ZH), 790 (d, ] =80 Hz, 2H), 7.59 (s, 1H), 730 (s, 2H}, 7.21
(d,J=7.6Hz, 2H), 6.43 - 6.37 (m, 1H), 6.20 - 6.13 (m, 1H), 5.04 (d, I = 11.6 Hz, 1H), 4.59
(d,]=11.6 Hz, 1H), 3.42 - 3.33 (m, 1H), 3.13 - 2.97 (m, 1H), 2.81 - 2.72 (m, 1H), 2.68 (5,
1H}, 2.43 (d, J = 16.4 Hz, 6H), 0.96 - 0.85 (m, 2H), 0.67 - 0.60 (m, 2H).

{0375} Step 2. To a solution of [{2R, 38, 5R)-53-{2-amino-6-(cyclopropylamine)purin-9-
yi}-2-ethynyi-3-(4-methylbenzoyljoxy-tetrahydrofuran-2-y jmethyl 4-methylbenzoate
{0.02 g, 35.30 umol) in MeOH (2 mL) was added Lindlar catalyst (7 mg) in one portion at
25 °C under Ha (15 psi). The resulting mixture was stirred at 25 °C for 1 hour. Then the
mixture was filtered and concentrated to afford the compound (0.02 g, 99%) as a white
solid.

{0378} Step 3. To a solution of [(2R,38,5R}-5-[2-amino-6-(cyclopropylamincjpurin-9-yij-
3-{4-methylbenzovhoxy-2-vinyi-tettahydrofuran-2-ylmethyl 4-methylbenzoate (0.02 g,
3517 pmol) in MeOH (5 mL) was added NaOMe (190 pg, 3.52 pmol) in one portion at
25 °C and stured tor 18 hours. Then the mixture was concentrated. The residue was purified
by prep-HPLC (acetonttrile 4-34% / 0.05% NHz H2O in water) to afford the title compound
{14 mg, 53%) as a white solid. 'H NMR (400 MHz, DMSO-d6) & 7.95 (s, 1H), 7.37 (s, 1H),
6.17 1, I = 6.4 Hz, 1H), 6.03 - 5.90 {m, 1H), 5.81 (s, 2H), 5.43 (s, 1H), 5.37 - 5.31 {m, 1H),
522 (s, 1H), 5.20 - 5.15 (m, 1H), 4.58 (t, J = 6.4 Hz, 1H), 3.55 - 3.47 (m, 1H), 3.45 - 3.38
{m, 1H), 2.57-2.52 (m, 1H), 2.22 - 2.14 (m, 1H), 0.69 - 0.62 (m, 2H), 0.62 - 0.55 (m, 2H).
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EXAMPLE 12
Synthesis of 4-amino-S-fluoro-1-((2R,45,5R }-4-hydroxy-5-(hydroxymethyl)-S-
vinyltetrahydrofuran-2-yhpyrimidin-2(1H)-ove (Cpd. No. 8)

\( ;F,, 1. TBSCI, imidzacle TBSQ'/“\“ O g a0 TBSE’;\\J
/// o
DMF, i, 12h HO THF, 0°C, 2h MOMO
E
4
r/J,\ErNHBz
HN._N

8 NHBz
31 DIBAL-H /I\T

- BTMSA, TMSOT!
DOM,-70°C, 1h  TBSOTR O Oac  STMSA TMSUIL [
3 == / TBSO- \/ow
N MeCN, 70, 2 h X ) \1(
ii. Acy0, BtyN, DMAP MOMG 7l
DCM, 0-5 °C oS’ ot
i F
, # _NHEz /J\ s
&, Lindlar catalyst, Hy i 6. Actl (/

—— e TBSO™ N -------------------------------- 3o
MeOH, rt., 30 min Q\Yf MeDH, i, 16 h /—\(,:/’} \ﬂ’
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10377} {48,5R)-S-ethynyl-4-hydroxy-S-thydroxymethyDtetrahy drofuran-2-one was
synthesized according the procedure described in WG 2007/038507 A2

{0378} Step 1 To a sotution of {45,5R)-5~ethynyl-4~-hydroxy-3-
(hydroxymethylitetrahydroturan-2-one (1 g, 6.4 mmol} and imidazole (1 31 g, 19.2 mmol}
in DMF (30 mi.) was added TBSCI (1.06 g, 7.1 mmol) at 20 °C. The resulting mixture was
stirred at 20 °C for 16 hours. After that, the reaction was diluted with EtQAc (80 mL) and
washed with brine (50 mL x 2). The layers were separated, the organic layer was
concentrated. The residue was purified by column chromatography on silica gel (20% to
30% EtOAc in petroleum ether) to afford the compound (0.7 g, 40%) as a white solid. 'H
NMR (400 MHz, CDCI13) 8 4.53 - 4.50 (m, 1H), 3.95 - 3.87 {m, 2H), 2.99 - 2.93 (m, 1H},
2.83 (s, 1H), 2.61 - 2.55 (m, 1H), 2.39 - 2.37 (m, 1H), 0.89 (s, 9H}, 0.10 (s, 6H).

{93791 Step 2. To a solution of (48 5R)-5-(({tert-butvldimethylsityhoxy ymethyl}-5-
ethynyl-4 hydroxydibydrofuran-2{3H}~one (3 g, 11 mumol) in THF {50 mL) was added NaH
{665 mg, 16 mmol, 60% dispersion in mineral oil) at 0 °C. After stirring ¢ °C for 10 min,
MOMBr (2.77 g, 22 nunol) was added. The resulting mixture was stured at 25 °C for
additional 3 hours. After that, the reaction mixture was poured into water (50 mL) and
extracted with DCM (50 mlL x 2). The organic layer was washed with brine {50 rol. x 2),

concentrated. The residue was purified by column chromatography on silica gel {(10% to
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20% EtOAc in petroleum ether) to afford the compound (2.1 g, 60%) as a coloriess oil. 'H
NMR (400 MHz, CDCls) 8 4.81 - 4.69 (m, 2H), 4.56 - 4.53 {m, 1H), 3.95 - 3.85 (m, 2H),
3.42 (s, 3H), 2.97 - 2.91 {m, 1), 2.72 (s, 1H), 2.68 - 2.62 (m, [H), 0.89 (s, 9H), 0.10 (s,
6H).

103801 Step 3. To a solution of (48 5R)-5-[[tert-butyl{dimethyi)silyljoxymethyl}-5-

ethynyl-4-(methoxyroethoxy ytetrahydrofuran-2-one (1.1 g, 3.5 mol) in DCM (30 ml)
was added DIBAL-H (4.2 mL, 4.2 mmol} dropwise at -70 °C. The mixture was stirred for
30 min. After that, the reaction was quenched with methanol (5 mL), washed with aqueous
citric acid solution (10 wi%, 30 mL} and brine (30 mLx2), concentrated to give 1.1 g crude
(48, 5R)-5-{[tert-butyl{ dimethyDsilytjoxymethyl}-5-ethynyl-4-
{methoxymethoxy ytetrahydrofuran-2-of as a yellow oil. It was dissolved in BCM (20 mL}.
EtsN (457 mg, 4.52 mmol), DMAP (42 mg) add AcxO {426 mg, 4.17 mmol} were added
sequentially at O °C. After stirring at 25 °C for 1 hour, the reaction mixture was diluted with
MTBE (100 mL), washed with aqueous citric acid solution (10 wt¥, 50 mL) and brine
(50x2 ml)}, concentrated under reduce pressure. The residue was purified by column
chromatography on silica gel (10% to 30% EtOQAc in petroleum ether) to afford the
compound {0.9 g, 72%) as a white solid.

0381} Step 4. A mixture of N-{5-fluore-2-hydroxy-pyrimidin-4-vijbenzamide (100 mg,
$.43 mmol) and BTMSA (219 mg, 1.29 mmol} in MeCN (10 mL) was stured at 70 °C for
1 hour, then cooled to 20 °C, TMSOTE (148 mg, 0.66 mmol} and a solution of [{(4S,5R)-5-
[tert-butyl{dimethysiiylJoxymethyl]-S-ethynyl-4-(methoxymethoxy ftetrahydrofuran-2-
yi] acetate (0.12 g, 0.33 mmol) in MeCN (5 mL) were added sequentially. After stirring at
20°C for 3 hours, the reaction muxture was poured into water {30 mL), extracted with
EtOAc (50 mLx2), concentrated. The residue was purified by pre-TLC (30% EtOAc in
petroleurn ether} to afford the compound (40 mg, 22%) as a white solid. 'H NMR
(400 MHz, CDCI3) 6 13.10 (s, 1H), 8.30 - 8.19 (m, 3H), 7.58 - 7.54 (m, 1H), 7.48 - 7.44
(m, 2H), 6.28 - 6.26 (m, 1H), 4.75 - 4.71 (m, 2H), 4.43 (1, ] = 7.6 Hz, 1H), 4.10 - 4.07 (m,
iH}Y, 3.94 - 391 (m, 1H)}, 3.42 (s, 3H), 2.76 - 2.71 {m, 1H), 2.67 {5, 1H), 2.40 - 2.35 {im,
1H), 0.97 (s, 9H), 0.18 (s, 6H). LCMS (ESIy m/z 532.5 (M+H)+.

0382 Step 5. A mixture of N-[1-[(2R,48,5R)-5-{[tert-butyl{dimethyD)silyl joxymethyl}-5-
ethynyl-4-(methoxymethoxy jtetrahydrofuran-2-y1-5-fluoro-2-oxo-pyrimidin-4-

yllbenzamide {10 mg, 18 pmol} and Lindlar catalyst {10 mg) in MeOH (5 mL) was stirred
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at 20 °C for 2 hours under Ho (15 psi). The reaction mixture was filtrated and concentrated
to afford the compound (10 mg, 99%) as a white solid. LCMS (ESTy: mv/z 534.1 (M+H)+
103831 Step 6. To a solution of ¥-[1-[{2R 48, S&)-S-[Ttert-butyl{dimethylsilyl joxymethyl}-
4-{methoxymethoxy }-3-vinyl-tetrahydrofuran-2-yl}-5-fluoro-2-oxo-pyrimidin-4-
yilbenzamide (80 mg, 0.15 romol} in MeOH (5 ml.) was added acety! chloride (118 mg,
1.5 mmol}) at 20 °C. The resulting mixture was stirred at 20 °C for 16 hours. After that the
reaction mixture was filtered and concentrated. The residue was purified by prep-HPLC
(FA) to afford the title compound (6.7 mg, 16%) as a white solid. "H NMR (400 MHz,
DMSO-d) §8.32 (d, J= 7.6 Hz, 1H), 7.70 (s, 1H), 7.46 (s, 1H), 6.00 - 5.97 {m, 1H), 5.93
- 5.85 (m, 1H), 5.38 - 5.31 (m, 2H), 5.23 - 5.18 (m, 2F), 4.40 (t, J = 7.6 Hz, 1H), 3.60 -
3.56 {m, 1H), 340 - 337 (m, 1H), 2.13 - 2.04 {m, 1H). LOMS (ESI): m/z 294.0 (M+Nay".
EXAMPLE 13
Synthesis of 2R,35,5R}-5-(6-(cyclopropylamine)-9H-purin-9-yi)-2-ethyi-2-
{(hydroxymethylitetrahydrofuran-3-ol {Cpd. No. 96)
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{03843 {{2R,35,5R)-5-(6-Chloro-9H-purin-9-y1}-2-ethynyl-2-(((4-

methylbenzovhoxyymethyhitetrahydrofuran-3-yl  d-methylbenzoate  was  synthesized
according the procedure described in WO 2007/038507 A2 using N-cyclopropyl-9H-purin-
G-amine.

{0385 Sep 10 To a mixture of [(2R355R)-5-(6~chloropurin-9-y1}-2-ethynyl-3-{4-
methylbenzoyDoxy-tetrahydrofuran-2-yljmethyl 4-methylbenzoate (0.05 g, 94.17 umol}

and cyclopropanamive (8 mg, 141.25 ymol) in t-BuOH (2 mL) was added DIEA (24 mg,
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188.34 umol) in one portion at 25 °C under No. The resulting mixture was stirred at 90 °C
for 16 hours. After cooling to room temperature, the mixture was concentrated under
reduced pressure. The residue was purified by pre-TLC (50% EtOAc in petrolenm ether)
to afford the compound (45 mg, 87 %) as a colorless oil. 'H NMR (400 MHz, CDCls) &
8.66 (s, 111, 3.24 (s, 1H), 8.06 - 8.00 (m, 2H), 7.87 - 7.80 (m, 2H), 7.30 (d, T = 8.0 Hz, 2F),
7.19(d, J=8.0 Hz, 2H), 6.65 - 6.55 (m, 1H), 6.21 - 6.13 (m, 1H), 491 (d, F=12.0 Hz, 1H),
4,63 (d, 1= 12.0 Hz, 1H). 3.47 - 3.30 (m, 1F), 3.00 - 2.90 (m, 11, 2.74 (s, 1), 244 (d,
= 16.0 Hz, 6H).

0386} Step 2. To a mixture of (2R 38 SR)-5-(6-{cyclopropylamine}-9H-purin-9-y1)-2-
ethynyl-2-({{4-methylbenzoyloxy ymethyl tetrahydrofuran-3-yl 4-methylbenzoate (0.07 g,
126 91 umol} in MeOH (5 mL) was added 10% Palladium on carbon (2 mg) in one portion
at 25 °C under Ha (15 psi). The resulting mixture was stirred at 25 °C for 1 hour. Then the
mixture was filtered and concentrated directly to afford the compound (0.07 g, 99 %) as a
colorless oil.

{03874 Step 3. To a mixture of [{2ZR,38,5R}-5-[6-{cyclopropylaminopurin-&-vi}-2-ethyl-
3-{4-methylbenzoyioxy-tetrahydrofuran-2-yljmethyl 4-methylbenzoate (0.07 g, 12598
pmol) in MeOH (§ mL) was added NaOMe (681 pg, 12.60 pmol} in one portion at 25 °C.
After stirring at 25 °C for 18 hours, the mixture was concentrated under reduced pressure.
The residue was purified by prep-HPLC (acetonitrile 5-35% / 0.05% NH: H20 + 10 mM
NH4HCOs in water) to afford the title compound (10 mg, 49%) as a white solid. 'H NMR
(400 MHz, DMSO-d6) 3 8.34 (s, 1H), 8.23 (s, TH), 7.94 (s, 1H), 6.35-6.27 (m, 1H), 5.25
- 5.12 (m, 2H), 4.46 - 4.36 (m, 1H), 3.60 - 3.49 (m, 1H), 3.46 - 3.39 (m, 1), 2.94 - 2.84
{m, 1H), 2.31-222 {m, 1H), 1.72 - 1.51 (m, 2H), 0.88 (1, J = 7.5 Hz, 3H), 0.75 - 0.68 {m,
2H), 0.64 - 0.56 (m, 2E),
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EXAMPLE 14
Synthesis of (2R, 38,5R}-53-(2-amino-6-{cyclopropylaminoe}-9H-purin-9-yi)-2-ethyl-2-

(hydroxymethyltetrabydrofuran-3-ol (Cpd. No. 97)
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{0388} (2R 38,5R)-5-(2~-amino-6-{cyclopropylamino)-9H-purin-9-yi - 2-ethynyl-2-

{hydroxymethyl!itetrahydrofuran-3-ol was synthesized according the procedure described
in WO 2007/038507 A2 using N6-cyclopropyl-9H-purine-2, 6-diamine,

{0389} Step 1. To a mixture of [(2R,38)-5-(2Z-amino~-6-chloro-purin-9-y1}-2-ethynyl-3-(4-
methylbenzoyDoxy-tetrahydrofuran-2-yljmethyl 4-methvibenzoate {0.20 g, 366.32 umol)
and cyclopropasamine {31 rug, 549.48 wwool) in t-BuOH (15 mL) was added DIEA (95 mg,
732.64 umol} in one portion at 25 °C under Nz. The resulting mixture was stirred at 90 °C
for 16 hours. After cooling to room temperature, the reaction mixture was concentrated
under reduced pressure. The residue was purified by pre-TLC (50% EtOAc in petroleum
ether} to afford the compound (0.04 g, 19%) as a colorless oil. 'H NMR (400 MHz, CDCls):
§8.05-7.97 (d, J = 8.4 Hz, 2H), 7.90 (d, ] = 8. 0 Hz, 2H), 7.59 (s, 1H), 7.30 (s, 2H), 7.21
(d,J=7.6Hz, 2H), 6.43 - 637 (m, 1H), 6.20-6.13 (m, 1H), 5.04(d, ] = 11.6 Hz, 1H), 4.59
(d,J=11.6Hz 14}, 3.42-333 (m, 1H), 3.13-297 (m, 1H), 2.81 - 2.72 (m, 1H}, 2.68 (s,
1H), 2.43 (d, = 16.4 Hz, 6H), 0.96 - 0.85 (m, 2H), 0.67 - 0.60 (m, 2H).

0399} Step 2. To a solution of [(2R, 35 5R)-5-[2-amino-6-{cyclopropylaming)purin-9-yl}-
2-ethynvl-3-(4-methylbenzoyDoxy-tetrahydrofuran-2-yl imethyl 4-methylbenzoate (0.02 g,
3530 umol) in MeOH (5 mL} was added 10% Palladium on carbon {24 mg) in one portion

at 25 °C under Ha (15 psi). The resulting mixture was stirred at 25 °C for 1 hour. Then the
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mixture was filtered and concentrated to afford the compound (0.02 g, 99%;) as a white
solid.

{0391} Step 3. To a solution of {{2R,38,5R}-5-[2-amino-6-(cyclopropylaminojpurin-9-yi}-
2-ethyl-3-(4-methytbenzoyoxy-tetrahydrofuran-2-ylimethyl 4-methyibenzoate (0.02 g
35.05 pmol} in MeOH (S ml) was added NaOMe (189 pg, 3.50 umeol) in one porticn at
25 °C. The resulting mixture was stirred at 25 °C for 18 hours to afford the title compound.
H NMR (400 MHz, DMSO-d6) § 7.91 (s, 1H), 7.34 (s, 1H), 6.21 - 6.10 (m, 1H). 5.80 (s,
2H3, 5.17 - 5.26 (m, TH), 5.10(d, J = 4.4 Hz, 1H), 443 - 4.30 (m, 1H), 3.52 - 3.45 (m, 1H),
3.44 - 339 (m, 1H), 2.81 - 2.69 (m, 1H), 2.23 - 2.13 (m, 1H), 1.69 - 1.49 (m, 2H), 0.86 (,
F=7.6Hz 3H), 0.70 - 0.63 (m, 2H}, 0.61 - 0.54 {m, 2H).

EXAMPLE 15
Synthesis of 1-({(2R,45,5R)-5-ethyl-4-hydroxy-5-(hydroxymethyljtetrahydrofuran-2-y1)-
4-hydroxy-2-oxg-1,2-dihydropyrimidine-5S-carbonitrile (Cpd. No. 98}
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03924 [(2R,38,5R}-5-(5-Cyano-2 4-dioxo-pyrimidin-1-yi}-2-ethynyl-3-(4-
methylbenzoyhoxry-tetrahydrofuran-2-ylhmethyl  4-methylbenzoate  was  synthesized
according the procedure described in WO 2007/038507 A2,

{0393 Step 1. To a solution of [(2R 35 5SK-5-(5-cyano-2 4-dioxo-pyrimidin-1-y1)-2-
ethynyl-3-{4-methyibenzoylyoxy-tetrahydrofuran-2-yljmethyl 4-methylbenzoate (5 mg,
97.37 umol} in MeOH (3 mbL) was added 10% palladium on carbon (10 mg, 83.33 pmol)
in one portton at 25 “C under Hz (15 pai}. After stirring at 25 °C for 1 hour, the mixture was
filtered and concentrated to afford the compound (25 mg, 50%) as a white oil.

10394} Step 2. To a solution of [{2R, 38, 5R}-5-(5-cyane-2, 4-diogo-pyrimidin-1-yi)-2~ethyl-
3-{(4-methylbenzoyoxy-tetrahydrofuran-2-yljmethyl 4-methylbenzoate (50 mg, 96.6!
pmol) in MeOH (5 mL) was added NaOMe (521 .94 ug, 9.66 wmol) in one portion at 25 °C.
After stirring at 25 °C for 1 hour, the mixture was concentrated. The residue was purified
by prep-HPLC {acetonitrile 3-33% / 0.225% formic acid in water) to afford the tite
compound (19 mg, 71%) as a white solid. "H NMR (400 MHz, DMSO-ds) 6 8.91 (s, 1H),
5.94(t, J=6.0Hz, 1H), 532 -5.25 (m, 1H), 5.17 - 5.12 (m, 1H), 431 - 4.23 (m, 1H), 3.60
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~3.52 (m, 1H), 3.45-339 (m, 1H}, 237 -2.22 (m, 2H), 1.65 - 155 (m, 1H), 1.54 - 1.39
(m, 1H), 0.86 {t, /= 7.6 Hz, 3H).
EXAMPLE 16
Synthesis of (9-((2R,48,5R )-5-ethyl-4-hydroxy-5-(hydroxymethyl tetrahydrofuran-2-yi)-
9H-purin-6-ol (Cpd. No. 1)
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{0395} [{2R,38,5R})-2-Ethynyl-S-(6-hydroxypurin-9-yi)-3-(4-methylbenzoyoxy-

tetrahydrofuran-2-yljmethyl 4-methylbenzoate was synthesized according the procedure
described in WO 2007/038507 A2 using 9H-purin-6-0l.

{0396} Step 1. A mixture of [(2R,35,5R)-2-ethynyl-5-{6-hydroxypurin-9-y1}-3-{4-
methylbenzoyhoxy-tetrahy droturan-2-ylmethyl 4-methylbenzoate (50 mg, 97 umol} and
Lindlar catalyst (20 mg) in MeQOH (5 mL) was stirred at 20 °C for 30 min under Hz (15
psi). After that, the reaction mixture was filtrated and concentrated to afford the compound
(40 mg, 79%:} as a white solid.

{0397} Step 2. To a solution of [{2R,385R)-2-ethyl-5-(6-hydroxypurin-9-y1}-3-(4-
methylbenzoyioxy-tetrahydrofuran-2-yilmethyl 4-methylbenzoate (40 mg, 77 umol} in
THF (3 mL}) was added NaOMe (2 mg, 38 umol) in MeOH (2 mL) at 0 °C. The resuiting
natxcture was stirred at 25 °C for 16 hours. Then the reaction mixture was conceutrated. The
residue was purified by prep-HPLC (basic) to afford the title compound (4.3 mg, 20%]) as
a white solid. 'H NMR {400 MHz, DMS8O-d6) § 8.22 (s, 1H), 7.99 (s, 1H), 6.26 - 6.23 (m,
1H), 4.41 - 4.38 (m, 1H), 3.52- 3.33 (m, 2H), 2.83 - 2.76 (m, 1H), 2.30 - 2.24 (m, 1H), 1.68
- 1.53 (m, 2H), 0.87 {t, J = 7.2 Hz, 3H). LCMS (ESI): m/z 302.9 (M+Na)+.
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EXAMPLE 17
Synthesis of (ZR,3S,5R)-S-{(6-(cyclopropylamino)-2-fluoro-9H-purin-9-yl)-2-ethyl-2-

(hydroxymethyltetrabydrofuran-3-ol (Cpd. No. 99)
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{0398} [(2R,35,5R)-5-(6-Chloro-2-fluoro-purin-9-y1}-2-ethynyl-3-(4-methvibenzoyl joxy-~

tetrahydrofuran-2-vlimethyl 4-methylbenzoate was synthesized according the procedure
described in WO 2007/038507 AZ using N-cyclopropyl-2-fluoro-SH-purin-6-amine.
{0399 Step |. To a solution of [(2R,38,5R)-5-(6-chloro-2-tluoro-purin-9-yl3-2-ethynyl-3-
(4~-methylbenzoyDoxy-tetrahydrofuran-2-ylroethyl  4-methylbenzoate (200 wmg, 0364
mmol} in -BuOH (2 mL) was added DIPEA {63 ul, 0.364 mmol} and cvclopropanamine
22 mg, 0.383 mmol). The reaction mixture was stirred at 90 °C for 16 h. After cooling to
room temperature, the mixture was diluted with water (10 mL.), extracted with EtCGAc (20
k), washed with brine (20 mL x 2}, dried over NaxS0s and concentrated. The residue was
purified by was purified by column chromatography on silica gel (0-33% EtOAc in
petroleum ether) to afford the compound (140 mg, 67%) as a white solid. '"H NMR (400
MHz, CDCL) S 8.02(d, J=80Hz 2H), 793 (d, J =80 Hz, 2H), 785 (s, 1H), 729(d, I =
80Hz 2H), 723 (d, J=8.0Hz 2H), 6.51 (1, =64 Hz, 1H), 6.08-0.02 (m, 1H), 483 (d,
J=120Hz, 1H), 466(d,J=120Hz, 1H),323-3.16 (m, 1H),3.04(brs, 1H),296-278
(m, 1H), 2.69 (s, 1H), 2.43 (d, J = 15.2 Hz, 6H), 0.98 - 0.92 {m, 2H), 0.70 - 0.64 {m, 2H).
104061 Step 2. To a mixture of [{(ZR,38,5R}-5-[6-{cyclopropylamino}-2-fluoro-purin-9-yii-

2-ethynyl-3-{4-methylbenzoyljoxy-tetrahydrofuran-2-yl jmethyl 4-methylbenzoate
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{90 mg, 158.01 umol} in EtOAc {5 mL) was added palladium on carbon (25 mg, 47.40
pmol, 20% purity) in one portion at 25°C under Hz. The mixture was stirred at 25 °C for
16 h under Ho (15 psi). After that, the reaction mixture was filtered and the filtrate was
concentrated to afford the compound (75 mg, 83%) as a white solid.

Step 3. Toa solution of [(2R,38,5R)-5-[6-(cyclopropylamino)-2-fluore-purin-9-yi}-
2-ethyl-3-(4-methylbenzoylioxy-tetrahydrofuran-2-yljmethyl 4-methylbenzoate (70 mg,
122.03 umol} in MeOH (3 mL) was added NH: HzO (1 ml., 6.49 mmol, 25% purity) at 25
°C. The resulting mixture was stirred at 40 °C for 16 h. After that, the reaction mixture was
concentrated under reduced pressure. The residue was purified by reversed-phase HPLC
{acetonitrile 1-27% / 0.225% formic acid in waler} to the title compound (6.5 mg, 16%) as
a white solid. '"H NMR (400 MHz, DMSO-d6) § 8.53 (brs, 1H), 833 (s, 1H), 620 (t, ] =
6.8 Hz 1H) 517(d, J=48Hz 1H), 492, F=52Hz 1H), 446 -436 (m, 1H), 3.53 -
340(m,2H}, 293 {(brs, 1H), 284 -2.76(m, 1H),2.36-223 (m, 1H), 1.70 - 1.40 (m, 2H),
(.92 -0.83 {m, 3H), 0.75 - 0.61 (m, 4H)}.

EXAMPLE 18
Synthesis of 9-((2R,45,5R)-4-hydroxy-~5-(hydroxymethyl }-5-vinyHetrahy drofuran-2-y1}-
SH-purin-¢-ol (Cpd. No. 100)
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[(2R,38,5R)-2-Ethynyl-S~(6-hydroxypurin-9-yh)-3-(4-methylbenzoyljoxy-
tetrabhydrofuran-2-yljmethyl 4-methylbenzoate was synthesized according the procedure
described in WO 2007/038507 A2 using 9H-purin-6-ol.

Step 1. A mixture of [(2R38,5R}-2-ethynyl-53-(6-hydroxypurin-9-yi}-3-{4-

methylbenzoyhoxy-tetrahydrofuran-2-ylmethyl 4-methylbenzoate (50 mg, 98 umol} and
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Lindlar catalyst (20 mg) in MeOH (20 mL) was stirred at 20 °C for 30 min under Hz
(15 pst). Then the reaction mixture was filtrated. The filtrate was concentrated to afford the
compound (35 mg, 69%) as a white solid.

{0404 Step 2. To  a  solution  of [(2R3585R)-5-(6-hydroxypurin-9-y1}-3-{4-
methylbenzoyDoxy-2-vinyl-tetrabydrofuran-2-yljmethyl  4-methylbenzoate (20 wmg,
39 umol} in THF (3 mL} was added NaOMe (1.1 mg, 19 umol) in MeOH (2 mL}) at 0 °C.
The resuiting mixture was stirred at 25 °C for 16 hours. After that, the reaction mixture was
concentrated. The residue was purified by prep-HPLC (basic) to afford the title compound
{4 mg, 36%) as a white solid. 'H NMR {400 MHz, DMS0-d6) & 8.26 (s, 1H), 8.00 (s, 1H),
6.29 - 6.26 (m, 1H), 5.98 - 5.92 (m, 1H), 5.40 - 5.35 (m, 1H), 5.24 - 5.18 (m, 1H), 4.62 (1,
J=64Hz 1H}3.52-333(m, 2H), 262 -2.57(m, 1H), 2.26-2.21 {m, 1H}). LCMS (ESI}:
m/z 279.1 (M+H)+.

EXAMPLE 19
Synthesis of S-bromo-1-({ZR, 48,5R)-5-ethyl-4-hydroxy-S-

(hydroxymethyitetrahydrofuran-2-yl}-4-hydroxypyrimidin-2{1H}-one (Cpd. No. 2}
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[0405] [(2R,35)-5-Acetoxy-2~ethynyl-3-{4-methyibenzoyhoxy-tetrahvdrofuran-2-

yljmethyl 4-methylbenzoate was synthesized according the procedure described in
WO 2007/038507 AZ.

0406} Step 1. To a solution of [{2R 38)-5-acetoxy-2-ethynyl-3-(4-methylbenzoyijoxy-
tetrahydrofuran-2-yHmethyl 4-methylbenzoate (200 mg, 458 24 pmol) in MeOH (10 mL)

was added 10% palladium on carbon (9.00 mg) in one portion at 25 °C under Ha (15 psi}.
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The resulting mixture was stisred at 25 °C for 3 hours. After that, the reaction mixture was
filtered and concentrated to afford the compound (0.2 g, 99%) as a white solid.

{0407} Step 2. To a solution of 5-bromo-1H-pyrimidine-2,4-dione (1734 mg,
G08.09 umol) in MeCN (10 mL} was added BTMSA (309.5 mg, 1.82 mmol}in one portion
at 25 °C under N2, Then the mixture was stirred at 70 °C for 1 hour. After cooling to 25 °C,
TMSOTE (1312 mg, 59026 pumol) and a solution of [{2R,38)-5-acetoxy-2-¢cthyl-3-(4-
methylbenzoyloxy-tetrahydrofuran-2-yljmethyl 4-methylbenzoate (0.2 g, 454.05 pmob) in
MeCN (5 mL} was added dropwise at 25 °C. The resulting mixture was stirred at 25 °C for
i hour. After that, the reaction was quenched by addition of 10 mL of aqueous citric acid
solution (10 wt %), then extracted with EtOAc (20 mL}. The lavers was separated, the
organic layer was washed with brine (10 mL), dried over NaaSQOs, filtered and concentrated.
The residue was purified by pre-TLC (50% EtOAc in petroleum ether) to afford the
compound (52 mg, 20%) as a colorless oil. 'H NMR (400 MHz, CDCl3) § 8.25 (s, 1H),
799 - 786 (m, 5H), 734 - 7.27 (m, 4H), 6.35 - 6.26 (m, 1H), 585 - 575 (m, 1H), 465 -
4.58 (m, 1H}), 4.56 - 4.48 (m, 1H), 2.76 - 2.66 (m, 1H), 2.55 - 2.48 (m, 1H), 2.44 (d, 1 = %38
Hz, 6H}, 2.05 - 1.91 (u, TH), 1.9G- 1.76 (m, 1H}, 108 (t, J = 7.6 He, 3H).

{0408} Step 3. To a solution of [(2R,35,5R)-5-(5-bromo-2,4-dioxo-pyrimidin-1-yl)}-2-
ethyl-3-(4-methylbenzovDoxy-tetrahydrofuran-2-yljmethyl  4-methylbenzoate (0.02 g
35.00 pmol) in MeOH (5 mL) was added NaOMe {189 pg, 3.50 pmol} in one portion at
25 °C. The resulting mixture was stirred 25 °C tor 1 hour. After that, the mixture was
concentrated under reduced pressure. The residue was purified by prep-HPLC (acetonitrile
(-30% / 0.225% formic acid in water) to afford the title compound (5.4 mg, 46%) as a
white solid. TH NMR (400 MHz, DMSO- d6) 8 8.47 (s, 1H), 6.03 {t, I = 6.4 Hz, 1H), 5.27
-5.18 (m, 1H), 5.14 (d, J = 4.8 Hz, 1H), 4.33 - 4.21 (m, 1H), 3.56 - 3.49 (m, 1H), 3.45 -
340 (m, 1H), 231 -224(m, 1H), 222 -2.13 (o, 1H), 1.64 - 1.53 (m, TH), 1.52 - 1.41 {m,
1H), 0.85 (¢, } = 7.6 Hz, 3H).
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EXAMPLE 20
Synthesis of (2R, 38, 5R)}-5-(2-amino-6-methoxy-9H-purin-9-yi}-2-(hydroxymethyl)-2-

vinyltetrahydrofuran-3-ol {Cpd. No. 102)

o7 o~
N 1. Hy, Lindlar cat. N
Sy s &y
PTOOTN OV NI N, 2. NaOMe, MeOH HOTN NN
= T
pToiC HO
10409 [{(ZR 38 5R}-5-(2- Amino-6-methoxy-purin-0-y}-2-ethynyl-3-(4-
methylbenzoyloxy-tetrahydrofuran-2-yljmethyl  4-methylbenzoate was  prepared

according to WO 2007/038507 A2 using O-methoxy-9H-purin-2-amine.
{0418} Step 1. Toasolution of [(2R,35,5R)-3-{2-amino-6-methoxy-purin-9-y] }-2-ethynyl-
3-(4-methylbenzovloxy-tetrahydrofuran-2-yljmethyl 4-methylbenzoate (20 mg, 36.93

pwmol) in MeOH (2 mL) was added Lindlar catalyst {8 mg) in one portion at 25 °C under
Haz (15 psi). The resulting mixture was stirred at 25 °C for 1 hour. Then the mixture was
filtered and the filtrate was concentrated to afford the compound (20 mg, 99 %) as a white
solid.

10411} Step 2. To a nuxture of [(ZR,35,5R}-5-(Z-amino-6-methoxy-purin-9-yi)-3-(4-
methythenzoyoxy-2-vinyl-tetrahydrofuran-2-yljmethyl 4-methylbenzoate (17 mg, 31.27
pmol) in MeCH (5 mL) was added NaOMe (169 ug, 3.13 pmol} in one portion at 25 °C.
After stirring at 25 °C for 1 hour, the mixture was concentrated under reduced pressure.
The residue was purified by prep-HPLC (basic) to afford the title compound (2.5 mg, 26%)
as a white solid. LOMS (ESI): m/z 308.2 (M+H)+ 'H NMR (400 MHz, CD30D) 6 8.61
(s, 1H), 6.46 - 6.39 (m, 1H), 6.06 - 6.95 (m, TH), 5.62 - 5.51 (m, 1H), 5.38 - 5.31 (m, 1H),
4.65 (1,7 =7.6 Hz, 1H), 4.08 (s, 3H), 3.76 - 3.67 (m, 1H), 3.61 - 3.56 (m, 1H), 2.53 - 2.39
{m, 2H).
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EXAMPLE 21
Synthesis of (2R, 38, 5R}-5-(2-amino-6-methoxy-9H-purin-9-y1)-2-ethyl-2-
{hydroxymethyitetrahydrofuran-3-ol {Cpd. No. 125}
o~ o
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pTOIOX O N N”J\NH?_ 2. NaOMe, MeOH HO‘WN”\N’ NH,

pTolC HO'
104124 [{(ZR 38 5R}-5-(2-aminc-G-methoxy-purin-9-yl-2-ethynyi-3-(4-
methylbenzoyloxy-tetrahydrofuran-2-yljmethyl  4-methylbenzoate was  prepared

according to WO 2007/038507 AZ using o-methoxy-9H-purin-2-amine.

{0413} Step 1. To a mixture of [(2R,35,5R}-53-(2-amino-6-methoxy-purin-9-y1 }-2-ethynyl-
3-(4-methylbenzovloxy-tetrahydrofuran-2-yljmethyl 4-methylbenzoate (0.1 g, 184.65
pumol} in EtOAc (S mL} was added Pd/C (60 mg, 10% purity) under Hz (15 psi). The
mixture was stirred at 25 °C for 3 hours. After that, the mixture was filtered and
concentrated to afford the title compound (80 mg, 79 % vield) as a white solid.

{0414} Step 2. To a mixture of [(2R,35,5R)-5-(2-amino-6-methoxy-purin-9-y1}-2-ethyl-3-
(4-methylbenzoyloxy-tetrahydrofuran-2-yHmethyl 4-methylbenzoate (80 mg, 146.63
pool) in MeOH (5 mL) was added NaOMe (1 mg, 14.66 umol) in MeOH (2 i) at ¢ °C.
The resulting mixture was stirred at 25 °C for 16 hours. Then the reaction mixture was
concentrated. The residue was purified by prep-HPLC (basic) to afford the title compound
(7 mg, 15%} as a white solid. "H NMR (400 MHz, CD30D). §8.50 (s, 1H), 641 (1, J=64
He, TH), 453 (1, 1= 5.0 He, 1H), 408 {5, 3H}, 3.70 - 3.64 (m, 1H), 361 - 3.56 (m, 1H),
2.63-250 (m, 2H), 185 - 1.73 (m, 1H}, 1.71 - 1.60 {m, 1H), 1.01 (t, I =7.6 Hz, 3H).

Synthesis of 1-({2R,48,5R}-5-ethyl-4-hydroxy-S-(hydroxymethybietrahydrofuran-2-yi)-
5-methoxypyrimidine-2,4(1H 3H)-dione {Cpd. No. 103}
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{04151 [{(ZR.38,5R})-2-Ethynyl-5-{5-methoxy-2,4-dioxo-pyrimidin-1-y[)-3-{4-
methylbenzoyljoxy-tetrahydrofuran-2-ylimethyl  4-methylbenzoate  was  prepared
according to W 2007/038507 A2

{0416} Step 1. To a mixture of [(2R, 38, 5R)-2-ethynyl-5-(5-methoxy-2,4-dioxo-pyrimidin-
1-yD)-3-(4~-methylbenzoyDoxy-tetrahydrofuran-2-yl jrethyl  4-methylbenzoate (15 mg,
28.93 wmol) in MeCGH (5 mL) 10% Palladium on carbon (9 mg) in one portion at 25 °C
ander Ha (15 pst). The resulting mixture was stirred at 25 °C for 1 bour. Then the mixture
was filtered and the filtrate was concentrated to afford the compound {15 mg, 99%) as a
white solid.

10417} Step 2. To a mixture of [(2R,38,5R)-2-ethyl-5-(S-methoxy-2,4-dioxo-pyrimidin-1-
yi-3-{(4-methylbenzoyhoxy-tetrahydrofuran-2-ylimethyl  4-methylbenzoate (15 mg,
28.71 umol} in MeOH (5 mL} was added NaOMe (155 ug, 2.87 umol) in one portion at
25 °C. After stirring at 25 °C for 18 hours, the mixture was concentrated under reduced
pressure. The residue was purified by prep-HPLC (basic) to afford the title compound (2.3
mg, 28%) as a white solid. 'H NMR (400 MHz, CD30D) § 7.87 (s, 1H), 6.25 (t, J = 6.4
Hz, 1H), 4.55 - 447 (m, 1H), 3.76 - 3.72 (m, 1H), 3.71 (s, 3H), 3.63 - 3.58 (m, 1H), 2.45 -
2.27 {m, 2H), 1.79 - 1.66 (m, 1H), 1.64 - 1.52 (m, 1H), 0.97 (1, J = 7.6 Hz, 3H).

EXAMPLE 23
Synthesis of S-fluore-1-({2ZR,48,5R)-4-hydroxy-S-(hydroxymethyl}-5-

vinyltetrahydrofuran-2-yDpynmidine-2 4(1H 3H)-dione {Cpd. No. 17}

F F
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j8418] [(2R,35,5R)-2-Ethynyl-5-(S-fluoro-4-hydroxy-2-oxo-pyrimidin-1-y] 3-3-(4-

methylbenzoyhoxy-tetrahydrofuran-2-yljmethyl  4-methylbenzoate  was  prepared
according to WO 2007/038507 A2 using S-fluoropyrimidine-2,4(1H,3H}-dione.

104191 Step 1. A muxture of [(2R,35,5R)-2-ethynyl-5-(5-tluoro-4-hydroxy-Z-0xo-
pysimidin-1-y1}-3-(4-methylbenzoyvhoxy-tetrahydrofuran-2-yl jmethyl  4-methylbenzoate
(30 mg, 5923 pmol) and Lindlar catalyst (12 mg) in EtOAc (2 mL) was stirred at 20 °C

for 10 min under Ha (15 psi). After that, the reaction mixture was filtrated and the filtrate
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was concentrated to afford the compound (30 mg, 99%) as a white solid. LCMS (ESH m/z
531.1 (M+Nay+

10428} Step 2. A mixture of [(2R,38,5R)-5-(5-fluoro-4-hydroxy-2-oxo-pyrimidin-1-y1}-3~
{4-methyibenzoyloxy-2-vinyl-tetrahydrofuran-2-yl|methyl  4-methylbenzoate (30 mg
59 wruol) and NaOMe (3.19 g, 59 umol) in MeOH (2 mL) and THF (3 mL) was stirred
at 20 °C for 3 hours. After that, the reaction mixture was concentrated to give the crude
product. It was purified by prep-HPLC (basic) to afford the title compound (4.3 rug, 27%)
as a white solid. "H NMR (400 MHz, DMSO-d6) § 8.26 (d, § = 7.2 Hz, 1H), 6.06 - 6.04 (m,
1H), 5.90 - 5.80 (m, 1H), 5.48 (s, 1H), 5.35- 5.30 (m, 2H), 5.20 - 5.17 (m, 1H), 442 - 431
(m, 1H), 3.68 - 3.33 (m, 2H), 2.21 - 2.04 {m, 2H). LCMS (ESI): m/z 295.0 (M+Na)+.

EXAMPLE 24
Synthesis of 1-({(2R,48,5R }-5-ethyl-4-hydroxy-5-(hydroxymethylitetrahydrofuran-2-vl)-
S-fluoropytimidine-2,4(1H,3H)-diove (Cpd. No. 18)
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10421} [(ZR,35,5R)-2-Ethynyl-5-(S-fluoro-4-hydroxy-2-oxo-pyrimidin-1-y1)-3-(4~
methylbenzoyloxy-tetrahydrofuran-2-yilmethyl  4-methylbenzoate  was  prepared
according to WO 2007/038507 AZ using S-fluoropyrimidine-2 4(1H, 3H}-dione.

{0422} Step 1. A wmwixture of [(2R35,5R)-Z-ethyoyl-5-(5-fluoro-4-hydroxy-2-oxo-
pyrimidin-1-y1}-3-(4-methylbenzoylyoxy-tetrahydrofuran-2-yljmethyl  4-methylbenzoate
(50 mg, 98.72 umol} and Lindlar catalyst (S mg) in MeOH (5 mL) and EtOAc (S mL) was
stirred at 20 °C for 5 hours under Hz {15 psi). After that, the reaction mixture was filtrated
and the filirate was concentrated to give the compound (40 mg, 79%) as a white solid.
LCMS (ESI): m/z 533.1 (M+Na)+.

10423} Step 2. A mixture of [{2R,35,5R})-2-ethyl-5-(5-fluoro-4-hydroxy-2-oxo-pyrimidin-
1-y1)}-3~{4-methylbenzoyloxy-tetrahydrofuran-2-ylmethyl 4-methylbenzoate (40 mg,
78.35 umol) and NaOMe (4.23 mg, 7835 pmel) in MeOH (2 mL} and THF (3 mL) was
stirred at 20 °C for 3 hours. Then the reaction mixture was concentraied to give the crude

product. It was purified by prep-HPLC (basic) to afford the title compound (5.8 mg, 27%)
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as a white solid. '"H NMR (400 MHz, DMSO-d6) 8§ 8.00 (d, § =72 Hz, 1H), 6.07(t, } =68
Hz, TH), 510-508 (m, 2H), 426 (t, J=6.0Hz, 1H),3.50-3.30 (m, 2H}, 2.18 - 2.08 {(m,
2H), 159~ 1,45 (m, 2H), 085 (t, = 7.6 He, 3H) LOMS (ESD: w/z 297.0 (M+Naj)+.
EXAMPLE 25
Synthesis of 4-amino-~-1-{{2R 4R, 55)-5-ethynyl-4-hydroxy-5-
(hyvdroxymethyljtetrahydrofuran-2-ylpyrimidin-2{1H)-one {Cpd. No. 77)
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{0424 Step 1. To a mixture of N-(2-oxo-1H-pyrimidin-4-yhibenzamide (148 mg, 687306

pmol) in MeCN (15 mL} was added BTMSA (234 mg, 1.37 mmol). The resulting mixture
was heated at 70 °C for 1 hour. After cooling to ambient temperature, the TMSOTE (99 mg,
44678 umoly and a solution of [{2S3R)-S-acetoxy-2-ethynyl-3-(4-methylbenzoyloxy-
tetrahydrofuran-2-vl fmethyl 4-methylbenzoate (150 mg, 34368 umol} were added
sequentially. The resulting mixture was reheated at 70 °C for 1 hour. After cooling to
ambient teroperature, the reaction mixture was poured tnto water (10 L), extracted with
EtCAc (20 mlx2), and concentrated. The residue was purified by SFC (DAICEL
CHIRALPAK A, (250 mm*30 mm, 10 um}; Supercritical CO2/ EtOH + NHAOH= 45/55,
80 ml/min)} to afford the compound (50 mg, 22%) as a white solid. 1 H NMR (400 MHz,
CDCHY 6871 (s, 1H), 849 (d, T=72Hz, 1H), 7.97(d, I = 8.4 Hz, 21), 7.92(d, T = 7.6
Hz, 2H), 7.79(d, } =84 Hz, 2H}, 7.67 - 7.62(m, 1H)}, 7.58 - 752 (m, 2H), 730 (d, J =80
Hz, 2H), 720 (d, I} =80Hz, 2H), 6.39 - 630 (m, 1H), 592 - 5.85 (m, 1H}, 4.70 - 4.61 {m,
2F), 3.28 - 3.14 (m, 1H), 2.79 (s, 1H), 2.73 - 2.64 (m, 1H), 2.45 (s, 3H), 2.37 (s, 3H).
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Step 2. To a mixture of [(25,3R,5R)}-5-(4-benzamido-2-oxo-pysimidin-1-y1}-2-
ethynyl-3-(4-methyibenzoyloxy-tetrahydrofuran-2-vljmethyl 4-methyibenzoate (50 mg,
84.52 umol) in MeOH (2 ml) was added NaOMe (9 wg, 169.03 pool) at 0 °C. The
resulting mixture was stirred at 25 °C for 16 hours. Then the reaction mixture was
concentrated. The residue was purified by prep-HPLC (acetonitrile 1-15% /0.225% formic
acid in water) to afford the title compound (3.5 mg, 16%) as a white solid. 'H NMR {400
MHz, DMS0-d6): 8 7.95 (s, 1H), 7.37 (5, 1H), 6.17 (1, J = 6.4 Hz, 1H), 6.03 - 590 (m, 1H),
581 (s, 2H), 543 (s, 1H), 537 -531 (m, 1H}, 522 (s, 1H), 5.20- 515 {(m, 1H), 458 (1, ]
=04 Hz, 1H), 355-347{m, 1H),345-338(m, 1H), 257 -252 (m, 1H}, 222 -2.14
{m, 1H), 0.69 - 0.62 (m, 2H), 0.62 - 0.55 (m, 2H) [M+H}+252.1.

EXAMPLE 26
Synthesis of 2-amino-9-[(2R, 4R, 55)-5-ethynyl-4-hydroxy-5-

{(hydroxymethyl ptetrahydrofuran-2-yl}-1H-purin-6-one (Cpd. No. 79)

1. fals]
D <,N‘~F|’F§N o OH
@“’/ﬁo - 0. _GA ﬁ’:\N"'\N’}\/ N _,{ QN][\/%T\ Q
TN T, ~OAS oo ;
o e 7,> /Q} o, O N N‘f; N/J\(/
----- BTMSA, TMSOTY = e 7 H
3 > ra
) MeCN, 70 °C, 2h G
s -
\ 4 o
/‘FJ \h y
7/
MNP
y /"—<
2. NHzHo0 Ho=, O, N~ NH
; 2 f N=(
MeOH, 80 °C, 4 h Z o NH;
HG

Step 1. A solution of N-(6-hydroxy-9H-purin-2-vl}-2-methyl-propanamide (84 mg,
378.0S pmol) in MeCN (10 mL) was degassed with Nz for three times. Then trimethylsilyl
(1E)-N-trimethylsilylethanimidate (349 mg, 1.72 mmol) was added. The resulting mixture
was stirred at 70°C for 1 h and then cooled to roow temperature. Trimethylsilyl
trifluoromethanesulfonate (88 myg, 395.23 umol} was added and then [(25,3R)-5-acetoxy-
2~ethynyl-3-(4-methylbenzovDoxy-tetrahydrofuran-2-vijmethyl  4d-methylbenzoate (150
mg, 343.68 umol} in acetonitrile {2 mL) was added in one portion at 25 °C under No. The
mixture was stirred at 70 °C for 16 h. After cooling to room temperature, the mixture was
diluted with water (10 mL), extracted with EtOAc (20 mL), washed with brine (20 mL),

dried over NaxSOs, filtered and concentrated. The residue was purified by prep-HPLC
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{acetonitrile 54-85% / 0.225% formic acid in water) to afford the compound (25 mg, 15%)
as a white solid. '"H NMR (400 MHz, CDCls): 8 11.97 (s, 1H), 831 (5, 1H), 8.27 (brs, 1H),
797 (d, J= 80 He 2H), 784 - 7.73 (m, 2H), 730 - 721 (m, 4H), 634 — 6.27 (m, 1H),
580 - 581 {m, 1H}, 473 -4.66(m, 1H), 463457 (m, 1H), 315 - 3.06 {(m, 1H), 296 ~
286 (m, TFD, 275 - 271 {m, 1H), 2.67-2.56 {m, 1H), 242 (d, I=11.6 Hz, 6FD, 1.28 (dd,
J=12.0,68 Hz, 6H).

[0427] Step 2. A solution  of  [{283R,5R)-Z-ethyuyl-5-[6-hydroxy-2-(2-
methylpropanoylamino)purin-9-yi1-3-(4-methytbenzoyhoxy-tetrahvdrofuran-2-yl jmethyl
4-methylbenzoate (21 mg, 35.14 umol) in MeOH (2 mL ) was added ammonium hydroxide
{30 mg, 105.42 umol, 28 wi%). The solution was stirred at 60 °C for 16 h. After cooling to
room temperature, the reaction mixture was concentrated. The residue was purified by
prep-HPLC (acetonitrile 1-20% / 0.225% formic acid in water) to afford the title compound
(3.0 mg, 29%) as a white solid. 'H NMR (400 MHz, DMSO-d6): § 10.84 (br s, 1H), 8.24
(s, 1H), 6.50 - 641 {m, 1H), 615 (s, 2H), 5.52(d, T = 5.2 Hz, 1H), 536 (t, I = 5.6 He, 1H),
4.53-4.41 (m, 1H), 3.72 - 3.53 (m, 2H}, 3.51 (s, 1H), 2.46 - 2.34 (m, 2H). [M+Na]+ 313.9.

EXAMPLE 27
Synthesis of (2R,35,5R)-5-{4-amino-6-fluoro-3-methyl-1H-pyrazolo] 3,4-djpyrimidin-1-

y1}-2-ethynyl-2-(hydroxymethyl fetrahydrofuran-3-ol (Cpd. Neo. 75)

PiH;
1. NaOMe } N
""" N A
] MeOH, 0°C-rt, 180 HO™% O LN "N “nH,
HO

VL
2. HER s N
¥ - N ﬁi\
pyriding, 0°C, 2 h Ho—\@,ﬁ NTF

-

HO
0428} [(2R,38,5R)-5-(4, 6-Diamino-3-methyl-pyrazoto] 3 4-d]pyrimidin-1-y1)-2-ethynyi-
3-(4-methylbenzovloxy-tetrahydrofuran-2-yljmethyl 4-methylbenzoate was prepared

g

diamine.
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10429} Step 1. To a mixture of [{ZR38,5R})-5-{4,6-diamino-3-methyl-pyrazolof3,4-
dipyrimidin-1-yi}-2-ethynyl-3-(4-methylbenzoyloxy-tetrahydrofuran-2-yl jmethyl 4~

methylbenzoate (120 mg, 221.99 wsel) in MeOH (15 mL} was added NaOMe (24 mg,
443 .98 umol) in one portion at 0 °C under Na. The resulting mixture was stirred at 25 °C
for 16 hours. Then the reaction mixture was concenirated. The residue was purified by pre-
TLC (9% MeOH in dichloromethane (1% NH4OH)) to afford the compound {60 mg, 89%)
as a white solid. LCMS (EST: m/e 3271 (M+Nay+.

j8430] Step 2. To a mixture of (2R,35,5R)-5-(4,6-diamino-3-methyl-pyrazolof3,4-
dlpyrimidin-1-yl}-2-ethynyl-2-Chvdroxymethyl ftetrahy drofuran-3-ol (60 mg,
197.17 umol}) in pyridine (2 mL} was added pyridine-hydrofluoride (237 mg, 1.68 mmol,
70% purity) and tert-butyl nitrite (61 mg, 591.51 pmol) dropwised at 0 °C under N2, The
resulting mixture was stirred at 0 °C for 1 hour. After that, the mixture was diluted with
DCM (15 mL) and H2O (5 mL). The layers were separated and the aqueous layer was
extracted with DCM (10 rol. x 3}. The combined organic extracts were dried over NaaS04,
filtered, and concentrated in vacuo. The residue was further purified by prep-HPLC
(acetonitrite 10-40% / 0.225% formic acid in water) to afford the title compound (1.58 mg,
3%). 'H NMR (400 MHz, DMSO-d6): & 8.24 (s, 1H), 7.51 (s, 1H), 6.37 - 6.23 (m, 1H),
546{d,J=60Hz 1H), 498, J=60Hz 1H), 460 -447 (m, 1H),3.61 -3.53 (m, 1H),
3.4% -3.39 (m, 2H), 2.82 - 2.69 (m, 1H), 2.53 (s, 3H), 2.40 - 2.34 (m, 1H).

EXAMPLE 28
Synthesis of (2R,38,58)-5-(4-amino-6-fluore-3-methyl-1H-pyrazolof 3 4-djpyrimidin-1-

yi}-2-ethynyl-2-(hydroxymethyDtetrahydrofuran-3-of {Cpd. No. 3)

N,
Py
v ‘?fﬁ) AN J: J\ \ NH, /bfh
=] 1. NeOMe N i’\N 2. HFPy 3 i \)N\
g MeOH, 0°Crt, 18h  HO™N, O N NANHE pyritine,0°C,2h  HO"% O NAN/ E
/‘QQ :;;\\41 =" \__.7
o o' Ho'
7
[8431 [(2R,35,55)-5-(4,6-Diamino-3-methyl-pyrazolof3,4-d jpyrimidin-1-yi}-2~ethynyl-

3-{4-methylbenzoyloxy-tetrabydrofuran-2-yljmethyl  4-methylbenzoate was prepared
according to WO 2007/038507 AZ using 3-methyl-1H-pyrazolo[3 4-djpyrivaidine-4,6-
diamine.

{0432} Step 1. To a mixture of [(2R,35,535)-5-(4,6-diamino-3-methyl-pyrazolof3,4-

dlpyrimidin-1-y1}-2-ethynyl-3-{(4-methylbenzoyljoxy-tetrahydrofuran-2-yljmethyl
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4-methylbenzoate (0.1 g, 1834.99 pmol) in MeOH (15 mbL) was added NaOMe (20 mg,
369.98 umol) i one portion at 0 °C under N2 The mixture was stirred for 18 hours at 25 °C.
Then the reaction mixture was coucenirated, the residue was purified by pre-TLC eluting
with 10% MeCH in DCM (1% NH4OH) (Rf = 0.3} to afford the compound (50 mg, 89%)
as a white solid.

Step 2. To a mixture of (2R 38,55)-5-(4,6-diaminc-3-methvl-pyrazolof3,4-
dlpyrimidin--y1)-2-ethynyl-2-(hydroxymethyDtetrahydrofuran-3-of - (60 mg, 197.17
pmol} in pyridine (2 mbL} was added HF-pyridine (237 mg, 1.68 mmol, 70% purity) and
tert-butyl nitrite (61 mg, 591.51 pmol) dropwise at 0 °C under Nz The resulting mixture
was stirred at 0 °C for 1 hour. After that, the mixture was diluted with DCM (15 mL.) and
H2O (5 mL). The layers were separated and the agueous layer was extracted with DCM
(10 mL). The combined organic extracts were dried over anhydrous NazSQy4, filtered, and
concentrated in vacuc. The residue was purified by prep-HPLC (acetonitrile 10-40% /
0.225% formic acid in water) to afford the title compound (5 mg, 8%) as a white solid. 'H
NMR (400 MHz, DMSO-d6) 8§ 8.27 (s, 1H), 7.53 (s, 1H), 6.27 (1, § = 6.4 Hz, 1H), $.73 (d,
I=8.8 Hz, 1FD), 5.21 (t, J= 6.4 Hz, 1T1), 438 - 4.30 (m, 1H), 3.48 - 3.40 (m, 3H), 2.79 -
2.71 (m, 1H), 2.68 - 2.62 (m, 1H), 2.53 (s, 3H). [M+H]J+ 308.2.

EXAMPLE 29
Synthesis of 4-amino-1-[{28,58)-5-ethynyl-5-(hydroxymethy!}-2H-furan-2-y1]-5-flucro-

pyrimidin-2-one (Cpd. No. 74)

Bz(;;(iz OBz

1.

.
>
_%
&
AN
',
z"’:
£

i Na®
O, O N

F !
r?f,i\\r/NHBz BTMSA,TMSOT! B2 /‘/\—Z YV 2meon 400,250
i ' N // Q R
N‘YN MeCN, 70 °C, 16 h S then n-BuOH, 90 °C, 3h
OH =

_ F
NH,
/),\_rNHBz 3. MeONa 4&(/
coo 0 ;«5 I HO=", 0\_\\NYN
7 A",l K . .. E
~ A0 I MeOH, rt, 3 b AV

Step 1. A solution of N-{5-fluoro-2-hydroxy-pyrimidin-4-ybenzamide (59 mg,

253.94 umol} in acetonitrile (3 mbL)} was degassed with Nz for three times. And then
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trimethylsilyl (1E)-N-rimethylsilylethanimidate (129 mg, 634.85 umol} was added. The
reaction mixture was stirred at 70 °C for 1 h and then cooled to room temperature.
Trimethylsilyl trifluocromethanesulfovate (56 myg, 253.94 wmol) was added and then
1(28,48,5R)-5-benzoyloxy-2-ethynyl-4-{p-tol ylsuifany! tetrahydrofuran-2-yH jmethyl
benzoate (100G mg, 211.62 umol) in acetonitrile (1 rul.) was added at 25 °C under Nz. After
stirring at 70 °C for 16 h, the reaction mixture was cooled to room temperature and diluted
with water (10 mL), extracted with EtOAc¢ (20 mL)}, washed with brine (20 mL), dried over
Nax80s, filtered and concentrated. The residue was purified by pre-TLC (25 % EtQAc in
petroleum ether) to afford the compound (21 mg, 17%) as a white solid. 'H NMR (400MHz,
CDCH) 6 8.33 - 8.25 (m, 2H), 8.09(d, I = 7.2 Hz, 2H), 7.73 - 7.65 {m, 1H), 7.60 - 7.42 (m,
oH), 7.27 (s, 2H), 722 (d, I =56 Hz, 1H), 7.04 (d, I =76 Hz, 2H), 6.32 - 6.13 {m, 1H),
469 (d, I = 11.6 Hz, 1H), 4.55 (d, I = 12.0 Hz, 1H), 3.63 - 3.46 (m, 1H), 2.95 - 2.82 (m,
1H), 2.79 (s, TH), 2.53 - 2.39 (m, 1H), 2.16 (s, 3H).

{0435} Step 2. A solution of [(25,45,58)-5-{4-benzamido-5-fluoro-2-oxo-pyrimidin-T-yi}-
2-ethynyl-4-(p-tolylsulfanyitetrahydrofuran-2-yimethyl benzoate (40 mg, 68.54 umol}in
MeCN (2 ml) was added [chloro{p-tolylsuifonyamincsodium (22 mg, 95.95 umol). The
reaction mixture was stirred at 50 °C for 2.5 h. The reaction mixture was added water (10
mbL), extracted with EtOAc (20 mL), washed with brine (20 mL)}, dried over Na28Q4,
filtered and concentrated. The residue was dissolved in n-BuOH (2 mL). Then the solution
was stirred at 90 °C for another 3 h. After cooling to room temperature, the reaction mixture
was concentrated. The residue was purified by pre-TLC (25% EtOAc in petroleum ether)
to afford the compound (39 mg, 51%) as a white solid. LCMS (EST): m/z 460.0 (M+H)+

{04361 Step 3. A sclution of [(25,58)-2-(4-benzamido-5-fluoro-2-oxo-pyrimidin-1-y] -5~
ethynyl-ZH-furan-5-ylimethy! benzoate (20 mg, 43.53 pmol} in MeOH (1 mL} was added
Me(ONa (3 mg, S3.53 gmol) at 0 °C. The resulting ruixture was stirred at 25 °C for 3 h.
Then the reaction solution was concentrated. The residue was purified by prep-HPLC
{acetonitrite 1 - 27% / 0.225% formic acid in water) to afford the title compound (5.93 mg,
19%) as a white solid. "H NMR (400 MHz, DMSO-d6) 8 8.38 {(brs, 1H), 7.92 (d, J = 7.2
Hz, 1H), 7.85 (brs, 1H), 7.61 (br s, 1H), 6.92 (s, 1H), 6.33 - 6.26 (m, 1H), 6.03 (d, ] = 5.6
Hz, 1H}, 3.76 - 3.56 (m, 3H). [M+Naj+ 273 .8
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EXAMPLE 30
Synthesis of 4-amino-1-((25,4R,55)-5-ethynyi-4-hydroxy-5-

{hydroxymethy! tetrahydrofuran-2-yDpyrinidin-2( 1 H)-one (Cpd. No. 76)

t‘;ﬁHBz
1 f["% N
T NHBz
N SN0 NA 7
— ./ o= o _oac H _/ oo _\\\NYN
2"’;7/ BTMSA, TMSOTY = )_7 5
R MaCON, 70°C, 2h " ]
{hc eCN, 70 °¢, -0
§;¢ \_/
= NH,
2. NaOMe . .0 .“N .N
o Ak \[/
THFMeOH, 0 °C-rt, 18 h g;; i e
HO
{0437} Step 1. To a mixture of N-(2-oxo-TH-pyrimidin-4-yhbenzamide (148 mg, 687 36

umol} in MeUN (15 mL) was added BTMSA (234 mg, 1.37 mmol). The resulting mixiure
was heated at 70 °C for 1 hour. After cooling to ambient temperature, TMSOTY (99 mg,
446.78 pmol) and [(28,3R}-5-acetoxy~-2-ethynyl-3-(4-methylbenzovljoxy-
tetrabydrofuran-2-ylimethyl 4-methyibenzoate (150 mg, 343.68 upmol) were added
sequentially. The resulting mixture was reheated at 70 °C for 1 hour. After cooling to
ambient temperature, the reaction mixture was poured into water (10 mb), extracted with
EtOAc (20 mL x 2}, concenirated. The residue was purified by SFC (BAICEL
CHIRATPAK AD, (250 mm™30 mm, 10 um); Supercritical CO» / BtOH+NH40H= 45/55;
80 mL/min)} to afford the compound (20 mg, 22%;) as a white solid.

{0438} Step 2. To a mixture of [(283R,58)-5-(4-benzamido-2-oxo-pyrimidin-1-yl}-2-
ethynyl-3-(4-methylbenzoyDoxy-tetrahydrofuran-2-yHjmethyl 4-methylbenzoate (0.02 g,
33.81 umot) in MeOH (2 mL} was added NaOMe (4 mg, 67.61 umol) at 0 °C. The resulting
mixture was stirred at 25 °C for 16 hours. Then the reaction mixture was concentrated. The
residue was purified by prep-HPLC (acetonitrile 1-17% / 0.225% formic acid in water) to
afford the title compound (3.8 mg, 16%) as a white solid. '"H NMR (400 MHz, DMS(-d6)
3837 (s, 2H), 7.80(d, I = 7.2 Hz, 1H), 7.23 - 7.07 (m, 2H), 6.20 - 6.10 {m, 1H), 5.73 (4, I



WO 2023/192491 PCT/US2023/016921
“112-

=76Hz, 1H),424(d,J=48Hz, 1H,3.74(d, F=112Hz, 1H),3.63(d, J=11.2 Hz, 1H),
351 (s, 1H), 278 -2.69 (m, 1H), 1.85 - 177 (m, 1H). [ZM+H]}+ 503 1.
EXAMPLE 31
Synthests of 2-amine-9-({28,4R 58)-5-ethynyl-4-hydroxy-5-
(hydroxymethyDtetrahydrofuran-2-y1)-1H-purin-6{5H)-one (Cpd. No. 78}

O
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o LO S )
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] 07 0 oAc M § N
e G xN" NN
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MeCH, 80 °C, 16 h /jf N,
HO '
{04391 Step 1. A solution of N-{0-hydroxy-9H-purin-2-yl}-2-methyl-propanamide (84 mg,

378.05 pmol) in acetontirile (10 ml) was degassed with N2 for three times. And then
trimethylsilyl (1E}-N-trimethvisilylethanimidate (349 mg, 1.72 mmol) was added. After
stirring at 70°C for 1 h, the reaction mixture was cooled to room temperature.
Trimethylsilyl trifluoromethanesulfonate (88 mg, 39523 umol} was added and then
[(28,3R)-5-acetoxy-2-ethynyl-3-(4-methylbenzoyhoxy-tetrahydrofuran-2-ylimethyl  4-
methylbenzoate (150 mg, 343.68 pmol} in acetonitrile (2 mL.) was added in one portion at
25 °C under N2 After stirring at 70 °C for 16 h, the reaction mixture was cooled to room
temperature and diluted with water {20 mL), extracted with EtOAc (30 ml}, washed with
brine (20 mL), dried over Na:SOq, filtered and concentrated. The residue was purified by
prep-HPLC (acetonitrite 54 - 85 %/ 0.225 % formic acid in water) to afford the compound
(21 mg, 10%) as a white solid. 'H NMR (400 MHz, CD30D) § 8.49 - 8.36 (m, 2H), 8.00
(d, J=80Hz 2H), 787 (d,} =80 Hz, 2H), 732 (d, J = 8.0 He, 2H), 7.34 - 7.30 (m, 1H),
722 (d, T = 8.0 Hz, 2H), 6.79 - 6.69 (m, 1H), 6.12 — 6.01 (m, 1H), 4.81 (d, J = 11.6 Hz,
1H), 466(d, J=116Hz, 1H), 3.27 (s, 1H), 320-3.09 (m, 1H), 298 - 2.88 (m, 1H), 2.76
-2.69 (m, 1H), 2.43 (s, 3H), 2.38 (s, 3H), 1.24 - 1.21 (m, 6H).

10449} Step 2. A solution of  [{28,3R 58)-2-ethynyl-5-[6-hydroxy-2-(2-

methylpropanoylamino)purin-9-yi}-3-(4-methylbenzoyloxy-tetrahydrofuran-2-yl methyl
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4-methylbenzoate (21 mg, 35.14 umol) in methy! alcohol (2 mbL} was added ammonium
hydroxide (300 mg, 1054.2 umol, 28% purity). The solution was stirred at 60 °C for 16 h.
Then the reaction solution was cooled to room temperature and concentrated. The residue
was purified by prep-HPLC (acetonitrile 1 - 20% / 0.225% formic acid in water) to afford
the title compound (3.0 mg, 29%) as a white solid. 'H NMR (400 MHz, DMS(-d6) 6 10.34
{brs, 1H), 8.24 (s, 1H), 6.50 - 6.41 (m, 1H), 6.15 (s, 2H), 5.52(d, 1= 5.2 Hz, 1H), 5.36 (1,
3=5.6Hz, 1H), 453 -441 (m, 1H), 3.72 - 3.53 (m, 2H), 3.51 (5, 1H), 2.46 - 2.34 {m, 2H).
M+Na]+ 313.9.
EXAMPLE 32
Synthesis of 1-{({(48,5R}-5-ethynyl-4-hydroxy-5-(hydroxymethyitetrahydrofuran-2-yi-1H-1.2,4-

triazole-3-carboxamide (Cpd. No. 11)

RS ‘( =N o b ‘(
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Co o ™ Co (54
==y 0 CAc ! ey o NM
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| MeCN, 70 °C b
0 0
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mmm e Q Egi 7
MeOH, RT o N
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10441} Step I {(2R,358)-5-(3-carbamoyl-1H-1,2 4-triazol-1-y1)-2-ethynyl-2-({({4-

methytbenzoyloxyymethyhtetrahydrofuran-3-¢1 4-methylbenzoate. To a suspension of
iH-1,2 4-triazole-3-catboxamide (537.7 mg, 504 pmol) in MeCN (3.88 mL) was added ¥,0-
bs{trimethylsilyhacetamide (590 pl., 2.29 mmol), and the resulting mixture heated to 70
°C with stirring for ca. 1 h. The mixture was then cooled to 0 °C, and a solution of (2R, 38)-
S-acetoxy-2-ethynyi-2-(({(4-methyibenzoyDoxy puethyDtetrahydrofuran-3 -yl 4-
methylbenzoate (200 mg, 458 umol) in MeCN (3.88 mL} was added dropwise with stirring,
followed by trimethylsiiyl tnfluoromethanesulfonate (127 ul., 687 wmol). The reaction
mixture was then warmed to 70 °C with stirring for ca. 18 h before cooling to ambient
temperature. The reaction was guenched with saturated aqueous NaHCO3 solution (10 mi),

difuted with saturated aqueous Na(l solution (12 mL), and the organics extracted with
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EtQAc (3 x 30 mL). The combined organics were dried {(anhyd. NazSQ4), filtered, and
concentrated in vacuo. The residue was purified by flash chromatography on S10:2 (eluent:
50-100% EtQAc in heptanes) to afford the title compound (132 mg, 270 umol, 59%) as a
yellow oil, as a mixture of anomers. For the more polar anomer, LC-MS (ESI} m/z 4892
{(MAH+ LC-MS RT = 1.52 min; Method G. For the less polar anomer, LC-MS (ESI) my/z
489 2 [M+H}+ LC-MS RT = 1.54 min; Method G.

10442} Step 20 1-({4S,5R)-5-ethynyl-4-hydroxy-S-(hy droxymethybietrabydrofuran-2-yl)-
1H-1,2,4-triazole~-3~carboxamide. To a solution of (2R 385)-5-3-carbamoyi-1H-1,2,4~
triazol-1-y1)-2-ethynyl-2-{({4-methylbenzoyloxy ymethyltetrahydrofuran-3-yi 4-
methylbenzoate (132 mg, 270 pmol) in MeOH (901 pumol} was added 28% aquecus
NH4OH (60 pL) dropwise, and the resulting mixture stirred at ambient temperature for ca.
18 h. After this time, an additional portion of 28% aqueous NH:OH (60 pl) was added
dropwise, and the mixture heated to 45 °C with stirring for ca. 4 h. The mixture was then
cooled to ambient temperature and purified directly by reverse-phase chromatography on
C18 {eluent: 0-100% MeCUN in 10 mM ag. ammonium formate solution} to afford Cpd. No.
11{(61.3 mg, 243 umol, 90%) as a vellow oil, as a ca. 2.1 muxture of anomers. For the major
anomer, 'H NMR (400 MHz, CD:0D) 6 8.72 (s, 1H), 6.30(dd, /=72,3.0Hz, 1H), 472
{dd,/=86,68Hz IH),380(d, /=122Hz 1H),3.72(d, /=122 Hz, 1H), 3.09 (s, 1H),
2.75(ddd, J=13.3, 6.8, 3.0 Hz, 1), 2.70 — 2.64 {m, 1H). For the minor anomer, 'H NMR
(400 MHz, CD:OD) & 8.79 (s, 1H), 624 (dd, J=7.1, 3.6 Hz, 1H), 447 (dd, J=6.7, 4.6
Hz, 1H), 373 (d, J= 120 Hz, TH), 3.67(d, J=12.1 Hz, 1H}, 3.15 (s, 1H}, 293 (dt, J =
13.9, 6.9 Hz, 1H), 2.61 (ddd, /= 14.0, 4.6, 3.7 Hz, 1H). LC-MS (ESI) m/z 253.1 [M+H]+.
LC-MS RT = 0.13 min; Method A.
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EXAMPLE 33
Synthesis of 4-amino-S-bromo-1-((2R,45, SR }-4-hydroxy-5-(hydroxymethyl)-S-
methvltetrahydrofuran-2-yDpyrimidin-2(1H)-one (Cpd. No. 15}

Br
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104431 Step I {ZR 3R 48,5R -2-(4-amino-5-bromo-2-oxopyrimidin-12H -y 1-4-

(benzyloxy)-5-((benzyloxy ymethyl}-3-methyltetrahvdrofuran-3-y! acetate. To a mixture of
4-amino-S-bromo-1H-pyrimidin-2-one {0.38 g, 2.00 mmol) in MeCUN (15 mL} was added
N O-bis(trimethvisilylacetamide (1.22 g, 6.00 mmol} in one portion at 25 °C under Ni.
Then the mixture was stirred at 70 °C for 1 hour. After cooling to 25 °C, TMSQOTE (390
mg, 1.76 mmaol) and (3R, 48,5R}-4~{benzyloxy}-5-{({benzyloxymethyl}-5-
methylietrahydrofuran-2,3-diyl diacetate (0.5 g, 1.17 mmol} was added dropwise at 25 °C.
The resulting mixture was stirred at 25 °C for 16 hours. Then the reaction was quenched
by addition of 10 wt % of aqueous citric acid solution (10 mbL and extracted with EtOAc
{20 mL}. The organic layer was washed with brine (15 mL), dried over anhydrous NaaSQq,
filtered and concentrated. The residue was purified by column chromatography on silica
gel {column height: 250 mm, diameter: 100 mm, 100-200 mesh silica gel, DCM/MeOH =
50/1) to give the title compound (0.64 g, 98 % vield) as vellow oil. '"H NMR (400 MHz,
CDCI) 6 8.48 (s, 1H), 7.40 - 7.20 (m, 10H), 6.08 (d, ./ = 2.4 Hz, 1H), 5.49 - 5.45 (m, 1H),
463(d, /=12Hz 1H),452-447{(m, 1H), 445-439(m, 1H),436(d, /=116Hz 1H)
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427(d, J=6.0 Hz, 1H), 3.60 (d,./ = 10.4 Hz, 1H), 3.31 (d, /= 10.4 Hz, 1H), 2.14 (s, 3H),
1.28 (s, 3H).

10444 Step 20 dramino-1-{{2R,3R 48 5R)-4-{benzyloxy -5-({benzyloxy imethyl}-3-
hydroxy-5-methylietrahydrofuran-2-y}-S-bromopyrimidin-2(1H}-one. To a mixture of
{2R,3R,48,5R }-2-(4-amino-S-bromo-2-oxopyrimidin-12H -y D-4-(benzyloxy)-5-
{{benzyloxymethyl)-S-methyltetrahydrofuran-3-yl acetate (0.638 g, 1.14 mmol} in MeOH
(15 mL) was added NaOH (2 M, 2 ml) agueous solution in oue portion at 25 °C. The
mixture was stirred at 25 °C for 30 min. After that, the reaction mixture was concentrated.
The residue was purified by column chromatography on silica gel (column height: 250 mm,
diameter: 100 mm, 100-200 mesh silica gel, Dichloromathane / MeQOH = 100/0 t0 50/1} to
give the title compound (0.5 g, 85 % yield) as a white solid. 'H NMR (400 MHz, CDCl3) §
8.25 (s, 1H), 7.40 - 7.23 (m, 10H), 6.58 (s, 1H), 5.93 (d, J= 3.6 Hz, 1H), 5.66 (s, 1H), 4.77
(d, J=12.0 Hz, 1H), 4.60 - 4.46 (m, 3H), 4.40 - 430 (m, 1H), 4.11 (d, /= 5.6 Hz, 1H),
3.61-3.51 (m, 2H), 3.37(d, /= 10.4 Hz, 1H), 1.35 (s, 3H),

{0445 Step  3: O-{{2R 3R 45,5R}-2-(4-amino-5-bromo-2-oxopyrimidin- 1 2H}-y1}-4-
(benzyloxy)-5-{{benzyloxy ymethyl}-S-methyltetrahydrofuran-3-y1) O-phenyl
carbonothioate. To a mixture of 4-amino-1-{(2ZR,3R 48 5R}-4-(benzyloxy)}-5-
{{benzyloxyymethyi}-3-hydroxy-5-methyltetrahydroturan-2-y1)-S-bromopyrimidin-2( 1H}-
one (0.5 g, 968.27 umol} in MeCN {15 mL) was added DMAP (355 mg, 2.90 mmai), then
(O-phenyl chloromethanethioate {251 mg, 1.45 mmol) was added dropwise at 25 °C under
Nz, After stirring at 25 °C for 1 hour, the mixture was concentrated under reduced pressure.
The restdue was purified by column chromatography on silica gel (column height: 250 mm,
diameter: 100 mm, 106-200 mesh silica gel, BUM / MeOH = 100/0 o0 99/1) to give the title
compound (0.55 g, 87 % vield) as a light yellow solid. 'H NMR (400 MHz, CDCl3) 5 8.32
(s, 1), 7.49 - 728 (m, 14H), 7.06 - 700 {m, 2H), 6.32(d, /=32 Hz, 1H) 6.05-595 {m,
1H), 5.68 (s, 1H), 4.75 (d, J = 11.6 Hz, [H}, 4.63 - 4.53 (m, 1H), 4.50 - 4.42 (m, 3H), 3.63
(d,J=10.8 Hz, 1H), 3.38(d, J = 10.4 Hz, 1H), 1.30 (s, 3H).

04461 Step 4 4-amino-1-((2R,48,5R}-4-{benzyloxy}-5-{{benzyloxy ymethyl}-5-
methylietrabydrofuran-2-yl)-5-brojopyrimidiv-2(1H)-one.  To  a  muixture  of

O-{(2ZR,3R 48, 5R}-2-{4-amino-5-bromo-2-oxopyrimidin-1{2H}-y1}-4-(benzvloxy}-5-
{{benzyloxy)methyl}-5-methyltetrahydrofuran-3-yl} O-phenyl carbonothioate {0.55 g,

842.84 pmol) in toluene (12 mb) was added AIBN {09 mg, 421 42 pmol) and TTMSS
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{1.05 g, 4.21 mmol)} in one portion at 25 °C under N2. The mixture was heated to 110 °C
and stirred for 2 hours. Then the reaction mixture was cooled to 25 °C concentrated. The
residue was purified by pre-TLC (DCM/MeUH = 15/1) to give the title compound {170
mg, 40 % vyield) as colorless ail.

0447} Step 5 4-amino-S-bromo-1-((2R,45,5R)-4-hydroxy-3-{(hydroxymethyl)-S-
methyltetrahydrofuran-2-yDpyrimidin-2{ 1 H}-one (Cpd. No. 15). To a mixture of 4-amino-
1-{{2R.48,5R )-4-(benzyloxy )-5-({bevzyloxy ymethyl)-5-methyitetrahy drofuran-2-y1)-S-
bromopyrimidin-2{1H}-one (0.15 g, 299.77 umol} in DCM {9 mL} was added BCl: {1 M,
2.1 mL) dropwise at -78 °C under N2, The reaction mixture was stirred at -78 °C for 15
min, then allowed to warm up to -40 °C and stirred for another 0.5 h. Then the reaction was
quenched by addition of MeOH {1 mL) and NHsOH (1 mL) at -40 °C. After stirring at -40
°C for anocther 10 min, the mixiure was allowed to warm to room temperature and stirred
for 10 min. After that, the reaction mixture was concentrated directly. The residue was
purified by pre-HPLC (basic) to give Cpd. No. 15 (2.7 mg, 3 % vield) as a white solid. 'H
NMR (400 MHz, CD;0D) 6 8.59 (s, 1H), 6.12 - 6.03 (m, 1H), 436 (1, /= 6.8 Hz, 1H), 3.67
- 3.54 (m, 2FD), 2.53 - 2.42 (m, 1FD), 2.31 - 2.21 (m, 1FD, 1.17 (s, 3H). LC-MS (BSD) m/z
661.0 2M+Naj+. LC-MS RT = 1.420 min; Method D.

3
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EXAMPLE 34
Synthesis of (2R, 35,5R)-5-(4-amino-S-bromo-2-oxopyrimidin- 1 ZH)-y1)-3-hydroxy-2-

(hydroxymethyltetrahydrofuran-2-carbonitrile {Cpd. No. 16}
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{04481 Step 1 {ZR,3R 48,5R -2-{4-amino-S-bromo-2-oxopyrimidin- 1 2H-y] -4~

{(benzyloxy-5-((benzyloxy)methyi-S-cyanotetrahydrofuran-3-yl acetate. To a solution of
4-amivo-S-bromo-1H-pyrimidin-2-one (400 mg, 2.1 mmol} in acetonitrie {15 wl) was
added N, O-bis(trimethylsilyhacetamide (1.6 mbL, 6.3 mmol), the reaction mixture was
stured at 70 °C for 1 h and cooled to room temperature. Trimethylsilyl
trifluoromethanesulfonate (490 ul, 2.7 mmol} was added and then (3R 45,5R}-4-
(benzyloxy}-5-((benzyloxymethyl}-S-cyanotetrahydrofuran-2,3-diyl  diacetate (600 mg,
1.4 mmol) in acetonitrile (8 mL} was added. After stirring at 105°C for 16 b, the reaction
was quenched with water (20 mbL), extracted with EtOAc (30 mL), washed with brine (20
mb.) dried over NaxSQs, filtered, and concentrated. The residue was puritied by silica gel
chromatography eluting with 0-3% MeOH in DCM to afford the title product (302 mg, 0.53
mmol, 39% yield) as a brown oil. 'TH NMR (400MHz, CDClzy: 8 7.99 (s, 1H), 7.38 - 7.30
(m, 8H), 725 - 718 {m, 2H), 597 (5, 1H), 562 (d, /=52 Hz, 1H), 469(d, /= 11.6 Hz,
1H), 4.51 - 4.42 {m, 4H), 3.90 (d, /= 10.8 Hz, 1H), 3.61 (d, J= 10.8 Hz, 1H), 2.18 (s, 3H).
104491 Step 2 (2R 35 4R 5R}-5-{4-amino-5-bromo-2-oxopyrimidin- 1 2H -yl 3-3-

(benzyloxy)-2-({benzyloxyymethyl}-4-hydroxytetrahydrofuran-2-carbonitrile. ™ To  a
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solution of (2R, 3R, 48, 5R}-2-(4-aming-S-bromo-2-oxopyrimidin-1{2H}-v-4-(benzyloxy}-
S5-{{benzyloxymethyl}-S-cyanotetrahydrofuran-3-yl acetate (300 mg, 5269 pmol) in
dioxane (8 mL) was added aqueous NaOH (1 M, 1.0 nl) at 25 °C. The resulting reaction
mixture was stirred at 25 °C for 1 h. Then the reaction was quenched with water {5 mL),
extracted with EtOAc (10 mL), washed with brine (10 mL), dried over Nax8(y, filiered and
concentrated. The residue was purified by silica gel chromatography eluting with 0-3%
MeOH in DCM to afford the title product (260 mg, 94% yield) as a white solid.

j8450] Step 30 A solution of (2R 35,48, SK}-5-(4-amino-5-bromo-2-oxo-pyrimidin-1-y1}-3-
benzyloxy-2-(benzyloxymethyl}-4-hydroxy-tetrahydrofuran-2-carbonitrile  (260.0  mg,
493.0 umol) in acetonitrile (5 mL) was degassed with Nz for three times. Then DMAP (783
mg, 6409 pmol) and O-phenyl chloromethanethioate (170.2 mg, 986.0 pymol) were added.
The resulting reaction mixture was stirred at 25°C for 1 h. After that, the reaction mixture
was diluted with water (5 mL}, extracted with EtOAc (10 mL), washed with brine (10 mL),
dried over WaxSQ4, filtered and concenirated. The residue was purified by silica gel
chromatography eluting with 0-3% MeOH in DCM to afford the title product {251.0 mg,
378 umol, 76% yield} as a brown oif. LC-MS (ESH m/z 663.0 [M+H]+ LC-MSRT=1.025
min;, Method C.

{94511 Step 4 (2R,3S 53R }-5~(4-amino-S-bromo-2-oxopyrimidin-H{ZH)-y1)-3-
(benzyloxy}-2-((benzyloxy)methylitetrahydrofuran-2-carbonitrile. A solution  of

(2R ,35,4R SR)-5-(4-amino-5-bromo-2-oxo-pynmidin-1-y1}-3-benzyloxy-2-
(benzyloxymethyl}-4-hydroxy-tetrahydrofuran-2-carbonitrile (250 mg, 376.8 umol} in
toluene (5 mL} was purged with No for § min. Bis{trimethylsilyDsilyl-trimethyl-silane
{281.1 mg, 1.13 mamol}and AIBN (29.0 mg, 176.8 umol} were added. The reaction mixture
was stirred at 110°C for 2 h. The reaction mixture was concentrated. The residue was
purified by silica gel chromatography eluting with 0-3% MeOH in BCM to afford the title
product (95.0 mg, 186 umol, 49% vield} as a white selid.

04521 Step 5. (2R,3S,5R-5~(4~-amino-S-bromo-2-oxopyrimidin- 1 2H)-yi3-3-hydroxy-2-
{hydroxymethylitetrahydrofuran-2-carbonitrite (Cpd. No. 16). To a solution of (2R,38,5R)-
5-{4-amino-5-bromo-2-oxopyrimidin-1{2H)}-y1}-3~(benzyloxy -2~
{{benzyloxy)methyitetrahydrofuran-2-carbonitrile (95.0 mg, 186 umol) in DCM (3 ml)
was degassed with N2 for three times and cooled to —78°C, then BCH (1 M in DCM, 0.5

mb.) was added dropwise. The resulting reaction mixture was stirred at ~45°C for 0.5 h.
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Then the reaction was quenched with MeOH (1 mL) at 45 °C and warmed to 0 °C. The
reaction was adjust pH > 7 with 1 mL NH; HaO (28% purity) and concentrated to residue.
The residue was purified by pre-HPLC (acetouviirile 0 - 30% / NH3H2O-+-NHWHCO; 1o
water} to afford the title compound (3.5 mg, 10.6 umol, 6% vield) as a white solid. *H NMR
{400MHz, MeOD-da)y: § 823 (5, 1H), 635 -6.26 (m, 1H), 459 (1, J= 68 Hz, 1H), 401 -
3.86 (m, ZH), 2.55 - 2.37 {m, 2H). LC-MS (ESI) m/z 331.0 [M+HJ}+ LC-MS RT = 1.312
min; Method F.
EXAMPLE 35
Synthesis of 1-{{2R, SR}-5-ethynyl-3-(hydroxymethy]}-2, S-dihydrofuran-2-y1)-5-
flucropyrimidine-2,4(1H 3H)-dione (Cpd. No. 19)

OBz OBz
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TMS—== nE TRAF - RE 5.flucrouracil
S %
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/’(/‘ \_/ MeCN, RT
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Step 1o ((2R,4R,5R)-5-(benzoyloxy)-2-ethynyl-4-(p-tolyithiojtetrabydrofuran-2-
ylmethyl benzoate. A solution of TBAF (1M in THF, 15.4 mL, 15.4 mmol) was added to
2 stirring solution of ({2R.4R SR)-5-(benzoyloxy }-4-(p-tolylthio)-2-
{(trimethylsilyDethynyittetrahydrofuran-2-vimethy! benzoate (7.01 ¢, 12.9 mmol) in THF
(50.0 mL) at ambient temperature, and the resulting mixture stirred at this temperature for
ca. 1 h. The reaction was then quenched with a solution of 20% aqueous NH4OAc, and the

mixture concentrated in vacuo. The residue was purified by flash chromatography on Siln
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{eluent: 0-30% EtOAc/bexanes) to furnish the title compound (2.5 g, 5.30 mumol, 41%) as
a white solid. LC-MS (ESI} m/z 4902 [M+H, O+ LC-MS RT = 2.02 min; Method A

104541 Step 20 (2R 4R, 5SR)-2-ethynyl-5-(S-fluoro-2,4-dioxo-3 4-dihydropyrimidin- 1{2H)-
yi}-4-{p-tolylthioyetrahydrofuran-2-ylimethyl benzoate. A flame-dried round-bottomed
flask equipped with a magnetic sturer bar was charged with S-fluorouraci! (231 mg, 1.78
mmaol) and MeCN (3.00 mL) under nitrogen. HMDS (201 ub, 1.78 mmol} and
trimethylsilyl trifluoromethanesulfonate (511 pl, 2.79 mmol} were both added, and the
resulting mixture stiured at ambient temperature for ca. 1 h Solid ((ZR4R,SR)-5-
{(benzoyloxy}-2-ethynvi-4-(p-tolvlhiojtetrahydrofuran-2-yhmethyl  benzoate (600 mg,
127 mmol) was added in one portion, and the resulting mixture stirred at ambient
temperature overnight. The reaction was quenched with a solution of K3PO4 (138 mg, 635
pmol) in water {1.00 mL). The organics were then extracted with EtOAc and dried (anhyd.
Nax80s), filtered and concentrated 7 vacwe. The residue was purified by flash
chromatography oun Si0z (eluent: 0-90% EtOAc in hexanes) to afford the title ompound
(510 mg, 1.06 mmel, 84%) as a white solid. LC-MS ESH m/z 4793 [M-H]}- LC-MSRT
= 1.65 min;, Method A.

{0455} Step 3: (2R, 5R)-2-ethynyl-5-(5-fluore-2,4-dioxo-3 4-dihydropyrimudin-1(2H}-y1}-
2,5-dihydrofuran-2-ylimethyi benzoate. (2R 4R SR}-2-ethynyi-5-(5-fluore-2,4-dioxo-3 4-
dibydropyrimidin-1(2H)}-yl)-4-(p-tolvlthiojtetrahvdrofuran-2-ylymethy! benzoate (510 mg,
1.06 mmol} was dissolved in MeCN (8.00 mL) with sturing, and Chloramine-T trihydrate
(366 mg, 1.27 mmol) and AcOH (6.14 pl, 106 umol) were both added. The reaction
mixture was stirred at ambient temperature for ca. 2.5 b, then the reaction was quenched
by addition of 10 wt.% aqueous NHsOAc solution (5 mL). The phases were separated, and
the organics dried (anhyd. Na:8Q4), filtered, and concentrated in vacwo. The residue was
dissolved in #-BuOH (8.00 mi.) and the resulting solution heated to 95 °C for ca. 3 h. The
reaction mixture was then cooled to ambient temperature, the volatiles removed in vacuo,
and the residue purified by flash chromatography on $102 {eluent: 0-95% EtOAc in
hexanes) to furnish the title compound (200 mg, 0.56 mmol, 53%) as a clear cil. LC-MS
(ESI) m/z 374 4 [M+H01+ LC-MS RT = 0.98 min; Method A,

{0456 Step 4 1-((2R,5R}-5-ethynyl-5-(hydroxymethyt)-2 5-dihydroturan-2-y1)-5-
fuoropyrimidine-2,4(1H,3H)-dione (Cpd. No. 19}, {{2R SR}-2-cthynyl-5-(8-fluoro-2.4-

dioxo-3, 4-dibydropyrimidin-1(QH -y -2, 5-dihydrofuran-2-yhmethyl benzoate (200 mg,
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561 pmol) was dissolved in MeOH (25 mL) with stirring at ambient temperature, and DBU
(4.3 pL, 28.1 ymol) was added. The resulting mixture was heated to 60 °C until the reaction
was determined to be corplete by LCMS. The mixture was cooled to ambient temperature,
adsorbed onto silica gel, and purified by flash chromatography on 810z (eluent: 0-10%
MeOH in DCMj to furnish Cpd. No. 19 (76 mg, 300 umol, 54%) as a white solid. 'H NMR
{400 MHz, DMSO-d6) 5 11.92 (s, 1H), 8.01 (d, J= 7.2 Hz, 1H), 6.87 (dt, /= 2.0, 1.5 Hz,
1H), 6.37 (dd, J = 5.8, 2.0 Hz, 1H), 6.05 (dd, J= 5.8, 1.3 Hz, 1H), 5.60 (1, J= 5.8 Hz, 1H),
3.714dd, J=12.1, 5.5 Hz, 1H), 3.70 (s, 1H), 3.61 {dd, /= 12.1, 6.1 Hz, 1H). LC-MS (ESD)
m/z 251.3 [M-Hj}- LC-MS RT = 0.96 min; Method B,
EXAMPLE 36

Synthesis of 1-{(28 5R)-5-ethyl-4-hydroxy-S-(hydroxymethyltetrahydrofuran-2-yhpyrimidine-

2,4(1H,3H)-dione (Cpd. No. 20}
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{0457} Step 1. (2R,38)-5-(5-bromo-2,4-dioxo-3,4-dihydropyrimidin-1{2H -yl }-2-ethynyl-

2-{{{4~methylbenzoylDoxy ymethy tetrahydroturan-3-y1 4-methylbenzoate. To a solution of
N, O-bis{trimethylsilyDacetamide {104 ul, 687 pmol) in MeCN (2.00 ml) was added 5-
bromouracil (447 mg, 229 pmol), and the resulting mixture heated to 70 °C with stirring
for ca. 1 h. Trimethylsilyl triflucromethanesulfonate (50.3 pl, 275 pmol) and (2R, 35)-5-

acetoxy-2-ethynyl-2-({{4-methylbenzoyhoxymethyl jtetrahydrofuran-3-yl 4~
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methylbenzoate (100 mg, 229 umol) were then added, and the reaction mixture was stirred
at 70 °C overmght before cooling to ambient temperature. The reaction was partitioned
between water and EtQAc. The combined organics were dried {anhyd. NaxSQOs), filtered,
and concentrated i vacuo. The residue was purified by flash chromatography on SiG:
{eluent: 0-90% EtOAc in beptanes) to afford the title compound (121 mg, 213 pmol, 93%)
as a clear oil, as a mixture of anomers. For the more polar anomer, LC-MS (ES1) m/z 5683
{M+H]}+ LC-MS RT = 1.70 min; Method A. For the less polar anomer, LC-MS (ESH m/z
5673 [M-H- LC-MS RT = 1.73 min; Method A.

{0458} Step 2 S-bromo-1-{(28,4S,5R)-S-ethynyl-4-hvdroxy-S-
{hydroxymethyl!tetrahydrofuran-2-ylpyrimidine-2,4(1H,3H)-dione. (2R,38)-5-(5-bromo-
2,4-dioxo-3 4-dihydropyrimidin-1(2H}-v1}-2~ethynyl-2-({({4-
methytbenzoyloxymethyljtetrahydrofuran-3-v1 4-methylbenzoate (454 mg, 213 pmol)
was dissolved in MeOH (2.00 mL), and a solution of NaOMe (25 wt. % in MeOH, 2.00 mL,
427 pmol) was added with stirring. The reaction mixture was stirred at ambient temperature
until the reaction was determined to be complete by LCMS. The reaction mixture was
adsorbed onto silica gel and purnfied by flash chromatography oo S0z (eluent: 0-20%
Me(OH in DCM) 1o afford the title compound (44.9 mg, 13.6 umol, 64%) as a white solid,
as a mixture of anomers, Further purification by prep-HPLC atforded the title compound
{(6.00 mg) as a single sterecisomer. 'H NMR (400 MHz, DMSG-d6) § 11.81 (br. s, 1H),
832 (s, 1H), 6.09 (dd, /= 7.2, 3.4 Hz, 1H), 5.73 (d, J=4.4 Hz, 1H), 532 (t, J=6.3 Hz,
1H), 4.27 (dt, /= 6.1, 3.9 Hz, 1H), 3.74 (5), 3.50 (dd, J= 11.8, 5.9 Hz, 1H), 3.46 (dd, J =
11.8, 6.8 Hz, 1H), 2.74 — 2.66 (m, 1H), 2.01 (dt, /= 14.1, 3.5 He, 1H).

{04591 Step 3 S-bromo-1-({28,48,5R}-4-hydroxy-5-(hydroxymethy! }-5-
vinyltetrahydrofuran-2-yDpyrimidine-2, 4(1H,3H}-dione. In a glass vial equipped with a
magnetic stirrer bar and capped with a rubber septum, S-bromo-1-({25,4S,5R)-5-ethynyi-
4-hydroxy-3-(Chydroxymethvl petrahydrofuran-2-yhipyrimidine-2, 4(1H 3H)-dione ~ (6.00
mg, 18.1 pmol) was dissolved in MeOH (181 L) with stirring. Lindlar catalyst (6.00 mg)
was then added, and the vessel flushed with hydrogen pas from a balloon. The reaction
mixture was then stirred under bydrogen (1 atm) at ambient temperature for ca. 3 h. The
mixture was filtered through a short plug of Celite®, the filter cake washed with MeOH,
and the filtrate concentrated in vacuo to furnish the crude title compound (4.85 mg, 145

umol, 80%). TH NMR (400 MHz, CDsOD) 8 8.45 (s, 1H), 634 (dd, /= 7.8, 2.0 Hz, 1H),
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6.12(dd, J=174, 11.2 Hz, 1H), 544 (dd, /=174, 1.7 Hz, 1H), 5.35 (dd, /=112, 1.7 Hz,
1H), 4.40 (dd, /=59, 0.9 Hz, 1H), 3.51(d, /=118 Hz, 1H), 3.43 (d, /= 11.8 Hz, 1H),
297 -2.89 (m, 1H), 2.06 - 2.00 {m, 1H).

{0460} Step 40 1-({28,48,5R)-5-ethyl-4-hydroxy-5-(hydroxymethyl tetrahydrofuran-2-
yhpyrimidine-2,4(1H,3H)-dione (Cpd. No. 20). In a glass vial equipped with a magnetic
stirrer bar and capped with a rubber septum, 5-bromo-1-{({28,48,5R}-4-hydroxy-5-
(hydroxymethyl)-3-vinyltetrabydrofuran-2-yDpyrimidine-2,4(1H,3H)-dione  (6.04 mg,
18.1 umol}) was dissolved in MeOH (181 gL}y with stirring. Pt(3: (2.06 mg, 9.06 pmol) was
then added, and the vessel flushed with hydrogen gas from a balloon. The reaction mixture
was then stirred under hydrogen (1 atm) at ambient temperature for ca. 4 h. The mixture
was filtered through a short plug of Celite®, the filter cake washed with MeOH, and the
filtrate concentrated in vacuo. Purification of the residue by flash chromatography on 8i02
{chuent: 50-100% EtOAc in heptanes, then 100% IPA) furnished Cpd. No. 20(2.45 mg, 9.6
umol, 53%) as an amorphous white solid. 'TH NMR (400 MHz, CD:0D) 8§ 8.00(d, /= 8.1
He, 1H), 6.15 (dd, J=7.9, 2.6 Hz, 1H), 5.67(d,J=8.1 Hz, 1H), 422 (dd, /= 6.0, 1.4 Hz,
1H), 3.46 (q. /= 11.8 Hz, 2H), 2.87 (ddd, J = 14.7, 7.9, 6.0 Hz, 1H), 2.01 — 1.92 (m, 1H),
1.59 — 1.46 (m, 1H) LC-MS (EST) m/z 2552 [M-H}-. LC-MS RT = 1.05 min; Method H.
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EXAMPLE 37
Synthesis of 4-amino-3-bromo-1-((2R,45,5R }-5-(fluoromethyl }-4-hydroxy-5-
(hydroxymethylietrahydrofuran-2-yDpyrimidin-2{1H}-one (Cpd. No. 117)

Br
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BN %‘0 N N
DOM, 78 °C 7
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{04611 Step I {ZR 3R 48,5R -2-(4-amino-5-bromo-2-oxopyrimidin-12H -y 1-4-

{benzyloxy-5-((benzyloxy )methy!-5-(fluoromethvl tetrahydrofuran-3-y! acetate. To a
mixture of 4-amino-S-bromo- 1H-pyrimidin-2-one (0.26 g, 1.37 mwol) in MeCN {15 mL)
was added trimethylsilyl (12)-N-trimethylsilylethanimidate (835,14 mg, 4 11 mmol)inone
portion at 25 °C under Na. Then the mixture was stirred at 70 °C for 1 hour. After cooling
to 25 °C, TMSOTE (37337 mg, 1.68 mmol} and (253R 45 5R)-4-(benzyloxy}-5-
{{benzyloxymethy-S-{fluoromethyiitetrahydrofuran-2 3-diyl  diacetate (0.5 g 112
mmol) were added dropwise at 25 °C. The resulting mixture was stirred at 25 °C for 16
hours. Then the reaction was quenched by addition of 10 wt % of agueous citric acid
solution (10 mL) and then extracted by EtOAc (20 mL). The organic layer was washed with
brine (15 mL), dried over anhydrous Na:SOs, filtered and concentrated. The residue was
purified by column chromatography on silica gel (column height: 256 mm, diameter: 100
mm, 100-200 mesh silica gel} eluting with 2% MeOH in dichloromathane to give the title
compound (0.326 g, 51% vyield) as yellow oil. "H NMR (400 MHz, CDCl;) 5 8.26 (s, 1H),
740 -726{m, 12H), 621 (d, /=40Hz, 1H), 563 (5, 1H}, $.53-545(m, 1H),472-435
(m, 7TH3, 3.90 - 3.82 (my, 1H), 3.60 - 3.53 {m, 1H), 2.11 {s, 3H}.
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{04621 Step 20 4d-amino-1-{(2R,3R 48, 5R}-4-{benzyloxy 1-5-({benzyloxy imethyl }-5-
{fluoromethyl)-3-hydroxytetrahydrotfuran-2-yl}-S-bromopynmidin-2(iH}one. To a
robxture of (2R,3R,48,5R)-2~(4-amino-5-bromo-2-oxopyrimidin-1(2H)-y1)}-4-(benzyloxy -
5-{{benzyloxymethyl}-5-{fluoromethyltetrahydrofuran-3-yl acetate (0325 g 56383
pmol) in MeOH (15 mL) was added NaGOH (2 M, 2 mL.) aqueous solution in one portion at
25 °C. The mixture was stirred at 25 °C for 30 min. The reaction mixture was concentrated
directly. The residue was purified by column chromatography on silica gel {column height:
250 mm, diameter; 100 mm, 100-200 mesh silica gel) eluting with 2% MeOH in DCM to
give the title compound (0.29 g, 96% vield) as a white solid. 'H NMR (400 MHz, CDCls)
§8.09 (s, 1H), 7.40 - 7.27 (m, 10H), 6.73 (s, 1H), 5.93 (d, J = 4.8 Hz, 1H), 5.59 (s, 1H),
481 -4.52 (m, 6H), 446 -4.40 (m, 1H), 4.28 (d, /=5.6Hz, 1H), 3.89-3.76 (m, 2H), 3.68
- 3.6 (m, 1H}.

[0463] Step 30 O-((2R,3R,45,5R)-2-(4-amino-5-brome-2-oxopyrimidin-1H{ZH)-y1)-4-
{benzyloxy-S-((benzyloxy)methyD-S-(fluoromethytitetrahydrofuran-3-y1} O-phenyl
carbonothioate.  To a  solution  of 4-amino-1-((2R,3R,48,5R}-4-(benzyloxy}-5-
{{benzyloxy)methyh-S-{fluoromethyi)-3-hydroxytetrahydrofuran-2-y13-5-
bromopyrimidin-2{1H}-one (0.29 g, 542.69 ymol} in MeCN (15 mL} was added DMAP
{(198.90 mg, 1.63 mmol)}, then U-phenyl chlorothionoformate (141 mg, 814.04 pmol) was
added dropwise at 25 °C under Nz, After stirring at 25 °C for | hour, the mixture was
concentrated directly. The residue was purified by column chromatography on silica gel
{column height: 250 mm, diameter: 100 mm, 100-200 mesh silica gel) eluting with 1%
MeOH in DCM) to give the title compound (0.266 g, 73% yield) as a light vellow solid. 'H
NMR (400 MHz, CDCL)Y 8817 (s, TH), 7.42 - 728 (m, 13H}, 7.05- 699 (m, 2H}, 6.41 (d,
J=52Hz IH), 6.03 (,J=52Hz, 1H), 473 (d, /= 11.2 Hz, 1H), 4.70 - 4.50 (m, 6H),
391-386(m, 1H), 371 -3.65 (m, 1H).

{0464} Step 4: 4-amine-1-{{2R 48 5R}-4-(benzyloxy)}-5-({benzvioxy methyl}-5-
{flucromethyltetrahydrofuran-2-yD-5-bromopyrimidin-2(1H)}-one. To a mixture of O-
{{2R, 3R 48 5R}-2-{4-amino-3-bromo-2-oxopyrimidin- 1{ZH}-y1}-4-(benzyloxy -5~
((benzyloxy)methyl}-S-{fluoromethyiytetrahydrofuran-3-yl)  O-pbenyl  carbonothioate
{0.266 g, 390.69 umol) in toluene (12 mbL} was added AIBN (33 mg, 198.35 umol) and
TTMSS {49321 mg, 1.98 mmol) in one portion at 25 °C under Nz The mixture was heated

to 110 °C and stirred for 2 hours. Then the reaction mixture was cooled to room temperature
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and concentrated directly. The residue was purified by prep-TLC (BCM/MeGH = 15/1) to
give the title compound (40 mg, 19% vield) as colorless oil.

[0465] Step 5 4-gmino-S-bromo-1-{({2R 48, SR}-5-{fluoromethyi}-4-hydroxy-5-
(hydroxymethytetrahydrofuran-2-yhpyrimidin-2{1H)-one {Cpd. No. 117). To a mixture
of 4-amino- 1-((2R,48,5R)-4-(benzyloxy -5-{{benzyloxy ymethyl}-S-
{fluoromethyDitetrabydrofuran-2-y1)-5-bromopyrimidin-2{ 1 H}-one {0.04 g, 77.16 ymol} in
DCM (9 mL) was added BCl; (1 M in DCM, 0.5 mL) dropwise at —78 °C under N2, The
reaction mixture was stirred at ~78 °C for 15 min, then allowed to warm up to -40 °C and
stirred for another 0.5 h. Then the reaction was gquenched by addition of MeOH (1 mL) and
NH4OH (1 mL} at 40 °C. After stirring -40 °C for another 10 min, the mixture was warmed
1o room temperature and stirred for another 10 min. After that, the reaction mixture was
concentrated directly. The residue was purified by prep-HPLC (basic) to give the title
compound (1.6 mg, 6% vield} as a white solid. 'H NMR (400 MHz, CDCl3) 6842 (s, 1H),
6.24 (1, = 6.4 Hz, 1H), 4.68 - 4.62 (m, 1H}, 4.55 - 4.46 (m, 2H), 3.75 - 3.71 {m, 2H), 2.55
=242 (m, 1H), 2.35-2.24 (m, 1H).

EXAMPLE 38
Synthesis of 5-chloro-1-{{ZR 48, 5R }-4-hydroxy-5-(hydroxymethyl}-S-methvitetrahydrofuran-2-

yvhpyrimidine-2 4(1H, 3H)-dione (Cpd. No. 120}
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{04661 Step 1. (QR3R 48 SR)}-4-{benzyloxy-5-((benzyloxymethyi}-2-(S-chioro-2,4-
dioxo-3, 4-dihydropyrimidin-1(2H}-y1}-5-methyltetrahydrofuran-3-yl acetate. A mixture of
S-chloro-1H-pyrimidine-2,4-dione (0.22 g, 1.50 nunol) and BTMSA (767.51 mg, 4.50
mmol} in MeCN (10 mL) was stirred at 70 °C for 1 hour, then the reaction mixture was
cooled to room temperature. A solution of (0.5 g, 1.17 romol} in MeCN (10 mL) and
TMSOTE (520 mg, 2.34 mmol} were added, then the mixture was stirred at 30 °C for 16
hours. After that, the reaction solution was diluted with HiCAc (50 mL) and washed with
brine (30 mL x 2}, concentrated to give the crude title compound (0.5 g, 83% vieldyas a
colorless oil. LC-MS (ESI) m/z 537.0 [M+Nal+ LC-MS RT = 0.901 min;, Method C.

{04671 Step 20 1-((2R,3R,45,5R)}-4-(benzyloxy -S-({benzyloxyymethyi)-3-hydroxy-5-
methyltetrahydrofuran-2-y1)-5-chloropyrimidine-2 4(1H 3H}-dione. A  mixture of
(2R,3R 45,5R)-4-(benzyloxy)-S-({benzyloxy)methyi}-2-(5-chloro-2,4-dioxo-3 4-
dihydropyrimidin-1{2H)-yI}-5-methyitetrahydrofuran-3-y! acetate (0.5 g, 970.96 pmol}
and NaOH (2 M, T mL) in MeOH (10 mL) was stirred at 20 °C for 0.2 hour. The reaction
solution was concentrated and diluted with EtOAc (50 ml), washed with brine 30 mL x 2),

then concentrated to afford the crude title compound (0.4 g, 87% yield} as white solid used

for next step directly.

{04468} Step 31 O-({ZR,3R 48, SR)-4-(benzyloxy)-S-{{benzyloxyymethyh)-2-{S-chloro-2,4-
dioxo-3 4-dihydropyrimidin-1(2H}-yi}-5-methyltetrahvdrofuran-3-yl) O-phenyl

carbonothioate. To a solution of 1-((ZR,3R, 45 5R)}-4-(benzyloxy)-5-({(benzyloxy )methyl)-
3-hydroxy-5-methyltetrahydrofuran-2-yl)-S-chioropyrimidine-2 4(1H,3H)-dione (0.2 g,
42291 pmot) and DMAP (155 mg, 1.27 mmol) in MeCN (20 mL) was added O-phenyl
chiorothionoformate (109 mg, 634.36 umol), then stirred for 1 hour at 20 °C. Then the
reaction mixture was diluted with EtOAc (50 mL} and washed with brine (30 mL x 2},
concentrated to give the crude product. The rtesidue was purified by column
chromatography (DCM/MeGH=100/1 to 100/5) to afford the title compound {(0.23 g, 89%
yield) as a colorless solid.

0465 Step 4: 1-((2R 48, 5R)-4~(benzyloxy}-5-({benzyloxy ymethyl}-5-
methylietrabydrofuran-2-y1)-5-chloropyrimidine-2, 4(1H.3H)-dione. A mixture of O-
{{(2R,3R,45,5R)-4-(benzyloxy }-5-({benzyloxy)methyi}-2-(5-chloro-2,4-dioxo-3 4~
dihydropyrimidin- 1{ZH)}-y1)-5-methyltetrahydrofuran-3-yly O-phenyl carbonothioate (0.33

g, 541 umol), TTMSS (673.6 mg, 2.71 mmol} and AIBN (44 mg, 270 pmol) tn toluene (15
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mb) was stirred at 110 °C for 2 hours. After cooling to 20 °C, the reaction mixture was

concentrated to give the crude product. The residue was purified by column

chromatography (BCM: MeOH =100/1 10 20/1) to atford the title compound (0.11 g, 44%

yield) as a colorless ol LC-MS (ESH m/z 4790 [M+Naj+ LC-MS RT = 0,892 min;

Method C.
04761 Step 5 3-chloro-1-{(2R 45 3R}-4-hydroxy-5-{hydroxymethyl}-5-
methyltetrahydrofuran-2-yDpyrimidine-2,4(1H,3H)-dione (Cpd. No. 120). A mixture of I~
{{(2R,48,5R }-4-(benzyloxy)-5-{{benzviony ymethyl }-5~-methyitetrabydrofuran-2-yi3-5-
chloropyrimidine-2,4(1H,3H)-dione (50 mg, 10943 ymol) and PACL (9.7 mg, 54.71 pmol}
in MeQOH (10 mL) was stirred at 26 °C for 20 min under Ha (15 Psi). After that, the reaction
solution was filtered and the filtrate was concentrated to give the crude product. The residue
was purified by pre-HPLC (acetonitriie 0 - 27% /FA-MeCN in water) to afford Cpd. No.
120 (13.9 mg, 46% vield} as a white solid. '"H NMR (400 MHz, MeOD-ds): 5 .45 (s, 1H),
6.17-6.14 (m, 1H), 4.41 - 4.39 (m, 1H), 3.64 - 3.57 (m, 2H), 2.42 - 2.34 (m, 2H), 1.16 (s,
3H).

EXAMPLE 39
Synthesis of 1-{{2R,45,53R}-4-hydroxy-5-(hydroxymethy!}-5-methylietrahydrofuran-2-yl}-
S-methylpyrimidine-2, 4(1H 3H}-dione (Cpd. No. 122)
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{04711 Step 1. {2R,3R 48, 5R)}-4-(benzyloxy}-S-({benzyloxymethyl}-S-methyl-2-(5-
methyl-2 4-dioxo-3 4-dihydropyrimidin-1{ZH)-yhtetrahydrofuran-3-yl  acetate. To a
robxture of S-methyl-1H-pyrimidine-2,4-dione (0.2 g, 1.59 rowol) in MeCN (15 mL) was
added N,O-bis(trimethylsilyljacetamide (811 mg, 476 mmol} in one portion at 25 °C under
Naz. Then the mixture was stirred at 70 °C for 1 hour. After cooling to 25 °C, TMSOT{ (519
mg, 233 mmol} and (253R 45 5R)-4-(benzyloxy}-5-({benzyloxy ymethyl}-5-
methylietrahydrofuran-2,3-diyl diacetate (0.5 g, 1.17 mmol) were added at 25 °C. The
resulting mixture was stirred at 25 °C for 16 hours. Then the reaction was quenched by
addition of 10 wit % of aqueous citric acid solution (10 mL) and then extracted by EtOAc
{20 mL). The organic layer was washed with brine (15 mL)}, dried over NaxSOs, filtered
and concentrated to give the title compound (0.5 g, 87 % vield) as veliow o1l LC-MS (ESD)
m/z S17.1 {M+Naj+ LC-MS RT = 0.876 min, Method C.

{04721 Step 20 1-{{(2R,3R 48 5R}-4-(benzyloxy)-5-({benzyloxy methyi}-3-hydroxy-5-
methyltetrahydrofuran-2-y1}-S-methylpyrimidine-2,4(1H.3H)-dione. To a mixture of
{(2R,3R 48,5R }-4-{benzyloxy)-5-{(benzyloxy methyl)-S-methyl-2-(5-methyl-2 4-dioxo-

3 4-dihydropyrumidin-1{2H)-yl tetrahvdrofuran-3-yl acetate (0.5 g, 1.01 mmol) in MeOH
(15 mL) was added NaOH (2 M, 2 mL) aqueocus sclution in one portion at 25 °C. The
mixture was stirred at 25 °C for 30 min. The reaction mixture was concentrated directly to

give the title compound {0.45 g, 98 % vield) as a white solid.

104731 Step 3 O-((ZR3R 48 5R)-4-(benzyloxy)-3-({benzyloxy ymethyl}-5-methyl-2-(5-
methyl-2 4-dioxo-3 4-dihydropyrimidin-1(2H }yhitetrahydrofuran-3-yi) O-phenyl

carbonothioate. To a mixture of 1-((2R,3R 45, 5R)-4-(benzyloxy)-S-({(benzyloxymethyl})-
3-hydroxy-S-methyltetrahydrofuran-2-y)-5-methylpyrimidine-2, 4(1H,3H)-dione (0.35 g,
77348 pmol) in MeCN (15 mL) was added DMAP (283.5 mg, 2.32 mmal), then U-phenyl
chiorothionoformate (200 mg, 1.16 mmol) was added dropwise at 25 °C under Nz. After
stirring at 25 °C for 1 hour, the mixture was concentrated directly. The residue was puritied
by silica gel chromatography {column height: 250 mirn, diameter: 100 mm, 100-200 ruesh
silica gel, DCM / MeOH = 99/1} to give the title compound (0.4 g, 88 % yield) as a light
yellow solid. LC-MS (ESH m/z 6111 [M+Nal+ LC-MS RT = 4.981 min;, Method C.
{04741 Step 4. 1-{(2R, 48, 5R }-4-{benzyloxy}-5-({benzyloxy imethyl}-5-
methyltetrahydrofuran-2-v1}-S-methylpyrimidine-2,4{1H,3H)-dione. To a mixture of O-

{{2R,3R 45 5R)-4-{benzyloxy}-5-({benzyloxy ymethyl}-S-methyl-2-(5-methyl -2 4-dioxo-



WO 2023/192491 PCT/US2023/016921

-131-

3 4-dibydropyrimidin-1{2H)-yhietrahydrofuran-3-yl} O-phenyl carbonothicate {02 g,
339.75 umol) in toluene (12 mL) was added AIBN (28 mg, 169.87 pmol ) and TTMSS (422
g, 1.70 mool) in one portion at 25 °C under Nz. The mixture was heated to 110 °C and
stirred for 2 hours. Then the reaction mixture was concentrated directly. The residue was
purified by prep-TLC (DCM/MeOH = 99/1) to give the title compound (100 mg, 67 %
yield} as coloriess oil. LC-MS (ESI) m/z 437.0 [M+Na]+. LC-MS RT = (. 886 min; Method
C.

10475} Step 50 I-{(2R 45, SR)-4-hydroxy-5-{(hydroxymethy!l}-S-methyltetrabydrofuran-2-

y1)-5-methylpyrimidine-2 4(1H,3H)-dione (Cpd. No. 122} To a mixture of 1-{({(2R 48 5R)-
4-(benzyloxy-S-({benzyloxyynethyl}-S-methyltetrabydrofuran-2-yf)-5-
methylpyrimidine-2 4(1H,3H)-dione (0.08 g, 183.28 umol) in MeOH (2 mL) was added
PdCh (3 mg) at 25 °C under Hz {15 psi}. The mixture was stirred at 25 °C for 20 min. After
that, the mixture was filtered and concentrated directly. The residue was purified by prep-
HPLC (FA) to furnish Cpd. No. 122 (10.2 mg, 22 % yield) as a white solid. 'H NMR (400
MHz, CEROD) 8790 (s, 1H), 6.21 {t, /=064 Hz, 1H), 440 (t, /=6.0Hz, 1H}, 3.66-3.51
(m, 2H), 234 (t, /= 6.4 Hz, 2H), 188 (5, 3H), 1.17 (3, 3H).
EXAMPLE 40
Synthesis of 4-amino-5-chloro-1-{{2R 45, 5R)}-4-hydroxy-5-Chydroxymethyi}-5-

methyltetrahydrofuran-2-yDpyrimidin-2{1H}-one {Cpd. No. 131)
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{0478} Step 1 (2R, 3R 45 5R}-2-{4-amino-5-chlore-2-oxopyrimidin-1QH -yl -4~
(benzyloxy)-5-{((benzyloxyymethyl}-S-methyltetrahydrofuran-3-vl acetate. To a mixture of
4-gmivo-S-chloro~-1H-pyrimidin-Z-one (0.21 g, 1.44 mmol) in MeCN (15 mL) was added
N O-bis{trimethvisilyljacetamide (881 mg, 4.33 mmol} in one portion at 25 °C under Na.
Then the mixture was stirred at 70 °C for 1 hour. After cooling to 25 °C, TMSOTT (389
mg, 175 mmol} and (253R 45 5R)-4-(benzyloxy}-5-({benzyloxy ymethyl}-5-
methyltetrahydrofuran-2,3-diyl diacetate (0.5 g, 1.17 mmol) were added dropwise at 25 °C.
The resulting mixture was stirred at 25 °C for 16 hours. Then the reaction was quenched

by addition of 10 wt % of aqueous citric acid solution {10 mL) and then extracted by

EtOAc (20 mb). The organic layer was washed with brine (15 mL), dried over Na:SQOs,
filtered and concentrated. The residue was purified by column chromatography on silica
gel (columnn height: 250 mm, diameter: 100 mm, 100-200 mesh silica gel) eluting with 2%
MeOH 1n DCM to give the title compound (0.59 g, 98%% yield) as yellow oil. LC-MS {ES)
m/z 2301 {M+Naj+. LC-MS RT = 0.846 min, Method C.

{0477} Step 20 4d-amino-1-{(2R 3R 45 SR)-4-(benzyloxy }-5-((benzyloxy ymethyl}-3-
hydroxy-3-methyltetrahydrofuran-2-y13-5-chloropyrimidin-2(1H}-one. To a mixture of
{2R,3R 48 5R}-2-(4-amino-5-chloro-2-oxopyrimidin-1(2H)}-y)-4-(benzyloxy}-5-
((benzyloxy)methyl}-S-methylietrahydrofuran-3-yl acetate {0.55 g, 1.07 mwol) in MeOH
(15 mL) was added NaGH (2 M, 2 mL) aqueous solution in one portion at 25 °C. The
mixture was stirred at 25 °C for 30 min. Then the reaction mixture was concentrated. The
residue was purified by column chromatography on silica gel {(column height: 250 mm,
diameter: 100 mm, 100-200 mesh silica gel) eluting with 2% MeOH in DCM to give the
title compound (0.5 g, 99 % yield} as a white solid.

{0478} Step 3. O-({ZR3R 45,5R}-2-(4-amino-5-chloro-2-oxopyrimidin-H{2ZH)-v1}-4-
{benzyloxy3-S-((benzyloxy)methy!}-S-methyltetrahydrofuran-3-y1) (-phenyl
carbonothicate.  To a mixture of  4-amino-1-((2R 3R 48,5R)-4-(benzyloxy}-5-
{{benzyloxy)methyi)-3-hydroxy-S-methyltetrabydrofuran-2-y1}-5-chlovopyrimdin-2( L}
one (0.5 g, 1.06 mmol} in MeCN (15 mL} was added DMAP (388 mg, 3.18 mmal), then
O-phenyl chloromethanethioate (274 mg, 1.59 mumol) was added dropwise at 25 °C under
N After stirring at 25 °C for 1 hour, the mixture was concentrated directly. The residue
was purified by columu chromatography on silica gel (column height: 250 rom, diameter:

100 mm, 100-200 mesh silica gel) eluting with 1% MeOH in DCM) to afford the title
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compound (0.5 g, 78% vield) as a light vellow solid. 'H NMR (400 MHz, DMSO-ds) §8.22
(s, 1H), 7.42 - 7.28 (m, 13H), 7.07 - 7.01 (m, 2H), 6.33 (d, /= 3.2 Hz, 1H), 6.02 - 5.96 (m,
1H), S58 (s, TH), 4.75(d, J=11.6 Hz, 1H), 458 - 452 {m, 1H}, 450 - 4 40 (1, 3H), 3.64
(d,/=104Hz 1H), 338(d, /=104 Hz, 1H), 131 (5, 3H).

{0479} Step 4: 4-amino- 1-((2R,485,5R)-4-(benzyloxy -5-{{benzyloxy ymethyl}-S-
methyltetrahydrofuran-2-y1}-5-chloropyrimidin-2(1H)}-one. To a mixture of O-
{(2R,3R 48, SR)-2-(4-amino-5-chloro-2-oxopyrimidin-1{2H)}-y1}-4-(benzyloxy)-5-
{{benzyloxy)methyi-S-methyltetrabydrofuran-3-yl) O-phenyl carbonothicate (0.5 g
82223 umol) in toluene (12 mL) was added AIBN (68 mg, 411.11 umol) and TTMSS
{1.02 g, 4.11 mmol)} in one portion at 25 °C under Nz. The mixture was heated to 110 °C
and stirred for 2 hours. Then the reaction mixture was concentrated directly. The residue
was purified by prep-TLC (BCM/MeGH = 20/1) to give the title compound (80 mg, 21%
yield) as colorless oil.

{0438} Step 5 4-amino-5-chloro-1-{((2R,48,5R}-4-hydroxy-5-(hydroxymethyl}-5-
methyltetrahydrofuran-2-yDpyrimidin-2(1Hyone (Cpd. No. 131). To a mixture of 4-
amino-1-{(2R, 48, SR)-4-(benzyloxy -S~({benzyloxy ymethyl)-S-methyltetrabydrofuran-2-
yi)-5-chloropyrimidin-2{iH}-one (¢.02 g, 43.87 ymol} in MeCGH (2 mL) was added PdClz
(778 ug}y at 25 °C under Ho (15 psi). The mixture was stirred at 25 °C for 0.3 hour. After
that, the mixture was filtered and concentrated directly. The residue was purified by pre-
HPLC (acetonitrile 0-27/0.225% FA in water) to afford Cpd. No. 131 (2.6 mg, 7% yield)
as a white solid. TH NMR (400 MHz, CD:0D) 68.50 (s, 1H), 6.15 - 6.05 (m, 1H), 436 (1,
J=6.4Hz, 1H),3.68-3.51 {m, 2H), 2.55 - 2.41 {m, 1H), 2.35 - 2.20 {m, 1H), 1.17 (s, 3H).
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EXAMPLE 41
Synthests of (({(3R,5R)-5-{6-amino-9H-purin-9-ylsetrahydrofuran-3-yhoxy)ymethyl jphosphonic
acid (Cpd. No. 113)
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{0481} Step 1 (2R 3R 48)-2-(6-benzamido-9H-purin-9-yl3-4-{{tert-

butyldimethylsilyloxyjtetrahydrofuran-3-yl benzoate. A mixture of N-(9H-purin-6-
yhbenzamide (1.0 g, 4.2 mmol) in acetonitrile (20 ml) was degassed with Nz for three
times. Then N, O-bis(trimethylsilylyacetamide (2.2 g, 10.5 mmol) was added. The resulting
mixture was siirred at 70 °C for 1 h and then cooled to room temperature. After that,
trimethylsilyl trifluoromethanesulfonate (873.0 mg, 3.9 mmol) was added and then
{3R,48)-2-acetoxy-4-({tert-butyldimethylsilyhjoxy ttetrahydroturan-3-y1 benzoate (13 g,
3.4 mumol}) in acetonitrile (10 mL) was added. The reaction mixture was stirred at 75 °C for

16 h. After cooling to room temperature, the reaction mixture was diluted with water (30
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ml), extracted with EtQAc (40 mL}), washed with brine (30 mL}, dried over Nax80s,
filtered, and concentrated. The residue was purified by silica gel chromatography eluting
with 0-30% ethyl acetate in petroleum ether to afford the title product (0.8 g, 42 % vield}
as a white solid. '"H NMR (400MHz, CDCls) 6 8.83 (s, 1H), 8.49 (s, 1H), 8.08 - 7.93 (m,
5H), 7.56 - 7.50 {m, SH), 6.53 (s, 1H), 5.64 (s, 1H), 4.59 - 4.52 (m, 1H), 4.50 - 4.43 (m,
2H), 0.88 (s, 9H), 0.17 (s, 3H), 0.08 (s, 3H).

10482} Step 20 (ZR3R,48)-2-{6-benzamido-9H-purin-9-y)-4-hydroxytetrahydrofuran-3-
yl benzoate. To a solution of (2ZR,3R,45)-2-(6-benzamido-9H-purin-9-yi-4-({tert-
butyldimethylsitylDoxy)tetrahvdrofuran-3-vl benzoate (0.8 g, 1.4 mmol} in THF {10 mL)
was added TBAF (1 M, 1.4 mL)in THF at 0 °C. The reaction mixture was stirred at 25 °C
for 1 h. Then the reaction mixture was diluted with water (10 mL), extracted with EtOAc
(20 mL), washed with brine (20 mL x 2), dried over Na2a8O1s and concentrated. The residue
was purified by silica gel chromatography eluting with 0-3% MeOH in DCM to afford the
title product (0.35 g, 55 % vyield) as a white solid. "H NMR (400MHz, CDCI) 4 9.06 (s,
1H), 8.85 (s, 1H), 8.18 (s, 1H), 8.06 {1, J = 8.4 Hz, 4H), 7.71 - 7.63 (m, 2H), 7.58 - 7.46 (m,
4H), 6,90 (d, /= 10.8 He, 1H), 6.02 {s, TH), S.62 (s, 1H)}, 473 -4.66 (im, 1H}, 443 -4.35
(m, 1H), 4.32 - 4.25 {m, 1H).

{0483} Step 3 diisopropyl {{{{35,4R,5R)-5-(¢-benzamido-9H-purin-9-y1}-4-
hydroxytetrahydrofuran-3-yloxymethylphosphonate. A solution of (2R3R 453-2-(6-
benzamido-9H-purin-9-yl)-4-hydroxytetrahydroturan-3-yl benzoate (700.0 mg, 1.6 ramol)
and diisopropoxyphosphorylmethyl trifluoromethanesulfonate (516.0 mg, 1.6 mmol} in
THF (15 mL} was degassed with N2 for three times and cooled to 0 °C. NaH (189.0 mg,
4.7 mmol, 60% purity) was added in several baiches and the reaction mixture was stirred
at 0 °C for | h. Then the reaction mixture was quenched with saturated NHCl agueous (10
b}, extracted with EtOAc (20 val.). The organic layer was washed with brine (20 mL),
dried over NaxSQs, filtered and concentrated. The residue was purified by silica gel
chromatography eluting with 0-3% MeOH in DCM to afford the title product (350 mg, 43
% vield) as a white solid. 'H NMR (400MHz, CDCls) 9.00 (s, 1H), 8.80 (s, 1H), 8.23 (s,
1H}, 8.06 — 8.00 (m, 2H}, 7.606 — 7.60 (m, 1H), 7.57 = 7.50 (m, 2H}, 6.03 (d, /= 4.4 Hz,
1H), 4.91 (4, J = 4.0 Hz, TH), 481 — 4.71 (m, 2H), 4.40 - 4.27 (m, 3H), 403 ~ 3.96 (m,
1H), 3.85 - 3.76 (m, 1H), 1.33 (d, J= 6.0 Hz, 12H).
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{0484} Step 4: O-((ZR 3R 4S)-2-(6-benzamido-OH-purin-9-y1 -4~
{{diisopropoxyphosphorylimethoxyjtetrahydrofuran-3-yly  O-phenyl carbonothioate. A
solution of ditsopropyl {{{{(35,4R,SR}~5-(6-benzamido~-9H-purin-9-yl}-4-
hydroxytetrahydrofuran-3-ylioxyymethy!phosphonate (350.0 mg, 673 umol)in MeCN {10
mi.) was added DMAP (82.0 mg, 674 pmol) and O-pheny! chlorothionoformate (151.0 mg,
876 umol). The reaction mixture was stirred at 25°C for 16 h. Then the reaction mixture
was diluted with water (10 mL), extracted with EtOA¢ (20 ml), washed with brine (20 mL},
dried with NaxSOu, filtered and concentrated to afford the crude title compound (180.0 mg,
41 % vyield) as a vellow solid.

{0485} Step 5. ditsopropyl {{{{3R,5R}-5-(6-benzamido-9H-purin-9-yiptetrahydrofuran-3-
yhoxyymethyDphosphonate. A solution of O-({2R 3R 45)-2-(6-benzamido-SH-purin-9-
yiy-4-({diisopropoxyphosphorylimethoxy Yetrahydrofuran-3-yl) O-phenyl carbonothioate
(180.0 mg, 274 umol} in toluene (6 mL} was purged with N2 for 5 min. AIBN (36.0 mg,
219.0 umol} and TTMSS (341.0 mg, 1.37 mmol) was added. The reaction mixture was
stirred at 110°C for 2 h. After cooling to room temperature, the reaction mixture was
concentrated. The residue was purified by silica gel chromatography eluting with 6-3%
Me(OH in DCM to afford the title compound (90 mg, 65 % yield) as a white solid. LC-MS
(ESTy m/z 504.0 [M+H}+. LC-MS RT = 0.754 min; Method C.

0486} Step o disopropyl  (({(3R,5R}-5-(6-amino-9H-purin-9-yltetrahydrofuran-3-
vhoxyimethyDphosphonate. To a solution of diisopropyl (({{(3R,5R)-5-(6-benzarmido-9H-
pusin-9-ytetrahydrofuran-3-yDoxy ymethyl)phosphonate (90.0 mg, 179 pmol} in MeOH
(2 mL) was added NH4OH (1 mL, 28% purity}. The resulting reaction mixture was stirred
at 25 °C for 16 h. Then the reaction mixture was concentrated. The residue was purified by
silica gel chromatography eluting with 0-3% MeQOH in DCM to afford the title compound
(50 mg, 70 % vield) as a white solid. LC-MS (ESD) /2 400.2 [MA+H+H LC-MS RT = 1,615
min;, Method F.

{04871 Step 7 {{(3R, 3R )-5-{6-amino-9H-~-purin-9-yl yetrahydrofuran-3-
yhoxyymethylphosphonic acid (Cpd. No. 113). To a solution of diisopropy! ({({{3R,5R}-5-
(6~amino-9H-purin-9-vjtetrahydrofuran-3-yhoxy ymethylyphosphonate  (50.0 mg, 125
pmol} in MeCN (3 mL) was added 2,6-lutidine (107.0 mg, 1.00 mmol} at 25°C. The
reaction mixture was cooled to 0°C and TMSBr (153.0 mg, 1.00 mmol) was added. The

reaction mixture was stirred at 0°C for 2 h. Then the reaction was quenched with 1 M TEARB
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solution (1 mL} and concentrated. The residue was purified by pre-HPLC (acetonitrile 0 -
15% / FA in water) to afford Cpd. No. 113 (2.5 mg, 7 % yield) as a white solid. '"H NMR
(400MHz, D20} 6 8.49 (s, 1H), 8.22 (s, 1H), 640 (d, J= 6.4 He, 1H), 447 - 4.40 (m, 1H),
433(d, J=100Hz IH), 4.11 - 4.02 (m, 1H), 3.62 - 3.56 (m, 2H), 2.80 - 2.56 (m, 2H).
LOC-MS (ESH m/e 3159 [M+H}+ LC-MS RT = 0.193 yin, Method C.
EXAMPLE 42
Synthesis of S-(aminomethyD)-1-((2R 45,5R}-4-hydroxy-5-(hydroxymethy!}-5-

methyhtetrahvdrofuran-2-ylpyrimidine-2,4(1H, 3H)-dione (Cpd. No. 140}
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[0488] Step 1. (2R3R,45,5R)-4-(benzyloxy}-S-{{benzyloxyymethy)-2-(S-cvano-2.4-

dioxo-3,4-dihydropyrimidin-1(2H -y 1-S-methyltetrahydrofuran-3-yl acetate. A mixture of
2, 4-dioxo-1H-pyrimidine-5-carbonitrife (0.25 g, 1 82 mmol) and BTMSA (932 mg, 547
mmol) in MeCN {10 mL) was stirred at 70 °C for 1 hour, then the reaction solution was
cocled to room temperature. A solution of (28,3R 48,5R}-4-(benzyloxy)-5-
{{bevzyloxymethyl)-5~-methyltetrahydrofuran-2,3-diyl diacetate (0.5 g, 1.17 mmol) in
MeCN (10 mL) and TMSOTY (520 mg, 2.34 mmol} were added, then the mixture was
stirred at 30 °C for 16 hours. After that, the reaction solution was diluted with EtOAc (50
mL} and washed with brine (30 mL x 2}, the organic layer was concentrated to give the
crude title compound (0.55 g, 93% vield) as a colorless oil. LC-MS (ESI) m/z 5280
{M+Nal+ LC-MS RT = 0.888 min;, Method C.
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{04891 Step 2. 1-((2R,3R,45,5R)-4-(benzyloxy)-S-({benzyloxy)methyi-3-hydroxy-5-
methyltetrahydrofuran-2-y1}-2.4-dioxo-1,2,3,4-tetrahydropyrimidine-5S-carbonitrile. A

noixture of {(2R.3R,48,5R)-4-(benzyloxy)-S-((benzyloxy)methy! 3-2-(5-cyano-2.4-dioxo-
3 4-dihydropyrimidin-1{2H}-y1}-5-methyltetrahydrofuran-3-yl acetate (659 g, 1.17 mmol}
and NaOH (2 M, 1.20 mL) in MeOH (10 wl.) was stirred at 20 °C for 0.2 hour. The reaction
solution was concentrated and diluted with EtOAc (50 mL), washed with brine (30 mL x
2), then concentrated to afford the crude title compound (0.5 g, 92% vield) as a white solid
which was directly used for next step.

0490} Step 3. O-{(2R,3R,45,5R)-4-(benzyloxy}-S-{{benzyloxymethyl)-2-(S-cvano-2.4-
dioxp-3,4-dihydropyrimidin-1(2H -y -S-methylietrabydrofuran-3-yl) O-phenyl
carbonothicate. To a solution of 1-({2R, 3R, 45 3R }-4-tbenzyloxy)-3-{(benzyloxy methyi}-
3-hydroxy-5-methyltetrahydrofuran-2-y1)-2,4-dioxo-1,2,3 4-tetrahydropyrimidine-5-
carbonitrile (0.5 g, 1.08 mmol) and DMAP (39539 mg, 3.24 mmol} in MeCN (20 mL) was
added O-phenyl chlorothionoformate (279 mg, 1.62 mmol), then stured for 1 hour at 20
°C. The reaction solution was diluted with EtOAc (50 mL} and washed with brine (30 mL
X 2}, then the organic layer was councentrated to give the crude product. The residue was
purified by column chromatography (DCM/MeOH=100/1 to 100/5) to afford the title

compound {0.47 g, 73% vield) as a colorless solid.

{0491} Step 4: 1-((2R,45,5R }-4-{benzyloxy 3-S-({benzyloxy)methyl}-S-
methyltetrahydrofuran-2-y1}-2 4-dioxo-1,2,3,4-tetrahydropyrimidine-5-carbonitrile. A
mixture of I-[{ZR 3R 45 5R)}-4-benzyloxy-S-(benzyloxymethy! - S-methyl-3-

phenoxyearbothioyloxy-tetrahydroturan-2-v1]-2,4-dioxo-pyrimidine-S-carbonitrile  (0.47
g, 783.79 umotl), TTMSS (874 48 mg, 3.92 mmol) and AIBN (64.35 mg, 391.8% umol} in
toluene (15 mL) was stirred at 110 °C for 2 hours. The reaction sclution was concentrated
to give the crude product. The residue was purified by column chromatography (BCM:
Me(OH =100/1 to 20/1) to atford the title compound (0.09 g, 26% yield} as a colorless ail.
LC-MS (ESI m/z 4701 [M-+Nal+ LC-MS RT = 0.882 min; Method C.

04921 Step 5: 5-{aminomethyl}-1-{(2R 45, 5R)-4-hydroxy-5-(hydroxymethyl}-5-
methylietrabydrofuran-2-yDpyrimidine-2,4(1H,3H)-dione (Cpd. No. 140). A mixture of 1~
{{(2R, 45,5 R -4-(benzyloxy}-5-{{benzvioxy ymethyl}-S-methyhtetrabydrofuran-2-yi -2 4~
dioxo-1,2,3 4-tetrahydropyrimidine-S-carbonitrile (0.05 g 111.74 umol) and PdCl (991

mg, 55.87 umol} in MeOH (10 ml.) was stirred at 26 °C under hvdrogen (15 pst} for 20
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min. The reaction solution was filtrated and concentrated to give the crude product. The
residue was purified by prep-HPLC (acetonitrile 0 - 28% /FA-MeCN in water} to afford
Cpd. No. 140 (13.08 mg, 43% vyield) as a white solid. "H NMR (400 MHz, MeOD-ds): §
820 (s, 1H)L 6.19-0.16{m, 1H) 439 -436 (m, 1H), 3.81 -3.80 (m, 2H), 3.62 - 3.60 (m,
2H), 2.42 - 2.32 (m, 2H), 1.19 (s, 3H). LC-MS (ESI) m/z 293 .8 [M+Na}+ LC-MS RT =
0.168 min; Method C.
EXAMPLE 43
Synthesis of 4-amino-S-fluore-1-((2R, 58)-5-(hydroxymethyl}-5-methyitetrahydrofuran-2-
yhpyrimidin-2(1H}-one (Cpd. No. 219)
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6493} Step 11 (2R,3R.4S,5R)-4-(benzvioxy)-5-({benzyloxy ymethyl}-2-(5-fluoro-2.4-

dioxo-3,4-dihydropyrimidin-1(QH -y 3-S-methylietrabydrofuran-3-yl acetate. To a solution
of S-fluoro-1H-pyrimidine-2,4-dione (0.9 ¢, 7.3 mmol} in MeCN (8 mL} was added N,0-
bis(trimethylsilyDacetamide (5.4 mL, 21.9 mmol}). The mixture was stirred at 70 °C for 1
h under nitrogen atmosphere. After that, the reaction mixture was cooled to room
temperature.  Trimethylsilyl  tnflucromethanesulfonate (14 ml, 7.9 wmmol) and
(25,38 45 5R)-4-(benzyloxy -5-((benzyloxy ymethyl - S-methyitetrabydrofuran-2, 3-diyl

diacetate {2 g, 4.7 mrool) in MeCN (20 mL) were added. The resulting reaction mixture
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was stirred at 25 °C for 16 h under nitrogen atmosphere. The reaction was quenched with
water {20 mL), extracted with EtOAc (50 x 2mL), washed with brine (20 ml), dried over
Nax80s, filtered and concentrated o give the crude product. The residue was purified by
silica gel chromatography (solvent gradient: 0-3% MeQOH in dichloromethane) to afford the
title product (2.3 g, 99% vield) as a white solid. LC-MS (ESTy m/z 4993 [M+H}+ LC-MS
RT =0.955 min; Method C.

[0494] Step 20 1-{{(ZR,3R.48,5R -4-(benzyloxy)-53-({beneyloxy ymethyl}-3-hydroxy-5-
methyltetrahydrofuran-2-y-5-fluoropyrimidine-2,4(1H,3H)-dione. To a solution of
(2R,3R 48, 5R)-4~(benzyloxy)-5-((benzyloxy ymethy}-2-(5-fluoro-2,4-dioxo-3,4-
dibydropyrimidin-1Q2H)}-yi-5-methyitetrahydrofuran-3-yl acetate (2.3 g, 4.6 mmol} in
THF (25 mL) was added agueous NaOH (2 M, 6.9 mL). The mixture was stirred at 25 °C
for 1 h. Then the reaction was guenched with water (15 mL), extracted with EtOAc (50
mb}, washed with brine (10 mL), dried over Na:S8Q4, filtered and concentrated to give the
crude product. It was purified by silica gel chromatography (100-200 mesh silica gel,
eluting 0-50% ethyl acetate in petroleum ether) to afford the title product (2.0 g, 98.8%
yield). LC-MS (EST) m/z 479.1 [M+Na}+ LC-MS RT = 0.898 min; Method C.

{0495} Step 3 1-{{2R.3R 4S,5R)-3 4-dihydroxy-5-(hydroxymethy!}-5-
methyltetrahydrofuran-2-y1}-5-fluoropyrimidine-2 4(1H,3H)-dione. A mixture of [-
{{(2R,3R 45, SR)-4-{benzyloxy }-S-({benzyloxyymethyi}-3-hydroxy-S5-
methyltetrahydroturan-2-y1}-5-fluoropyrimidine-2 4(1H 3H)-dione {1 g, 2.2 mmol} and
PdClz (3885 mg, 2.2 mmol) in MeOH (10 mL) was degassed and purged with Ho for 3
times, and then the mixiure was stirred at 25 °C for 1 h under Hr aimosphere (15 psi). After
that, the reaction mixture was filtrated and concentrated to give the crude. It was purified
by silica gel chromatography (100-200 mesh silica gel, eluting 0-50% ethyl acetate in

petroleurn ether) to afford the title compound (561.7 mg, 93% vield) as colorless solid.

{04961 Step 4. ({(2R,3R,48,5R}-4-bromo-5-{5-flucro-2,4-dioxo-3, 4-dihydropyrimidin-
1(ZH)-v1}-3-hydroxy-2-methyltetrabiydrofuran-2-yhmethyl 2-acetoxy-2-

methylpropanoate. To a solution of 1-[{2K 3R 45,5K)-3,4-dihydroxy-S-thydroxymethyl)-5-
methyl-tetrahydroturan-2-yl}-S-fluoro-pyrimidine-2 4-dione {200 mg, 7241 umol) in
MeCN (4 mil.) was added (2-brome-1, I-diwethyl-2-oxo-ethyl) acetate (1.6 g, 7.2 munol) at
room temperature. The reaction mixture was stirred at 50 °C for 16 h. Then the reaction

was quenched with water {10 mL}, extracted with EiQGAc (20 mL), washed with brine (20
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ml.), dried over NaxSQy, filtered and concentrated to give the crude product. The residue
was purified by silica gel chromatography (100-200 mesh silica gel, eluting 0-25% ethyl
acetate in petroleurs ether) to afford the title coropound (262.5 mg, 95% vield) as a colorless
oil. LC-MS (ESI) m/z 510 [M+H]+ LC-MS RT = 0.753 min; Method C.

{0497} Step 5. ((28,5R}-5-(5-fluoro-2,4-dioxo-3 4-dihydropyrimidin- 1{ZH)-y)-2-methyl-
2,5-dihydrofuran-2-ymethyl 2-acetoxy-2-methylpropanoate. A mixture  of
{(2R 3R 48,5R)-4-bromo-5-{5-fluoro-2,4-dioxo-3, 4-dihydropyrimidin-1(2H)-y1)-3-
hydroxy-2-methyltetrabydrofuran-2-yhmethyl  2-acetoxy-2Z-methylpropancate (40 mg,
78.5 umol), AcOH (44.9 uL, 785 4 umol} and Zn-Cu (30 g, 232.7 umol) in MeOH (4
mi.) was degassed and purged with Nz for 3 times, and then the mixture was stirred at 25
°C for 16 h under N atmosphere. Then the reaction was quenched with water (S mL),
extracted with EtOAc (10 mL), washed with brine (10 mL), dried over NazSOq, filtered and
concentrated to give the crude product which was purified by silica gel chromatography
{solvent gradient: 0-3% MeOH in dichloromethane) to afford the title product (25 mg, §5%
vield). LC-MS (EST) m/z 393.1 [M+Na]+. LC-MS RT = 0.773 min; Method C.

104981 Step 6. {{25,5R)-5~(5-fluoro-2,4-dioxo-3 4-dihydropyrimidin- 1H{2H)-y1)-2-
methyltetrahydrofuran-2-ylymethyl 2-acetoxy-Z-methylpropancate. Te a solution of
({28, 5R)-5-(5-fluore-2 4-dioxo-3 4-dihydropyrimidin- 1 2H}-y1)-2-methyi-2, 5-
ditbydroturan-2-ylymethyl 2-acetoxy-2-methyipropancate (25 mg, 67.5 umol) in MeOH (4
mi) was added PdClz {12 mg, 67.5 umol). The mixture was stirred at 25 °C for 1 h under
Ha (15 psi). The reaction mixture was filtrated and concentrated to give the crude product.
It was purified by silica gel chromatography (100-200 mesh silica gel, eluting ¢-25% ethyl
acetate in petroleum ether) to afford the title compound (24 mg, 95% vield) as colorless oil.
LC-MS (ESD m/z 3951 [M+Nal+ LC-MS RT = 0.768 min; Method C.

[8499] Step 7. {{25,5R)-3-{4-amino-S-fluoro-2-oxopyrimidin-1{2H)-y1)-2-
methyltetrahydrofuran-2-ylymethyl 2-acetoxy-2Z-methylpropancate. Te a solution of
{{25,SR)-5-(5-fluoro-2,4-dioxo-3,4-dihy dropyrimidin- 1{ZH)-yi)-2-methyltetrahydrofuran-
2-yhmethyl 2-acetoxy-2-methylipropancate (50.0 myg, 134.0 pmol}, E6N (60.0 yl, 4028
umol} and DMAP (160 mg, 1340 pmol) in MeCN (3 ml) was added 2,4,6-
tritsopropvibenzenesulfonyl chloride (82.0 mg, 2686 umol}). The reaction mixture was
stirred at 25 °C for 16 h. A solution of NHs in MeOH (7 M, 1 mL) was added. The reaction

mixture was stirred at 25 °C for 16 h. The reaction mixture was quenched with water (10
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ml), extracted with EtOAc (20 mL}, washed with brine (20 mL), dried over Nax804,
filtered, concentrated to give the crude product which was purified by silica gel
chromatography (solvent gradient: 0-3% MeOH in Dichloromethane) to afford the title
product (30.0 myg, 80% vyield) as a yellow solid. LC-MS (ESI) m/z 394.1 [M+Na}+ LC-
MS RT = 0.654 min; Method C.

0508} Step 8: 4-amino-5-fluoro-1-{{2ZR, 58}-5-(hydroxymethyl}-3-methyitetrahvdrofuran-
2-yHpyrimidin-2(1H}-one {(Cpd. No. 219). To a solution of {{25,5R }-5-{(4-amino-S-fluoro-
2-oxopyrimidin-1(2H}-v1)-2-methyltetrahydrofuran-2-ymethyl Z2-acetory-2~
methylpropanoate (30.0 mg, 808 wmol) in MeOH (2 mL) was added NaOMe (5 O mg 808
wmol). The reaction mixture was stirred at 25°C for 16 . The mixture was concentrated to
give the residue which was purified prep-HPLC (acetonitrile ¢ - 30% /
NH3 HoO+NHaHCOs in water) to afford Cpd. No. 219 (9.4 mg, 48% vield) as a white solid.
'H NMR (400MHz, MeOD-dy) 6 8.48 (d, /= 7.2 Hz, 1H), 6.07 - 6.01 (m, 1H), 3.73 - 3.65
(m, 1H), 3.60 - 3.53 (m, 1H), 2.60 - 2.52 (m, 1F), 2.20 - 2.11 (m, 1H), 2.08 - 2.00 (m, 1F),
1.75 -1.66 {m, 1H), 1.20 (s, 3H). LC-MS (EST) m/z 487 2 [2M+H]+ LC-MS RT = 1.040

min; Method B

EXAMPLE 44
0561} The analytical characterization for representative Compounds of the Disclosure is
provided in Table 5.
Table 5
Cpd. | Exact | Observed i:uff ;’f;ig 'H NMR data
M Ma: M ¢ v’ 30 ME
MNe. | Mass ¥ass Method % 400 MHz
{IMSO-d63 8 B.22 (s, TH}, 7.99 (s,
99% 1H}), 6.26 - 623 (m, 1H), 441 - 438
, {M+Na) - < » | {m, 1H), 3.52 - 3.33 (m, 2H), 2.83 -
280021 Ty | O9LE fmf 2.76 (m., 1H), 2.30 - 2.24 (0, 1F),
1.68 - 1.53 (m, 2H), 087 (£, I=72
Hz, 3H)
{DMSO-d6) 5 8.47 (s, 1H}, 603 (1]
=64 He, 1H), 527 - 518 {(m, 1H},
100%, | S.14(d,. J=48Hz 1H), 433-421
s | (MRHY | 254 | (m, 1H), 3.56 - 3.49 (m, 1H), 3.45 -
.l ’ s E
201334020 Ty 044D 1 1340 (o, 1HD, 231 - 2.24 (m, 1H),
222-213 (m, 1H), 1.64 - 1.53 {m,
1H), 1.52 - 1.41 (m, 1H), 0.85 (1, } =
7.6 He, 3H)
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307.28

(M-H)
306

0.98 E

67%,
220

nm

(DMSO-d6) 6 8.27 (s, 1H), 7.53 (s,
TH), 6.27 (¢, | = 6.4 Hz, 1H), 5.73 (d,
7=8.8Hz 1H), 521 (1,1 =6.4Hz,
1H), 4.38 - 4.30 (m, 1H), 3.48 - 3.40
{m, 3, 2.79 - 2.71 (m, 1H), 2.68 -
2.62 (m, 1), 2.53 (s, 3H).

(M-H)
331

1.90,C

99%,
254nm

(DMSO-d6) 6 7.95 (s, 1H), 7.37 (5,
1H), 6.17 (t, } = 6.4 Hz, 1H), 6.03 -
5.90 (m, 1H), 5.81 (s, 2F), 5.43 (s,
1H), 537 - 531 (m, 1H), 5.22 (s, 1H),
520-515(m, 1H), 458 (1, J=6.4
Hz, 1H), 3.55 - 3.47 (m, 1H), 345 -

3.38 (m, 1H), 2.57 - 2.52 (m, 1H),
2.22 - 2.14 (m, 1H), 0.69 - 0.62 (m,
2H), 0.62 - 0.55 (m, 2FD).

(M-H)
334

0.67,C

99%,
254nm

(DMSO-d6) 6 8.54 (br s, 1H), 8.37 (s,
1H), 6.28 - 6.20 (m, 1H), 6.00 - 5.90
(m, 1H), 5.42 - 5.36 (m, 1H), 5.30 (br
d, J=4.8 Hz, 1H), 5.26 - 5.18 (m,
1H), 5.10 (brt, J = 5.6 Hz, 1H), 4.71 -
4.59 {m, 131, 3.55 - 3.45 (m, 2H),
2.93 (brs, 1H), 2.61 - 2.70 {m, 1H),
2.31-2.22 (m, 1H), 0.79 - 0.60 (m,
4H).

28410

(M+Na)
307

100%,
254
nim

(DMS0-d6) 6 11.28 (s, 1H), 7.77 (s,
TH), 6.17 - 6.07 (m, 1H), 597 -5385
{m, 1H)}, 5.44 (t, ] =4.8 Hz, 1H), 539
~S31{(m, 1H), 528 (d, J =52 Hz,
TH), 523 - 515 (m, 1H), 4.54 - 4.46
{m, 1H), 3.65-3.55 (m, 15}, 3.59 (5,
3HY, 343 -336{(m, 1H},224-2.13
{m, 1H), 2.13 - 2.04 (m, 1H).

279.09

(M-H)

i

e 4

067, A

71%,
254
nm

(CD30D) 6 8.63 (s, 1), 6.28 (dd, I =
7.5, 1.3 Hz, 1H), 6.24 — 6.03 (m, 1H)
554 541 (m, 1H), 5.37 (dd, I =
11.2, 1L.7Hz, 1H), 437(d, I=4 8 Hz,
1H), 3.51 — 3.43 (m, 2F), 2.91 (ddd, J
=149,75,57Hz, 1H), 1.94(d, I =
414 Hz, 2H).

8]
~d
i~
)
GO

{(M+Na)
294

100%,
254
nm

(DMSO-d6) 6 8.32(d, J = 7.6 Hz,
1H), 7.70 (s, 1H), 7.46 (s, 11, 6.00 -
597 (ro, 1H), 5.93 - 5.85 (m, 1H),
538531 (m, 2H), 5.23 - 5.18 (m.
2H), 4.40 (t, § = 7.6 Hz, 1H), 3.60 -
3.56 {m, 1H), 3.40 - 3.37 (m, 1H),
213 - 2.04 (m, 1H)
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(CD30D ) 5 8.54 - 7.73 (m, 11, 6.54
-, 0u%, | 6.1 1 5;;:, ;H}E 6045 5.86 (n;% 15-{1?,n
(M-I " U7 s 5) (ddd, T = 17.3, 11,3, 2.0 Hz, 1H),
§ R Tyt [ OAR A 23 S s 0 (m, THD, 479 - 4.53 (m,
BN, 3.76 - 3.46 (m, 28D, 2.73 - 2.19
{m, 2H)
(CD30D )6 8.72 (d, ] = 27.5 Haz),
8.47 (s), 6.24 (ddd, } =27.6,7.1,3.3
(MD 90%, | Hz), 457 (ddd, J=114,7.7,57 Hz)
11252000 0V | 033,A | 278 |390-3.46 (m), 3.10(d, 1 =222 Ha),
: am | 3.00-2.96(m), 2.91 (dt, I=13.9,6.9
Hz), 2.83 (d, J = 0.7 Hz), 2.79 - 2.49
{m)
(DMSO-d6) 6 8.26 (d, J = 7.2 Hz,
N B P e
- oy M+Na . > {m, TH), 5 s, TH), 535 -530 {m,
171272081 " g 7 | 016D f;j 2H), 5.20 - 5.17 (m, 1H), 442 - 431
(m, 1H), 3.68 - 3.33 (m, 2H), 2.21 -
2.04 (m, 2H)
(DMSO-d6) 5 8.00 (d, § = 72 Hz,
o \ a . , 08 (m, , 426 (4, J=0.0Hz, iH),
18 274101 T gy | 015D iij‘ 3.50 -3.30 (m, 25, 2.18 - 2.08 (m,
2H), 1.59 - 1.45 (m, 2H), 0.85 (1, I =
7.6 Hz, 3H)
(DMSO-ds) 6 11.35 (s, [H), 7.57 (s,
(M+Na) 98.0%, | 1H), 6.88 ~6.87 (m, 1H), 636~ 6.34
37 (25725 V0,07 | 039,C 1 254 | (m, IH), 6.06 - 6.04 (m, 1H), 5.47 (;,
=/ am | J=5.6Hz 1H),3.71 - 3.68 (m, 1H),
3.66 (s, 1H), 3.61 — 3.57 {m, 1H).
(CD30D) 9.01 (s, 1H), 723 (1, /= 5.7
Hz, 1H), 6.99 (dd, J= 17.3, 10.9 Hz,
M) 100%, | 1H). 6.51 (dd, /= 17.3, 2.0 Hz, 1H),
62 26811 o 109, A | 254 | 630(dd, /= 10.9, 1.2 He, 1H), 5.63
- nm | {t, /=74 Hz 1H) 465{gan, S~ 119,
5.0 Hz, 2H), 3.30 (dd, /= 7.4, 5.8 Hz,
2H), 2.93 (s, 3H)
(CD:0OD} 5 8.67 (s, 1H), 6.12 (1, J =
S3Hz 1H), 592 (dd, J=17.3, 109
M 96.3%, | Hz, 1H), 5.46 (dd, J = 17.3, 1.9 Hz,
64 133200 7 | 13LA | 254 | IH), 528(dd, /= 109, 1.9 H, 1H),
am | 455 (4 J=7.6Hz 1H), 3.69(d, J=
12.0 Hz, 1H), 3.53 (d, J= 12.0 Hz,
1H), 2.27 (dd, J= 7.7, 5.5 Hz 28
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28410

{M-H}
283

98.4%,
254
an

(CD:0OD) 6 8.94 (5. 1H), 8.80 (s, L),
7.53 - 7.16 (m, 1H), 7.02 (ddd, J =
59.1, 17.4, 11.0 Hz, 1H), 6.62 — 6.42
(m, 1H), 6.42 — 6.22 (m, 1H), 5.69 -
5.54 (m, 1H), 5.41 (dt, /= 3.6, 1.8 Hz,
1H), 4.77 — 4.72 (m, 2H), 4.60 — 4.41
(m, 2H), 3.91 (ddd, /=92, 6.3, 3.3
Hz, 13), 3.28 (dd, /= 7.9, 5.6 Hz,
1)

68

(M-H)
283

96%,
254
nn

(CDOD)Y 8 782(d, J = 22.7 Hz, 1H),
6.38 — 6.07 (m, 1H), 4.55 ~ 4.39 (m,
0.5H), 4.33 ~ 4.10 (1, 0.5H), 3.64 —
3.37 {m, 2H), 2.90 {m, 0.5H), 2.33
(td, J=7.0,6.0Hz, 1H), 1.95-1.75
(m, 1H), 1.62 (dd, /= 418, 7.6 Hz,
1H), 1.54 (m, 0.5), 0.96 (dt, J=11.9,
7.6 Hz, 3H)

69

279.09

(M-H)
278

067 A

84%,
254
nm

(CD:0D) 6 9.13 (d, 7= 4.5 Hz, 1H),
621 =598 (m, 1H), 5.92(dd, /=
17.3, 11.0 Hz, 1H), 5.46 (dd, /= 173,
1.9 Hz, 1H), 529 (dd, J= 11.0, 1.9
Hz, 1H), 460 — 445 (m, 1H), 3.72
(dd, J=11.9, 6.9 Hz, 1H), 3.65 - 3.54
(m, 1H), 2.48 - 2.22 (m, 2H)

76

(M-H)

332

Q9%
254nm

(CD30D} 8 8.55 (s, 1H), 6.11 — 6.03
(ro, 1H), 447 —4.34 (m, 1H), 4.12 -
4.00 (m, 1H), 3.70 (4, J= 11.7 Hz,
1H), 3.61 ~ 3.44 (m, 1H), 2.87

(ddd. /= 148,77, 58 Hz, 1H), 2.43
(ddd, J=26.1, 18.8, 13.1 Hz, 1H),
223 (ddd,./= 138,69, 55 Hz, 1H),
1.86 (dd, J= 153, 7.5 Hz, 1H), 1.68
(t,J=7.6Hz, 1H), 0.96 (tt, J=22.6,
113 Hz, 3H)

71

270.02

(M-TL)
269

122, A

(CD30D} 5 7.85 (d, § = 1.2 Hz, 1H),
6.17(dd, T=8.1, 2.9 Hz, [H), 4.23
(dd,7=61, 1.5Hz, 1H), 3.45(q, 1 =
11.8 Hz, 2H), 2.89 (tdd, J = 14.4, 8.1,
6.1 Hz, 1H), 2.04 — 1.88 {m, 1H), 1 80
(dt, = 14.0, 6.9 Hz, 1H), 1.58 ~ 1.43
(ro, 2H), 0.97 (1, I = 7.6 Hz, 3H).

72

{M-H}
381

0.79, A

100%,
254
nm

(DMSO-d6) & 8.26 (s, 2H), 8.14 (s,
1H), 6.36 (s, 2H), 6.10 (t, ] = 6.1 Hz,
1H), 5.52 (s, 2H), 438 (t. § = 6.7 Hz,
1H), 3.56 — 3.42 {m, 3H), 2.70 (dd, I
=12.9, 6.6 Hz, 1H), 2.53 — 2.47 {m,
1H).
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(DMSO-d6) & 11.00 (br s, 1H), §.44
i o1 99%. | (s, 1H), 6.87 (s, 1H), 6.47 ~ 6.40 (m,
73 | 33402 (]23;;? 0%43’ 254 | 1H), 6.11 (d, J = 5.6 Hz, 1H), 5.58 -
- ' nm | 5.50 (m, 1H), 3.74 (s, 1H), 3.72 - 3.66
{m, 1H}, 3.62 -3.55 (m, 1H).
(DMSO-d6) 5 838 (br s, 1H), 7.92 (d,
(MED 100%, | J=7.2 Hz, 1H), 7.85 (br s, 1H), 7.61
74 2512 by | 038,C | 254 | (brs, 1H), 6.92(s, 1H), 633 - 6.26
= nm | (m, 1H), 6.03 (d, § = 5.6 Hz, 1H), 3.76
- 3.56 {m, 3H).
(DMSO-d6) 6 8 24 (s, 1H), 7.51 (s,
1H), 6.37 - 6.23 (m, 1H), 546 (d, ] =
ol 95%, | 6.0 He, THY, 4.98 (11 = 6.0 Hz, 1H),
75 130711 @fé{) “‘?Em’ 220 | 460 -447 (m, 1H), 3.61 - 3.53 (m,
' am | [H), 348 -3.39 (m, 2H), 2.82 - 2.69
(m, 1H), 2.53 (s, 3H), 2.40 - 2.34 (m,
1)
{DMSO-d6) 8 8.37 (s, 2H), 7.80 (d. J
=72 Hz, 1H), 7.23 - 7.07 (m, 28),
. ., 95.8%, | 6.20 - 6.10 (m, 1H), 573 (d, § =76
76 | 25124 (}f;:?) o.;:'az, 254 | Hz, 1H), 424 (d, I=4.8 Hz, 1H),3.74
o ' nm | {d,J=112Hz 1H),363(d, J=112
Hez, 1H), 3.51 (s, 1H), 2.78 - 2.69 (m,
1H), 1.85 - 1.77 (m, 1H).
{DMSO-d6Y: 8 7.95 (s, 1H), 7.37 (5,
1H), 6.17 (1, } = 6.4 Hz, 1H), 6.03 -
590 (m, 1H), 5.81 (s, 2H), 543 (s,
(M) 94%, | 1H), 5.37 - 531 (m, 1H), 5.22 (s, 1H),
77 (25100 U0V 1 021,D | 220 520-515(m, 1H), 458 (1 J=06.4
nm | Hz, 15D, 3.55 - 3.47 (m, 1H), 3.45 -
3.38 (m, 1H), 2.57 - 2.52 (m, 1H),
222 -2.14 (m, 1H), 0.69 - 0.62 (m,
2H), 0.62 - 0.55 (s, 2H)
(DMSO-d6) 6 1084 (brs, 111, 8.24
g0, | (5 1H), 650641 (m, 1H), 6.15 (s,
. , M+Na) S oy, 5.524d, 3= 5.2 He, TH), 536 (4
79 20121 | qg | UEGE L 2y ::356‘5»12; 1H), 4.53 - 4.41 (m, mg
B 392 03,53 (m, 2HD, 3.51 (s, 1H), 2.46
-2 .34 (m, 2H),
(DMSO-d6) 3 = 8.56 (5, 1H), 8.29 (s,
M) 96%, | 1H), 8.16 (s, 1H), 6.86 (s, 2H), 6.41 (1,
80 321201 U0 | 024 A 254 | J=S8 1H), 600~ 515 (brd, 2H),
am | 449 (4, =73, 1H), 3.60 (m, 3H), 2.44
{m, 1H), 2.42 {m, 1H)
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(M-H)
275

0.26, A

99%%,
254
nm

(DMSO-d6 )6 = 12.39 (s, 1H), 8.51
(s, 0.6H), 8.45 (s, 0.3H), 8.03 (d,
J=4.0, 0.1H), 7.96 (d, }=3.5, 1H), 6.64
~6.30 (m, 1H), 6.27 (dd, }=7.0, 4.9,
0.8F), 5.80 ~ 5.09 (m, 1H), 4.52 (s,
0.1H), 4.45 (1, J=7.3, 0.7H), 432 (1,
3=5.3, 0.4H), 3.68 ~ 3.43 (m, 3,
3.42 —3.24 (m, 1H), 2.82 (dt, 1=13.6,
6.9, 0.3H), 2.50 (dd, J=7.8, 5.5, 0.4H),
2.44 - 236 (m, 0.4H), 2.28 (dt,
3=13.9, 4.2, 0.4FD

91

33102

(M-H)
330

0.89, A

95%,
254
nm

(CD30D ) 6 8.29 (5, 1H), 625
=7.5,2.0Hz, 1H), 6.13(dd, J 5,
112 Hz, 1H), 544 (dd, I = 17. 1.8
Hez, 1H), 5.34 (dd, J = 11.2, 1.8 Hz,
1H), 452438 (m, 1H), 3.45 (ddJ
=28.0, 11.8 Hz, 2H), 2.89 (ddd, J =
14.4, 7.5, 5.9 Hz, 1H), 2.05 - 1 .88 (m,
1H)

“
s,

82

330.12

(M+H)
331

0.68, A

100%,
254
am

(DMSO-d6 ) & 8.23 (s, 1H), $.07 (s,
1H), 6.53 (4, T = 2.7 Hz, 1H), 6.03 {1,
T=6.2Hz, 1H), 5.65 (s, 2H), 438 (£, 7
=6.8 Hz, 1H), 3.56 — 3.43 (m, 3H),
2.93 - 2.82 (m, 1H), 2.68 {dt, J = 12.8,
6.4 Hz, 1H), 2.45 - 2.37 (m, 1H), 0.75
~ 0,62 (m, 2H), 0.59 — 0.40 (m, 2H)

92

316.03

{(M+Na)
315

0.64, C

100%,
254
T

{DMSO-d6): 6 11.87 (brs, 1H), 821
(s, 1F), 7.42 - 6.95 (m, 1H), 6.87 (s,
1H}, 645 - 637 (m, 1H), 6.20-6.00
(m, 1H), 5.51 (t, § = 5.6 Hz, 1H}, 3.72
(s, 1H), 3.71 - 3.65 (m, 1H), 3.62 -
353 (m, 1H)

83

330.12

(M+H)
331

025 R

100%,
254
nim

{DMSO-d6 Y5 822 (s, 1H), 8.14 (5,
1H}, 6.52 (s, 1H), 6.16 (t, I = 6.3 Hz,
THY, 5.67 (5, 2H), 439 (1, I = 6.4 He,
1H), 3.62 (s, 1H), 3.59 - 3.50 (m,
2H), 2.88 —2.77 (m, 1H), 2.47 - 239
{m, 1H}, 237 - 2.26 (m, 1H), 0.76 -
0.62 {m, 2H), 0.50 (m, 2H)

84

3793

(M-H)
332

M
)
>
p

90%,
254nm

(CD30D 16 799 (d, = 263 Hz, 1H),
6.28 (dd, J=7.2, 4.6 Hz, 1H), 4.53 ~
442 (m, 2F), 3.68 (g, J = 12.1
Hz,1H), 3.19 - 3.10 (m, 1H), 3.00 —
2.85 (m, 2H), 2.84 (d, J = 0.6 Hz, 1H),
249 (dt, J = 13.8, 4.9 Hz, 1H), 0.90 —
0.81 (m, 2H), 0.66 — 0.57 (m, 2H).
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85

(M+H)
334

221, A

96%,
254
T

(CD30D )6 8.12 (d, ] = 78.6 Hz, 1),
6.33(dd, J=7.1, 49 Hz, 1H), 4.71 (1,
7=6.9 Hz, 1H), 3.79 (dd, J = 35.3,
12.2 Hz, 2H), 3.08 (s, 1H), 2.87 (d, J
=282 Hz, 1H), 2.79 ~ 2.45 (m, 2H),
0.90 - 0.76 (m, 2H), 0.73 — 0.45 {m,
2H).

36

315.08

(M+HD)
316

1.40, A

100%,
254
nin

(CD30D )3 9.11 - 8.96 (m, 1H), 7.21
(dd, J= 6.9, 5.5 Hz, 1H), 5.48(t, ] =
6.5 Hz, 1H), 4.58 (dd, I = 40.2, 12.2
Hz, 2H), 3.76 ~ 3.63 {m, 1H), 3.59 (d,
3=19.3 Hz, 1H), 336 (d, J = 6.4 Hz,
1H), 2.77 (s, 1H), 1.64(1d, =69, 5.1
Hz, 2H), 1.49 - 1.33 (m, 2H)

87

293 11

(M-H)
292

030, A

95%,
254
nm

(CD30D) 5 8.17 (d, F=99.1 Hz, 1H),
6.28 (dd, J = 7.9, 3.6 Hz, 1H), 6.04
(ddd, J=173,13.6, 11.1 Hz, 1H),
537~ 5.08 (m, 2H), 4.47 (dd, T = 6.5,
2.9 Hz, 1H), 3.58 — 3.37 (m, 2H), 3.04
~2.84 (m, 1H), 2.37 - 2.23 (m, 1H)

39

25311

0.18, A

(CD30D )6 7.99(d, J=7.5 Hz, 1H),
6.28 (dd, F= 7.6, 2.9 Hz, 1H), 6.09
(dd, J=17.5, 11.2 Hz, 1H), 5.85(d, J
=7.5Hz, 1H), 5.35(ddd, T = 14.3,
13.0, 1.8 Hz, 3H), 437 (dd, J = 6.0,
2.1 He, 1H), 3.46 (dd, T =29.0, 11.7
Hz, 2H), 2.86 (ddd, ] = 13.8, 7.5, 6.1
Hz, 1H), 1.97 (ddd, J = 8.0, 7.1, 5.4
Hz, 1)

S0

(M-H)
331.1

100%,
254
nm

(CD30D) & 8.70 (s, 1H), 6.06 (dd, J =
6.9,3.0 Hz, 1H), 6.02 - 5.82 (m, 1H),
546 (dd, J = 17.3, 1.8 Hz, 15}, 5.36 -
519 (m, 1H), 4.59 ~ 4.43 (m, 1H),
4,44 - 436 (m, 1H), 3.70 (dd, ] =
12.0,5.7 Hz, 1H),3.55(d, ] = 12.0
Hz, 1H), 2.38 - 2.24 (m, 1H), 2.18
(ddd, J = 13.4, 7.1, 3.0 Hz, 1H).

93

l4d
Py
fow}
~3
-
Ju—

(M)
306

0.56, C

99%,,
254nm

(DMSO-d6) § 8.34 (brd, ] =4.4 Hz,
1H), 8.30 (s, 1H), 6.28 - 6.22 (m, 1H),
558 (brd, 1= 5.6 Hz, 1H), 530 (brs,
1H), 4.60 - 4.54 (m, 1H), 3.68 - 3.62
(ma, 1F), 3.59 - 3.53 {m, 1H), 3.51 (s,
1H), 2.92 (d, T = 4.4 Hz, 3H), 2.74 -
2.65 (m, 1H), 2.47 - 2.39 (m, 1H).
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94

31735

(M-H)
316

0.93,C

99%,
254
am

(DMSO-d6) 3 8.37 (s, 1H), $.24 (s.
1H), 7.96 (s, 1H), 6.40 - 6.30 (m, 1H),
6.03 - 5.91 (m, 1H), 5.44 - 5.32 (m,
2H), 5.28 (d, 7= 5.2 Hz, 1H), 5.23 -
5.16 (m, 1H), 4.68 - 4.61 (m, 1H),
3.56 - 3.41 (m, 2H), 2.66 - 2.61 (m,
1H), 2.31 - 2.21 (m, 1H), 0.76 - 0.68
(m, 2H), 0.65 - 0.55 (m, 2FD).

96

319.16

(M-H)
318

0.96, C

63%,
220
nm

(DMSO-d6) 6 8.34 (s, 1H), 823 (5,
1H), 7.94 (s, 1H), 6.35 - 6.27 (m, 1H),
5.25 - 5.12 (m, 2H), 4.46 - 4.36 (m,
1H), 3.60 - 3.49 (m, 1H), 3.46 - 3.39
(m, 1H), 2.94 - 2.84 (m, 1FD), 2.31 -
2.22 (m, 1H), 1.72 - 1.51 (m, 2H),
0.88 (1, F =75 Hz, 3H), 0.75 - 0.68
(m, 2H), 0.64 - 0.56 (m, 2H)

334.18

{M-H)
333

1.0,C

(DMSO-d6) 6 7.51 (s, 1H), 7.34 (s,
1H), 6.21 - 6.10 (m, 1H), 5.80 (s, 2H),
5.17-526(m, 1H), 510(d,I=44
Hz, 1H), 443 - 430 (m, 1H), 3.52 -
3.45 (m, 1H), 3.44 - 3.39 (m, 1H),
2.81-2.69 (m, 1H), 2.23 - 2.13 (m,
1H), 1.69 - 1.49 (m, 2H), 0.86 (1, I =
7.6 Hz, 3H), 0.70 - 0.63 (m, 2H), 0.61
- 0.54 (m, 2H)

98

281.10

(M-H)
280

02D

100%,
254
nm

(DMSO-d6) 6 8.91 (s, 1H), 5.94 (1, J =
6.0 Hz, 1H), 5.32 - 5.25 (m, 1H), 5.17
512 (m, THY, 4.31 - 4.23 {m, 1H),
3.60 - 3.52 (m, 1H), 3.45 - 3.39 (m,
1H), 2.37 - 2.22 (m, 2H), 1.65 - 1.55
{m, 1H), 1.54 - 1.39 (m, 1H), 0.86 (4, §
= 7.6 Hz, 3H)

9

33716

(M-H)
336

100%,
254
nm

(DMSO-d6) 8 §.53 (brs, 1H), 8.33 (s,
1H), 6.20 (t, = 6.8 Hz, 1H), 5.17 (4,
J=48Hz, 1H), 492 (t, J =52 Hz,
1H), 4.46 - 436 (m, 1H), 3.53 - 3.40
(m, 2H), 2.93 (br s, 1H), 2.84 - 2.76
(ra, 1H), 2.36 - 2.23 {m, 1H), 1.70 -
1.49 (m, 2H), 0.92 - 0.83 (m, 3H),
0.75 - 0.61 (m, 4H)

166

2781

(MH)
279

0.19,C

97%,
254
nn

(DMSO-d6) 5 8.26 (s, 1H), 8.00 (s,
1H), 6.29 - 6.26 (m, 1H), 5.98 - 5.92
(m, 1F), 5.40 - 5.35 (m, 1F), 5.24 -
5.18 (m, 1H), 4.62 (t, ] = 6.4 Hz, 1H)
3.52-3.33 (m, 2H), 2.62 - 2.57 (m,
1H), 2.26 - 2.21 (m, 1F)
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(DMSO- d6) 6 8.39 (s, 111}, 637 -

gov, | 623 (m, 1H), 6.18 (5, 2H), 5.54 (d, I =

(M) | on o0, | 5:6 Hz, 1H), 5.36 (1.1 = 6.0 H, 1H),
306 v co | 4.51-439 (m, 1H), 3.97 (s, 3H), 3.68

-3.63 (m, 1H), 3.61 - 3.54 (m, 1H),

3.52 (s, 1H), 2.46 - 2.38 (m, 2H)

(CD30D) & B.61 (s, 1H), 6.46 - 6.39

oco, | (s 1H), 6.06 - 6.95 (m, 1H), 5.62 -

! 600 | 20g | 551 Gu, 1H), 538531 (m, 1H),

308 : 465 (t, J= 7.6 He, 1H), 4.08 (5, 3H),

161 | 30512

162 {30712

T 396 23,67 (m, 1H), 3.61 - 3.56 (m,
1H), 2.53 - 2.39 (m, 2H)
(CD30D) 3 7.87 (5, 1H), 6.25 (t, J =
000, | 04 Hz, 1H), 455 - 4.47 (m. 1H), 3.76

. -3.72 (m, 1H), 3.71 (s, 3H), 3.63 -
287 0.26,D i;‘: 3.58 {m, 1H), 2.45 - 2.27 (m, 2H),
1.79 - 1.66 (m, 1H), 1.64 - 1.52 (m,
1H), 0.97 {t, I = 7.6 Hz, 3H)
(CD30DY): §8.56 (s, 1H), 6.09 (1, § =
6.0 Hz, 1H), 444 (t, ] = 6.4 Hz, 1H),
97%, | 3.73(d, J=12.0 Hz, 1H), 3.58 (d,

03 | 286.12

I+ . i ) 8 - . .
105 {33412 ¢ Zi{»’OH) 089, E | 220 |IJ=120Hz 1H) 2.56-242 (m, 1H),
’ nm 2.34-2.19 (nu, 1H), 180~ 1.66 (m,
1H), 1.65-154 (G, 1H), 097 (1, 1=
7.6 He, 3H)
{DMSBG-d6y 8 791 (d, J=8.0 Hz,
99% 1H), 6.10 - 590 (m, 2H), 561 (d, J =
. {(M+Nay | | - T | 80Hz 1H), 427 -424 (m, 1H), 3 44
108 ) 256.11 279 0.88,D ii? - 3.40 (m, 2H}, 2.21-2.14 (m, ZH),
161~ 148 {(m, 2H), 085(t, J=76
Hz, 3H).
EXAMPLE 33
Human LINE-1 Retrotransposition Assay
105621 Representative Compounds of the Disclosure were tested for inhibition of

retrotransposition activity of human LINE-1 in HeLa cells according to the following
procedure.

{05631 Hela cervical cancer cells were cultivated at 37°C in a humidified 5% CO
incubator in Dulbecco's Modified Eagle's Medium (DMEM) - high glucose, with 4500
mg/l. glucose, L-glutamine, sodium pyruvate and sodium  bicarbonate (Sigma),

supplemented with 10 % of heat inactivated fetal bovine serura {Thermo Fisher).
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Assays were performed using reporter plasmid pYX017 as described (Xie, et al.,
2011) with several modifications. The reporter assay was performed in 9¢-well white
optical bottom plates. Hel.a cells were seeded jn wells 24 h prior to transfection and
compound treatment so that cells were approximately 30% confluent on the day of
transfection. Different cell plating densities were tested and a density of 2X107 cells was
determined to be optimal.

Compounds were resuspended in DMSQ. Serial dilutions (1:3) were prepared in
DMSO. Medium containing different concentrations of the compounds were prepared by
adding 2 pl of the compound dilution to | ml of the culture medium. The final concentration
of DMSO in the medium was 0.2%.

FuGENE® HD transfection reagent (Promega, E2311, Lot 382574 and Lot 397842)
was used to transfect the plasmids into the cells. The transfection reagent: BNA mixture
was prepared in OpiMEM (Thermo Fisher) according to manufacturer's instructions.
Different ratios of transfection reagent to DNA were tested and a ratio of 3:1 was
determined to be optimal. Culture medium was removed from the cells and discarded. The
transfection reagent: DNA mixture (5 pl) was mixed with the compound containing
medium (100 ul/well) and this was added onto the cells of each well. Cells were incubated
at 37°C/5% CO; for different incubation time. A 72 h incubation time was determined to
be optimal.

Luciferase reporter activity was quantified with the Dual-Luciferase® Reporter
Assay System (Promega) according to manufacturer's instructions for multiwell plates
except that cells were lysed directly on the nultiwell plate with 30 ul of the passive lysis
buffer (PLB} for 20 min at room temperature, with gentle shaking to ensure complete cell
lysis.

Firefly and Renilia luciferase signals were measured using a SpectraMax i3x Multi-
Mode Micropiate Reader. Integration times of 100 ms and 10 ms were used to measure the
Firefly and Renilla signals respectively. Relative L1 activity s calculated as Firefly/Renilla
*1000 or Firetly/Renilla *10,000. Dose response inhibition data were fit to a four parameter
logistic equation using von-linear regression (using Graphpad Prism 8), to deterroine ICso
vaiues for each inhibitor. The results are provided in Table 6.

Table 6: Human LINE-1 Activity Inhibition

Cpd. No. LINE-1 ICs (uM)
1 0.062
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2 6.900
3 (.041
4 (401
g {1 469
& >5{()
7 (.890
8 0.009
9 0.013
i1 >5()
i2
i3 370
14 30,000
i7 2.349
i8 3.747
19 >5()
20 7.206
213 >50
22 20,060
23 >5{
24 >50
25 >5()
26 >50
27 >5{}
28 >12.3
29 >50
30 15.970
33 >30
32 {4 840
33 >123
34 >5{)
35 >50
36 >12.5
7 0.067
38 >50
39 >50
46 >50
43 >5(
42 >50
43 (1.876
44 2.200
45 3811
46 >50
47 >25
48 >50
49 0.052
50 25510
51 5.075
52 >5{

PCT/US2023/016921
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83 >50
55 >50
55 2014
56 >5{}
57 >350
58 >5{)
59 20,940
66 5.650
63 7.425
62 3.669
63 >12.5
64 9934
63 21920
66 0.738
&7 {.004
68 0.721
649 6.204
T8 (.432
7 1.597
T2 23370
73 >5§
T4 >5{}
758 >50
Té >6.25
77 >625
T4 17.000
80 3700
81 4.400
82 10.040
83 0.429
84 14.000
85 0.124
86 3400

7 0.173
89 1.285
90 {658
81 7449
82 >5{
93 14 970
94 >5{
95 >30
96 6.997
97 0.946
98 >25
99 5533
180 1.700
161 (.259

PCT/US2023/016921
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102 1775
163 >12.5
184 4.896
185 0.15¢0
106 24 000
1067 7.300
128 0.11
139 3165
154 >44
163 id

164 >5()
166 417

182 293

189 8172
199 ~ 30
181 56

192 122
183 2813
194 1943
195 >5()
196 >5{)
198 >50)
280 414

0569} Having now fully described the compounds, methods, kits, and compositions

herein, it will be understood by those of skill in the art that the same can be performed
within a wide and equivalent range of conditions, formulations, and other parameters
without affecting the scope of the methods, compounds, and compositions provided herein
or any embodiment thereof. All patents, patent applications, and publications cited herein

are fully incorporated by reference herein in their entirety.
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WHAT IS CLAIMED IS:

1. A method of treating or preventing a disease, disorder, or condition in a subject in
need thereof, and/or treating or preventing a symptom of the disease, disorder, or condition, the
method comprising administering a therapeutically effective amount of!

{9-{(2R 45, 5R)-S-ethyi-4-hydroxy-S-thydroxymethylitetrahy drofuran-2-y1-9H-purin-6-
ol;

5-bromo-1-((2R 45, 5R)-5-ethyi-4-hydroxy-5-(hydroxymethyl tetrahydrofuran-2-y1}-4-
hydroxypyrimidin-2(1H)-one;

(2R,38,58)-5-(4-amino-¢-fluoro-3-methyl-1H-pyrazolof 3,4-dpyrimidin- 1-y1)-2-ethynyl-
2-{hydroxymethyiptetrahydrofuran-3-0l;

(2R,38,5R 3-5-(2-amino-6-(cyclopropylamine}-OH-purin-S-y1-2-(hydroxymethyl}-2-
vinyltetrahydrofuran-3-ol;

{2R,38,5R)-5-{0~(cyclopropylamino)}-2-flucro-9H-purin-9-y1 3-2-(hydroxymethy!)-2-
vinyltetrahydrofuran-3-ol;

1-({ZR 48 5R -4-hydroxy-S-(hydroxymethyl)-3-vinyltetrabydrofuran-2-yf)-5-
methoxypyrimidine-2, 4(1H,3H)-dione;

1-((28,48, 5R}-4-hydroxy-S-thydroxymethyl)-3-vinyletrahydrofuran-2-y1)-2 4-dioxo-
1,2,3,4-tetrahydropyrimidine-5-carbonitrile;

4-amino-S-fluoro-1-((ZR 48,5R}-4-hydroxy-5-(hydroxymethyl }-S-vinyltetrahy drofuran-2-
yhpyrimidin-2(1H}-one;

Z-amino~-9-{{2R, 45, SR }-4-hydroxy-5-{hydroxymethy!)-S-vinyltetrahydrofuran-2-y13-1H-
purin-6{9H}-one;

(2R,38,5R)-5-(2-amino-6-(methylamino)-9H-purin-9-y1}-2-thydroxymethyl}-2-
vinyltetrahydrofirran-3-ol;

1-{{45 5R)-5-ethynyl-4-hydroxy-S-(hydroxymethyl tetrahydrofuran-2-y1)-1H-1,2 4~
triazole-3-carboxamide,

4-amino-1-{(2R 3R 4R SR)-5-ethyvnyl-3-fluoro-4-hydroxy-5-
(hydroxymethyhtetrabydrofuran-2-yhpyrimidin-2(1H)-one;

(2R, 3R 4R 5R)-5-(6-amino-2-flucro-OH-purin-9-y1}-2-ethynyl-4-fluore-2-
(hydroxymethylttetrahydrofuran-3-ol;

{{2R 5R}-5-{6-aminc-YH-purin-0-yD-2-ethynyl-2, 5-dihydrofuran-2-yDmethanol;
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4-amino-3-bromo-1-{(ZR,48,5R)-4-hydroxy-S-(hvdroxymethyl}-5-methyltetrahydrofuran-
2-yDpyrimidin-2{1 H}-one;

(2R,38,5R)}-5-(4-amino-S-bromo-2-oxopyrimidin-1{2H)}-y)-3-hydroxy-2-
{hydroxymethy!itetrahydrofuran-2-carbonitrile;

S-fluoro-1-({2R,48,5R }-4-hydroxy-5-(hydroxymethyt)-S-vinyltetrahydrofuran-2-
yhpyrimidine-2 4(1H, 3H)-dione;

1-{{2R.48,5R )-5-ethyl-4-hydroxy-5-thydroxymwethyitetrahydrofuran-2-y1)-5-
flunoropyrimidine-2 4(1H 3H}-dione;

(2R SR})-S-ethynyl-5-(hydroxymethyl)-2, 5-dihydrofuran-2-y1)-5-fluoropyrimidine-
2,4(1H,3H)-dione;

1-{(28,5R)-5-¢ethyil-4-hydroxy-S-(hydroxymethyl tetrahy drofuran-2-yDpyrimidine-
2,4(1H,3H)-dione;

9-{{48,5R}-5-ethynyl-4-hydroxy-5-(hydroxymethyl jtetrahydrofuran-2-yl -9H-purin-6-of;

9-((2R,48,5R)-4-hydroxy-5-(hydroxymethyl)-S-vinyltetrahydrofuran-2-v1}-9H-purin-6-0l;

(2R ,38,5R}-5-(Z~amino-0-methoxy-9H-purin-9-yl }-2-ethynyl-2-
(hydroxymethybtetrabydrofuran-3-ol;

{({(3R,5R)-5~(5~methyl-2,4-dioxo-3 4-dihydropyrimidin- 1 QH}-yitetrahydrofuran-3-
vhoxyimethyhphosphonic acid;

{{{(3R,5R}-5-{6~amino-9H-purin-9-yHietrahydrofuran-3-yDoxy ymethyphosphonic acid;

4-gmino-S-bromo-1-{(2R 48, SR}-5-(fluoromethyl-4-hydroxy-5-
{hydroxymethyiftetrahydrofuran-2-ylpyrimidin-2{1 H)-cne;

(2R,38,5R)-5-(6-amino-2-methoxy-OH-purin-9-y -2 -(hydroxymethyl -2~
vinyltetrahydrofuran-3-ol;

S-chloro-1-((2R,48,5R }-4-hydroxy-5-(hydroxymethyl)-S-methyltetrahy drofuran-2-
yhpyrimidine-2,4(1H,3H)-dione;

1-{{(ZR, 48 5R}-4-hydroxy-5-(hydroxymethyl}-S-methyltetrahydrofuran-2-y1)-3-
methylpyrimidine-2 4{1H,3H)-dione;

{2R,38,5R}-5-(0-amino-2-methoxy-9H-purin-9-y1 }-2-ethyl-2-
(hydroxymethytitetrabydrofuran-3-ol;

4-gmino-S-chloro-1-{({ZR 48 SR }-4-hvdroxy-5-(hydroxymethyi}-S-methyltetrahydrofuran-

2-yDpyrimidin-2{ 1 H)-one;
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4-amino-5-fluoro-1-({2R,3a8,0aR }-0a-(hydroxymethyl}-2,3,3a,6a-tetrabydroturc{3,2-
bifuran-2-yDpyrimidin-2(1H}-one;

S-{aminomethyD-1-((2R 45, SR }-4-hydroxy-3-{hydroxymethy! }-S-methyltetrahydrofuran-
2-yDpyrimidine-2,4(1H,3H}-dione;

{2R,38,45 SR}-5-(6-amino-2-flucro-9H-purin-9-y1}-2-ethyl-2-
{hydroxymethy itetrahydrofuran-3 4-diol;

4-amino-S-fluoro-1-((2R,58)-5-(hydroxymethyl}-S-methyltetrabydrofuran-2-
yhpyrimidin-2{1H}-one;

(2R,38,5R)-5-(Z-amino-6-(methylamino}-9H-purin-9-y1)-2-(thvdroxymethyl)-2-
methyltetrahydrofuran-3-ol;

(2R 35,45, 5R)-5-{6-amino-2-fluoro-9H-purin-9-y -2 -(hydroxymethyl }-2-
methyltetrahydrofuran-3,4-diol; or

1-{{ZR 3R 48, 5R}-3 4-dihydroxy-5-(hydroxymethyl}-5-methyltetrahydrofuran-2-yl }-5-
fluoropyrimidine-2 4(1H,3H)-dione,

or a pharmaceutically acceptable salt or solvate thereof, or a tautomer therecf, to the
subject, wherein the disease, disorder, or condition 18 a newrodegenerative disease, an agioimmune
disease, an age-associated disease, autism spectrum disorder, cardiovascular dysfunction, hearing
foss, hematopoietic stem cell function, pulmonary fibrosis, schizophrenia, vision loss, progressive
supra  nuclear palsy, amyotrophic lateral sclerosis, Ailcardi-Goutigres  syndrome,
ataxia-telangiectasia, age-related macular  degeneration, systemic lupus  eryvthematosus,
{FN-associated autoimmune disease, Fanconi Anemia, idiopathic pulmonary fibrosis, or

cardiovascular disease.

2. The method of claim 1, wherein the disease, disorder, or condition is a

neurodegenerative disease.

3. The method of claim 2, wherein the neurodegenerative discase is Alzheimer's
disease, amyotrophic lateral sclerosis, Parkinson's disease, dementia with Lewy Bodies, multi
systems atrophy, Huntington's disease, frontotemporal dementia (FTD), frontotemporal lobar
degeneration, mild cognitive impairment, corticobasal degeneration, progressive supra nuclear

palsy, Rett Syndrome, peripheral degenerative disease, or Atcardi-Goutigres syndrome.
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4, The method of claim 1, wherein the disease, disorder, or condition is an
autoimmune disease.
5. The method of claim 4, wherein the autoimmune disease is hupus, rheumatoid

arthritis, Sjogrens syndrome, or multiple sclerosis.
a. The method of claim 1, wherein the disease, disorder, or condition is an age-

associated disease.

7. The method of claim 6, wherein the age-associated disease is Alzheimer's disease,
Parkinson's disease, atherosclerosis, ostecarthritis, osteoporosis, theumatoid arthritis, macular

degeneration, peripheral degenerative disease, or skin aging,

8. The method of claim 1, wherein the disease, disorder, or condition is autism
spectrum disorder, cardiovascular dysfunction, hearing loss, hematopoietic stem cell function,

pulmonary fibrosis, schizophrenia, or vision Joss.

9. The method of claim 1, wherein the disease, disorder, or condition is progressive

supra nuclear palsy.

10. The method of claim 1, wherein the disease, disorder, or condition is amyotrophic

tateral sclerosis.

11 The method of claim 1, wherein the disease, disorder, or condition is

Aicardi-Goutiéres syndrome.

12, The method of claim 1, wherein the disease, disorder, or condifion is
ataxia-telangiectasia, age-related macular degeneration, systemic lupus erythematosus,
IFN-associated autoimmune disecase, Fanconi Anemia, idiopathic pulmonary fibrosis, or

cardiovascular disease.
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13. The method of any one of claims 1-12 for treating the disease, disorder, or condition
in the subject.

14. The method of any one of claims 1-12 for preventing the disease, disorder, or
condition in the subject.

15, The method of any one of claims 1-12 for treativg the symptom of a disease,
disorder, or condition in the subject.

16.  The method of any one of claims 1-12 for preventing the symptom of a disease,
disorder, or condition in the subject.

17. The method of any one of claims 1-16, wherein the compound inhibits human

LINE-1 retrotransposition activity with a half maximal inhibitory concentration of 1 uM or less in

an in vitro Hela cell-based dual-luciferase assay.

18, The method of claim 17, wherein the compound inhibits human LINE-1
retrotransposition activity with a half maximal inhibitory concentration of 0.1 uM or less in an in

vitre Hela cell-based dual-luciferase assay.

19. The method of any one of claims 1-18, further comprising administering one or

more optional therapeutic agents to the subject.

20, Akit for carrying out the method of any one of claims 1-19, the kit comprising the
compound, or a pharmaceutically acceptable salt or solvate thereof, or a sterectsomer thereof, or a

tautomer thereof, and instructions for administering the compound to the subject.

21, A compound selected from the group consisting of’
(9~((2R48,5R )-S-ethyi-4-hydroxy-S-(hydroxymethyDtetrabydrofuran-2-yl)-9H-purin-6-
ol;

5-bromo-1-((2R,48,5R }-S-ethyl-4-hydroxy-S-(hydroxymethyl jtetrahy drofuran-2-y13-4-
hydroxypyrimidin-2(1H)-one;
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{2R,38,58)-5-{4-amino-6-fluoro-3-methyl-1H-pyrazolof3,4-d pyrimidin-1-v1)-2-ethynyl-
2-(hydroxymethy tetrahydroturan-3-ol;

(2R,35,5R)-5-(2-amino-6-(cyclopropylamino}-SH-purin-9-y1)-2-thydroxyethyl)-2-
vinyitetrahydrofuran-3-ol;

{2R,38,5R)-S~(6~{cyclopropylamino)-2-fluoro-9H-purin-9-v13-2-(hydroxymethyl)-2-
vinyltetrahydrofuran-3-of;

1-{({2R.48,5R )-4-hydroxy-S-(hydroxymethyl)-5-vinyltetrabydrofuran-2-yi)-5-
methoxypyrimidine-2,4(1H,3H)-dione;

1-{(28,48,5R)}-4-hydroxy-5-(hydroxymethyl}-5-vinyltetrahydrofuran-2-y1)-2.4-dioxo-
1,2,3,4-tetrahvdropyrimidine-5-carbonitrile;

4-amino-S-fluoro-1-({2R 48, SR}-4-hydroxy-5-(hydroxymethyl)-S-vinyltetrahydrofuran-2-
yhpyrimidin-2(1H}-one;

2-amino-9-{(2ZR 48, 5R }-4-hydroxy-S-(hydroxymethyl)-S-vinyltetrahydrofuran-2-yl)-1H-
purin-6{9H}-one;

(2R ,38,5R}-5-(2~amino-6-(methylamino}-9H-purin-S-yl)-2-(hydroxymethyl}-2-
vinyitetrahydroturan-3-ol;

1-{{45,5R}-5-ethynyl-4-hydroxy-5-(hydroxymethyl gtetrahydrofuran-2-yl3-1H-1,2 4-
triazole-3-carboxamide;

4-amino-1-{{ZR,3R, 4R 5R}-5-ethynyi-3-fluoro-4-hydroxy-5-
{hydroxymethyhtetrahydrofuran-2-yDpyrimidin-2(1H}-one;

(2R 3R 4R, 5R}-5-(6-amino-2-flucro-9H-purin-9-y1}-2-ethynyl-4-fluore-2-
(hydroxymethyl fetrahydrofuran-3-ol;

{{ZR SR }-5-(6~amino-9H-purin-9-y1)-2~ethynyl-2, 5-dihydrofuran-2-ymethanct;

4-amino-S-bromo-1-{{(ZR,48,5R }-4-hydroxy-5-(hydroxymethyl}-S-methyltetrahydrofuran-
2-yDpyamidin-2{1H}-one;

(2R,38,5R)-5-(4-amino-S-bromeo-2-oxopyrimidin-1(2H}-y1}-3-hydroxy-2-
(hydroxymethylitetrahydrofuran-2-carbonitrile;

S-fluore-1-({2R 48 SR }-4-hydroxy-5-(hydroxymethyi)-S-vinyltetrahydrofuran-2-
yhpyrimidine-2, 4 1H,3H)-dione;

1-{{ZR 48, 5R}-5-ethyl-4-hydroxy-S-thydroxymethvltetrahy drofuran-2-y1}-5-

fluoropyrimidine-2, 41 H,3H)-dione;
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1-{({(2R, 5R}-5-ethynyi-5-(hydroxymethyi -2, 5-dihydrofuran-2-y-5-fluoropyrimidine~
2,4{1H,3H)-dione;

1-((28,5R)-S-ethyl-4-hydroxy-S-thydroxymethyDietrabydrofuran-2-yDpyrimidine-
2,4(1H,3H)-dione;

9-((4S,5R)-5-ethynyl-4-hydroxy-5S-(hydroxymethyl ptetrahydroturan-2-y1)-9H-purin-6-ol;

9-({2R,485,5R)-4-hydroxy-5-{(hydroxymethyl}-5-vinvitetrahyvdrofuran-2-y1}-9H-purin-6-ol;

(2R,38,5R)-5-(2-amino-6-roethoxy-9H-purin-9-y1)-2-ethynyl-2-
{hydroxymethyljtetrabydrofuran-3-ol;

(({(3R,5R}-5-(5-methvl-2,4-dioxo-3 4-dihydropyrimidin- 1(2H}-ytetrahy drofuran-3-
yhoxyymethylphosphonic acid;

{{{3R,5R})-5-(t~amino-9H-purin-9-y] tetrahydroturan-3-yhoxy ymethyDphosphonic acid;

4-amino-5-bromo-1-{(2R,45,5R)-5-(flucromethyl)-4-hydroxy-5-
{hydroxymethyljtetrahydrofuran-2-ylipyrimidin-2(1H)-one;

{2R,38,5R}-5-{6-amino-2-methoxy-SH-purin-9-y1}-2-Chydroxymethyl }-2-
vinyitetrahydrofuran-3-of;

S-chloro-1-({2R,458,5R }-4-hydroxy-5-(hydroxymethyl -S-methylietrabydrofuran-2-
yhpyrimidine-2,4(1H,3H)-dione;

-{{2R 45, 5R}-4-hvdroxy-5-(hydroxymethyl}-S-methyvltetrahydrofuran-2-vi)-5-
methylpyrimidine-2 4(1H,3H)-dione;

(2R,35,5R)-5-{6-amino-2-methoxy-9H-purin-9-y1 }-2-ethyl-2-
{(hydroxymethyiftetrahydrofuran-3-ol;

4-amino-5-chloro-1-{({ZR 48, 5R}-4-hydroxy-5-(hydroxymethyl}-5-methyitetrahydrofuran-
2-yhpyrimidin-2{1 H}-one;

4-amino-5-fluoro-1-({2R 3a8,6aRk }-0a-(hydroxymethyl}-2,3,3a, 6a-tetrahydrofurc{3,2-
blfuran-2-vhipyrimidin-2( 1 H)-one;

S-{aminomethyl}-1-{(2R,48,5R)-4-hydroxy-5-{hydroxymethyl}-5-methyltetrahydrofuran-
2-yhpyrimidine-2,4(1H,3H)-dione;

(2R 38,45 5R)-5-(6-amino-2-fluoro-9H-purin-9-y1}-2-ethyl-2-
(hydroxymethybhitetrahydrofuran-3,4-diol;

4-gmino-S-fluoro~-1-{(2R,55)-5-(hydroxymethyli}-S-methyltetrahydrofuran-2-

yDpyrimidin-2(1H}-one;
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{2R,38,5R}-5-(2~amino-6-(methylamino)}-9H-purin-9-yi)-2-(hyvdroxymethyl}-2-
methyltetrahydrofuran-3-0l;

(2R 35,48, 5R)-5-(6~arvivo-2-fluoro-9H-purin-9-y)-2-(hy droxymethyi)-2-
methyltetrahydrofuran-3 4-diol; and

1-((ZR,3R 485,5R)}-3,4-dihydroxy-S-(hydroxymethyl)-5-methyltetrahydrofuran-2-y1)-5-
fluoropyrimidine-2,4{1H,3H)-dione,

or a pharmaceutically acceptable salt or solvate thereof, or a tautomer thereof’

22, A pharmaceutical composition comprising the compound of clam 21, or a
pharmaceutically acceptable salt or solvate thereof, or a tautomer thereof, and one or more

pharmaceutically acceptable excipients.

23. A kit comprising the compound of claim 21, or a pharmaceutically acceptable salt
or solvate thereof, or a stereoisomer thereof, or a tautomer thereof, and iostructions for

administering the compound to the subject and, optionally, one or more optional therapeutic agents.



