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24] 2 wEe sh] Bheb 1R EAIEE SR i ol o] opAsh Y 92
A 5-gk)
[25] [3}sh2] 1]
[26]
O.
NH
@)
| \1
N° O
HO OH
7] Eouwgel A WA Qol A, 7] SHFES s whgA ) whE o) o 3
A= 5= Ao, o]of] A gk A] gF=1}:
[28] 0 ~ OS0.R,
{LNH | N
HO N TBSO T8SO N ’go
0. E : .-. ; i :G: f ¢
1. 79% ' .2 staps
Ho o TBso OThS TBSO OT8S 78%
B 3 ]
| o o Res :%H
Oin A N /‘\WG“HH
.' '\..'. o0 i\.\M O E =y
TBSO TESGL. N7 O HOL R
e ¢ )
E—? = 5 W
TES. T8S T8S HG  OH
Ha 5a
[29] Reagents and reaction conditions: a) TBSCI, imidazole, DMF, 0 °C — rt, 12 h; b)
2,4,6-Triisopropylbenzenesulfonyl chloride, DMAP, DIEA, CH,CL,, 0 °C — rt, 15 h; ¢)
NH,OH-HCI, DIEA, 0 °C — rt, 12 h; d) Isobutyryl chloride, Et;N, CH,Cl, 0 °C, 12 h;
e) 20 equiv. Et;N-3HF, THF, 0 °C — rt, 48 h
(0] B OMWe Bonwe] w2 4] SHHE Ei oo st 42
FAALOR E3ehs ol 2= & Al
[31] Boukg o] o A A]of|of] 9l A, A}7| ufo]#] 223 RNA Hfo] e A~ 4= gl o)

olof] Agty] %] gki=t}. 47| vlo] ] 2= SARS-CoV-2(Severe acute respiratory
syndrome coronavirus 2), 7] d}o] & 22 = Q15 F A} vlo] ] =~ 4= Q) o),
ol Zﬂ 3 %] =t} A7) A ZFoll A} ufo]g] A= QI ZF R} A Ei=
ANEFAA B Rl 2] 2 4= QL oL, ofof] A| g A] eFi=T).
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ol s}, ¥ g A Al alo] o8] A5 AR et el o) 5 AAle)
¥y e no TAR R 9] 99 A0 mA, B el ezt oS
A A ae] @A E = 5l oh )

(Al Z el 1] N+-0] 2R E| DA AT E Y (5a)9] A%

0 Q DS0.R,

TBSO TS0 N Ao

' G ¢
9% ' 2 steps
T

BSO GTBS w|s0  OIE5 78%

» 3 _
| o C Ris ﬁ*
“‘NH N oD
T e
TRSO . TBSO., N _ Ho. N0
o e'-,._ s}
ﬁﬁ% TEY,
OTRS. THS TRS HO O
e Ga

Reagents and reaction conditions: a) TBSCI, imidazole, DMF, 0 °C — rt, 12 h; b)
2,4,6-Triisopropylbenzenesulfonyl chloride, DMAP, DIEA, CH,CL,, 0 °C — rt, 15 h; ¢)
NH,OH-HCI, DIEA, 0 °C — rt, 12 h; d) Isobutyryl chloride, Et:N, CH,Cl,, 0 °C, 12 h;
e) 20 equiv. EGN-3HF, THF, 0 °C — rt, 48 h

Doxy)methyl)tetrahydrofuran-2-yl)pyrimidine-2.4(1H,3H)-dione(2

100 mL2] <= DMFel #-2] H (uridine, 1)(5 g, 20.48 mmol)S- <1 ¥ 0°Col A4 N
» W71 3ol TBSCI(11.11 g, 73.71 mmol) I} o] 1] t}£(6.27 g, 92.14 mmol)S
A7k ATt Aol A 124 3F alkgk w3 32 10 mL MeOH=E A 2] 8- %
Aol A 203 wHkelATE 19 g £ 9& 2HE(100 mL)ell Al vl el e

o Bl Z(100 mL x 3)& F=3IAth 28 7715 S 23 =100 mL) 2.2
Al 5E 5 NaySO0ll A 7124171 3 of ot gl ), of b2 213 A efol A
FTEEAI o] B2 A A A 3 2 rE 13 3 (Hexame: EtOAc = 50:1 ~
5:1 viv)E 338E 2(9.52 g, 16.22 mmol) S 79% &2 A3}

'H NMR (CDCl;, 400 MHz) 6 8.36 (br, 1H), 8.02 (d, /=8.4 Hz, 1H), 5.87 (d, J =
3.6 Hz, 1H), 5.67 (dd, J = 2.4, 8.0 Hz, 1H), 4.13-4.05 (m, 3H), 3.97 (dd, J=1.2, 11.6
Hz, 1H), 3.75 (d, /= 11.2 Hz, 1H), 0.93 (s, 9H), 0.89 (s, 9H), 0.88 (s, 9H), 0.13-0.06
(m, 18H).
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[52]

[53]

[54]

[55]

[56]

[57]

yhoxy)methyl)tetrahydrofuran-2-yl)-4-(hydroxyamino)pyrimidin-2(1H)-one (4)

20 mL 2] F4* CH,CLoll 3}3HE-2(1.65 g, 2.18 mmol)E <1 &
2,46-Ed|ol Az 2 A A2 381E(1.70 g, 5.62 mmol), DMAP(0.04 g, 0.33
mmol), N,N-U] ] & 3£ 2 H o & o} "I (DIEA)(1.82 g, 14.05 mmol)-2 3 7} At}
Ay2-ol| A 154 7k ‘EoF nykel & Hk-8 S35 N, tf 7] o] A 0 °Coll 4] NH,
OH-HCI(0.78 g, 11.25 mmol)¥ DIEA(1.45 g, 1.45 mmol)= =] 2] 5} 1 T}, 21 2-of 4]
12A] 3F & 9F iwket & A3 8-ol-S CH,CL, (20 mL)E 3|4 ¢t & F-2f ¢ O*—CL(10
g)oll ¥ 3 1093t HPo}OﬂE} 1 AN U2 e 8 Ao &

F71% 2 Atk 42852 CHClL, 20 mL x 2) &2 Al 2 8t vt. A §Hd

715 FE(100 mL) 2.2 Al % g F Na,SO,01 A AZ2AIZ1 T o] 15k o),
e g Aol sHHAL oS Ay A7

A2 vlE 18 9 (Hexane: EtOAc = 10:1 ~ 2:1 v/v)& 33& 4(1.31 g, 2.18 mmol) &
78% THE AT}

'H NMR (CDCl;, 400 MHz) 6 8.55 (br, 1H), 7.24 (d, J = 8.4 Hz, 1H), 590 (d, J =
4.4 Hz, 1H), 5.58 (d, J = 8.4 Hz, 1H), 4.08-4.02 (m, 2H), 4.00 (d, / = 1.6 Hz, 1H),
3.90(dd, J=11.6,2.4 Hz, 1H), 3.71 (dd, J = 11.56, 1.2 Hz, 1H), 1.79 (s, 1H), 0.93 (s,
9H), 0.90 (s, 9H), 0.88 (s, 9H), 0.11-0.04 (m, 18H); *C NMR (CDCl;, 100 MHz) 6
149.49, 145.62, 131.19, 97.95, 87.88, 85.04, 75.40, 71.95, 62.69, 18.58, 18.22, 18.08,
-4.20, -4.48, -4.51, -4.63, -5.34, -5.36.

ro mlo mlo
rﬁ P HE

e (da)

9 mL9] ¥4 CH,CLO &}3HE 4 (0.52 g, 0.86 mmol) S & ol #5591 T o} = 3+
71 stell 0 °Coll A 3fo] A~F-E = (0.12 g, 1.08 mmol)#+ E 2] ol € o}l (0.13 g,
1.30 mmol) S H7}3F ). AF2 ol A 241 7k FoF Hk3E 3 Wk-2 2352 0.2 mL
MeOHE A g} 8lo] of {-of 1 3to] At El - & AEAZ T 0 °Coll A 531
A REEFaL 79t sl A 55 F AFE S CH,CL (10 mL) 2 343t &

Al 7L Ao E2kshar A 8] 7 3 2 v E 13 3 (Hexane: EtOAc = 8:1 ~ 5:1 v/iv) &
3}3HE 4a(0.22 g, 0.29 mmol) = 66% &2 A AT}

'H NMR (CDCls, 400 MHz) 6 8.28 (br, 1H), 7.51 (d, J= 8.0 Hz, 1H), 5.87 (d, J =
3.6 Hz, 1H), 5.76 (dd, J = 1.6, 8.4 Hz, 1H), 4.07-4.02 (m, 3H), 3.91 (dd, J = 2.0, 11.6
Hz, 1H), 3.71 (d, J = 11.4 Hz, 1H), 2.72-2.65 (m, 1H), 1.25 (d, J = 4.0 Hz, 3H), 1.24
(d, J = 3.6 Hz 3H), 0.92-0.86 (m, 27H), 0.10-0.03 (m, 18H);"*C NMR (CD;0OD, 100
MHz) 6 173.52, 148.87, 148.68, 133.72, 97.24, 88.22, 85.21, 76.08, 75.76, 71.76,
62.49, 33.02, 26.04, 25.93, 25.83, 19.31, 18.51, 18.20, 18.03, -4.21, -4.56, -4.73, -5.40,

obutyryloxy)amino)pyrimidin-2(1H)-one (Sa) (N*-isobutyryloxycytidine)
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[58]

[59]

[60]
[61]

[62]

[63]

2 mL2] THF®)| 3}% & 4a(0.10 g, 0.15 mmol)E ¥ 21 o} =3 t) 7] 5}oll 0 °Coll A
EGN-3HF(0.12 g, 0.74 mmol) & 7}t Slth. 2ol A 48 A1 gt &<t wdkgh &
HE-S T2 0 °Col A A 97 (3.0 g) & A 2% Al(carefully) ] 2] 3Fo] &-&
LA 30 A2 F A gHoR FEIAT AFES A4
A2 ntE 18 9)(CH,CL, : MeOH = 20:1 ~ 8:1 v/v)& A A 5Fo] 3135 5a(0.04 g,
0.11 mmol)E 75% & & AU}

'H NMR (CD;0D, 400 MHz) § 7.51 (d, J = 8.4 Hz, 1H), 5.89 (d, J = 5.6 Hz,
1H),5.73(d,J = 8.0 Hz, 1H), 4.19-4.13 (m, 2H), 3.97 (q, J = 3.6 Hz, 1H), 3.81(dd, J =
2.8, 12.0 Hz, 1H), 3.72(dd, J = 3.2, 12.0 Hz, 1H), 2.86-2.83 (m, 1H), 1.23 (d, J = 6.8
Hz, 6H);*C NMR (CD;0D, 100 MHz) 6 176.33, 151.17, 150.84, 135.95, 97.35, 89.94,
86.29, 75.07, 71.62, 64.30, 62.58, 33.55, 19.49; HRMS-ESI*: m/z calcd for C,3H;oN;O,
(M+H") 330.1296, found 330.1292.

[A %9 2]
o O OS05R,
E“\N_H ELNH E“\*N
MO N"'}*o TBSO N’&{} THSO N"}*‘o
; :D: i a E :o: F b ] :G: i <
HO O TB2O OfRs B0 QOTBS.
1 2 3
i i
TN R '
TR v
O ¢
TS, N’J%G HO M ’gﬁ'
) ke e
e .
THSO  OTHS MO OH o
At Bl R = Ethyl alcobol (Bb) 41%

GiyOE] {5k 51%
-AlaDEt thd). 18%
LenQEt (5ey 22%
PheCEs (55).18%

R = £lhyl alcoho! {(4b). 685%.
GHOE! (40): 44%
AlaQES (4dY. 82%
LeuDEs (de): 50%
PHeQEL (4F) 49%
Reagents and reaction conditions: a) TBSCI, imidazole, DMF, 0 °C — rt, 12 h; b)
2,4,6-Triisopropylbenzenesulfonyl chloride, DMAP, DIEA, CH,CL,, 0 °C — rt, 15 h; ¢)
2-Aminoethanol for 4b, ethyl amino acids-HCl for 4¢-f, Et;N, 0 °C — 1t, CH;CN, 12 h;
d) HCI/EtOH, EtOH, rt, 12 h for 5b-f
1-((2R,3R,4R,5R)-3,4-Bis((tert-butyldimethylsilyl)oxy)-5-(((tert-butyldimethylsil
ylhoxy)methyl)tetrahydrofuran-2-yl)-4-((2-hydroxyethyl)amino)pyrimidin-2(1H)-
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one (4b)
[64] Az 19] 33t= 49} FAFSE v HH & ALgsto] SR E S 65% TR E
st }}\qﬁ
[65] 'H NMR (CDCl;, 400 MHz) 6 9.30 (br, 0.5H), 8.21 (d, /=7.6 Hz, 0.5H), 8.01 (d, J

=17.6 Hz, 0.5H), 6.65 (br, 0.5H), 5.75-5.62 (m, 2H), 4.13-4.00 (m, 5H), 3.86-3.75 (m,
3H), 3.63-3.38 (m, 2H), 0.95-0.87 (m, 27H), 0.13-0.06 (m, 18H).

[66] 1-((2R,3R,4S,5R)-3,4-Dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-4-((2-
hydroxyethyl)amino)pyrimidin-2(1H)-one (5b)

[67] 31 3HE 4bS HCIEtOH 4915 AL-8-3to] TBS 2575 Al 7lste] 813& 5bE
41% T8 = AT

[68] 'H NMR (CD;0D, 400 MHz) 6 7.93 (d, /= 8.0 Hz, 1H), 5.89 (d, /= 1.2 Hz, 1H),
5.87(d, J=1.2Hz, 1H), 4.15-4.11 (m, 2H), 4.01-4.00 (m, 1H), 3.87 (dd, J=2.8, 12.4
Hz, 1H), 3.74 (dd, J =3.2, 12.4 Hz, 1H), 3.67 (t, J = 5.6 Hz, 2H), 3.49 (t, /= 5.6 Hz,
2H). C NMR (CD;0D, 100 MHz) 6 165.78, 158.81, 141.60, 97.01, 92.26, 85.76,
76.10, 70.79, 62.01, 61.45, 44.17; HRMS-ESI*: m/z calcd for C;;H7;N;0¢ (M+H*)
288.1190, found 288.1188.

[69] Ethyl(1-((2R,3R,4R,5R)-3,4-bis((fert-butyldimethylsilyl)oxy)-5-(((fert-butyldime
thylsilyl)oxy)methyl)tetrahydrofuran-2-yl)-2-oxo0-1,2-dihydropyrimidin-4-yl)glyci

nate (4c¢)

[70] Azl 19] 313H= 49k FAFS BEE U & AR Sto] St e & 44% T E R
A3tk

[71] 'H NMR (CDCl;, 400 MHz) 6 8.16 (d, J=7.2 Hz, 1H), 5.71 (s, 1H), 5.60 (d, J=7.2

Hz, 1H), 5.29 (br, 1H), 4.27-4.19 (m, 4H), 4.13-4.00 (m, 4H), 3.76 (d, J = 10.8 Hz,
1H), 1.28 (t, /= 7.2 Hz, 3H), 0.94 (s, 9H), 0.90 (s, 9H), 0.87 (s, 9H), 0.24-0.03 (m,
18H); C NMR (CDCl;, 100 MHz) 6 163.40, 141.12, 93.81, 90.87, 82.71, 69.04.
61.78, 60.79, 42.60, 26.22, 26.06, 26.00, 18.67, 18.20, 14.27, -3.92, -4.01, -4.94, -5.05,
-5.14, -5.44.

[72] Ethyl(1-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-
2-0x0-1,2- dihydropyrimidin 4-ylhglycinate (5c¢)

[73] 313HE Shol s A g HE ARESte] Bt e S 51% FEE AT

[74] 'H NMR (CD;0D, 400 MHz) 6 8.70 (d, J= 8.0 Hz, 0.2H), 8.47 (d, /=8.0 Hz,
0.8H), 6.32 (d, J = 8.0 Hz, 0.2H), 6.22 (d, J = 8.0 Hz, 0.8H), 5.88 (m, 1H), 4.34-4.25
(m, 3H), 4.22-4.15 (m, 2H), 4.09-4.06 (m, 1H), 3.92 (m, 1H), 3.77 (m, 1H), 3.60 (q, J
= 6.8 Hz, 0.8H), 3.48 (q, / = 6.8 Hz, 0.2H), 1.33-1.29 (m, 3H); *C NMR (CD;0D, 100
MHz) 6 168.57, 159.81, 145.10, 99.56, 95.21, 91.95, 86.47, 76.37, 70.52, 63.31, 61.45,
44.79, 14.40; HRMS-ESI*: m/z calcd for C;H;sN;O; (M+H*) 330.1296, found
330.1294.

[75] Ethyl(1-((2R,3R,4R,5R)-3,4-bis((fert-butyldimethylsilyl)oxy)-5-(((fert-butyldime
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thylsilyl)oxy)methyl)tetrahydrofuran-2-yl)-2-oxo-1,2-dihydropyrimidin-4-yl)-L-al
aninate (4d)

[76] Azl 19] 318= 49F FAFS BEE S ALESto] B ES 2% FER

AUt

[77] 'H NMR (CDCl;, 400 MHz) 6 8.16 (d, J =7.2 Hz, 1H), 5.70 (s, 1H), 5.58 (br, 1H),
5.54(d, J=7.2 Hz, 1H), 4.97 (t, J= 6.8 Hz, 1H), 4.20 (q, J = 6.8 Hz, 2H), 4.16-4.06
(m, 3H), 4.11-3.99 (dd, J = 8.0, 4.0 Hz, 1H), 3.75 (dd, J= 1.2, 12.0 Hz, 1H), 1.45 (d, J
=17.2 Hz, 3H), 1.30-1.09 (m, 3H), 0.94-0.87 (m, 27H), 0.25-0.03 (m, 18H).

[78] Ethyl(1-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-
2-0x0-1,2- dihydropyrimidin-4-yl)-L-alaninate (5d)

[79] 3}3t= 5hot A WH S AREEt] 3= 18% THE AU

[80] 'H NMR (CD;0D, 400 MHz) 6 8.45 (d, /= 8.0 Hz, 1H), 6.19 (d, /= 8.0 Hz, 1H),
5.89(d, J=3.2 Hz, 1H), 4.68 (q, /= 7.2 Hz, 1H), 4.32-4.24 (m, 2H), 4.23-4.16 (m,
2H), 4.11-4.07 (m, 1H), 3.91 (dd, / =2.4, 12.4 Hz, 1H), 3.78 (dd, J =2.0, 12.4 Hz,
1H), 1.58 (d, J=7.2 Hz, 3H), 1.31 (t, J = 7.2 Hz, 3H).

[81] Ethyl1-(2R,3R 4R,5R)-3,4-bis((fert-butyldimethylsilyl)oxy)-5-(((fert-butyldimet
hylsilyl)oxy)methyl)tetrahydrofuran-2-yl)-2-oxo-1,2-dihydropyrimidin-4-yl)-L-leu
cinate (4e)

[82] 3}et= 49 AR W & ARE ] 3 =2 50% TE R AU

[83] 'H NMR (CDCl;, 400 MHz) 6 8.16 (d, J=7.6 Hz, 1H), 5.68 (s, IH), 5.55 (d,/=7.6
Hz, 1H), 5.29 (d, J = 8.4 Hz, 1H), 5.13-5.07 (m, 1H), 4.02-4.15 (m, 2H), 4.11-4.06 (m,
3H), 4.02-3.99 (m, 1H), 3.76 (d, J = 10.8 Hz, 1H), 1.78-1.72 (m, 1H), 1.69-1.63 (m,
1H), 1.60-1.54 (m, 1H), 1.27 (t, J = 3.2 Hz, 3H), 0.94-0.86 (m, 33H), 0.26-0.03 (m,
18H); C NMR (CDCl,, 100 MHz) 6 173.83, 163.40, 155.99, 141.06, 93.88, 91.00,
82.49,76.29, 68.79, 61.53, 60.64, 51.43, 41.88, 29.81, 26.24, 26.06, 26.00, 25.02,
22.99,22.47,18.49, 18.19, 14.26, -3.88, -3.94, -4.96, -5.07, -5.14, -5.45.

[84] Ethyl(1-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-
2-0x0-1,2-dihydropyrimidin-4-yl)-L-leucinate (5¢)

[85] 313HE Shol A HE ARE kel Bt e S 22% T EE AT

[86] 'H NMR (CD;0D, 400 MHz) 6 8.72 (d, /= 8.0 Hz, O.2H), 8.45(d, J=8.0Hz,
0.8H), 6.38 (d, J = 8.0 Hz, 0.2H), 6.17 (d, / = 8.0 Hz, 0.8H), 5.88 (d, /= 3.2 Hz,
0.8H), 5.87 (d, J=2.8 Hz, 0.2H), 4.68 (dd, J = 4.4, 9.6 Hz, 0.8H), 4.62 (dd, J = 8.4,
5.6 Hz, 0.2H), 4.29-4.22 (m, 2H), 4.22-4.15 (m, 2H), 4.10-4.06 (m, 1H), 3.91 (dd, J =
12.4,2.4 Hz, 1H), 3.77 (dd, J = 12.4, 2.8 Hz, 1H), 1.91-1.69 (m, 3H), 1.30 (t, /=72
Hz, 3H), 1.01 (d, J = 6.4 Hz, 3H), 0.97 (d, J = 6.8 Hz, 1H); C NMR (CD,0D, 100
MHz) 6 171.25, 157.86, 144.98, 98.56, 95.28, 92.01, 86.42, 76.28, 70.54, 63.40, 61.49,
55.06, 41.00, 26.08, 23.17, 21.53, 14.40; HRMS-ESI*: m/z calcd for C;;H,;N;O; (M+H
*) 386.1922, found 386.1918.
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[87]

[88]
[89]

[90]

[91]
[92]

[93]
[94]
[95]

[96]
[97]

Ethyl(1-((2R,3R,4R,5R)-3,4-bis((fert-butyldimethylsilyl)oxy)-5-(((fert-butyldime
thylsilyl)oxy)methyl)tetrahydrofuran-2-yl)-2-oxo-1,2-dihydropyrimidin-4-yl)-L-p
henylalaninate (4f)

Aol 12] 213z 49k A B & AFESto] 33t E 2 49% 2 3T

'H NMR (CDCl,;, 400 MHz) 6 8.18 (d, J = 7.6 Hz, 1H), 7.27-7.22 (m, 3H), 7.05-7.04
(m, 2H), 5.72 (s, 1H), 5.53 (d, J=7.6 Hz, 1H), 5.40 (d, J = 8.0 Hz, 1H), 5.32-5.28 (m,
1H), 4.22-4.14 (m, 2H), 4.13-4.08 (m, 3H), 4.01 (q, J=4.0 Hz, 1H), 3.77 (d, /= 10.4
Hz, 1H), 3.35 (dd, J =5.6, 10.0 Hz, 1H), 3.17 (dd, J =4.0, 13.6 Hz, 1H), 1.26 (t, J =
6.4 Hz, 3H), 0.93-0.87 (m, 27H), 0.28-0.03 (m, 18H); *C NMR (CDCl;, 100 MHz) 6
171.99, 162.84, 156.06, 141.23, 136.05, 129.66, 128.54, 127.08, 93.91, 91.03, 82.66,
76.34, 68.92, 61.76, 60.71, 53.75, 37.49, 26.24, 26.14, 26.08, 26.01, 25.95, 25.86,
18.67, 18.22, 18.20, 14.28, -3.89, -3.94, -4.96, -5.06, -5.14, -5.43.

Ethyl(1-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-
2-0x0-1,2-dihydropyrimidin-4-yl)-L-phenylalaninate (5f)

BHHE 5hot FA S H S ARE S| 3= S 18% R E AT

'H NMR (CD;0D, 400 MHz) 6 8.60 (d, /J=8.0Hz, 0.3 H), 8.37 (d, /J=7.6 Hz, 0.7
H), 7.33-7.23 (m, 5H), 6.18-6.15 (m, 1H), 5.82-5.80 (m, 1H), 5.02-4.96 (m, 0.7H),
4.94-4 88 (m, 0.3H), 4.13-4.24 (m, 2H), 4.17-4.12 (m, 2H), 4.09-4.04 (m, 1H), 3.92 (d,
J=12.4Hz, 1H), 3.76 (d, J = 12.4 Hz, 1H), 3.49-3.36 (m, 1H), 3.19-3.16 (m, 0.3H),
3.14-3.06 (m, 0.7H), 1.17 (t, /= 7.2 Hz, 2.1H), 1.24 (t, J = 7.2 Hz, 0.9H); *C NMR
(CD;0D, 100 MHz) 6 170.09, 145.06, 136.75, 130.78, 130.38, 129.99, 129.87, 128.55,
95.11, 92.03, 86.39, 76.24, 70.46, 70.08, 63.53, 62.37, 61.44, 57.86, 38.59, 14.40;
HRMS-ESI*: m/z calcd for C,,H,sN;O, (M+H+) 420.1765, found 420.1762.

[ A4 11 DENV-2 848 = 37} W

DENV-2 # ] & BHK-21 4| ¥ (DENV-2 replicon BHK-21 cell)

o}7] 2B AZHBHK-21) Al F2f 2l &2l 2 Al E573= 37 °Coll A 5% o] &t
CO,°N 4] 10% fetal bovine serum(FBS, Hyclone)¥} Spug/ml 5+ = 7}Fo] 2l (Invivogen) <
1 %3}t Dulbecco’s modified eagle’s medium(DMEM, Corning)®ll A 1l &3 T},
YA ol Ml A E ALSte] Fubolel 2 W AEE o] H}E
A%3hoie.

AE =8N

Alzzel 1o A A 23 3= ol Al E 542 MTT
(3-(4,5-dimethylthiazol-2-y1)-2,5- diphenyltetrazolium bromide, Invitrogen, M6494)
#2418 A}-8-35Fo] DENV-2 replicon BHK-21 (DENV2-BHK) A 3ol A 33 7}=| At}
B Aol A = BHK-21 cell£ 37 °Cl A CO, 5% 3ol 4 964 & o] E 5,000
cells/well 2 A| 23}t A& HF2e & FAgk F 510 uM)ZE A 98 3}3H=
3/ME S48t vl 3 MTT & <4(0.5 mg/ml)S =] 2] 8ho] 30531 vl %31 o
A S A A T DMSOE % 718kl Enk(Formazan, H.}A) 0 =2 4 2]
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[98]
[99]

[100]

[101]

[102]

A 77t gl HE o, 1 T % 42 7335 7| (Spectrophotometer Plus 384,
Molecular Devices Corp, CA, Sunnyvale, Molecular Devices Corp) & AF8-3Fo] 540
nmol| A S ¥ Atk A A= 33] vhiE HARY] Hyt £ SEE WEFRTH

FAH o= B ¥H A (Luciferase reporter assay)

vk A5 = Eld 2 FA ] 9| 0] 22 (Renilla luciferase) w21 A] 2~ &l (Promega)2
AH-g-3te] 24 5 91th DENV2-BHK= 969 Z¢| o] E2] 500070 4l/2 =
3 ¥ o (plated) vFE-2 514 3Fa1 33 3 S} (Corning). 3F3&E & A 7] 8h=
AL 7] 71 A & uke} 2o 90~95%2] §-(confluence)E o] & T 40ul<)]

StaL 124 Foll EFANZLS)E S48 LS| H A & et A&

L 0O _
HO OH HO OH
6 7 .
(NHC} {Ester prodrug)
3}¢HE 6(NHC,B-D-N*-hydroxycytidine) 2] ol Z~H| 2 X & = 2] (5a)-2 | £] ol A

DENV-2 @ Z&] 20l tial H7t¥ ¢lc). & DENV-2 &4 3 Al 5409 A= 37
20 YR 3HA 2 = 2(5a)S repliconS 2 AAMI T Y BA] 83HE 60l
vl &l M E 5/ o] 28] ZAa gl A, ECy 2k 3 13 o] 20 AL &A% F7hgi),
3 3hgh= Sav= o 2 EH| = WA 7R U= 69 A 5= ECy gkol T A E Sl
SHA F, o e L& 5 A (5b)S} Cp-obr] A A (Se-HE E 3 ohE A
S} HE-2 HA| HA oA -2 ] g -DENV 248 YER X &9kt

[3E 1]
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[103]

[104]
[105]
[106]

[107]
[108]

BHK-21 M X4 FEHlerite]l= FAM S 8 DENV.2 34 W HESA

Entry Compound ECso{ M} CCsol(pthd} S.L
1 RBV 1.16 5.46 4.70
2 6 2,84 8,75 202
3 5h =100 =100 -
4 5S¢ =100 =100 -
5 5d >100 =100 -
6 Se =100 =100 -
7 5f >100 =100 -
3 5a 3.95 10.85 274
G 7 23.38 42.25 1.81

RBY, Ribavirin.

ECs;, 50% effective concentration.
CCsp, 50% cytotoxic concentration.
S.1, Selectivity index = CCs/ECso.

[ Al 4 2] SARS-CoV-2 84 = 7}

A X, vfolz X 2 313 E

Ay ] B 7F A F 3 SARS-CoV-2(BetaCoV/Korea/KCDC03/2020)E 37 °C2]
W =2 A 3£ (Vero cells)oll A 3 g 23231} 1000go) A 5a-3F Al &
upol 2] 23= -80 °Coll A B.#kak gl o, Hef A Aol A blole] = A A&
ek

Al X v o 7] 8k 3pupol gl A FAAL

ol u] %] 71|k A| 2~El ol A] & SARS-CoV-2 42 H 71517 ¢l &l vl A2 vk
96- A (well) =2 o) E(L T 2x1047] Aol A v F At 3} a2 3l = 5] 4] gt
F A EE A=A b 5 3 AN A o] & EeF37°CoN A TL g e
SARS-CoV-2(MOI 0.05)°l -1 = Atk Al = W oAl S ¥hE(1:3) =
13 a1l F3E o] §F 2~ 3}o] A 84| (Genetex, Irvine, CA, USA)Z
3 2 9 S (probing) 3 LA} 7 9 = 488 AT 4 oFE] mH$-2 IgG(Alexa
Fluor 488-conjugated goat anti-mouse IgG, Invitrogen, Carlsbad, CA, CA, USA)= EC
s0 b2 At A X F& 4 6-tho] o}t ==-2-3 'd /1 & (DAPI Invitrogen) =
B2 A5l CCy 312 AAFTE UG 47) Aol A P E 5 vl 2= 25t 2L
W 5 A E WM gl A i o s dle ek A
A] 2~ 8l (Perkin Elmer, Waltham, MA, USA)¥} W]74-¥ Harmony 21315 4 2
A AEEY O] 3528 AR&Ste] S A A 37l A A Ee At 50% &
719l 8 EK(TCIDs) S AR 87] 93] dhutol ] 2 313HE-o] glAY EAl8H=
ol ] SARS-CoV-20ll ZH M EE 2 &<t v S} 969 ol
(seeding)® A A3 Vero Al E = 2 &t v F S A S 40 =2 100

lo)

H
5] A 8Fe] 7HAA A A TE TCIDs ¢ ol A o153 v} o] SARS-CoV-2 2~3o] =

o X oox =
_I_uOEE:‘Og_]
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a0 1 4l 83 /) A5 5 DAPL F2 8 ¥ ¥ 0] 5 A2l ol
243t eh.

[109]  SARS-CoV-2°] th3t MESHH FA

[110] o ~E| 2 Z 22 F 5 A|(5a) in vitrooll A SARS-CoV-20l th &l A8t}
SARS-CoV-29] &4 &} A E =540 o A7t 37 20 8.oFF o ATt FA A+-A(5a
)E SARS-CoV-2(BetaCoV/Korea/KCDC03/2020) & AALES o, o) ~ 8 =
SR (5a)9] dutol e 2 A& 5u] B, Al E =42 oF 6] o] 4 BLA
3H3HE 6 R Th A H Tk A 2 Z R =290 5a0] ECsy(FH 552 50%) 412
3.5uMe] 3L, Al E 540 100uM o] 2 = A 2E Tt 53], 31 3HE 5a9
gufol el & A2 2 o 2H| 2 AT-A) 7R 350 A EH QA A ESAL
A& 528k kS JEP AT SRR R o 'l &2 §- 5 A (5b) 9} Cy-0F ] 4t
FrE A (Se-hE £ ohE A SRt ES v ek A =84 SARS-CoV-2
24 S Ve A gkt

[111] [3% 2]
[112] Anti-SARS-Cov-2 A EA 2 HEEH

Entry Compound ECs{uM) CCsp(itM) St

1 6 >16.5 16.5 -

2 Sb >100 =100 -

3 ¢ >100 100 -
4 5d >100 >100 -

5 Se- >100 =106 -
6 5f >100 >100 -

7 5a 35 =100 =286
8 7 i1.8 =100 >33
9 Remdesivir 11.1 =100 =00

[113] [AA] o] 3] FRAESFAA &4 F7}

[114] A X, vlolH 2 2 3 E

[115] o1 =<l A} ulo] & 2~ A/Puerto Rico/8/34(PR8; HIN1), A/Hong Kong/8/68(HK;
H3N2), B/Lee/40(Lee)E ATCCO A 743kl ). Q1&F<M A} A vfo] 2] 2~3= 37
°Coll A 1048 o} afe] 3 &t &3 whd, Q1 & F<ll =} B vlo] 2] 2~3= 35
°Coll A 2 pg/mle] #ld eetd 22w E 7A=(TPCK) A
E #21(Sigma-Aldrich, St. Louis, MO, USA)©| &4 3F= MDCK Al ol A 3
& FHE AT

[116]  AlX vj <k 7] 5k ghupo] 2 = AAL
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[117] Q1 =<l A} vlo] & 2o th gk ghufol ] A~ F41-2 96U Zd o] E(A 3x104 71
A 3yl A HEA) 2 MDCK A & 35 °Coll A 1A ZF &< 0.0012] tfkAd
FAMOn e Bl G st v 7 upol el & gl AT = T2 EZ

[118]
[119]

[120]

e} e At U e 2 oA 3Y Tk 7} 313 9 Tllations. Bl Q) HE=
" AE] AE TS
3-(4,5-thol W E B o} £-2-91)-2,5-H] | d B Ee} &£/ H 2 wfo] =& AL-§-8fo] 77}
ARk H ) A X 54 5 5(CCy) ek AR Al 8 5 2(EC)E S8 383

FluA 3 Bulolejxof 3t A4 A

3 39 Q. oFH vle} o] A 2§ o AH| 2 X 2 = 2(5a)2 Flu A/Puerto
Rico/8/34(PR§; HIN1), Flu A/Hong Kong/8/68(HK‘ H3N2), Flu B/Lee/40 (Lee)©l)
sl Hobsheich. B4 ABOl e R A} AEHA S F 30 205 o]
6k 4 A7) St S o 474 T B A A8 bR
5k, 44 W) 5a2] Flu A(HINLIZF H3N2)ol o &k A2l A2 2 A 33E 6
ROk AR AT BN 5T B % RA HOoR FY AT
Sasl Flu Bl ol 4RI 24 A 588 63 ¥ 234207 17
I ENETFE 55 o] Hth 2 ol ~H 2 54 529 5% 2 Flu
AHIND 2] 7 - 5.8 uM, Flu A(H3N2)2| 74-$- 7.3 uM, Flu B2] 7-%- 3.4 uM
AL gl omn, o] gk T-705 (6-fluoro-3-hydroxy-2-pyrazinecarboxamide) 2} H] 5=t
Ao F-AEFAA a5 Belrh gk 754 5a9] €52 Flu B9
tato] A A X2 A 2 AR T2 AMT (Amantadine) 9} F-AFsE 852 H ST}
ShARE, o 'l &F 52:(5b) I Cp-0b 1] At F 5 A4 (Se-hE EFE U E §A
S}3E-2 f-9 7 gt anti-Flu A/B €40 & YR A 2okt

[3E 3]
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1211 Anti-Flu AS} B 2S48 € AEEA

No. Code Toxicity ﬁm‘:[‘ErE]u a:}tl;lw]fity Selectivity indext
Flud Fw A FuB FuA Flu A Flu B
HiNM1 H3IN2 - HINI H3H2 -
fﬁﬁ‘f’ PRS gg% Lee  PRS Eg% Lee
1 G =100.0 i ) 23 = 1.2 =58.8 =43.5 <1,200
2 Sa =106.0 58 7.3 3.4 =17.2 >13.7 >29.4
3 7 >100.0 6.6 6.0 238 =152 > 1607 > 42
4 £h =000 =160 =00 =100 - - -
5 Sc >1000 1060 >1000  =100.0 - - -
6 5 >1000 >1000 >1000 >1000 - - -
7 Se =000  =joc0 000 =100.0 - - -
8 5 1000 1000 1000 >1000 - - -
g AMT >1000 >100.0 6.4 =100 ND =156 ND
1¢  RBY =000 377 387 333 > 2.7 > 2.6 =3
11 T-7  =100.6 3.2 8.3 7.6 >1,111  =20.000 =132
AMT: Amantadine
RBV: Ribavirin
T-705: Favipiravir {6-fluoro-3-hydroxy-2-pyrazinecarboxamide)

[122] ol AI7ZHA 2 igo] thshe] 1 ukgh A g A o) 5 4 0% vl nghrh,
Wy o] 5h 714 Fokol A B4l A4 7hxl Az o] B kel
A4 S0 A Holbx iz WA MW Fe R FAE 5 Ye L
olEF 4 A& Aol el m e AN E AN 65 AG A9 o] ofLieh
Mg A el gdol A e Hojof ATk B o] Wl A4 E Aol ofg)
£3] FTH AN et oM, 19k BEE WA el i RE Aol P ¥
o] T e A ow &AEofof 3 Lol
g ol §7H5A

[123] &3] Mol R B SAIAEHE FA I NHCH U 2] A 4o
M of wol 2] o) tal U] e Al EEA W ahufo] o s &5 e e,
BAR Putole 2 2] R E AT 7 3l
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49
a7 1] sl Bera 12 A H = B E s ol 9] ofAle A s
[3}H4] 1]

HO N

HO OH
747 2] A1) w2 3}3HE iz o] o] oFA g <
whol o) o] 7h9) A R4 TA .
87331 A2l ol A, 7] vhol 2 2:3= RNA HRol 2] 291 A1, fhufol 2
ZAE
(%1% 4] A 26101 1o] A, AF7] vhe] 2] 2~ 3= SARS-CoV-2(Severe acute respiratory

syndrome coronavirus 2)$1 2 Q1, dvtol | A~ 24 &

O % 3

H

et

o
Hm

3

pol

[e)
™

(713 5] A28kl Aoy A, 7] vlol el 2= QIEF-<ll A} vhol & 281 A2,
Frpole] 2 24,

[Pd-1% 6] A5akol Lol A], A7) o1 ZZ A} ufo] g A= A ZF ol x} A i
Ol Z F oz} B Hlo]&] A¢1 Al gufo]e] A~ A=

%1% 7] A23bell lol A, A7) upol 2] 3= /7] upel ] 241 181, Fhufol 2]

I
2=
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