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New Routes to Antiviral Molnupiravir against SARS-CoV-2 Infection
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Abstract Molnupiravir is an oral drug against SARS-CoV-2 infection approved by Britain and America in 2021. Currently,
the reported synthetic methods of molnupiravir have disadvantages, such as long steps, limited yield and high cost. Efficient
methods for the synthesis of molnupirovir through direct acylation of low-price cytidine are developed. In different proportions
of aqueous tetrahydrofuran solution, selective isobutyrylation of hydroxyl of cytidine and further 2'.3'-deprotection of
2',3',5'-tri-O-isobutyrylcytidine could be realized, which successfully gave 5'-O-isobutyrylcytidine. Finally, N*-hydroxylation
of 5'-O-isobutyrylcytidine yielded molnupirovir. Using this straightforward and high-yielding three-step approach, molnupiro-

vir was obtained from cytidine in 82% overall yield.

Keywords molnupiravir; antiviral; SARS-CoV-2; selective isobutyrylation; cytidine

COVID-19 KtAT ™ H g b NIRIMERE, s
MBI IE R ARG, T A 208 T 2 (0 A% 75 FE 1 = e
Jiti 98 B3 VR AR, FF R R i 98 I 2 ) B B
B . B L H T (MK-4482/EIDD-2801) B A | it it
RNA JiERE P, B FCUE B H X SARS-CoV-2 95 B (134 5
W EA R EHIEAN. SEE BRI AR A A= 2L
BB O RZGM S 5T 2021 48 11 A AT 12 H gl = A0
% EE ST T RIG T Ha it 5. el s<is L h 5
(1) G F LA PR W g i 5 ON T RLR), &0 P e R 1S
(Scheme 1). ZJ1ERNAIRZ, FREEBE AL Hu s ng
IHSCRAR, 3R SCRAR T 17%. I ELAE A PR s ng 2
g B ot, FECEBUSA SR, MECLHET R,
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YT URFANER S A &, TFR LR IR
JE R S VTR 1 7 iR A B SCHRAROE 7 —F
b2 B T 47 =5 1 7 1R B4. %7 i e B
2' 3" PRI I R ) )RR, SRS R T RERRE S
FREEM AL, IR PR e H M s v PR A B AL, S
25 2 3R AR B P CP IR A Al Al R Ay,
KSR 42%). I SRR AN I S A A &R, ATk
W E AT RN SR IL R - ICE IR AL Al FT A-v, 2
% 39%)(Scheme 2, Route A). % 7T LARF A
JERH G 17 25 B A B v A AL 2 R R 9 ) RO A R
HH T SRR A-iis A-iv Bl A-v 25588 A th &R, H,
i BB o WA AR, Ho s SR 42%.

Received March 22, 2022; revised May 18, 2022; published online June 8, 2022.

2988 http://sioc-journal.cn/ ,f;‘(;sg :

) “ ©2022 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2022, 42, 2988~2993



Chinese Journal of Organic Chemistry

NHOH

Reagents and conditions: (i) (a) acetone, H,SO,; (b) NEts; (ii) isobutyric anhydride, NEt;, DMAP, 99%; (iii) 1,2,4-triazole, POCI;, NEt;, ace-

tonitrile, 29%,; (iv) NH,OH, 'PrOH, 60%; (v) HCO,H, EtOH, MTBE
AR 1

PUPR A IR & RS U VL 4z 5 77

Scheme 1 Route to molnupiravir from uridine
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ﬁ ”
o}
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Reagents and conditions: (A-i) Me,C(OMe),, Acetone, H,SOy, r.t., 3 h, 94%; (A-ii) Isobutyric anhydride, DMAP, DBU, CH;CN, r.t., 2 h, 78%;

(Aviii) (NH,OH),2H,S O,

70% 'PrOH in H,0, 78 C, 17 h, 96%; (A-iv) HCOzH, r.t., 5 h, 60%; (A-v) (NH,OH)*H,S Oy,

40% 'PrOH in H,0,78 C,

17 h, 53%; (B-i) Isobutyric acetoxime ester, Novozyme 435 (200% in weight), 78%; (B-ii) (NH,OH),*H,SO,, PrOH, 78 °C, 20 h, 96%

B 2

AR 9 JEURR 5 R 85 DL AL 5 1 P 2 B 26

Scheme 2 Two routes to molnupiravir from cytidine

BrAb G T RS, B fEAG T — T Ikt 4 T 4 22
WUCH 5. SCHRIRIE 7 —Mdid By (A ot B 552 kit
ITIRPEMERAL, HEMXT 5-O-F T Mh I ms ne 4% %
A3 B BEE VT 47 5 10 7788, iZ 5 RN 7 WA B ] 45 3
Y, HEAERIAE R, W OV S ERIE B 75%
(Scheme 2, Route B). REZ kB LD R =%
P, (HHFRAEH A TR E R O & 53 1 [ 2
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LA TR IEAAL, R T — 2B RS VT hr 5 (187 %
2, SEEIL 82%.

1. HBR5VL

1.1 BEpEELBHEREELNS

MR STk, 7F PO SR HH R A A 20 4 2
T Ak s g A%, mT UG RRME I R 21,3467 25 F I 06,
AW TR S vk, Wit Vi@ s-oN- R T
S5 s v A% A D) AR 1) 6 B VT 4 T 0 TR (O 1.
I AR E A T B R, R 6.5 h, &
REL, TR YE, LLOS%IKCRGR] T N5 T B 3-
2'3.5-=-0-7 T BB E % 1 (). B EW 1 BT
DU ERIR R ™ A AR ANALEE 1 h, 2 E0E(TLO)M
W JEAL 58 A8 Ab J 6 1b R BE. ERERSAEE Hrdif, LA
94% AT B 5'-ON*- 57 T T ok H M g 1% 11 (2).

HRPE SCHR[S IR, 7E R EERKIR SR, MR
AT OB B AN R R B R L, EAS R AR
A A ER AR RS 2 R T
kot B N R I, FEREEAK( V=T :3)
BABERS, MALEY 2 MBRERZEKG.2 equiv.),
78 ‘CFRRFL1 h, TLC Wil /R Rk 58 a4k, 25w
ANMRAERE K I P=20 i, PP R R R 200 3 1 2. 4k
BEIER RN E 6 h, AP KN B AR L.
ZREZHT 73 B NMR 3 25/ mfE, ARVERS /NI =)
N-REE-S-O-5 T WAL MM v A% (3), MERS R4
N 5-O-5 T ok s v i 1 (4). Sl i oo i R A
R BRACOBLIR BE VAR EL A A5 B B
AR, HERREAS B — =4 3(3K 1, Entries 1~5). {H
MBEAGHR BR 2 e F B ARG S R B, #RE AL &4 4
F G451 16 KX — 30 % (Entries 2, 5), #ERiL &4 2 64k
ik 4, DRI EIE AR 3. D HEN 1
I AR R R R R i i v] LR s EARF= 3 1=
K. R RPEINRRZKE 6.0 equiv., 78 C FXMN
24'h, BASFEY) 3 AR R L) E R, 3 R0 4 04
JR )L R 9 1 1 (Entry 6). ZkEEFEK: SN I [a] AT
KR ¥ i ) B, 390 T B0 4k & R ) L 4
(Entries 7, 8), HAKRBMALESE. WEY 4 1B %A
RPN B 3 MIEFRA R — B0
Ft. $% Entry 6 [R5 RN 26, B2 o s i A 2 A
ST EIH b4 3, WLZE 80% (Scheme 3, Method 1).

GRS =P RN, A LLBIER T14% &
BT SAE VSR F . H TR R LA &R T Ak
5'-ON*- 53 T Tk ik B s e 4% (2) A R 52 A i Ao H b
FEY, S T RS, BRI RIS R — P
WAL,

2990 http://sioc-journal.cn/

R1 RELRBFL «

Table 1 Optimization of hydroxamination conditions

HN)H/ NHOH
\N \N
N CAMRE A
HO OH HO OH
2 NH, 3
o] | N
\%o 0 N/go
HO  OH
4
V(PrOH) :  (NH20H)*H2SO«/ . .. .

E 7/C Time/h 3: 4
MY m,0) equiv. /C Timeh 3

1 7:3 3.2 78 1.0 3:2°

2 13 1.0 78 10 3:7

3 1:1 3.2 78 1.0 1:1

4 1:0 3.2 78 10 1:4

5 7:3 3.2 40 10 1:4

6 7:3 6.0 78 24 9:1

7 7:3 6.0 78 48 9:1

8 7:3 10.0 78 24 9:1

© 2022 Chinese Chemical Society & SIOC, CAS

@Compound 2 (100 mg), PrOH/H,O (2 mL), 78 “C. ® Molar ratios indicated
by TLC analysis.

1.2 BEEEFMEEMRERCEREIELR S

SCHR[7]3RE, 7RSI = LRI 4- R
FEAEIEAEAE TS, T AN 4- B AR SR ]
DATE DY SR IR AN K TR A A T RS, — MR R A 75
3 2'35-=-0-57 ] Bti-4- SR MBI, 4587k
1 B SORERE L, Bt T BT 50 T Tk Ik M s e A
(DFRIEAA RSE VTR 7RO 2). AR SCHER[7],
EVUSE R AK[Y - V=5 : 2]IREVAFIT, DL g
BHRY 4-2 5T, EMF TR 2.5 h,
TLC MR 10, ARt — =Y. %= &t
EHTAE . NMR S007, HiEN 2',3.5-=-0-5% T s
BANERZ T (5). TRz AR TIREHAE R THA, K
LA TR PR A7) X 2 2 s 2 T, 6 Js o7 (R UAC R 3¢
AEFERW. KMNERE, B R, Kk T
f, VR IR DL 96% S R A5 B A4 5.

FEJ7E 1 v, {3 R AN - DU PR IR 1 R R e R 1
B4 T BRI 23 i T IR, DAk 3]
5-ON*- 57 T B R B e A% 15 (2). K [RIFE 1 26 14 B
TG 5 B 20,30 57 T EEEE oviHp, SEIR R,
59N P P B2 R IS IS5 B %o = ) J s i e K. IR IR )
Tk 4 A R, W T v ) 3k S g B AR,
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O
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HO  OH
4

Reagent and conditions: (1-i) isobutyryl chloride (4.6 equiv.), pyridine, r.t.,, 6.5 h; (1-ii) CH;ONa (3.0 equiv.), THF, 8 C, 1 h; (1-iii) (NH,OH),*
H,S0, (6.0 equiv.), PrOH/H,O (V : V=7 : 3), 78 C, 24 h; (2-i) isobutyric anhydride, NEt;, THF/H,O (V : V=5 : 2), r.t.,, 2.5 h; (2-ii) TBAF (1

mol/L) in THF/H,O (V : V=9 : 1), r.t., 24 h; (2-iii) (NH;OH),e
B3

H,S0, (3.2 equiv.), PrOH/H,0 (V : V=7 : 3), 78 C, 24 h
DL D SR RS UL 47 53 0 9 258 e 4

Scheme 3 Two new routes to molnupiravir from cytidine

AR T R AR (R 2, Entry 1~4). B
fﬁy@*ﬁﬁ’l%ﬁﬁ(i& C) MR, e A REEE] 70%.
e P AR S L P82 IR 2 SE A S NI [R], A BEAR i H A7
%E‘JH&C%E. T3 SCRRIRIE, U] G B R 8 PR A i
R CBERZT K 203" 60 L BE2ES, ATl ik
HTAEY) S FEEFEVERLS T B R K& 5 9%
F 1 mol/L U T S G A4 i) DU S MR (1A 20 A 10% 1)
HKVEIH, SR T 24 h (Entry 5), MR 752 A E A
4, WCRIEE] 90%.
R2 2.3.5-=-0-5 T BUEMEEE X ] % 5'-0-57¢ T B
W IE A% T A AR AL

Table 2 Optimization of reaction conditions for preparation of
5'-O-isobutyrylcytidine from 2',3',5'-tri-O-isobutyrylcytidine

Entry  Solvent Reagent Amopnt/ T7/°C  Time/h Yield/%
equiv.
1 THF CH3;ONa 3.0 8 2.5 70
2 THF CH3ONa 5.0 8 1.5 52
3 THF CH3;ONa 3.0 30 1.0 24
4 THF CH3;ONa 5.0 30 1.0 15
THF/H20
Vir=9:1 TBAF 7.0 20 24 90

“TIsolated yield; ® 1 mol/L solution.

HE) A 4 PR AR SRR A 77 1 HAd I B A 0
FIRZR. Bk 4 T AR V=7 3K
EVEWT, IINTREEF2IE(3.2 equiv.), 78 C TR 24 h,
PL 95% IR A2 T B AR =i ULk 35, 1A =
P RN IR B 82% (Scheme 3, Method 2).
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2 #ig

CARRAN 23 75 (0 P e A% D AU, L T 7E M
HAERE T AR R I R AP AR e A SR, R
TP B BAERIAE . ORI S LA T R
EROFTTE. 2R e R R R R T B
SR VR 24307 Bt AR s SR R AL R A S
B2, BL 82% B i %% 1 H AR SR IL A .

3 XIES
31 &5
FITE N ARTE 25 SR B T, AR BT 200~
300 HfRERS; TLC fiF GF254 RERIAR; B e FE 1 A
LR E R IR AR WZZ-3 E e E;
K s A DL ST R A 38 A PR A 7] X-5 24 5 s sl
A AE, JE AR IE; "H NMR F1 3C NMR 3% {5 #i i
Bruker /A& AVANCE I11-400 78 S REFEIRICI 72,
TMS AR, BT FIRG A7 A 8 i 4 A 4l 711,
B, WA — DA b,
32 WHE
32,1 GAEAMFABALSREFEIER(FE])
TR -2',3,5 - = -0- S T T A s e A (1)
HIE R K I nE A% 15 (1.00 g, 4.11 mmol)¥E T 20 mL Ait
Ed, BN T BESA(2.0 mL, 19.2 mmol), iR FHtHE
6.5 h, TLC WM. RN FEA G, Zi8 I\ FITKER
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SANAW(10 mL), #EHE 5 min, #EANSIEF, H28
ZBEQ20 mLX2)XEH. & 48 L2, K¥(R20 mLX
3), TKBREREET 5 4 h, WIEIRAAE ABEPIR M- T
WdE-2',3"5'-=-0- 7 T TR R MM nE A% (1) (2.04 g, 95%).
m.p. 115.6~116.5 ‘C; '"H NMR (400 MHz, CDCl;) §:
8.68 (s, 1H), 7.93 (d, J=7.6 Hz, 1H), 7.48 (d, J=7.6 Hz,
1H), 6.19 (d, J=4.5 Hz, 1H), 5.40 (dd, J=5.4, 4.7 Hz,
1H), 5.34 (t, J=5.4 Hz, 1H), 4.45~4.35 (m, 3H), 2.68~
2.54 (m, 4H), 1.22 (d, J=7.0 Hz, 12H), 1.18 (d, J=7.0
Hz, 6H), 1.17 (d, J=7.0 Hz, 6H); 3C NMR (101 MHz,
CDCls) 6: 177.2, 176.4, 175.6, 175.5, 162.8, 154.9, 143.7,
97.0, 88.7, 80.3, 73.8, 69.7, 62.8, 36.7, 34.0, 33.8, 33.7,
19.07, 19.03, 18.98, 18.83, 18.79, 18.69; HRMS calcd for
CasH3sN300 [M+H]" 524.2603, found 524.2610.
5'-ON*-Z 5 T BEEL JMA e A Q)R E B W N5
TBERE-2,3.5-=-0- 5 T B AL MU s BE A% 17 (1) (500 meg,
0.96 mmol)i¥A T 8 mL Jo/K USRI, A H EEEH(155
mg, 2.87 mmol), Eif FHF: 1 h, TLC =M. &M
TG, SRR ZE0.5 mL)iHE 5 min EIEW L,
I R ZR(10 mL), 398, SRR AE 13 (A (0 [ 4
5'-O,N*- "¢ T BRI s E A% 1 (2) (346 mg, 94%). m.p.
79.8~80.3 ‘C; 'H NMR (400 MHz, DMSO-d¢) J: 10.89
(s, 1H), 8.07 (d, J=7.5 Hz, 1H), 7.26 (d, J=7.5 Hz, 1H),
5.77 (d, J=2.4 Hz, 1H), 5.59 (s, 1H), 5.28 (s, 1H), 4.30
(dd, J=12.4, 2.4 Hz, 1H), 4.25 (dd, J=12.4, 5.1 Hz, 1H),
4.10~4.03 (m, 2H) , 3.92 (t, J=5.7 Hz, 1H), 2.73 (hept,
J=7.0 Hz, 1H), 2.59 (hept, J=7.0 Hz, 1H), 1.12 (d, J=
6.9 Hz, 3H), 1.11 (d, J=6.9 Hz, 3H), 1.07 (d, J=6.8 Hz,
6H); *C NMR (101 MHz, DMSO-d¢) d: 177.8, 175.9,
162.6, 154.5, 145.0, 95.5, 91.0, 80.8, 73.9, 69.3, 63.4, 34.9,
33.2, 18.98, 18.87, 18.73, 18.70; HRMS calcd for C7Has-
N;O; [M+H]" 384.1765, found 384.1770.
N-JRHE-5-0- 57T Bk ik i s ng A% 5 (3) & i 4%
5-ON*-— 57 T T HE M e 4% F1(2) (100 mg, 0.26 mmol)
WY 2 mL SEEEAUKY D V=" 3)RBEERE, N
AR FEH%(293 mg, 1.56 mmol), 78 C Fii+¥ 24 h, TLC
WM B, B SEA R, WY, FEREEENT 5
M F ) - V(FER) =5 11188 A GEA N-F-
5'-0-5 T B FE M e 4% 15 (3) (68 mg, 80%). m.p. 158.0~
1583 C; [a]y —8.30 (c 0.10, CH;0H); 'H NMR (400
MHz, DMSO-ds) 6: 10.00 (s, 1H), 9.51 (s, 1H), 6.83 (d,
J=8.2 Hz, 1H), 5.72 (d, J=5.4 Hz, 1H), 5.59 (d, J=8.2
Hz, 1H), 5.36 (d, J=5.7 Hz, 1H), 5.21 (d, J=4.9 Hz, 1H),
4.22 (dd, J=8.8, 3.0 Hz, 1H), 4.14 (dd, J=7.0, 4.8 Hz,
1H), 4.02 (t, J=5.2 Hz, 1H), 3.99~3.91 (m, 2H), 2.58
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(hept, J=7.0 Hz, 1H), 1.11 (d, J=7.0 Hz, 6H); 3C NMR
(101 MHz, DMSO-dg) 8: 175.9, 149.4, 143.3, 129.8, 98.7,
87.7, 80.7, 71.9, 69.9, 63.8, 33.1, 18.7; HRMS calcd for
CisHoN;0; [M+H]" 330.1296, found 330.1298. 'H
NMR F1 3C NMR 5 STk 458 £ #H 755

322 @A FegBERALABRALLSREZCEES
(Frik2)

2'3.5"-=-0-5% T BE A Hums e i% 5 (S) A e K i
EIE % (1,00 g, 4.11 mmol)iA& T 8 mL PY SR/ K(V
V=5 2MKEE®WHE T, MA=2%3B.0 mL, 20.5
mmol), 7T BE5(2.8 mL, 26.3 mmol) A & 4- — 14
FEAERE, SR BERE 2.5 h, TLC WIS B, OB 524 )E,
SN I NI ER S ANV (10 mL), $iiFE 5 min, 4N
SR E, F 2R ZFE(Q20 mLX2)2KEL. &M ZHE
2, KPE(20 mLX3), To/KBREREET R 4 h, BEKRSS
HE A 2,35 =-0-5% T MR E % (6) (1.78 g,
96%). m.p. 82.7~83.6 ‘C; 'H NMR (400 MHz, CDCl;) 6:
7.50 (d, J=7.5 Hz, 1H), 6.12 (d, J=4.6 Hz, 1H), 5.81 (d,
J=17.5 Hz, 1H), 5.39~5.34 (m, 2H), 4.36~4.32 (m, 3H),
2.66~2.54 (m, 3H), 1.22 (d, J=7.0 Hz, 3H), 1.21 (d, J=
7.0 Hz, 3H), 1.18 (d, J=7.0 Hz, 6H), 1.17 (d, J=7.0 Hz,
3H), 1.16 (d, J=7.0 Hz, 3H); 3C NMR (101 MHz, CDCl5)
8: 176.5, 175.8, 175.7, 165.6, 155.4, 140.9, 95.1, 88.4,
79.8,73.4,70.0, 63.2, 34.0, 33.8, 33.7, 19.02, 18.96, 18.81,
18.71; HRMS caled for C2H3N305 [M+H]" 454.2184,
found 454.2189.

5-0-5 T WA M @A K 2',3.5-=-
O-5¢ T B3 s e 2% F5(5) (900 mg, 1.98 mmol)iET 10
mL PUEEmEF, N =K &P T 4.5 g 14
mmol), FIR FHEE 24 h, TLC WM. MN5E4)E,
R 4E, IR ET (AT R) - M(FED)=3: 1]
afitk, HEIAEEA 5-0-F T B R EZ T d) (310
mg, 90%). m.p. 87.4~884 ‘C; 'H NMR (400 MHz,
DMSO-ds) 6: 7.58 (d, J=7.5 Hz, 1H), 7.24 (s, 1H), 7.17
(s, 1H), 5.76 (d, J=4.2 Hz, 1H), 5.74 (d, J=8.2 Hz, 1H),
427 (dd, J=6.8, 2.8 Hz, 1H), 4.17 (dd, J=6.8, 2.8 Hz,
1H), 3.98~3.95 (m, 2H), 3.91 (t, J=5.8 Hz, 1H), 2.58
(hept, J=7.0 Hz, 1H), 1.09 (d, J=7.0 Hz, 6H); 3C NMR
(101 MHz, DMSO-dq) &: 175.9, 165.5, 155.1, 141.1, 94.1,
90.0, 80.4, 73.4, 69.6, 63.6, 33.2, 18.73, 18.71; HRMS
caled for C;3HyN3;O [M + H] " 314.1347, found
314.1355. '"H NMR A1 BC NMR 5 SCERIRIE (85 4
B

N-F2 5L -5-0- 5T ok 4= H s e A% 5 (3) [ A 7 0%
5'-0-5 T Tk Hu e g 1% £ (4) (100 mg, 0.32 mmol)i& T 2
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mL SRR D V=7 3)FREHERT, A
¥2 (168 mg, 1.0 mmol), 78 C FH#Hi#E 24 h, TLC %
B, RN SEANGE, WA, FERAE BT S (A
Fe) - V(PR =5 1 1], B8 AAEE NMRE-5-0-7T
Tk f M e A% R (3) (101 mg, 96%).

B A%l (Supporting Information) {4L&4%) 1~5 () 'H
NMR 1 3C NMR ¥ [, X EERARERT DL G 9 AT 9035
(http://sioc-journal.cn/) . N K.
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