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Tém tit
Mouc tiéu: Tong hop molnupiravir tir cytidin & quy mé phong thi nghiém bang
phuong phép don gian, khong sir dung sic ky cot dé tinh ché. Phuwong phdp
nghién ciru: Tong hop molnupiravir tir nguyén liéu ban dau cytidin théng qua 4
giai doan phan tmg: Acetonid héa cytidin tao chit Cl; Acyl héa C1 tao C2;
Hydroxylamin héa C2 tao C3; Cudi cting thity phan C3 tao molnupiravir. Tinh
ché san pham duoc thyuc hién bang cic k¥ thudt co ban: Chiét phan b, két tinh,
két tha, loc, rira. Cau triic cdc chat dugc khang dinh bang cic phuong phép phan
tich phd IR, MS va NMR. Két qud: Hiéu suit cdc giai doan tong hop thu duoc
nhu sau: 96,0% chat C1 tir cytidin; 90,6% chat C2 tir C1; 59,0% chét C3 tr C2;
44,6% san pham cudi molnupiravir tir C3. Hiéu suat toan quy trinh 1a 22,9%,
trong d6 da sir dung phuong phdp tinh ché céc chat khong st dung sic ky cot, dat
tinh khiét theo sic ky 16p mong va nhiét d6 néng chay. Cau tric céc chit duoc
khang dinh day du bang céc dir liéu phd. Két ludn: Trong nghién ciru nay chiing
toi da tong hop thanh cong molnupiravir tir cytidin & quy mo phong thi nghiém
véi quy trinh tong hop don gian, an toan va c6 tiém ning dp dung ¢ Viét Nam.
Twr khéa: COVID-19; Cytidin; Molnupiravir; SARS-CoV-2.

SYNTHESIS OF MOLNUPIRAVIR FROM CYTIDIN
Abstract

Objectives: To synthesize molnupiravir in laboratory conditions from cytidine
with a simple method and no need for column chromatography for purification.
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Methods: Four different reactions were used to synthesize molnupiravir from
cytidine as the starting material. Acetonidation of cytidine to produce Cl1;
Acylation of C1 to produce C2; Hydroxylamination of C2 to produce C3; and
hydrolysis of C3 to produce molnupiravir. The fundamental techniques for
product refinement included distributing extraction, crystallization, precipitation,
filtering, and washing. The structures of the compounds were confirmed by
spectral analysis methods such as IR, MS, and NMR. Results: Yield 96.0% of C1
from cytidine, 90.6% of C2 from C1, 59.0% of C3 from C2, and 44.6% of the
final molnupiravir from C3 were obtained based on the yield of the synthesis
stages. The overall efficiency of the process was 22.9%, and it used non-column
chromatography to isolate products that were pure according to thin-layer
chromatography and melting point. Spectral data provided a complete
characterization of the structure of compounds. Conclusion: Molnupiravir
was successfully synthesized in the lab using an easy, safe, and potentially
efficient method.

Keywords: COVID-19; Cytidine; Molnupiravir; SARS-CoV-2.

DAT VAN DE

Molnupiravir 12 thubc khdng vi rit
(SARS-CoV-2) do Merck va Ridgeback
Biotherapeutics hop tic phét trién, duoc
Co quan Quan ly thudc va san phim
cham s6c suc khoe Anh (MHRA) phé
duyét thang 11/2021, sau d6 duoc B Y
t¢ Viet Nam chip nhdn vao thing
02/2022 dé diéu tri bénh nhan COVID-
19 tir nhe dén trung binh [1]. Viéc phat
hién va phdt trién ban dau cia
molnupiravir bat dau vao nim 2013,
nhim muc dich 6m ra mét loai thudc
khang vi rit duong udng dé diéu tri bénh
nhiém vi rit viém ndo [1]. Cc nha
nghién ctru Pai hoc Emory sau dé

da téng hop thanh cong molnupiravir
tir uridin nhung hiéu suét con thip va
gia thanh cao [2]. Cic hudng di sau
nay bit ddu mo rong phét trién viéc
tong hop qua cytidin, mot nguyén liéu
dau vao gia thanh thap hon va pho bién
hon uridin [3, 4, 5, 6]. V6i muc tiéu
tim ra quy trinh tong hop molnupiravir
don gian, an toan va c6 thé ung dung &
quy mé 16n hon tir cytidin cé tiém
nang dp dung ¢ Viét Nam, ching t6i
thyc hién nghién ctou véi muc tiéu:
Téng hop molnupiravir tir cytidin o
quy mé phong thi nghiém bang phwong
phdp don gian, khong sit dung sdc ky

cot dé tinh ché.

271



TAP CHI Y DUQC HQC QUAN SU - SO CHUYEN BE DUQC HQC NAM 2023

POI TUQNG VA PHUONG PHAP
NGHIEN CUU

1. P6i twong nghién ctru

* Héa chat: Pugc mua c6 ngudn gbc
tr Puc, Trung Qubc va Viét Nam:
Cytidin, 2,2-dimethoxypropan (DMP),
aceton, acetonitril, acid acetic, acid
sulfuric, acid formic, dung dich
amoniac 25%, anhydrid isobutyric
((i-PrC0O),0), dicloromethan (DCM),
diethyl ether, ethanol, ethyl acetat
(EtOAc), hydroxylamin sulfat,
isopropanol (IPA), methanol (MeOH),
natri clorid, natri hydrocarbonat, natri
sulfat, n-butanol, nuGc ct, methyl zert-
butyl ether (MBTE), tetrahydrofuran
(THF), triethylamin (TEA), 1,8-
diazabicyclo[5.4.0]Jundec-7-en (DBU),
4-dimethylaminopyridin (DMAP) dat
tiéu chuan tinh khiét tong hop (AR).

* Thiét bi dung cu su dung: Ban
mong silica gel 60 F,s4, binh ciu mot
c6 va hai loai dung tich (50mL,
100mL, 250mL), binh hit 4m, binh
nho giot dung tich 100mL, binh nén
dung tich 100mL, binh sic ky, cin k¥
thuat Sartorius BP 2001S, cbc c6 mod
cac loai dung tich (100mL, 250mL,
500mL), den héng ngoai, deén tr ngoai,
mdy cit quay chin khong Buchi R210,
mdy do nhiét d§0 néng chdy EZ-Melt,
mdy khudy tir gia nhiét IKA, nhiét ké
thuly ngan, pipet chia vach (ImL, 2mL,
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5mL, 10mL), sinh han hdi luu, tu sdy
Memmert.

2. Phwong phap nghién ciru

Molnupiravir dugc téng hop tir
nguyén li¢u cytidin thong qua 4 giai
doan phan tng (acetonid héa, acyl hoéa,
hydroxylamin héa va thuy phéan), ba
san pham trung gian 1a C1, C2, C3
(Hinh I). Phan tng dugc theo ddi bang
phuong phdp sic ky 16p mong
(SKLM) thuc hién trén ban modng
silica gel Fys4 (Merck) voi cdc hé dung
khai
acetic:nudc

trién: n-butanol:acid
(9,0:2,0:2,5); EtOAc
(100%); quan sit sic ky do dudi budc

moi

song 254nm cua den tu ngoai.

Do tinh khiét dugc danh gid so by
béng khoang nhiét d néng chay (t°,,
At) do trén mdy EZ-Melt (M§). Cau
tric cta san pham duoc xdc dinh bang
cic phuong phdp phd: Khdi luong
(MS), héng ngoai (IR) va cong hudng
tr hat nhan ("H-NMR va "*C-NMR).
Pho ESI-MS duoc ghi trén may 920-
MS TQ-FT (Agilent Technologies).
Pho IR dugc ghi trén mdy Shimadzu
trong viing 4000 - 400cm™. Phé NMR
duogc ghi trén mdy Bruker, dung mdi
DMSO-de. Cac phé dugc ghi tai Khoa
Héa hoc, Truong Dai hoc Khoa hoc Tu
nhién, Pai hoc Qudc gia Ha Noi va
Vién Hoa hoc, Vién Han 1am Khoa hoc

va Cong nghé¢ Viét Nam.
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Hinh 1. So d téng hop molnupiravir tir cytidin qua 4 giai doan.

3. Pao dirc nghién ciru

Nghién ctu dugc thyc hi¢n véi sy dong thudn va ty nguyén cua cac tac gia.
Vi¢c cong bo trén tap chi dugc sy nhat tri tir cic tdc gid co tén trén bai bdo.

KET QUA NGHIEN CUU

1. Tong hop mudi 4-amino-1-
((3aR,4R,6R,6aR)-6-(hydroxymethyl)-
2,2-dimethyltetrahydrofuro[3,4-d][1,3]
dioxol-4-yl)pyrimidin-2(1H)-on sulfat
(C1)

Trong binh cau moét c6 100mL,
thém 1,00g (4,12mmol) cytidin va
13mL aceton, thém tiép 2,6mL DMP.
Hon hop dugc tron déu bing may
khudy tir, r0i nho thém tung giot
0,55mL dung dich H,SO,4 ddc vao binh
cau. Duy tri khudy trong 24 gid' & nhiét
do phong thi thu duoc hdén hop mau dé
nau. Sau khi két thic, loc thu tia.
Rira voi aceton 3 1an (mdi 1an 10mL),
sau d6 rira tiép véi diethyl ether toi
khi thu duoc chit rin mau tring, sy
kho dudi den hong ngoai thu dugc Cl
¢6 khéi luong 1,50g, hiéu suat 96,0%;

t° 133,0 - 135,0°C; Ry = 0,56 (n-
butanol : acid acetic : nudc =9,0: 2,0

2,5). ESI-MS (m/z): 567,1 [2M-
2H,SO,+H]" (CTPT: C,,H;7N;05 H,SO,,
M = 381,0). IR (KBr), v (cm™): 3485
(N-H amin bac 1); 3352 (O-H alcol);
2933 (C-H no); 1722 (C=0); 1674
(C=N vong); 1119 va 1250 (C-0). 'H-
NMR (600 MHz, DMSO-dg), 6 (ppm):
9,49 (1H, s, NH,); 8,31 (1H, t, J = 3,6
Hz, NH,); 8,13 (1H, d, J = 7,8 Hz, H-
6); 6,08 (1H, d, J = 7,8 Hz, H-5); 5,79
(1H, d, J = 2,4 Hz, H-1"); 4,91 (1H,
dd, J;=6,0 Hz, J,= 1,8 Hz, H-2'); 4,75
(1H, dd, J,=6,0 Hz, J,= 2,4 Hz, H-3");
4,25 (1H, q, J = 4,2 Hz, H-4"); 3,63
(1H, dd, J, =12 Hz, J,=4,2 Hz, H,-5");
3,57 (1H, dd, J, = 11,4 Hz, J, = 4,2 Hz,
Hy-5"); 1,49 (3H, s, H-2"); 1,29 (3H, s,
H-3"). "C-NMR (150 MHz, DMSO-dy),
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S (ppm): 159,24 (C-4); 146,31 (C-2);
112,63 (C-6); 93,22 (C-1"); 87,68 (C-
5); 84,40 (C-1'); 80,47 (C-4'); 61,04

(C-2"); 52,88 (C-3"); 39,57 (C-5;
26,89 (C-2"); 25,07 (C-3").
2. Téng hop din chit

((3aR,4R,6R,6aR)-6-(4-amino-2-
oxopyrimidin-1(2H)-yl)-2,2-
dimethyltetrahydrofuro([3,4-d][1,3]
dioxol-4-yl)methylsobutyrat (C2) tir C1

Hoa tan 1,30g (3,41 mmol) C1 vao
13mL acetonitril trong binh cau mot
cd 100mL. B sung 0,09 DMAP va
1,ImL (7,16 mmol) DBU, khudy tron
déu hdn hop trong 10 phiit t6i khi tan
hoan toan. Sau khi 1am lanh binh cau
xudng 0 - 5°C, nho tr tir ting giot
anhydrid isobutyric (0,80mL). Duy tri
khudy trong khoang 10 phit & ciing
nhiét do. Sau khi két thic, cat quay

loai dung méi dén can. BS sung 10mL
DCM dé hoa tan cén, chuyén vao binh
chiét. Tién hanh rtra pha dung méi
DCM véi dung dich acid acetic 10%
(10 mL/lan x 3 lan). Thém tir tir ting
giot 10mL NaHCOj; bio hoa, khudy déu
t6i khi hét sii bot, thu 1ay 16p DCM.
Lam khan 16p DCM bing Na,SO,
khan, ct quay loai dung moéi thu dugc
chat rdn mau tring x6p c6 khdi luong
1,09¢, higu suit 90,5%; Ry = 0,72
(n-butanol:acid acetic:nudc = 9,0:2,0:2,5).
ESI-MS (m/z): 707,1 [2M+H]" (CTPT:
C16H23N306, M = 353,0).

Khao sat anh huong cua xuc tac base,
nhi¢t do0 phan ung va ty 1€ mol
anhydrid isobutyric: C1 dén hiéu suét
phan Gng. Tién hanh cdc thi nghiém
voi 1,30g C1, thu dugc két qua trong
bang 1 va bang 2.

Bang 1. Anh hudng cua xtc tic base va nhiét do dén viéc
tao thanh san pham C2.

Nhiét d9 Xuc tac

Hi¢u suat

Dic diém sic ky 16p mong theo doi

ST
(=2°0C) base (%) phan ung
1 25 DBU 85,0 Hau nhu khong c6 tap
Xuat hién ding ké tap, khong tich
2 25 TEA - s
san pham
3 0 DBU 90,6 Hau nhu khéng ¢6 tap
Xuat hién ding ké tap, khong tich
4 0 TEA -

san pham
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Bang 2. Anh huong cua ty 16 mol anhydrid isobutyric:C1 dén hiéu suat phan ting
tao C2 su dung xuc tac base DBU.

Ty 1¢ mol Khéi lrgng san pham Hié¢u suit
STT ) :
@@-PrC0O),0:C1 C2(g) (%)
1 1,1:1 0,78 64,8
2 1,4:1 1,09 90,5
3 1,7:1 1,06 88,0
4 2,0:1 0,96 79,7

3. Tong hop ((3aR,4R,6R,6aR)-6-
(4-(hydroxyamino)-2-oxopyrimidin-
1(2H)-yl)-2,2-dimethyl-tetrahydrofuro
[3,4-d][1,3]dioxol-4-yl)methyl sobutyrat
(C3) tir C2

Trong binh ciu mét ¢6 100mL chira
1g (2,71mmol) C2 va 1,33g hydroxylamin
sulfat, thém tiép 10mL IPA 70%, gia
nhiét 1én 60°C va khudy déu dé chat
ran tan hoan toan tao dung dich dong
nhat. Khuay tron hon hop & 78°C trong
24 ¢gio. Sau khi két thic, thém vao
10mL ethanol 1am dong dung mdi, cat
cd dung moéi thu duogc san pham dang
dau sét ¢c6 mau nau vang 1an chit rin
mau tring. Thém vao 10mL EtOAc va
10mL dung dich NaCl bio hoa, lic déu
5 phiit, doi dén khi hai pha tich ra roi
chiét 14y 16p ethyl acetat. Rira 16p ethyl
acetat voi nude (10 mL/lan x 3 1an),
lam khan bé“mg Na,SO, khan, loc thu
dich r0i cat quay loai dung méi thu
dugc chat ran mau trang. Thém 1mL

acetonitril vao binh san phim lic déu
phan tin chit rin tao thanh hon dich
mau tréng duc, sau d6 cho thém tiép
5mL nuéc cit, khudy déu thdy xut
hién két tinh dudi ddy binh; dé két tinh
san pham trong 2 gid, sau d6 tién hanh
loc rra tua tinh thé béng nude cat, séy,
thu dugc chat ran mau trang dnh hong
nhat, ¢6 khéi luong 0,59g, hiéu suit
59,0%; t°,. 152,0 - 154,0; Ry = 0,88 (n-
butanol : acid acetic : nudéc =9,0: 2,0 :
2,5), 0,69 (EtOAc). ESI-MS (m/z):
367,9 [M-H]' (CTPT: C;sHx;N;30,
M = 369,0). IR (KBr), v (cm™): 2980
(C-H no); 1703 (C=0); 1674 (C=N);
1074, 1159, 1194 va 1273 (C-O). 'H-
NMR (600 MHz, DMSO-dg), J (ppm):
10,05 (1H, s, OH); 9,62 (1H,d, J = 1,8
Hz, NH); 6,88 (1H, d, J = 8,4 Hz, H-
6); 5,72 (1H, d, J = 2,4 Hz, H-1"); 5,57
(1H, dd, J, = 8,4 Hz, J, = 2,4 Hz, H-5);
4,95 (1H, dd, J; = 6,0 Hz, J, = 2,4 Hz,
H-2"); 4,76 (1H, dd, J, = 6,6 Hz, J, =
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4,2 Hz, H-3"); 4,24-4,14 (2H, m, H-5");
4,13-4,11 (H, m, H-4"; 2,56 (1H, sept,
Jy =72 Hz, H-2"); 1,48 (3H, s, H-2");
1,29 (3H, s, H-3"); 1,10 (3H, s, H-3");
1,09 (3H, s, H-4"). “C-NMR (150
MHz, DMSO-d), J (ppm): 175,87 (C-
1"): 149,04 (C-2); 143,26 (C-4);
131,89 (C-6); 113,37 (C-1"); 98,66 (C-
5); 91,22 (C-1'); 83,08 (C-2, C-4';

80,56 (C-3'); 63,79 (C-5"); 39,5 (C-2");
33,04 (C-2"); 26,96 (C-3"); 25,16 (C-
3"); 18,7 (C-4".

Khdo sat anh hudéng cua nhi¢t do
phan tng dén hiéu suit phan tng.
Tién hanh cdc thi nghiém véi 1,00g
C2, thay doi nhiét d6 phan tng thu
duogc két qua bang 3.

Bang 3. Anh huong ctia nhiét do t&i viéc hinh thanh san pham C3.

Tho o , —
Nhiét d¢ orlan - prsusudt  Dic didm sic ky 16p
STT  (4p0c) ~ Phantmg (%) méng theo d5i phan tn
= (phiit) ¢ & p 8
1 60 30 gio 48,2 Xuat hién mot phan tap
2 70 24 gid 59,0 Hau nhu khéng c6 tap
3 %0 ) ] Xuét hién ddng ké 2 vét tap,

khong téch san pham

4. Tong hop molnupiravir tir C3

Trong binh ciu hai ¢b 50mL, thém
0,5¢ (1,36mmol) C3 va SmL acid
formic, khudy déu dung dich ¢ 25°C
trong 7 gid. Sau d6, nho tur tir ting giot
NH; dac (20mL) ¢ nhi¢t d6 0 - 5°C
dén pH trung tinh. Pua dung dich sang
binh gan, bd sung 20mL THF, lic
trong 5 phit thu 16p dung moéi THF.
Rua pha THF véi 20mL dung dich
NaCl bao hoa. Lam khan pha hitu co
bang natri sulfat khan. Loc 1y dich, ¢
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du6i dp suit giam loai dung mdi thu
duoc san pham dang diu mau vang
nhat. Thém 5,0mL MTBE, xuit hién
chat ran mau trang bam quanh thanh
binh. Dé két tinh san pham. Loc, sdy
thu dugc sin phdm molnupiravir cé
mau tring ngd, khéi luong 0,20g, hiéu
suat 44,6%; t°, 154,0 - 156,0°C; R, =
0,78 (n-butanol : acid acetic : nudc =
9,0 :2,0:2,5); 0,33 (EtOAc). ESI-MS
(m/z): 327,9 [M-H] (CTPT: C;3H9N;07,
M = 329,3); IR (KBr), v (cm™): 3381
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(N-H va OH); 2976, 2878 (C-H no);
1750 (C=0); 1639 (C=N); 1275, 1194
va 1125 (C-0). 'H-NMR (600 MHz,
DMSO-dg), 6 (ppm): 10,01 (1H, s, -
NH-OH); 9,49 (1H, d, J = 1,8 Hz,
NH); 6,82 (1H, d, J = 8,4 Hz, H-6);
5,71 (1H, d, J = 6,0 Hz, H-1"); 5,58
(1H, dd, J, = 8,4 Hz, J, = 1,8 Hz, H-5);
5,34 (1H, dd, J = 6,0 Hz, OH tai C-2");
5,21 (1H, d, J = 5,4 Hz, OH tai C-3");
421 (1H, dd, J; = 12,0 Hz, J,= 3,0 Hz,
H-2"); 4,13 (1H, dd, J, = 12,0 Hz, J, =
5,4 Hz, H-3"); 4,00 (1H, q, J = 5,4 Hz,
H-4"); 3,94-3,89 (2H, m, H-5"); 2,57
(1H, sept, J = 7,2 Hz, H-2"); 1,10 (6H,
dd, J, =6,6 Hz, J, = 1,2 Hz, H- 3",4").
BC-NMR (150 MHz, DMSO-dy), ¢
(ppm): 175,95 (C-1"); 149,39 (C-2);
143,27 (C-4); 129,86 (C-6); 98,73 (C-5);
87,72 (C-1'; 80,68 (C-4"); 71,92
(C-2"; 69,91 (C-3"); 63,84 (C-5"); 39,50
(C-2"); 33,15 (C-3"); 18,75 (C-4").
‘ BAN LUAN

1. Ve phan @ng acetonid héa
cytidin tao C1

Day la budc bao v€ quan trong vi
qud trinh can thuc hién sau d6 1a phan
tmg acyl héa chon loc (gdn nhém
isobutyryl vao vi tri -OH tai C-5"). Tac
nhan dugc lga chon dé acetal héa
(acetonid hoéa) ¢ day la DMP trong
aceton c¢6 mat xuc tac acid dac. Thuc
nghiém chi ra, néu su dung chi aceton

lam tdc nhan dé acetal héa cytidin, thi
khong thu dugc san phém mong mudn.
Xiuc tic H,SO, dac khong chi cé vai
trd tao mdi truong acid cung cap HY,
ngung tu loai methanol, gitip day
nhanh phan Ung cetal héa ma con c6
vai trd tao mudi (vi nitrogen trong
cAu tric), lam cho san phém C1 Két
tinh dudi dang chat ran, d& dang tich
loai khi xtr 1y phan tng. Luu ¥, chat
C1 1a mubi amin d& hit 4m, ¢6 thé bi
thuy phan thanh nguyén li¢u cytidin
ban dau, do do6, néu chua st dung
ngay, can bao quan chat C1 ¢ diéu kién
trdnh 4m va trdnh 4dnh séng.

2. Vé phan img O-acyl héa C1 tao C2

Day la phan ung acyl héa OH alcol,
can sy c6 mat ctiia base manh bac 3 1am
xtic tdic nhu DBU va TEA. Cic tic
nhan acyl héa c¢6 thé sir dung trong
phén tng nay 1 acid isobutyric, dan chét
ester isobutyrat, isobutyryl halogenid
hodc anhydrid isobutyric. Trong nghién
ciru cua ching t6i, anhydrid isobutyric
dugc lya chon véi 1y do la tic nhan
ndy c6 kha ning acyl héa manh, dé
thyc hién phan tng va la mot héa chat
thong dung trong phong thi nghiém.
Dan chit trung gian CI ton tai dudi
dang mudi, dudi tic dung cua base
manh nhu DBU, s& giai phéng gbc -
NH,, ¢6 thé bi acyl héa ciing voi OH &
C-5', do d6, c6 thé tao ra mot sd tap
acyl hoa khong chon loc C2a, C2b
(Hinh 2).
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Hinh 2. Ciu tric san pham phu c6 thé tao ra trong qud trinh téng hop chat C2.

Theo nghién ctru ctia Gopalsamuthiram
V va CS, su c6 mit cua dan chat diacyl
héa C2a c6 thé tao ra nhiéu tap cho
phan tng tiép theo (tao san pham chinh
C3 v6i hiéu suat thap), nén can han ché
vi€c tao ra tap C2a ¢ phan ung hién tai
[5]. Do vay, phan rng nay da khao sat
cdc yéu té anh huong t6i ty 18 tao
thanh san pham C2 va tap chat C2a, 1a
xuc tadc base va ty 1€ mol anhydrid
isobutyric:Cl.

Xtc tac base: Dua trén khao sat véi
DBU va TEA, nhan thiy viéc st dung
DBU cho kha ning tao ra san phim
chinh v&i hiéu suit cao hon va hinh
thanh it tap chat C2a hon so véi TEA.
Ly giai cho diéu nay c6 thé 1a: DBU c6
tinh base 16n hon so véi TEA (pKa
DBU-H 16n hon pKa TEA-H), nén sé
dé dang lay H' cua alcol dé tao anion
alkoxid RO™ véi trung tam 4i nhan
manh hon cd@p dién tir cia nhém -NH,,
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gitp qua trinh acyl héa xay ra chon loc
vao OH cua C-5' [7]. Khao st nay di
kém anh huong cua nhiét d§ phan Gng.
Két qua thyc nghiém cho thay phan
ung thu dugc it tap chat C2a khi thuc
hién ¢ nhiét d¢ duy tri ¢ 0°C, 1y do ¢6
thé do sy giam nhiét do lam giam tc
dd phan ung diacyl héa, do do6, lugng
tap dugc tao thanh it hon (Bang 1).

Ty 1€ mol anhydrid isobutyric:Cl,
vé 1y thuyét, dé tao pham chinh C2 chi
can ty 1& tdc nhan:C1 = 1:1. Néu ty 1&
nay cang 16n, kha ning tao ra dan chit
diacyl héa cang cao, do do, viéc khéng
ché ty 18 dé thu dugc san pham chinh
can dugc chi trong. Chung t6i da chon
duoc ty 1¢ nay la 1,4:1 gidp thu duogc
san pham hiéu sudt cao nhét va c6 it
tap nhét (Bdng 2).

Qua trinh tinh ché can phai loai bo
duoc base DBU va mot ph::fln tac nhan
anhydrid isobutyric con du. Do hai
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chat déu 1a chat 1ong c¢6 do nhét cao,
viéc ton du trong san pham sau phan
(g s& 1am anh huéng dén qua trinh xir
ly thu dugc san pham chinh [8]. DBU
trong dung mdi acetonitril c6 pKa lén
(24,34) trong khi nhém chuc amin
trong san phiam C2 c6 pKa nho (4,2)
nén vi¢c st dung mot acid nhe cé thé
dé dang tao mudi véi DBU, mudi nay
bi loai di khi chiét tich trong hé¢ hai
pha nudc - httu co [5, 7]. Anhydrid
isobutyric c6 kha ndng tan trong nudc,
trong khi chit C2 (dang cytidin
acetonid ester) tan t6t trong DCM. Do
d6, sir dung hé dung mdi chiét CH,Cl,/
dung dich acid acetic 10% da gitp loai
bé duoc base DBU va tiac nhan
anhydrid ton du [5]. DMAP dugc loai
di dudi dang mudi acetat tan trong
nudce khi rra véi dung dich acid acetic
10%. Acid acetic ciing dé dang duogc
loai bo nho dugc trung hoa béng natri
hydrocarbonat.

3. Vé phan ing tao C3 tir C2

Phan trng dién ra theo co ché Sy, voi
tdc nhan nucleophin la NH,OH, tAn
cong vao vi tri C-4, sau dé déy nhém
NH, (du6i dang NHj;) ra ngoai. bé
phan tng xay ra tot, can duy tri nhiét
dd cao va thoi gian phan tng kéo dai (24
gi0). Tac nhan dugc st dung la dang
mudi hydroxylamin sulfat thay cho

hydroxylamin, gitip kiém soét an toan
va it doc hai hon (hydroxylamin base
khé bao quan, ¢6 kha ning phat nd khi
dun néng va giy kich tng da, mat, giy
di tng). Theo két qua khao sat, khi
nang nhiét do Ién cao (> 80°C, hdi
Iwu), phan tng s& sinh ra nhiéu tap.
Chung t6i chon dugc muc nhi¢t do phu
hop 12 70 + 2°C dé dat hiéu suit cao
nhat. Khi xir 1y san pham, st dung hé
dung mdi ethyl acetat/dung dich NaCl
bao hoa (1:1) gidp loai bé hoan toan
hydroxylamin sulfat con du sau phan
ung [9]. Pha hitu co (hoa tan tdt san
phém C3) duoc rira voi nudc, sau do
dugce cat kiét dé thu duoc san phém thd
(dang siro). Theo cédc tai li¢u tham
khao ¢ quy md twong ty, phwong phap
tinh ché bang sic ky cot la cich phd
bién nhat dé c6 thé thu duoc san pham
& dang tinh khiét [4]. Tuy nhién, dé
lam tién dé nghién ctru quy md cao
hon, phuong phdp sic ky cot khong
phai 12 lua chon ti wu. Vi vdy, phuong
phap két tinh dé tinh ché san pham C3
da duoc str dung trong nghién ctru nay.
H¢é dung moéi H,O:CH;CN = 5:1 duogc
lua chon dé két tinh thanh cong san
pham. San pham C3 thu dugc ldc nay
c6 chita mot lugng nho molnupiravir
(xuit hién dua theo vét quan st trén
sic ky 16p mong).
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4. Vé phan ung thily phan tao
molnupiravir tir C3

Khi tién hanh tinh ché bang phuong
phdp chiét theo tai liéu [10], nhém
nghién ctru nhan thdy molnupiravir tan
kém trong ethyl acetat, do do, can thuc
hién chiét nhiéu 1an gdy tn thoi gian
va chi phi san xuit. Do d6, ching toi
d3 khao sat mot s6 dung mdi va quyét
dinh Iya chon THF la dung mdi dé tinh
ché san pham. Sau d6, dung dich chira
san pham va dung moéi THF dugc cd
can dé thu duoc san phém dang dau.
Molnupiravir gan nhu khong tan trong
dung mdéi MTBE, nén ching t6i da su
dung MTBE & lam két
molnupiravir thu duoc dang tinh khiét.

tua

Phuong phdp nay gitp dé dang thu
molnupiravir dang rin ma khong can
su dung dén sic ky cot. Mat khac, do
cAu triic monupiravir ¢c6 mot s6 nhém
than nudc 1la -OH va -NH nén tan duoc
mot phan trong nude. Do d6, trén thuc
t¢ khi chiét bang hé dung moi
THF/NaCl bdo hoa da 1am mat mot
phan san pham monupiravir trong pha
nude mudi. Do vy, hiéu suét phan mg
nay chua cao.

KET LUAN

Tong hop thanh céng molnupiravir
tor nguyén li¢u cytidin & quy md phong
thi nghiém dat hiéu suat 22,9% va da
thay d6i dugc phuong phdp tinh ché,
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khong st dung sic ky cot, gidp don
gian héa thao tac thuc hién, tiét kiém
thoi gian va chi phi san xuét. Ciu tric
clia san pham va cdc chét trung gian da
dugc ching minh qua cidc phuong
phap phan tich phd IR, MS, NMR.

Loi cam on: Ching t6i xin chan
thanh cam on Truong Pai hoc Dugc
Ha Noi da hd trg kinh phi thuc hién
nghién clru nay.
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