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Tenofovir disoproxil fumarate (biét dwge Viread®) 1a thudc khang virus tac dung theo co ché ic ché
enzyme sao mi nguoc - mdt enzyme quan trong cho qua trinh phat trién ciia virus giy suy giam mién dich
& ngudi (HIV) va virus gy viém gan B. Trong bai b4o nay, cic tac gia trinh bay két qua tong hop tenofovir
disoproxil fumarate tir adenin qua 5 bwéc véi hiéu suat ¢ mirc kha cao va quy trinh don gian, c6 thé ap
dung & quy mé lém.

Tir khoa: adenine, HIV, tenofovir disoproxil fumarate, viém gan B.

Chi s6 phén logi 3.4

STUDY ON SYNTHESIS
OF TENOFOVIR
DISOPROXIL FUMARATE

Summary

Tenofovir  disoproxil  fumarate
(Viread® is an antiretroviral
agent acting under the inhibition
mechanism of reverse transcriptase,
an important enzyme for the growth
of human immunodeficiency virus
(HIV) and hepatitis B virus. In this
article, the synthesis of tenofovir
disoproxil fumarate from adenine
through five steps with a good yield
is reported. The synthesis process
is simple and applicable on a larger
scale.
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pat van de

HIV/AIDS va viém gan B 14 hai cin bénh pho bién hién nay.
Theo uéc tinh, toan thé gidi hién c6 khoang 78 triéu ngudi nhiém
HIV va 39 triéu ngudi chét vi cac nguyén nhan lién quan dén
AIDS. Chi riéng nam 2013 da c6 khoang 2,1 triéu nguoi mai bi
nhiém HIV, trong d6 c¢6 240.000 ngudi ¢ d tudi dudi 15, va co
khoang 1,5 triéu ngudi chét vi AIDS [1]. Bén canh d6, c6 khoang 2
ty nguoi da bi nhiém viém gan B man tinh. Hang nam, ¢ khoang
1 triéu ngudi chét do bénh viém gan B va cac bién ching cia
no [2]. Viét Nam 1a 1 trong 9 qudc gia thugc ving tdy Thai Binh
Duong dang phai d6i mat véi dai dich viém gan virus vi ty 1é
nhiém virus cao.

Tenofovir disoproxil fumarate (tén biét dugc 1a Viread) 1a mot
nucleotid duge ding lam thude diéu tri HIV/AIDS va viém gan
B man tinh [3, 4], v6i lidu dung 300 mg (1 vién/ngay). Tenofovir
disoproxil fumarate c6 cong thirc cong la C, H, N.O, P.C HO,,
tén khoa hoc 1a 9-[(R)-2-bis((isopropoxycarbonyl)oxy)-methoxy]
phosphinylJmethoxyJpropyl]adenin fumarate. Khéi luong phan
tir: 635,52 g/mol va cong thirc ciu tao nhu sau:
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Hinh 1: ¢éng thite cdu tao ciia tenofovir disoproxil fumarate (TDF)
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Hién nay, trén thé gii co mot sb phuong phéap tong
hop TDF, tuy nhién qua nghién ctru tim hiéu, ching
t6i nhan thy quy trinh hiéu suit chua cao, do dé can
céi tién mot sb giai doan phan ung dé nang cao duoc
hiéu suét, phu hop v6i didu kién Viét Nam [5, 6]. Mt
khéac, hién trong nudc chua c6 cong trinh nghién curu
nao vé hoat chit nay. Vi phd diéu tri rat rong cho ca
bénh nhan viém gan B va HIV/AIDS nén nhu ciu st
dung TDF & trong nudc 1a rat 16n, vi vy, cac tac gia da
bude dau nghién ctru tong hop TDF & quy mé phong
thi nghiém véi 5 bude don gian co thé ap dung & quy
mo 16n.

Nguyén liéu va phuwong phap nghién cuu

Hoéa chit va dung cu

Hoéa chat dugc cung cip boi cac hing Merck,
Fisher, AK Scientific hodc Trung Quéc va duogc su
dung truc tiép ma khong can tinh ché thém. Sic ky 16p
mong dugc tién hanh trén ban mong silicagel GF,,,
(Merck, 40-63 pum). Diém néng chiy dugc do trén may
Stuart SMP 3. Phé cong hudng tir hat nhan 'H-NMR
va BC-NMR dugc do trén may Bruker AV500. Phd
hdng ngoai IR dugc do trén may quang phd hong ngoai
Impact 410 Nicolet. Pho khéi luong ESI-MS dugc do
trén méay Agilent 6310 Ion Trap. Phé HR-MS dugc do
trén may AutoSpec Premier USA. Sic ky long cao ap
HPLC dugc do trén may Shimadzu 20A.

Phwong phap nghién ciru

TDF dugc nhém nghién ciru tong hgp nhu mo ta
trén hinh 2, g(‘Sm 5 budc: bude 1 thyce hién phan tng thé
nucleophin gilta adenin va R-propylen carbonat & moi
treong kiém, thu dugc san phém (2). Budc 2 thyc hién
phan tmg ete hoa san pham (2) véi diethyl[(tosyloxy)-
methyl]phosphonat (1) st dung xGc tac bazo la
magnesium di-tert-butoxide (Mg(t-BuO),) trong dung
moi la N-methyl-2-pyrrolidon (NMP), thu dugc san
pham (3). Budc 3 1a thuy phan 2 nhém ethyl bang
cach str dung NaBr/TMSCI (trimethylsilyl clorid), thu
dugc san pham acid (R)-((adenin-9-yl)propan-2-oxy)
methyl)phosphonic (4). Budc 4 1a akyl héa san pham
(4) vura tao thanh véi cloromethyl isopropyl carbonat,
thu duoc san pham tenofovir disoproxil (5). Budc 5 1a
acid hoa tenofovir disoproxil (5) véi acid fumaric, thu
dugc san pham cudi cung 1a TDF (6).
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Hinh 2: so do téng hop TDF

Thuc nghiém
Téng hop hydroxypropyl adenin (2)

Hoa tan hon hop adenin (1,00 g; 7,4 mmol; 1 equiv.)
va NaOH (0,35 g; 8,75 mmol; 1,2 equiv.) trong DMF va
khudy trong 10 phut ¢ 25-30°C. Sau do, thém R-propylen
carbonat (1,1 ml; 8,88 mmol; 1,2 equiv.) trong thoi gian
tir 10-15 phut & nhiét do nay, hon hop duge dun néng téi
120°C trong 2 h. Phan trng dugc dwa vé 70°C, thém hon
hgp MeOH va 2-propanol trong 15-20 phat. Phan Gng
duge dua vé 15°C trong vong 1 h. Chét ran dugce loc va
rira bang hon hgp MeOH va 2-propanol lanh réi dem
sdy chan khong ¢ 40°C, thu dugc 0,99 g hydroxypropyl-
adenin (2) dang tinh thé mau tring. Hiéu suat dat duogc
a70%.

T, .: 190-193°C (lit. 190-195°C) [7]

IR (KBr, v cm): v= 3416 (-OH), 3324 (-NH,), 3191
(=CH); 2973 (-CH,), 1654 (C=N), 1606, 1576 (C=C),
1088 (C-OH)

HRMS: [M+H]" = 192

'H-NMR (500 MHz, MeOD, & ppm): 821 (1H,
s, H-2); 8,11 (1H, s, H-8); 4,3 (1H, dd, J = 3; 13,5
Hz, H-2"); 4,14 2H, m, H-1"); 1,22 (1H, d, J = 6 Hz,
H-3")C-NMR (125 MHz, MeOD, § ppm): 1573 (C-6);
153,6 (C-2); 150,9 (C-5); 143,5 (C-8); 119,9 (C-4); 66,8
(C-2%); 51,8 (C-1°); 20,8 (C-3").
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Tong hop acid (R)-[(adenin-9-yl)propan-2-oxy)
methyl] phosphonic (4)

Cho hydroxypropyl adenin (1,00 g; 5,23 mmol;
lequiv.) vao hon hop chira NMP va Mg(t-BuO), (0,37 g;
15,69 mmol; 3 equiv.) ¢ 25-30°C, sau d6 dun t&i 70°C.
Thém diethyl[(tosyloxy)methyl]phosphonat (1, 2,5 g;
7,84 mmol; 1,5 equiv.) va khudy hon hop & 70- 75°C
trong vong 10-15 phat. Hon hop dugc 1am lanh vé 15-
20°C, sau d6 diéu chinh pH = 6-7 bang acid axetic, thém
ethyl acetate vao va khudy & 50-60°C, sau d6 1am lanh va
loc mudi, rira bang ethyl acetate. Dung dich sau phan tmg
duoc chuyén sang 1 binh cau va thém NaBr (1,88 g; 18,3
mmol; 3,5 equiv.), hon hop duoc lam lanh & 0-5°C. Thém
vao trimethylsilyl clorid (2,9 g; 26,8 mmol; 5,3 equiv)
trong vong 10 phiit, hdn hop phin ting duge dun néng
75°C trong 16 h. Sau d6 dugc lam lanh ¢ 20-25°C, pha
lodng bang nudc va chiét 2 1an vai ethyl acetate, dira hon
hop phan ting vé pH 2.8-3.2 bang cach sir dung dung
dich NaOH 40%. Hon hop duge khuay ¢ 58°C trong 2 h.
Chat ran duogc loc va rira bang nudc cit ¢ 5°C, sdy chan
khong & 65°C thu dugc 0,59 g tenofovir (4). Hiéu suat dat
duoc 1a 39,7%.

T, : 275278'C (lit. 277-279°C)[7]

IR (KBr, cm), v = 3407 (-OH); 3224 (-NH,), 3204
(=CH); 2928 (-CH,), 1699 (P=0), 1609, 1484 (C=C)

ESI-MS: [M+H]' = 288, [M] = 287

'H-NMR (500 MHz, D,0): 8 ppm): 8,36 (2H, d, J =
2 Hz, H-8,2), 4,46 (1H, dd; 1= 3,5, 14,7 Hz, H-4"), 4,28
(1H, dd, J = 7; 15 Hz, H-4"); 3,96 (1H, m, H-2"); 3,65
(1H, q; J=9,5; 13,2 Hz, H-1°); 1,15 3H, d; ] = 6,5 Hz,
H-3").

BC-NMR (125 MHz, D,0, & ppm): 149,6 (C-6);
148,2 (C-5); 145,1 (C-2); 144,1(C-8); 117,2 (C-4); 75,4
(dd, J=11,75 Hz, C-4’); 63,57 (C-2°); 47,7 (C-1"); 15,5
(C-3).

Tén g hop tenofovir disoproxil (TD) (5)

Tenofovir (4, 1,00 g; 3,4 mmol; 1 equiv.) dugc cho
vao 1 binh cau day tron. Lan lugt thém vao 10 ml NMP va
5 ml cyclohexan. Tiép tuc thém Et ,N (3 ml, 13,6 mmol; 4
equiv.) va n-BuNBr (1,18 g; 3,4 mol 1 equiv.) & 45°C,
chloromethyl 1sopropy1 carbonat (2,64 g; 17 mmol; 5,0
equiv.) duoc thém vao va tlep tuc khuay trong 5,5 h, lam
lanh hén hop vé 25-30°C. Hon hop duogc chiét voi ethyl
acetate cho dén moi truong trung tinh. Pha hitu co duoc
1am khan bang Na SO, va cat loai dung moi dudi ap suét
giam, thu duoc san pham thd. San pham thé dugc tién
hanh tinh ché bang phuong phap sic ky cot v6i hé dung
mdi n-hexan/axeton ting dan do phan cuc, thu duoc 0,97
g san phdm tinh khiét & dang dau (chit 5). Hiéu suat dat
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duoc 1a 54%.

IR (KBr, v cmr): 3320 (-NH,); 2993 (-CH,); 1756
(C=0); 1611 (C=N); 1476 (C=C); 1105 (C-O-C).

ESI-MS: [M+H]" = 520, [M] = 519

'H-NMR (500 MHz, CDCI,, § ppm): 8,33 (IH, s,
H-2); 7,98 (1H, s, H-8); 6,14 (2H, s, NH.); 5,66 (3H, m,
H-9°,5"); 5,59 (1H, dd, ] = 5,5; 12,2 Hz, H-5"); 4,92 (2H,
m, H-6>, 10°); 4,36 (1H, dd, J = 3; 14,5 Hz, H-4’); 4,15
(1H, dd; ] =7,5; 14,5 Hz, H-4"); 3,94 (2H, m, H-1"); 3,71
(1H, q,J=9; 14 Hz, H-2*); 1,31 (12 H, d, ] = 2,5 Hz,
H-8°,7°,11°,12°), 1,23 3 H, d, ] = 6,5 Hz, H-3")

BC-NMR (125 MHz, CDCL,, § ppm): 1554 (C-5);
153,1 (C-6°); 153,0 (C-10); 152,5 (C-8); 149,9 (C-4);
141,9 (C-2); 118,9 (C-6); 84,3 (dd, J = 6,1 Hz, C-4") ;
73,5 (C-5°, 9°); 63,7 (C-T°); 62,3 (C-11°); 59,0 (C-2");
48,1 (C-1°); 21,6 (C-8°,7°,12, 13°); 16,3 (C-3").

Téng hop TDF (6)

Tenofovir disoproxil (5, 1,00 g; 1,92 mmol; 1 equiv.)
dugc hoa tan trong 7,5 ml aceton ¢ nhiét do phong, lam
lanh hén hop xudng 0-5°C. Sau d6, nho tir tir hon hop
acid fumaric (0,29 g; 2,5 mmol; 1,3 equiv.) d@ dugc hoa
tan trong 1,8 ml MeOH, khudy ¢ 50°C trong 2 h, két thuc
phéan tmg, 1am lanh vé 5°C dé san pham két tinh. Loc bo
phén chat ran acid fumaric con du. C6 can dung méi dudi
ap suét giam thu dugc san pham TDF thé (6). Tinh ché
san pham tho thu dugc bang cach chiét véi ethyl acetate,
lam khan bang Na SO, thu dugc 1,1 g TDF (6) mau
tring, tinh khiét 99% (tmh theo dién tlch pic trén HPLC).
Hiéu suét dat duoc 1a 69,3%.

T : 115-117°C (lit. 117-119°C) [7]

IR (KBr, v em™): 3236 (-NH,); 2989 (-CH,); 1760
(C=0 este); 1675 (C=0 acid); 1619 (C=N); 1505 , 1426
(C=0)

ESI-MS: [M+H]' = 520, [M] = 519

'H-NMR (500 MHz, DMSO-d,, 6 ppm): 8,11 (1H, s,
H-2); 8,02 (1H, s, H-8); 7,16 (2H, s, NH,); 6,61 (2H, s,
H-17,2); 5,54 (4H, m, H-9°,5°); 4,82 (2 H, m, H-6",10’);
4,24 (1H, dd, J =4, 14,5 Hz, H-4"); 4,15 (1H; dd; ] = 6;
14,5 Hz, H-4’); 3,96 (3H, m, H-1°,2°); 1,24 (6 H, d, ] =
2,5 Hz, H-8’, 7°); 1,23 (6 H, ] = 2 Hz, H-11°,12°); 1,1
(3H; d; J=6 Hz, H-3")

PC-NMR (125 MHz, DMSO-d,,  ppm): 165,9 (C=0O
acid); 155,9 (C-5); 152,5 (C-6’); 152,3 (C-10); 149,7
(C-4); 141,2 (C-2); 133,9 (C-17,27); 118,3 (C-6); 84,2
(dd, J = 6,1 Hz), C-4’); 75,9 (C-5); 75,8 (C-9°); 72,8
(C-77); 62,7(C-117); 61,4 (C-2°); 46,5 (C-17); 21,2 (C-8’,
7°,12°,13%); 16,6 (C-3°).
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Két qua va ban luan

Theo quy trinh trén, viéc tong hop TDF [8, 9] dwoc tién
hanh véi nguyén liéu dau c6 gia thanh ha 1 adenin. Budc
1 1a thyc hién phan tGng thé nucleophin véi R-propylen
carbonat, dung moéi dimethylfomamid (DMF), st dung
xuc tac NaOH rén, thuc hién ¢ 120°C, trong thoi gian 1
h, thu dugc hydroxypropyl adenin (2). Qua trinh str dung
NaOH dé thuy phan R-propylen carbonat dé tao thanh
mot carboncation, mot phén khi CO, dugc sinh ra trong
phén Gng.

Viéc tong hop acid (R)-[(adenin-9-yl)-propan-2-
oxymethyl]phosphonic (4, tenofovir) dugc thyc hién qua
hai budc 2 va 3, trong d6 bude 2 1a tong hop chét trung gian
diethyl phosphonat (3), sau d6 budc 3 1a thuy phan chit
(3) tao (4). O budc 2 1a phan g gan diethyl[(tosyloxy)
methyl]phosphonat (1) v&i hydroxypropyl adenin (2)
bang cach str dung xtc tac kiém manh 1a Mg(t- BuO), [4].
O day, t-BuO-dugc sinhra trong qua trinh phan mg s& lay
hydro ctia nhém hydroxy dé tao thanh cacbanion trugc
khi phan ng voi dlethyl[(tosyloxy)methyl]phosphonat
(1) dé tao ra hop chét trung gian (3) trong dung moi la
NMP. Vi¢e s dung CH,COOH dé dua phan g vé moi
truong pH trung tinh thuan loi cho giai doan sau thuy
phan lién két ete. Chat trung gian (3) dugc st dung tiép
ngay cho budc 3 1a bude thily phéan este su dung xuc tac
la trimethylsilyl clorid (4 equiv.)/NaBr (4 equiv.) trong
dung moi NMP [4], viéc str dung TMSCI dé tao ra hop
chit trung gian bang viéc thay thé hai nhom ethyl bang
hai nhom trimethylsilyl. Viéc st dung NaBr nhim ting
téc do phan ung thé nucleophin xay ra nhanh hon trong
dung moi NMP.

Budc 4 1a phan tng alkyl hoa hay thuc chat 1a phan
ung ete hoa gitra chloromethyl isopropylcarbonat vao hai
nhém -OH cua tenofovir, phan tng thé dugc xay ra dé
dang trong dung moi NMP [10], dac biét khi st dung voi
dung mdi ndy chit dau tenofovir duoc hoa tan hoan toan,
khi HCI sinh ra trong phan tmg dugc trung hoa bang xuc
tac bazo 1a Et,N, str dung n-Bu, NBr xtc tac lam tdng toc
d6 phan ting the S, 2 trong hon hop phan tng dong pha.

Budc cubi cing (budc 5) cia quy trinh tong hop
TDF la phan tmg tao mubi giita tenofovir disoproxil véi
acid fumaric. Qua trinh tao mudi dugc thyuc hién trong
hdn hop dung moi la CH,COCH,/MeOH [9], ¢ 50°C
trong thoi gian 1a 2 h, viéc thyc hién trong hé dung moi
CH,COCH,/MeOH dé c6 thé hoa tan hoan toan dugc
chat dau tenofov1r disoproxil, dong thoi ciing ¢6 thé hoa
tan hoan toan dugc acid fumaric trong qua trinh phan
tng, 1am cho phan tmg xay ra d& dang hon. Két thiic
phan tmg, loc bo phﬁn acid fumaric con du, chiét sin
pharn thu dugc véi ethyl acetate nham loai bo cac tap
chit trong san pham c6 can dung moi dudi ap suit giam
thu dugc san phdm TDF c¢6 do tinh khiét trén 99% (tinh
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theo dién tich pic HPLC).

Nhu vay, béng cach st dung NaOH rn cho bude 1,
chiing t6i da tang duoc hiéu suat cia budc nay 1én 70%,
dong thoi giam dugc tap chét sinh ra trong qua trinh
phan tng. O budc 5, viée sir “dung h¢ dung m6i MeOH/
CH,COCH, da tang hi¢u suat ciia phan tmg, dong thoi
su dung phu()'ng phap chiét long voi ethyl acetate (hau
hét trong cac tai liéu, cac tac gia da tinh ché bang cach
két tinh hodc chay sdc ky cot), chung t6i da thu duoc san
phém c6 do tinh khiét khé cao, khong can phai tinh ché
bang phuong phép sic ky ot va phuong phép két tinh
lai, diéu nay s& co y nghia rat 16n khi thyc hién san xuat
O quy mo 16n tai Viét Nam.

Két luan

Nhém tic gia da thuc hién tong hop thanh cong
tenofovir disoproxil fumarate bang viéc di tir nguyén lidu
dau 14 adenin, qua 5 budc voi hidu suét clia toan quy trinh
tong hop dat 10,4%. Quy trinh tong hop kha don gian,
han ché st dung cac dung méi doc hai, co6 thé ap dung &
quy mé 16n, pht hop véi diéu kién ¢ Viét Nam.
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