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Tom tat: 

Zanamivir (tin thuong mgi la Relenza, hdng GSK) Id thuoc uc chi enzym 
neuraminidase, dugc diing di diiu lri vd phdng ngira binh cum do cdc vi rut cum 
tuyp A, B vd C gdy ra tren ngu&i. Trin co so so dd tdng hgp do cdc nhd khoa hgc 
cua hdng GSK cdng bd (J. Chem. Soc. Perkins Trans, f 1995, 1173-1180 & 1189-
1197), zanamivir dd dugc chiing tdi tdng hgp thdnh cdng tu axit sialic (axit N-
acetylneuraminic) pua 7 bu&c phdn ung. Mdt sd bu&c phdn irng, ddc biit Id cdc 
phdn ung diiu chi chdt trung gian chia khda oxazolin, da dugc tdi uu hda. Hiiu 
sudt oxazolin dgt 74%), cao hon hiiu sudt cdng bd trong tu lieu (61.7%o). Hiiu 
sudt tdng thi cho zanamivir dgt 6.6%o. 

Abstract: 

Zanamivir (under trade name Relenza, GSK) is a neuraminidase inhibitor used 
in the treatment and prophylaxis of influenza caused by the influenza viruses A 
and B. Based on the synthetic scheme publicized by GSK's scientists (J. Chem. 
Soc. Perkins Trans. I, 1995, 1173-1180 & 1189-1197), zanamivir was prepared 
from sialic acid in 7 steps. Several steps M'ere optimized to obtain higher yield, 
especially for the preparation of the key intermediate oxazoline. The yield for 
oxazoline was 74%o, which Is higher than reported data (61.7%). The overall yield 
for zanamivir was 6.6%. 

I. DAT VAN DE 

Benh ciim la mdt benh truyen nhiem d ngudi, ddng vat cd vii va cac loai chim, gay ra 
bdi cac vi riit cum tuyp A, B va C, la cac vi riit cd cdu true RNA thudc ho Orthomyxoviridae. 
0 nhtrng trudng hgp nang, benh ciim gay ra viem phdi, suy hd hdp va cd thi dan tdi tir vong, 
dac biet ddi vdi tre em, phu nir cd thai, ngudi gia va ngudi ed benh kinh nien. Benh ciim lay 
nhiem qua dudng bd hap va qua tiep xiie, vi thi lan nhanh va cd kha nang gay ra nan dich 
trong pham vi rat rdng. Ba dai dich ciim Idn nhdt ciia thi ky 20 da cudp di sinh mang ciia gdn 
tram trieu ngudi, chua ke hang nam cdn cd hang nghin ngudi chit do ciim miia. Gdn day nhdt, 
djch cum H5N1 biing phat nam 2004 cd ty Ie tir vong kha cao (60%, tinh din 2009: 262 ngudi 
chet). Cdn dich cum HlNl bdt ngudn tir Ign d Mexico thang 4/2009 cd kha nang lay truyin tir 
ngudi sang ngudi, dugc WHO chinh thirc tuyen bd la dai dich tir thang 6/2009. Thdng bao 
ngay 11/10/2009 cua WTO cho bilt da cd 74 nude tren thi gidi bi nhilm HlNI va 4735 
ngudi chet. Rieng d Viet nam, tinh din ngay 21/10/2009, ca nude da'cd 25 benh nhan HlNI 
tir vong trong sd gan 10.300 ca duong tinh. 

Cac hudng di chu yeu de ddi phd vdi kha nang bimg phat dich cum la phat triln cac 
•̂ac xin dac hieu va du trir cac thudc chdng vi rut, gdm cac thudc irc chi enzym neuraminidase 
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(oseltamivir va zanamivir) va cac thuoc lic che kenh ion M2 (amantadine va rimantadine) ciia 
vi nit cum. Sir cdn thilt phai cd nhieu bien phap la do kha nang biin di rdt cao ciia cac loai vi 
nit nguy hiim nay, dan din nhdn thudc (nhu trudng hgp ciia cae thudc irc che kenh ion M2, 
amantadine va rimantadine), va vdc xin cung phai thudng xuyen ddi mdi. Hien tai, cimg vdi 
tiem phdng bdng vdc xin, oseltamivir va zanamivir la cac thudc chdng vi riit dugc WHO 
khuyen cao nen uu tien sir dung. 

NHc - s ^ H , 

A<7 
Amantadine Rimantadine Oseltamivir 

;ooH 

Zanamivir 

Hinh 1; Cdc thudc chdng vi riit hiin nay dugc dung de chira binh cum 

Nam 2005, trudc nhu cdu khdn cdp vl thudc cho phdng ngira dai dich ciim, Vien Hda 
hoc (Vien KH&CN Viet Nam) chiing tdi da dugc chinh phii cho phep nghien cim tdng hgp 
boat chdt oseltamivir tir ngudn nguyen lieu hdi trong nude. Trudc tien chiing tdi da xay dung 
quy trinh cdng nghe chiit xudt va tinh cbl axit shikimic tir qua hdi ciia Viet Nam, da thir 
nghiem tren quy md 200 kg hdi khd/me. Kit qua da thu dugc axit shikimic cd ham lugng tren 
90%, dap ling dii tieu chudn lam nguyen lieu cho tdng hgp hda hoc. Cac qui trinh tdng hgp 
oseltamivir tir axit shikimic tilp theo dugc ebon lira tren ca sd diic ket cac tu lieu da dugc the 
gidi cdng bd, sau dd dugc thir nghiem va cai tien cho den khi cd hieu suat kha quan va dn 
dinh [1]. Kit qua chiing tdi da xay dung dugc quy trinh tdng hgp boat chat oseltamivir 
photphat gdm 14 bude phan img, qui md phdng thi nghiem 100 g/me, dn dinh va phii hgp vdi 
dilu kien Viet Nam, hieu sudt tdng thi dat 26% (tinh tir axit shikimic), bang 70%) so vdi hieu 
suat cdng bd ciia the gidi, san pham dat tieu chuan lam thudc [2]. 

Tiep tuc hudng nghien ciiu nay, chiing tdi da khao sat kha nang tdng hgp d Viet Nam 
thudc chdng cum zanamivir tir axit sialic. 

II. ZANAMIVIR 
Ciing vdi oseltamivir, hien nay zanamivir la thudc duy nhat cd tac dung phdng va 

chdng dich ciim do cac vi riit H5N1 va HlNI gay ra d ngudi. Nude ta da cd sir chuan bi ve 
thudc oseltamivir (Tamiflu), nhung zanamivir cdn chua cd. Trong kbi dd, cac nude nhu My, 
Phap va Uc da mua du trii mot lugng ldn loai thudc nay. Nam 2006, nude Uc du trii 3,8 trieu 
lieu oseltamivir, 275.000 lieu zanamivir va du tinh tdng sd se tang len 8,75 trieu lieu vao dau 
nam 2007. Nam 2006, co quan bao ve siic khoe HHS eua My da mua 16,8 trieu USD thudc 
zanamivir va du tinh se mua 15,5 trieu lieu trong 2 nam tiep theo [3]. 

Zanamivir la thudc cum dau tien thudc ddng NI duge phat minh va thuong mai hoa, 
trudc ca oseltamivir. Ten khoa hoc eiia zanamivir la axit 5-aeetamido-4-guanidino-6-( 1,2,3-
trihydroxy-propyI)-5,6-dibydro-4H-pyran-2-carboxylic (9). Sir phat minh ra zanamivir la kit 
qua nghien ciiu lau dai, bat dau tir nhiing nam 1960-1989 cua cac nha khoa hoc thudc cdng ty 
Biota ciia Uc. hgp tac vdi Vien nghien cim CSIRO va trudng Dai hoc Dugc Victorian [4]. 
Nam 1974, Meindl da phat hien ra DANA (axit 2,3-dideoxy-2,3-didehydro-N-
acetylneuraminic) la mot chat irc che enzym neuraminidase. Dua tren cac ket qua nghien ciiu 
cau true tinh the ciia neuraminidase va DANA bang nhieu xa tia X, von Itzstein va cac cdng 
sir da sir dung may tinh dl thilt kl vl mat ly thuyit cac phan tir mdi cd kha nang khdp vira 
van vao vi tri hoat ddng ciia enzym neuraminidase, rdi tien hanh tdng hgp ra chiing. Kit qua 

166 



Hoi nghi Khoa hqc ky niem 35 ndm Vien Khoa hqc vd Cong nghe Viet Nam - Hd Noi 10/2010 

da tim thdy zanamivir la chdt cd boat tinh cao nhdt trong sd cac chat da tdng hgp ra dugc. 
Nam 1990, hang GlaxoSmithKline mua lai ban quyin phat minh va thuang mai hoa san pham 
dudi ten Relenza. Nam 1999, zanamivir dugc quyin luu hanh d My va hien nay da luu hanh d 
70 nude. Nam 2006, co quan FDA cua My ehinh thirc chdp nhan sir dung zanamivir cho chien 
dieh phdng ngira benh ciim gia cdm. Viec phat minh ra zanamivir md dudng cho cac nghien 
cim tim thude mdi cd eiing tac dung irc chi enzym neuraminidase. Mot trong nhiing ket qua 
dd la viec phat minh ra oseltamivir (ten thuong mai la Tamiflu) vao nam 1996. Cac nghien 
ciiu theo hudng nay van dang dugc cac nha khoa hoc tren the gidi tiep tuc theo dudi [5] de 
tim cac thudc tdt ban nira. 

III. AXIT SIALIC (AXIT A^-AXETYLNEURAMINIC) 

Axit sialic la nguyen lieu ddu de tdng hgp zanamivir. Ten axit sialic (1) dimg chung de 
chi cac dan xuat the d vi tri O- va N- ciia axit neuraminic, dimg rieng de chi axit A'̂ -
axetylneuraminic (1, viet tat la Neu5Ac2en). Axit sialic thudc nhdm cac carbobydrat va cd mat 
rdng khap trong cac te bao ddng vat, trong cac vi sinh vat, dac biet trong cac glycoprotein va 
gangliosid. Axit sialic thuang mai dugc chiet xuat tir nude dt (whey) ciia cac qua trinh che bien 
phomat va sOa, ciing nhu tir ldng dd tning, cd gia ban kha eao (khoang 5.000 USD/kg) [6]. 

IV. QUA TRINH TONG HOfP ZANAMIVIR 

Tu lieu ve qua trinh tdng hgp zanamivir khdng nhieu. Zanamivir dugc tdng hgp va 
cdng bd dau tien vao nam 1994 bdi von Itzstein va cac nha khoa hoc tai khoa Hda dugc, Dai 
hoc tdng hgp Monash (Australia) [7]. Sau dd Chandler va cac cdng sir ciia cdng ty Glaxo 
(GSK, Anh) tiep thu ket qua, cai tien cac bude phan iing va cdng bd nam 1995 [8]. Theo cdng 
bd, phuang phap nay cho hieu suat tdng the 8,3%, qua trinh tdng hgp dugc md ta tren Hinh 2. 

AcHN 

AcO 

1: Axit sialic 

AcO 

C02iVle 

AcO 

AcO H 

AcHN C02iVle 

N, 

4: Oxazolin 

,0H 

HO H 

COzEtaNH ACHN-K /hc02Et3NH A c H N ^ V j ^ ^ ^ ^ ^ 

H,N HN^NH-

11 
NH 9: Zanamivir 

Hinh 2: Qud trinh tdng hgp zanamivir theg Chandler [8] 
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Theo dd, trudc tien hgp chat p-pentaacetyl 3 dugc dilu chi tir axit sialic (1) qua bai 
bude, rdi dugc xu ly vdi BF3.0Et2 de tao ra chat trung gian chia khda oxazoline 4. Hgp chat 
nay chiu sir tdn cdng nucleophile bdi azide (LiNs hoae MesSiNs) cho azide 5 cd cau hinh dao 
nguge vdi do chon loc cao. Tuy nbien viec sir dung LiNs se khdng an toan khi tien hanh thao 
tac d lugng ldn. Sau hai bude giai phdng cac nhdm bao ve, hydro hda nhdm azide vdi xuc tac 
Pd/C se dugc amine 8. Qua trinh hydro hda cd the tao ra cac san phdm phu do chuyen dich 
nhdm acetyl hoae khir hda lien ket ddi. Phan img ciia 8 vdi AIMSOA (axit 
aminoiminomethanesulfonic) se tao ra dan xuat guanidine, tire la zanamivir (9). Cho tdi hien 
tai, bai bao cua Chandler la cdng bo duy nhat ve phuang phap tdng hgp zanamivir nia san 
phdm thu dugc d lugng ldn hon miligam, ddng thdi ciing cung cap cac chi tiet ve dieu kien 
phan img va tinh chat hda ly ciia cac chat. 

Gdn day, nhdm nghien ciiu ciia Yao (Trung Qudc) [9] da dua ra mot each tiep can mdi 
dk tdng hgp ra hgp chdt trung gian 5. Cac tac gia bat dau tir mot nguyen lieu kbac la D-
glucono-5-lactone, re tiln hon axit sialic, nhung con dudng tdng hgp tuong ddi dai va phuc 
tap (24 bude) va hieu suat rat thap (0,2%). 

V. KET QUA NGHIEN CLTU 

Tong hop methyl A^-acetylneuraminate (2) va (9-pentaacetoxy (3) tir axit siaUc [10]: 

Chiing tdi sir dung axit sialic (axit A^-acetylneuraminic) 98% ciia Trung Qudc lam 
nguyen lieu dau cho qua trinh tdng hgp zanamivir. Khi thuc bien lai qui trinh tdng hgp theo 
tai lieu do Chandler cdng bd [8], ngay tir phan img metyl hda dau tien chiing tdi da khdng thu 
dugc ket qua mong dgi, axit jV-acetylneuraminic td ra rat man cam vdi cac dieu kien phan irng 
va phuang phap tinh che san pham. Vi the chiing tdi quyet dinh thir nghiem cac phuang phap 
este hda vdi cac xiic tac kbac nhau. Thay vi este hda bang HCl/metanol nhu tai lieu md ta, 
chiing tdi thir nghiem thionyl chloride (SOCI2) ciing nhu H2SO4 lam xue tac cho phan iing 
nay. Ket qua thu dugc ciing khdng tdt ban. 
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h 3: So dd diiu chi ddn xudt 0-penlaacetoxy 3 

Khi ap dung phuang phap ciia Warner [11], sir dung nhua trao ddi ion Dowex-H vdi 
vai trd xiic tac. phan irng thuc hien d nhiet do phdng trong khoang 10 h, chiing tdi da nhan 
dugc san pham metyl este 4 ciia axit A^-acetylneuraminic vdi hieu sudt 99%. Warner da sii' 
dung 3 g nhua /0,97 g axit A^-acetylneuraminic/IOO mL metanol va khudy trong 3 h cho metyl 
este vdi hieu suat 93%. Chung tdi da thay ddi chut it quy trinh dl cd the tilt kiem mot lugng 
nhua Dowex-H: 13 g nhua / 25 g axit A^-acetylneuraminic / 1200 mL metanol/16 h. Nhua trao 
ddi ion da diing lam phan img dugc rira nhieu lan bang metanol va cd thi tai sir dung cho 
phan img ester hda ma khdng gay anh hudng gi din hieu sudt ciia phan irng. 

Tiep theo chiing tdi khao sat 3 phuong phap tdng hgp methyl 5-7V-acetyl-2,4,7,8,9-
penta-0-acetyl-neuraminate (3) tir metyl este 2 (Hinh 3). Trong phuang phap thir nhdt, hgp 
chat penta-acetoxy 3 dugc dieu che bang each xir ly este 2 vdi anhydrit axetic trong pyridin va 
xiic tac 4-(dimethylamino)pyridin (DMAP), cho hieu sudt 88%. Tuy nhien chiing tdi nhan 
thay, khi thuc hien phan img nay d lugng ldn thi viec sir dung pyridin se gay khd khan cho 
qua trinh xu ly sau phan img. Vi thi chiing tdi khao sat phuong phap thir hai, trong dd qua 
trinh axetyl hda 2 dugc tiln hanh vdi AciO/CHsCOONa d 80 C, ket qua cho san phdm di 
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kem vdi nhieu san phdm phu. Trong phuang an thii ba, chiing tdi ap dung mdt phuang phap 
axetyl hda hieu qua dugc cdng bd gan day [12] sir dung xuc tac BF3.0Et2 d 0 C Ket qua 
chiing tdi da thu dugc san pham vdi hieu suat tren 95%. 

Nhu vay hgp chdt trung gian methyl 5-A^-acetyI-2,4,7,8,9-penta-0-acetyI-neuraminate 
(goi tat la 0-pentaacetoxy 3) da dugc tdng hgp theo cac phuang phap khae nhau. Cac phuang 
phap tdt nhat cho hieu sudt tdng the la 94% (tinh theo axit 7V-acetylneuraminic). Viec sir dung 
cac xue tac la nhua trao ddi ion Dowex-H (cho phan irng este hda) va BF3.0Et2 (cho phan img 
axetyl hda) ed uu diem ban so vdi cac phuang phap cdng bd bdi cac nha khoa hoc ciia Glaxo. 

Tong hop hop chat trung gian chia khoa oxazoline 4 tir 0-pentaacetoxy 3 [13]:. 

AcO- »OAc AcO- .OAc 

Acd Hy-

AcHN*V_ 

Acd 

~0-^OAc 

— ^ C02Me 
a) TMSOTf, 40% 
b) BF3.0Et2,42% 

AcO H-^ ̂ —0 

3 

-COaMe 

Hinh 4; So dd dieu chi oxazoline 4 lir 0-penlaaceloxy 3 theo phuong phdp a vd b 

Trudc bet, chiing tdi da tien hanh khao sat qua trinh tdng hgp oxazoline 4 theo qui 
trinh cdng bd ciia Chandler. Hgp chat O-pentaacetoxy 3 dugc tach loai 2 nhdm OAc va tao 
vdng oxazoline nhd tac dung ciia axit Lewis manh la TMSOTf d 52 °C trong 2,5 h. Hieu suat 
ciia phan img dat 40%. Thir nghiem thay the TMSOTf bang xiic tac BF3.0Et2 trong 
dicbloromethane d nhiet do phdng trong 1 dem, hieu suat phan iing tao vdng oxazoline tir 
penta-acetoxy 5 ciing dat tuong tu nhu phuang phap dung TMSOTf (42%). De nang cao hieu 
suat, chiing tdi khao sat phuong phap one-pot dua theo tu lieu [14], di true tiep tir metyl este 2 
tdi oxazoline 4, ma khdng qua 0-pentaacetoxy 3. 

Bang 1 trinh bay hieu suat tdng ciia cac qua trinh tdng hgp oxazoline 4 tir axit 
shikimic ma chiing tdi thu dugc khi tien hanh theo 3 phuang phap: phuong phap theo 
Chandler (3 bude), Phuang phap cai tien (3 bude, sir dung Dowex-H"̂  va BF3.0Et2), va 
phuang phap ii'ng dung ky thuat one-pot (2 bude). Ket qua chiing minh phuong phap one-pot 
la phuang phap cd hieu qua va re tien nhat. 

Bdng 1. Hieu sudt tdng cua cdc qud Irinh tdng hgp oxazoline 4 tir axil shikimic 

Phuong phdp 

Chandler (3 bude) 

Cai tien (3 bude) 

One-pot (2 bude) 

Tdc nhdn sudung 

MeOH/HCl, AC2O/DMAP, TMSOTf 

MeOH/Dowex-H\ Ac20/BF3.0Et2, 

MeOH/ Dowex-H^, AC2O/ACOH/H2SO4 (10:10:1) 

Hiiu sudt tdng 

17,6% 

39,5% 

73,3% 

Nhu vay, oxazoline 4 da dugc tdng hgp tir axit sialic (1) theo 3 phuang phap khae 
nhau. Hai phuang phap tdng hgp qua giai doan tao hgp chdt penta-acetoxy 3 ((3 bude tir axit 
sialic) td ra khdng cd hieu qua vi hieu suat thap va cdn den cac xiic tac tuong ddi ddt tien 
(TMSOTf hoae BF3.0Et2). Phuang phap thir ba, ap dung ky thuat one-pot va khdng qua giai 
doan tao hgp chat 0-pentaacetoxy 3 (2 bude tu axit sialic), cho hieu sudt cao nhdt (73.3%) va 
cd hieu qua kinh te nhat. 
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Tdng hop zanamivir tu hgp chat trung gian oxazoline 4 [15]: 

Tilp theo chung tdi nghien cim cac phan iing di tir hgp chdt trung gian oxazoline 4 tdi 
san phdm cudi ciing Zanamivir (9) (Hinh 2). 

Trudc hit, oxazoline 4 dugc xir ly bang trimethylsilyl azide (TMSN3) d 80 C trong 1-
butanol trong khoang 10 h. Phan img the da xay ra vdi sir dao nguge cau hinh d C-4, cho ta 
hgp chdt azide 5 mong mudn vdi hieu sudt 62%. Tiep theo, cac nhdm acetyl bao ve dugc loai 
bd trong dilu kien tuong doi em diu bdng each sir dung NaOMe trong methanol khan d dieu 
kien khi quyin tro. Sau khi tinh cbl bdng each kit tinh lai, azido-este 6 thu dugc dudi dang 
tinh thi mau trdng (hieu sudt 70%). Hgp chdt 6 dugc thuy phan ve dang axit 7 (tdn tai dudi 
dang mudi vdi Et3N) khi xir Iy vdi triethylamine trong mdi trudrig nude. Hydro hda chon loc 
hgp chdt 7 vdi xiie tac Lindlar trong 21 h se cho amine 8, hieu sudt dat 52% sau 2 bude. 

Trong bude phan img cudi ciing, nhdm guanidine tai C-4 cua zanamivir se dugc tao ra 
nhd phan img ciia amine 8 vdi tac nhan AIMSOA (axit aminoiminomethanesulfonic). Theo 
tu lieu, tac nhan AIMSOA cd the dugc dilu cbl tir axit formamidinesulfinic (axit 
aminoiminomethanesulfinic, AIMS A) bdi tac dung ciia axit peracetic 35%o vdi hieu suat 95-
97% [16]. Tuy nhien axit peracetic khdng cd d Viet Nam vi cac nha eurig cap tir chdi van 
chuyin do nguy hiim. Gdn day, nhdm nghien ciiu ciia Pan [17] da cdng bd phuang phap oxi 
hda tao AIMSOA bdng each su dung mot nguyen lieu san cd va re tien la H2O2 vdi quy trinh 
don gian, de thuc hien. 

NH H2O, H" NH ^ NH 
) ^ S 0 2 H + H2O2 ^ ^^SOgH.HaO ^ ^ ^ S O g H 

NH2 NH2 NH2 

Su do 4: Phuang phap dilu cbl AIMSOA theo Pan [17]. 

Theo phuang phap nay, axit formamidinesulfinic dugc oxy hda bang H2O2 trong mdi 
trudng nude vdi xuc tac H2SO4 0,5 N, sau dd dun ndng d 60 *̂C de dehydrat hda. Ap dung 
phuang phap nay, chiing tdi da nhan dugc AIMSA dudi dang tinh the mau trang vdi hieu suat 
93%. 

Zanamivir (9) dugc dieu che tir amine 8 nhd tac dung vdi tac nhan AIMSOA, xiic tac 
NaOH va K2CO3 trong 16 h d 20 °C. San pham dugc tinh che qua cot nhua trao ddi ion 
Dowex-H va ket tinh lai trong propanol-2 (hieu suat 40%). Nhu vay Zanamivir dugc tdng hgp 
thanh cdng tir hgp chat trung gian oxazoline 4. San pham zanamivir cd cac dir kien phd IR va 
NMR diing vdi cau tnic. Tuy nhien hieu suat chiing tdi thu dugc d cae giai doan nay cdn thap 
ban so vdi tu lieu. 

VI. KET LUAN 

Chiing tdi da xay dimg dugc mot qui trinh dn dinh gdm 7 bude ehinh, tdng hgp thanh 
cdng zanamivir tir axit sialic vdi hieu sudt tdng thi la 6,6% (hieu sudt cdng bd eiia thi gidi la 
8,3%). Dac biet cac giai doan dau tien, tir axit sialic din oxazolin (4) da dugc toi uu hda va 
cho hieu sudt tdng dat 74%, cao ban hieu sudt cdng bo ciia GSK (61,7%)). Tuy nhien hieu sudt 
chiing tdi thu dugc d cac giai doan sau cdn thdp. 

Loi cam oti 

Cac nghien cim tren dugc thuc hien nhd kinh phi cua de tai cap Vien Khoa hoc va 
Cdng nghe Viet Nam nam 2008 va 2009. 
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