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Tom tit:

Zanamivir (tén thuong mai la Relenza, hang GSK) I thuéc tec ché enzym
neuraminidase, duoc dimg dé diéu tri va phong ngua bénh cum do cdc vi rut cim
tuyp A, Bva C gdy ra trén nguoi. Trén co s6 so do tong hop do cdc nha khoa hoc
ctia hang GSK céng bé (J. Chem. Soc. Perkins Trans. 1, 1995, 1173-1180 & 1189-
1197), zanamivir da duoc ching t6i tong hop thanh cong tir axit sialic (axit N-
acetylneuramzmc) qua 7 budc phan wng. Mot 56 budc phan wng, ddc biét la cdc
phan iing diéu ché chat trung gian chia khoa oxazolin, dd duwoc 16i wu héa. Hiéu
sudt oxazolin dat 74%, cao hon hiéu sudt céng bo trong tw liéu (61.7%). Hiéu
suat tong thé cho zanamivir dat 6.6%,

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
Jrom sialic acid in 7 steps. Several steps were optimized to obtain higher yield,
especially for the preparation of the key intermediate oxazoline. The yield for
oxazoline was 74%, which is higher than reported data (61. 7"/) The overall yield
for zanamivir was 6.6%.

I. DAT VAN DE

Bénh cum la mét bénh truyén nhiém & ngudi, dong vat c6 vi va cic loai chim, gdy ra
bdi cac vi rat cum tuyp A, B va C, 1a cac vi rat ¢6 cau tric RNA thude ho Orthomyxovmdae
O nhitng truong hop nang, bénh cum gay ra viém phdi, suy ho hap va ¢ thé dan t6i tir vong,
dic biét ddi véi tré em, _phu nit ¢ thai, nguoi gia va ngudi ¢é bénh kinh nién. Bénh cum lay
nhiém qua ducmg ho hép va qua tiép xuc, vi thé lan nhanh va c6 kha nang gy ra nan dich
trong pham vi rat rong. Ba dai dich cim 16n nhét cua thé ky 20 da cudp di sinh mang cua gan
tram triéu ngudi, chua ké hang nam con ¢é hang nghin nguoi chét do cum mua. Gan day nhat,
dich cim H5N1 bung phat nam 2004 c6 ty 1€ tir vong khé cao (60%, tinh dén 2009: 262 nguoi
chét). Con dich ciim HIN1 bat ngudn tir lon & Mexico thang 4/2009 c6 kha nang lay truyén tir
nguoi sang ngudi, duge WHO chinh thuc tuyén bé 1a dai dich tur thang 6/2009. Thong bao
ngay 11/10/2009 cua WTO cho biét da c6 74 nudc trén thé gisi bi nhidm HINT va 4735

nguoi chét. Riéng & Viét nam, tinh dén ngay 21/10/2009, ca nuéc da ¢6 25 bénh nhan HIN]
tir vong trong sO gan 10.300 ca duong tinh.

Cac huéng di chu yéu dé d01 pho v6i kha nang bung phat dich cim la phat trién céac
vac xin dac hiéu va du trit cac thude chéng vi rut, gom cac thudc e ché enzym neuraminidase
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(ose tamivir va zanam1v1r) va cac thuoc trc ché kénh ion M2 (amantadine va rimantadine) cua
vi rat cum. Sy can thiét phai co nhiéu bién phap 1a do kha ning bién di rét cao cua cac loai vi
rat nguy hiém nay, dan dén nhon thuoc (nhu trudng hop cua cac thube e ché kénh ion M2,
amantadine va rimantadine), va vac xin ciing pha1 thuong xXuyén déi méi. Hién tai, cung voi
tiém phong bing vac xin, oseltamivir va zanamivir 1a céac thude chéng vi rat duoc WHO
khuyén céo nén wu tién str dung.

NH; H, é_/
ﬁ =( O""
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Amantadine Rimantadine Oseltamivir Zanamivir

HN

Hinh 1: Cdc thubc chéng vi rit hién nay duoc dimg dé chita bénh ciim

Nam 2005, truée nhu ciu khén cap vé thudc cho phong ngira dai dich ctim, Vién Hoa
hoc (Vién KH&CN Viét Nam) ching t6i da duge chinh phu cho phép nghién ciru téng hop
hoat chét oseltamivir tir ngudn nguyén liéu hoi trong nude. Trude tién ching tdi da xay dung
quy trinh cong nghé chiét xuit va tinh ché axit shikimic tir qua hdi cla Viét Nam, da thur
nghiém trén quy mé 200 kg hdi khé/mé. Két qua da thu dugc axit shikimic ¢6 ham lugng trén
90%, dap ung du tiéu chuédn lam nguyén li€u cho téng hop héa hoc. Cac qui trinh téng hop
oseltamivir tir axit shikimic tiép theo dugc chon lya trén co s¢ duc két cac tu li¢u da dugc the
gi6i cong bd, sau d6 duge thir nghiém va cai tién cho dén khi ¢co hiéu suit kha quan va én
dinh [1]. Ket qua chung td1 di xdy dung dugc quy trinh tong hop hoat chat oseltamivir
photphat gdm 14 bude phan ing, qui mo phong thi nghiém 100 g/mé, 6n dinh va phu hop véi
dleu kién Viét Nam, hiéu sut tong thé dat 26% (tinh tir axit shikimic), bang 70% so véi hiéu
suét cong bd cua thé gisi, san phdm dat tiéu chuan lam thube [2].

Tiép tuc hudng nghién ciru nay, ching t6i da khao sat kha nang tdng hop & Viét Nam
thude chdng ctim zanamivir tir axit sialic.

I1.ZANAMIVIR

Cung vé6i oseltamivir, hién nay zanamivir 1a thudc duy nhat c6 tac dung phong va
chong dich ctiim do cac vi rat HSN1 va HIN1 gay ra & ngudi. Nudce ta di ¢6 su chuén bi vé
thude oseltamivir (Tamiflu), nhung zanamivir con chua c6. Trong khi d6, cac nudc nhu My,
Phép va Uc dd mua du trir mot luong 16m loai thnde nay. Nam 2006, nudc Uc du trit 3,8 triéu
liéu oseltamivir, 275.000 liéu zanamivir va du tinh téng 36 sé& tdng 1€n 8,75 triéu lidu vao dau
nam 2007. Nam 2006, co quan bao vé sirc khoé HHS ctia M§ di mua 16,8 triéu USD thude
zanamivir va dy tinh s& mua 15,5 tridu lidu trong 2 nam tiép theo [3].

Zanamivir la thuc cim dau tién thudc dong NI duge phat minh va thuong mai hod,
trude ca oseltamivir. Tén khoa hoc ctia zanamivir 1a axit 5-acetamido-4-guanidino-6-(1,2,3-
trihydroxy-propyl)-S,6-dihyd§0-4H-pyran-2-carboxylic (9). Su phéat minh ra zanamivir 1a két
qua nghién ctru 1au dai, bat dau tir nhitng nam 1960-1989 ctia cc nha khoa hoc thuge cong ty
Biota cua Uc, hop tac véi Vién nghién ciru CSIRO va truong Pai hoc Dugce Victorian [4].
Nam 1974, Meindl da phat hién ra DANA (axit 2,3-dideoxy-2,3-didehydro-N-
acetylneuramlmc) a mot chat (rc ché enzym neuraminidase. Dua trén cac két qua nghién ciru
cau tric tinh thé ctia neuraminidase va DANA bang nhiéu xa tia X, von Itzstein va cac cong
su da su dung may tinh dé thiét ké vé& mat ly thuyét cac phén tu maoi ¢6 kha ning khop vira
vdn vao vi tri hoat déng clia enzym neuraminidase, rdi tién hanh tong hop ra ching. Két qua
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da tim thiy zanamivir la chit c¢é hoat tinh cao nhat trong sd cac chét da tong hop ra dugc.
Nam 1990, hang GlaxoSmithKline mua lai ban quyen phat minh va thuong mai hoa san pham
dudi tén Relenza. Nam 1999, zanamivir dugc quyén luu hanh & My va hién nay da luu hanh ¢
70 nuée. Nam 2006, co quan FDA cua My chinh thite chdp nhén sir dung zanamivir cho chién
dich phong ngua bénh cum gia cam. Viéc phat minh ra zanamivir m¢ dudmg cho cac nghién
clru tim thube méi 6 cung tac dung tre ché enzym neuraminidase. Mt trong nhiing két qua
dé la viéc phat minh ra oseltamivir (tén thuong mai la Tamlﬂu) vao nam 1996. Céc nghién
ctru theo huéng nay van dang duoc cac nha khoa hoc trén thé giéi tiép tuc theo dubi [S] dé
tim cac thubc tét hon nita.

III. AXIT SIALIC (AXIT N-AXETYLNEURAMINIC)
Axit sialic 1a nguyén liéu dau dé tdng hop zanamivir. Tén axit sialic (1) dung chung dé
chi cic din xudt thé & vi tri O- va N- cua axit neuraminic, dung riéng dé chi axit N-
axetylneuraminic (1, viét tit 1a NeuSAc2en). Axit sialic thudc nhém céc carbohydrat va c6 mit
rong khip trong cac té bao dong vat, trong cc vi sinh vat, dac biét trong cac glycoprotein va
gangliosid. Axit sialic thuong mai duoc chiét xut tir nuée 6t (whey) clia cac qua trinh ché bién
phomat va sita, cling nhu tir long dé trimg, cé gia ban kha cao (khoéng 5.000 USD/kg) [6].

IV. QUA TRINH TONG HQP ZANAMIVIR
Tu liéu v& qua trinh téng hop zanamivir khéng nhidu. Zanamivir duoc téng hop va
cong bé dau tién vao nam 1994 bdi von Itzstein va cac nha khoa hoc tai khoa Héa duoc, Dai
hoc tong hop Monash (Australia) [ ]. Sau d6 Chandler va céc cong su cua cong ty Glaxo
(GSK, Anh) tiép thu két qua, cai tlen cac budc phan ing va cong b6 nam 1995 [8]. Theo cong
bd, phuong phap nay cho hiéu suét tong thé 8,3%, qua trinh tdng hop dugc md ta trén Hinh 2.

AcO OAc

Acd H 0. OAc

“cozH AcHN™ \_/ “co,Me
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HO H
ACHN / COzMe
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° 4: Oxazolin
y 5 HO: H
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H, N ﬁ/NHz
8 9 Z . -
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Hinh 2: Qud trinh téng hop zanamivir theo Chandler [8]
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Theo do, trude tién hop chat O-pentaacetyl 3 dugce diéu ché tur axit sialic (1) qua hai
bude, roi duoc xur ly voi BFs. OEt, dé tao ra chét trung gian chia khoa oxazoline 4. Hop chat
nay chiu su tan cong nucleophile béi azide (LiN3 hodc Me3;SiN3) cho azide 5 ¢é cau hinh dao
nguoc véi do chon loc cao. Tuy nhién viéc su dung LiN3 s& khong an toan khi tién hanh thao
tac & luong 1ém. Sau hai budce giai phéng cac nhém bao vé, hydro hoa nhém azide véi xtc tac
Pd/C s& duoc amine 8. Qua trinh hydro hoéa ¢6 thé tao ra cac san pham phu do chuyen dich
nhém acetyl hoac khu hoéa lién két doi. Phan tUmg cia 8 voi AIMSOA  (axit
aminoiminomethanesulfonic) s& tao ra dan xuét guanidine, tirc la zanamivir (9). Cho t61 hién
tai, bai bao cua Chandler la cong b6 duy nhat vé phuong phap tong hop zanamivir ma san
pham thu duge & lugng 16m hon miligam, dong thol cling cung cap cac chi tiét vé diéu kién
phan ung va tinh chat hoa ly cua cac chat.

Géan day, nhom nghién ctru cia Yao (Trung Quoc) [9] d& dua ra mdt cach tiép can moi
dé tdng hop ra hop chat trung gian 5. Céc tac gia bat dau tr mot nguyén liéu khac la D-
glucono-d-lactone, re tlen hon axit sialic, nhung con duong tong hop tuong dbi dai va phirc
tap (24 budc) va hiéu suét rat thap (0,2%).

V. KET QUA NGHIEN CUU
Téng hop methyl N-acetylneuraminate (2) va O-pentaacetoxy (3) tir axit sialic [10]:

Chung 161 su dung axit sialic (axit N—acetylneurammlc) 98% cua Trung Qudc lam
nguyén liéu ddu cho qua trinh téng hop zanamivir. Khi thuc hién lai qui trinh tong hop theo
tai liéu do Chandler cong bd [8], ngay tir phan tmg metyl hoa dau tién chung t61 da khong thu
duoc két qua mong doi, axit N-acetylneuraminic to ra rat man cam véi cac diéu kién phan tng
va phuong phap tinh ché san pham. Vi thé chung t6i quyét dinh thir nghiém céc phuong phap
este hda véi cac xuc tac khac nhau. Thay vi este hoa bang HCl/metanol nhu tai liéu mé ta,
chang t61 thu nghiém thionyl chloride (SOCly) cling nhu H,SO4 lam xtc tac cho phan ung
nay. Két qua thu duoc ciing khong tét hon.

HO

MeOH HO

b Dowex-H AcHN \
HO HO
1: Axit sialic 2 3 Hin
h 3. So dé diéu ché dan xudt O-pentaacetoxy 3

Khi ap dung phuong phéap ciia Warner [11], sir dung nhua trao déi ion Dowex-H véi
val tro xuc tac, phan tng thuc hién & nhiét do phong trong khoang 10 h, chang t6i da nhan
duoc san pham metyl este 4 cla axit N-acetylneuraminic véi hiéu sudt 99%. Warner da st
dung 3 g nhya /0,97 g axit N-acetylneuraminic/100 mL metanol va khuay trong 3 h cho metyl
este voi hiéu suat 93% Chung t6i di thay doi chut it quy trinh dé c6 thé tiét kiém mot lugng
nhua Dowex-H: 13 g nhua / 25 g axit N-acetylneuraminic / 1200 mL metanol/16 h. Nhua trao
doi ion da dung lam phan tmg duoc rira nhiéu lan bang metanol va cé thé tai sir dung cho
phan tng ester hoa ma khong gy anh hudng gi dén hiéu suét cia phan img.

Tiép theo ching toi khao sat 3 phuong phap tong hop methyl 5-N-acetyl-2,4,7.8.,9-
penta-O-acetyl-neuraminate (3) tir metyl este 2 (Hinh 3). Trong phuong phap thr nhat, hop
chat penta- acetoxy 3 duoc didu ché bang cach xur ly este 2 v6i anhydrit axetic trong pyridin va
Xuc tac 4-(dimethylamino)pyridin (DMAP), cho hiéu suat 88%. Tuy nhién chung to1 nhan
thay, khi thuc hién phan tmg nay & luong 16n thi vig¢e s dung pyridin s€ géy kho khan cho
qua trinh xu ly sau phan umg. Vi thé ching toi khao sét phucmg phap thtr hai, trong d6 qua
trinh axetyi héa 2 duoc tién hanh véi Ac,O/CH;COONa ¢ 80 °C, két qua cho san pham dj
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kem voi nhiéu san pham phu. Trong phuorng an thir ba, ching t61 4p dung mot phuono phap
axetyl hoa hiéu qua duogc cong bd gan day [12] su dung xuc tac BF3.0Et; 6 0 °C. Két qua
chling t6i da thu dugc san phdm véi hiéu suét trén 95%.

Nhu vdy hop chét trung gian methyl 5-N-acetyl-2,4,7,8,9-penta-O-acetyl-neuraminate
(goi tat la O- pentaacetoxy 3) da duoc tong hop theo cac phuong phép khac nhau. Cac phuong
phap t6t nhat cho hiéu suét tong thé 1a 94% (tinh theo axit N-acetylneuraminic). Viéc sir dung
cdc xuc tac 1a nhua trao d6i ion Dowex-H (cho phan ung este héa) va BF;.OEt; (cho phan ung
axetyl hoa) ¢6 wu diém hon so v6i cac phuong phap cong bd bai cac nha khoa hoc ciia Glaxo.

Tong hgp hop chit trung gian chia kho4 oxazoline 4 tir O-pentaacetoxy 3 [13]:.

AcO OAcC

AcO H=—0 OAc
a) TMSOTY, 40%
ACHN™ 3 CO;Me b) BF3.0Ety, 42%

~

AcO

3 4
Hinh 4: So d6 diéu ché oxazoline 4 tir O-pentaacetoxy 3 theo phwong phdp a va b

Trude hét, ching t6i da tién hanh khao sat qua trinh tdng hop oxazoline 4 theo qui
trinh cong bd cuia Chandler. Hop chat O-pentaacetoxy 3 duogc tach loai 2 nhom OAc va tao
vong oxazoline nh¢ tac dung cua axit Lewis manh 1a TMSOTf ¢ 52 °C trong 2,5 h. Hiéu suit
cia phan Ung dat 40%. Thur nghiém thay thé TMSOTS bang xuc tac BF3.OEt, trong
dichloromethane & nhiét do phong trong 1 dém, hiéu suit phan tng tao vong oxazoline tir
penta-acetoxy 5 ciing dat tuong tu nhu phuwong phap dung TMSOTS (42%). Dé nang cao hiéu
suét, ching toi khao sat phuong phap one-pot dua theo tu liéu [14], di truc tiép tir metyl este 2
td1 oxazoline 4, ma khong qua O-pentaacetoxy 3.

Bang 1 trinh bay hiéu sudt tong cla cac quéd trinh tong hop oxazoline 4 tir axit
shikimic ma chung t6i thu dugc khi tién hanh theo 3 phuong phap: phuong phap theo
Chandler (3 budc), Phuong phap cai tién (3 bude, st dung Dowex-H™ va BF3.0OEt), va
phuong phap ung dung k¥ thuat one-por (2 budc). Két qua chimg minh phwong phap one-pot
la phuong phap c6 hiéu qua va ré tién nhét.

Bang 1. Hiéu sudt 6ng ciia cdc qud trinh 16ng hop oxazoline 4 tir axit shikimic

Phuwong phap Tdac nhan sw dung Hiéu suiit tong
Chandler (3 budc) MeOH/HCI, Ac,O/DMAP, TMSOTTf 17,6%
Cai tién (3 budc) MeOH/Dowex-H", Ac;0/BF3.0Et, 39,5%
One-pot (2 budc) MeOH/ Dowex-H", Ac;0O/AcOH/H,SO04 (10:10:1) 73,3%

Nhu véy, oxazoline 4 da duoc tong hop tur axit sialic (1) theo 3 phuong phép khac
nhau. Hai phuong phép tong hop qua giai doan tao hop chat penta-acetoxy 3 ((3 budc tir axit
sialic) to ra khong co6 hiéu qua vi hiéu Suét thap va can dén cac xuc tac tuong dbi dat tién
(TMSOTf hoac BF;.0Et,). Phuong phap tht ba, ap dung k§ thuat one-pol va khong qua gial

doan tao hop chat O-pentaacetoxy 3 (2 budc tir axit sialic), cho hidu suét cao nhat (73.3%) va
c6 hiéu qua kinh té nhat.
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Téng hop zanamivir tir hop chit trung gian oxazoline 4 [15]:

Tiép theo chung toi nghién ciru cac phén ung di tir hop chét trung gian oxazoline 4 tdi
san pham cudi cung Zanamivir (9) (Hinh 2).

Trude hét, oxazoline 4 dugc xu ly bang trimethylsilyl azide (TMSN3) 6 80 °C trong t-
butanol trong khoang 10 h. Phan timg the da xay ra v&i sy ddo nguoc cau hinh ¢ C-4, cho ta
hop chat azide 5 mong mudn véi hiéu suit 62%. Tiép theo, cac nhom acetyl bao vé dugc loai
bo trong dleu kién tuong dbi ém diu bang cach sit dung NaOMe trong methanol khan & diéu
kién khi quyen tro. Sau khi tinh ché bang cach két tinh lai, azido- este 6 thu dugc dudi dang
tinh thé mau trang (hiéu suat 70%). Hop chit 6 duoc thuy phan vé dang axit 7 (ton tai dudi
dang mubi véi Et3N) khi xur 1y vdi triethylamine trong moi truomg nudce. Hydro hoéa chon loc
hop chat 7 véi xuc tac Lindlar trong 21 h s€ cho amine 8, hi¢u suét dat 52% sau 2 budc.

Trong budc phan ung cudi cung, nhém guanidine tai C-4 cua zanamivir s& dugc tao ra
nho phan ng ctia amine 8 vdi tac nhin AIMSOA (axit aminoiminomethanesulfonic). Theo
tu liéu, tdic nhan AIMSOA c¢é thé duoc diéu ché tir axit formamidinesulfinic (axit
aminoiminomethanesulfinic, AIMSA) boi tac dung cua axit peracetic 35% vdi hiéu suét 95-
97% [16]. Tuy nhién axit peracetic khong c6 & Viét Nam vi cac nha cung cAp tir chbi van
chuyén do nguy hiém. Gan day, nhom nghién citu cua Pan [17] d& cong bd phuong phap oxi
hoa tao AIMSOA bang cach sir dung mot nguyén liéu sin ¢ va ré tién la H,O, véi quy trinh
don gian, dé thuc hién.

NH H,0, H* NH A\ NH
2™
»—S0,H + H20; P—SOHH,0 —=  H—s0.H

NH2 NH2 NH2
So dd 4: Phuong phap diéu ché AIMSOA theo Pan [17].

Theo phuong phap nay, axit formamidinesulfinic dugc oxy hoéa bang H,0, trong moi
truong nude voi xuc tdc H,SO4 0,5 N, sau dé dun néng & 60 oc 4é dehydrat hoa. Ap dung

phuong phap nay, ching tdi da nhan dugc AIMSA dudi dang tinh thé mau trang véi hiéu suét
93%.

Zanamivir (9) dugc diéu ché tir amine 8 nhd tac dung véi tac nhan AIMSOA, xuc tac
NaOH va K,CO; trong 16 h & 20 °C. San phém duoc tinh ché qua cot nhua trao dél ion
Dowex-H va két tinh lai trong propanol-2 (hiéu sut 40%). Nhu v@y Zanamivir duge tong hop
thanh cong tir hop chét trung gian oxazoline 4. San pham zanamivir ¢6 cac dit kién phd IR va

NMR ding véi cau tric. Tuy nhién hiéu suét ching to1 thu dugce & cac giai doan nay con thap
hon so véi tu liéu.

VI. KET LUAN

Chung toi da xay dung dugc mot qui trinh 6n dinh gdm 7 bugc chinh, téng hop thanh
cong zanamivir tr axit sialic voi hiéu suét tdng thé 12 6,6% (hiéu suét cong bd cua thé gisi la
8,3%). Dac biét cac giai doan dau tién, tr axit sialic dén oxazolin (4) da duoc t6i vu hoa va

cho hiéu suét téng dat 74%, cao hon hiéu suét cong bd ctia GSK (61,7%). Tuy nhién hiéu suét
chung t6i thu duge & céac giai doan sau con thép.

Lol cam on

Céc nghién ctru trén duoc thuc hién nho kinh phi cua dé tai cap Vién Khoa hoc va
Co6ng nghé Viét Nam nam 2008 va 2009.
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