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CHON LUA MOT HUONG DI TRONG NGHIEN CUU
TONG HOP OSELTAMIVIR (TAMIFLU®) O VIET NAM

PénToa soan 29-5-2006
NGUYEN QUYET CHIEN

Vién Héu hoc, Vién Khoa hoc va Cong nghé Viét Nam

SUMMARY

In view of the avian flu pandemic threat, contemporary achievements on synthesis and

production of the nearaminidase nhiibitor and anti-influenza drug oseltamivir (Lamifln™ ) were
reviewed and discussed in order 1o find a feasible approach for Vietnam in the case of emergency.

1- MO DAU

Trong lich su, bénh ctim da nhiéu ldn gay ra
nhiing thiét hai o lon cho loai ngudi, tiéu bicu
la dai dich cim Tay Ban Nha kéo dat trong
nthiing nam 1918 - 1920, gay bénh cho 500 triéu
ngudi va hon 40 (riéu ngudi bi thiet mang, nhiéu
hon cd tong s6 nan nhan cua dai chi€n thé giGi
ldn thi nhat. Trén pham vi toan cau, khoang 20
nam lai xay ra mot nan dich cim v mie do
tom, nho khic nhau. Hién nay, thé gidt va nhal la
Viét Nam dang phai doi dau vdi nguy co bung
phat dai dich cim gia cam do virut HSN1 gay
ra. Hai thudc chéng virut truyén théng I3
amantadine (3) va rimantadine (4) lai khong con
hi¢u qua do bi khang thudc. R4t may man la héa
hoc tr1 liéu ngay nay da cung cap cho ching ta
mot s6 thuéc mdi dé chita tri, rong dé thude
Tamiflu vGi hoat chat chinh oseltamivir 12 quan
trong nhdt.

11 - SURA BOI CUA OSELTAMIVIR

Oseltamivir (1) 1a mdt hop chat htu co ran &
dang tnh thé, ¢6 cong thic phin W
C,¢H:N,0,, danh phdap TUPAC 1a (3R,4R,5S)-4-
axetylamino-5-amino-3- (1-ctylpropoxy)-1-
cyclohexen-1-cacboxylic  axit  etyl  este.
Oseltamtvir 1a thude chéng vi rit nhd kha nang
ric ché enzym neuraminidase (NA) cia chilng va

dugc ding dé chifa va phong ngita ca 2 Lip cim
A va B. Oseltamivir [A mot tién thude (prodrug)
va thudng duge ding dudi dang mudi photphal.
Trong gan nd s& bién déi thanh chat chuyén héa
¢O hoat tinh 1a axit cacboxylic GS4071 (2).
Oseltamivir ¢6 uvu diém 12 dung duge ¢ dang
udng va la chat dau tién thudce nhém hoat chit
nay duge phat trién dén giai doan san xuit
thuong mai. Pau tién né duge cong ty Gilead
Sciences phat trién thanh thudc, réi sau d6 duge
chuyén giao cho hang Hoffmann-l.a Roche tiép
tue nghién ciu phat wrién va thuong mai héa
duéi tén Tamiflu®. Hién nay Roche la hing doc
quyén san xudt thudc nay cho 1di nam 2016.

Su ra ddi cla oseltamivir gan lién véi cic
nghién ctu béat dau tr cdch day 20 nam cha cic
nha khoa hoc Uc (von ltzstein va céc cbng su
thuoc Pai hoc Monash) véi enzym NA 1d mot
trong hai glycoprotein dugc biéu hién trén bé
mat cua virut. Ching chia cdt axit sialic ndm &
dau mit cta cdc glycoprotein, glycolipit v
oligosaccharit va do do 1a cdn thigt dé giai
phong va phat tdn cdc virion m&i duge sinh ra tir
cic 1€ bao bi nhiém bénh. N cing trg gidp cho
quéd trinh van chuyén virut qua Iép chdt nhay
cua dudng ho hap. Von ltzstein va cdac cong su
da nhan thay NA 1a mot dich phan tr ¢6 nhiéu
trién vong dé nghién ctu phat trién thude. Trén
co s0 ciac k&l qua nghién clu cdu triic cua NA
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déng ket tinh vdi axit sialic (5) bang nhiéu xa
Ronghen, cic nha khoa hoc di thiél k€ va sau
d6 tong hgp ra mot loat cidc hop chit tuong tu
cua axit sialic ¢6 kha ning &c ché hoat dong cta
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Tuy nhién Bischofberger (truong nhém
nghién citu cta cong ty Gilead, M¥) di nhin ra
diém yéu cua zanamivir 1 cé tinh sinh kha dung
thdp theo dudng udng va lai bi thai trir nhanh
qua than nén chi ¢6 thé ding dugc dudi dang
thudc phun hodc hit qua dudng hé hap. Nhim
tim ra cac chat (@c ché NA ¢d hiéu gqua qua
duong udng, cong ty Gilead (Kim va va céic
cong su) da thiél k& va téng hop ra mot loat céc
chat tuong (o nhu axit sialic nhung cd vong
carboxylic cling v4i cdc mach nhinh wa dau
thay thé cho nhém glyxerin cé do phan cuc cao.
Keét gqua da tim ra hoat chit GS4071 ¢6 hoat tinh
cao nhu Zanamivir. GS4071 thi€u c4 hai nhém
glycerol va guanidin 13 cdc nhém tao ra di luc
cao doi voi NA. Bu lai né phdt huy tdc dung dua
trén tuong tic wa dau manh gifta cic mach
nhanh 3-pentyloxy cua né véi tii wa ddu trong
mién hoat dong cua NA. Cic cong trinh nghién
clru tiép theo da ching minh ring GS4071 la
chat Gc ché manh dé1 véi qua trinh nhan ban cla
cdc virut gay bénh cim. Hoat tinh in vitro cla
no twong duong voi Zanamivir. Oseltamivir 1a
tién chat cia GS4071. St dung oseltamivir dudi
dang uéng tao ra nong do GS407! cao trén cic
dong vat thir nghiém va c6 tac dong tri liéu rat
manh. Nam 1999 oseltamivir dd duge co quan
quan 1y thude cua My (FDA) cho phép st dung
cho ngudi.

111 - TONG HOP OSELTAMIVIR TU AXIT
SHIKIMIC

Axit shikimic (7) cé cong thic phan ur la
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enzym nay. Trong s& do chit cé ky hieu GG167
sau nay da trd thanh zanamivir (6) (con goi la
relenza), thuGc chong cam dau tién cd tic dong
tic ché hoat dgng cha NA.
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CH,,Os, danh phap IUPAC la (3R,45,5R)-
3,4,5-trihydroxy-1-cyclohexencacboxylic  axit,
dugc tach ra lan dau tién nam 1885 tir qua cua
mot loai héi ¢é doc tinh, goi la hoi Nhat Ban
Hlicium anisarum. TU qua hoi cua Viét Nam
Hlicium verum Hook. f. (ho hoi, Illiciaceae), gan
day axit shikimic da dugc chiét tich va phéan lap
vOi hiéu sudt 7% [1].

Axit shikimic 1a nguyén lLiéu tu nhién ly
tuéng dé 16ng hop oseltamivir do phan tir cia né
da ¢6 san cdc nhém chidc co ban cin thiél véi
cdc c4u hinh khong gian phi hop, nhat 1a no lai
¢6 ndi doi nam ding & vi tri C-1. Ngay i nhimg
nghién citu mo dudng cua minh, Kim va cic
cong su da xuat phat tr axit shikimic dé 16ng
hgp ra mdl loat cic hgp chit wong u véi axil
sialic dan t6i su phat minh ra oseltamivir (so dé
1). Trong qud irinh nay nhoém 3-isopentyl ete
dugc kién thi€t bang phin iing md vong
tritylaziridin cua 15 vGi 3-pentanol vi xdc tic
axit, cho phép nhanh chdng tac ra hing loat cic
hop chdt ¢é cdu tnic tuong 1y bang cdch thay doi
cdc tac nhan nucleophin.

Ti€p sau d6 Rohloff va cdc cong su (hing
Gilead) da xay dung mot phuong phdp 16ng hgp
c6 hiéu qui va cé thé rién khai & qui mo pilot
(so dd 2). Nhimng diém dic biét cua phuong
phdp nay 1a: a) kién thiét nhom th& khéng phén
cyc 3-isopentyloxy thong qua hop chat 3.4-
isopentyliden xetan 17, k& 1iép bing mot phéan
tng khir héa m& vong xetan kiéu mdi, ¢é tini
chon lua vi tri cao; b) dp dung héa hoc azit dé
md vong epoxit va tao ra cdc nhéom chic amin &
cdc vi tri C-4 va C-5 thong qua hop chat chia



khéa 4.5-aziridin 21. V6i phuong phdp nay cdc tic gia cho biét da dat duoc hiéu sudt tong thé 1a

21% véi 10 cong doan phén Gng.
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a) McGowan.D. A., Berchlold, G. A, J. Org. Chem. 1981, 46:2381; b) MeQCH,CI, DIPEA, CH,Cly;
¢} NaN3, NH,Cl, MeOH/H,0; d) MeSQ,Cl, EtsN, CH,CL,; e) PhaP, THF then EtaN.fHZO f) NaNa, NH,Ci, DMF;
9) CH3OH, HCIL h) TrCl, E43N, CH,Cly: i} CH380,C1, EtyN, CH,Cly; k) BF3.Et,O; 3-pentanc; i) Ac;0, DMAP, pyridine;

m) PhsP, THF then Ets;N/H,0; n} KOH, THF, H,0.

So dé I: Téng hop oseltamivir tir axit shikimic theo Kim va cic cong su [2]
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a) EtOH, 50C,, b) 3-pentanone, TsOH; ¢) MsCl, EtzN; d) TMSOTY, BH,. Me;S; e} KHCO;3 ag. EtOR;
fy NaN3. NH,CL ag. EtOH; g) MesP; hiNaN,, NHLCI, DMF; i} Ac;O; k) Ra-Ni, Ha; i) 85% H3PC,.

Sv dé 2: Tong hop oseltamivir tir axit shikimic theo Rohloff va cdc cong su [3]

Sau khi hang Gilead nhugng lai ban quyén
phat minh cho hing Roche, Federspiel cing cic
cong sy O hing Roche da gir nguyén phuong
huéng long hgp nay va nghién citu cic phuong
phdp dé nang qui mo san xudl va nang cao hiéu
sual 1ong hop hop chat chia khéa epoxit 19. Két
qua da hoan thién duge qua trinh t6ng hop
epoxit 19 1ir axit shikimic qua 6 cong doan, dat
hi¢u sudt tong thé 63 - 65% [4]. Phuong phap

nay dd dugc hing Roche ap dung dé san xuat
thuéce Tamiflu & qui mo6 cong nghiép.

Tuy héa hoc azit tir fau da duge dp dung trong
san Xudt, n6 luon tiém 4n nhimg nguy co do cic
tac nhan va cic hop chdt azit trung gian cé doc
linh va ¢6 kha nang phdt nd. Hang Roche Cung
phai thué cdc nhia may héa chat chuyen dung dé
thuc hién cdc cong doan nay trong san xudl. Han
ché d6 da thic ddy cdc nha khoa hoc fim ra cac
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phuong phdp t6ng hop oseltamivir khéng qua con
dudmg azit. Nam 2001, Karpt va Trussardi (hing
Roche} da thanh cong trong viée xdy dung mét
phuong phap nhu thé. Qua trinh ong hop di w
epoxil dugc trinh bay rén so dé 3. Phuong phép
nay st dung mot axit Lewis méi vi ré uén la
MgBr,.Obit, lam xiic tic dé m& vong oxiran clia
19 véi allylamin. Tiép theo 1 phan tmng deallyl
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héa bang xic tic Pd/C dé 1a0 ra amino ancol 25.
Viéc dua thém nhém amin thit hai vido phan w
dugce thuc hién thong qua mot loat cdc phan ting
k& 1iép nhau bao gdm mot chudi phan tng kiéu
domino ¢6 co ché bao vé bang cac nhém imino
trung gian. Hiéu sudt tong thé tir epoxit 19 dat 35-
389% (6 ra uu viét hon hiéu sudt dat duge bang con
duding azit (27 - 29%).
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a) aliylamine, MgBr;. OE1,, t-BuOMe / MeCN 9:1,
55°C, 16 h b) (NH4),5C,/ H,O: ¢} PA/IC, EtOH.,
HzNCHaCHL,OH, reflux, 3 h, d) H;SC, / H20;
e} PACHG, t-BuOMe, - H,0; f) MsCI, NEt;;
g} allylamine. 112°C, 15 h; h} HCI/ H,0; i} Ac,O,
ACOH, MsOH, t-BuOMe, 15 h, 20°C; k) 10% Pd/C,
EtOH, H;NCH,CHL0H, reflux, 3 h; I} HiPO,, EtCH.

S dé 3: Tong hop oseltamivir tir epoxit theo Karpf va Trussadi [5}

Niam 2004, Harringlon va cac cong su thuée hing Roche lai xay dung thanh céng mét
phmmg phdp tong hop oseltamivir méi ciing trinh duge con dudmng azit. Phuong phip nay duoc cic
tac gia goi la "phuong phap the hé thi hai” va ¢6 qué trinh phan (ng trinh bay trén so dé 4.
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a) t-BuNH; MqCl,. toluene, b) MsCl, EtgN, tolsene; c) PhSOzH, (allyl}sNH; d) Ac,O, NaOAc; e) HCi/ EtOH; f) TFA; g)

NDMBA. Pd(OAc),, PPhy: h) HaPO, / E1OH.

So do 4: Tong hop oseliamivir tir epoxit theo Harrington va cic cong su [6]
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Phuong phip nay su dung ferf-butylamin
clng vGi magié clorua dé md vong oxiran coa
epoxit 19 va st dung diallylamin cing véi axit
p-toluensulfonic dé mé vong aziridin cloa 29.
Nhém amin tr do thit nhat wi C-4 duoc tao ra
bang cich tdch loat nhém tert-butyl dudi tic
dong cua axit. Nhém amin thi hai dugce tao ra
do chuyén dich cla nhom allyl lien két véi no
sang axit 1,3-dimetylbarbituric duéi tac dung
caa hé xdc tdc dong pha Pd(0)-phosphin. Hi¢u
sudit 16ng thé clia cd qu4 trinh dat 61%.

IV - TONG HOP OSELTAMIVIR TUAXIT
QUINIC

AXI quinic (34) c6 cong thic phin wr 1a

HOw, £.coom
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C,H,;,0¢, danh phdp TUPAC 1a (1S, 3R, 48, 3R)-
1,3,4,5-tetrahydroxy-cyclohexancacboxylic axit.
Ciing nhu axit shikimic, axit quinic déng mot
vai trd quan trong trong c&c qua trinh sinh 16ng
hop cua cic hop chéat thién nhién. Axit quinic
dugc phin lap tr vo cay Canh ki na (Cinchona
ledgeriana), cdy ca phé va mot sG lodi thuc vat
khédc. Trén thi trudng hoa chat, axit quinic ré va
san ¢6 hon axit shikimic. V1 thé rong cong trinh
cong bd ddu tién caa minh Kim va cic cong su
da vach ra con dudng cho phép chuyén héa axit
quinic thanh cac dan xudt cla axit shikimic cdn
thi€t cho cic qua trinh 16ng hop oseltamivir 1iép
theo. Phan dng dehydrat héa ¢6 tinh chon lua vi
iri 1a phan (g then chét cia hudng di nay (phan
tng ¢ vad, so dé 3).
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a) Shing, T. K., Tang, Y. Tetrahedron 1990, 46, 6575; b} TsCl, DMAP, pyridine; ¢) 80,Cly, pyridine; d) p-TsOH, CH30H;
e) DBU, THF.

So dé 5: 'tong hop voi axit quinic theo Kim va cic cong su [2]

Hudng di nay da duoe [le tuc bai Rohloff va cdc cong su dé Xay dung nén mot qui wrinh
téng hop oselamivir U axit quinic & qui mo pilot vdi hi¢u sudt t6ng thé 1a 4,4% qua 12 bude (hiéu
Sudt trung binh cua méi budc ta 77%). Cdc phan (ng din dén hop chat chia khéa 3,4- 1sopentyhden
xetan 17 dugce trinh bay trén so dé &
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o) a) 2.2-BMP, TsOH; b) MsCl; ¢) EtOH, EtONa;

d) MsCl; e) SO,Ci,, pyridine; f) 3-pentanone, HCIO,.

So do 6: T(ing hop 3.4-isopentyliden xetan Lir axit quinic theo Rohloff vi cic cong su [3)
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Cic cong trinh nghién citu ii&€p theo cha
Federspiel va cdc cong su (cong ty Roche) da
nang hiéu sudt cua toan bo qud trinh dén dén
hop chat chia khéa epoxyt 19 tir 17% lén 35-
38%. Cac cai tuén chinh dugc thuc hién & cac
giai doan dehydrat héa va khir héa mo vong 3,4-
isopentyliden xetan.

Sau khi di quyét dinh sir dung axit shikimic
lam chat ddu dé tong hop oseltamivir, hing
Roche khong uép tuc cdc nghién ctiu theo
huéng nay nira.

V - UNG DUNG CONG NGHE SINH HQOC

Pung trude nhu cdu vé thude Tamiflu taing
dot bién, trong khi ngudén axit shikimic tir héi
cing nhu ngudn axit quinic tir Canh ki na ¢o
han, hing Roche da tim dén cdc giai phép wr
phia cong nghé vi sinh. Trong vong mot nam
rudi, nhom nghién offu cua gido su Frost thudc
Dai hoc Michigan (M¥) da xay dung thanh cong
mol qui trinh san xudt axit shikimic bang cong
ngh¢ 1én men vi sinh véi mot chung Escherichia
coli 14 6 hop, nudi bang dudng glucoza [7].
Tiép theo, nhém nghién cifu nay da thanh cong
trong viéc san xXuft ra axit 5-amino-5-
deoxyshikimic ciing bang con dudng {én men
vGi mol chung Amycolatopsis mediterranei 14i
td hop [8). Thanh céng ndy c¢6 nhiéu kha nang
s&¢ md duong cho mot hudng téng hop
oseltamivir méi khong cdn dén héa hoc azit.

Cic thanh cong trong viéc téng hop axit
shikimic v cdc din Xuat cpa né bing cong nghé
sinh hoc da dua ra 151 giai lau dai cho bai todn
nguyén liu cla oseltamivir. Trén thuc 1€ mot
luong lon axit shikimic da duge san xudt ra bang
phuong phéip nay va vé 1y thuyét ching ta ¢6 thé
md rong qui mo san xudt du 16n dé dép ing cho
moi nhu cdu dit ra. Diéu han ché la viéc d6 doi
hoi thot gian, mit khdc gid thanh san xuat hién
nay 14 bao nhiéu cing chua duge ré. Chi biét
hién nay hang Roche van ding axit shikimic tir
héi 1a chiz yéu.

VI - TONG HOP TOAN PHAN

Axit shikimie dugc tong hop toan phin 14n
diu tién vao nam 1960 {9]. Nam 1998 Jiang va
ingh thuoc Pai hoc Sunderland (Anh) da tong
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quan chi tiét vé linh vuc nay véi 107 tr liéu goc,
chi ra cdc hudng va cac phuong phap di dugc ap
dung [10]. Do la:

- Téng hop trén co s& ciia phan ing Diels-
Alder.

- Téng hop tir cac dén xudt cha benzen.

- Tong hop chiral tir axit (-)-quinic.

- Téng hop chiral tir cdc hydrat cacbon.

Trén co s vin dung cac thanh tyu néu trén,
céc nha khoa hoc clia hiang Roche da nd luc tim
cdc phuong phdp téng hgp méi nham di thang
161 oseltamivir ma khong qua axit shikimic. Cic
thach thitc ¢co ban dat ra trén con dutng nay la
su cdn thiét phai kién thiét dugc 3 trung tim
cacbon ¢6 ding ciu hinh khong gian va 1ao ra
mot n6i do1 & ding vi tri can thiét. Thuan loi ¢
day la kha nang chl dong trong viéc kién thiét
nhoém 3-isopentyl ete & C-3 va cdc chic amin &
C-4 va C-5. Pén nay Karpf va cdc cong su O
hang Roche di xay dung thanh cong hai giai
phdp. Gial phap thir nhdt duge cic tdc gia goi la-
"chién lugc Furan Diels-Alder/Cong hop
Nitren”. Chién luge ndy bit diu bang phan ing
Diels-Alder gitia furan vdi etyl acrylat dé tao ra
hop chil oxabicyclo 43. Cong doan then chot
cia hudng di nay la phan dng cong hop nitren su
dung tic nhan diphenylphosphory! azit (DPPA)
(d, sa dé 7.

Hudng di thi hai duge cdc tic gia goi la
"chién lugc meso", su dung dan xuat 50 cua
pyrogaliol lam nguyén liéu ddu. Cong doan then
chét cua chién luoge nay la phan Gng hydro hoa
bat déi xung tao ra san phdm hydro hda dang cis
(e, so dé 8). Trong huéng di nay ciing nhu trong
hudng wén cc tic gia déu dp dung phuong phip
tach cac dong phan lap thé bang cong nghé vi
sinh [12]. Cac két qua nay cho phép chiing 1a hy
vong sé cé mot giai phap héa hoc dé téng hop ra
oseltamivir ma khong phu thudc vao cdc nguyén
licu ty nhién. Tuy nhién dén nay do nguyén
nhan hiéu qua va gid thanh san xudt, van chua
c6 chién luge tdng hop toan phin nao da chin
mudi cho san xuat [13].

Thang 2-2006 cdc phuong tién truyén thong
dai ching thong bdo rang gido su Shibasaki
thudc Pai hoc Tokyo (Nhat Ban) da 1im ra mot
phuong phdp méi 1ong hgp oseltamivir tir 1,4-
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a} ZnCly, 50°C, 72 h; b) enzymatic resoiution with Chirazyme L-2; ¢} distillation; dj) DPPA, toluene, 30°C: e) 70°C, 18 h;
f) NaOQEt, 11, EIOH, 1 h; g} NaHMDS, THF, - 60°C, 15 h; h) MsClI, NEts, CHCly, r.t.; i) 3-pentancl, BF3.0Ety, CH,CI,;
k) 20% H,80, in EtOH, 70°C, 22 h; I) HCI/ EtOH; m} following steps by allylamine route.

Su do 7: Tong hop oseltamivir theo “chién luoc Furan Diels-Alder/Cong hop nitren” {11]
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o 100% W ] (83%)
(87%) HoV ; ( o} HO' g w .
: COOH E
54 COODE! 55 56 > ”
s
On,, COOE1 /I\ COOEt O, CQOEt /\Eg\ CCOEt
0 " n o p q
o™ (78%) 183%)
Ny Y AcHN Y ACHNT
HNBoc FiNBoc FiH, NH; HyPO,
57 58 1 H;PO,

a) 3-pentyl mesylate, KOtBu, DMSO, 50°C; b) NBS, DMF, 0°C, ¢} CO (10 bar), 0.5% Pd(OAc);; d) dppp, KOAc, EtOH, 110, 20 h:
&) Hy (160 bar), 5% Ru-Aiox, EtQAc, 60°C, 24 h: ) TMSCH, Nal, MeCN, 40°C; g} desymmetrization by enzymatic hydrolysis with
PLE, H,Q, pH 7.5-8.0, h} DPPA, NEt;, CH;Cly, 40°C; i) (Boc),O, DMAP cat., r.t.; k) NaH cat., toluene, reflux; I} TT,0, pyrridine,
CH,Clz, - 10°C; m) NaNg, r1., acetone/H,0; n) Hy, Ra-Co (or BusP/H,0); 0) Ac;O/EtN; py HBr-ACOH: q) H3PQ,, EtOH.

So dé 8: Tong hop oseltamivir theo "Chién luge meso” [11]
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cyclohexadien trén co sO cic phan dng xuc tac
bat doi xiing ma labo cua ong da di sau nghién
ciu W nhicu nam nay. Shibasaki cho bi&t
phuong phap nay ¢é hiéu qua va tinh kha thi cao
hon cic phuong phap ma cdc nhi khoa hoc cla
hang Roche da cong bo gan day. Tuy nhién,
cong trinh nay vin con trong giai doan nghién
ciu ¢o ban, dang dugc dang ky patent 1ai Nhat
Ban vi s¢ duge cong bd trén tap chi khoa hoc
trong thoi gian 61 [14].

VI - CHON LUA MOT CON BUDNG

Bang trude nguy co xay ra dan dich cam gia
cim do virut HANT pay ra tai Viet Nam, ching
1oi da 1ong kit cic thanh tyu hién nay trong viée
tong hop va san xuat thude Tamitlu nhim tim ra
mot cich tiép ¢an kha thi cho Viét Nam trong
truong hop khan cdp. Trong khi hiang Roche vi
th¢ gidi lo lang vi khong ¢6 da axit shikimic tir
hor dé san xudt oseltamivir thi Viet Nam lai
hoan toan chu dong vé nguyen licu nay. [éi
duge sin xuat chi yu ¢ Trung Quéc va Viét
Nam va xudt khau di khdp noi. Sin luong cta
hai nudce gan bang nhau. Cay héi tir lau di duoe
gdy rong tai cic tinh mién nidi Pong Bic nirde
L. chu yéu ¢ Lung Son, Quang Ninh vd Cao
Bang. "I'rong giwi doan tir 1960 - 1975 san luong
hoi kho hang nidm cua ta 1a 3.500 - 5.000 tan
f15]. Hién nay ching ta sin xudl ra nhiéu hon
the va san luong ngay cang tang Ién. D6 la didu
kien thuan loi d¢ ching ta chon lya nguyen licu
dau cho mot phuong an 1ong hop oseltamivir.
Ciac chon lua ucp theo khé khan hon, Cac hudng
tong hop ¢6 tinh kha thi nhdt v hi¢u qua nhat
déu can duoc xem xét va thu nghicm trude & qui
mo nho de ching ta 6 the lan cha duge cdc
cong nghe nay vi tim ra mot gidi phéip thich hop
vOi cie dieu kien thue (€ cia Viet Nam.
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