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Tom tat: 
V&i muc tieu gdp phdn phdt triin ngdnh cdng nghiip hda dugc trgng nu&c vd 

ldm gidm gid thudc, trong bdi ndy chiing tdi xin trinh bdy cdc kit qud nghiin ciru 
quy trinh tdng hgp cdc hogt chdt piperaquine^ phosphate, amodiaquine 
hydrochloride, tamoxifen citrate vd axU zoledronlc nhdm tiin t&i sdn xudt phuc vu 
bdo chi cdc thudc generic Ddc biit piperaquine phosphate da dugc nghien ciru 
trien khai tren quy md pilot. 

Abstract: 

Generic drugs can save patients and insurance companies substantial costs. 
The principal reason for the relatively low price of generic medicines is that 
competition increases among producers when drugs no longer are protected by 
patents. In order to develop production of active ingredients for making generic 
drugs in Vietnam, we have studied the synthesis of piperaquine phosphate, 
amodiaquine hydrochloride, tamoxifen citrate and zoledronlc acid. Especially, 
piperaquine phosphate has been produced in pilot scale. 

I. Md DAU 

Phat trien cdng nghiep san xuat cac loai thudc generic (thudc da het ban bao hd ban 
quyen) tir lau da dugc hau bet cac qudc gia <juan tam, nhat la cac nude dang phat trien, noi da 
sd ngudi dan cd miic thu nhap thap, gap nhieu khd khan trong viec tiep can vdi cac loai thude 
mdi cd gia thanh qua cao. Mdt loai thudc mdi thdng thudng thdi gian bao ho vao khoang 20 
nam ke tir ngay giri patent xin dang ky bao ho. Cac loai thudc dang trong qua trinh bao ho cd 
gia thanh cao do nha san xuat can phai thu hdi vdn da tai trg cho viec nghien ciin trien khai, 
thir nghiem, quang cao....Bdi vay cac thudc generic cd gia thanh re ban nhieu, do khdng phai 
trai qua cac nghien ciiu nhu cac thudc mdi. Thudc generic cd thanh phan, cd dugc tinh va 
dugc ddng hoc tuong tu thudc gdc (thudc da dang ky ban quyen va da dugc sir dung). Thudc 
generic phai dam bao ve do an toan, lieu Iugng sir dung, chat Iugng va do dn dinh nhu thudc 
gdc. Theo Cue An toan thuc pham My (FDA), thudc generic phai cd tac dung lam sang tuong 
tu nhu thudc gdc, phai cd sir tuong ddng ve sinh kha dung va cd su tuang duang sinh hoc 
(bioequivalent) [1,2]. 

Thi trudng thudc generic cua the gidi hien nay dat doanh thu 92 ty USD va du doan se 
dat tdi con sd 155 ty USD vao nam 2012. An Do, Tmng Qudc va Thai Lan la cac qudc gia 
phat trien manh trong linh vuc san xuat thudc generic. Cac thdng ke cho thay thudc generic 
ciia An Do chiem toi 22% tdng sd thudc generic tren toan thi tmdng thudc generic ciia thi 
gidi [3]. 

Tai Viet Nam, Chinh phii ciing da cd nhirng chinh sach khuyen khich phat triln san xudt 
thudc generic trong nude nham giam ganh nang tai chinh cho ngudi benh. Tuy nhien, hien nay, 
cac doanh nghiep dugc Viet Nam vdn chay cham trong cudc dua san xuat thudc generic. Trong 
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giai doan 2002-2006, chi cd 3 trong khoang 50 boat chdt hit quyin sd hiru tri tue dugc Tdng 
cdng ty Dugc Viet Nam san xudt dudi dang generic. Trong khi dd, vdi nhirng thudc mdi bet ban 
ban quyen, ngudi dan van chua cd co hdi sir dung vdi gia re. Mat khae, hau bet cac boat chat 
diing bao che thudc generic tai Viet Nam van phai nhap khdu. Cae nha may san xuat cac boat 
chat phuc vii viec bao cbl thudc generic tai Viet Nam cdn rdt ban cbl. Thiic te cho den nay, cac 
thudc generic do Viet Nam san xudt chii ylu chi thuc hien phan bao che vdi cac boat chat nhap 
khau tir nude ngoai. Nhu vay viec san xudt thudc generic tai nude ta mdi chi "ndi dia hda" d 
giai doan bao che. Dl cd thi chu ddng ngudn nguyen lieu thudc generic, can khuyen khich tang 
cudng viec nghien cuu tdng hgp tiln tdi san xudt cae boat chat tai Viet Nam. Vdi dinh budng 
dd, trong nhiing nam qua, chiing tdi da tien hanh nghien cim quy trinh tdng hgp mot sd boat 
chat nham phuc vu viec bao cbl thudc generic trong nude. Trong dd, chiing tdi tap tnmg nghien 
ciiru thudc chdng sdt ret va thudc chdng ung thu. Trong bai nay, chiing tdi tdm tat cac ket qua ve 
viec nghien cuu tdng hgp bdn loai boat chat la piperaquine phosphate, amodiaquine 
hydrochloride, tamoxifen citrate va axit zoledronic. 

II. KET QUA VA THAO LUAN 

Piperaquine (PQ) la mot bisquinoline duge tdng hgp dau tien vao nhirng nam ciia thap 
ky I960, dugc sir dung rdng rai d Tmng Qudc va Ddng Duong trong du phdng va dieu tri sdt 
ret 20 nam tiep sau dd. Mot nhdm cac nha khoa hoc Trung Qudc da dan chiing rang PQ dung 
nap tdt ban chloroquine (CQ) va cd hieu lire dilu tri sdt ret do P. falciparum va P. vivax it 
nhat la tuong tu CQ. Do nhay in vitro ciia PQ va mdt sd cac thudc sdt ret khae da dugc cac 
nha khoa hoc Trung Qudc nghien cim d tinh Yunnan. Cac nghien cuu dau tien tren ngudi ciia 
PQ da dugc tien hanh tir nhirng nam ciia thap ky 1970, thudc da dugc dieu tri cho hang ngan 
benh nhan ngudi ldn va tre em. PQ da chiing td hieu lire dieu tri va kha nang dung nap tdt, 
khdng cd hien tugng khang cheo vdi CQ [4]. Nhiing nam gan day, WHO khuyen cao phat 
trien thudc ket hgp nham tranh hien tugng khang thudc. Thudc phdi hgp dau tien cd thanh 
phan CO ban PQ la CV4 (China - Vietnam 4) gdm: DHA, PQP, trimethoprim va primaquine 
phosphate. Sau dd cac nha nghien ciiu da cai tien va cho ra ddi thudc CV8 cd thanh phan 
tuang tu nhung ham Iugng cac thudc Idn ban so vdi CV4. Dac biet gan day, cac nha khoa hoc 
Trung Qudc va cac nha khoa hgc tai Vien Sdte ret Ky sinh tning & Cdn tring TLT da nghien 
ciiu cho ra ddi thudc phdi hgp hai thanh phan PQ va DHA. Viec loai bd 2 thanh phan 
trimethoprime va primaquine phosphate van dam bao hieu qua dieu tri ciia thudc ngoai ra, 
giiip tranh dugc nhieu phan iing phu do sir cd mat ciia trimethoprim va primaquine phosphate 
gay ra. Thudc nay hien nay da dugc WHO dua vao danh sach cac thudc du phdng trong 
Chuang trinh phdng chdng sdt ret. 

Trong khudn khd hgp tac vdi cac nha khoa bgc tai Vien Sdt ret Ky sinh trimg & Cdn 
triing TLT, chiing tdi da nghien ciiu thanh cdng quy trinh tdng hgp boat chat piperaquine 
phosphate (PQP) d quy md pilot. Quy trinh tdng hgp piperaquine phosphate dugc trinh bay 
trong hinh 1 vdi viec sir dung hgp chat dau la 4,7-dichIoroquinoline va 1-formylpiperazine 
[5]. Trong giai doan 1, phan iing ket hgp giiia 1 va 2 dugc thuc hien trong dung mdi toluene 
vdi sir cd mat ciia triethylamine thu dugc san pham 3 vdi do ebon loc cao dinh hudng gan ket 
nhdm piperazine vao vi tri C-4 cua vdng quinoline. Dieu nay cd the Iy giai do anh hudng keo 
dien tir eiia nguyen tir nito trong vdng quinoline lam cho vi tri C-4 dugc boat hda ban so vdi 
vi tri C-7 tao thuan lgi cho phan iing the. Viec loai bd nhdm formyl dugc thuc hien trong mdi 
trudng axit H2SO4 d nhiet do 80 °C. Hoat chat piperaquine thu dugc thdng qua phan iing giiia 
hgp chat 4 va 1,3-dibromobropane vdi ty le duong lugng mol tuang iing la 2/1. Nghien cim 
cho thay khi sir dung lugng chat 1,3-dibromobropane du, phan img se sinh ra san phdm phu 
va nhu vay lam giam h\e\x suat ciia hgp chdt piperaquine (5). Viec phosphate hda piperaquine 
dugc thuc hien trong hon hgp dung mdi CH2Cl2/EtOH ty le 3/7 d 0 °C. San phdm piperaquine 
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phosphate (6) sau dd dugc tinh che bang phuang phap kit tinh trong nude thu dugc san pham 
cd do tinh khilt >98%. Quy trinh phan iing tdng hgp nay da dugc ap dung tren quy md 5 kg 
san pham piperaquine phosphate. 

9H0 

^ O -
N N 

H 

4,7-Dichloroquinoline 1-formylpiperazine 
(1) (2) 

N H " ^ ~CI 

4.H3PO4 

Piperaquine (5) Piperaquine phosphate (6) Q\ 

NaHC03, toluene, boi luu 12 gid, 85%; b) H2SO4 50%, EtOH, 80 °C, 12 gid, 84%; 1,3-
dibromopropane, NaHC03, EtOH, 80 °C, 4 gid, 91%; d) H3PO4, CH2Cl2/EtOH, 0 °C, 92%. 

Hinh 1: So dd tdng hgp piperaquine phosphate 

Hoat chat chdng sdt ret thir hai da dugc chiing tdi nghien ciiu tdng hgp la amodiaquine 
hydrochloride (9). Day la boat chat chdng sdt ret da dugc sir dung tir rat lau. Tuy nhien gan 
day, cac nghien cim cho thay thudc ket hgp hai thanh phan amodiaquine 
hydrochloride/artesunate cho hieu qua dieu tri benh sd ret cao va ty le tai phat thap ban so vdi 
diing don thudc. Hien nay, tai cac nude chau Phi, thudc ket hgp amodiaquine 
hydrochloride/artesunate dugc sir dung rdng rai trong chuong trinh phdng chdng sdt ret. 

4,7-Dichioroquinoline 
(1) Amodiaquine (8) 

or "-- N 

Amodiaquine hydrochloride (9) x A 

aminophenol, HCI 2N, 25 °C, 4 gid, 87%; b) Et2NH/(CH20)n, EtOH, 80 °C, 4,5 gid, 81%; khi 
HCI, EtOH, 0 °C, 92%. 

Hinh 2: So dd tdng hgp amodiaquine hydrochloride 

Trong khudn khd de tai cap Vien Khoa hoc & Cdng nghe Viet Nam, chiing tdi da tien 
hanh nghien cim tdng hgp boat chat amodiaquine hydrochloride d quy md phdng thi nghiem. 
Nhu dugc trinh bay trong hinh 2, Hgp chdt trung gian 7 da dugc tdng hgp tir hgp chdt ddu la 
4,7-dichloroquinoline (1) va 4-aminophenol. Tuong tu nhu ddi vdi trudng hgp tdng hgp 
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piperaquine, san phdm trong giai doan nay thu dugc vdi do ebon loc cao. Phan iing alkyl hda 
hgp chat trung gian 7 dugc thuc hien thdng qua phan img Mannich vdi viee su dung hdn hgp 
tac nhan Et2NH/(HCH0)n trong ethanol d nhiet do 80 °C trong 4,5 gid. San phdm 
amodiaquine (8) thu dugc vdi hieu sudt 81%. Cudi ciing, san pham amodiaquine dugc mudi 
hda vdi viec cho khi HCI di qua dung dich amodiaquine dugc hda tan trong ethanol d nhiet do 
0 °C. San phdm thu dugc sau dd dugc kit tinh lai trong ethanol thu dugc amodiaquine 
hydrochloride (9), dat hieu sudt 92% [6]. 

Trong mdt hudng tilp can kbac vl tdng hgp thudc generic, chiing tdi da tien hanh 
nghien ciiu tdng hgp boat chdt tamoxifen citrate (16), diing bao che thudc chdng ung thu vii 
Novaldex. Day la loai thuoc rdt thdng dung trong dieu tri benh ung thu vii giai doan dau. 
Cdng trinh nghien cim nay ndm trong khudn khd de tai cap Vien Khoa hoc & Cdng nghe Viet 
Nam nam 2006-2007. Qua trinh tdng hgp dugc thuc hien qua 5 giai doan. Trong giai doan thir 
nhat, hgp chat trung gian 4-hydroxybenzophenone (12) nhan dugc tir phan iing giiia phenol 
(10) va benzoyl chloride (11) vdi bieu suat 81%). Phan img McMurry dugc thuc hien giira hgp 
chat 12 va propiophenone vdi sir cd mat cua TiCU va Zn trong dung mdi THF tao hgp chat 13 
vdi hieu suat 78%). Cac phan tich cho thay 13 la bdn hgp hai ddng phan binh hoc Z va £ vdi ty 
le tuang iing la 1,2/1. 0-aIkyI hda bdn hgp nay vdi tac nhan Cl(CH2)2NMe2 vdi sir cd mat ciia 
bazo la mudi cesium carbonate trong acetone thu dugc hdn hgp chat 14 vdi hai ddng phan Z 
va E'-tamoxifen ty le tuong iing la 1,2/1) dat hieu suat 67%. Hdn hgp nay sau dd dugc ket tinh 
lai trong hdn hgp dung mdi benzene/2-propanol thu dugc ddng phan mong mudn Z-tamoxifen 
(15). Can nhan manh rang, chi ddng phan Z-tamoxifen cd boat tinh, trong khi ddng phan hinh 
hoc cdn lai ^-tamoxifen khdng cd boat tinh. Dieu nay cho thay viec tac loai ddng phan E-
tamoxifen la dac biet quan trong. Cudi ciing Z-tamoxifen dugc mudi hda vdi axit citric trong 
ethanol, sau dd ket tinh lai trong ethanol thu dugc san pham Z-tamoxifen citrate (16) dat ham 
lugng>99%[7]. 

OH / < 5 ^ / C 0 C I 

10 11 12 

0(CH2)2NMe2 ^ - ^ ^ ,.i;:;^^0(CH2)2NMe2 ,^^5:^ ^^^r-^0(CH2)2NI\/le2 

o 
14 (Z)-tamoxifen (15) (Z)-tamoxifen citrate (16) 

a) AICI3, toluene, hdi luu 16 gid, 81%); b) propiobenzophenone, TiCL/Zn, THF, 60 °C, 4 
gid, 78%; CI(CH2)2NMe2, CSCO3, acetone, hdi luu 16 gid, 3 gid, 67%; d) Kit finh lai trong 

hon hgp benzene/2-propanol : 7/3; axit citric, EtOH, 0 °C, 89%. 

Hinh 3: So dd tdng hgp Z-tamoxifen citrate 

Mot ddi tugng nghien ciiu kbac chiing tdi da thuc hien trong hudng tdng hgp cac boat 
chat chdng ung thu la axit zoledronic (20). Hoat chdt nay dugc diing bao chi thudc zometa 
diing dieu tri benh ung thu xuang va chdng loang xuang. Axit zoledronic la 1 biphosphonate 
va thudc nhdm cac hgp chat cd cau tnic rat dn dinh. Biphosphonate la cac thudc irc chi dac 
hieu hiiy cot bao manh nhdt hien cd, lam giam tinh trang buy xuong, do dd lam binh thudng 
lugng canxi mau. Hien nay zometa la thudc ddu bang dugc diing dl dilu tri benh ung thu 
xuang. Trong nhimg nam gan day, axit zoledronic dugc diing die tri benh loang xuong rdt 
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hieu qua. Hien nay. zoledronic acid dugc cdng ty Novartis bao cbl va dang ky ban quyen su
dung din nam 2013, vdi ten thuong mai la zometa. 6 Viet Nam, mot nghien ciiu dich te hoc 
cho thdy khoang 20% phu nir tren 60 tudi cd trieu chiing loang xuang. Loang xuong la 
nguyen nhan chinh gay ra gay xuong d nhiing ngudi gia. Hien nay, thudc nay dugc nhap ve 
Viet Nam tir cdng ty Novartis, do vay gia thanh thudc rat cao, gay khdng it khd khan ve tai 
chinh cho nhieu benh nhan. De cd the tien tdi san xuat boat chat nay khi bit ban bao ho \ ao 
nam 2013, chiing tdi da tien hanh nghien ciiu quy trinh tdng hgp axit zoledronic d quy md 
phdng thi nghiem. Hgp chat dau dugc sir dung trong qua trinh tdng hgp axit zoledronic la 
imidazole. Theo dd, phan img 7V-alkyl hda imidazole vdi ethyl mono-chloroacetate dugc thuc 
hien trong hon hgp dung mdi DMF/toluene vdi sir cd mat ciia K2CO3 va Kl tao san pham 
tmng gian 18. Thiiy phan hgp chat 18 trong dung dich HCI 5% d nhiet do 60 °C thu dugc axit 
19 vdi hieu suat 85%. Cudi ciing hgp chat 19 dugc xir ly vdi hdn hgp tac nhan H3PO3/POCI3 
sau dd thiiy phan d nhiet do 100 °C thu dugc san pham axit zoledronic. Ket tinh lai trong nude 
cat va khir mau bang than boat tinh cho phep thu dugc boat chat axit zoledronic (20) dat do 
tinh khiet cao, vdi bieu suat 74%. 

NH - ^ - ^ OH 

HO 0 
17 18 19 Axit zoledronic (20) 

a) ClCH2C00Et, K2C03, Kl, DMF/toluene : 1/9, 80 °C, 4 gid, 55%; b) HCI 5%, 60 °C, 5 
gid, 85%; c) 1) H3PO3/POCI3, toluene 8 gid, 2) H2O, 100 °C, 2 gid, 74%. 

Hinh 4: So dd tdng hgp axit zoledronlc 
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