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Tém tit:

Voi muc tiéu gop phan phdt trién nganh céng nghiép héa duoc trong nudc va
lam giam gid thuoc trong bai nay chiing téi xin trinh bay cdc két qua nghién ciry
quy trinh t6ng hop cdc hoat chat piperaquine_ phosphate, amodiaquine
hydrochlortde tamoxzfen citrate va axit zoledronic nhdm tién t&i san xudt phuc vu
bao ché céc thudce generic. Ddc biét piperaquine phosphate da dwoc nghién ciru
trién khai trén quy mé 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 protecied 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 zoledronic acid. Especially,
piperaquine phosphate has been produced in pilot scale.

1. MO PAU

Phat trién cong nghi€p san xuat cac loai thube generic (thubc da hét han bao hd ban
quyen) tir 1au da dwoc hau hét cac quéc gia quan tam, nhét la cac nude dang phat trién, noi da
sO ngum dan c6 muirc thu nhap thip, gap nhi€u kho khan trong viéc tlep can voi céc loai thube
mdi c6 gia thanh qua cao. Mot loai thubc méi théng thuong thoi gian bao hé vao khoang 20
nam ké tlr ngay giri patent xin dang ky bao h¢. Cac loai thudc dang trong qua trinh bao h{ ¢
gia thanh cao do nha san xuét cin phai thu hdi vbn da tai trg cho viée nghién ciru trién khai,
thir nghiém, quang cdo....Bdi vay caclthuoc generic c6 gia thanh ré hon nhiéu, do khong phai
trai qua cac nghién ctru nhu cdc thudc méi. Thubc generic ¢ thanh phan, ¢4 duoc tinh va
duoc dong hoc tuong tu thubc gbec (thuoc da dang ky ban quyen va da duoc suir dung). Thubc
generic phai dam bao vé d6 an toan, lidu luong st dung, chét luong va do én dinh nhu thube

goc. Theo Cuc An toan thuc phdm My (FDA), thubc generic phai c6 tac dung 14m sang tuong

tu nhu thudc gde, phai c¢6 su trong ddng vé sinh kha dung va c6 su tuong duong sinh hoc
(bioequivalent) [1,2].

Thi trudong thubc generic cta thé gio1 hi€n nay dat doanh thu 92 ty USD va du doan sé
dat to1 con s6 155 ty USD vao ndm 2012. An D9, Trung Quoc va Thai Lan 14 céc qubc gla
phat tr1en manh trong linh vue san xuat thudc generlc Céc thdng ké cho thay thube generic

cia An D§ chiém toi 22% tong sb thudc generic trén toan thi truong thudc generic cua thé
gidi [3].

Tai Viét Nam, Chinh phu cung da c6 nhitng chinh sach khuyén khich phét trién san xuft
thudc generic trong nuéc nhdm giam ganh ndng tai chinh cho nguoi bénh. Tuy nhién, hién nay,
cac doanh nghiép duoc Viét Nam van chay chdm trong cudc dua san xuét thudc generic, Trong
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giai doan 2002-2006, chi c6 3 trong khoang 50 hoat chét hét quyén s& hiru tri tué duoc Tong
cdng ty Duge Viét Nam san xuét dudi dang generic. Trong khi d6, voi nhimng thude méi hét han
ban quyén, ngudi dan vén chua c6 co hdi sir dung voi gia re. Mt khac, hau hét cac hoat chat
dung bao ché thudc generic tai Viét Nam van phai nhap khau Cac nha may san xuét cac hoat
chét phuc vu viéc bao ché thudc genenc ta1 Viét Nam con rat han ché. Thuc té cho dén nay, cac
thude generic do Viét Nam san xuat chu yeu chi thue hién phén bao ché véi cac hoat chat nhép
khau tir nuée ngoai. Nhu vy viéc san xuat thude generlc tai nuéc ta moi chi “ndi dia hoa” ¢
giai doan bao ché. Pé c6 the chu dong nguén nguyén li¢u thude generic, cin khuyén khich tang
cuong viéc nghién ciru tdng hop tién t6i san xuat cac hoat chét tai Viét Nam. V¢i dinh hudng
do, trong nhimg nam qua, ching té1 da tién hanh nghién ctru quy trinh tdng hop mét sd hoat
chat nham phuc vu viéc bao ché thudc generic trong nudc. Trong d6, ching tdi tap trung nghién
ctru thude chéng sét rét va thudc chong ung thu. Trong bai nay, chung t0i tém tat cac két qua vé
viéc nghién ctru téng hop bén loai hoat chdt 1a piperaquine phosphate, amodiaquine
hydrochloride, tamoxifen citrate va axit zoledronic.

II. KET QUA VA THAO LUAN

Piperaquine (PQ) la mot bisquinoline duoc tdng hop dau tién vao nhimg nim cua thap
ky 1960, duoc str dung rong réi ¢ Trung Quéc va Péng Duong trong du phong va diéu tri s6t
rét 20 nam tiép sau d6. Mot nhom céc nha khoa hoc Trung Quédc di din chimg rang PQ dung
nap tét hon chloroquine (CQ) va ¢6 hiéu luc didu tri sOt rét do P. falciparum va P. vivax it
nhit 13 tuong tu CQ. D§ nhay in vitro cua PQ va mét sé cac thude sbt rét khac da duoc cac
nha khoa hoc Trung Quéc nghién ciru ¢ tinh Yunnan. Céac nghién ciu dau tién trén nguoi cla
PQ d& dugce tién hanh tir nhitng nim cua thap ky 1970, thube da duoc diéu tri cho hang ngan
bénh nhan nguoi Ién va tré em. PQ da chimg to hiéu luc dleu tri va kha nang dung nap tot,
khong c6 hién tuong khang chéo véi CQ [4]. Nhing ndm gan day, WHO khuyen cao phat
trién thudc két hop nham tranh hién tuong khang thudc. Thudc phdi hop dau tién c¢6 thanh
phan co ban PQ 1a CV4 (China — Vietnam 4) gom: DHA, PQP, trimethoprim va primaquine
phosphate. Sau d6 cac nha nghién ciru da cai tien va cho ra doi thuoc CV8 ¢6 thanh phén
tuong tu nhung ham lugng céac thude 16m hon so vai CV4. Pic biét gan day, cac nha khoa hoc
Trung Quéc va cac nha khoa hoc tai Vién Séte rét Ky sinh tring & Cbn tring TU d4 nghién
clru cho ra doi thudc phéi hop hai thanh phin PQ va DHA. Viéc loai bé 2 thanh phén
trimethoprime va primaquine phosphate van dam bao hiéu qua diéu tri ctia thuc ngoai ra,
gitip tranh dugc nhiéu phan vmg phu do su ¢6 mat cua trimethoprim va primaquine phosphate
gdy ra. Thubc nay hién nay dd dugc WHO dua vao danh sach cac thudc du phong trong
Chuong trinh phong chdng sét rét.

Trong khuén khd hop tac véi cac nha khoa hoc tai Vién Sét rét Ky sinh trung & Cén
trung TU, chung t6i dd nghién cttu thanh cdng quy trinh téng hop hoat chat piperaquine
phosphate (PQP) & quy mo pilot. Quy trinh tong hop piperaquine phosphate dugc trinh bay
trong hinh 1 véi viée s dung hop chat dau la 4,7- -dichloroquinoline va 1- formylplperazme
[5] Trong giai doan 1, phan umg két hop gitra 1 va 2 duge thuc hiéh trong dung mai toluene
vai su ¢6 mét cua tr1ethy1am1ne thu duoc san pham 3 véi dd chon loc cao dinh huéng gan két
nhém piperazine vao vi tri C-4 ctia vong quinoline. Piéu nay co thé ly giai do anh huéng kéo
dién tir ciia nguyén tir nito trong vong quinoline 1am cho vi tri C-4 dugc hoat héa hon so véi
vi tri C-7 tao thudn loi cho phan ung thé. Viéc loai bé nhom formyl duge thyc hién trong moi
truong axit H2SOq4 & nhiét d6 80 °C. Hoat chét piperaquine thu dugc théng qua phan ung gitra
hop chat 4 va 1,3-dibromobropane véi ty 1& duong lugng mol tuong ung 1a 2/1. Nghién ciu

cho thay khi sur dung luong chat 1,3- d1bromobropane du, phan g sé sinh ra san pham phu
va nhu vy lam gidm hiéu sudt cia hop chit piperaquine (5). Viéc phosphate hoa plperaqume
duoc thuc hién trong hdén hop dung méi CH,Cl,/EtOH ty 1& 3/7 & 0 °C. San pham piperaquine
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phosphate (6) sau d6 duoc tinh ché bang phuong phép két tinh trong nude thu duoc san pham
¢6 do tinh khiét >98%. Quy trinh phan umg tong hop nay da dugc ap dung trén quy mé 5 kg
san pham piperaquine phosphate.
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Piperaquine (5) Piperaquine phosphate (6) a)

NaHCOs, toluene, hdi luu 12 gi®y, 85%; b) H,SO,4 50%, EtOH, 80 °C, 12 gid, 84%; 1,3-
dibromopropane, NaHCOQ3, EtOH, 80 °C, 4 gio, 91%; d) H;PO4, CH,CL/EtOH, 0 °C, 92%.
Hinh 1: So dé t6ng hop piperaquine phosphate

Hoat chat chdng sét rét thir hai da duge chung to1 nghién ciru tong hop la amodiaquine
hydrochloride (9). D4y la hoat chét chong sot rét da duoc sur dung tir rat lau. Tuy nhién gan
ddy, cic nghién ctru cho thiy thuoc két ‘hop hai  thanh phin amodiaquine
hydrochloride/artesunate cho hi¢u qua diéu trj bénh s rét cao va ty 1€ tai phat thdp hon so véi
ding don thudc. Hién nay, tai cac nudc chau Phi, thudc két hop amodiaquine
hydrochloride/artesunate duoc sir dung rong rii trong chwong trinh phong chng sét rét.
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Amodiaquine hydrochloride (9) a) 4-
aminophenol, HCI 2N, 25 °C, 4 gi¢, 87%, b) ELNH/(CH,0),, EtOH, 80 °C, 4,5 g10, 81%; khi
HCI, EtOH, 0 °C, 92%.

Hinh 2: So dé téng hop amodiaquine hydrochloride

Trong khuén khd dé tai cap Vién Khoa hoc & Cong nghé Viét Nam, chung t6i d3 tién
hanh nghién ciru tong hop hoat chét amodiaquine hydrochloride & quy md phong thi nghiém.
Nhu duge trinh bay trong hinh 2, Hop chit trung gian 7 da duoc tong hop tir hop chat dau la
4,7-dichloroquinoline (1) va 4-aminophenol. Tuong tu nhu dbi véi truomg hop tdng hop
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plperaqume san pham trong giai doan nay thu duge voi d6 chon loc cao. Phan ung alkyl hoa
hop chat trung gian 7 duoc thuc hién thong qua phan img Mannich véi viéc s dung hon horp
tac nhan EtNH/(HCHO), trong ethanol & nhiét do 80 °C trong 4,5 gid. San pham
amod1aqu1ne (8) thu dugc véi hiéu suét 81%. Cudi cung, san pham amodiaquine dugc mudi
hoa véi viée cho khi HCI di qua dung dich amodiaquine dugc hoa tan trong ethanol ¢ nhiét do
0 °C. San phim thu duogc sau do duoc két tinh lai trong ethanol thu dugc amodiaquine
hydrochloride (9), dat hiéu suat 92% [6].

Trong mét hudng t1ep can khac v& tdng hop thube generic, chung t61 da tién hanh
nghién ciru téng hop hoat chét tamoxifen citrate (16), dung bao ché thudc chdng ung thu vii
Novaldex. Dy la loai thuoc rét thong dung trong dleu tri bénh ung thu v giai doan dau.
Cong trinh nghién ciru nay nam trong khudn kho dé tai cap Vién Khoa hoc & Cong nghe Viét
Nam nam 2006-2007. Qua trinh tong hop dugc thuc hién qua 5 giai doan. Trong giai doan thir
nhét, hop chét trung gian 4-hydroxybenzophenone (12) nhan dugc tir phan tmg gitra phenol
(10) va benzoyl chloride (11) v6i hiéu suat 81%. Phan ing McMurry duoc thuc hién gitta hop
chét 12 va propiophenone véi sy ¢6 mét cua TiCly va Zn trong dung méi THF tao hop chét 13
voi hidu sudt 78%. Cac phén tich cho thay 13 1a hdn hop hai ddng phéan hinh hoc Z va E véi ty
1€ tuong g la 1,2/1. O-alkyl hoa hén hop nay véi tac nhan Cl(CH;);NMe;, véi su c¢6 mat cua
bazo la mudi cesium carbonate trong acetone thu duoc hon hop chét 14 véi hai dong phan Z
va E-tamoxifen ty 1& tuong tmg 1 1,2/1) dat hiéu sudt 67%. Hon hop nay sau do dugc két tinh
lai trong hén hop dung méi benzene/2-propanol thu duoc déng phan mong mudn Z-tamoxifen
(15). Can nh4n manh rang, chi dong phan Z-tamoxifen ¢6 hoat tinh, trong khi dong phén hinh
hoc con lai E-tamoxifen khong ¢ hoat tinh. Diéu nay cho thiy viée tac loai dbng phan E-
tamoxifen la dac biét quan trong. Cubi cung Z-tamoxifen duoc mudi hoa véi axit citric trong
ethanol, sau d6 két tinh lai trong ethanol thu dwoc san phdm Z-tamoxifen citrate (16) dat ham
luong >99% [7].
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(2)-tamoxifen (15) (Z)-tamoxifen c1trate (16)

a) AlCl;, toluene, hdi luu 16 gio, 81%; b) Qroplobenzophenone, T1Cl4/Zn,’THF, 60 °C, 4
gi0, 78%,; Cl(CEIz)zNMez, CsCOs, acetone, hoi luu 16 gio, 3 gid, 67%; d) Két tinh lai trong
hon hop benzene/2-propanol : 7/3; axit citric, EtOH, 0 °C, 89%.

Hinh 3: So do tong hop Z-tamoxifen citrate

Mdt dbi tuong nghién ciru khac ching t61 d& thuc hién trong hudng tong hop céc hoat
chét chong ung thu 14 axit zoledronic (20). Hoat chét nay dugc ding bao ché thudc zometa
dung diéu tri bénh ung thu Xuong va chong lodng xwong. Axit zoledronic 1a 1 biphosphonate
va thugc nhom cac hop chét ¢ cu tric rat én dinh. Biphosphonate la cac thudc e ché dac
hiéu huy cbt bao manh nhét hién c6, lam giam tinh trang huy xuong, do dé lam binh thuong
lugng canxi mau. Hién nay zometa la thuéc ddu bang duoc dung dé diéu tri bénh ung thu
xuong. Trong nhimg nam gan day, axit zoledronic duoc dung dié tri bénh lodng xuong rat
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hiéu qua. Hién nay, zoledronic acid dugc cong ty Novartis bao ché va dang ky ban quyén ¢
dung dén nam 2013, véi tén thuong mai lé,zometa. O Viét Nam, mot nghién ctru dich té h(,>§
cho thdy khoang 20% phu nir trén 60 tudi co triéu chimg lodng xuong. Loang xuong 1:3
nguyén nhén chinh gay ra gy xuong ¢ nhiing ngudi gia. Hién nay, thuoc nay dugc nhaE) ve
Viét Nam tir cong ty Novartis, do vdy gia thanh thude rat cao, gay khong it kho khan ve tai
chinh cho nhiéu bénh nhan. Dé ¢6 thé tién 16i san xuat hoat chét nay khi hét han bao hd vao
nam 2013, chung t61 da tién hanh nghién ctru quy trinh téng hop axit zoledronic & quy m€‘>
phong thi nghiém. Hop chat dau dugc st dung trong qua trinh tdng hop axit zoledronic 1a
imidazole. Theo d6, phan {ng N-alkyl hoa imidazole vdi ethyl mono-chloroacetate dugc thuc
hién trong hén hop dung méi DMF/toluene véi sy ¢6 mat ctia K;CO3 va KI tao san phérp
trung gian 18. Thiy phan hop chét 18 trong dung dich HCI 5% ¢ nhiét d6 60 °C thu duoc axit
19 v6i hiéu suat 85%. Cudi ciing hop chat 19 duoc Xxu ly voi hon hop tac nhéan H3PO3/POCI;
sau d6 thuy phén & nhiét do 100 °C thu dugc san pham axit zoledronic. Két tinh lai trong nudc
c4t va khir mau bang than hoat tinh cho phép thu duoc hoat chét axit zoledronic (20) dat do
tinh khiét cao, voi hiéu suét 74%.

N
N NT |\ P-OH
N —a \\/—?\, OFEt b . \\:? OH —< N
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LNH \’QO %o P OH
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17 18 19 Axit zoledronic (20)

a) CICH,COOEL, K2CO03, KI, DMF/toluene : 1/9, 80 °C, 4 gid, 55%; b) HCI 5%, 60 °C, 5
gid, 85%; ¢) 1) HsPO3/POCI;, toluene 8 gid, 2) H,0, 100 °C, 2 gidy, 74%.

Hinh 4. So d6 téng hop axit zoledronic
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