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NGHIEN CUU TONG HQP HAI DAN XUAT TAN TOT
TRONG NUOC CUA ARTEMISININ

Hé Quéc Trinh’, Tran Thi Bé Lan’ va Nguyén Céng Hao’
ABSTRACT

The objective of this study is to find the best conditions for the systhesis of two compounds
N-(2-hydroxyethyl)-11-azaartemisinin (4) and N-hydroxy-11-azaartemisinin (B) which
are highly water dissolvable. The two compounds A and B were synthesized from
artemisinin by nucleophilic substitution into the carbonyl function to furnish amide
intermediate. The molecular structures of the products were determined by the analysis of
the spectrum of IR, "H-NMR and ">C-NMR. The reaction was optimized using the 2" level
Box Behnken Design model; and the solubility of the products was determined according
to Vietnamese Standard (TCVN). The results showed that the two compounds N-(2-
hydroxyethyl)-11-azaartemisinin  (4) and N-hydroxy-11-azaartemisinin (B) were
produced from artemisinin with the yield of 35% and 40%, respectively. In addition, the
solubilities of the two obtained derivatives were 12.5 times higher than artemisinin.
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Title: Study on the synthesis of two highly water dissoluble derivatives of artemisinin
TOM TAT

Muc dich ciia nghién cieu nay la tim diéu kién tot nhdt d@é tong hop hai hop chat N-(2-
hydroxyethyl)-11-azaartemisinin (A) va N-hydroxy-11-azaartemisinin (B) tan tot trong
nuée. Hai dan xudt A va B dwoc tong hop tir artemisinin bang phdn vmg thé than hach
ciia ethanolamine vio nhém carbonyl cia artemisinin théng qua hop chdt trung gian
amide. Tir d6, cdu triic phdn tir san pham dwoc xdc dinh bcing phwong phap phan tich phé
IR, 'H-NMR va C-NMR. Phan ung duoc 16i wu héa theo mé hinh bdc 2 cua Box
Behnken Design va san phtfm thu dwoc dwoc xdc dinh do tan theo tiéu chuan Viét Nam
(TCVN). Két qua cho thdy la da chuyén héa dwoc artemisinin thanh dan xudt N-(2-
hydroxyethyl)-11-azaartemisinin (A) va N-hydroxyethyl-11-azaartemisinin (B), va hiéu
sudt t6i wu héa dat dwoc la 35% hop chdt (A) va 40% hop chdt (B). Ngodi ra, hai dan
xudt thu dwoc cé dé tan trong nuoc lon hon artemisinin 12,5 lan.

Tir khoa: Azaartemisinin, N-(2-hydroxyethyl)-11-azaartemisinin, phdn wng thé

than hach

1 PAT VAN PE

Hop chat artemisinin duoc chiét xuét tir cay thanh hao hoa vang (Artemisia Annua
L.), ho cuc (Asteraceae). Uu diém cua artemisinin 13 ¢6 hiéu lyc manh va diéu tri
nhanh trong nhitng trudng hop ky sinh tring khang thudc (Lé Hong Hinh et al.,
2005), nhung khong triét dé do do tan cua artemisinin thap va dé phan huy. Hién
nay, artesunate 1a dan xuit tan tot trong nude dau tién duoc sir dung tiém tinh
mach va tiém co cho bénh nhan. Tuy nhién, artesunate ¢ dang dung dich thi
khong bén, nén ham lugng san pham thiy phan 1a dihydroartemisinin giam déng
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ké (Ajit et al., 2008). Vi viy, viéc tong hop nhing dan xuit tan tt trong nudc 1a
van dé duogc d¢ cap cho nghién ctru nay.

2 THIET BI, DUNG CU, HOA CHAT VA PHUONG PHAP NGHIEN CUU

2.1 Thiét bi, dung cu, héa chat

— Thiét bi : May do phd IR Bruker Equinox, may cong huong tir hat nhan Bruker
Advace 500 NMR Spectrometer 125 MHz va 500 MHz dung do phd '"H-NMR
va "C-NMR.

- Dung cu: Cot sdc ky duong kinh 10mm, ban méng silica gel 60 F,s, do hang
Merck (Darmstadt, Germany) cung cap.

- Hoba chat: Chloroform, methanol, ethyl acetate, ethanolamine, H,SO, 10%
trong EtOH, silica gel 60 (0,04+0,06 mm) va mot sé hoéa chit khac do héng
Merck (Darmstadt, Germany) cung cap.

2.2 Phuong phap nghién ctru

2.2.1 Thuc nghiém tong hop dan xudt N-(2-hydroxyethyl)-11-azaartemisinin (4)
va N-hydroxy-11-azaartemisinin (B)

Hoa tan 1g artemisinin véi 10 mL hdon hgp dung méi MeOH: CHCl; (7:3) trong
binh 3 c6 day tron, dat lén may khudy tir. Sau d6, cho thém tir tr 0,5 mL
ethanolamine. Hon hop duoc khuay trong 45 phut ¢ 0°C. Sau khi phan tng m¢
vong két thiic dem c6 dudi ap suat kém thu dwoc san phdm mau trang c6 dang nhu
bong gon. San pham nay dwoc hoa tan trong dung méi CH,Cl,. Tiép tuc cho thém
47 mg hop chét 2,6-di-tert-butyl-4-methylphenol (BHT), sau d6 nho tir tir 15 giot
H,SO4 15% va thém 4 g silica gel.

Dung dich dugc khuay qua dém tur 0°C dén nhiét do phong. Phan tmg két thuc sau
15 gid. Hon hop san pham dugc loc, silica gel trong hdn hop phan tmg dugc tach
va rua bang dung méi CH,Cl,. Phan dung dich hitu co va dich rira dem ¢6 dudi ap
suét thap thu dugc mot hdn hop san pham thd c6 dang gel. Tién hanh tach chat
bang sic ky cot ho v6i hé dung moi n-hexane: acetone va nhan dang san pham
bang sic ky ban mong v6i hé dung méi chloroform: ethyl acetate ¢ nhiéu ty 16
khac nhau. Ban mong duoc dé kho & nhiét d6 phong, phun thudc ther 1a H,SO,
10% trong EtOH, siy kho ¢ 110°C trong 3 phiit.

2.2.2 Phwrong phdp xdc dinh cdu triic phdn tir san pham

San phim thu dwgc dem xac dinh cdu trac bang phan tich phd IR, '"H-NMR va
BC-NMR ¢ Vién Cong nghé Hoa hoc, Ha Noi.

2.2.3 Toi wu héa phan g theo mé hinh béc 2 ciia Box Behnken Design

L}I()‘Ilg thi nghi¢m can thiét N’ khj ho’ach dinhNtheo yéu t toan ph?m~ duoc xac dir}h
bang cong thire: N = 25 (k: s6 yéu t6) (Nguyén Canh, 1993; Nguyén Minh Tuyén
etal.,2001).

V6i myc tiéu khao sat ba yéu tb anh huong la ham lugng ethanolamine, H' va thoi
gian phan ung thi s6 thi nghiém céan phai tién hanh N = 2° = 8 thi nghiém. MGi thi
nghiém 13dp lai 2 lan va lay gia tri hi€u suat trung binh (yg). Tinh gia tri cac bién
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nhu ham luong ethanolamine, H" va thoi gian phan tmg, dong thoi tinh cac gi tri
0 tam va khodang bién thién.

Thuc hién cac phan tng cho mé hinh t6i uu bac 2 theo quy trinh tong hop &
muc 2.2.2. Hiéu suat thu duoc cho chay tw dong trén phan mém Mode 5.

2.2.4 Thi nghiém xdc dinh dg tan san pham theo TCVN

Cho dung mdi nude vao 1g chat thu dé & nhiét d6 25°C trong 30 phut, cir 5 phut
dem lic trong 30 gidy. Khi bang mat thuong khong con nhin thay bat ky mot tiéu
phan nao cua chat khao sat trong dung dich thi coi nhu san phim da tan hoan toan.

3 KET QUA VA THAO LUAN
3.1 Két qua tong hop hai din xuit

Cho dén nam 1995, tit ca cic chudi phan ung bién ddi tir artemisinin chu yéu
khong thay di hé théng vong tetracyclic. Nhém Ziffer (Jo Alen et al., 2011) lan
dau tién cong bd chudi phan tmg méi, bit ddu bang phan ing md vong lactone tao
ra amide, nho d6 hé théng vong tetracyclic dugc cai thién do sy bién ddi amide
thanh lactam. Dic biét, viéc dua nhom hydroxyl (-OH) vao cau tric cia hop chat
c6 hoat tinh khang sbt rét s& gitp cai thién dugc do tan trong nudc ctia hop chat
nay, tir do 1am tang hi€u qua trong diéu tri bénh.

Can cr vao két qua ciia nhom nghién ctru Ziffer (Jo Alen et al., 2011) va Phan
Dinh Chiu (Phan DPinh Chéu ef al, 2005) dé tién hanh tong hop hai hop chat
N-(2-hydroxyethyl)-11-azaartemisinin (A) va N-hydroxy-11-azaartemisinin (B).
Dan xuét dihydroartemisinin khé phan hity va bén hon nho sy chuyén ddi vong
lactone trong khung artemisinin thanh lactam theo hinh 1.

CH CH
HoDo HZo

HsC RNH, HsC
_—
H MeOH
CHg
(e}
RNH, = H,N OH

H3C

(B)
Hinh 1: Co ché phin g tao vong lactam

Su chuyén hoa cua lactone thanh lactam duéi tac dung cta amine gdm 2 budc.
Pau tién, trong moi truong kiém amine tan cong vao vong lactone dé mé vong tao
thanh amide, dugc goi 1a phan tng thé. Tiép theo, trong mdi trudng acid xay ra sy
ngung tu va dong vong tao thanh azaartemisinin (Jo Alen et al., 2011).
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Theo két qua thuc nghiém cho thiy phan tng giita artemisinin va ethanolamine
xay ra chi trong vong 45 phut 1a tao thanh hop chit amide (theo ddi trén sic ky
ban mong voi hé dung moéi chloroform: ethyl acetate = 4:1). Giai doan dong vong
tao lactam thi chdm hon nhiéu, phai sau it nhat 12 gio (néu st dung H,SO, loang
trong silica gel 60 (0,04+-0,06 mm)) hodc 10 gid' (néu sir dung nhua trao d6i ion
H") thi phan tng mai két thuc. Ngoai ra, phan tmg khong chi tao ra san pham 13
lactam 11-aza ma con tao ra san pham 13 deoxy do lam mét lién két peroxide va
trong méi trudng acid nén co xay ra sy phan cat tao N-hydroxy-11-azaartemisinin
(B). Ngoai ra, qué trinh nay ciing phu thudc vao diéu kién nhiét d9, néu nhiét do
cang tang thi ti 1& cac hop chat A:B cang giam.

3.2 Két qua xac dinh cAu tric sin phim

Ciu trac cua (A) va (B) duoc khiang dinh nhd vao cac phd nhu IR,
'H- NMR, “C-NMR, HSQC, HMBC, MS, ciing nhu so sanh dit liéu nay véi cac
tai liéu phd cua artemisinin va céc tai liéu da cong bd. Két qua xac dinh cac tinh
chét duoc thé hién ¢ bang 1.

Bing 1: Mt s6 thong sb Iy hoa ciia san phim

Théng sb Iy hoa (A) (B)
Diém chay 142°C + 143°C 114°C ~ 116°C
Dung mdi két tinh Chloroform Chloroform
Gia tri Ry (n-hexane:acetone = 1:2) 0,4545 0,3636
Higu sut 41% 35%

Céc phd xac dinh ciu trac cia san phim nhu sau:

HRMS ctia (A): Tinh toan trén M™ + 1, C;7H,;NOs 1a 326,4; tim théy 326,2.
HRMS cuia (B): Tinh toan trén M" + 1, C;sH,,NOs 12 298,35; tim théy 298,16.
Bang 2: S liéu phd IR va "H-NMR ciia (A) va (B)

Chét Phé IR Phé "HNMR (500 MHz, CDCI3, 5ppm)

v = 3397 (-OH), Xuét hién tin hiéu cua proton 5,26 (s, 1H, H-12), 3,812 —
o= 2971, 2942, 3878 (m, 3H, H-14, H-13), 3.506-3.548 (m, 1H, H-13),
2387 3,337-3,376 (m, 1H, H-9), 2,393-2,457 (m,1H, H-4), 1,982-
A 2,045 (m, 2H, H-4-5), 1,928 (s, 1H, OH), 1,784-1,824 (m,
(CH, CH,,CH3),  1H, H-8), 1,675-1,757 (m, 2H, H-7-8a), 1,402-1,479 (m, 2H,
v=1620(C=0 H-5,6), 1,38 (s, 3H, H-13), 1,32-1,364 (m, 1H, H-5a), 1,153
o (d, J=7,5, 3H, H-15), 1,023-1,054 (m, 1H, H-7), 1,005(d,

cua amide). J=6, 3H, H-14), 0,.955-0,987 (m, 1H, H-8).

Xuét hién tin hidu proton 5,437 (s, 1H, H-12), 3,428-3 481
0=3120OH). (11 H-9), 2,451-2,478 (m,1H, H-4), 2,04-2,094 (m, 1H,
v = 1648 (C=O H-4), 1,985-2,033 (m, 1H, H-5), 1,782-1,803 (m, 1H, H-8),
B cia amide), 1,685-1,766 (m, 2H, H-7-8a), 1,614 (s, 1H, OH), 1,481-
o = 800 (0-0), 1567 (m, 1H, H-S), 1458 (5, 3H, H-13), 13451439 (m,
2H, H-6,5a), 1,16 (d, J=7.,5, 3H, H-15), 1,022-1,075 (m, 1H,

H-7), 1,006 (d, J=6, 3H, H-14), 0,861-0,947 (m, 1H, H-8).
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Bang 3: S liéu phé “C-NMR ciia (A) va (B)

Vi tri Carbon (A) (B) Céu tric ciia carbon
C-3 105,017 105,176 >C<
C-4 36,646 36,536 >CH-
C-5 25,069 25,396 >CH<
C-5a 51,341 51,409 >C<
C-6 37,565 37,423 >CH-
C-7 33,656 33,585 CHx<
C-8 22,85 22,869 CH,<
C-8a 45,787 46,746 >CH-
C-9 33,219 32,598 >CH-
C-10 174,131 169,504 >CH-
C-12 80,164 81,423 >C<
C-12a 79,494 81,132 >CH-
C-13 25,396 22,869 -CH;
C-14 19,733 19,702 -CH;
C-15 12,764 11,744 -CH;
C-16 46,413 CHy<
C-17 62,799 CH,<

3.3 Két qua t6i wu héa theo mé hinh bac 2 ciia Box Behnken Design
Chon ba yéu t khao sat 1a ham lugng ethanolamine, H' va thoi gian.

Béng 4: Cac mirc nghién ciru

Mirc nghién ciru

Bién nghién citu  Bién ma hoa Pon vi

-0 -1 0 +1 +a
Ham luong
ethanolamine X1 me -1 ! 2 3 *l
Ham luong H' X2 g 2,5 10 125 15 425
Thoi gian X3 gio -2,5 10 12,5 15 +2.5

Cho chay chwong trinh trén phan mém Mode 5. Thu dugc phuong trinh héi quy
bac hai nhu sau:

- Phén Gng tao ra (A)
§7 = 33,7 + 0,44X1 + 0,2X2 + 0,51X3 — 0,05X1X2 + 0,32X1X3 + 0,45X2X3 — 1,66X12 +
1,16x,> - 1,11x5°
- Phén ng tao ra (B)
§7 = 39,9 + 0,38X1 + 0,59X2 + 1,01X3 + 0,15X1X2 + O.3X1X3 — O,48X2X3— 0,44’){12+
0,59%,” - 0,89x;°
Két qua tdi uu phong doan theo md hinh bac 2 ciia Box Behnken Design nhu sau:
- Véi 2,1l §1 1 g ethanolamine va 14},99 g nhya amberlite H™ trong 13,6 gid s& cho
hiéu suat toi da la 35,3% hop chat (A).
- Véi 2,2g hydroxylamine va 10 g nhya amberlite H' trong 15 gio s& cho hiéu
suat toi da 1a 41,4% hop chat (B).

Két qua t6i uu thyce nghiém 1a: 35% hop chét (A) va 40% hop chat (B).
So sanh d6 tan dya trén Dugc Pién Viét Nam IV BoY té, 2009):
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Artemisinin: Trén 10000 mL nu6c khong hoa tan hét 1g Artemisinin. Nén c6 thé
ket luan la Artemisinin thyc t€ khong tan trong nudc.

N-(2-hydroxyethyl)-11-azartemisininin (A): 850 mL nuéc hoa tan hét 1g N-(2-
hydroxyethyl)-11-azartemisininin (A).

N-hydroxy-11-azartemisininin (B): 800 mL nudc hoa tan hét 1g N-hydroxy-11-
azartemisininin (B).

Viy (A) va (B) tan trong nudc tot hon artemisinin 12,5 lan.

4 KET LUAN
Tir két qua thu dwoc ctia nghién ctru nay mot s két luan cé thé rut ra nhu sau:
- Di chuyén hoa dugc artemisinin thanh din xudt N-(2-hydroxyethyl)-11-
azaartemisinin va N-hydroxyethyl-11-azaartemisinin v&i hi¢u suat twong tng la
35% va 40%.
- D6 tan trong nudc cua hai dan xuat N-(2- -hydroxyethyl)-11-azaartemisinin va
N-hydroxyethyl-11-azaartemisinin cao hon gp 12,5 1an so v6i artemisinin.
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