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Abstract

This paper presents a simple method for selective synthesis of the key compound, 105-azidoartemisinin. The
compound 10p-azidoartemisinin was selectively synthesized by the reaction of dihydroartemisinin (2) with NaNs, Kl
using ZnCl, as a catalyst at 0-5 °C. The structure of 10p-azidoartemisinin was elucidated based on 'H, *CNMR

spectrum and known documents.
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1. DPAT VAN PE

Artemisinin (1) 1a mot sesquitecpen lacton chiét
xuét tir cdy thanh hao hoa vang (Artemisia annua L.)
dugc str dung 1am nguyén liéu dau quan trong cho
cac nghién ctru kham phé thube sét rét [1]. Mot sd
hop chat ban tong hop c6 hoat tinh khang st rét
nhu: artemether (3a), arteether (3b) va artesunat (3c)
(hinh 1) duoc ban téng hop tir dihydroartemisinin
(2) hién dang dugc su dung trong diéu tri 1am sang
sot rét [2-5]. Gan day, cac thir nghiém lam sang con
cho thay nhiéu din xuét ciia artemisinin thé hién mot
s6 hoat tinh sinh hoc khac nhu: hoat tinh khang u,
khang virus, khang nam va tc ché mién dich [6].
Trong sd cac dan xuit cua artemlsmln duoc tong
hop gan day dang chu y 1a cac dan xuit chira nhan
triazole thé & vi tri C-10 ctia khung artemisinin. Céc
dan xuit nay dugc tong hop qua phan tng cong
déng vong 1,3 glu'a hop chat trung gian 10-
azidoartemisinin v6i cac ankyn. Mot s6 dan xuit
kiéu nay thé hién hoat tinh trc ché té bao ung thu via
manh hon ca Taxol [7].

Céac dan xuét cua artemisinin chira nito & vi tri
C-10 duoc Haynes va cong su [8, 9] didu ché lan
dau tién qua phan tng ciia dihydroartemisinin (2)
v6i trimethylsilyl chloride va sodium bromide trong
dung méi toluene & 0 °C cho san phdm trung gian
104-bromodeoxoartemisinin. Chat nay sau d6 phan
{rmg ngay voi cac amine bac 1 hodc bac 2 dé cho san
pham 1a cac 10-aminoartemisinin. Trén co s&
phuong phap nay, Sungsik Cho va cong sy da diéu
ché hop chit 10-azidoartemisinin qua phan tng ciia
dihydroartemisinin (2) véi trimethylsilyl bromide va
sodium azide trong dung moi diclometan ¢ nhiét do
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phong trong 12 gid. San pham thu duoc 1a hdn hop
cua 10p-azidoartemisinin (4), 10a-azidoartemisinin
(5) va san pham 9a,108-azidoartemisinin (6) voi
hiéu suét lan luot 1a 17 %, 21 % va 49 % [7]. Bé
nang cao hiéu sudt ciia san pham, Lijun va cong su
dd cai tién quy trinh bang cich st dung
trimethylsilyl bromide va sodium azide vdi sy co
mat cia mot lugng nho KI (2,5 % mol) trong dung
moi diclometan ¢ nhiét do phong trong 28 gio thu
dugc san phdm 10p-azidoartemisinin (4) véi hiéu
suat 47% va mot luong nho san phém 10a-
azidoartemisinin (5%) [10]. Theo hiéu biét cua
chung t6i, hién chua c6 bao cao vé viéc diéu ché cac
10-azidoartemisinin st dung kém clorua lam chat
xdc tac. Trong qua trinh nghién ciru tong hop céac
dan xuit méi cua artemisinin va sang loc hoat tinh
khang ung thu, chung toi phai sit dung chat chia
khoa 10p-azidoartemisinin. Vi vdy, bai nay chung
t6i trinh bay tong hop chon loc hop chat
10p-azidoartemisinin st dung k&m clorua lam chat
x(Uc tac.

2. THUC NGHIEM

Dihydroartemisinin mua tu cong ty Duoc khoa,
Truong Pai hoc Dugc Ha Noi. Cac tac nhan va dung
moéi phan tng mua cua hang Merck va Aldrich.
Piém chiay dugc do trén may Electrothermal IA
9200 Shimadzu. Phd *H NMR va **C NMR duogc do
trén may Bruker AVANCE 500 MHz tai Vién Hoa
hoc, st dung dung moi do CDCl;. Do chuyén dich
hoa hoc () tinh bang ppm so v&i chit chuén (TMS).
Hang s6 tuong tac (J) dugc biéu dlen bang Hz. Tién
trinh phan tng duoc theo dbi boi sic ky 16p mong
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(TLC) s dung ban nhém trang san (Merck 60
F254). Sac ky cot sir dung silica gel c& hat 40-230

Artemisinin (1) Dihydroartemisinin (2)

Tran Khdc Vii va cong su

mesh.

a.R=CH; artemether

b. R=CH,CH; arteether

3 c. R=COCH,CH,COONa artesunate

Hinh 1: M6t s6 dan xuat cla artemisinin

2.1. Quy trinh thyc nghi¢m tong hop
10p-azidoartemisinin

Mot hon hgp cua dihydroartemisinin (1100 mg,
3,87 mmol), NaN; (772 mg, 5,81 mmol, 1,5 eq),
ZnCl, (377 mg, 5,81 mmol, 1,5 eq), KI (16 mg,
0,097 mmol, 0,025 eq) trong diclometan khan (15
mL) dugc lam lanh t6i 0-5 °C bang nuéc da. Phan
g dugc khudy ¢ nhiét d6 nay trong 8 gio. Kiém tra
phén mg bang sic ky 16p mong st dung hé dung
mbi trién khai:n-hexan:etyl axetat (9,5:0,5). Sau khi
phan tmg két thuc, thém vao hdn hop phan g
diclometan (20 mL) va hdn hop phan tng duoc chiét
voi nude (3x15 mL). Pha hitu co dugce tach ra va
lam khan vé1 Na,SO, khan. Pha hiru co sau d6 duoc
cét loai dung moi dudi ap suat giam. Can phan tmg
dugc tach bang sic ky cot silica gel sir dung hé dung
moi n-hexan:etyl axetat (95:5) thu duoc san pham
10p-azidoartemisinin (334 mg, 28 %). Tinh thé mau
trang: dnc: 41-43 °C. 'H NMR (500 MHz, CDCls) &:
5,53 (s, 1H, H-12); 5,37 (d, J = 4,0 Hz, 1H, H-10);
2,71 (m, 1H); 2,40-2,33 (m, 1H); 2,06-2,03 (m, 1H);
1,91-1,86 (m, 1H); 1,82-1,81 (m, 1H); 1,89-1,87 (m,
1H); 1,82-1,76 (m, 1H); 1,72-1,63 (m, 2H); 1,52-
1,47 (m, 2H); 1,44-1,42 (m, 3H); 1,37-1,34 (m, 1H);
1,26-1,22 (m, 1H); 0,96-0,90 (m, 6 H). *C NMR
(125 MHz, CDCl,) &: 104,4 (C-12); 91,8 (C-3); 88,6
(C-12a); 80,6 (C-10); 52,5; 44,1; 37,3; 36,2; 34,5;
30,2; 25,9; 24,6; 23,5 (C-14); 20,3 (C-15); 13,1
(C-16).

St dung xtc tac (CHs;);SiCl theo quy trinh &
bang 3 thu duoc 10a-azidoartemisinin (15 %). Tinh
thé mau tring: dnc: 101-103 °C. 'H NMR (500
MHz, CDCl;) &: 5,31 (s, 1H, H-12); 4,54 (d, J = 10
Hz, 1H, H-10); 2,37-2,28 (m, 2H); 1,99-1,95 (m,
1H); 1,87-1,80 (m, 1H); 1,71-1,63 (m, 2H); 1,71-
1,63 (m, 1H); 1,54-1,49 (m, 1H); 1,45-1,39 (m, 1H);
1,37 (s, 3H, H-14); 1,28-1,17 (m, 3H); 0,98-0,94 (m,
1H); 0,89 (d, J = 6,0 Hz, 3H, H-15); 0,85 (d, J = 7
Hz, 3H, H-16). ®C NMR (125 MHz, CDCly) &:
104,7 (C-12); 91,7 (C-3); 87,7 (C-12a); 79,9 (C-10);
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51,5; 45,2; 37,3; 36,1; 34,0; 32,4; 25,8; 24,6; 21,7
(C-14); 20,2 (C-15); 12,8 (C-16).

3. KET QUA VA THAO LUAN

Céc dan xuat 10-azidoartemisinin 1a hop chat
chia khoa rat quan trong dé tong hop cac dan xuat
mdi cua artemisinin chira nhan triazole sir dung phan
tmg Click. Gan day mot sé dan xuét kiéu nay da
dugc téng hop va danh gia hoat tinh khang v6i mot
s0 dong té bao ung thu. Két qua thir nghiém cho thay
mot sb dan xuat kleu ndy c6 hoat tinh rat manh
ngang so véi mot sé thude tri ung thu dang ding nhu
Cispaltin hay Taxol [7]. Tuy nhién, nguyén liéu dau
sit dung 1a cac hop chat 108 va 10a-azido-
artemisinin, cha yéu la 10p-azidoartemisinin can
luong 16n dé cho cac chuyén hoéa tiép theo. Vi vay,
chung t6i dit van dé t6i wu cac didu kién dé thu dugc
cac hop chit nay mot cach chon loc, thuén tién hon
cho qua trinh tich san phdm tir hdn hop phan img.
Quaé trinh téng hop 10-azidoartemisinin duoc minh
hoa nhu & so do 1.

Theo so db téng hop chung & trén, nguyén liéu
dé diéu ché cac dan xuat 10-azidoartemisinin di tir
hop chét 2. Hop chét nay phan tng véi cac tic nhan
nUCIeOphiIe (Ng_) nhu NaN3, hOé:lC (CH3)3S|N3 su
dung cac axit Lewis khac nhau nhu (CH3);SiCl hodc
(CH3)sSiBr ¢ cac diéu kién khac nhau [7-10]. San
phim thu dugc gom: 10p-azidoartemisinin (4),
10a-azidoartemisinin (5) va san phdm déo cu hinh
& C-9 (6). Vé mit co ché, phan tg xay ra theo co
ché Sy: qua sy hinh thanh ciia oxonium cacbocation.
DPay 1a budc xdy ra nhanh dudi tac dung cia x1ic tac
1a axit Lewis. Giai doan tiép theo 1a sy tin cong ctia
cac nucleophile vao ca hai phia cua oxonium
cacbocation va cho san phdm c6 cdu hinh B (1) va a
(8). Phan {mg con bi anh hudng cua cac yeu t6 nhiét
dong lién quan dén sy bén viing ctia oxonium
cacbocation, nén dé bi mat nuéc dé tao thanh san
phim 1a 9,10-dehydroartemisinin (10) va san phdm
dao cau hinh 11 (hinh 2).
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Axit Lewis
—_—

NaN3

Nghién citu tong hop chon loc...

CHs

Hinh 2: Co ché phan tmg ctia DHA vé&i NaNs sir dung xtc tac axit Lewis

Nhu viy, mic di phan tmg xay ra theo co ché
phan ung thé Sy, giai doan cac nucleophile tin cong
vao oxonium cacbocation méi 1a giai doan quyét
dinh. Tuy nhién, trong phan tng nay, yéu té nhiét
dong va xuc tac ciing anh hudng nhiéu dén do chon
loc ciing nhu hiéu sudt chung ctua san phim
10-azidoartemisinin thu dugc. Chinh vi vay ching
to1 dat van dé khao sat cac diéu kién dé thu dugc san
pham azido chon loc phuc vu cho cac bién ddi hoa
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hoc tiép theo. Pé thu duogc san phém chon Ioc
10p-azidoartemisinin (4), ching t6i khao sat mot so
yéu td anh huong dén @6 chon loc cta san phém trén
co sO nghién ciru cua Lijun va cong sy [10]. Trong
nghién cru nay, ching t6i st dung ty I¢ tic nhan
NaN; va ddng xuc tac KI nhu trong tai liéu, chi thay
ddi loai axit Lewis va nhiét do cua phan Ung. Tham
khio cac tai lidu lién quan, ching t6i thdy ring
ZnCl, 1a mot axit Lewis rat ém diu nhung chua duoc
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st dung trong phan tUng dé diéu ché 10-
azidoartemisinin. Chung t6i suy doan rang, su ém
diu cua axit Lewis két hop véi nhiét d6 c6 thé anh
huéng dén su bén vitng ciia oxonium cacbocation, tir
d6 s& anh huong dén do chon loc ctia phan tng.

Dé khao sat, thoi gian phan tng dugc chon 1a 8
gid dé co thé xir ly trong ngdy lam viéc. Kiém tra
phan tng bang sic ky 16p mong hé dung moi trién
khai n-hexan:etyl axetat (9,5:0,5). Trong tat ca cac

ZnCI2

NaN3, CH2C|2, Kl
8h, rt

Tran Khdc Vii va cong su

truong hop déu xuit hién san phdm dao cdu hinh 6c6
R¢ 16n nhét, sau d6 1a san pham c4u hinh 4 (4) va o
(5). Tuy nhién, san pham dao ciu hinh xuit hién &
lucmg vét trén ban mong nén chi quan tdm hai san
pham chinh c¢6 ciu hinh B (4) va a (5). Qua trinh
khao sat cac diéu kién tong hop chon loc 10p-
azidoartemisinindugc mé ta nhu & so d6 2 va cac
bang dudi day.

So d6 2: Tong hop chon loc 10p-azidoartemisinin

Bdng 1: Tong hop 10p-azidoartemisinin ¢ nhiét o phong trong 8 gior

TT XUC tiC DHA, Tyl¢ San pham Sén pham San pham dao
mg (DHAVaxit/NaNs/K1) 108, % 10a, % céu hinh, %
1 | (CHa)sSiCl | 1030 1/1,5/1,5/0,025 75 20 Vét nho
2 | (CHa)SiCl 980 1/1,5/1,5/0,025 72 23 Vét nho
3 | (CHa)sSiCl 870 1/1,5/1,5/0,025 76 21 Vét nho
4 ZnCl, 1200 1/1,5/1,5/0,025 65 30 Vétnho
5 ZnCl, 1150 1/1,5/1,5/0,025 69 27 Vét nho
6 ZnCl, 775 1/1,5/1,5/0,025 66 25 Vét nho

Moi phan tng duoc thuc hién 3 lan. Hiéu suét
phan tmg duogc tinh 13 trung binh cua 3 lan thi
nghiém. Theo két qua khao sat & bang trén,o nhiét
do thuong ca xtc tic ZnCl, va (CHs)sSiCl déu

khong wu tién dé cho chon loc san phém ca cau hinh
S va a. Ching t6i tiép tuc khao sat & nhiét do da
mubi (dm 10 dén am 5 °C). Két qua dugc trinh bay
trong bang 2.

Bang 2: Tong hop 10p-azidoartemisinin & nhiét d6 ¢4 mudi trong 8 gid

s DHA, Ty 1¢ San pham |  San phdm San pham dao
TT | Tacnhan mg (DHA/Ax}i,t/NaNglKI) 10;3 % 100 % chu hinh, %
1 (CH,),SiCl 1100 1/1,5/1,5/0,025 65 20 Vét
2 (CHs)5SiCl 970 1/1,5/1,5/0,025 56 12 Vét
3 (CH,),SiCl 870 1/1,5/1,5/0,025 58 12 Vét
4 ZnCl, 205 1/1,5/1,5/0,025 Vét 0 0
5 ZnCl, 175 1/1,5/1,5/0,025 Vét
6 ZnCl, 170 1/1,5/1,5/0,025 Vét 0 0

Két qua & bang 2 cho thy, & nhiét d6 da mudi
phan tng chi xay ra voi xuc tac la (CH;);SICl. Véi
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xuc tac 1a ZnCl, phan tmg hau nhu khong xay ra. O
nhiét 40 nay kha nang xvtc tac cua ZnCl, tré nén mat
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tac dung va khong hinh thanh dugc oxonium
cacbocation. Vi vdy, cling khong xuat hién san pham
dao cau hinh nhu thuong thiy khi s dung axit
Lewis manh nhu: (CHj)sSiCl. Sau 8 gio, phan ng

Nghién ciru tong hop chon loc...

chi xay ra voi lugng vét ciia san pham 104.Vi vay,
phan ung dugc tiép tuc khao sat & nhiét do nude da
(0-5 °C).

Bdng 3: Tong hop 10B-azidoartemisinin & nhiét o nudc da trong 8 gio

T Técnhan | PHA Ty 1é San pham San phdm San pham déo
mg (DHA/AXIt/NaNy/K1) 104, % 10a, % cau hinh, %
1 (CHg)sSiCl | 1100 1/1,5/1,5/0,025 80 15 Vét
2 (CH,)sSiCl | 970 1/1,5/1,5/0,025 75 18 Vét
3 (CHg)sSiCl 870 1/1,5/1,5/0,025 77 16 Vét
4 ZnCl, 205 1/1,5/1,5/0,025 35
5 ZnCl, 175 1/1,5/1,5/0,025 33
6 ZnCl, 170 1/1,5/1,5/0,025 28 0 0
Két qua cho thdys nhiét d6 nuéc da phan tng 2. Lin, A. J.; Lee, M.; Klayman, D. L. Antimalarial
xay ra voi hiéu suit chuyén hoa khé cao va kha chon activity of new water-soluble dihydroartemisinin
loc khi str dung axit Lewis la (CH5)sSiCl. O nhiét do derivatives. 2. Stereospecificity of the ether side
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M.; Shek, L. Y.; Williams, I. D.; Croft, S. L.; Vivas,
Loi cam on. Cong trinh nay dwoc hoan thanh vai sy L.; Rattray, L.; Stewart, L.; Wong, V. K.; Ko, B. C.
tai tro cia Quy khoa hoc cong nghé quic gia Preparation of N-sulfonyl- and N-carbonyl-11-
(NAFOSTED) qua dé tai, ma s6 104.01-2013.01. azaartemisinins with greatly enhanced thermal
stabilities: in vitro antimalarial activities, Chem.
TAI LIEU THAM KHAO Med. Chem., (51), 1464-1479 (2007)
9. Haynes, R. K.; Frugman, B.; Stetter, J.; Rieckmann,

1. Klayman, D. L. Quinghaosu (artemisinin): an
antimalarial drug from China, Science, (228), 1049-

1055 (1985).

39

K.; Heilmann, H. D.; Chan, H. W.; Cheung, M. K;
Lam, W. L.; Wong, H. N.; Croft, S. L.; Vivas, L.;
Rattray, L.; Stewart, L.; Peters, W.; Robinson, B. L.;



TCHH, T. 53(1), 2015

Edstein, M. D.; Kotecka, B.; Kyle, D. E,;
Beckermann, B.; Gerisch, M.; Radtke, M.; Schmuck,
G.; Steinke, W.; Wollborn, U.; Schmeer, K.; Romer,
A. Artemisone-A Highly Active Antimalarial Drug of
the Artemisinin Class, Angew. Chem. Int. Ed. Engl.,
(45), 2082-2088 (2006).

Lién h¢: Tran Khic Vi

B mon Cong nghé Hoa dugc va Bao vé Thyc vat

10.

Tran Khdc Vii va cong su

Lijun, X.; Xin, Z.; Lixiang, R.; Haiyan, M.; Chun, L.;
Wufu, Z and Yanfang, Z. Design, Synthesis and
Antitumor Activity of Novel Artemisinin Derivatives
Using Hybrid Approach, Chem. Pharm. Bull. (59),
984-990 (2011).

Vjén K¥ thu\@t Hoa hoc, Truong Pai hoc Bach khoa Ha No6i
So 1, bai Co6 Viét, Hai Ba Trung, Ha No6i, Viét Nam

E-mail: vu.trankhac@hust.edu.vn
Dbién thoai: 0904306925.

40


mailto:vu.trankhac@hust.edu.vn

