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PHAN UNG QUANG HOA VA OZON HOA CUA
CAC DAN XUAT 12-DEOXOARTEMISININ

DénToa soan 6-2-2009
TRAN PUC QUAN, TRAN VAN SUNG
Vién Hod hoc, Vién Khoa hoc va Cong nghé Viét Nam

SUMMARY

The compounds 12 [-allyldeoxoartemisinin and anhydroartemisinin have been synthetized
under mild conditions with high yield. O:zonolyse of 12pf-allyldeoxoartemisinin and
anhydroartemisinin as well as the photolyse of 12 f-allyldeoxoartemisinin were carried out. All
the reactions gave good yield. This is the first time the ozonolyse of anhydroartemisinin and the
photolyse of 12 f-allyldeoxoartemisinin have been reported.

- DAT VAN BE

Artemisinin (ginghaosu 1) 1a chét c¢6 hoat
tinh khang ky sinh trung sét rét, lan dau tién da
duoc cac nha khoa hoc Trung Qudc chiét tach tir
cay thanh hao hoa vang (Artemisia annua L.)
vao nam 1971 [1, 2]. Ngay nay artemisinin va
cdc dan xuat ctia né da duoc st dung lam thuéc
chita s6t rét & Viét Nam va trén thé gidi. Cho t6i
nay da c6 rdt nhiéu cong trinh nghién ciu vé
téng hop hod hoc va hoat tinh sinh hoc cta céc
dan xudt méi clia artemisinin. Tuy vay, cac cong
trinh nghién cttu vé chuyén héa quang hod va
ozon hoa ctia artemisinin va cac dan xudt ciia n6
thi van con rét it. Trong cdc bai bdo trudc chiing
toi da thong bdo vé phan ting quang hoé ctia mot
s0 dan xuit carbonyl va carboxylic ester cta
dihydroartemisinin [3]. Bai bdo nay thong bdo
céc két qua ti€p theo clia ching toi vé phan ting
quang hod va ozon hoa cia mot s6 dan xuét cua
12-deoxoartemisinin.

I - THUC NGHIEM

Pho cong hudng tir hat nhan duoc ghi trén
mdy NMR-500 MHz AVANCE ctia hang Bruke
tai Vién Hod hoc, Vién Khoa hoc va Cong nghé

Viét Nam.

Cac hoa chat c¢6 do tinh khiét P.A. dugc mua
ctia cac hang Sigma-Aldrich va Merck. Dung
moi dugc chung cét lai trude khi dung.

1. Téng hop cac chat ban dau
Tong hop dihydroartemisinin (DHA, 2) [3]

Khtr hoa 5g artemisinin bang NaBH, trong
MeOH khan & nhiét do -5°C. Hon hop phan tng
dugc pha loang bang EtOAc, rlra bing
CH,COOH 5%, NaCl 5%, lam khan bang
Na,SO,, cét loai dung moi dudi ap sudt thap, két
tinh lai trong n-hexan/EtOAc. Loc, rira bang n-
hexan/CH,Cl, lanh, sdy kho, thu dugc 4,88 g
dihydro-artemisinin (2, hiéu suat 97%).

Tong hop anhydroartemisinin (3)

Hoa tan 2,84 g (10 mmol)
dihydroartemisinin (2) trong hén hop CH,Cl,:
Et,0O (1:1 v/v) duoc lam lanh téi 10 °C. Vua
khudy vira cho thém 0,1 ml BF;.Et,0, tié€p tuc
khudy cho t6i khi DHA da phan tng hét, phan
ting dehydrat hod DHA dién ra hoan toan sau
khoang 2 gi¢. Pha lodang hén hop phén ing bing
EtOAc, rira bang CH;COOH 5%, NaCl 5%, lam
khan bang Na,SO,, cét loai dung moi dudi ap
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suat thap, két tinh lai trong n-hexan/EtOAc.
Loc, rtra bang n-hexan/ CH,Cl, lanh, sdy kho,
thu duoc 2,4 g (91%) anhydroartemisinin (3).

3: dnc: 162 - 164°C, (n-hexan/ EtOAc)
'H-NMR (500 MHz, CDCL,): (ppm) = 6,18

(s, 1H); 5,54 (s, 1H); 1,58 (s, 3H); 1,42 (s, 3H);
0,98 (d, J =5,9 Hz, 3H).

BC-NMR (125 MHz, CDCly): (Sppm) =
134,9; 108,1; 104,5; 89,6; 78,9; 51.4; 44.,4;
37,5; 36,2; 34,1; 30,0; 30,0; 25,9; 24,4; 20,3;
16,2.

14

Sodo I: Tén% hop Zéc chat ban dau

10
Téng hop 12 a-dihydroartemisinin acgtat (4) [4]O 21,07; 20,19; 12,04. a
2§4 O TOI%g hop I%,B—allyldeoxoai rtemisinin (5CJ) [Q

Hon hop phan dng gom
dihydroartemisinin (DHA, 2), 3 ml pyridin,
g 4-dimetylaminopyridin (DMAP) va 2 ml
anhydrit acetic trong 70 ml CH,Cl, duoc khudy
& nhiét do phong trong khoang 30 gio. Kiém tra
phan ting bang SKBM (cho dén khi khong con
vét ctia DHA). Rira hén hop phan tng bang HCl
5%; NaHCO; 5% va nudc; lam khan bang
Na,SO,. Két tinh trong hé dung moi n-
hexan/CH,Cl,, loc rtra, sdy trong chan khong &
25°C. Thu dugc 3,12 g chat 4 (hiéu suat 95,7%).

4: '"H-NMR (500 MHz, CDCl,): (8ppm) = 5,80
(d, J =8,6 Hz, 1H); 5,44 (s, 1H); 2,60 - 2,52 (m,
1H); 2,41 - 2,35 (m, 1H); 2,13 (s, 3H); 1,44 (s,
3H); 0,97 (d, J = 6,2 Hz, 3H); 0,85 (d,J =7,2
Hz, 3H).

PC-NMR (125 MHz, CDCly): 169,74;
104,41; 91,82; 91,46; 80,08; 51,55; 45,22;
37,24; 36,20; 34,07; 31,73; 25,94; 24,55; 21,97;
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Nho giot tr tr 3,26 g (10 mmol) o-

Odlh]ygdtldartemlsmm axtat (4) trong 70 mlOl,2-

dichloroethan;3(DCE) vao hén hop goém 7ml
allyltrimetylsilan, 1,5 g ZnCl, khan va 500 m

han tir trong 100 1 DCE. Hon hop phén tn
duge khudly 1 gio ¢ 0°C dudi khi quyén N,. Sauz
d6 nang dan nhiét do ctia phan dng t6i nhiét do
phong va tiép tuc khudy khoang 15-30 phit. Pha
loang v6i EtOAc, rlra véi axit citric 5%, trung
hoa biang NaHCO,, rtra lai bang NaCl 5%. Lam
khan bang Na,SO,. Cat loai dung moi, tach bang
sic ky cot, chat hap phu la silica gel, hé dung
moi l1a n-hexan:CH,Cl,:MeOH (40:15:1). Thu
dugc 2,48 g (85%) 12f-allyldeoxoartemisinin
(5) va 376 mg (11%) chit 6. )

5: '"H-NMR (500 MHz, CDCL,): (5ppm) =
5,96 - 5,88 (m, 1H); 5,32 (s, 1H); 5,@ - 5,04

O

a/ NaBHy, -5 °C
b/ BF:.Et,O, CH,Cl,/Et,O, 10 °C 4
c/ (Ac),0, DMAP, pyrldm CHQC]Q, rt.
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(m, 1H); 1,41 (s, 3H); 0,96 (d, J=6,1 Hz, 3H);
0,88 (d,J =7,6 Hz, 3H).

BC-NMR (125 MHz, CDCl;): (Sppm) =
136,44; 116,01; 103,07; 89,11; 81,04; 74,60;
52,34; 44,30, 37,46; 36,59, 34,48; 34,23; 30,19;
26,06; 24,88; 24,70; 20,15; 12,91.

6: FTIR (CHCL): Vi (cm™) = 3527; 3434
(OH); 2948; 2876; 1726 (CO-ester); 1263;
1101; 772; 728; 442.

ESI-MS (positive ion): m/z 343 [M+H];
342[M]".

'H-NMR (500 MHz, CDCL,): (5ppm) = 6,1
(s, 1H); 5,5 (s, H-5); 4,7 (s, OH); 2,4 (m, 1H);
2,1 (s, 3H); 1,4 (s, 3H), 1,1 (d, J=1,0 Hz, 3H);
1,0 (d, J=5,9 Hz, 3H).

BC-NMR (125 MHz, CDCl,): (Sppm) =
168,6; 104,6; 97,2; 88,4; 82,9; 70,4; 52,2; 48,8;
37,4; 36,2; 34,1; 25,7, 25,4; 24,4; 22,0; 21,1;
20,2.

2. Phan tng ozon hoa va quang hoa cua cac
dan xuat 12-deoxoartemisinin
Phdn ting ozon hod anhydroartemisinin (3)

Hoa tan 1,33 g (5 mmol) anhydro-
artemisinin (3) trong 100 ml CH,Cl,. Hén hop
dugc lam lanh t6i -10°C. Vira khudy vira cho

mot ludng khi O; 10i qua dung dich phan tng
cho t6i khi xudt hién mau xanh nhat ctia khi
ozon du. Kiém tra phan ting bing sic ky 16p
mong cho thay chat diu da bi chuyén hoa hoan
toan. Cho thém tir tir vao hén hop phan tng 2 ml
dimetylsulphit (DMS), ti€p tuc khuady thém 30
phit. Rira hon hgp phan tng vé6i nude, cat kiét
dung moi. Phan can duoc tdch bang sic ky cot
nhanh trén silica gel, hé dung moi n-hexan/
CH,Cl,/ MeOH (50:30:5 v/v). Thu dugc chat 7
(1,04 g, hiéu suat 70%).

7: '"H-NMR: (500 MHz,CDCl;): (8ppm) = 0,98
(d, J = 6,0 Hz, 3H), 1,42 (s, 3H); 2,3 (dd J =
13,0; 3,3 1H); 2,5 (s, 3H); 6,5 (s, 1H); 7,8 (s,
1H).

BC-NMR (125 MHz, CDCl,): 208,2; 159,5;
105,5; 86,7; 85,0; 57,1; 52,7; 37,4; 35,8; 33,6;
32,4; 25,4; 24,8; 23,7; 20,0.

Phdn ting ozon hod 5

Phan ung ozon hod 1245
allyldeoxoartemisinin (5) trong CH,Cl, dugc tién
hanh tuong tu nhu phan dng ozon hod chat 3.
Sén pham ozon hod dugc tinh ché béing sic ky
cot nhanh trén silica gel, h¢ dung moi la n-
hexan/CH,Cl,/MeOH (50:30:5 v/v). Tu 1,54 g (5
mmol) chét 5 da thu dugc 1,1 g chat 8 (hiéu suat
70%) [11].

So do 2: Phan ting ozon hod ctia chat 3 va 5
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8: 'H-NMR: (500 MHz,CDCl;): (5ppm) =
0,87 (d, J = 7,2 Hz, 3H); 0,97 (d, J = 6,2 Hz,
3H); 1,41 (s, 3H); 2,8 (m, 2H); 4,97 (m, 1H);
5,3 (s, 1H); 9,8 (s, 1H).

BC-NMR (125 MHz, CDCl,): 202,0; 103,5;
89,5; 81,2; 69,6; 52,3; 46,0; 44,5; 44,0; 37,5;
36,7; 34,5; 29,8; 26,1; 24,8; 20,2; 13,0.

Phdn ting khit hod 8

Phan tng khir hoda 8 bing NaBH, trong
MeOH & nhiét do phong trong khoang 30 phuit,
thu dugc 9 véi hiéu suat > 90% [12].

9: 'H-NMR: (500 MHz,CDCl,): (8ppm) =
0,87 (d, J = 7,2 Hz, 3H); 0,97 (d, J = 6,0 Hz,
3H); 1,41 (s, 3H); 3,8 (m, 2H); 4,5 (m, 1H); 5,4
(s, 1H).

BC-NMR (125 MHz, CDCl,): 103,2; 89,3;

81,1; 74,96; 62,6; 52,3; 44,1; 37,5; 36,7; 36.5;
34.5; 31,6; 30,3; 26,1; 24,8; 20,2; 13,0.

Phdn uing quang hod 5

Hoa tan 1,54 g chat 5 trong 100 ml CH,Cl,
khan trong binh phan dng thach anh (quarz)
dung tich 250 ml. Vira khudy, vira chi€u anh
sang tor ngoai budc song 254 nm (deén
fluorescent 15W) & nhiét do phong, dudi khi
quyén nito trong 60 phit. Kiém tra phan tng
bang sac ky ban mong (SKBM), chat hap phu 1a
silica gel, h¢ dung moi 1a n-hexan : CH,CI, :
MeOH (40:15:1). Co kiét dung moi dudi ap suat
thdp. Phan can (1,5 g) dugc tich bing sic ky
cOt, chat hap phu 1a silica gel, v6i cing hé dung
mo6i nhu & SKBM thu dugc: chdt dau 124
allyldeoxoartemisinin (620 mg, hiéu sudt 40%)
va chat 10 (308 mg, hiéu suat 20%).

So do 3: Phan ting quang hod cua 12-allyldeoxoartemisinin

10: '"H-NMR (500 MHz, CDCl,): (dppm) =
8,05 (s, 1H); 5,76 - 566 (m, 1H); 5,16 (dt, J =
1,9; 6,9 Hz, 1H); 5,11 - 5,05 (m, 2H); 2,14 (s,
3H); 1,05 (d, J = 6,3 Hz, 3H); 0,95 (d, J = 6,7
Hz, 3H).

BC-NMR (125 MHz, CDCly): 213,17;
208,99; 160,72; 133,45; 118,09; 73,31; 57,42;
54,42, 41,37; 41,22; 37,15; 34,74, 34,29; 30,94;
29,86; 20,48; 20,32; 12,36.

I - KET QUA VA THAO LUAN

Phan tng khr hod artemisinin (1) béang
NaBH, trong metanol & nhiét do -5 dén -7°C cho
san phdm 1a hén hop (theo ty 1¢ = 1:1) cla hai
dong phan 12¢- va 124-dihydroartemisinin (2)
v6i hiéu sudt 97%. Dihydroartemisinin bi
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dehydrat hod boi tic nhan BF,.Et,O trong hon
hop dung moi CH,Cl, : Et,O (1:1 v/v) & 10 °C
cho anhydroartemisinin (3) véi hiéu suét trén
90%. Cac phan ung nay dugc thuc hién trong
diéu kién ém diu véi hiéu suét thu héi cao.

Tir chat 2 da thu duge a-dihydroartemisinin
acetat (4) v6i hiéu sudt trén 95% thong qua phan
ing ester hod hon hgp hai dong phan 12a- va
123-dihydro-artemisinin bang anhydrit acetic
trong CH,Cl, v6i su ¢6 mat cta pyridin va 4-
dimethylaminopyridin (DMAP). Diéu dac biét &
day 1a ching toi chi thu duoc dong phan 12« -
v6i hiéu suét cao. Rat c6 thé déng phan 12«
dugc este hoa dé dang hon va can bang gilta
12 ¢» 123bi dich chuyén lién tuc vé phia 12¢.

Cho 4 tac dung vé6i allyltrimetylsilan v6i su c6
mat cta ZnCl,, rdy phan t&, trong 1,2-

O
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dichloroethan da thu dugc 12/f-allyldeoxo-
artemisinin (5) va san pham phu 6 v6i hiéu suat
85% va 11% tuong tng. Chat 6 1a mot dan xuat
diacetal, san phidm oxy hod, m& va déng lai
vong D cua a-dihydroartemisinin axetat (4). Su
¢6 mat ctia nhém 12-hydroxy duoc ching minh
bang phé héng ngoai ghi trong CHCl; (v, =
3527 cm™). Nhém hydroxy ctia chat 6 khong bi
acetyl hod bdi anhydrit acetic trong pyridin véi
su c¢6 mat cuia DMAP. Rat c6 thé nhém
hydroxyl tao cAu hydro noi phan tir bén vitng véi
nhém carbonyl. Ciu tric cia 6 dugc ching
minh thém bang phé NMR hai chiéu nhu H-H-
COSY, HSQC va HMBC.

Phén ting ozon hod chat 3 cho san phdm oxy
hod cat mach & vong D cuia khung artemisinin
(7) v6i hiéu suat 70%. Hgp chat ozonid trung
gian cua phan tng ozon hod dugc phan huy
bang dimethylsulphid (DMS). Do san phiam thu
duoc 12 mot andehyt rat dé bi chuyén hod, nén
qud trinh tach va tinh ché san phdm duogc thuc
hién bang phuong phdp sic ky cot nhanh, chat
hip phu 1a silica gel hé dung moi 1a n-hexan/
CH,CI,/MeOH. Day la lan dau tién phan tng
ozon hod anhydroartemisinin (3) dugc cong bo.

Tuong tu nhu véi chat 3, phan ting ozon hod
cat mach & n6i doi (C=C allyl) ctia 5 trong
CH,Cl, x4y ra & -10°C va cho sin phim Ia
andehyt 8. Khi cho 8 tic dung v6i NaBH, trong
MeOH ¢ nhiét do phong da thu dugc dan xuat
ancol tuong tng (9). Két qua ching t6i thu dugc
khi ozon hod 12f-allyldeoxoartemisinin (5) va
khir hod san pham bing NaBH, hoan toan phu
hop v6i két qua trong tai liéu [12].

Phan tng quang hod chit 12f-allyldeoxo-
artemisinin (§) trong chloromethylen duéi khi
quyén nito, & nhiét do phong dugc thuc hién tai
buéc séng 254 nm (deén fluorescent 15W) trong
thoi gian 60 phit. Hon hop phan ting dugc tach
béng sac ky cot, chat hap phu 1a silica gel thi thu
lai dugc 40% chat dau (5) va san phdm quang
hod 10 véi cau tric vong B, C, D ctia khung

artemisinin bi pha v& (hiéu suat 20%). bay la
lan dau tién phan tng quang hod chat 124
allyldeoxoartemisinin (5) dugc cong bo.
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