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(57) Sang ché dé cap dén cac hop chat 1a cac lai hoa cua artemisinin v&i quinazolinon ¢

cong thue chung (I) va (IT):

o
trong do, R 1a phr:fm ttr thé dugc chon tir nhém bao gom: H; CHjs; Cl; F; OCH;3 (n=0 hoac 1)

(I
trong do, R 1a phan tir thé dugc chon tir nhom bao gom: OCHj3; NO,; F; Br; Cl; CHs.
Hop chat theo sdng ché c6 hoat tinh khang v1 mot s6 dong té bao ung thu in vitro
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Linh vuc ky thuat dwoe dé cap

Sang ché thudc linh vuc bao ché duoc phim, cu thé hon sang ché & cap dén cac hop chit
la cac chat lai hoa artemisinin chira khung quinazolinon dung lam chét chéng ung thu va
quy trinh tdng hop cac hop chit nay.

Tinh trang ky thuit cia sang ché

Ung thu la mét trong nhiing nguyén nhén chinh gy tu vong trén pham vi toan cau. Theo
thdng ké, ung thur chiém hon 18 triéu ca mic mai va 9,6 triéu ca tr vong trong nam 2018
(F. Gao, et al.; Quinolone hybrids and their anti-cancer activities: an overview. Eur. J.
Med. Chem. 2019, 165, 59-79; World Health Organization. Latest Global Cancer Data:
Cancer Burden Rises to 18.1 Million New Cases and 9.6 Million Cancer Deaths in 2018).
Ba loai gay tur vong cao nhit 13 ung thu phdi, gan va ung thu vi. Bat chap nhitng tién bd
trong phong ngura va diéu tri ung thu, viée dleu tri thanh cong ung thu van la mot thach
thirc 16n trong tuong lai. Diéu nay 1a do su xuat hién ciia tinh tr ang khang thudc va do dac
hiéu thip cia cac thudc chéng ung thu dugce st dung nhidu nhét hién nay (Mellinghoff, 1.
K, et al.; The emergence of resistance to targeted cancer therapeutics. Pharmacogenomics.
2002, 3, 603-623; Z. Xu, et al.; 1,2,3-Triazole-containing hybrids as potential anticancer
agents: current developments, actlon mechamsms and structure-activity relationships. Eur.
J. Med. Chem. 2019, 183, 111700). Bé phat trién cac chat chbng ung thu hiéu qua va dang
tin cay hon, khic phuc dugc nhing han ché nay, chién lugc phat trién cac chat chong ung
thu méi dua trén cac san pham ty nhién, hién 1a mét linh vyce dugc quan tim va day hua
hen (Sharifi-Rad. J, et al.; Natural Products and Synthetic Analogs as a Source of
Antitumor Drugs. Biomolecules. 2019, 9, 679).

Artemisinin (1) (Hinh 1) 1a mdt endoperoxit sesquitecpen, dugc chiét xuét 1an dau tién tir
cdy thanh hao hoa vang (Artemisia annua L.) vao nam 1972 (Y. Tu. Artemisinin-A Gift
from Traditional Chinese Medicine to the World (Nobel Lecture). Angew. Chem.Int. Ed.
2016, 55, 10210-10226). N6 nhanh chong tré thanh mét hop chét dan duong quan trong
dé tdng hop cac din xuét ua du va ua nude thong qua chat trung gian quan trong la
dihydroartemisinin (2) nhu artemete (3) va artesunat (4), 1a cac chat chdng sbt rét hiéu
qua, dac biét la chéng sét rét véi chiing da khang. Cac dan xut nay c6 chung cau noi
endoperoxit, chiu trach nhiém cho hoat tinh chéng st rét ctia no, va do do duge ky vong
s€ gilt mot phan cac dac tinh dugc ly cua artemisinin (Klayman D L. Qinghaosu
(artemisinin): an antimalarial drug from China. Science.1985, 228, 1049-1055).

Gan day, ngoai hoat tinh chéng sbt rét, cac dAn xuét artemisinin khac nhau da duoc bao
cao la co nhleu hoat tinh duoc 1y, bao gdm céc hoat tinh khéng virus, (e ché mién dich va
khang ndm (Lee, S. Artemisinin, promising lead natural product for various drug
development. Mini Rev. Med. Chem. 2007, 7, 411-422 ). Dac biét, mot s6 chét 1a dan xut
clia artemisinin cho thay doc tinh té bao rat manh ddi véi cac dong té bao ung thu khac
nhau in vitro (Galal, A. M, et al. Synthesis and evaluation of dihydroartemisinin
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anddihydroartemisitene acetal dimers showing anticancer and antiprotozoal activity.
Bioorg. Med. Chem. 2009, 17, 741-751; Yang, X. L, et al. Synthesis of a series of novel
dihydroartemisinin derivatives containing a substituted chalcone with greater cytotoxic
effects in leukemia cells. Bioorg. Med. Chem. Lett. 2009, 19, 4385-4388; Kien. V. T, et
al.; Novel Artemisinin-Derived Dimers: Synthesis and Evaluation of Anticancer
Activities. Let Drug Des Discov.2017, 14, 102-111; Binh, L.H, et al. Synthesis and in vitro
cytotoxic evaluation of new triazole derivatives based on artemisinin via click chemistry.
Med. Chem. Res. 2016, 25, 738-750; V.T. Ha, et al. Design, synthesis and biological
evaluation of novel hydroxamic acids bearing artemisinin skeleton. Bioorg. Chem. 2016,
66, 63-71).

Quinazolinon la m§t nhom hop chat hitu co di vong c6 tiém nang trong viée tao lién két
hydro va cac tuong tdc T— 7 v6i gbe axit amin thom ctia thu thé. Nho vay n6 tré thanh mot
nhém dugc chit quan trong trong héa duge (Yadav, M. R, et al. Design and synthesis of
6,7-dimethoxyquinazoline analogs as multi-targeted ligands for ai- and All-receptors
antagonism. Bioorg. Med. Chem. Lett. 2013, 23, 3959-3966). Do do, quinazolinon dugc
coi 1a by khung co ban cua cac hop chét ¢6 hoat tinh sinh hoc va hay c6 mat trong mot 56
phan tr thudc va cac hop chat ¢é hoat tinh sinh hoc. Gan day hon, su hop nhét cu trac
clia artemisinin va quinazolin, cu thé 1a céc phan tir lai hoa da duoc téng hop va cho thay
céc hoat tinh manh khang dong té bao HCT116, va céi thién déng ké hoat tinh khang khdi
u ctia hop chat me, dihydroartemisinin (DHA) (2) va Gefitinib (5) (Hinh 1) (Wang. L. L,
et al. Design and synthesis of novel artemisinin derivatives with potent activities against
colorectal cancer in vitro and in vivo. Eur. J. Med. Chem. 2019, 182, 111665. Lai hoa cac
phén tir ¢6 hoat tinh la mot khai niém, hién dang dugc quan tdm manh trong linh vuc thiét
ké thudc (L. F. Tietze, et al. Natural product hybrids as new leads for drug discovery.
Angew. Chem. Int. Ed. 2003, 42, 3996-4028; B. Meunier. Hybrid molecules with a dual
mode of action: dream or reality?. Acc. Chem. Res. 2008, 41, 69-77; S. B. Tsogoeva.
Recent progress in the development of synthetic hybrids of natural or unnatural bioactive
compounds for medicinal chemistry. Mini Rev. Med. Chem. 2010, 10, 773-793; T.
Frohlich, et al. Artemisinin-derived dimers: potent antimalarial and anticancer agents. J.
Med. Chem. 2016, 59, 7360-7388). Muc dich 1a dé ting hoat tinh cua cac loai thudc da
biét hodc cac thanh phan hoat tinh sinh hoc ctia phan tir lai hoa, va c6 kha nang khic phuc
tinh trang khang thudc (O. Dechy-Cabaret, et al. Preparation and Antimalarial Activities
of “Trioxaquines”, New Modular Molecules with a Trioxane Skeleton Linked to a 4-
Aminoquinoline. Chem Bio Chem. 2000, 1, 281-283; L. K. Basco, et al. In Vitro Activities
of DU-1102, a New Trioxaquine Derivative, against Plasmodium falciparum Isolates.
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Antimicrob. Agents Chemother. 2001, 45, 1886-1888; F. E. Held, et al. Facile access to
potent antiviral quinazoline heterocycles with fluorescence properties via merging metal-
free domino reactions. Nature Commun. 2017, 8, 15071; T. Frohlich, et al. Synthesis of
Artemisinin-Derived Dimers, Trimers and Dendrimers: Investigation of Their
Antimalarial and Antiviral Activities Including Putative Mechanisms of Action. Chem.
Eur.J. 2018, 8, 8103-8113; A. C. Karagdz, et al. Access to new highly potent antileukemia,
antiviral and antimalarial agents via hybridization of natural products (homo) egonol,
thymoquinone and artemisinin. Bioorg. Med. Chem., 2018, 26, 3610- 3618). Cac san pham
lai hoa vi vay co thé it nhay cam hon v6i sy khang thudc.

Ban chat ky thuit cla sang ché

Muc dich cta sang ché la dé xuét cac hop chat mai lai héa cua artemisinin chira
khung quinazolinon cé hoat tinh trc ché su phat trién hogc tidu diét cac té bao ung thu.

Cu thé hon, theo khia canh thtr nhét, sang ché dé Xuét céc hop chit, 1a cac chat lai
hoa clia artemisinin va quinazolinon ¢6 hoat tinh rc ché su phat trién hodc tiéu diét cac té
bao ung thu, ¢6 cong thire chung (I) va (II) sau day:

PN
(e}
A I
100 QS :
ey (1)

& 'S

trong do, R Ia phan tir thé duoc chon tir nhém bao gdm: H; CHs; Cl; F; OCHs; NOg; F; Br;

a=01

Theo mot phuong an dugc vu tién, hop chit theo sang ché la cac hop chét 10e, 10b va
13d cu thé sau day, trong d6 R 1an luot 14 cac nhém thé 4-OCH3, 4-Cl va 4-F, voi cong
thie cAu tao cu thé dudi day:
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Céc hop chit dugc wu tién trén day 1a cac chit da duoc thir nghiém va chon loc, ¢6 hoat
tinh khang ung thu manh véi cac dong té bao duoc thir nghiém. Cu thé hon, hop chat 10b
thé hién hoat tinh vé&i hai dong te bao trén 1an luot 12 2,21 uM va 1,44 uM, hop chat 10e
thé hién hoat tinh véi hai dong té bao trén lan luot 1a 1,81uM va 1,67 uM, 13d thé hién
hoat tinh v61 hai dong te bao trén 1an luot 1a 1,62 pM va 0,77 uM, va hop chit 13g thé hién
hoat tinh v6i hai dong t& bao trén 1an lugt 1a 3,96 uM va 3,39 uM.

Theo khia canh thtr hai, sang ché con dé xuét quy trinh tng hop cac hop chat lai
hda néu trén.
M3 ta vin tit cac hinh veé
Hinh 1. 12 minh hoa mét s6 dén xuét cta artemisinin
Hinh 2. 1& hinh v& thé hién so dd quy trinh tong hop céc céc hop chét c6 cong thie (I) theo
sang ché;
Hinh 3. 1a hinh vé& thé hién so dd quy trinh tdng hop céc céc hop chét c6 cong thie (II)
theo sang ché.
M3 ta chi tiét sang ché
Sang ché s& mo ta chi tiét hon thong qua cc phuong 4n cu th8 duoc wu tién vé quy trinh

téng hop cac hop chét lai hoa c¢6 cong thire (1) va (IT) bao gom céc bude thuc hién va diéu
kién k¥ thuét cua tirng budce thuc hién ctia quy trinh nay.

Nhu duoge thé hién trén Hinh 2, theo mt phucmg an cua sang ché, quy trinh t6ng hop hop
chét 10e, 13 hop chat cu thé duge wu tién trong so cac day chét lai hoa ctia artemisinin véi
quinazolinon ¢6 cdng thirc chung (I), bao gom cac bude sau day:

Buéc 1: Tong hop hop chit 6
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Nho tir tir BF3.Et20 (1,6 mL) vao dung dich ctia c‘hhydroartemlsmln (2g) va 2-brometanol
(1,31 g) trong CH,Cl, (10 mL); hdn hop phéan tng dugce khudy & nhiét do 0-5°C trong 4
gid; hon hop phén g sau d6 duogc trung hoa véi Na;COs3 t61 pH =7 va chiét véi CHxCl
(3 20 mL); pha hitu co duoc tach ra, lam khan bang Na>SOu, ¢6 quay dudi ap sudt giam.
Cin thu duoc két tinh trong hdn hop dung mdi n- hexan-etyl axetat thu duge 6 (2,25 g,
82%);

Tinh chét ctia hop chat 6:

'H NMR (500 MHz, CDCls) 8 5,46 (s, 1H); 4,82 (d, T = 3,4 Hz, 1H); 4,13 (dt, ] = 10,8 Hz,
5.4 Hz: 1H); 3,76 (dt, T = 10,9 Hz, 5,3 Hz, 1H); 3,53 (t, 2H); 2,66 (dt, ] = 7,7 Hz, 5,7 Hz,
1H); 2,33 (tt, J = 20,2 Hz, 10,0 Hz, 1H); 2,04-1,97 (m, 1H); 1,91-1,80 (m, 2H); 1,73 (ddd,
] =142 Hz. 7,5 Hz, 3,6 Hz, 1H); 1,65-1,55 (m, 1H); 1,52-1,37 (m, 5H); 1,36-1,28 (m,
1H); 1,25-1,17 (m, 1H); 0,89 (m, 7H). 3C NMR (125 MHz, CDCls) § 104,1; 102,0; 88,1;
81.0: 68.2: 52,6; 44.3: 37,4; 36.,4; 34,6; 31,4; 30,8; 26,1; 24,6; 24,3; 20,3; 12.9.

Budre 2: Tong hop hop chat 8
Pun hdi luu hdn hop ciia axit 5-hydroxy anthranilic (hop chat 7) trong anhydrit axetic &

150 °C trong 2 gio; hdn hop sau d6 duoc dd ra nuge da; tha tao thanh duoc loc, gitra bang

nude cit va lam khd trong chan khong thu duoc chét 8, duoc st dung ludn cho céac budce
tiép theo;

0]

L
0
N/)\
8
Buée 3: Tong hop hop chit 9e
O
HO d
AN
N I SR
/)\ =
N
Hop chét 9e

(trong d6 R 1a 2-OCHs, n=0)
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Mot hdn hop cua 8 va 2- -metoxy anilin trong axit axetic dugc dun hoi luu 6120 °C trong
14 gio; phan ung duoc kiém tra bang sac ly 16p mong voi hé dung moi trién khai (n- hexan
- etyl axetat (1 : 1); hdn hop phan tng sau d6 dugc trung hoa véi NaHCOs 50% dén pH =
7 va chiét voi CH:Cly; pha hitu co dugc tach ra va lam khan voi NazSOs, ¢6 quay loai dung
mdi & ap suat g1arn cho cin; cin sau d6 duogc tién hanh chay cdt silica gel st dung hé dung
mdi rira gidi n- hexan-etyl axetat cho chit 9e (6-hydroxy-3-(2-metoxyphenyl)-2-
metylquinazolin-4(3H)-on;

'HNMR (500 MHz, DMSO-d6, & (ppm)): 10,31 (brs, 1H); 7,59 (d, T =8,5 Hz, 1H);
7.52-7,48 (m, 1H); 7,44-7,41 (m, 2H); 7,35 (dd, J = 2,5 Hz, 7,5 Hz, 1H); 7,26 (dd, J = 8,50
Hz, 1H); 7,11 (t, J = 7,5 Hz, 1H); 3,76 (s, 3H); 2,04 (s, 3H). *C NMR (125 MHz, DMSO-
d6, & (ppm)): 160,6; 155.,8; 154,2; 151,3; 140,6; 130,6; 129,6; 128,2; 126,1; 123,9; 121,2;
112,4; 109,1; 55,7; 22,7.

Buéc 4: Tong hop hop chét 10e

Q n
YT e
% N/)\ =
Hop chét 10e

(trong d6 R 1a 2-OCHs, n = 0)

M6t hon hop ctia 6, K2CO3 va KI trong DMF dugc khuay & 60°C trong 30 phut; chat 9e
duoc bd sung va hdn hop phéan ung dugce tiép tuc khudy trong 10 gio; hdn hop phan tng
sau do dugc chiét voi CH2Cl; pha hitu co dugc tach ra, lam khan bang Na»SO4 va ¢d quay
dudi 4p sudt giam; can thu duge dugc chay sac ky str dung cot silica gel, hé dung moi ria
giai n- hexan-etyl axetat cho hop chat 10e;

Hop chat 10e: (3-(2-metoxyphenyl)-2-metyl-6-(2-(((3R,5aS,6R,8aS,9R,10S,12R,12aR)-
3,6,9-trimetyldecahydro-12H-3,12-epoxy[1,2]dioxepino[4,3-i]isochromen-10-
yl)oxy)etoxy)quinazolin-4(3/)-on):

'H NMR (500 MHz, CDCL, & (ppm)): 7,64 (d, J = 3,0 Hz, 1H); 7,62 (d, ] = 9,0 Hz, 1H);
7.49-7,46 (m, 1H); 7,36 (dd, T = 3,0 Hz, 9,0 Hz, 1H); 7,21 (m, 1H); 7,13-7,11 (m, 1H);
7.10-7,08 (m, 1H); 5,30 (s, 1H); 4,89 (t, ] = 3,0 Hz, 1H); 4,26-4,20 (m, 3H); 3,82-3,79 (m,
4H); 2,65-2,62 (m, 1H); 2,35 (dt, T=4,0 Hz, 13,5 Hz, 1H); 2,19 (s, 3H); 2,06-2,02 (m, 1H);
1,89 -1,85 (m, 1H); 1,77-1,74 (m, 1H); 1,73-1,68 (m, 2H); 1,51-1,37 (m, 5H); 1,27-1,20
(m, 2H); 0,93-0,85 (m, 7H). '>°C NMR (125 MHz, CDCls, 8 (ppm)): 161,8; 157.3; 154,7;
152.7: 142,3; 130,8; 129,3; 128,3; 126,5; 124.8; 121,6; 121,4; 112,3; 107,6; 104,1; 102,2;
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88,0; 81,2; 67,9; 66,4; 55,8; 52,6; 44,5; 37,5, 36,5; 34,6; 30,9; 26,2; 24,7; 24,5, 23,3; 20,3;
13,0. ESI-HRMS thuc nghi€ém (tim thdy): 593.28128; ly thuyét: C33Hs1N20s [M + H]"™:
593.28629.

Tuong tu, cac hop qhét 10a-f dugc tong hop theo quy trinh tuong tu nhu la quy trinh tbng
hop cua céac dan xuat 10e néu trén.

Theo mdt phuong an khac cua sang ché, nhu dugce thé hién trén hinh 3, quy trinh téng hop
chét 13d, 1a din xudt dugc wu tién clia cac chét lai héa c6 cong thire (1) bao gom cac buac
sau.

Buwde 1: gidng cac bude trong quy trinh tdng hop chit 10e.

Budée 2: Tong hop hop chét 11: gidng cac budc trong quy trinh tong hop chat 10e

o]

Ho\dkr\]/\/\
N//K

11
Hop cht 11: (3-butyl-6-hydroxy-2-metylquinazolin-4-(3 H)-on):

'"H NMR (500 MHz, CDCls, & (ppm)): 7,85 (d, J = 3,0 Hz, 1H); 7,54 (d, T = 9,0 Hz, 1H);
731 (dd, J = 3,0 Hz, 9,0 Hz, 1H); 7,63 (brs, 1H); 4,09 (t, J = 3,0 Hz, 2H); 2,64 (s, 3H;
1.74-1,70 (m, 2H); 1,50-1,46 (m, 2H); 1,0 (t, ] = 2,5 Hz, 3H). *C NMR (125 MHz, CDCl,
5 (ppm)): 162,2; 155.2; 152,4; 141,4; 128,3; 124,2; 121,2; 110,1; 44,7; 30,7; 22.8; 20.3;
13.7.

Buée 3: Tong hop hop chét 12d
o

HO@NM
=
"

AN
| +R
_

Hop chét 12d
(trong do R 1a 4-F)

Mot hdn hop cua 11 trong axit axetic va 4-flobenzaldehit dugce dun va khudy & nhiét do
140 °C trong 16 git ; phan tmg dugc kiém tra bang sac ky ban méng su dung hé dung moi
n-hexan-etyl axetat (1 : 1); hén hgp phan Ung sau d6 dugc lam lanh xudng nhiét d6 phong;
tinh thé hinh thanh duoc loc, rira v&i nude cit cho san pham thd, két tinh lai trong n-hexan-
etyl axetat thu dugc 12d ((E)-3-butyl-6-hydroxy-2-(4-flostyryl) quinazolin- -4(3H)-on):
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'H NMR (500 MHz, CDsOD, & (ppm)): 7,83 (d, J = 15,5 Hz, 1H); 7,75 (d, J = 9,0 Hz, 2H);
7,64 (d, T=9,0 Hz, 1H); 7,53 (d, J = 2,5 Hz, 1H); 7,34 (dd, ] = 2,5 Hz, 9.0 Hz, 1H); 7,29
(d, T =15,5 Hz, 1H); 7,20 (d, ] = 9,0 Hz, 2H); 4,33 (t, ] = 7,5 Hz, 2H); 1,81-1,75 (m, 2H);
1,52-1,48 (m, 2H); 1,04 (t, J="7,5 Hz, 3H). 3C NMR (125 MHz, CD;0D, & (ppm)): 165,9;
163,5; 157,9; 151,5; 142,3; 140,1; 133,5; 130,9; 129,6; 125,5; 122,5; 120,3; 117,0; 110,3;
44 4;32,2;21,0; 14,1.

Buée 4: Tdng hop hop chét 13d

Hop chat 13d
(trong d6 R 1a 4-F)

Mot hdn hop clia hop chat 6, K>CO; va Kl trong DMF duoc khudy & 60°C trong 30 phut;
hop chat 12d didu ché & trén dugc bd sung vao va phan tng dugc khudy trong 12 gid; hon
hop sau do duoc chiét vai CHxClL2 (3 x 20 mL); pha htru co duoc tach ra, lam khan bang
Na;SOq4, ¢d quay dudi ap suat giam thu dugce cdn; sac ky cot silicagel v6i hé dung méi n-
hexan-etyl  axetat thu  duoc chdt 13d  (3-butyl-2-((E)-4-flostyryl)-6-(2-
(((3R,5aS,6R.8aS,9R,10S,12R,12aR)-3,6,9-trimetyldecahydro-12H-3,12-
epoxy|1,2]dioxepino[4,3-i]isochromen-1 0-yl)oxy)etoxy)quinazolin-4(3H)-on):

'H NMR (500 MHz, CDCl3, § (ppm)): 7,92 (d, J = 15,0 Hz, 1H); 7,65-7,64 (d, J = 9,0 Hz,
2H); 7,59-7,56 (m, 2H); 7,34 (dd, J = 2,5 Hz, 8,5 Hz, 1H); 7,11 (t,J = 9,0 Hz, 2H); 7,03
(d, = 15,0 Hz, 1H); 5,49 (s, 1H); 4,91 (d, ] = 3,5 Hz, 1H); 4,31-4,20 (m, 5H); 3,85-3,81
(m, 1H); 2,66-2,63 (m, 1H); 2,38 (dt, J = 4,0 Hz, 14,5 Hz, 1H); 2,06-2,02 (m, 1H); 1,90-
1,86 (m, 2H); 1,82-1,76 (m, 1H); 1,73-1,64 (m, 1H); 1,56-1,44 (m, 7H); 1,28-1,21 (m,
4H); 1,02 (t, T = 7,5 Hz, 3H); 0,93-0,85 (m, 7H). ’C NMR (125 MHz, CDCl;, 8 (ppm)):
164.,6; 162,6; 161,8; 157,6; 138,5; 137,2; 131,8; 129,5; 128,8; 125,0; 121,3; 116,2; 116,0;
107,2; 104,1; 102.,2; 88,0; 81,2; 67,9; 66,4; 52,6; 44,5; 43,5; 37,5; 36,5; 34,7; 31,3; 30,9;
26,2; 24.,8; 24,5; 20,3; 20,2; 14,0; 13,0. ESI-HRMS tim thdy (thuc nghiém): 648,32101;
tinh toan (Iy thuyét) C37H4sFN207 [M + H]*: 648,32108.

Tuong tu, cac hop chit 13a-g duoc tong hop theo quy trinh tuong ty nhu 1a quy trinh téng
hop ctia cac dan xuat 13d néu trén.

Cac hop chét 12a-f va 13a-g dugc diéu ché va dit liéu vé cdu tric ctia cac chat nay va chét
trung gian dugc mo ta trong Bang 1 dudi day.
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Bang 1: Cong thirc cAu tao va tinh chit ctia cac hop chét 1a cac chét lai hoa clia artemisinin
véi qumazohnon c6 codng thice (I) va (II) theo sang ché va cac hop chat trung gian ctia quy

trinh tong hop

Hop chit

“CLOCL
10a

Phé NMR

"H NMR (500 MHz, CDCl3, &
(ppm)): 7,68 (d, J = 3,0 Hz,
1H); 7,57 (d, ] = 9,0 Hz, 1H);
7,34 (dd, J = 3,0 Hz, 9,0 Hz,
1H); 7,15 (d, J = 9,0 Hz, 2H);
6,85 (d, J = 9,0 Hz, 2H); 5,49
(s, 1H); 5,3 (s, 2H); 4,91 (d, J
= 3,5 Hz); 4,26-4,20 (m, 3H);
3,85-3,81 (m, 1H); 3,78 (s,
3H); 2,65-2,63 (m, 1H); 2,55
(s, 3H); 2,37 (dt, ] = 4,0 Hz,
10,5 Hz, 1H); 2,06-2,02 (m,
1H); 1,88-1,85 (m, 2H); 1,79-
1,73 (m, 1H); 1,72-1,65 (m,
1H); 1,57-1,53 (m, 2H); 1,45
(m, 3H); 1,29-1,21 (m, 2H);
0,93 (d, J = 6,0 Hz, 3H); 0,87
(m, 4H). *C NMR (125 MHz,
CDCls, 6 (ppm)): 162,3;159,2;
157,4; 142,1; 136,3; 133,1;
128.,4; 128,1; 128,0; 125,0;
121,2; 114,3; 104,1; 102,2;
88.0; 81,1; 67,9; 66,4; 52.6;
46,8; 44,5; 37,5; 36,5; 34,7,
30,9; 26,2; 24,7, 24,5; 23,2,
20,3; 13,0.

'"H NMR (500 MHz, CDCl3, 6
(ppm)): 7,68 (d, J = 3,0 Hz,
1H); 7,57 (d,J = 9,0 Hz, 1H);
7,34-7,32 (dd, J = 3,0 Hz, 9,0
Hz, 1H); 7,13-7,09 (m, 4H);
5,48 (s, 1H, H-12); 5,35 (s,
2H); 4,91 (d,J = 3,5 Hz, 1H);
4,26-4,18 (m, 3H); 3,85-3,81

-10-

MS

ESI-HRMS
tim thay:
591,30603;
ly thuyét:
C34Ha3sN207
M + H]"
591,30703.

ESI-HRMS
tim thay:
611,25144;
ly thuyét:
C33H40CIN2O
7 [M + H]"
611,25240.
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(m, 1H); 2,66-2,63 (m, 1H);
2,53 (s, 3H); 2,35 (tt, J = 20,2
Hz, 10,0 Hz, 1H); 2,05-2,02
(m, 1H); 1,88-1,85 (m, 1H);
1,79-1,68 (m, 2H); 1,57-1,45
(m, 1H); 1,45-1,37 (m, 5SH);
1,29-1,21 (m, 2H); 0,92 (d, J
= 6,5 Hz, 3H); 0,89 (m, 4H).
BC NMR (125 MHz, CDCls,
d (ppm)): 162,3; 157.4; 152.4;
142,1; 137.4; 132,9; 129,6;
128,4; 126,6; 124,9; 121,1;
107,3; 104,1; 102,2; 87,9;
81,1; 67,9; 66,4; 52.,6; 47,1;
44.5; 37,5; 34,6; 30,9; 26,2,
24,7, 24,5;23,2;21,0; 12,9.

'"H NMR (500 MHz, CDCl3, ESI-HRMS
5 (ppm)): 7,37 (dd, J = 3,0  tim thay:
Hz, 8,5 Hz, 1H); 7,36 (dd, J  581,26608;
=3.0 Hz, 8,5 Hz, 1H); 7,27-  ly thuyét:
7,24 (m, 4H); 5,48 (s, 1H); Cs2H3sFN207
490 (d, T = 3,5 Hz, 1H); [M+H]"
4,26-4,17 (m, 3H); 3,85-3,81  581,26630.
(m, 1H); 2,65-2,64 (m, 1H);

2,35 (dt, ] = 4,0 Hz, 14,0 Hz,

10¢c 1H); 2,22 (s, 3H); 2,05-2,02

(m, 1H); 1,87-1,86 (m, 1H);

1,79-1,67 (m, 1H); 1,56-1,53

(m, 1H); 1,51-1,43 (m, 5H);

1,35-1,29 (m, 1H); 1,28-1,21

(m, 1H); 0,94 (d, J = 7,5 Hz,

3H); 0,86 (m, 4H). *C NMR

(125 MHz, CDCls, & (ppm)):

167,7;, 163,7; 161,8; 151,7;

142,1; 133,8; 132,5; 128.,8;

121,4; 117,2; 117,0; 107,5;

104,1; 102,2; 87,9, 81,1;

67,9; 66,3; 52,6; 44.,5; 37,5;

36,5; 34,6; 26,2; 24,7, 24.4;

22,9;20,3; 12,9.

-11-
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10e
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'H NMR (500 MHz, CDCls,
8 (ppm)): 7,63 (d, J = 2,5 Hz,
1H); 7,63-7,61 (m, 2H);
7,56-7,52 (m, 1H); 7,37 (dd,
J=3,0Hz, 9,0 Hz, 1H); 7,27-
722 (m, 1H); 7,08-7,01 (m,
1H); 7,03-7,01 (m, 1H); 5,48
(s, 1H); 4,90 (d, J = 3,5 Hz,
1H); 4,28-4,18 (m, 3H);
3,85-3,81 (m, 1H); 2,65-2,63
(m, 1H); 2,35 (dt, J = 4,0 Hz,
13,5 Hz, 1H); 2,24 (s, 3H);
2,06-2,02 (m, 1H); 1,89 -1,86
(m, 1H); 1,78-1,75 (m, 1H);
1,73-1,68 (m, 1H); 1,57-1,53
(m, 1H); 1,51-1,46 (m, 5H);
1,35-1,32 (m, 1H); 1,28-1,19
(m, 1H); 0,97-0,89 (m, 7H).
BC NMR (125 MHz, CDCls,
3 (ppm)): 166,0; 164,3;
162,0; 157,6; 142,1; 139,2;
134,1; 129,6; 128,6; 124,1;
121,4; 116,5; 115,9; 107,5;
104,1; 102,2; 87,9; 81,1;
67,9; 66,4; 52,6, 44,5; 37.5;
36,5; 34,7; 30,9; 26,2; 24,7,
24.4:23,0;20,3; 13,0.

'"H NMR (500 MHz, CDClIs,
d (ppm)): 7,64 (d, J = 3,0 Hz,
1H); 7,62 (d, J=9,0 Hz, 1H);
7,49-7,46 (m, 1H); 7,36 (dd,
J=3,0Hz, 9,0 Hz, 1H); 7,21
(m, 1H); 7,13-7,11 (m, 1H);
7,10-7,08 (m, 1H); 5,30 (s,
1H); 4,89 (t, J = 3,0 Hz, 1H);
4,26-4,20 (m, 3H); 3,82-3,79
(m, 4H); 2,65-2,62 (m, 1H);
2,35 (dt, J=4,0 Hz, 13,5 Hz,
1H); 2,19 (s, 3H); 2,06-2,02
(m, 1H); 1,89 -1,85 (m, 1H);

ESI-HRMS
tim thay:
581,26509;
Iy thuyét:
C32H38FN207
M+ H]"™
581,26630.

ESI-HRMS
tim thay:
593.28128;
ly thuyét:
C33Ha1N2Og
M+ H]"
593.28629
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1,77-1,74 (m, 1H); 1,73-1,68
(m, 2H); 1,51-1,37 (m, 5H);
1,27-1,20 (m, 2H); 0,93-0,85
(m, 7H). C NMR (125
MHz, CDCl, & (ppm)):
161,8; 157,3; 154,7; 1527,
142.3; 130,8; 129,3; 128.3;
126,5; 124.,8; 121,6; 121,4;
112,3; 107,6; 104,1; 102,2;
88,0; 81,2; 67.,9; 66,4; 55.8;
52,6; 44,5; 37.,5; 36,5; 34,6;
30,9; 26,2; 24,7, 24,5; 23.3;
20,3; 13,0.

'H NMR (500 MHz, CDCls,
8 (ppm)): 7,68 (d, J = 3,0 Hz,
1H); 7,62 (d,J = 8,5 Hz, 1H);
7,36-7,31 (m, 2H); 7,29 (d, J
=9,5Hz,2H); 7,20 (d,J=9,5
Hz, 2H); 5,49 (s, 1H); 5,41
(s, 2H); 4,91 (d, J = 3,5 Hz,
1H); 4,27-4,20 (m, 3H);
3,85-3,81 (m, 1H); 2,66-2,64
(m, 1H); 2,55 (s, 3H); 2,34
(tt, 7=20,2 Hz, 10,0 Hz, 1H);
2,06-2,02 (m, 1H); 1,79-1,76
(m, 2H); 1,74-1,68 (m, 2H);
1,57-1,45 (m, 5H); 1,27-1,22
(m, 2H); 0,93 (d, J = 7,0 Hz,
3H); 0,89 (m, 4H). °C NMR
(125 MHz, CDCls, 8 (ppm)):
162,6; 162,1; 157,6; 135,8;
128.,9; 128.,1; 127,7; 127,7,
126,5; 125,1; 121,0; 107.4;
104,1; 102,2; 87,9; 81,1;
67,9; 66,4; 52,6, 47,3; 44,5;
37,5; 36,5; 34,6; 30,9; 26,2;
24.7; 24,4, 22,0, 20,3; 12,9.

ESI-HRMS
tim thay:
577,29101;

ly  thuyét:
C33HaiN207
M + HI"
577,29138
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'"H NMR (500 MHz, CDCls,
& (ppm)): 8,16 (d, ] =15,5 Hz,
1H); 7,70 (d, ] = 9,0 Hz, 1H);
7,65 (d, J=3,0 Hz, 1H); 7,56
(dd, J=3,0 Hz, 9,0 Hz, 1H);
7,36-7,32 (m, 3H); 7,02-7,0
(m, 1H); 6,97 (d, J = 8,0 Hz,
1H); 5,49 (s, 1H); 4,91 (d,J =
3,0 Hz, 1H); 4,28-4,20 (m,
5H); 3,94 (s, 3H); 3,85-3,81
(m, 1H); 2,66-2,63 (m, 1H);
2,38 (dt, J =4,0 Hz, 14,5 Hz,
1H); 2,06-2,02 (m, 1H);
1,89-1,86 (m, 2H); 1,74-1,69
(m, 2H); 1,57-1,42 (m, 7H);
1,3-1,21 (m, 4H, H-6); 1,02
(t,J=17,5Hz, 3H); 0,93 (d,J
= 6,0 Hz, 3H); 0,90 (m, 4H).
BC NMR (125 MHz, CDCls,
d (ppm)): 161,9; 1584,
157,4; 150,8; 138,2; 137,2;
130,6; 129,7; 128,9; 124.8;
124,6; 121,1; 120,9; 113,9;
111,2; 107,0; 104,1; 102,2;
88.,0; 81,2; 67,8; 66,4; 55,5;
52.6; 44,5; 43,6; 37,5; 36,5;
34,6; 31,2; 30,9; 26,2; 24,7,
24.4:20,3;20,2; 13,8; 12,9.

'"H NMR (500 MHz, CDCls,
d (ppm)): 8,32 (d, J =15,0 Hz,
1H); 8,07 (d, ] =9,0 Hz, 1H);
7,72-7,65 (m, 4H); 7,55 (dt, J
= 2,0 Hz, 8,5 Hz, 1H); 7,35
(dd, J =3,0 Hz, 9,0 Hz, 1H);
7,02 (d, J =15,0 Hz, 1H);
5,49 (s, 1H); 4,91 (d,J = 3.0
Hz, 1H); 4,29-4,20 (m, 5H);
3,85-3,81 (m, 1H); 2,66-2,63
(m, 1H); 2,38 (dt, J = 4,0 Hz,
14,5 Hz, 1H); 2,07-2,02 (in,

ESI-HRMS
tim thay:
661,34018;
ly thuyét:
C33Ha9N>0s
M + HI"
661,34889

ESI-HRMS
tim théy:
676,32244;
Iy thuyét:
C37H46N309
M+ H]"
676,32341.
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1H); 1,90-1,86 (m, 2H);
1,81-1,75 (m, 1H); 1,58-1,54
(m, 1H); 1,52-1,44 (m, 7H);
1,3-1,21 (m, 4H); 0,99 (t, ] =
7,5 Hz, 3H); 0,94-0,83 (m,
7H). 3C NMR (125 MHz,
CDCl;, & (ppm)): 161.,7;
158,0; 149,1; 148,5; 138,9;
137,3; 133.4; 131,7; 129,7;
129,2; 129,0; 125,0; 124.9;
123,9; 121,6; 107,1; 104,1;
102,2; 88,0; 81,1; 68,0; 66,4;
52,6; 44,5; 43,6, 37,5; 36.5;
34.,6; 31,4; 30,9; 26,2; 24,7,
24.5;20,3; 20,2; 13,8; 13,0.

'H NMR (500 MHz, CDCls,
3 (ppm)): 8,45 (d, J =1,5 Hz,
1H); 8,24-822 (m, 1H);
8,03-7,98 (m, 1H); 7,89 (d, J
= 8,5 Hz, 1H); 7,69-7,59 (m,
3H); 7,37 (d, ] = 3,0 Hz, 8,5
Hz, 1H); 7,23 (d,J= 15,5 Hz,
1H); 5,49 (s, 1H); 4,91 (d,J =
3,0 Hz, 1H); 4,31-4,20 (m,
5H); 3,86-3,82 (m, 1H);
2,66-2,64 (m, 1H); 2,38 (dt, J
=4,0 Hz, 14,5 Hz, 1H); 2,06-
2,02 (m, 1H); 1,90-1,86 (m,
2H); 1,72 (m); 1,67 (m, 1H);
1,58-1,44 (m, 7H); 1,28-1,24
(m, 4H); 1,03 (t, J = 7,5 Hz,
3H); 0,94-0,90 (m, 7H). °C
NMR (125 MHz, CDCls, &
(ppm)): 160,7; 159,7; 158,0;
148.8; 138,3; 137,2; 137,1;
133,5; 130,0; 128,7; 125,1;
124,0; 121,9; 121.,4; 114.8;
107,3; 104,1; 102,2; 87,9;
81,1; 67,9; 66,4; 52,6; 44,5;
43,5; 37,5; 36,5; 34,6; 31,4;

ESI-HRMS

tim thay:
676,32308;,
lé'r thuyét:
37H46N309
M + H|"
76,32341.
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31,0; 26,2; 24,7; 24,5; 20,3;
20,1; 13,7; 13,0.

'H NMR (500 MHz, CDCls,
& (ppm)): 7,92 (d, J = 15,0
Hz, 1H); 7,65-7,64 (d, ] =9,0
Hz, 2H); 7,59-7,56 (m, 2H);
7,34 (dd, J = 2,5 Hz, 8,5 Hz;
1H); 7,11 (t,J =9,0 Hz, 2H);
7,03 (d, J = 15,0 Hz, 1H);
5,49 (s, 1H); 4,91 (d,J =3,5
Hz, 1H); 4,31-4,20 (m, 5H);
3,85-3,81 (m, 1H); 2,66-2,63
(m, 1H); 2,38 (dt, ] = 4,0 Hz,
14,5 Hz, 1H); 2,06-2,02 (m,
1H); 1,90-1,86 (m, 2H);
1,82-1,76 (m, 1H); 1,73-1,64
(m, 1H); 1,56-1,44 (m, 7H);
1,28-1,21 (m, 4H); 1,02 (t, J
= 17,5 Hz, 3H); 0,93-0,85 (m,
7H). 3C NMR (125 MHz,
CDCls, & (ppm)): 164,6;
162,6; 161,8; 157,6; 138,5;
137,2; 131,8; 129,5; 128.8;
125,0; 121,3; 116,2; 116,0;
107,2; 104,1; 102,2; 88,0;
81,2; 67,9; 66,4; 52,6, 44.5;
43.,5; 37,5; 36,5; 34,7; 31,3;
30,9; 26,2; 24,8; 24,5; 20,3;
20,2; 14,0; 13,0.

ESI-HRMS
tim thay:
648,32101;

ly  thuyét:
C37H46FN207
M + H]":
648,32108
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'H NMR (500 MHz, CDCls,
d (ppm)): 7,89 (d, J = 15,5
Hz, 1H); 7,65 (d, J = 9,0 Hz,
1H); 7,65 (m, 2H); 7,56 (d, J
=8,5Hz, 2H); 7,46 (d,J=38.,5
Hz, 2H); 7,34 (dd, J = 3,0 Hz,
9,0 Hz, 1H); 7,09 (d, I = 15,5
Hz, 1H); 5,49 (s, 1H); 4,91
(d, J=3,5Hz, 1H); 4,31-4,20
(m, 5H); 3,85-3,81 (m, 1H);
2,66-2,63 (m, 1H); 2,38 (dt, J
=4,0 Hz, 14,5 Hz, 1H); 2,06-
2,02 (m, 1H); 1,90-1,86 (m,
2H); 1,73-1,64 (m, 1H);
1,56-1,44 (m, 8H); 1,28-1,21
(m, 4H); 1,02 (t, ] = 7,5 Hz,
3H); 0,93 (d, J = 6,0 Hz, 3H);
0,89-0,85 (m, 4H). 3°C NMR
(125 MHz, CDCls, 6 (ppm)):
161,8; 157,7; 149.,8; 138.5;
137,3; 134,5; 132,2; 129,1;
128.9; 125,0; 123,8; 121,3;
119,5; 107,2; 104,1; 102,2;
87,9; 81,1; 67,9; 66,4; 52,6;
44.5; 43,5; 37,5; 36,5; 34,7,
31,3; 30,2; 26,2; 24,8; 24,7,
20,3; 20,1; 13,8; 13,0.

'H NMR (500 MHz, CDCls,
8 (ppm)): 7,91 (d, J = 15,0
Hz, 1H); 7,65-7,63 (m, 2H);
7,53 (d, T =8,5 Hz, 2H); 7,40
(d, 7= 28,5 Hz, 2H); 7,35 (dd,
J=3,0Hz, 9,0 Hz, 1H); 7,08
(d, J=15,0 Hz, 1H); 5,49 (s,
1H); 4,91 (d, J=3,5 Hz, 1H);
4,29-4,20 (m, 5H); 3,85-3,81
(m, 1H); 2,66-2,63 (m, 1H);
2,38 (dt, ] =4,0 Hz, 14,5 Hz,
1H); 2,05-2,02 (m, 1H);
1,90-1,86 (m, 2H); 1,73-1,64
(m, 1H); 1,59-1,43 (m, 8H);
1,28-1,21 (m, 4H); 1,02 (t, J

ESI-HRMS
tim thiy:
709,24554;
ly thuyét:
C37H46BrN;
O7 [M + H]"
709,24884.

ESI-HRMS
tim thay:
665,29707,
ly thuyét:
C37Ha6CIN27
M + H]I"
665,29935.
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= 17,5 Hz, 3H); 0,93-0,85 (m,
7H). *C NMR (125 MHz,
CDCl;, & (ppm)): 161.8;
157,6; 158,8; 138,2; 135,5;
134,1; 132,2; 129,5; 129,2;
128,9; 125,0; 121,3; 117.8;
107,2; 104,1; 102,2; 87.9;
81,1; 67,9; 66,4; 52,6; 44.5;
43,5; 37,5; 36,5; 34,7; 31,3;
30,9; 26,2; 24,7, 24,5; 20,3;
20,2; 13,8; 12.,9.

'H NMR (500 MHz, CDCls,
3 (ppm)): 7,94 (d, J = 15,5
Hz, 1H); 7,66-7,64 (m, 2H);
7,50 (d, J=9,0 Hz, 2H); 7,33
(dd, J = 3,0 Hz, 9,0 Hz, 1H);
7,23 (d, J=9,0 Hz, 2H); 7,08
(d, J=15,5 Hz, 1H); 5,49 (s,
1H); 4,91 (d, J =3,5 Hz, 1H);
4,28-4,19 (m, 5H); 3,85-3,81
(m, 1H); 2,66-2,63 (m, 1H);
2,40 (s, 3H); 2,35 (dt, ] = 4,0
Hz, 14,5 Hz, 1H); 2,06-2,02
(m, 1H); 1,90-1,86 (m, 2H);
1,73-1,64 (m, 1H); 1,56-1,42
(m, 8H); 1,28-1,21 (m, 4H);
1,02 (t, 7= 17,5 Hz, 3H); 0,93
(d, J = 6,0 Hz, 3H); 0,89 (m,
4H). BC NMR (125 MHz,
CDCl;, & (ppm)): 161.9;
157,9; 150,3; 140,0; 138,2;
137,2; 132,9; 129,7; 128,9;
127,7; 124,9; 121,2; 117.8;
107,1; 104,1; 102,2; 87,9;
81,2; 67,9; 66,4; 52,6; 44,5;
43.5; 37,5; 36,5; 34,6; 31,2;
30,9; 26,2; 24,7, 24.,5; 21.5;
20,3;20,2; 13,8; 12.9.

ESI-HRMS
tim thay:
645,35608;
ly thuyét:
C3sHaoN207
M + H]"
645,35398



39433

f "H NMR (500 MHz, DMSO-

Ho ds, 8 (ppm)): 10,05 (s, 1H);
O N 7,49 (d, ] = 8,8 Hz, 1H); 7,43
/)\ (d, J=2,8 Hz, 1H); 7,28 (dd,

N o J=132Hz, 8,8 Hz, 1H); 7,15

9a (d,J=8,8 Hz, 2H); 7,04 (d, J

= 8,8 Hz, 2H); 5,30 (s, 2H);

2,42 (s, 3H); 2,08 (s, 3H). °C

NMR (125 MHz, DMSO-ds,

8 (ppm)): 161,2; 156,9;

152,8; 140,9; 138,5; 136,5;

133,4; 129,3; 128,0; 126.3;

120,5; 109.6; 46.2; 22.5;

20,6.
0 'H NMR (500 MHz, DMSO-
o ds, & (ppm)): 10,07 (s, 1H);
X N/} A 7.49 (d, J = 9.0 Hz, 1H); 7,43
| | (d, J = 3,0 Hz, 1H); 7,39 (d, ]
SN = 8,50 Hz, 2H); 7,28 (dd, J =
3,0 Hz, 9,0 Hz, 1H); 7,21 (d, ]
9b = 8,50 Hz, 2H); 5,33 (s, 2H);

2,42 (s, 3H). *C NMR (125
MHz, DMSO-ds, 6 (ppm)):
161,3; 155,9; 151,4; 140.4;
135,7, 131,8; 128,7; 128.3;
128,0; 124,0; 122,2; 109,1;
45.8; 22,6.

N 'H NMR (500 MHz, CDsOD,

© ’ § (ppm)): 7,57 (d, J = 9,0 Hz,

HO g ) 1H); 7,50 (s, J = 3,0 Hz, 1H);
N 7,43 (d, J=9,0 Hz, 2H); 7,36-

7,32 (m, 3H); 2,21 (s, 3H). 1°C

N/ NMR (125 MHz, CD;OD, §

(ppm)): 163,8; 163,3; 157.9;
153,4, 141,9; 1352; 131,7;

128.9; 125,6; 122,6; 117.9;
110,6; 23,7.

"HNMR (500 MHz, CD;0D,
o (ppm)): 7,65-7,61 (m, 1H);

-19-
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7,57 (d, T=9,0 Hz, 1H); 7,50
(d,J=3,0Hz, 1H); 7,35-7,32
(m, 2H), 7,28-7,25 (m, 1H);
7,24-7,22 (m, 1H); 2,23 (s,
3H). *C NMR (125 MHz,
CDs;OD, & (ppm)): 165.6;
163,7; 158,0; 152,9; 141,9;
140,7; 132,5; 128,9; 125,7;
122,6; 122,2; 117,5; 117,1;
110,6; 23,6.

'H NMR (500 MHz, DMSO-
d6, 8 (ppm)): 10,31 (brs, 1H);
7,59 (d, T = 8,5 Hz, 1H); 7,52-
7,48 (m, 1H); 7,44-7,41 (m,
2H); 7,35 (dd, J = 2,5 Hz, 7,5
Hz, 1H); 7,26 (dd, J = 8,50
Hz, 1H); 7,11 (t, J = 7,5 Hz,
1H); 3,76 (s, 3H); 2,04 (s,
3H). C NMR (125 MHz,
DMSO-d6, 6 (ppm)): 160,6;
155,8; 154,2; 151,3; 140,6;
130,6; 129,6; 128,2; 126,1;
123,9; 121,2; 112,4; 109,1;
55,7, 22,7.

'"H NMR (500 MHz, DMSO-
ds, & (ppm)): 8,31 (brs, 1H);
7,50 (d, T = 9.0 Hz, 1H); 7,45
(d, J=3,0 Hz, 1H); 7,36-7,12
(m, 6H); 5,35 (s, 2H); 1,87 (s,
3H). °C NMR (125 MHz,
DMSO-ds, 6 (ppm)): 169,2;
155,9; 151,6; 140.4; 136,7;
128.8; 128,3; 127,2; 1267,
126,2; 124,0; 120,8; 109,1;
46,3;22,5.

'H NMR (500 MHz, DMSO-
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d6, & (ppm)): 10,09 (s, 1H);
7,81 (m, 3H); 7,57 (d, J = 8,5
Hz, 1H); 7,49 (d, J = 8,5 Hz,
2H); 7,42 (d,J = 3,0 Hz, 1H);
7,39 (d, J=15,0 Hz, 1H); 7,28
(dd, T = 3,0 Hz, 8,5 Hz, 1H);
427 (t, J = 7,5 Hz, 2H); 3,38
(s, 3H); 1,62-1,59 (m, 2H);
1,38-1,36 (m, 2H); 0,91 (t, J =
7,5 Hz, 3H). 3C NMR (125
MHz, DMSO-d6, & (ppm)):
160,8; 159,4; 156,1; 148.8;
140,4; 137.4; 134,4; 133.8;
129,5; 128.,8; 128,7; 124.0;
121,0; 120,6; 113,6; 109,1;
55,2;42,1; 30,9; 19,4; 13,6.

'H NMR (500 MHz, CD3;0D,
d (ppm)): 8,15 (d, J = 15,0 Hz,
1H); 8,06 (dd, J = 1,0 Hz, 8,5
Hz, 1H); 7,96 (d, J = 7,5 Hz,
1H); 7,77 (t, J = 7,5 Hz, 1H);
7,64-7,61(m, 2H); 7,61 (d,J =
1,0 Hz, 1H); 7,53 (d, J = 3.0
Hz, 1H); 7,33 (dd, ] = 3,0 Hz,
9,0 Hz, 1H); 7,30 (d, J = 15,0
Hz, 1H); 4,32 (t, ] = 8,0 Hz,
2H); 1,80-1,74 (m, 2H); 1,51-
1,44 (m, 2H); 1,01 (t, J = 7,0
Hz, 3H). BC NMR (125 MHz,
CD;OD, 6 (ppm)): 163.4;
159,5; 158,4; 150,4; 142.1;
138,1; 135,9; 131,1; 130,0;
125,9; 125,7, 125,6; 125,4;
122,7; 122,0; 110,4; 44.,5;
32,3;21,0; 14,1.
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'"H NMR (500 MHz, DMSO-
ds, 0 (ppm)): 10,12 (s, 1H);
8.60 (t,J = 1,5 Hz, 1H); 8,24
(d, J=17,5 Hz, 1H); 8,20 (dd,
J=1,5Hz, 8.0 Hz, 1H); 7,93
(d,7=15,0Hz, 1H); 7,72 (t,J
= 8,0 Hz, 1H); 7,58-7,56 (m,
2H); 7,43 (d, ] = 3,0 Hz, 1H);
7,28 (dd, J = 3,0 Hz, 9,0 Hz,
1H); 4,31 (t, J = 7,5 Hz, 2H);
1,64-1,61 (m, 2H); 1,39-1,34
(m, 2H); 0,92 (t, ] = 7,5 Hz,
3H). *C NMR (125 MHz,
DMSO-ds, & (ppm)): 160,7;
156,3; 148,5; 148.4; 140,3;
137,3; 136,4; 133,9; 130,2;
128,9; 124,0; 123.,5; 122,9;
122,1; 121,1; 109,1; 42,0,
30,9; 19,4; 13,6.

'"H NMR (500 MHz, CD3;0D,
d (ppm)): 7,83 (d, J=15,5 Hz,
1H); 7,75 (d, J = 9,0 Hz, 2H);
7,64 (d, J =9,0 Hz, 1H); 7,53
(d, J=2,5 Hz, 1H); 7,34 (dd,
J=2,5Hz, 9,0 Hz, 1H); 7,29
(d, J = 15,5 Hz, 1H); 7,20 (d,
J=9,0Hz,2H); 433 (t,J=7.5
Hz, 2H); 1,81-1,75 (m, 2H);
1,52-1,48 (m, 2H); 1,04 (t,J =
7,5 Hz, 3H). *C NMR (125
MHz, CD3;OD, 6 (ppm)):
165,9; 163,5; 157,9; 151,5;
142,3; 140,1; 133,5; 130,9;
129,6; 125,5; 122,5; 120,3;
117,0;110,3; 44,4, 32,2;21,0;
14,1.
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'"H NMR (500 MHz, CD3;0D,
3 (ppm)): 7,85 (d, J = 15,0 Hz,
1H); 7,63-7,54 (m, 6H); 7,34-
7,31 (m, 2H); 4,33 (t, J = 7,0
Hz, 2H); 1,80-1,75 (m, 2H);
1,52-1,47 (m, 2H); 1,03 (t, T =
7,0 Hz, 3H). 3C NMR (125
MHz, CD3:OD, & (ppm)):
163,3; 157,9; 151,0; 1424,
139,7; 136,3; 133,2; 130,5;
130,0; 125,4; 124.,5; 122,6;
121,6; 110,6; 44,3;32,3; 21,0,
14,1.

'"H NMR (500 MHz, CD30D,
8 (ppm)): 7,85 (d, J = 15,0 Hz,
1H); 7,64-7,55 (m, 6H); 7,34-
7,31 (m, 2H); 4,33 (t,J=7.5
Hz, 2H); 1,82-1,76 (m, 2H);
1,52-1,48 (m, 2H); 1,03 (t, T =
7,0 Hz, 3H). BC NMR (125
MHz, CDsOD, & (ppm)):
163,3; 157,9; 151,1; 1424,
139,7; 136,2; 133,2; 130,2;
129,9; 125.4; 124,4; 122,6;
121,5;110,6; 44,3;32,3;21,0;
14,1.

'H NMR (500 MHz, CD;Cls,
8 (ppm)): 7,91 (d, J = 7,0 Hz,
2H); 7,66 (d, J = 8,0 Hz, 1H);
7,49 (d, J = 7,0 Hz, 2H); 7,34
(d, J=2,5 Hz, 1H); 7,25-7,21
(m, 2H); 7,06 (d, J = 15,5 Hz,
1H); 4,26 (m, 2H); 2,39 (s,
3H); 1,82-1,80 (m, 2H); 1,52-
1,50 (m, 2H); 1,03 (t, J = 7,5
Hz, 3H). 3C NMR (125 MHz,
CDCls, & (ppm)): 1624;
154,4; 149,9; 142.2; 140,4;
139,9; 133,2; 129,7; 129,2;
127,7; 124,3; 121,4; 118,1;
110,6; 43,7; 31,3; 21.4; 20,3;
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13,7.
9 'H NMR (500 MHz, CDCl,
HO PN (ppm)): 7,85 (d, J = 3,0 Hz,
i 1H); 7,54 (d, T = 9,0 Hz, 1H);
N/* 731 (dd, J = 3,0 Hz, 9,0 Hz,

1H); 7,63 (brs, 1H); 4,09 (t, J

1 = 3,0 Hz, 2H); 2,64 (s, 3H);
1,74-1,70 (m, 2H); 1,50-1,46
(m, 2H); 1,0 (t, J = 2,5 Hz,
3H). BC NMR (125 MHz,
CDCls, & (ppm)): 162,2;
155,2; 152,4; 141,4; 128.3;
124,2; 121,2; 110,1; 44,7,
30,7; 22,8; 20,3; 13,7.

Vi du thwe hién siang ché

Sau ddy, sang ché s& duoc mo ta mot cach chi tiét hon thong qua cac vi du minh
hoa cho sang ché.

Vidu 1: Quy trinh tong hop chat 10e

OCH3

Budce 1

Nho tur tr BF3.ELO (1 6 mL) vao dung dich cua d1hydroartem1sm1n (2g, 7,04 mmol) va 2-
brometanol (0,8 mL, 1,31 g) trong CH2Cl> (10 mL); hdn hop phan tmg duogc khudy & nhiét
d6 0-5°C trong 4 gid; hdn hop phan g sau d6 dugc trung hoa véi NaxCOs t61 pH =7 va
chiét voi CHxCla (3 x 20 mL); pha hitu co duoc tach ra, Jam khan bang Na;SO4, c¢6 quay
dudi 4p sudt giam. Can thu duge két tinh trong hon hop dung mdi n- hexan-etyl axetat thu
duoc chat 6 (2,25 g, 82%);

'H NMR (500 MHz, CDCL) & 5,46 (s, 1H); 4,82 (d, J = 3,4 Hz, 1H); 4,13 (dt, ] = 10,8 Hz,
5.4 Hz, 1H); 3,76 (dt, J = 10,9 Hz, 5,3 Hz, 1H); 3,53 (¢, 2H); 2,66 (dt, J = 7,7 Hz, 5,7 Hz,
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1H); 2,33 (tt,  =20,2 Hz, 10,0 Hz, 1H); 2,04-1,97 (m, 1H); 1,91-1,80 (m, 2H); 1,73 (ddd,
] = 14,2 Hz, 7,5Hz, 3,6 Hz, 1H); 1,65-1,55 (m, 1H); 1,52-1,37 (m, 5SH); 1,36-1,28 (m,
1H); 1,25-1,17 (m, 1H); 0,89 (m, 7H). 3C NMR (125 MHz, CDCls) & 104,1; 102,0; 88,1;
81,0; 68.2; 52.,6; 44,3; 37,4; 36,4; 34,6; 31,4; 30,8; 26,1; 24,6; 24.3; 20,3; 12.9.

Buwdéce 2

DPun hoi luu hdn hop ciia axit 5-hydroxy anthranilic (hop chét 7) trong anhydrit axetic &
150 °C trong 2 gid; hon hop sau d6 dugce do ra nude da; tha tao thanh duoc loc, rua bang
nude cat va lam kho trong chan khong thu duge chat 8, duoc st dung ludn cho cac budc
tiep theo;

Buée 3

Mot hdn hop ciia 8 (1,0 g, 5,64 mmol) va 2-metoxy anilin (3 duong luong) trong axit axetic
(10 mL) duoc dun hoi luu & 120 °C trong 14 gio; phan tmg dugc kidm tra bang sic 1y 16p
mong voi hé dung moi trién khai n- hexan-etyl axetat (1 : 1); hdn hop phan ung sau do
duoc trung hoa voi NaHCOs3 50% dén pH =7 va chiét voi CH2Cl (3 x 20 mL); pha hitu
co duoc tach ra va lam khan véi NaxSOs, ¢d quay loai dung mdi & ap suit giam cho cén;
can sau do duoc tién hanh chay cot silica gel sir dung hé dung mdi rua giai n- hexan-etyl
axetat cho chat 9e (6-hydroxy-3-(2-metoxyphenyl)-2-metylquinazolin-4(3H)-on; chét ran
mau tréng, hiéu Suét: 88%);

'H NMR (500 MHz, DMSO-d6, & (ppm)): 10,31 (brs, 1H); 7,59 (d, J = 8,5 Hz, 1H); 7,52-
7.48 (m, 1H); 7,44-7,41 (m, 2H); 7,35 (dd, ] = 2,5 Hz, 7,5 Hz, 1H); 7,26 (dd, J = 8,50 Hz,
1H); 7,11 (t,J = 7,5 Hz, 1H); 3,76 (s, 3H); 2,04 (s, 3H). *C NMR (125 MHz, DMSO-d6,
& (ppm)): 160,6; 155,8; 154,2; 151,3; 140,6; 130,6; 129,6; 128,2; 126,1; 123,9; 121,2;
112,4;109,1; 55,7, 22,7.

Bude 4

Mot hdn hop ciia 6 (200 mg, 0,51 mmol), K2COs (76 mg, 0,56 mg) va KI (17 mg) trong
DMF (10 mL) dugc khudy & 60°C trong 30 phit; chét 9e (1,5 duong lugng) duoc b sung
va hén hop phan ung dugc tiép tuc khudy trong 10 gio; hdn hop phan ung sau d6 duogc
chiét v&i CH,Cla (3 x 20 mL); pha hitu co duogc tach ra, lam khan bang Na;SO4 va ¢d quay
duéi ép sudt giam; c@n thu dugce dugc chay sac ky str dung cot silica gel, hé dung méi rura
giai n- hexan-etyl axetat cho hop chit 10e (3-(2-metoxyphenyl)-2-metyl-6-(2-
(((3R,5aS,6R,8aS,9R,10S,12R,12aR)-3,6,9-trimetyldecahydro-12H4-3,12-
epoxy|[1,2]dioxepino[4,3-iJisochromen-1 0-yl)oxy)etoxy)quinazolin-4(3 H)-on): Chat ran
mau trang; hiéu suat: 57%.

'H NMR (500 MHz, CDCls, 8 (ppm)): 7,64 (d, T = 3,0 Hz, 1H); 7,62 (d, ] = 9,0 Hz, 1H);
7.49-7,46 (m, 1H); 7,36 (dd, J = 3,0 Hz, 9,0 Hz, 1H); 7,21 (m, 1H); 7,13-7,11 (m, 1H);
7,10-7,08 (m, 1H); 5,30 (s, 1H); 4,89 (t, J = 3,0 Hz, 1H); 4,26-4,20 (m, 3H); 3,82-3,79 (m,
4H); 2,65-2,62 (m, 1H); 2,35 (dt, ] =4,0 Hz, 13,5 Hz, 1H); 2,19 (s, 3H); 2,06-2,02 (m, 1H);
1,89 -1,85 (m, 1H); 1,77-1,74 (m, 1H); 1,73-1,68 (m, 2H); 1,51-1,37 (m, 5H); 1,27-1,20
(m, 2H); 0,93-0,85 (m, 7H). 3C NMR (125 MHz, CDCls, 8 (ppm)): 161.8; 157,3; 1547,
152,7; 142,3; 130,8; 129,3; 128,3; 126,5; 124,8; 121,6; 121,4; 112,3; 107,6; 104,1; 102,2;
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88.0; 81,2; 67,9; 66,4; 55,8; 52,6; 44,5, 37,5; 36,5; 34,6; 30,9; 26,2; 24,7; 24,5, 23,3, 20,3;
13,0. ESI-HRMS tim thay: 593,28128; Iy thuyét: C33H41N2O0g [M + H]": 593,28629.

Vi du 2: Quy trinh téng hop chét 13d

Budée 1: gidng budc 2 trong quy trinh téng hop chit 10e nhu di duoc mo ta trong vi du 1.
Bude 2

M6t hon hop cua 8 (1.0 g, 5,64 mmol) va n-butylamin (3 duong luong) trong axit axetic
(10 mL) dugc dun héi luu ¢ & 120 °C trong 14 gio; phan ung dugc kiém tra bang sac ly 16p
mong voi hé dung moi trién khai n- hexan- etyl axetat (1 : 1); hon hop phan ung sau d6
duoc trung hoa voi NaHCOs 50% dén pH =17 va chiét voi CH,Cly (3 % 20 mL); pha htru
co dugc tach ra va lam khan v61 NaxSOs, ¢6 quay loai dung mdi & ap sudt giam cho cin;
ciin sau d6 duoc tién hanh chay cot silica gel st dung hé dung mdi rira giai n- hexan- etyl
axetat cho chét 11 (3-butyl-6-hydroxy-2-metylquinazolin-4-(3 H)-on): chét rdn vang sang;
hiéu suat: 92%.

' NMR (500 MHz, CDCL, 8 (ppm)): 7,85 (d, J = 3,0 Hz, 1H, H-5); 7,54 (d, J = 9,0 Hz,
H-8); 731(dd T=3,0 Hz, 9.0 Hz, 1H, H-7); 7,63 (brs, 1H); 4,09 (t, J = 3,0 Hz, 2H); 2,64
(s, 3H); 1,74-1,70 (m, 2H); 1,50-1,46 (m, 2H); 1,0 (t, ] = 2,5 Hz, 3H). *C NMR (125 MHz,
CDCls, 8 (ppm)): 162,2; 155,2; 152,4; 141,4; 128,3; 124,2; 121,2; 110,1; 44,7; 30,7, 22,8;
20,3; 13.7.

Buwdce 3

Mot hdn hop ctia 11 (1,0 g, 4,34 mmol) trong axit axetic (10 mL) va 4- flobenzaldehit (2,5
duong luong) duoc dun va khudy & nhiét do 140 °C trong 16 gio; phan ng duoc kiém tra
bang sic ky bin méng st dung hé dung mdi n-hexan-etyl axetat =1 : 1; hdn hop phan ung
sau d6 dugc lam lanh xudng nhiét d6 phong; tinh thé hinh thanh duoc loc, rra vo1 nudce
cét cho san pham thd, két tinh lai trong n-hexan : etyl axetat thu dugc 12d ((E)-3-butyl-6-
hydroxy-2-(4-fluorostyryl) quinazolin-4(3H)-on); chét ran vang sang; hiéu suat 82%;

'H NMR (500 MHz, CDsOD, 8 (ppm)): 7,83 (d, J = 15,5 Hz, 1H, H-p); 7.75 (d, ] = 9,0
Hz, 2H); 7,64 (d, ] = 9,0 Hz, 1H); 7,53 (d, ] = 2,5 Hz, 1H); 7,34 (dd, J = 2,5 Hz, 9,0 Hz,
1H); 7,29 (d, J = 15,5 Hz, 1H); 7,20 (d, ] = 9,0 Hz, 2H); 4,33 (t, ] = 7.5 Hz, 2H); 1,81-1,75
(m, 2H); 1,52-1,48 (m, 2H); 1,04 (t, J] = 7,5 Hz, 3H). *C NMR (125 MHz, CD;OD, 8
(ppm)): 165.9; 163,5; 157,9; 151,5; 142,3; 140,1; 133,5; 130,9; 129,6; 125,5; 122.5; 120,3;
117,0; 110,3; 44,4; 32,2; 21,0; 14,1.
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Bwoce 4

Mot hon hop ctia hop chat 6 (245 mg, 0,63 mmol), K»COs (129 mg, 0,95 mmol) va KI
(21 mg, 0,13 mmol) trong DMF (10 mL) duoc khudy & 60°C trong 30 phut; hop chat 12d
(1,5 duong luong) didu ché & trén dugce bd sung vao va phan tng dugc khudy trong 12
gio; hon hop sau do duogc chiét voi CHaCL (3 x 20 mL); pha hitu co dugc tach ra, lam
khan bang Na;SOu cd quay dudi ap sudt giam thu dugc can; sac ky cot silicagel voi hé
dung moi n-hexan/etyl axetat thu duogc chit 13d (3-butyl-2-((E)-4-florostyryl)-6-(2-
(((3R,5aS,6R,8aS,9R,105,12R,12aR)-3,6,9-trimetyldecahydro-12 H-3,12-

epoxy|l ,2]dioxepino[4,3- i]isochromen-10-yl)oxy)etoxy)quinazolin-4(3 H)-on); chat rdn
mau trang, hiéu suét: 43%;

IH NMR (500 MHz, CDCls, § (ppm)): 7,92 (d, J = 15,0 Hz, 1H); 7,65-7,64 (d, I = 9,0 Hz,
2H); 7,59-7,56 (m, 2H); 7,34 (dd, J = 2,5 Hz, 8,5 Hz, 1H); 7,11 (t, ] = 9,0 Hz, 2H); 7,03
(d, J = 15,0 Hz, 1H); 5,49 (s, 1H); 4,91 (d, ] = 3,5 Hz, 1H); 4,31-4,20 (m, 5H); 3,85-3,81
(m, 1H); 2,66-2,63 (m, 1H); 2,38 (dt, ] = 4,0 Hz, 14,5 Hz, 1H); 2,06-2,02 (m, 1H); 1,90-
1,86 (m, 2H); 1,82-1,76 (m, 1H); 1,73-1,64 (m, 1H); 1,56-1,44 (m, 7H); 1,28-1,21 (m,
4H); 1,02 (t, J = 7,5 Hz, 3H); 0,93-0,85 (m, 7H). BC NMR (125 MHz, CDCl;, 6 (ppm)):
164,6; 162,6; 161,8; 157,6; 138,5; 137,2; 131,8; 129,5; 128,8; 125,0; 121,3; 116,2; 116,0;
107,2; 104,1; 102,2; 88,0; 81,2; 679 66.,4; 52.6; 44,5; 43,5; 37,5; 36,5; 34,7; 31,3; 30,9;
26,2; 24.,8; 24,5; 20,3; 20,2; 14,0; 13,0. ESI-HRMS tim thdy: 648,32101; ly thuyét:
C37H46FN207 [M + H]": 648,32108.

Vi du 3: Thir nghiém hoat tinh sinh hoc ctia cac hop chét thu duoc
Vi du 3a: Phuong phap nuéi cdy té bao in vitro

Cac dong té bao ung thu (TBUT) dugc nudi cay dudi dang don 16p trong moi truong nudi
cdy DMEM véi thanh phan kém theo bao gdm 2 mM L-glutamin, 10 mM HEPES, va 1,0
mM natri pyruvat. Ngoai ra, 10% huyét thanh phdi bo (fetal bovine serum - FBS (GIBCO))
con duge bo sung thém.

Té bao dwoc cAy chuyén sau 3-5 ngdy véi ty 18 1:3 va nudi trong ti am COz & diéu kién
nhiét d6 37°C, 5% COx.

Vi du 3b: Phép thur sinh hoc x4c dinh do doc té bao (cytotoxic assay)

Phuong phap thir do doc té bao in vitro dugc Vién Ung thu Quoc gia Hoa Ky (National
Cancer Institute - NCI) xac nhén la phép thir d doc té bao chun nham sang loc, phat hién
céc chat ¢ kha niang kim hdm sy phat trién hoic tiéu dist TBUT & diéu kién in vitro. Phép
thir nay duoc thuc hién theo phuong phap dugc dé cap trong céc tai liéu sau day:

A. Monks, D.; et al. Feasibility of a high-flux anticancer drug screen using a diverse panel
of cultured human tumor cell lines; Journal of National Cancer Institute. 83 (11), 757-766
(1991); D. A. Scudiero, et al. Evaluation of a soluble Tetrazolium/Formazan assay for cell
growth and drug sensivity in culture using human and other tumor cell lines; Cancer
Research. 48, 4827-4833(1988);
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L. B. S. Kardono, et al. Cytotoxic and antimalarial constituents of the roots of Eurycoma
longifolia, J. Nat. Prod., 54 (5) 1360-1367(1991);

M. C. Alley, et al. Feasibility of drug screening with panels of human tumor cell lines
using a microculture tétrazolium assay. Cancer Research. 48, 589-601 (1988);

R. H. Shoemaker, et al. Application of high-throughput, molecular-targeted screening to
anticancer drug discovery. Curr. Top. Med. Chem.; 3(2), 229-246 (2002).

Phép thir tién hanh xéc dinh ham lugng tong protein té& bao dua vao mat do quang hoc (OD
- Optical Density) do dugc khi thanh phin protein cia t€ bao duge nhuom bang
Sulforhodamin B (SRB). Gia tri OD ctia may do ty 1& thudn véi lugng SRB gan v6i phan
ti protein, do do luong té bao cang nhiéu (lugng protein cang nhiéu) thi gi4 tri OD cang
16n. Phép thir dugc thuc hién trong didu kién cu thé nhu sau:

- Chét thir (20 pl) pha trong DMSO 10% duoc dua vao cac giéng ctia khay 96 giéng dé co
ndng d6 sang loc 1a 100 pg/ml. Chat thir ¢6 hoat tinh dugc xac dinh ICso nho dai nong do
100 ug/ml, 20 pg/ml, 4 pg/ml va 0,8 pg/ml;

- Trypsin hoa té bao thi nghiém dé lam roi té bao va dém trong budng dém dé diéu chinh
mat dd cho phtt hgp véi thi nghiém;

- Thém vao cac giéng thi nghiém luong té bao phu hop (trong 180 ul méi truong) va e
chiing phat trién trong vong tlr 3-5 ngay;

- M6t khay 96 giéng khac khong co Chélt thir nhung ¢6 TBUT (180 pl) s€ duoc sir dung
lam ddi ching ngay 0. Sau 1 gid, dia d6i chimg ngay 0 s& duge ¢6 dinh té bao bang axit
tricloaxetic (TCA);

- Sau giai doan phat trién trong ti 4m CO., té bao dugc ¢b dinh vao day giéng bé‘mg TCA
trong 30 phut, dugc nhuém bang SRB trong 1 gio ¢ 37°C. Loai bd SRB va cac giéng thi
nghiém dugc rira 3 1an bang 5% axit axetic roi dé kho trong khong khi & nhiét 46 phong;

- Cudi cing, str dung 10 mM Tris Base khong dugc dém dé hoa tan luong SRB da bam va
nhudm céc phén t protein, dua lén may lic dia lac nhe trong 10 phut va st dung may
ELISA Plate Reader (Bio-Rad) dé doc két qua vé ham lugng mau ctia chit nhuom SRB
qua phd hap phu & bude séng 515 nm. Kha nang song sot ctia t& bao khi c6 mat chat thir
s& duoc xac dinh bang cong thirc sau:

% sbng s6t = [(OD(chét thy) - OD(ngay 0))x100]/[ODdéi chitng am) = ODmeay 0] %o trc ché =100%

- % sbng sot

- Céc phép thir duoc 1dp lai 3 1An dé dam bao tinh chinh x4c. Ellipticin (Sigma) luén duoc
sir dung nhu Ia chat d8i chimg duong va duoc thir nghiém ¢ cac nong d6 10 pg/ml, 2 pg/ml,
0,4 pg/ml va 0,08 pg/ml;

_DMSO 10% luén duoc si dung nhu déi chimg am. Gia tri ICso (ndng d¢ tre ché 50% su
phat trién) s& dugc xac dinh nho vao phin mém may tinh Table Curve. Chét thtr nao ¢6
ICs0 < 20 pg/ml (v6i chat chiét tho hodc véi phan doan hoa hoc), hode ICso <4 pg/ml (voi
hoat cht tinh khiét) s& duoc xem la ¢6 hoat tinh gay doc té bao va c6 kha ning tc ché sy
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phét trién hogc tiéu diét TBUT.

Céc hop chét 1a cac lai hoa clia artemlslnm v6i quinazolinon ¢ cong thire (I) va (IT) duogc
thir tac dung khang voi 2 dong té bao ung thu (TBUT) bao gom SK-LU-1 (ung thu phoi)
va MCF-7 (ung thu vi). Két qua 1a hop chét 10b thé hién hoat tinh khang ung thu manh
ddi véi ca 2 dong té bao ung thur ph01 (SK-LU-1) va ung thu vt (MCF-7) & ICso 1an luot 14
2,21 va 1,44 uM so voi chét chuan Ellipticin (3,1 va 3,5 uM) dudi day.

Hop chét 10e the hign hoat tinh khang ung thu rit manh so voi chat chuan Ellipticin déi
vé6i ca 2 dong té bao ung thu phoi (SK-LU-1) va ung thu vii (MCF-7) & ICso lan luot 1a
1,81 va 1,67 uM.

Hop chit 13d thé hién hoat tinh khang ung thu rAt manh nhat va manh hon nhiéu lan so
v6i chit chuan Elhpt1c1n d6i voi ca 2 dong té bao ung thu ph01 (SK-LU-1) va ung thu va
(MCF-7) ¢ ICso lan luot 12 1,62 va 0,77 pM. Két qua cu thé duoc thé hién trong Bang 2
duoi day.
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Bang 2: Hoat tinh khang ung thu in vitro clia cac hop chét tdng hop theo sang ché.

STT Chat Hoat tinh doc t& bao (ICso, pM)/dong té bao
SKLu-1 MCE-7

1 10a 5,75+ 0,35 1.76+ 0.05
2 10b 221+0,12 1,44 + 0,09
3 10c 8,20 + 0,48 2,62+ 0,07
4 10d 7,33+ 0,33 2,81+ 0,13
5 10e 1,81+ 0,07 1,67 + 0,07
6 10f 10,59 + 0,31 4.17+0,19
7 13a 224+0,19 1,08 + 0,09
8 13b 8,53+ 0,92 1,39+ 0,08
9 13¢ 11,30+ 0,70 5,85+ 0,46
10 13d 1,62 + 0,09 0,77+ 0,08
11 13¢ 18,32 + 1,89 12,06 + 0,59
12 13f 9,88 + 0,34 10,17 + 0,47
13 13g 3,96 + 0,13 3,39+ 0,23

Ellipticin 3,1+0,04 3,5+0,05

Chét chuan Ellipticin ¢6 hoat tinh trc ché cac dong té bao ung ung thu phéi SK-LU-1
(ATCC-HTB-57) va ung thu vt MCF-7 (ATCC-HTB-22) v6i ICs0 1an luot 1a 3,1 va 3,5
uM. Céc gid tri 1a gia tri trung binh cta 3 1an thir nghiém.
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YEU CAU BAO HOQ
1. Hop chét 1ai hoa cua artemisinin v&i quinazolinon c6 cong thirc chung (I) va (II):

@
trong d6 R 1a phan t&r thé dugc chon tir nhém bao gdm: H; CHj; Cl; F; OCHs; n = 0 hodc
1; :

M

(ID)
trong d6 R 12 phan tr the dugc chon tir nhém bao gom: OCHs; NOy; F; Br; CI; CHs.

2. Hop chat theo diém 1, trong d6 hop chit nay 1a 2-metyl-3-(4-metylbenzyl)-6-(2-
(((3R,5aS,6R,8aS,9R,10S,12R,12aR)-3,6,9-trimetyldecahydro-12H—3,12- )
epoxy[l,2]dioxepino[4,3-i]isochromen-10-yl)0xy)etoxy)quinazolin-4(3H)-on (hop chat
10a).

3. Hop chét theo diém 1, trong d6 hop chit nay 1a 3-(4-clobenzyl)-2-metyl-6-(2-
(((3R,5aS,6R,8aS,9R,10S,12R,12aR)-3,6,9-trimetyldecahydro-12H—3,12- )
epoxy[l,2]dioxepino[4,3-i]isochromen-10-yl)oxy)etoxy)quinazolin-4(3H)-on (hop chat
10b).
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4. Hop chit theo diém 1, trong dé hop chat nay la 3-(4-flophenyl)-2-metyl-6-(2-
(((3R,5aS,6R,8aS,9R,108,12R,12aR)-3 ,6,9-trimetyldecahydro-12H-3,12- ,
epoxy[l,2]dioxepin0[4,3-i]isochromen-lO—yl)oxy)etoxy)quinazolin—4(3H)-on (hgp chat
10c¢).

5. Hop chét theo diém 1, trong d6 hop chit nay la 3-(3-flophenyl)-2-metyl-6-(2-
(((3R,5aS,6R,SaS,9R,10S,12R,12aR)-3,6,9-trimetyldecahydro-12H—3,12- ,
epoxy[l,2]dioxepino[4,3—i]isochromen-10-yl)oxy)etoxy)quinazolin-4(3H)—0n (hgp chat
10d).

6. Hop chét theo diém 1, trong d6 hop chat nay la 3-(2-metoxyphenyl)-2-metyl-6-(2-
(((3R,5aS,6R,8aS,9R,1OS,12R,12aR)-3,6,9-trimetyldecahydr0-12H—3,12-
epoxy[l,2]dioxepin0[4,3—i]isochromen-10-yl)oxy)etoxy)quinazolin-4(3H)—on (hop chat
10e).

7. Hop chit theo diém 1, trong do hop chit nay 1a 3-benzyl-2-metyl-6-(2-
(((3R,5aS,6R,8aS,9R,1OS,12R,12aR)-3,6,9-trimetyldecahydro-12H—3,12- ’
epoxy[l,2]dioxepino[4,3-i]isochromen-10-yl)oxy)etoxy)quinazolin—4(3H)-on (hgp chat
10f).

8. Hop chét theo diém 1, trong d6 hop chat nay 1a 3-butyl-2-((E)-2-metoxystyryl)-6-(2-
(((3R,5aS,6R,8aS,9R,10S,12R,12aR)-3,6,9-trimetyldecahydro-12H—3,12- )
epoxy[l,2]di0xep'm0[4,3-i]isochromen-10-yl)oxy)etoxy)quinazolin-4(3H)-on (hgp chat
13a).

9. Hop chat theo diém 1, trong dé hop chit nay la 3-butyl-2-((E)-2-nitrostyryl)-6-(2-
(((3R,5aS,6R,8aS,9R,10S,12R,12aR)-3,6,9—trimetyldecahydro-12H—3,12- )
epoxy[1,2]dioxepino[4,3-i]isochromen-1 0-yl)oxy)ethoxy)quinazolin-4(3H)-on (hgp chat
13b).

10. Hop chét theo diém 1, trong d6 hop chét nay 1a 3-butyl-2-((E)-3-nitrostyryl)-6-(2-
(((3R,53S,6R,8aS,9R,IOS,IZR,12aR)-3,6,9-trimetyldecahydro-12H—3,12- ’
epoxy[1,2]dioxepino[4,3-i]isochromen-1 0-yl)oxy)etoxy)quinazolin-4(3H)-on (hop chat
13c¢).

11. Hop chit theo diém 1, trong dé hop chat nay la 3-butyl-2-((E)-4-flostyryl)-6-(2-
(((3R,5aS,6R,8aS.9R,108,12R,12aR)-3 ,6,9-trimetyldecahydro-12H-3,12- )
epoxy|1,2]dioxepino[4,3-i]isochromen- 10-yl)oxy)etoxy)quinazolin-4(3 H)-on (hgp chat
13d).

12. Hop chét theo diém 1, trong d6 hop chat nay 1a 3-butyl-2-((E)-4-bromstyryl)-6-(2-
(((3R,5aS,6R,8aS,9R,1OS,12R,12aR)-3,6,9-trimetyldecahydro-12H—3,12- ]
epoxy[l,2]dioxepino[4,3-i]isochromen-10-yl)oxy)etoxy)quinazolin—4(3H)-on (hgp chat
13e).
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13. Hop chit theo diém 1, trong d6 hop chat nay la 3-butyl-2-((E)-4-clostyryl)-6-(2-
(((3R,5aS,6R,8aS,9R,10S,12R,12aR)-3,6,9-trimetyldecahydro-12H—3,12- ,
epoxy|1,2]dioxepino[4,3-i]isochromen-1 0-yl)oxy)etoxy)quinazolin-4(3H)-on (hop chat
13f).

14. Hop chit theo diém 1, trong d6 hop chat nay 1a 3-butyl-2-((E)-4-metylstyryl)-6-(2-
(((3R,5aS,6R,8aS,9R,IOS,IZR,12aR)-3,6,9-trimetyldecahydro-12H—3,12- )
epoxy[l,2]di0xepino[4,3-i]isochromen-10-yl)oxy)etoxy)quinazolin-4(3PD-on (hop chat
13g).

15. Quy trinh tong hop hop chit 10e theo diém 6, trong d6 quy trinh nay bao gdm cic
budce:

i) nho tu tr BF5.E,O (1,6 mL) vao dung dich cua dihydroartemisinin (2g, 7,04
mmol) va 2-brometanol (0,8 mL, 1,31 g) trong CH,Cl, (10 mL); hon hop phan tmg duoc
khudy & nhiét do 0-5°C trong 4 gio; hon hop phan tmg sau do duge trung hoa véi
Na,CO;t6i pH =7 va chiét véi CH,Cl, (3 x 20 mL); pha hitu co duge tach ra, lam khan
bang Na,SO,, ¢d quay dudi ap suit giam; cin thu duoc két tinh trong hon hop dung moi
n- hexan-etyl axetat thu dugc chat 6 (2,25 g, 82%);

Br

ii) dun hoi luu hdn hop cua axit 5-hydroxy anthranilic (hop chét 7) trong anhydrit
axetic & 150 °C trong 2 gi0; hon hop sau d6 duoc dd ra nude da; tua tao thanh dugc loc,
rira bang nuée cAt va 1am kho trong chan khong thu dugc chat 8, dugc st dung luén cho
cac bude tiép theo;

iii) dun hdi lru hdn hop ciia hop chét 8 (1,0 g, 5,64 mmol) va 2-metoxy anilin (3
duong lugng) trong axit axetic (10 mL) & 120 °C trong 14 gio; phan ng duge kiém tra
bing sic 1y 16p mong voi hé dung moi trién khai n- hexan-etyl axetat (1 : 1); hon hop
phan tng sau d6 dugc trung hoa v6i NaHCO; 50% dén pH =7 va chiét v6i CH,Cl, (3 *
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20 mL); pha hitu co dugc tach ra va lam khan vGi Na,SO,, ¢ quay loai dung mdi ¢ ap
suit giam cho cé@n; can sau do dugc tién hanh chay cot silica gel st dung hé dung méi rira
giai n- hexan-etyl axetat cho chét 9e (6-hydroxy-3-(2-metoxyphenyl)-2-metylquinazolin-
4(3H)-on; chét ran mau tréng, hiéu sut: 88%);

HO

0]
N
/)\ OCHs
N

9e

iv) khudy hdn hop cuia hgp chit 6 (200 mg, 0,51 mmol), K,CO; (76 mg, 0,56 mg)
va KI (17 mg) trong DMF (10 mL) dugc khudy ¢ 60°C trong 30 phut; chét 9e (1,5 duong
lugng) duoc bd sung va hon hop phan tng duge tiép tuc khudy trong 10 gio; hon hop
phan Gng sau do dugc chiét v6i CH,CL, (3 x 20 mL); pha hitu co dugc tich ra, lam khan
bang Na,SO,4 va ¢d quay dudi ap suat giam; cin thu dugc dugc chay sdc ky sur dung cot
silica gel, hé dung mdi roa giai n- hexan-etyl axetat cho hop chat 10e (3-(2-
metoxyphenyl)-2-metyl-6-(2-(((3R,SaS,6R,8aS,9R,1OS,12R,12aR)-3,6,9-
trimetyldecahydro-12H-3,12-epoxy[1,2]dioxepino[4,3-1] isochromen-10-
yl)oxy)etoxy)quinazolin-4(3 H)-on): chét rén mau tring; hidu suit: 57%.

Gt

H3C

CHs
O\\\ o
¢}
N
)\ OCH3
N
10e

16. Quy trinh téng hop hop chit 13d theo diém 11, trong d6 quy trinh nay bao gdm céac
budc:

i) dun hoi luu hdn hop cta axit 5-hydroxy anthranilic (hop chét 7) trong anhydrit
axetic & 150 °C trong 2 gio; hdn hop sau do duge dd ra nude da; tia tao thanh dugce loc,
rtta bang nude cat va lam kho trong chan khong thu duge chit 8, duoc str dung ludn cho
céc bude tiép theo;
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i) dun hoi lwu hén hop cia 8 (1,0 g, 5,64 mmol) va n-butylamin (3 duong lugng)
trong axit axetic (10 mL) & 120 °C trong 14 gid; phan tng duoc kiém tra bang sac 1y 16p
moéng voi hé dung moi trién khai n- hexan- etyl axetat (1 : 1); hon hop phan ung sau do
dugc trung hoa véi NaHCO; 50% dénpH =17 va chiét véi CH,Cl, (3 x 20 mL); pha hitu
co dugc tach ra va lam khan véi Na;SOy, ¢b quay loai dung moi ¢ ap suét giam cho cén;
cin sau d6 duge tién hanh chay cot silica gel st dung hé dung moi rira giai n- hexan-etyl
axetat cho chdt 11 (3-butyl-6-hydroxy-2-metylquinazolin-4-(3 H)-on): chat ran vang

sang; hiéu suat: 92%:
HO\©5J\N/\/\
N/)\

11

iii) dun hén hgp cua 11 (1,0 g, 4,34 mmol) trong axit axetic (10 mL) va 4-
flobenzaldehit (2,5 duong luong) va khudy & nhiét do 140°C trong 16 gio; phan Ung
duge kiém tra bang sic ky ban mong str dung h¢ dung moi n-hexan-etyl axetat = 1 : 1;
hdn hop phan tmg sau d6 duoc lam lanh xubng nhiét do phong; tinh thé hinh thanh duoc
loc, rira véi nudce cAt cho san phém tho, két tinh lai trong n-hexan : etyl axetat thu duogc
12d ((E)-3-butyl-6-hydroxy-2-(4-fluorostyryl) quinazolin-4(3H)-on); chit ran vang sang;
hi¢u suat 82%;

o]

Ho P

12d F

iv) khudy hdn hop cua hop chét 6 (245 mg, 0,63 mmol), K,CO; (129 mg, 0,95
mmol) va KI (21 mg, 0,13 mmol) trong DMF (10 mL) & 60°C trong 30 phut; hop chit
12d (1,5 duong lugng) didu ché o trén duge bd sung vao va phan img duoc khudy trong
12 gio; hén hop sau d6 duoc chiét véi CH,CL, (3 x 20 mL); pha hitu co dugc tach ra, lam
khan béng Na,SO, co quay dudi ap suét giam thu dugc can; sdc ky cot silicagel v6i hé
dung mdi n-hexan/etyl axetat thu duge chat 13d (3-butyl-2-((E)-4-florostyryl)-6-(2-
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(((3R,5aS,6R,8aS,9R,10S,12R,12aR)-3,6,9-trimetyldecahydro-12H—3,12- o
epoxy[1,2] dioxepino [4,3-i]isochromen-1 0-yl)oxy)etoxy)quinazolin-4(3 H)-on); chat ran
mau trang; hiéu suat: 43%.

13d
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Hinh 1
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Hinh 2

2-Brometanol, CH,Cl,

BF,.Et,0; 0°C; 4 gi®y

o}
HO o
(CH,C0),0, 160 °C, 2 gio 1 CH,COOH, amin, 180°C, 14 gio
\ ;

\ e
| —R + & “H
= CHj

By

o PN
K,CO,, KI, DMF, 70 'C, 10 gio

10a-f (n=0; 1)
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Hinh 3

(@]
HO o
[o] . o Y
(CHSCO)ZO, 160 C, 2 giv //k CH3COOH, 180 C, 14 gi¢
N
8

(0]
0 HO AN \N/\/\ H3
- PN | PPN
0S¢ O
CH.COOH, andehit, 140°C, 16 gio
-—R

1 12a-g lv

o}

HO
oL
NH

2

7

K,CO,, KI, DMF, 70 °C, 10 gi¢ © N

13a-g
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