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SUMMARY

Nowadays, antimalarial drugs resistance has becomea very urgent issue in many tropical countries. To overcome
this problem, The World Health Organization has recommended the artemisinin combination therapy in which
artemisinin derivatives are used with another compound. The effectiveness of drug combination therapy suggests
that hybridization could be of promising and novel approach for the design of new antimalarial drugs. In this paper,
we report the synthesisof novel hybrid molecules between aza-artemisinin and 4-amino-7-chloroquinoline via amide
bonds. Five such hybridsin which azaarrtemisinin was linked with 4-amino-7-chloroquinoline moiety through different
amide linkers, were synthesized in moderate yields (33-55%) using conventional synthetic methods. The structures of

the synthesized compounds were confirmed by spectral analysis, including IR, MS and NMR.
Turkhéa: 11-azaartemisinin, 4-aminoquinolin, artemisinin, hop chdt lai héa.

Patvandé

Tai Viét Nam, hién nay tinh trang sot rét khang
thudc da va dang gia tang vai dién bién rat phc tap.
Theo Cuc Y t& Du phong (BO Y té), trudc day ty & sot
rét khang thudc la 16%, hién nay da 1én t6i 20-22%.
Ngoai khang cac thudc diéu trj sét rét thong thudng
nhu cloroquin, da xuat hién tinh trang khang thuéc
artemisinin, vén dugc coi la hiéu qua nhat trong diéu
tri s6t rét [1], [5], [10]. Mot trong nhimg nguyén nhan
ctia hién tugng khang thudc la do viéc diéu tri sét rét
Véi cac thudc don lé. D€ khac phuc tinh trang nay,
T4 chiic Y Té thé gidi da dua ra phac do sit dung liéu
phép két hgp mot dan chat artemisinin véi cac thudc
nhém 4-aminoquinolin (vi du cloroquin, piperaquin
hay amodiaquin) [6], [10]. Viéc két hgp cac thuéc don
lé da lam ndy sinh xu hudng phat trién cac thuéc cd
cau trdc lai hoa.

Lai hoa la mét trong nhiing phuong phép tiép
can mai trong linh vuc nghién cdiu hoa dugc nham
thiét ké cac cau truc, va phat hién cac hop chat dan
dudng va cac thuéc mai. Cac phan ti lai hoa dugc
téng hap bang cach lién két cau tric cla hai chat, la
mot cach don gidn va hiéu qua dé thay thé cho viéc
strdung két hop hai chat do.

Trén thé gisi da c6 mot s6 nghién cltiu cac hgp
chét lai hda chéng sot rét tir cac dan chat artemisinin,
4-aminoquinolin, cac hgp chat nay cé tac dung
chéng s6t rét rat co trién vong [7], [9]. Gan day mot
s6 dan chat cla artemisinin la aza-artemisinin cling
da dugc phat trién va cho thay hoat tinh chéng sét
rét rat tot [4]. Cling theo xu hudng phat trién cac hop
chét lai hda néi trén, trong nghién ctru nay, chiing toi
tién hanh téng hgp mot s6 hap chat lai hda mdi gitia
dan chat aza-artemisinin mang nhom chuc acid véi
dan chat 4-aminoquinolin.
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Hinh 1. Cdc thudc diéu trj st rét nhom artemisinin v 4-aminoguinolin.

Nguyén liéu va phuong phap nghién ciu dich chuyén hoa hoc dugc bao cdo theo s6 liéu ppm.
Phé khéi duoc do trén may LC/MS Agilent 1260 theo
Nguyén liéu phuang phép ion héa phun mu dién tu (ESI). Hoa chat

Séc ki I6p mong (SKLM) thuc hién trén ban mong  va dung méi dugc mua ti nhiing nha cung cép nhu
silica gel 60F ,, (Merck) va quan sat dugi dén UV, budc  Cong ty hda chat Aldrich, Merck hay Acros véi d6 tinh
s6ng 254 nm hay hién mau vai thuéc thir Ce-Mo. Phé  khiét trén 98% va st dung khong qua tinh ché.

céng hudng tU hat nhan dugc ghi trén may Bruker Phuong phdp nghién citu
Avance 500 MHz vdi TMS lam chat noi chuan, do Céc chat dugc téng hgp theo cac so dé sau:
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Dan chat cla aza-artemisin mang nhom chuc
acid (chat 1) da dugc téng hgp trong nghién ctu
trudc [2] va dugc st dung lam nguyén liéu ban dau
dé téng hop cac hgp chat lai hoa.

Quy trinh chung téng hop cdc hop chét laihéa 3a-3e

Hoa tan hdn hgp phan ting gém aza-artemisinin
acid 1 (70 mg, 0,2 mmol) va 1,1"-carbonyldiimidazol
(CDI) (40 mg, 0,24 mmol) trong 5 ml acetonitril. Hon
hgp phan ting dugc dun néng & nhiét do 70°C trong
1 gi®, sau d6 dugc lam ngudi, cho thém dan chat
4-aminoquinolin 2 (0,2 mmol) va 0,09 ml triethylamin
va dun hoi luu trong vong 5 gid. Phan ting dugc theo
doi bang SKLM. Khi phan ting két thuc, cho thém
nudc va hén hgp phan tng dugc chiét véi ethyl
acetat. Dich chiét dugc rira véi dung dich bao hoa
NaCl, lam khan vi natri sulfat va cat loai dung moi
dudi ap suat giam. Can chiét dugc tinh ché bang sac
ky cot v6i hé dung méi ethyl acetat/MeOH dé thu
dugc san pham la cac hop chat lai hoa 3.

Két qua nghién ciru

Hop chdt 3a

Hop chat 3a dugc téng hop theo quy trinh
chung, tU aza-artemisinin acid 1 (70 mg, 0,2 mmol)
va CDI (40 mg, 0,24 mmol), 4-aminoquinolin 2a (48
mg, 0,2 mmol) va 0,09 ml triethylamin, thu dugc 49
mg san pham 3a la chat keo mau vang, hiéu suat
43%. 'H NMR (500 MHz, CDCl,) &: 0,90-0,98 (2H, m),
0,94 (3H, d, J=6,5Hz), 1,10 (3H, d, J=7,5Hz), 1,36 (3H,
s), 1,24-1,45 (3H, m), 1,62-1,70 (5H, m), 1,95-2,01 (2H,
m), 2,40 (1H, m), 2,63 (1H, m), 2,70 (1H, m), 3,27 (1H,
m), 3,34-3,37 (4H, m), 3,65 (1H, m), 3,91 (1H, m), 5,33
(1H, s), 6,36 (1H, d, J= 5,5Hz), 6,69 (TH, t, NH), 7,31
(1H, t, NH), 7,34 (1H, dd, J= 9,0 Hz, J = 2,5 Hz), 7,91
(1H, d, J=2.0Hz), 7,96 (1H, d, J= 9.0Hz), 8,46 (1H, d, J=
5,5Hz).*C NMR (125 MHz, cDbdl) 8:12,9; 19,6; 22,7;
24,9; 25,3;28,0; 33,2; 33,5; 36,2;36,2; 36,5, 37,4, 39,0,
39,6; 45,4; 51,3; 79,1; 80,1; 98,3; 105,0; 117,5; 122,1;
125,2; 127,9; 134,9;148,8; 150,2; 151,4; 172,7; 172,8.
ESI-MS m/z: [M+H]*571 (100), 573 (32).

Hop chdt 3b

Hop chat 3b dugc tong hop theo quy trinh
chung, tu aza-artemisinin acid 1 (70 mg, 0,2 mmol)

£

=%

va CDI (40 mg, 0,24 mmol), 4-aminoquinolin 2b (50
mg, 0,2 mmol) va 0,09 ml triethylamin, thu dugc 59
mg san pham 3b la chat keo mau vang nhat, hiéu
suat 50%.'"H NMR (500 MHz, CDCl,) 6: 0,87-0,97 (2H,
m), 0,90 (3H, d, J=6.0 Hz), 1,05 (3H, d, J= 7.5H2), 1,22-
1,42 (3H, m), 1,33 (3H, s), 1,56-1,77 (7H, m), 1,87-1,95
(2H, m), 2,35 (1H, m), 2,50-2,66 (2H, m), 3,20-3,30 (5H,
m), 3,67 (1H, m), 3,83 (1H, m), 5,26 (1H, s), 6,24 (1H,
brs, NH), 6,29 (1H, d, J= 5,5Hz), 7.13 (1H, t, J= 5,5 Hz,
NH), 7,28 (1H, dd, J=2,0Hz, J=9,0Hz ), 7,87 (1H, d, J=
2,0 Hz), 7,94 (1H, d, J= 9,0Hz), 8,40 (1H, d, J= 5,5Hz).
C NMR (125 MHz, CDCl,) 6: 12,8; 19,5; 22,6; 24,9;
25,2; 25,3; 27,5; 33,1; 33,5; 35,5; 36,5; 37,3; 38,8; 39,3;
43,0; 45,4; 51,2; 78,8; 80,1; 98,5; 104,8; 117,1; 122,3;
125,0; 127,3; 134,9; 148,0; 150,6; 150,9; 171,7; 172.4.
ESI-MS m/z: [M+H]* 585 (100), 587(32).

Hop chdt 3¢

Hap chét 3¢ dugc téng hop theo quy trinh chung,
tu aza-artemisinin acid 1 (70 mg, 0,2 mmol) va CDI
(40 mg, 0,24 mmol), 4-aminoquinolin 2c (53 mg, 0,2
mmol) va 0,09 ml triethylamin, thu dugc 67 mg san
pham 3¢ la chat keo mau vang nhat, hiéu suat 55%.
'H NMR (500 MHz, CDCl,) &: 0,81-0,90 (2H, m), 0,93
(3H,d, J=6,5Hz), 1,07 (3H, d, J=7,5Hz), 1,25-1,51 (9H,
m), 1,31 (3H, s), 1,57-1,72 (5H, m), 1,90-1,97 (2H, m),
2,35(1H, m), 2,47-2,64 (2H, m), 3,16-3,28 (5H, m), 3,64
(1H, m), 3,81 (1H, m), 5,26 (1H, s), 5,78 (1H, brs, NH),
6,32 (1H, d, J=5,5Hz), 6,73 (1H, brs, NH), 7,29 (1H, dd,
J=2,0Hz, J/=9,0Hz), 7,84 (1H, d, J= 9,0Hz), 7,89 (1H,
d,J)=2,0Hz),8,43 (1H, d, J=5,5Hz).*CNMR (125 MHz,
CDCl,) &: 12,8; 19,6; 22,6; 24,8; 25,3; 26,1; 26,2; 28,2;
29,2; 33,1; 33,4; 35,6; 36,5; 37,3; 38,9;39,4; 42,8; 45,3;
51,2,78,8;80,0;98,6; 104,8; 117,1; 121,8; 125,0; 127,8;
134,8; 148,4; 150,3; 151,2; 171,4; 172,2. ESI-MS m/z:
[M+H]* 613 (100), 615 (32).

Hop chdt 3d

Hop chéat 3d dugc tong hop theo quy trinh
chung, tU aza-artemisinin acid 1 (70 mg, 0,2 mmol)
va CDI (40 mg, 0,24 mmol), 4-aminoquinolin 2d (54
mg, 0,2 mmol) va 0,09 ml triethylamin, thu dugc 62
mg san pham 3d la chat keo mau vang, hiéu suat
51%. 'H NMR (500 MHz, CDCl,) 6: 0,82-0,95 (2H, m),
0,98 (3H, d, J=6,0Hz), 1,09 (3H, d, J=7,5Hz2), 1,26-1,45
(3H, m), 1,36 (3H, s), 1,62-1,70 (3H, m), 1,95-1,98 (2H,
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m), 2,38 (1H, m), 2,67 (1H, m), 2,84 (1H, m), 3,28 (1H,
m), 3,71 (1H, m), 3,94 (1H, m), 5,33 (1H, 5), 6,61 (1H, d,
J=55Hz2),7,16 (2H,d, J=8,0Hz), 7,30 (1H,d, J=9,0
Hz),7,59 (2H,d, /=8,0Hz),7,88 (1H,s),8,08 (1H, d, J=
8,0Hz), 8,23 (1H, d, J= 5,5 Hz), 9,45 (1H, NH). *C NMR
(125 MHz, CDCl,) &: 12,9; 19,6; 22,6; 24,9; 25,3; 33,2;
33,5;36,5;37,0;37,3; 39,5; 45,3; 51,2, 79,1; 80,1; 101,0;
105,0; 117,3; 121,0; 122,8; 124,2; 125,8; 126,0; 134,4;
136,1; 136,3; 146,5; 148,9; 150,2; 170,1; 172,8. ESI-MS
m/z: [M+H]* 605 (100), 607 (32).

Hop chit 3e

Hop chat 3e dugc téng hgp theo quy trinh
chung, tUr aza-artemisinin acid 1 (70 mg, 0,2 mmol)
va CDI (40 mg, 0,24 mmol), 4-aminoquinolin 2e (54
mg, 0,2 mmol) va 0,09 ml triethylamin, thu dugc 58
mg san pham 3e la chat keo mau vang, hiéu suat
48%. 'H NMR (500 MHz, CDCl,) 6: 6:0,77-0,93 (2H, m),
0,85 (3H,d, J=6,0Hz), 1,03 (3H,d,J=7,5Hz), 1,17-1,31
(3H, m), 1,36 (3H, s), 1,40-1,59 (3H, m), 1,93-2,10 (2H,
m), 2,38 (1H, m), 2,59 (1H, NH), 2,73-2,84 (2H, m), 3,25
(TH, m), 3,86 (1H, m), 4,05 (1H, m), 5,43 (1H, s), 6,93
(2H, m), 7,18 (1H,t,J=8,0Hz), 7,26 (1H, s), 7,30 (1H,
d,/=80Hz),7,41(1H,dd,J=9,0Hz,J=2,0Hz), 7,97
(1H,d, J=2,5Hz), 8,01 (1H, d, /= 8,5 Hz), 8,45 (1H, d,
J=5,5Hz), 9,53 (TH, NH).”C NMR (125 MHz, CDCl,) &:
12,8; 19,5; 22,6; 24,9; 25,3; 33,3; 33,4; 36,5; 36,5; 37,4;
39,2;45,2; 51,3; 78,5; 80,2; 101,9; 105,0; 114,5; 116,3;
117,8; 118,1;122,0; 125,9; 128,4; 129,4; 135,2; 139,3;
139,8; 147,6; 149,4; 151,6; 170,5; 172,8. ESI-MS m/z:
[M+H]* 605 (100), 607 (32).

Ban luan
3

Cac nguyén liéu la aza-artemisinin c6 chiia nhom
chtic acid 1 va cac dan chat cda 4-aminoquinolin
2 dugc st dung dé téng hap cac hop chat lai héa.
Chat 1 6 cdu trdc tuong tu artemisinin, trong khi do
dan chat 2 ¢6 cau tric tuong tu cac thudce diéu tri sét
rét nhu cloroquin, amodiaquin. Ca hai hgp chat nay
déu dugc téng hgp va bao cao trong cac nghién ctiu
trudc day [2], [3].

Trong nghién ctu nay, ching téi da tién hanh
phan (ing két hgp gilta dan chat aza-artemisinin acid
va dan chat 4-aminoquinolin qua cau néi amid dé
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tao thanh phan t lai hoa. Vi nhém acid cta chat 1
can dugc hoat héa trudc khi phan tng véi dan chat
4-aminoquinolin 2 nén mdt sé tac nhan thudng dung
da dugc khao sat dé lua chon tac nhan t6t nhat cla
phan tng. Trudc tién viéc hoat hoa acid sang dang
acyl clorid dugctién hanh vai thionyl clorid hay oxalyl
clorid nhung phén ting khéng thu dugc san pham
mong mudn. Trong phan ing nay c6 |é tac nhan acid
nhu thionyl clorid hay oxalyl clorid da anh huéng
dén nhém acetal trong phan tt aza-artemisinin. Tiép
dé ching t6i si dung cac tac nhan hoat héa nhe
nhang hon nhu N,N’-dicyclohexyldiimid (DCC) hay
1,1-carbonyldiimidazol (CDI). Tuy nhién, phan tng
khong xay ra khi st dung tac nhan DCC. Hop chat
CDI I3 tac nhan hoat héa t6t dugc st dung phé bién
cho cac phan Ung tao ester hay amid [8], chuing téi
da khao sat va phan (mg cho hiéu suat kha quan, do
dé dugc lua chon cho phan (ng két hop nay. Acid
1 dugc phan Ung véi CDI trong 1 git dé hoat hoa
nhém chuic acid, tiép d6 cho tac dung véi cac dan
chat 4-aminoquinolin dé thu dugc cac hgp chat lai
hoa 3a-e. Phan Ging tao amid dién ra theo co ché
thé ai nhan acyl, do d6 viéc st dung acetonitril lam
dung mai la hgp ly, vi day la mét dung méi phan cuc,
sé tao thuan lgi cho phan ting. Diéu kién cta phan
ng kha dé dang, dat hiéu suét trung binh (43-55%).
Diéu nay cé thé la do cac phan tu chat tham gia phan
Uing déu c6 cau truc cong kénh, khéng thuan lgi cho
phén ting amid hda, do d6 kho dat dugc hiéu suat
cao. Cau truc clia cac hgp chat mai dugc xac dinh
bang phuong phap phé cong hudng tii, phd khoi
lugng. Trén phé "H-NMR clia hop chat 3a thdy xuat
hién cac tin hiéu ctia vong quinolin & cac vi tri 6 6,36
(1H, d, J=5,5Hz), 7,34 (1H, dd, J=9,0 Hz, J = 2,5 Hz),
7,91 (1H, d, J= 2,0Hz), 7,96 (1H, d, J= 9,0Hz), 8,46 (1H,
d, J= 5,5Hz). Tin hiéu hai nhém amid xuat hién & &
6,69 (1H, t, NH), 7,31 (1H, t, NH). Tin hiéu 5,33 (1H, s)
la tin hiéu cia hydro cla nhém hemiamin ete trong
vong aza-artemisinin. Cac tin hiéu con lai la tin hiéu
proton cla nhan aza-artemisinin, mach nhanh chia
nhém carbonyl va mach nhanh diamin. Trén phé
BC-NMR, c6 30 tin hiéu trong dé chin tin hiéu clia
nhan quinolin xuat hién trong viing 98,3-151,4 ppm.
Tin hiéu hai nhém amid & lién két mdi va trong vong



aza-artemisinin xuat hién & 6 172,7 va 172,8. Nhém
acetal xudt hién & vi tri c6 dé dich chuyén héa hoc la
105,0 ppm. Phé khéi ESI-MS xuét hién pic gia phan
td m/z [M+HI* 1a 571 va 573 véi ti 1é 3/1 cho phép
xac dinh c6 mot nguyén ti Cl trong phan td tng véi
cong thic phan tir cud hgp chat 3a. Nhu vay, qua cac
di liéu phé cong hudng tir, phé khéi cho phép xac
dinh cau trdc clia hgp chét 3a la ding nhu du kién.
Céc hop chat 3b-e tuong tu cling dugc xac dinh cau
tric bang cac phuong phap phé trén va cé di liéu
phé phu hop.

Két luén
Chung t6i da téng hop dugc 5 hgp chat lai

hoa mdéi (3a-e) gilia aza-artemisinin acid 1 véi dan
chat 4-aminoquinolin bang phan ung két hogp

f
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gitra dan chat aza-artemisinin acid va dan chat
4-aminoquinolin qua cau néi amid véi hiéu suat 43-
55%. Cau trdc cla cac chat téng hop da dugc khang
dinh bang cac phuong phap phd 'H-NMR, *C-NMR,
MS. Cac dan chat nay déu c6 cau tric lai hda gila
khung cla hai loai thu6c diéu tri sét rét phé bién hién
nay la artemisinin va cloroquin (hay amodiaquin).

Hoat tinh chéng s6t rét clia cac hgp chat lai hoa
nay sé dugc thit nghiém trén ching Plasmodium
falciparum trong cac nghién ctiu ké tiép.
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