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SUMMARY

Five novel aromatic acetamide bearing 6-amino-1H-indazol scaffold compounds (IVa-e) were

designed and synthesized through four steps by well-known reactions. These synthesized compounds
were evaluated for inhibition activity on Indoleamin-2,3-dioxegenase 1 (IDO1) at concentration of 1.0
mM. Most of the synthesized compounds showed desirable inhibitive activity, ranging from 79 % to 99
%. Noteworthy, compound IV-b and IV-c with halogen substitutent group exhibited higher inhibitory
activities (98 % and 99 %, respectively). These findings suggested 6-amino-1H-indazole would be a

promising potential scaffold for IDO1 inhibition and for further anti-cancer agents development.
Tirkhoa: Indoleamin-2,3-dioxygenase 1, indazole, inhibition.

Dat van de

Indoleamin-2,3-dioxygenase 1 (IDO1) la
mot enzym ndi bao mang nhan Hem c6 lién
guan dén nhiéu qua trinh mién dich. IDO1 xtc
tac cho giai doan quan trong va quyét dinh téc
dé chuyén hoéa clha tryptophan theo con
dudng kynurenin. Cac nghién ctiu gan day chi
ra rang IDO1 c6 lién quan dén qua trinh phat
trién va dung nap mién dich ctia nhiéu loai ung
thu, nhu ung thu vi, ung thu ruét két, ung thu
da day, ung thu tr cung, ... [1] Mét s6 chat Uc
ché IDO1, tiéu biéu nhu epacadostat (hinh 1)
da va dang dugc tha nghiém lam sang va cho
nhiéu két qua dang ki vong [2].

Mot s6 nghién clu cling da cho thay tiém
nang Uc ché IDO1 cla cac hgp chat mang
khung 6-amino-1H-indazol. Vi du nhu chat A
(hinh 2) c6 kha nang tic ché enzym IDO1 tot vGi
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Hinh 1. Céng thiic cdu tao cua Epacadostat

gia triICso=5,3 uM [3]. Chat B (hinh 2) cling thé
hién tiém nang tc ché IDO1 tot théng qua Uc
ché su phat trién té bao ung thu dai trang
HCT116 - dong té bao IDO1 ¢6 muc dé biéu
hién cao - véi gia tri ICso = 0,4+0,3 uM [4].
Trén co s& d6, nhom nghién ciu da tién
hanh thiét ké, téng hop cac hop chat acetamid
thom md&i mang khung 6-amino-1H-indazol va
danh gia kha nang tc ché IDO1 cla cac hop
chat téng hgp dugc véi mong mudn lam giau
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Hinh 2. Cdc dan chdt 6-amino-1H-indazol cé tiém ndng tic ché IDO1
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Hinh 3. So db téng hop cdc dan chdt acetamid thom mang khung 6-amino-1H-indazol (IVa-e)

thém “ngan hang” cac chat dung diéu tri ung
thu theo huéng tic ché IDO1.

Nguyén liéu va phuong phep nghién cou

Nguyén liéu

Cac héa chat, dung méi dugc nhap tur cong
ty Merck (Buc), AKSci (My) véi do tinh khiét trén
95 % va dugc st dung truc tiép khéng qua tinh
ché thém. Nhiét d6 néng chay dugc do bang
may Gallenkamp Melting Point Apparatus
(Anh). Sac ki l6p mong dugc thuc hién trén ban
mdng nhom trang silicagel 60F254 ctia Merck.
Phé héng ngoai dugc ghi bang may Shimadzu
FTIR Affinity-1S (Nhat Ban). Phé cong huéng tu
hat nhan ghi bang may Bruker AV-500, stt dung
CDCls lam dung méi, tetramethylsilan (TMS)
lam chéat chuan noi, dé dich chuyén hoa hoc (6)
dugc bdo cdo theo sé liéu ppm. Phé khéi lugng
dugc ghi bang may khéi phé Agilent 6530
Accurate Mass QTOF LC/MS (Agilent technology,
Santa Clara, CA, My).

Kit th hoat tinh sinh hoc dugc mua cla
hang BioVision (My) véi chat chiing duong tinh
la IDO5L.

Phuong phdp nghién ciu

T6ng hop héa hoc

Cac dan chat acetamid tham mang khung
6-amino-1H-indazol dugc téng hop theo sa d6
hinh 3.

Xdc dinh cdu tric

S dung cac phuong phép phé dé khing
dinh cdu trdc cla cac dan chat muc tiéu, bao
gbm phé hong ngoai (IR), phé khéi phan giai
cao (HR-MS); phé cong hudng tir hat nhan ('H-
NMR, 3C-NMR).

Th& hoat tinh (¢ ché indoleamin-2,3-
dioxygenase 1

Th hoat tinh Uc ché IDO1 dugc thuc hién
tai Khoa Dugc, Truong Pai hoc Keimyung,
Daegu, Han Quéc. Kha nang uc ché IDO1 cla
tat ca cac chat muc tiéu dugc tién hanh & néng
dé 1,0 mM, bang phuong phdp do huynh
quang, chat ching duong la IDO5L theo
huéng dan clia nha san xuat.

Két qua nghién cuu

Téng hop héa hoc

Téng hop chdt trung gian I: Hoa tan 652 mg
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(4 mmol) 6-nitro-1H-indazol trong 10 ml
aceton trong binh cau day tron dung tich 100
ml. Thém vao dung dich 553 mg (4 mmol)
K2CO3 va hoat hda phan tng trén trén bép tu
360 oC trong vong 2 gid, thu dugc hdn dich ¢
mau cam dam.Thém tiép 1,28 ml (12 mmol) 2-
cloro ethyl acetat vao binh phan ting, cing véi
mot luong nho (20 mg) KI ran, tiép tuc phan
ing & 60 °C trong vong 6 gid, thu dugc hon
dich c6 mau vang nhat. Két thic phan ung,
hén hgp dugc c6 quay dudi ap suat giam loai
bd dung méi va can thu dugc dugc chiét vai
dicloromethan (DCM) (3 1an x 25ml), lam khan
pha hitu co bang NazSOs khan va két tinh lai
san pham bang n-hexan. Loc va sdy tda thu
dugc 850 mg chat trung gian so I la chat ran
mau trang, hiéu suat 85,0 %; Rr = 0,65 (EA-n-
hexan = 1:1).

Téng hop chdt trung gian Il: Hoa tan 1,25 g
ethyl 2-(6-nitro-1H-indazol-1-yl) acetat (I) (5
mmol) trong 20 ml methanol trong binh cau
day tron dung tich 100 ml. Can 600 mg (15
mmol) NaOH rén, cho vao trong lo thuy tinh,
thém mét luong téi thiéu nuéc dé hoa tan hét
NaOH. Thém tu tU dung dich NaOH vua pha
vao binh phan (ing, khudy trén bép tir trong
khoang 30 phut. Sau thai gian trén, khoi phan
Uing dugc c6 quay dudi ap suat giam loai dung
moi. Binh phan Uing sau d6 dugc lam lanh va
thém dan acid HCI 5 % dén pH= 3-4. Loc va sdy
tda thu dugc 830 mg chat trung gian s6 Il la
chat ran mau trang, hiéu suat 75,0 %; Rr= 0,3
(DCM:MeOH = 14:1)..

Téng hop chdt trung gian llla-e: Cac dan chat
trung gian amid llla-e dugc téng hop ti dan
chat trung gian Il bang phan ting amid héa véi
cac anilin khac nhau trong dung méi DCM ¢6
mat thionyl clorid va triethylamin nhu sau:
Thém vao binh phan dng dung tich 50 ml cé
chira 112 mg (0,51 mmol) hgp chat Il trong 10
ml DCM; mot lugng 0,6 mmol dan chat anilin.
Thém tiép vao binh phan tng 213 ul (1,5
mmol) triethylamin (TEA) va 112 pl (1,5 mmol)
SOClz r6i khudy phan ting & nhiét d6 phong
trong 3 gid. Hon hop sau phan ting dugc rda 3
lan, mdi lan 10 ml dung dich HCI 5 % va 3 lan
m&i lan 10 ml dung dich NaHCOs bao hoa. Thu
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lay pha dung moi hitu co, lam khan bang
Na:SO4 khan va tinh ché bang sac ki cot véGi hé
pha déng EA/n-hexan = 30/70 thu dugc cac
dan chat llla-e mau trdng, hiéu suat tir 70 %
dén 85 %.

Téng hop cdc chdt muc tiéu IVa-e: Cac hop
chat acetamid thom mang khung 6-amino-1H-
indazol IVa-e dugc téng hop tu cac hop chat
llla-e tuong Ung bang phan (ng khi khoéa
nhém nitro trong EA véi tac nhan la SnCl..2H.0
va xuc tac HCl dac. Cu thé nhu sau: thém vao
binh cau day tron dung tich 50 mL mét lugng
1 mmol cac chat llla-e, 1,13 g (5 mmol)
SnCl2.2H20 va phan tan trong ethyl acetat (EA).
Thém vai giot dung dich HCl dac va khudy
trong 12 gid. Sau phan ng, kiém hoa dung
dich dén pH = 10 bang dung dich Na-COs bao
hoa, loc tua véi celite va thu ldy pha dung méi
hitu co. Lam khan bang Na.SOa khan, c6 quay
va tinh ché bang séac ki cét véi hé pha dong
EA/n-hexan = 3/2 thu dugc cac san pham
mong mudn IVa-e la chat rdn, mau trdng héng
dén hoéng.

Xdc dinh cdu tric

C4u trdc cac chat muc tiéu duge khang dinh
théng qua cac ditliéu phan tich phé IR, HR-MS,
TH-NMR, *C-NMR. Két qua cu thé nhu sau:

2-(6-amino-1H-indazol-1-yl)-N-phenyl
acetamid (IV-a): Chat ran mau trang hong;
hiéu suat 60 %. t°n: 188,3-189,6 °C. Rr = 0,55
(EA-n-hexan = 1:1). IR (KBr, cm™): 3337 (N-H),
2930 (C-Hsp3), 1670 (C=0), 1283 (C-N); "H-NMR
(500 MHz, CDCls, ppm): 6 10,3 (s, TH, NH-CO);
7,81(d,J=7,5Hz 1H,H4); 7,67 (s, 1H,H3'); 7,45
(d,J=6,5Hz, 1H,H3); 7,43 (t, /= 8,5 Hz; 2H; H3,
H5); 7,38 (d,J=8,0Hz, 1H, H5"); 7,12 (d, 2H, H2,
H6); 6,58 (t, 1TH, J=7,0 Hz, H4); 6,53 (d, /= 7,5
Hz, H5%); 5,13 (s, 3H, CHz); 3,41 (s, 2H, NHa). 3C-
NMR (125 MHz, CDCls, ppm):  166,40; 148,52;
142,84; 139,24; 113,53; 129,30; 123,96; 121,40;
119,62; 116,61; 112,85; 90,50. HR-MS (ESI) m/z
tinh cho CisH1sN4O [M+H]* du kién 267,1246;
thuc té 267,1246.

2-(6-amino-1H-indazol-1-yl)-N-(2-chloro-
phenyl) acetamid (IV-b): Chat ran mau trang
hong; hiéu suat 60 %. t°n: 195,5-196,9 °C. Ri=
0,50 (EA-n-hexan = 1:1). IR (KBr, cm™): 3373 (N-
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H), 2922 (C-Hsp3), 1678 (C=0), 1275 (C-N). 'H-
NMR (500 MHz, CDCls, ppm): 5 8,27 (d, J = 7,0
Hz, 1H, H6); 8,22 (s, TH, NH-CO); 7,94 (s, TH, H3);
7,47 (d,J=8,5Hz, 1H,H4"); 7,14-7,19 (m, 2H, H5,
H3); 6,93 (t,J=7,5Hz H4); 6,49 (s, TH, H7'); 5,07
(s, 2H, CH2); 3,89 (s, 2H, NH.). *C-NMR (125 MHz,
CDCl3): 6 165,22; 145,88; 134,92; 133,04; 128,05;
123,97;121,35; 120,32; 117,06; 112,41; 90,30;
51,75. HR-MS (ESI) m/z tinh cho CisH1CIN4O
[M+H]* du kién 301,0856; thuc té€ 301,0857.
2-(6-amino-1H-indazol-1-yl)-N-(4-bromo-
phenyl) acetamid (IV-c): Chat ran mau trang
hong; hiéu suat 60 %. t°n: 203,1-204,7 °C. Ri =
0,52 (EA-n-hexan = 1:1). IR (KBr, cm™): 3369 (N-
H), 2934 (C-Hsp3), 1670 (C=0), 1278 (C-N). 'H-
NMR (500 MHz, CDCls;, ppm): 6 8,03 (s, TH,
NH-CO); 7,99 (s, 1H, H3"); 7,54 (d, J= 8,5 Hz, TH,
H4'); 7,38 (d, J=9,0 Hz, 2H, H2, H6); 7,31 (d, J =
9,0 Hz, 2H, H3, H5); 6,63 (d, /= 8,0 Hz, TH, H5");
6,55 (s, TH, H7"); 5,00 (s, 2H, CH2); 3,97 (s, 2H,
NH2). *C-NMR (125 MHz, CDCls): 6 166,02;
147,05; 135,94; 131,93; 122,37; 121,60; 117,83;
117,35; 113,55;91,91; 52,31. HR-MS (ESI) m/z
tinh cho CisHiBrN4O  [M+H]* du  kién
345,0351/347,0331; thuc té€ 345,0349/347,0328.
2-(6-amino-1H-indazol-1-yl)-N-(4-
methoxyl-phenyl) acetamid (IV-d): Chat ran
mau trang héng; hiéu suat 60 %. t°.: 199,2-
201,0 °C. Rr= 0,40 (EA-n-hexan = 1:1). "H-NMR
(500 MHz, CDCls, ppm): 6 8,32 (s, TH, NH-CO);
7,84 (s, TH, H3"); 7,41 (d, J = 10,0 Hz; 1H, H4');
7,25 (d; J=6,80 Hz, 2H, H2, H6); 6,72 (d, /= 9,0
Hz, 2H, H3, H5); 6,52-6,54 (m, 2H, H5, H7"); 3,67
(s, 3H, OCHs); 3,01 (s, 2H, NH2). *C-NMR (125
MHz, CDCls): 6 166,02; 156,52; 147,07; 142,14;
135,09; 129,99; 121,82; 117,49; 113,90; 91,34;
55,26; 52,02. HR-MS (ESI) m/z tinh cho
Ci6H17N4O2 [M+H]* du kién 297,1352; thuc té
297,1364.
2-(6-amino-1H-indazol-1-yl)-N-(2,4-
dimethoxyl-phenyl) acetamid (IV-e): Chat ran
mau trang héng; hiéu suat 60 %. t°.: 202,8-
204,5 °C. Rr = 0,35 (EA-n-hexan = 1:1). IR (KBr,
cm™): 3360 (N-H), 2920 (C-Hsp3), 1670 (C=0),
1276 (C-N). "H-NMR (500 MHz, CDCls, ppm): &
8,15 (d, J = 9,0 Hz, H6); 7,98 (ss, 2H, N-H; H3);
7,53 (d, J= 8,50, H4); 6,61 (d; J = 10,50 Hz; J =

.1

2,5 Hz, H5"); 6,56 (s, TH, H7'); 6,42 (dd, J = 6,50
Hz, J= 2,0 Hz, H5); 6,35 (s, TH, H3); 5,04 (s, 2H,
CHo); 3,93 (s, 2H, NHz); 3,75 (s, 3H, 3-OCHs); 3,62
(s, 3H, 4-OCHzs). *C-NMR (125 MHz, CDCl3): 6
165,48; 156,74; 149,45; 146,71; 142,08; 135,34;
122,13; 120,58; 118,06; 113,26; 103,72; 98,67;
91,60; 55,71; 55,51; 52,71. HR-MS (ESI) m/z tinh
cho Ci7H19N4Os [M+H]* du kién 327,1457; thuc
té€ 327,1456.

Thirhoat tinh iic ché€IDO1

Cac dan chat IVa-e dugc danh gia tac dung
Uc ché IDO1 & nong dd 1,0 mM, so sanh vaGi
chat déi ching duong la IDO5L. Két qua thé
hién bang phan tram Uc ché IDO1 dugc trinh
bay & bang 1.
Bang 1. Két qua uic ché IDOT cta cdc chdt IVa-e

3
3 D
2N
HoN™ &7 1"\l o)
\\.\// 1 2 3 R
NH 4
IV-a-e 6 5
Chat R % Uc ché IDO1’
IVa H 87
IVb 2-Cl 98
IVc 4-Br 99
Ivd 4-OCH; 79
IVe 2,4-OCH; 95
IDO5L2 100
Ching am (dung 0
moi)

'Phdn trdm ic ché IDO1 tai nbng dé 1 mM;
2chdt d6i ching duong tinh

Ban lvan

Téng hop héa hoc

Qua trinh t8ng hap cac chat muc tiéu IVa-
e dugc tién hanh theo so d6 dugc mo ta trén
hinh 3. Phan (ing dau tién la phan ting N-alkyl
héa gilta 6-nitro-1H-indazol vd&i 2-cloro
ethylacetat. Do tinh nucleophin yéu cla
nguyén t& N1 indazol, can hoat héa trudc
phan (ing bang moét base (K2COs) tao ion am
tang tinh ai nhan cta chat ban dau, déng thdai,
moét lugng nhoé Kl xudc tac chuyén 2-cloro
ethylacetat thanh 2-iodo ethylacetat sé lam
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tang toc d6 phan tng alkyl hoa. Bén canh do,
viéc hoat hoa trudc 6-nitro-1H-indazol trong
thai gian 6 gid cung véi viéc s dung mot
lugng du 2-chloro ethyl acetat sé cho san
pham alkyl chon loc vao vi tri N1. Phan tng
thu hai la phan ung thay phan ester I trong
moi trudng kiém va acid héa dé thu dugc acid
trung gian Il. Do tinh so nudc ctia khung
indazol va qua trinh lam lanh gidm d6 tan,
acid Il dé dang thu dugc bang cach loc qua
gidy loc thong thudng. Phan ting thu ba s
dung tdc nhan thionyl chlorid la tac nhan kht.
San pham phu cta phén tng la acid HCl ¢6
thé lam bat hoat anilin muc tiéu lam gidm
hiéu suat phan ng, do vay can thém TEA dé
trung hoa lugng acid HCl sinh ra. Phan ung
cudi cung xay ra trong diéu kién kha ém diu
va dé dang. San pham amin sau qua trinh kh(
dé bi oxy hda bai oxy va nhiét d6 do vay can
xU ly phan ting & nhiét dé thap (duai 40 °C) va
bado quan trong ta lanh.

Xdc dinh cdu tric

C4u truc clha cac chat muc tiéu IVa-e da
dugc khang dinh trén co s& phan tich cac di
lieu phé IR, MS, 'H-NMR va 3C-NMR. Trén phé
'H-NMR cUia cac chat déu cho mot pic don, tu
& d6 dich chuyén héa hoc khoang 8 ppm
tuong Ung véi proton cta NH amid. Véi cac
proton tham, proton & vi tri 3'va 4’ cia khung
indazol thudng cé do6 dich chuyén Ién nhat do
hiéu Uing hut dién ta gay ra b&i nguyén ti nito
G vi tri s6 2. Cac chat IVe-d déu c6 hai pic doi
2 proton Ung v&i cac cap proton 2-6 va 3-5 cla
vong benzen. Proton cia nhém amin (-NH2)
c6 do dich chuyén trong khoang tu 3,8-3,9
ppm, thé hién bdng mét pic don, tu. Proton
clla nhom methylen cau néi c6 d6 dich
chuyén khoédng 5,0 thé hién bang mét pic
don. Cac nguyén tir H con lai ciia vong benzen
va vong indazol ¢6 d6 chuyén dich phan bé
trong khoang tir 6,5 ppm dén 7,5 ppm. Ngoai
ra, 3 phé d6 cta hop chat IVd va IVe, xuat
hién cac pic dac trung cta proton nhéom
methoxyl phan b6 trong khodng tir 3,6 ppm -
3,9 ppm. Phé 3C-NMR clia cac chat IVa-e déu
xuat hién day du cac pic carbon dac trung
phu hop véi cong thic cac chat du kién.
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Ngoai ra, cong thiic phan tir clia cac chat thu
dugc cling dugc khang dinh dua vao moét pic
ion phan ti ((IM+H]*) c6 sé khoi phu hop véi
khoi lugng phan tir du kién clia chat.

Tdc dung irc ché enzym IDO1

Két qua thir tac dung tc ché enzym IDO1
cGia nam chat muc tiéu (bang 1) cho thay, &
nong d6 1,0 mmol tat ca cac hgp chat déu co
kha nang Urc ché IDO1 tr 79 % tr& 1én. Trong
do, dan chat IVb va IVe c6 hoat tinh tic ché tot
nhat véi phan tram lan lugt 1a 98 % va 99 %.
Anh huéng ctia nhém thé dén hoat tinh Uc
ch&IDO1 dugc thé hién khi so sanh dan chat
IV-a va cac dan chat con lai. Nhin chung, khi
dua thém nhom thé vao vong benzen, khong
ké 1a nhom thé hat dién ti hay ddy dién tu,
hoat tinh c ché IDO1 tang lén ngoai tru
nhom thé 4-OCH:s lai lam gidm hoat tinh cla
dan chat thé. So sanh gilta nhom dan chat
Vib, IVc va nhém dan chat IVd, IVe cé thé
nhan thay, viéc dua nhom thé halogen (-Cl, -
Br) vao vong benzen dudng nhu lam tang
hoat tinh Uc ché enzym manh hon so véi cac
nhom thé loai 1 (-OCHs) (thé hién qua phan
tram Uc ché IDO1 & néng d6 1 mM lan luot la
98 %, 99 % so VGi 79 % va 95 %). Két hgp véi
nhiing nghién ctu trudc day clia ching toi vé
anh huéng clia nhém thé halogen khi gan
vao vong tham & vi tri s 6 trén vong indazol
lam tang hoat tinh clia cac dan chat tao thanh
(chat B, hinh 2) [4], c6 thé khang dinh vai tro
quan trong ctia nhém thé nay déi véi hoat
tinh clia cac dan chat téng hgp 1én hoat tinh
Uc ché 1DO1.

Két luan

Nam dan chat acetamid thom mang khung
6-amino-1H-indazol méi da dugc téng hap,
khang dinh dé tinh khiét thong qua sac ky I6p
mong, nhiét d6 néng chay va xac dinh cau tric
bang phuong phap phé IR, phé HR-MS cung
phd NMR. Két qua thir hoat tinh tc ché enzym
IDO1 clia cac hgp chat téng hop dugc cho thay
dan chat IVb va IVc véi nhom thé halogen (-Cl,
-Br) gén vao vong benzen cho hoat tinh néi bat
nhat vai phan tram tc ché IDO1 tai ndbng d6 1,0
mM lan luot la 98 % va 99 %. Nghién ctu da
khang dinh lai vai trd cia nhom thé halogen



Nghién c(u Dugic & Thong tin thudc 2022, Tap 13, 564, trang 32-37

N

doi vai hoat tinh tc ché IDO1 déng thai ddng  cac chat tiém nang trong diéu tri ung thu theo
gop thém cac dan chat méi vao “ngan hang”  hudng Uc ché IDOT1.
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