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TONG HQP DAN XUAT 2-BENZIMIDAZOLYL-4-0X0-4H-QUINOLIZINE
BANG PHUONG PHAP HO TRQ VI SONG
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Thong tin chung: ABSTRACT

Ngay nhén: 04/12/2014 A rapid and efficient microwave-assisted synthetic method for
Ngay chap nhan: 24/04/2015 the preparation of 2-benzimidazolyl-4-oxo-4H-quinolizine derivatives
has been successfully developed. Three 2-(1H-benzimidazol-2-yl)-4H-

Title: quinolizin-4-one derivatives were obtained from the reaction between
Microwave assisted synthesis  4-oxo-4H-quinolizine-2-carbaldehyde and —ortho-phenylenediamine or
of 2-Benzimidazolyl-4-oxo- ortho-nitroaniline derivatives in the presence of NaS:04 or Na»S:Os
4H-Quinolizine derivatives as oxidative agents. In all cases, good yields (76-92%) and short

reaction time (10 minutes) were observed. The structures of these new
Tir khoa: 2-(1H-benzimidazol-2-yl)-4H-quinolizin-4-one derivatives were confirmed

Benzimidazole, tong hop c6 by 'H-NMR, *C-NMR and MS spectra
suw ho tro vi song, 4-oxo-4H-

quinolizine, ortho- TOM TAT
phenylenediamine, ortho- Phuong phdap nhanh chéng va hiéu qud tng dung sw ho tro cia vi
nitroaniline song da dwgc phat trién thanh cong dé tong hop chc dan xudt
2-benzimidazolyl-4-oxo-4H-quinolizine. Bang phicong phdp ndy, ba din
Keywords: xudt 2-(1H-benzimidazol-2-yl)-4H-quinolizin-4-one da dwoc tong hop tir
Benzimidazole, microwave 4-oxo0-4H-quinolizine-2-carbaldehyde véi cdc  ortho-phenylenediamine
assisted synthesis, 4-oxo-4H-  hodc ortho-nitroaniline sir dung Na;>S:04 hodc Na:xS:0s lam tac nhdn oxy
quinolizine, ortho- hoa. Trong ca ba truong hop khao sat déu cho hiéu sudt tong hop cao (76-
phenylenediamine, ortho- 92%) va thoi gian tong hop ngan (t6i da 10 phit). Cau triic cia cdc dan
nitroaniline xudt 2-(1H-benzimidazol-2-yl)-4H-quinolizin-4-one mdi dwoc xdc dinh

bang cac phirong phdp phé nghiém 'H-NMR, 3C-NMR va MS.

1 GIOI THIEU Nhan b@nzimidazole xuét hién rong rai trong

Qua trinh nghién ciru phét trién cac hop chat ~ ¢4c hop chat tw nhién. Trong linh vuc Hoa dugc,
tuong tic véi DNA va protein dé diéu tri bénh da dﬁf_l xuat benznmdazole duoc quan tdm nghién ctru
kéo dai hang thap ky. Benzimidazole va cac dan boi hoa.t‘ tinh sinh hoc cao va tiém néng img dung
xudt ciia n6 c¢6 kha ning twong tac véi DNA trong trong diéu ché thudc _C‘ila ching. Nhlél}‘ cong trinh
cac ranh nho. Ngoai ra, cac dic tinh vé dién tr va nghlén cu’u trén thé gidi da céng bo nhlé‘% dan xuat
khong gian (pharmacophore) cung véi cac nhom co benzimidazole c6 hoat tinh sinh hoc tiém ning

thuoc tinh héa 1i twong dong (bioisostere) véi nhu: khang nam (W. A. Maxwell va ct\'J.,'1971),
nucleotide ty nhién da ching minh hoat tinh sinh khang khuén (D. Sharma va ctv., 2009), tri giun san
hoc da dang cua benzimidazole va do do nhan (A. A. Farahat va ctv., 2011; D. Val'dez-Padllla va
duoc sy quan tAm nghién ctru dic biét cua cac nha ctv., 2009), khang viém (K. F. Ansari va ct., 2007,
Hoéa duoc (S. M. Nelson va ctv., 2007). L. Garuti va ctv., 2000), chong co giat (K. F.

Ansari va ctv., 2007; A. Chimirri va ctv., 2001),
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khang virus (Y. F. Li va ctv., 2006; H. Banie va
ctv., 2007), khang ung thu (J. Chen va ctv., 2010;
A. Abdel-monem va ctv., 2007). Hon nira, mdt
s6 thudc ding trong y hoc 1a cac din xuét
benzimidazole  nhu  thuéc  chéng  nidm
(Carbendazim) (H. Goker va ctv., 2002), thudc tri
giun san (Mebendazole va Thiabendazole) (G. N.
Vazquez va ctv., 2003), thudc tri loan tdm than
(Pimozide) (K. J. Spivak va ctv., 1986) va thudc
chéng loét da day (Omeprazole) (P. Lindberg va
ctv., 1986).

Thoéng thuong c6 hai huéng nghién ctu chinh
dé tong hop cac din xuat benzimidazole. Thir nhét,
su ngung tu gilta ortho-phenylenediamine va acid
carboxylic trong moi truong acid thuong la HCI
hodc acid polyphosphoric ¢ nhi¢t d¢ cao. Thi hai,
su ngung tu cua ortho-phenylenediamine va
aldehyde sir dung mdt tic nhan oxy hoa. Phuong
phap thir hai cho thdy sy vu thé hon vé hiéu suat va
diéu kién phan tng. Phan tmg ngung tu cia ortho-
phenylenediamine va aldehyde c6 thé tao ra cac
san pham khéac nhau. San pham chinh thay déi tiy
theo diéu kién phan tmg va cau tric cta aldehyde
(J. Mann va ctv., 2000; G. P. Ellis va ctv, 2008).
Mot s6 tac nhan oxy héa thuong duge st dung nhur
nitrobenzene, benzofuroxan, MnO,, oxone, CuSOy,
NaHSOs, Na,S;0s trong d6 Na,S;0s la tac nhan
hiéu quéa nhit, dic biét co thé thuc hién vdi sy hd
tro cta vi song (G. P. Ellis va ctv., 2008). Theo
phuong phap nay, dau tién cac aldehyde phan tmg
v61 NayS,0s tao ra san phém cong. Sau do, ortho-
phenylenediamine phan tmg véi san pham cong tao
thanh vong benzimidazole (C.Ochoa va ctv., 1997).

Gan day, Na,S,04 ciling dugc st dung thanh
cong trong tong hop benzimidazole tir ortho-
nitroaniline va aldehyde v&i hidu sudt rat tot
(Donglai Yang va ctv, 2004). Tuong tu nhu
Na,S,0s, tac nhin oxy hoéa Na;S,04 ciing c6 thé
thuc hién véi sy hd tro cia vi song nhim lam tang
hiéu suat va rit ngan thoi gian phan tng.

Muc dich cua nghién ctu nay la tng dung
phuong phép téng hop hién dai co su hd tro cua vi
song dé tong hop cac dan xuat benzimidazole méi
¢6 tiém ning vé hoat tinh sinh hoc, dic biét 1a hoat
tinh khang ung thu va khang virus.

2 THUC NGHIEM

2.1 Vit li¢u va thiét bi

Cac phd 'H-NMR, *C-NMR va phdé DEPT
duoc do trén may cong hudng tir hat nhan Bruker
Avance 500 NMR Spetrometer tai Vién Hoa hoc -
Vién Han Lam Khoa hoc Viét Nam. Phd khdi
lugng MS dugc do trén may 1100 series
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LC/MS/MS Trap Agilent. Cac hoa chit va dung
mdi sir dung c6 ngudn gde tir Merck. Sic ky ban
mong st dung ban nhom silica gel 60 Fasq trang san
c6 d6 day 0,2 mm (Merck). Sic ky cot st dung
silica gel ¢& hat 0,040-0,063 mm (Merck).

2.2 Téng hop

Téng hgp 2-(hydroxymethyl)-4 H-quinolizin-
4-one 4: Can NaBH4 (0,38 g — 10 mmol) vao binh
cau 50 mL da dwoc sdy kho, day kin binh cdu bing
nit cao su, dung syringe thém 3 mL ethanol.
Khuéy hén hop trong méi trudong khi N, ¢ nhiét do
phong véi téc d6 khudy 700 vong/phit khoang 10
phut. Sau d6, thém tir tir hon hop chira ethyl 4-oxo-
4H-quinolizine-2-carboxylate 3 (0,217 g — 1 mmol)
trong 2 mL ethanol vao hdn hop trén. Tiép tuc
khuay & nhiét do phong trong 5 gio. Hon hop sau
phan tmg duoc acid hoa bang dung dich HCI IN,
chiét san pham bang EtOAc (3x30 mL), sau d6 rira
lai nhiéu 1an bang nude cit dén khi dich chiét trung
tinh (pH = 7), tiép tuc rira dich chiét voi dung dich
NaCl bdo hoa, lam khan véi NaySOs, loc va co
duél dung méi. San pham thé dugc tinh ché bang
sic ky cot (silica gel, PE:EtOAc = 1:3) thu duoc
chit rin mau vang nhat (0,1 g - hiéu suat 57%); Ry
= 0,21 (hé giai ly EtOAc). 'H-NMR (500 MHz,
CDCl3&MeOD, dppm): 9,02 (d, J = 7,5 Hz, 1H, -
CH=); 7,50 (d, J = 8,5 Hz, 1H, -CH=); 7,38-7,33
(m, 1H, -CH=); 7,05-7,02 (m, 1H, -CH=); 6,80 (s,
1H, -CH=); 6,62 (s, 1H, -CH=); 4,69 (s,
2H, -CH;OH). BC-NMR (125 MHz,
CDCl3&MeOD, dgppm): 158,5 (>C=); 153,6 (>C=);
142,0 (>C=); 129,5 (-CH=); 126,7 (-CH=); 125,3
(-CH=);

115,2 (-CH=); 105,2 (-CH=); 102,1 (-CH=); 62,8
(-CHa-).

Téng hop 4-0x0-4H-quinolizine-2-
carbaldehyde 5: Khudy hdn hop gdm MnO, (0,87
g — 10 mmol) va 2 mL MeCN trong mdi trudng khi
N, ¢ nhiét do phong voi téc d6 khudy 700
vong/phut khoang 15 phat. Thém tr tr 2-
(hydroxymethyl)-4H-quinolizin-4-one 4 (0,175 g —
1 mmol) trong 3 mL MeCN véo hdn hop trén. Tiép
tuc khudy ¢ nhiét do phong trong 4 gio. Hon hop
sau phan ung duogc chiét bang EtOAc (3x30 mL),
sau d6 rira lai nhidu lan bang nudc cit, sau ciing
rira dich chiét véi dung dich NaCl bdo hoa, lam
khan véi NaySOs, loc va ¢o dubi dung mobi. San
pham thé dugce tinh ché bang sic ky cot (silica gel,
PE:EtOAc = 3:1) thu dugc san phim la chat rin két
tinh mau vang cam (0,09 g, hiéu sudt 52%); Ry =
0,55 (hé giai ly EtOAc). 'H-NMR (500 MHz,
CDCls, dppm): 10,06 (s, 1H, -CHO); 9,19 (d, J =
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7,5 Hz, 1H, -CH=); 7,67 (d, J = 8,5 Hz, 1H, -
CH=); 7,48 (t, J = 1,75 Hz, 1H, -CH=); 7,17-7,14
(m, 1H, -CH=); 7,09 (s, 1H, -CH=); 6,99 (d, 1H, J
= 1 Hz, -CH=). 3C-NMR (125 MHz, CDCl;,
dppm): 192,0 (O=CH-); 158,9 (>CO); 1433
(=C<); 142,2 (=C<); 130,8 (-CH=); 127,8 (-CH=);
127,0 (-CH=); 116,7 (-CH=); 109,7 (-CH=); 99,9
(-CH=).

Téng hop  2-(1H-benzimidazol-2-yl)-4H-
quinolizin-4-one 6: Can hdn hop gdm aldehyde 5
(0,173 g — 1 mmol), benzene-1,2-diamine (0,108 g
— 1 mmol) va Na;$,0s5 (0,19-1 mmol) vao 6ng
nghiém chuyén dung cia thiét bi vi song. Thém 4
mL hé dung moéi EtOH:H,O (9:1) va tién hanh
chiéu vi song trong thoi gian 90 gidy ¢ nhiét do
70°C véi nang lwong 150 W va toc d6 khudy cao.
Hon hop sau phan tng duoc chiét bang EtOAc
(3%30 mL), sau d6 rira lai nhidu 1an bang nudc ct,
sau cung rira dich chiét v6i dung dich NaCl bao
hoa, 1am khan v&i NaySOs, loc va ¢o dudi dung
moi. San pham thd dugc tinh ché bang sic ky cot
(silica gel, PE:EtOAc = 1:2) thu duogc chét rin két
tinh mau vang (0,224 g, hiéu suat 86%); R, = 0,36
(hé giai ly EtOAc). Phd MS: (m/z) 262,05 [M+H]".
Ph6 'H-NMR (500 MHz, DMSO-ds, dppm): 8,97
(d, J=1,5Hz, 1H, -CH=); 7,90 (d, /=9 Hz, 1H, -
CH=); 7,70 (s, 1H, -CH=); 7,65 (dd, J = 3;6 Hz,
2H, -CH=); 7,59 (t, J = 1,75 Hz, 1H, -CH=); 7,21-
7,25 (m, 4H, -CH=). Phé '3C-NMR (125 MHz ,
DMSO-ds, dppm): 157,31 (>CO); 149,2 (>C=);
142,77 (>C=); 138,7 (>C=); 131,0 (-CH=); 126,6
(-CH=); 126,3 (-CH=); 122,8 (-CH=); 116,2
(-CH=); 103,4 (-CH=); 100,4 (-CH=).

Téng hop 2-(6-methoxy-1H-benzimidazol-2-
yl)-4H-quinolizin-4-one 7: Can hdn hop gdm
aldehyde 5 (0,173 g — 1 mmol), 4-methoxy-2-
nitroaniline (0,53 g — 1 mmol) va Na,S,04 (0,696 g
— 4 mmol) vao dng nghiém chuyén dung cua thiét
bi vi song. Thém 4 mL hé dung méi EtOH:H,O
(9:1) va tién hanh chiéu vi song trong thoi gian 5
phut & nhiét d6 70°C vé6i nang luong 150 W va tde
d6 khudy cao. Hon hop sau phan tmg dugc trung
hoa bang 2 mL NH4OH 10% va tién hanh chiét
bang EtOAc (3x30 mL), sau do rua lai nhiéu lan
bang nudc cat, sau cing rira dich chiét véi dung
dich NaCl bao hoa, 1am khan véi Na,SOys, loc va ¢cd
dudi dung méi. San pham thé dugc tinh ché bang
sdc ky cot (silica gel, PE:EtOAc = 1:5) thu duoc
chat rin két tinh mau vang (0,268 g, hiéu suat
92%); Ry= 0,28 (h¢ gidi ly EtOAc:MeOH = 95:5).
Phé MS: (m/z) 292,08 [M+H]*. Phé 'H-NMR (500
MHz, DMSO-ds, dppm): 13,10 (s, 1H, -NH-); 8,96
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(d, J=6,5 Hz, 1H, -CH=); 7,88 (d, J = 8,5 Hz, 1H,
-CH=); 7,45-7,62 (m, 3H, -CH=); 7,19-7,24 (m,
1H, -CH=); 7,13 (d, J = 4,5 Hz, 1H, -CH=); 7,01
(d, J =2 Hz, 1H, -CH=); 6,88 (dd, J = 2,5; 8,75
Hz, 1H, -CH=); 3,83 (s, 3H, -OCH3). Phd *C-
NMR (125 MHz DMSO-ds, dppm): 157,3 (>CO);
156,9 (>C=); 147,9 (>C=); 144,6 (>C=); 142,6
(>C=); 138,5 (138,4) (>C=); 135,9 (>C=); 131,0
(130,9) (-CH=); 126,6 (126,3) (-CH=); 120,1
(-CH=); 116,0 (-CH=); 1139 (-CH=), 1124
(112,1) (-CH=); 103,1 (103,0) (-CH=); 101,3
(94,2) (-CH=); 100,2 (100) (-CH=); 55,5 (-OCH3).

Téng hop 2-(6-amino-1H-benzimidazol-2-
yl)-4H-quinolizin-4-one 8: Can hdn hop gdém
aldehyde 5 (0,173 g — 1 mmol) va Na,S,0s (0,19 —
1 mmol) vao dng nghiém chuyén dung cua thiét bi
vi song. Thém 4 mL hé dung mo6i EtOH:H,O (9:1)
va tién hanh chiéu vi song trong thoi gian 2 phut &
nhiét d6 80°C véi niang lugng 150 W va toc do
khudy cao. Sau d6 thém vao 4-nitrobenzene-1,2-
diamine (0,153 g — 1 mmol), tiép tuc chiéu xa vi
song 10 phat & nhiét do 120°C. Hon hop sau phan
g duoc chiét bang EtOAc (3x30 mL), sau do rua
lai nhiéu 1an bang nudc cit, sau cung ria dich chiét
v6i dung dich NaCl bao hoa, 1am khan véi NaySOs,
loc va ¢d dudi dung moi. San phém thé duoc tinh
ché bang sic ky cot (silica gel, EtOAc:MeOH =
95:5) thu dugc chit rin két tinh mau vang cam
(0,21 g, hiéu sudt 76%); R, = 0,23 (h¢ giai ly
EtOAc:MeOH = 9:1). Phd MS: (m/z) 277,20
[M+H]". Phé 'H-NMR (500 MHz, DMSO-ds
dppm): 8,93 (d, /=7 Hz, 1H, -CH=); 7,84 (d, J =
8,5 Hz, 1H, -CH=); 7,53-7,57 (m, 2H, -CH=); 7,35
(d, J = 8,5 Hz, 1H, -CH=); 7,16-7,19 (m, 1H, -
CH=); 7,08 (d, /=2 Hz, 1H, -CH=); 6,94 (s, 1H, -
CH=); 6,60 (dd, J = 2; 8,5 Hz, 1H, -CH=); 5,09 (s,
2H, -NH,). Phé '*C-NMR (125 MHz DMSO-dj,
oppm): 157,4 (>CO); 142,5 (>C=); 139,0 (>C=);
130,7 (>C=); 126,5 (-CH=); 126,2 (-CH=); 115,8
(-CH=); 102,6 (-CH=); 100,0 (-CH=).

3 KET QUA VA THAO LUAN

Trong cong bd gan ddy (Chau Nguyén Trim
Yén va Bui Thi Biu Hué, 2012), phuong phap
tong hop 2 budc bao gom ngung tu Stobbe/ghép
vong di dugc 4p dung thanh cong d6i véi 2-
pyridinecarbaldehyde tao ra cu tric khung co ban
4-ox0-4H-quinolizine v&i hiéu sudt tong cong
khoang 30% (So db 1). Tir cau trac khung nay,
nhom ethyl ester tiép tuc duoc khir boi NaBH4 tao
alcohol 4. Alcohol 4 tiép tuc bi oxy hda bdi MnO,
tao aldehyde 5 voi hiéu sudt tong cong qua 2 budc
dat 29,6%.
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So d6 1: Téng hop 4-oxo-4H-quinolizine-2-carbaldehyde

Tir aldehyde 5 d& tai tién hanh khao sat diéu
kién tong hop din xuidt benzimidazole tir
benzenediamine va tic nhan oxy héa 1a CuSO,. Két
qua 1a sau 4-5 gio dun hoan lwu cb dién hdn hop
phan tng, san phém 6 duoc tao thanh véi hiéu suét
dat khoang 50% (tinh ché bang sic ky cot silica
gel). Dé cai thién diéu kién thyc hién phan tng
cling nhu hiéu sut phan tng, phuong phap tong
hop dung vi song dugc thue hién. Tuy nhién, moi
diéu kién tong hop st dung tac nhan oxy héa la
CuSO, déu thét bai. Trong tat ca truong hop chi
xay ra su phan huy tic nhan phan tmg. Tuy nhién,
bang cach dung Na,S,0s thay cho CuSOy, dudi su

L,
NH

N

hd tro cia vi song, dan xuit 6 duogc tao thanh
v6i hiu suat 86% (nhiét do 1a 70°C trong thoi gian
90 giay).

Ap dung vi séng vao phan tmg khu o-
nitroaniline da dugc cong bd nhung day 1a 1an dau
tién ap dung vi song tong hop dan xuit 7 bang tac
nhan Na,S$,04. Viéc st dung hé dung moi
EtOH:H,O (9:1) thay cho dung méi EtOH d lam
tang do hoa tan cua Na,;S,04 vao hon hop phan ing
tir d6 gép phan ting hiéu suit phan ung. San pham
7 dugc tao thanh voi hiéu sudt kha tot (92%) o
nhiét d6 70°C trong thoi gian 5 phit (So db 2).

2 Z A |
Na,S,0s5 MW, 90 s, 70°C ~-N 6 86%
O
/C[ HN rom
Y CHO 1o . P
~-N Na,S,0,, MW, 5 phut, 70°C ~_N | 92%
5 © o 7 NH,
NH,
X s
>N NH, A~ SN
Na,S,0s5. MW, 10 phut, 120°C S N | 3 76%
(0]

So dd 2: Téng hop cac din xuét 2-(1H-benzimidazol-2-yl)-4H-quinolizin-4-one

Phan tmg tong hop san phdm 8 st dung tac
nhan oxy hoa Na,S,0s twong tur tong hop san phim
6. Nhung 4-nitrobenzene-1,2-diamine ¢6 nhom ruat
dién tir -NO; nén tinh than hach cua diamine giam.
Do vay, phan ung tong hop san pham 8 dugc tién
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hanh qua hai giai doan. Péu tién, aldehyde 5 phan
mg v6i NayS,0s tao ra san phdm cong. Sau do
4-nitrobenzene-1,2-diamine cho phan ung véi san
phim cong & nhiét d6 120°C. Trong diéu kién
nady nhéom -NO, hién dién trong tac chét
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4-nitrobenzene-1,2-diamine ban dau duoc ghi nhén
d3 bi khtr thanh nhoém —NH, nhu trong c4u tric cua
tao san phém 8. Su khir nhom -NO, thanh nhém -
NH, ¢6 thé 1a do c6 sy tao thanh tic nhan khu
Na,S;0; trong diéu kién chiéu xa vi song & nhiét
d6 cao (Donglai Yang va ctv, 2004). Phan tng nay
dién ra kho khan hon so v6i phan tmg tong hop san

o
AN NN
Na,S,05 03Na —rL e 81{
Al 8
N NH, ®

6,8
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phém 6. Do do, phan ting can thuc hién Q nhiét do
120°C trong thoi gian 10 phut véi hiu suat la 76%
(So d6 2). Co ché phan tng tong hop san pham 6
va 8 déu dien ra theo 2 buge. Dau tién, aldehyde 5
phan tmg vdi NaS;0s tao san phdm cong. Sau do,
dan xuat ortho-phenylenediamine phan mg v6i san
phadm cdng tao thanh benzimidazole (So do 3).
(0]

N
a s

H,N \ J
e
oxydation 7 N

H

— |

~_ N

So d6 3: Co ché phan tng sir dung tic nhin oxy héa Na:S:0s

Tuy vao tinh than hach ctia nhém -NH, ctia dan
xuit ortho-phenylenediamine ma thwc hién phan
mg qua 1 budc nhu téng hop san phim 6 hay qua
2 budc nhu tong hop san pham 8.

Co ché phan ung :[(;)ng hop san pham 7 duoc
trinh bay trong So d6 4. Pau tién la phan ung

QN
CO NO

7N\ |
N
\ N328204
0 -H,0 H3C
5
7N |
~_ N
(6]

N
a4

2

ngung tu gilta aldehyde 5 va 4-methoxy-2-
nitroaniline tao thanh hop chit imine tuong tng.
Tiép theo, sy khir nhom —NO, thong qua qua trinh
nhan 4 electron va 4 H' tao ra hop chét
hydroxyamine. Cudi cung, qua trinh vong hoa va
tach nudce tao san phim 7.

o}
o9
N N
-‘/OH
) N~
H

HC

OCH3

So d6 4: Co ché phan wng sir dung tiac nhin oxy héa Na>S:04

Ph6 *C-NMR ctia san pham 6 va 8 khong du
tin hiéu carbon ching té c6 sy trung lip cac tin
hiéu. Piéu ndy ciing dugc ghi nhan trong nhiéu
cong bd vé téng hop benzimidazole (Donglai Yang
va ctv., 2004; Yi-Sheng Xu va ctv., 2009; Vyankat
A. Sontakke va ctv., 2013). Ngoai ra, pho *C-
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NMR ciia hop chat 7 cho thdy co6 23 tin hiéu
carbon trong d6 c6 8 carbon tir cap, 15 carbon -
CH= va c6 7 cap tin hiéu carbon gan nhu tring
nhau cho thdy day co thé 13 hai dang tautomer cia
benzimidazole (E. Marco va ctv., 2005):
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WOOCH3
=

7 /l N
~_N
O
4 KET LUAN

Ba din xudt 2-(1H-benzimidazol-2-yl)-4H-
quinolizin-4-one méi di dugc tong hop thanh cong
bang phuong phap hd trg vi song st dung cac tac
nhan oxy hda Na,S,04 hodc Na,S,0s. Hi¢u suét
tong hop cao cung vé6i thoi gian phan tmg dugc rat
ngin 1a nhitng vu diém ndi tréi cua phuong phap
tong hop hién dai nay.
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