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Thong tin chung: ABSTRACT

Ngay nhan: 09/08/2016 Ten benzimidazole derivatives with various substituents (aza, H, Cl, NO;,
Ngay chap nhdn: 22/12/2016 CH;) at the C4 and C5 positions on the benzimidazole heterocycles have
been successfully synthesized from moderate to excellent yield (41% -

Title: 90%,). The synthesis made use of a condensation between substituted o-
Synthesis benzimidazole phenylenediamines and benzylamines in the presence of Na»S:0s as the
derivatives oxidant. Dimethylsulfoxide (DMSO) proved to be the better solvent than

ethanol for this transformation. Reaction time was shortened from 24
Tir khoa: hours to 18 hours. 2-(2-Chlorophenyl)-5-nitro-1H-benzimidazole had the
Benzimidazole, sodium best synthetic performance (90%,). The structures of these new compounds
metabisulfite, o- were confirmed by MS, 'H-NMR and 3C-NMR spectra.

phenylenediamine,

benzylamine TOM TAT

Muci dan xuat benzimidazole mang cac nhom thé khdac nhau o cac vi tri so

Keywords: 4va s6 5 trén nhdn benzimidazole (aza, -H, -CI, -NO,, -CH3) da dwgc tong
Benzimidazole, sodium hop thanh cong véi hiéu sudt 41% - 90% tir sw ngung tu giita cdc dan xuat
metabisulfite o- o-phenylenediamine va benzylamine, s dung sodium metabisulfite
phenylenediamine va (Na:S$:0s) la tac nhdn oxi hoa. Viéc s dung dung moi dimethylsulfoxide
benzylamine (DMSO) thay cho ethanol givp tang hi¢u suat tong hop ciing nhu rit ngan

thoi gian phan umg tir 24 gio xuong con 18 gio cho moi phan ing tong
hop. Hop chat 2- (2-chlorophenyl)-5-nitro-1H-benzimidazole cho hiéu sudt
tong hop cao nhat (90%). Cdu tric ciia cic chdt tong hop dwoc xdc dinh
bang cdc phiong phdp phé nghiém MS,"H-NMR va 3C-NMR.

Trich dan: Phan Tuyét N&, Mai Van Hiéu va Bui Thi Buru Hué, 2016. Tong hop dan xuat benzimidazole.
Tap chi Khoa hoc Trudong Dai hoc Can Tho. 47a: 107-113.

1 GIOT THIEU Nhan benzimidazole xuét hién trong nhiéu hop

Benzimidazole 1 mot hop chit hitu co di vong chit ty nhién va cac dan xuat cua ching dugc danh
thom. Céu trac benzimidazole 1 su két hop giita gid co6 nhidu tiém niang trong linh vuc y hoc
nhén benzene v6i nhan imidazole & vi tri s6 4 va s6 5. (Spasov Alexander Alexeevich, 1999; Yogita

1 1 Bansal and Om Silakari, 2012). Pa c¢6 nhiéu cong

H 7 H trinh nghién ctru cho thdy cac dan xuét
5—N 6 N benzimidazole c6 hoat tinh sinh hoc da dang va
[ /> 2 5 /> 2 phong phi bao gom: khang virus, khang khuan,
4N N khang nam, khang oxi hoa, chéng dong mau,
4 3 chéng dai thao duong, dic biét 1a kha nang chong

(1a) (1b) ung thu va chdng bénh ting huyét ap (Kavitha

Achar et al., 2010; Bakr Abdel Wahab e al., 2012;

Hinh 1: Céu tric imidazole (1a) va
n Au tric imidazole (1a) va Govinda Rao and Dipankar Chakraborty, 2014;

benzimidazole (1b)
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Malleshappa Noolvi et al, 2014; Ramanpreet
Walia et al., 2011). Chinh vi thé, qua trinh nghién
ctru, tong hop cac hop chit méi ciia benzimidazole
¢6 hoat tinh sinh hoc cao luén thu hut sy quan tam
cua cac nha hoa duogc.

Céc phuwong phap chu yéu duoc sir dung trong
tong hop khung benzimidazole bao gdm: phan tng
ngung tu gilta o-phenylenediamine véi acid
carboxylic hodc dan xuit ciia ching (ester, nitrile,
acid anhydride, amide,...) trong moi truong acid
(acid hydrochloride dam dac, acid
polyphosphoric,...). Ngoai ra, phan ung ngung tu
gilta o-phenylenediamine va aldehyde cling duoc
tién hanh va mang lai hi€u qua 18 rét voi viéc dung
tac nhan oxy héa phu hop. Mot s6 tac nhin oxy
hoéa thuong duge st dung nhu nitrobenzene, CoBr,
FeCls;, CuBr;, CuSOs, Na,S;04 va NayS,;0s5 trong
do dédc biét hi¢u qua la Na,S,0s. Phan img ngung
tu cua aldehyde va o-phenylenediamine c6 thé tao
ra cac san pham khac nhau. San pham chinh thay
dbi tiy theo diéu kién phan ng va ciu tric cia
diamine, aldehyde (Gwynn Ellis, 2008).

Ngoai sy ngung tu voi aldehyde thi sy ngung tu
gitta o-phenylendiamine va benzylamine ciing
dugc biét 1a phuong phap hiéu qua trong tong hop
vong benzimidazole. Cac chat oxy héa dugc su
dung phd blen bao gébm cic mudi cua kim loai
chuyén tiép nhu CuBr,. Cac din xudt o-
phenylenediamine, benzylamine mang nhom thé
khac nhau & vi tri ortho, meta, para déu cho hiéu
suét cao khi ap dung phuong phéap nay (Tiebo Xiao
et al., 2013). Ngoai ra, oxy hodc khong khi ciing

Cl
/@[ . @/\NHZ
H3C
1D

2

NH,

NH,
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duoc su dung lam tac nhén oxy hoéa (Khac Minh
Huy Nguyen and Martine Largeron, 2016). Tuy
nhién, chua ¢ nhiéu cong bd lién quan dén viée st
dung Na»S,0s lam tadc nhan oxy hda trong phan
ung ngung tu gilta o-phenylenediamine va
benzylamine.

Trong cong bb gan ddy (Pham Canh Em va Bui
Thi Btru Hué, 2015) chung t6i da tong hop thanh
cong 12 din xuét benzimidazole v6i hiéu suit kha
tbt dwa trén phuong phdp ngung tu gitta o-
phenylenediamine va cac aldehyde twong tng,
dudi su hd trg cta vi song, st dung céc tic nhan
oxy hoa 1a Na;S;04 va Na,S,0s. Trong s6 cac dan
xuat benzimidazole tong hop dugc c6 hai dan xut
thé hién doc tinh d6i véi té bao ung thu MCF-7
tuong duong chét ddi ching duong 1a Tamoxifen.
Trén co s& d6, ching t6i tién hanh mé rong hudng
tong hop cac din xudt benzimidazole nhim da
dang héa cac ciu triic khung benzimidazole tng
dung trong sang loc chét c6 hoat tinh sinh hoc, dic
biét 1a hoat tinh khang ung thu. Trong bai bao nay,
chung t6i cong bd két qua nghién ctru vé tong hop
dan xuét benzimidazole bang phwong phép ngung
tu giita cac din xuit o-phenylenediamine véi cac
benzylamine str dung tac nhan oxy hoa la Na,S,0s.

2 KET QUA VA THAO LUAN

Céc dan xuit khung benzimidazole dd duoc
chung t6i tong hop bang phan mg ngung tu giita o-
phenylenediamine va benzylamine st dung tac
nhan oxy hoa 1a Na,S,0s véi tac chit 1a 4-methyl-
1,2-benzenediamine 1D va 2-chlorobenzylamine 2.

Na,S,05 1eq

120°C, DMSO, 18h

H
N

/
N

4D2

Cl
H3C :

So d@6 1: Phan g tong hop 4D2

Hop chat Na,S,0s dwoc biét dén nhu tic nhéan
xuc tién sy ngung tu giita o-phenylenediamine va
aldehyde (Gwynn Ellis, 2008). Tuy nhién, chua c6
nhidu cong trinh cong bd viée st dung NayS,0s
nhu mét tac nhan can thiét cho phan Gmg ngung tu
gilta o-phenylenediamine va benzylamine trong
tong hop benzimidazole. Pé tim diéu kién thich
hop cho phan tng tong hop, chiing t6i chon khao
sat cac thong so sau: thay doi tac nhan oxy hoa
(Na,S,04 va Na,S,0s), ti 1é mol tac chat, thoi gian
va nhiét do phan tmg. Két qua nghién ctru cho thiy
tac nhan oxy hoa Na,S,0s to ra hiéu qua hon so voi
Na,S,04. Trong truong hop sir dung Na,S,0s, diéu
kién phéan ng thich hgp duogc Iya chon nhu sau: ti
1€ mol gilra diamine 1D : benzylamine 2 : Na,S;0s
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=1:2:1; nhiét d phan ung la 120°C va thoi gian
phan mg 1a 18 gid. V&i diéu kién phan tmg nay,
hiéu suat san pham 4D2 dat 74% (tinh ché bang sic
ky cot silica gel (Hexane : EtOAc=4: 1).

Phan tich cdu trac cua san pham 4D2: Pho MS
c6 tin hi¢u peak ion phan t& m/z [M-H] = 240.9
cho biét 4D2 c6 M = 242 dvC g vdi cong thirc
phan tir C14H;;N,Cl. Phd 'H-NMR ciia hop chit
4D2 xuét hién tin hiéu tai vi tri 12.54 ppm la tin
hiéu dic trung ctia proton —NH. Ddng thoi 7 proton
ctia hai nhan benzene xuét hién & cac vi tri 7.89,
7.64, (7.56 — 7.48), (7.44 — 7.34) va (7.15 — 6.98)
ppm. Tuy nhién, tai cac vi tri ndy xuét hién céc tin
hiéu gan nhu tring nhau cho thay day c6 thé 1 hai
dang tautomer cua nhén benzimidazole. Ngoai ra,
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tin hiéu cong huodng tai vi tri 2.43 ppm la proton
dic trung ciia nhom —CH;. Phd *C-NMR va pho
DEPT c6 22 tin hiéu cong huong. Néu so véi cau
trac cua 4D2 thi c6 du so carbon. Truong hop
tuong tu cling dugc ghi nhan theo d6 xac nhan cé

H Cl
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su tdn tai cua hai dang tautomer cua nhan
benzimidazole (Pham Canh Em va Bui Thi Buru
Hué, 2015). Céu trac hai dang tautomer ctua hgp
chat 4D2 dugc biéu dién nhu sau:

Hinh 2: Hai dang tautomer ciia san phim 4D2

Co ché cta phan tmg dugc trinh bai trong So do
2 (Gunaganti Naresh et al., 2014; Khac Minh Huy
Nguyen, 2015; Thanh Binh Nguyen et al., 2013).
Benzylamine bi oxy hoa (bang tac nhan Na»S,05)
thanh benzaldimine rdi chuyén thanh N-
benzylbenzalamine 5. Tiép theo, cac diamine phan
ung véi 5 tao thanh diamine 6. Sy dong vong
ngung ty tao aminal 8 thong qua chat trung gian 7
roi vong aminal 8 tiép tuc bi oxy hoa béi tac nhan
Na,S,05 dé tao thanh khung benzimidazole. Theo
co ché nay, su tao thanh vong aminal 8 dugc quyét

[O]
Ry” NH, (2eq) ———=

2-3 5

NS
Ry” N"R,

dinh bdi tinh than hach cua nhém amino trén vong
benzene cling nhu tinh than dién to clia cation
imminium trong cdu trac trung gian 7. Nhu véy,
ban chét cua cac nhom thé R; va R, duoc du doan
1a s& anh huong tryc tiép dén hiéu sudt hinh thanh
khung benzimidazole. Do d6, khao sat tiép theo
cia chung t6i la tong hop cac dan xuét
o-phenylenediamine mang nhém thé ddy dién tir
(CH;...) hay rat dién t¢ (Cl, NO, va
pyridinediamine...).

N NH:
Ri H
NH, W

N R
1A -E R1®i Y ~ 2
= NI'EZ

So d6 2: Co ché phan ing ngung tu din xuit o-phenylenediamineva benzylamine

R,CH,NH, Y
NH N
XX 2 . A
R 23 > R1_:(;[ />_R2
= NH, Na,S,05 1eq N
120°C, DMSO, 18h
1A-E 4

R1=-H (1A); -CI (1B);
-NO; (1C); -CH3 (1D)

NH>
1E (ji
NH;

2

I_—’ 4A2 - 4E2
3

I_—' 4A3 - 4E3

So @6 3: Phwong trinh tong quat tong hop din xuit benzimidazole
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Ap dung diéu kién phan Ung thich hop tim
dugc ¢ trén vai cac dan xuat o-phenylenediamine

Bang 1: Két qua tong hop cac din xuit benimidazole

Phan A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 47 (2016): 107-113

va benzylamine khac nhau déu thu dugc két qua tot
va dugc trinh bay trong Bang 1.

STT Ki hiéu San phém Hiéu suit (%)
1 4A2 /@[N@ 70
/)
N
N
s v
N
' cl
3 4B2 /@[ 65
/
N
N
4 4B3 /@[ / 65
N
" CI
5 4C2 »_@ 90
N
N
6 4C3 /@[ , 86
N
T CI
7 4D2 /@[ »_@ 74
N
A
N
8 4D3 ,>_<:) 7
N
_ /
N N
N N
10 4E3 |\ e 41
A\

Két qua & Bang 1 cho thiy nhom thé & vi tri Cl
hay di nguyén t6 N trén arylamine hau nhu khong
anh huéng dang ké dén phan mg oxy héa tao san
phim trung gian imine 5 va do d6 khong anh
huong dén hiéu sudt phan mg. Viée sir dung cac
nhom rit hay day dién tir yéu (Cl hay CHs) lam cac
nhom thé tai vi tri C5 (hay C6) cua vong
benzimidazole khong anh huéng nhiéu dén hiéu
sudt phan tng nhung néu sir dung nhom rat dién tir
manh nhu NO, thi thyc sy lam tang hiéu sut phan
mg (4C2, 4C3). So di ¢6 dwoc diéu nay 1a do su
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hién dién ctia nhom NO; riat dién tr manh s€ lam
tang tinh than di¢én t&r clia cation imminium 7, vi
vay cling lam tang tinh hi¢u qua phan Gng ghép
vong. Trong khi do, sy hién dién cia di nguyén td
N tai vi tri C4 ctia vong benzimidazole lai lam
giam hi¢u sudt phan ung (4E2, 4E3). Ngoai ra,
viéc st dung DMSO lam dung méi s& cho hi¢u suét
phan ung tot hon nhiéu so vé&i truong hop ding
ethanol bdi vi nhiét do s6i cuia DMSO cao hon
ethanol s€ thudn loi hon cho phan Ung gia nhiét.
Qua két qua thyc nghiém, hiéu sudt tong hop dat tir
41% - 90% trong d6 4C2 cho két qua tot nhat 90%,
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thoi gian gia nhiét phan ung giam duoc 8 gio (tr
24 gid con 18 gio).

Céc cong trinh nghién ctru da chi ra rang, trong
s& 7 vi tri trén khung benzimidazole thi cac dan
xuét mang nhém thé & cac vi tri C1, C2 va/hodc
C5/C6 thuong thé hién hoat tinh sinh hoc tot nhat
(Yogita and Om, 2012). Nhiéu két qua nghién ctru
cho thiy cac din xuit benzimidazole mang nhom
thé ¢ vi tri C2 thé hién hoat tinh khang nhiéu dong
té bao ung thu, dic biét néu cac khung niy mang
thém nhom thé chloro (-Cl) hoic carboxy (-COOH)
& vi tri C5 lai cang c6 tiém nang trong khang ung
thu (Afaf et al., 2012; Hebe and Elazahabi, 2011).
Chinh vi vay, két qua nghién ctru nay gop phﬁn lam
da dang va phong phu thém phuong phap tong hop
dan xuét benzimidazole mang nhom thé ¢ vi tri C2,
C4, C5 (hoac C6) co tiém nang thé hién hoat tinh
sinh hoc g dung trong phat trién dwoc pham. Tat
ca cac dan xuat tong hop duoc dang duoc tién hanh
danh gi4 hoat tinh khang khuan va doc tinh dbi voi
té bao ung thu, dic biét 1a té bao ung thu MCF-7.
Két qua s& duoc cong bd trong cac bai bao tiép
theo.

3 THUC NGHIEM
3.1 Héa chit va thiét bi

Cac phdé 'H-NMR, BC-NMR va phé DEPT
duoc do trén may cong huong tir hat nhan Bruker
Avance 500 NMR Spectrometer tai Vién Hoa hoc -
Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
Phé khéi lugng MS duoc do trén may 1100 series
LC/MS/MS Trap Agilent. Sic ky ban mong sir
dung ban nhém silica gel 60 Fas4 - Merck (Birc).
Hoa chat va dung méi st dung c6 ngudn gdc tir
Merck (btic) va Viét Nam.

3.2 Téng hop

Phuong phdp chung tong hop cdc dan xudt
benzimidazole: Hon hop gdm o-phenylendiamine
(0.1 mmol), phenylamine (0.2 mmol) va Na,S,0s
(0.1 mmol) trong 1 mL dung mobi
dimethylsulfoxide (DMSO) dugc dun hoan luu &
120°C, khudy tir 600 vong/phit trong khoang thoi
gian dugc chi dinh. Tién trinh phan tng dugc theo
ddi bang sic ky ban mong. Chiét hdn hop sau phan
ng bang (3 x 5 mL) ethyl acetate (EtOAc). Lép
hitu co duoc ria 1an lugt béng nudc cht (3 x 15
mL), dung dich NaCl bdo hoa (15 mL) roi lam
khan bang Na;SO,. C6 dudi dung méi thu duoc san
pham thé rdi tinh ché bang sic ky cot (Hexane :
EtOAc=3:1).

2-(2-Chlorophenyl)-1H-benzoimidazole (4A2):
Chat rdn mau vang, R,= 0.6 (Hexane : EtOAc =1 :
1). Hiéu sudt: 70%. Nhiét d6 nong chay: 193 -
195°C. IR vmax (KBr) cm: 2924, 1619, 1539,
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1440, 1315, 1052, 745. MS (ESI) m/z [M+H]" =
2289, [M-H]' = 226.9. 'H-.NMR (500 MHz,
DMSO, sppm): 12.70 (s, 1H, -NH), 7.90 (dd, J =
7.0 Hz, J = 2.0 Hz, 1H, =CH-), 7.70 (d, J = 7.5 Hz,
1H, =CH-), 7.65 (dd, J = 8.0 Hz, J = 1.5 Hz, 1H,
=CH-), 7.57 - 7.50 (m, 3H, =CH-); 7.27 - 7.20 (m,
2H, =CH-).>*C-NMR (125 MHz, CDCls, dppm):
149.0 (>C=), 143.1 (>C=), 134.6 (>C=), 132.1
(-CH=), 131.6 (>C=), 1312 (-CH=), 130.3
(-CH=), 130.0 (>C=), 1274 (-CH=), 1227
(-CH=), 121.7 (-CH=), 119.1 (-CH=), 111.7
(-CH=).

5-Chloro-2-(2-chlorophenyl)-1H-
benzoimidazole (4B2): Chit rin mau vang, R, =
0.64 (Hexane : EtOAc = 1 : 1). Hiéu suat 65%.
Nhiét d0 nong chay: 134 — 134°C. IR vmax (KBr)
cml: 3076, 1623, 1585, 1445, 1398, 1050, 841,
758, 731. MS (ESI) m/z [M+H]" = 262.9, [M-H] =
260.9. 'H-NMR (500 MHz, DMSO, d&ppm): 7.91
(dd, J = 1.5 Hz, J = 1.5 Hz, 1H, =CH-), 7.69 (s,
1H, =CH-), 7.65 (¢, J=7.25 Hz, 2H, =CH-), 7.57 —
7.50 (m, 2H, =CH-), 7.26 (dd, J=2.0Hz, J=17.5
Hz, 1H, =CH-). BC-NMR (125 MHz, CDCl;,
oppm): 150.4 (>C=), 132.0 (-CH=), 131.5 (>C=),
131.4 (-CH=), 130.3 (-CH=), 129.4 (>C=), 127.4
(-CH=), 126.6 (>C=), 122.5 (-CH=).

2-(2-Chlorophenyl)-1H-benzoimidazol-5-

ylamine (4C2): Chit rin mau vang nau, R, = 0.58
(Hexane : EtOAc = 1 : 1). Hiéu suat 90%. Nhiét d6
nong chay: 175 — 177°C. IR vVinax (KBr) cm!: 3061,
2926, 1626, 1597, 1517, 1341, 1052, 818, 733. MS
(ESI) m/z [M+H]" = 273.9, [M-H]" = 271.9. 'H-
NMR (500 MHz, DMSO, dppm): 8.85 (d, J = 1.5
Hz, 1H, =CH-), 8.18 (dd, J = 9.0 Hz, J = 2.0 Hz,
1H, =CH-), 7.96 (dd, J = 8.0 Hz, J = 2.0 Hz, 1H,
=CH-), 7.82 (d, J = 9.0 Hz, 1H, =CH), 7.71 (dd, J
= 8.0 Hz, /= 1.0 Hz, 1H, =CH-), 7.63 — 7.60 (m,
1H, =CH-), 7.58 — 7.55 (m, 1H, =CH-). 3C-NMR
(125 MHz, CDCl;, dppm):153.6 (>C=), 142.8
(>C=), 1322 (—CH=), 132.0 (-CH=), 131.7
(>C=), 1304 (—CH=), 128.8 (>C=), 1275
(-CH=), 118.0 (-CH=).

2-(2-Chlorophenyl)-5-methyl-1H-
benzimidazole (4D2): Chét rin mau vang nau, Ry =
0.68 (Hexane : EtOAc = 1 : 1). Hiéu suat: 74.2%.
Nhiét do nong chay: 232 — 234°C. IR Viax (KBr)
cm': 3567, 3052, 2923, 1628, 1542, 1446, 1368,
1050, 802, 757. MS (ESI) m/z [M-H] = 240.9. 'H-
NMR (500 MHz, DMSO, dppm): 12.54 (d, J =
10.5 Hz, 1H, -NH), 7.89 (¢, J = 4.3 Hz, 1H, =CH-
), 7.64 (t, J = 4.5 Hz, 1H, =CH-);7.56 — 7.48 (m,
3H, =CH-), 7.44 — 7.34 (¢, 1H, =CH-), 7.15 — 6.98
(m, 1H, =CH-), 2.43 (d, J = 6.5 Hz, 3H, -CH,).
BC-NMR (125 MHz, CDCl;, dppm): 148.8 (>C=),
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148.5 (>C=), 143.5 (>C=), 141.3 (>C=), 1348
(>C=), 132.6 (>C=), 131.9 (-CH=), 131.5(-CH=),
131.0 (-CH=), 130,9 (-CH=); 130.5 (>C=), 130.2
(—-CH=), 130.0 (>C=), 21.3 (-CH3), 21.2 (-CH3)
(tautomer).

2-(2-Chlorophenyl)-1H-imidazo[4,5-b]pyridine
(4E2): Chit rin mau vang nau, R, = 0.5 (EtOAc).
Hiéu suat: 60.7%. Nhiét do6 néng chay: 220 —
222°C. IR Vmax (KBr) cm™: 1699, 1652, 1463,
1042, 945, 770, 731. MS (ESI) m/z [M+H]*
230.0, [M-H]" = 228.0. 'H-NMR (500 MHz,
DMSO, dppm): 13.38 (12.99) (s,1H, -NH), 8.39 (s,
1H, =CH-); 8.09 (s, 1H, =CH-), 7.86 (s, 1H, =CH-
), 7.67 (d, J = 8.0 Hz, 1H, =CH-), 7.59 — 7.56 (m,
1H, =CH-), 7.53 (¢, J = 7.5 Hz, 1H, =CH-),
7.30-7.27 (dd, J = 8.0 Hz, J = 4.5 Hz, 1H, =CH-).
BC-NMR (125 MHz, CDCl;, dppm): 151.1 (>C=),
144.1 (-CH=), 134.9 (>C=), 132.1 (-CH=), 131.6
(—CH=), 130.3 (-CH=), 1299 (>C=), 129.7
(>C=), 127.4 (-CH=), 127.3 (>C=), 126.7 (>C=),
118.1 (-CH=).

2-Pyridine-3-yl-1H-benzoimidazole (4A3):
Chat ran mau vang, R, = 0.3 (EtOAc). Hiéu sut:
72%. Nhiét d6 nong chay: 254 — 256°C. IR Vmax
(KBr) cm': 3407, 2965, 1624, 1588, 1318, 1094,
962, 892, 798, 741. MS (ESI) m/z [M+H]" = 196.0,
[M-H] 194.0. 'H-NMR (500 MHz, DMSO,
dppm): 13.09 (s, 1H, -NH), 9.35 (d, J= 2.0 Hz, 1H,
=CH-), 8.68 (dd, J = 4.5 Hz, J = 1.5 Hz , 1H,
=CH), 8.50 — 8.48 (m, 1H, =CH-), 7.68 — 7.57 (m,
3H, =CH-), 7.24 (d, J = 3.5 Hz, 1H, =CH-).!3C-
NMR (125 MHz, CDCls, dppm): 150.4 (-CH=),
148.8 (>C=), 147.4 (-CH=), 133.7 (-CH=), 126.1
>C=), 1239 (-CH=), 1229 (—CH=), 1219
(-CH=), 119.0 (-CH=), 111.4 (-CH=).

5-Chloro-2-pyridin-3-yl-1H-benzoimidazole

(4B3): Chat rdn mau vang nau, R,= 0.38 (EtOAc).
Hiéu suit: 65.4%. Nhigt d6 nong chay: 103 —
105°C. IR Vmax (KBr) eml: 3131, 2961, 1624,
1581, 1309, 1055, 803, 703, 628, 596. MS (ESI)
m/z [M+H]" = 229.0, [M-H]" = 227.9. 'H-NMR
(500 MHz, DMSO, dppm): 9.33 (d, ] = 1.5 Hz, 1H,
=CH-), 8.61 (dd, ] = 5.0 Hz, J = 1.5 Hz, 1H, =CH-
), 8.49 — 8.47 (m, 1H, =CH-), 7.69 (s, 1H, =CH-),
7.64 (d, ] =8.0 Hz, 1H, =CH-), 7.59 (¢, ] = 4.3 Hz,
1H, =CH-), 7.26 (dd, ] = 8.5 Hz, J = 1.5 Hz, 1H,
=CH-). *C-NMR (125 MHz, CDCls, dppm): 150.8
(-CH=), 150.3 (>C=), 147.6 (-CH=), 1434
(-CH=), 1339 (-CH=), 126.8 (-CH=), 125.7
(>C=), 1240 (-CH=), 122.8 (-CH=), 1222
(-CH=).

5-Nitro-2-pyridin-3-yl-1H-benzoimidazole
(4C3): Chat ran mau vang nhat, R,= 0.36 (EtOAc).
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Hiéu sudt: 86%. Nhiét do nong chay: 290 — 292°C.
IR vimax (KBr) em': 3308, 3104, 2925, 1627, 1587,
1476, 1338, 1063, 819, 736. MS (ESI) m/z [M+H]*
= 240.9, [M-H] = 238.9. 'H-NMR (500 MHz,
DMSO, dppm): 9.38 (d, J = 6.0 Hz, 1H, =CH-),
8.75 (dd, J=4.5 Hz, J= 1.5 Hz, 1H, =CH-), 8.55 —
8.52 (m, 2H, =CH-), 8.15 (dd, J=9.0 Hz, J=2.5
Hz, 1H, =CH-), 7.81 (d, J = 9.0 Hz, 1H, =CH-),
7.64 (g, J = 4.2 Hz, 1H, =CH-). *C-NMR (125
MHz, CDCls, dppm): 153.4 (>C=), 151.4 (-CH=),
147.9 (-CH=), 134.3 (-CH=), 142.9 (>C=), 125.1
(>C=), 124.1 (-CH=), 118.1 (—CH=).

5-Methyl-2-pyridin-3-yl-1H-benzoimidazole

(4D3): Dang wax mau vang nau, Ry = 0.35
(EtOAc). Hiéu suat: 72%. IR Vi (KBr) cm:
3039, 2918, 1629, 1578, 1447, 1344, 1034, 802,
703, 628, 600. MS (ESI) m/z [M+H]" = 210, [M-
H]" = 208.0. '"H-NMR (500 MHz, DMSO, dppm):
12.94 (s, 1H, -NH); 9.32 (d, J = 2.0 Hz, 1H, =CH-
), 8.66 (dd, J=4.5Hz,J= 1.5 Hz, 1H, =CH-), 8.47
(d,J=8.0 Hz, 1H, =CH-), 7.57 (¢, J=4.2 Hz, 1H,
=CH-), 6.46 (s, 1H, =CH-), 7.36 (s, 1H, =CH-),
7.06 (d, J="1.0 Hz, 1H, =CH-), 2.50 — 2.43 (m, 3H,
-CH3). BC-NMR (125 MHz, CDCls, dppm): 150.2
(-CH=), 1473 (-CH=), 133.5 (—CH=), 126.2
(>C=), 123.9 (—CH=), 21.0 (s, 3H, -CH3).

2-Pyridin-3-yl-1H-imidazo[4,5-b]pyridine

(4E3): Chit rin mau vang, R, = 0.54 (EtOAc :
MeOH = 1 : 5). Hiéu suét: 41%. IR Vi (KBr) co
11 3407, 3044, 1572, 1539, 1441, 1319, 1026, 943,
818, 772, 710. MS m/z [M+H]" = 196.9, [M-H] =
194.9. '"H-NMR (500 MHz, DMSO, &pm): 9.39
(d,J=1.5Hz, 1H,=CH-), 8.72 (dd, J=5.0 Hz, J =
1.5 Hz, 1H, =CH-), 8.56 — 8.53 (m, 1H, =CH-),
8.38 (dd, J= 5.0 Hz, J = 1.5 Hz, 1H, =CH-), 8.07
(t, J = 4.0 Hz, 1H, =CH-), 7.61 (¢, J = 4.3 Hz,
=CH-), 7.28 (¢, J = 4.2 Hz, =CH-). 3C-NMR (125
MHz, CDCls, dppm): 151.0 (-CH=), 150.4 (>C=),
147.7 (-CH=), 1442 (-CH=), 1340 (—CH=),
125.7 (>C=), 124.0 (-CH=), 118.3 (-CH=).

4 KET LUAN

Phuong phép ngung tu gitra cac dan xuét o-
phenylenediamine va benzylamine st dung
Na,S,0s 1am chét oxy hoéa thuc sy 1a mot phuong
phap don gian, hiéu qua trong téng hop cic dan
xut benzimidazole. Dwa trén phuong phap nay, 10
dan xuat benzimizadole mang cic nhom thé khac
nhau & céc vi tri C4 va C5 (hay C6) trén vong
benzimidazole di dwoc téng hop thanh cong. Ciu
trac cua cac san pham di dugc ching minh dua
trén cac phuong phap phan tich phd nghiém hién
dai nhu IR, MS, 'H-NMR va "C-NMR.
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