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TOM TAT
Piit van dé: Nghién ctu tong hop va sang loc hoat tinh sinh hoc hudng tac dong khang ung thw dang
duroc nhiéu nha khoa hoc quan tam nghién Ciru. Dé tao co sé cho viée phét trien thuée ung thu méi c6
hogt tinh cao, chiing t6i lwa chon nghién ciu tong hop céc dan chdt tir khung benzimidazole va thi hoat
tinh gdy dgc té bao cua chung Muc tiéu nghién ciu: Tong hop va danh gia dwoc hoat tinh gay doc té
bao ung thu cua mgt s6 dan chat benzimidazole. Péi fuong va phuwong phdp nghlen ciru: Tong hop
cac dan chdt benzimidazole bang cac phan ing ngung tu co ban. Cdu truc cuia c&c chat tong hop diroc
xdc dinh bang phirong phap phé 2D-NMR va MS. Hoat tinh gdy doc té bdo ung thu in vitro ciia Cac
chdt dwoc danh gid theo phuong phap SRB trén dong té bao ung thu phoi (A549) ung thu vii (MCF7)
va ung thie tir cung (Hela). Két qud: Bon ddn chat benzimidazole da duoc tong hop va khang dinh cdu
trGc bang cdc phuwong phdp phé, bao gom: 4-methoxybenzylidene-1H-benzimidazole-2-
carbohydrazide (2a), 4-chlorobenzylidene-1H-benzimidazole-2-carbohydrazide (2b), 2-(2-(4-
chlorobenzylidene)hydrazinyl)-1H-benzimidazole (2c), 2-(2-(4-nitrobenzylidene)hydrazinyl)-1H-
benzimidazole (2d). Két qud thir hoat tinh gdy déc té bao ung thu cho thdy hai dan chdt 2b va 2d thé
hién hoat tinh gdy déc trén cac dong té bao ung thw thir nghiém véi gid tri 1Cso tir 63,42 - 90,28
Hg/mL. Két lugn: DA tong hop va ddnh gid dwoc hoat tinh gdy déc té bao ung thw ciia mét s6 dan
chdt benzimidazole.
Tir khoa: dan chdt benzimidazole, tong hop, hoat tinh gdy déc té bao.

ABSTRACT

SYNTHESIS AND CYTOTOXIC ACTIVITY EVALUATION OF
BENZIMIDAZOLE DERIVATIVES

Cao Thi Cam Nhung, La Bao Ngoc

Hue University of Medicine and Pharmacy

Background: Presently, many scientists are interested in synthesis and screening of biological activity
towards anti-cancer effects of new compounds. In order to create a basis for the development of new highly
active cancer drugs, we selected the synthesis of new derivatives from the benzimidazole framework and tested
their cytotoxic activity. Objectives: The main objective was to synthesize some benzimidazole derivatives
and test their cytotoxicity on human cancer cell lines. Material and Methods: A series of benzimidazole
derivatives were synthesized by the condensation of ethyl 1H-benzimidazole-2-carboxylate or 2-
hydrazinobenzimidazole with substituted aromatic aldehydes. Their structural identification was based
on 2D-NMR and MS data. The in vitro cytotoxic activities of all synthesized compounds against human
lung carcinoma cells (A549), human breast carcinoma cells (MCF7) and human cervical carcinoma
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cells (Hela) were evaluated by the SRB assay. Results: Four compounds of benzimidazole were synthesized
and determined their structures including: 4-methoxybenzylidene-1H-benzimidazole-2-carbohydrazide
(2a), 4-chlorobenzylidene-1H-benzimidazole-2-carbohydrazide (2b), 2-(2-(4-
chlorobenzylidene)hydrazinyl)-1H-benzimidazole  (2c),  2-(2-(4-nitrobenzylidene)hydrazinyl)-1H-
benzimidazole (2d). The result showed that compounds 2b and 2d exhibited activity against the tested
cell lines with ICso values ranging from 63,42 to 90,28 pg/mL. Conclusion: In this study, benzimidazole
derivatives were synthesized and evaluated for their cytotoxic activity.
Keywords: benzimidazole derivatives, synthesis, cytotoxic activity.

I. DPAT VAN BE
Viéc nghién ciru phét trién va tim ra cac thude diéu tri ung thu méi, hiéu qua ngay cang
tré nén can thiét va cip bach trudc tinh hinh s6 ca mic méi va tir vong do ung thu ngay
cang gia tang. Hop chat benzimidazole (1H-benzo[d]imidazole) va cac din chat caa né c6
vai trd quan trong trong tong hop thudc bai hoat tinh sinh hoc da dang va phong pht. Pac
biét, nhiéu cdng trinh nghién cu da chi ra kha ning chong ung thu hiéu qua cua
benzimidazole va cac dan chat véi co ché tac dung lién quan téi kha ning wrc ché cac enzyme
kinase [2], [3], [6].
Nham muc dich gép phan tao ra su phong phdl v& mat ciu trac va danh gia so b hoat
tinh khang ung thu ciia nhdm dan chat benzimidazole, nghién ciu ¢ 2 myc tiéu:
- Tong hop dirgc mét so ddn chadt benzimidazole.
- Bdnh gid dwoc hoat tinh gdy déc té bao ung thi cia mét sé dan chat benzimidazole

da téng hop duorc.

M
H

Hinh 1. CAu trdc caa benzimidazole

IL. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Poi twong nghién ciu

Dbi tugng nghién ctu la cac dan chit hydrazon mang khung benzimidazole dugc
tong hop tir nguyén liéu ban dau la ethyl 1H-benzimidazole-2-carboxylat va 2-
hydrazinobenzimidazole.

Céc hoa chat dung trong téng hop duoc dat mua tir cac nha cung cap Aldrich, Merk
va duoc sir dung truc tiép, khdng phai trai qua thém bt ky qué trinh tinh ché nao: Ethyl 1H-
benzimidazole-2-carboxylat, 2-mercaptobenzimidazole, hydrazin hydrat, 4-
hydroxybenzaldehyd, 4-methoxylbenzaldehyd, 4-chlorobenzaldehyd, 4-nitrobenzaldehyd,
cac dung mdi khéac.

Trang thiét bj cho tong hop: May c6 quay chan khéng Buchi, may khudy tir gia nhiét
IKA, may do diém nong chay Stuart, tu siy Memmert, can phan tich Sartorius, Binh chay
sic ky, dén soi UV budc song 254 nm va 365 nm, ban mong silica gel 60 F254 (Merk), cac
dung cu thuy tinh...
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Trang thiét bi do phd, xac dinh ciu trdc: Phd cong hudng tir hat nhan (1H-NMR,
13C-NMR) dugc ghi trén may Bruker AC-500 MHz tai Vién Hoa hoc — Vién Han Iam
KH&CN Viét Nam, phé khdi lugng (MS) duoc do trén may LTQ Orbitrap XLTM véi k§
thuat ion hoa phun mu dién tir (ESI).

Dong té bao thir nghiém: Cac dong té bao ung thu phdi A549, té bao ung thu vi
MCF7 va té bao ung thu tr cung Hela & ngudi do Vién Céng nghé sinh hoc, Vién Han 1am
Khoa hoc va Céng nghé Viét Nam cung cap.

2.2. Phwong phap nghién ciu
Phuong phap tong hop
Céc dan chat benzimidazole duoc tong hop theo hai quy trinh, mai quy trinh gom

hai giai doan:
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Quy trinh 2
Hinh 2. Quy trinh téng hop cac dan chit hydrazon mang khung benzimidazole 2a-d

Quy trinh 1: Tong hop cac dan chat hydrazon mang khung benzimidazole (2a-b) tur
nguyén liéu ban dau la ethyl 1H-benzimidazole-2-carboxylat:

Giai doan 1: Tong hop dan chat 1H-benzimidazole-2-carbohydrazide (1):

Pun hdn hop gém ethyl 1H-benzimidazole-2-carboxylat (10 mmol) va hydrazin (30
mmol) & nhiét d6 600C - 700C, theo di phan (rng bang SKLM pha dong chloroform : ethyl
acetat = 1:1, thoi gian phan ng khoang 6 gio. Lam lanh, loc thu tua. Rua va tinh ché tua
bang ethanol lanh, siy trong diéu kién chan khdng, nhiét do 600C.

Giai doan 2: Tong hop cac dan chat hydrazon mang khung benzimidazole (2a-b)
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Phan tan 1H-benzimidazole-2-carbohydrazide (1) (1 mmol) vao 5 ml ethanol, thém
tiép dan chat cua benzaldehyd (2 mmol) vao binh phan tng, thém mot giot acid acetic dic,
dun hdn hop & nhiét @6 600C - 700C trong khoang 4 - 5 gio. Lam lanh, loc rira tia bang
ethanol lanh, siy khd. Két tinh lai nhidu lan trong ethanol dé tinh ché san pham.

Quy trinh 2: Tong hop céc dan chat benzimidazole mang khung hydrazon (2c-d) tir
nguyén li¢u ban dau 1a 2-mercaptobenzimidazole.

Giai doan 1: Tong hop dan chat 2-hydrazinobenzimidazole (1'):

Pun hén hop gom 2-hydrazinobenzimidazole (10 mmol) va hydrazin (30 mmol) ¢
nhiét d6 600C - 700C, theo ddi phan ung bang SKLM pha dong chloroform : ethyl acetat =
1:1, thoi gian phan tng khoang 6 gio. Lam lanh, loc thu toa. Rira va tinh ché tia bang
ethanol lanh, siy trong diéu kién chan khdng, nhiét d6 600C.

Giai doan 2: Tong hop céc dan chat hydrazon mang khung benzimidazole (2c-d)

Phan tan 2-hydrazinobenzimidazole (1') (1 mmol) vao 5 ml ethanol, thém tiép dan
chat caa benzaldehyd (3 mmol) vao binh phan tng, thém mat giot acid acetic ddc, dun hdn
hop & nhiét d6 60°C - 70°C trong khoang 4 - 5 gio. Lam lanh, loc rira taa bang ethanol lanh,
say khd. Tinh ché san pham bang sac ky cot (sir dung hé dung méi n-hexan: aceton = 2:1).

Phwong phdp thir tac dung gdy doc té bao ung thu

Thir hoat tinh khang té bao ung thu (thir doc tinh té bao) in vitro cua cac dan chat
tong hop duoc trén cac dong té bao ung thu phdi A549, ung thu vt MCF7 va ung thu ti
cung Hela ¢ nguoi tai Vién Cong nghé sinh hoc, Vién Han 1am Khoa hoc va Cong nghé
Viét Nam theo phuong phap cua Monks (1991) [1].

Nguyén tic ther va cach tién hanh: Phép thir tién hanh xac dinh ham lwong protein
té bao tong sb dua vao mat d6 quang hoc (OD - Optical Density) do duoc khi thanh phan
protein cua té bao dugc nhuom bang Sulforhodamin B (SRB). Gia tri OD may do duoc ti 18
thuan véi lwgng SRB gan vai phan tir protein, do d6 lwong té bao cang nhiéu (lwgng protein
cang nhiéu) thi gia tri OD cang lon. Phép thir duoc thuc hién trong diéu kién cu thé nhu sau:

- Tripsin hoa té bao thi nghiém dé 1am roi té bao va dém trong budng dém dé diéu
chinh mat do cho phu hop vei thi nghiém.

- Chét thtr dd pha & c&c ndng do Vao cac giéng cua dia 96 giéng, thém té bao da diéu
chinh ndng dd thich hop & trén vao cac giéng nay sao cho nong d6 chat thir trong giéng la
100 - 20 - 4 - 0,8 pg/mL. Giéng khong c6 chat thir nhung 6 té bao ung thu (190 pL) s&
duoc sir dung 1am d6i ching ngay 0. Sau 1 gio, giéng dbi chirng ngay 0 té bao s& duoc cb
dinh bang Tricloroacetic acid - TCA.

- U trong ta 4m 72 gio. Sau 72 gio, té bao duoc ¢b dinh bang TCA trong 1 gio, dugc
nhuém bang SRB trong 30 phit & 37°C, rira 3 lan bing acetic acid rdi dé kho & nhiét do
phong.

- 10 mM unbuffered Tris base dé hoa tan luong SRB, lic nhe trong 10 pht.

- Boc két qua OD & budc séng 515 nm trén may ELISA Plate Reader (Biotek).

- Phép thir dwoc lap lai 3 lan dé dam bao tinh chinh xéc. Ellipticin & cac nong do 10;
2; 0,4; 0,08 pg/mL duoc sir dung nhu 1a chat ddi chirng tham khao; DMSO 10% lu6n dugc
sir dung lam ddi chang am.

Pdnh gia: Gia tri 1Cso s& duoc xac dinh nho vao phan mém may tinh TableCurve 2Dv4.
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1. KET QUA NGHIEN CUU
Tong hep héa hoc q o
7 Dtr ligu veé tinh chat va pho cua cac dan chat hydrazon mang khung benzimidazole
tong hop duoc:

y3 / - ! o g
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H \>;N_N § 5
: i

2a-b 2ed

Hinh 3. Cau trlc caa cac dan chat hydrazon mang khung benzimidazole tong hop
duoc (2a-d)

4-methoxybenzylidene-1H-benzimidazole-2-carbohydrazide (2a): Chat ran,
mau triang, khong tan trong nudc, it tan trong etanol, tan trong aceton va DMF. Hiéu suat
thuc té: 71% (0,21 g). T°nc: 258,5 — 260,0°C. MS (ESI) m/z 316,9 [M+Na]*. *H-NMR (500
MHz, DMSO-ds, ppm): & 3,82 (s; 3H; OCHs), & 7,05 (d; 2H; J=9,0 Hz; Har), & 7,33 (s; 2H;
Har), 6 7,58 (s; 1H; Har), 6 7,69 (d; 2H; J=9,0 Hz; Har), 6 7,77 (s; 1H; Har), 0 8,59 (s; 1H;
CH=N), & 12,32 (s; 1H; NH-N), § 13.45 (s; 1H; Hz). *C-NMR (125 MHz, DMSO-dg): &
54,83; 112,55; 114,34; 119,87; 122,73; 124,30; 126,71; 128,84; 134,48; 142,48; 144,78;
149,21, 155,06; 160,98.

4-chlorobenzylidene-1H-benzimidazole-2-carbohydrazide (2b): Chit rin, mau
tring, khong tan trong nudc, it tan trong ethanol, tan trong aceton va DMF. Hiéu suét thyuc
té: 76% (0,23 g). T°nc: 272,1 —275,0 °C. MS (ESI) m/z 296,8 [M-H]". *H-NMR (500 MHz,
DMSO-ds, ppm): & 7,35 (s; 2H; Har), 8 7,55 (d; 2H; J=8,5 Hz; Har); 6 7,77 (d; 4H; J=8,5
Hz, Har); 8 8,66 (s; 1H; CH=N), § 12,55 (s; IH; NH-N), § 13,51 (s; 1H; H1). 3 C-NMR (125
MHz, DMSO-ds): & 112,69; 119,87; 124,60; 128,82; 128,95; 133,11; 134,69; 144,55;
148,01; 155,34.

2-(2-(4-chlorobenzylidene)hydrazinyl)-1H-benzimidazole (2c): Chat rin, mau
tring, khong tan trong nudc, it tan trong ethanol, tan trong aceton, DMF. Hiéu suat thyc té:
73% (0,19 g). T°c: 268,0 - 270,5 °C. MS (ESI) m/z 268,8 [M-H]". *H-NMR (500 MHz,
DMSO-ds, ppm): 6 7,00 (m; 2H; Hay), 6 7,25 (t; 2H; J=7,0 Hz, Har), 8 7,49 (dt; 2H; J1=7,5
Hz, J.=2,0 Hz; Har), & 7,85 (dt; 2H; J1=7,5 Hz, J,=1,5 Hz; Har), 6 8,01 (s; 1H; CH=N); &
11,47 (s; 1H; NH-N); & 11,57 (s; 1H; Hi). ¥C-NMR (125 MHz, DMSO-dg): & 109,29;
114,83; 119,30; 120,51; 127,93; 128,55; 132,96; 133,08; 134,18; 139,34; 153,42.

2-(2-(4-nitrobenzylidene)hydrazinyl)-1H-benzimidazole (2d): Chat ran, mau nau
do6, khong tan trong nudc, it tan trong ethanol,tan trong aceton, DMF. Hiéu suét thuc té:
88% (0,25 g). T°c: 263,5 - 265,1°C. MS (ESI) m/z 282,0 [M+H]*. *H-NMR (500 MHz,
DMSO-ds, ppm): & 7,00 (dd; 2H; J1=7,0 Hz, J»=4,5 Hz; Har), 6 7,27 (dd; 2H; J1=10,0 Hz,
J>=6,0; Har), 6 8,07 (d; 2H; J=7,5 Hz; Har), 6 8,13 (s; 1H; CH=N); 6 8,26 (d; 2H; J=7,0 Hz;
Har); & 11,70 (s; 2H; NH-N, H;). BC-NMR (125 MHz, DMSO-ds): & 109,41; 114,33;
119,87; 120,78; 123,81; 126,87; 132,83; 138,66; 142,05; 146,59; 153,69.
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Két qua danh gia hoat tinh gdy doc cac dong té bao ung thu A549, MCF7 va Hela
cua cac dan chat hydrazon mang khung benzimidazole (2a-d) duoc thé hién lan luot qua gia

tri ICso ¢ bang 2.

Bang 1. Két qua danh gia hoat tinh gy doc té bao cua cac hop chat 2a-d

1Cso (ug/mL)
Hop
chat 2, 2 2 24 e
B (R=4-OCHs) (R= 4-Cl) (R=4-Cl) | (R=4-NOy) Ellipticin
ung thu
A549 >100 >100 >100 84,76 +2,30 | 0,37 0,04
MCF?7 >100 >100 >100 90,28 2,01 | 0,46 + 0,04
Hela >100 63,42 + 3,64 >100 >100 0,43 £0,05

Ghi cha: Ellipticin dugc sir dung lam chat di ching duong.

Nhan xét: Trong 4 dan chat tong hop duoc, dan chat 2b thé hién hoat tinh gay doc
té bao trén dong té bao ung thu Hela véi gia tri ICso = 63,42 + 3,64 pg/mL. Dan chat 2d thé
hién hoat tinh gay doc té bao trén té bao ung thu A549 va MCF7 véi gia tri ICso lan Iuot 1a
84,76 + 2,30 pug/mL va 90,28 + 2,01 pg/mL. Cac din chat con lai khéng thé hién hoat tinh
& cac nong do nghién cuu.

IV. BAN LUAN

Téng hep hoa hec

Céc hop chét trung gian 1H-benzimidazole-2-carbohydrazide (1) duoc téng hop tir
phan ung gitra ethyl 1H-benzimidazole-2-carboxylat voi hydrazin theo co ché thé &i nhan
acyl: 2-hydrazinobenzimidazole (1') dwoc tong hop tr phan ung gitta 2-
mercaptobenzimidazole véi hydrazin theo co ché cong hop &i nhan. Phan tir hydrazin 12 tac
nhan i nhan manh nén c6 thé tién hanh phan tng & moi trudng trung tinh, dung moi st
dung la ethanol. Phan irng duoc thuc hién ¢ nhiét d6 60°C - 70°C, nhiét d6 phan trng qua
cao (>100°C) s€ gay phan huay hydrazin.

Phan trng tong hop cac dan chat hydrazon mang khung benzimidazole (2a-d) duoc
thuc hién trong dung méi ethanol, nhiét 6 60°C - 70°C. Phan trng cong hop ai nhan, loai
nudce, st dung acid acetic lam xuc tdc do moi truong H thuan loi cho tdc nhan nucleophile
tan cdng vao nhom —CHO cua nhan thom.

C4u trlc cua cac dan chat hydrazon mang khung benzimidazole (2a-d) dwoc khang
dinh qua 3 loai phd, gdm: Phd khéi luong (MS), phd cong huong tir hat nhan proton (*H-
NMR), phd cong huong tir hat nhan carbon-13 (**C-NMR).

Bén dan chat tong hop duoc do pho khdi lwgng & ché do phun mu dién tir ESI (+)
va ESI (-). Trén phd db cua cac dan chat déu cho pic cua ion phan tu véi khdi lwong ding
nhu dy Kién, cu:ong d6 pic manh. Ngoai ra, trén pho dd cua hai dan chit 2, va 2; con xuat
hién pic cia cac ion dong vi do c6 mang nhom thé -Cl. Khi quan sat phd do cua hai dan
chit nay, c6 thé thiy xuét hién 1 pic lién ké va c6 ty 1 cudong do khoang 1:3 so véi pic ion
c6 s6 khdi bang [M-H]-.

Ph6 'H-NMR cua céc chit 2.4 cho thay: tin hiéu proton cua nhém -NH c6 d6 dich
chuyén hda hoc 16n nhat véi gié tri tir 11,47 - 13,51 ppm, tin hiéu dic trung cua proton cua
nhém -N=CH xuét hién trong khoang dich chuyén tir 8,00 - 8,85 ppm, cac proton thom
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trong khung benzimidazole va khung aryl nim dan xen nhau trong vung dich chuyén hoa
hoc tur 6,94 - 8,07 ppm. _

Phé *C-NMR trong nghién ctru nay duoc do & dang phd *°C khir hoan toan twong
tac spin-spin va xuat hién cac tin hiéu dic trung: nguyén tir carbon cua nhém thé -OCHs ¢6
d6 dich chuyén héa hoc & khoang 54,83 ppm, tir 139,34 - 149,21 ppm la tin hiéu ciia nguyén
ttr carbon cua nhdm C=N, nguyén tir Carbon C. ciia vong benzimidazole c6 d6 dich chuyén
trong khoang 148,01 - 155,06 ppm, do dich chuyén hoa hoc cia nhém C=0 tir 155,34 -
160,98 ppm.

So sanh két qua phan tich phd MS, 1H-NMR va 13C-NMR cuia cac hop chat tong
hop duogc so véi tai liéu tham khao [4], [5] ¢6 thé khang dinh 4 chat tong hop duoc ¢d cong
thirc cau tao hoan toan nhu du Kién.

Thi hoat tinh gay dgc té bao ung thw

Trong 4 dan chat tong hop duoc, chi c6 hai dan chat 2b va 2d ¢ hoat tinh gay doc
té bao ung thu yéu trén cac dong té bao ung thu thir nghiém. Cu thé, dan chat 2b thé hién
hoat tinh gdy doc trén dong té bao ung thu Hela véi gia tri 1Cso = 63,42 + 3,64 pg/mL trong
khi dan chat 2d thé hién hoat tinh trén dong té bao ung thu phdi A549 va té bao ung thu v
MCF7 vai gia tri ICso tuong ung la 84,76 £ 2,30 pg/mL va 90,28 + 2,01 pg/mL.

Tiép theo, khi so sénh anh huéng caa nhoém hat dién tir va nhom day dién tir duoc
thé & cing vi tri 4' trén vong phenyl dén hoat tinh gay doc trén cac dong té bao ung thu thir
nghiém, so bo nhan thay dan chat c6 nhdm thé hut dién tir (R = -Cl va -NOy) thé hién tac
dung gy doc té bao 1on hon so voi ddn chat mang nhdm thé day dién tir (R = -OCHs).

V. KET LUAN

Trong nghién ctu ndy, 4 dan chat hydrazon mang khung benzimidazole di duogc
téng hop va khang dinh ciu trdc bang cac phuong phap phé MS, *H-NMR, *C-NMR. Két
qua thir hoat tinh gdy doc té bao in vitro trén 3 dong té bao ung thu phdi A549, ung thu v
MCF7 va ung thu tr cung Hela & ngudi cho thay c6 2 dan chat 2b va 2d thé hién hoat tinh
trén cac dong té bao ung thu thir nghiém véi gia tri 1Cso tir 63,42 - 90,28 pg/mL. Mic du
chwra tim dwoc cac dan chit s¢ hitu tac dung gy doc té bao ung thu thuc sy manh, tuy nhién,
nhitng két qua trén day ciing gop phan bd sung thém ngudn cac hop chét tong hop va co thé
duoc str dung trong nhitng nghién ciru tiép theo véi hy vong tim ra cau tric ¢ hoat tinh gay
doc té bao ung thu tot hon hodc sang loc cac hoat tinh sinh hoc khéc.

Lol cam on

Pé tai dugce hoan thanh nhd mét phan kinh phi tir Dé tai Truong Pai hoc Y Dugc —
Dai hoc Hué - ma sb 18/20.
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