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Panh gid hoat tinh khang khuan, khang ndm va nghién
ctru docking phan t*r mot s6 dan xuat N-benzyl
2-arylbenzimidazol

Pham Canh Em
Trwdng Bai hoc Quéc té Héng Bang

TOMTAT

Mot nhém cdc dan xudt N-benzyl 2-arylbenzimidazol dé dwoc téng hop. Cdc hop chét nay dworc
sang loc hoat tinh in vitro khdng khuén va khdng ndm béng ky thudt vipha lodng. Ho'p chét 2c va 2f
thé hién hoat tinh khdng khudn tét trén chiing MISSA va MRSA (MIC4 - 16 ug/mlL). Hop chét 2a thé
hién hoat tinh khdng khudn manh trén ching MSSA va MRSA (MIC 4 ug/mL) va hoat tinh khdng
nédm tét trén ching Aspergillus niger (MIC 64 ug/mlL) khi so sdnh vdi hoat tinh cua thuéc
ciprofloxacin va fluconazol. Cdc hop chét téng hop ciing dwoc nghién ciru docking phén ti trén ba
dich tdc dung bao gém glucosamine-6-phosphat synthase, topoisomerase Il va DNA gyrase.
Nghién ctru docking phén tir dé ho tro gidithich hoat tinh khdng khudn va khdng ném théng qua sw

hinhthanh lién két hydro va diluc cao.

Tirkhéa: Benzimidazol, khdng khudn, khéng ném, docking phdn ti

1. DAT VAN DE

Nhiém khuan vanhiém ndmla méinguy hai ph6
bién d6i véi strc khde con ngudi [1]. Ngay nay,
mot sé loai khang sinh cé hiéu qua 1am sang rat
tét dang duocstr dung. Tuy nhién, tinh trang dé
khang khang sinh da lam cho khang sinh ngay
kém hiéu qua hon, nhiéu bénh nhiém trung do
visinhvatkhéngthé diéutriduoc[1-4]. Do do,
trwdc tinh hinh nguy cap cla dé khang khang
sinh doi hoi phai thiét k&, nghién clru cac tac
nhan khdngkhuanvakhangndmmdi.

Nhan benzimidazol dwgc tim thay rong rai
trong cac hgp chat ty nhién. Nhiéu cong trinh
nghién cru trén thé gidi da cong bd nhiéu dan
xuat benzimidazol cé hoat tinh sinh hoc da
dang nhu: khdng ndm, khang khuan, khang ung
thu, tri giun san, khang viém, chéng co giat va
khdngvirus [5 - 8]. Hon nita, mét s6 thudc dung
trong y hoc |a cac dan xuat benzimidazol nhu
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thudc khdang ndm (carbendazim), thudc trigiun
san (mebendazol va thiabendazol), thuéc tri
loan than (pimozid) va thudc chéng loét da day
(omeprazol) [9].

Glucosamin-6-phosphat synthase (GIcN-6-P),
DNA topoisomerase (Topo) va DNA gyrase
(Gyr) 1a cdc muc tiéu day hira hen cho nghién
ciru hop chat cé hoat tinh khidng khuan va
khdng ndm [10 - 15]. GIcN-6-P xuc tac va gidi
han té6c d6 cta qud trinh chuyén hoda
hexosamin (chuyén fructose-6-phosphat
thanh glucosamin-6-phosphat) [10, 11]. Topo
xuctacthay déiciutriclién kétcha DNAvarat
canthiétchosytontaiciatébao[12, 13]. Gyr
la mot topoisomerase loai Il ¢6 thé [am thay
ddi s6 lwgng siéu xoan trong cau tric DNA
thong qua qua trinh tiéu thu ATP [14, 15]. Sv
khac biét vé cau truc gitta enzym cda té bao
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nhan so va con ngudicd thé duoc khaithac dé
thiét ké cadc hop chat cé hoat tinh (rc ché tét
nham phat trién thanh thuéc khang khuan va
khdngnam[10, 16].

Muc dich clia nghién cttu la danh gia hoat tinh
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Hinh 1. C4u truc thuéc carbendazim, mebendazol va thiabendazol

2.D0I TUQONG VA PHUO'NG PHAP NGHIEN C(’U
2.1.Pditwong

Dan xuat N-benzyl 2-arylbenzimidazol tiém
nangveé hoattinh khangkhuanvakhdngnim.

2.2.Nguyén liéuvathiét bj

Céc hda chat va dung méi str dung cé ngudn goc
tlr Merck (Ptrc), AKSci (MY), Acros (Bi), Xilong
(Trung Quéc) va Chemsol (Viét Nam) duwoc st
dung truc ti€p khong qua tinh ché. Sac ky 1&6p
mong (TLC) str dung ban nhém silica gel 60 F254
trang san c6 do6 day 0.2 mm (Merck). Sac ky cot
sit dung silica gel c& hat 0.040 - 0.063 mm
(Merck). Chiéu xa vi song thyc hién trén may
CEM Discover.

Phd IR do trén mdy Shimadzu IRAffinity. Cdc phé

CHO H
L
N

1a-f 96-99%

NH,
@ + R__I_ X N328205, MW
NH, _~ EtOH:H,0

a. 4-N02

b: 4-Cl d: 4-F

c: 3,4-Cl,

1H-NMR va 13C-NMR dugc do trén may cong
hudng tlr hat nhan Bruker Avance 500 NMR
Spetrometer tai Vién Hoa hoc - Vién Han Lam
Khoa hoc Viét Nam. Phé khéi lwgng MS dugc do
trén may LC-MS Shimadzu. B&p cach thiy, td sdy
va td &m Memmert (Dlc) va mdy do quang
GeneQuant 1300 (MY).

2.3. Phrong phap nghiénciru
Nghiénctuslrdung phwong phdpténghop véi
sy ho tro cla vi séng & ché dd nang lvong cd
dinh (fixed-power). Nangluvong duwoc cung cap
t6i da 300W v@i téc dd khudy cao. Phuong
phép vi séng da gép phan dang ké trong ting
hiéu suat téng hop va rat ngan thoi gian phan
ng(Hinh2).

2a-f 93-98%

e. 3-OCH3
f: 3,4-(OCHs),

Hinh 2. T6ng hop mdt s& dan xuat N-benzyl 2-arylbenzimidazol
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2.3.1. Quy trinh téng ho’p mono- thé cua 1,3,5-
triazin (1)

Cyanuricclorid (10 mmol) duwgchodatanvao THF
khan (40 mL) &0-5°C, d4n chat anilin (10 mmol)
va K,CO, (10 mmol) dwgc thém vao tir tir va
khudy trong khoang thoi gian 2 - 4 gio dén khi
hét nguyén liéu (kiém tra bang TLC). Tinh ché
sdn pham 1 bang phuong phdp sacky cot[17].

2.3.2. Quy trinh téng hop tri- thé cda 1,3,5-
triazin (2)

Cho hdn hop gdbm hop chat 1 (3 mmol), amin (ty
l&é mol amin/hop chat 1 la 2,57) va K,CO, (6
mmol) va 1,4-dioxan (10 mL) vao éng vi séng.
Tién hanh chiéu xa vi séng trong thoi gian 17.64
phut, @ nhiét d6 107.44°C v&inang lwgng 300W
va téc d6 khudy cao. Chiét hon hop phan tng
bang ethyl acetat, lam khan vé&i Na,SO,, gan va
c6 dudi dung moéi. Tinh ché san phadm 2 bang
phuwong phap sackycot[17].

Phuong phép xac dinh ciu tric cdc dan chat
1,3,5-triazin gdm: Quang phd hdng ngoai IR,
khdi phd MS va phé cdng huwdng tir hat nhan
NMR (*H-NMRva “C-NMR) [17].

2.3.3.Téng hop 1,3,5-triazin (1a-c va 2a-f)
4,6-Dicloro-N-(4-clorophenyl)-1,3,5-triazin-2-
amin (1a): Tinh thétrang, hiéu suat 95%, mp 146
-148°C. IR (vecm™): 3254 (NH), 1383 (C=N), 2978
(ArCH), 806 (C-N, s-triazin), 791 (Ar-Cl). ‘H-NMR
(500 MHz, DMSO-d,, 6 ppm): 10,91 (1H, s, NH);
7,60(2H,d,/=9Hz, H-Ar); 7,42 (2H,d, /= 8,5 Hz,
H-Ar). “C-NMR (125 MHz, DMSO-d,, § ppm):
163,8; 154,1; 136,0; 135,9; 128,9; 128,8; 128,4;
123,1; 122,9. LC-MS (m/z) [M+H]" tinh toan
C,H.CI,N,274,9653, tim thay 274,9405.

4,6-Dicloro-N-(4-methoxyphenyl)-1,3,5-triazin-
2-amin (1b): Tinh thé trang, hiéu suit 96%, mp
150 - 151°C. IR (v cm™): 3247 (NH), 1389 (C=N),
2985 (ArCH), 802 (C-N, s-triazin), 790 (Ar-Cl). 'H-
NMR (500 MHz, DMSO-d,, 6 ppm): 10,97 (1H, s,
NH); 7,46 (1H, d,J=9,0 Hz, H-Ar); 7,39 (1H, d, J =
9,0 Hz, H-Ar); 6,95 (2H, d, /= 9,0 Hz, H-Ar); 3,10
(3H, s, -OCH,). ®C-NMR (125 MHz, DMSO-d,, &
ppm): 157,8; 153,7; 127,8; 125,3; 123,6; 114,6;
114,2; 55,5. LC-MS (m/z) [M-H] tinh toan
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C,.H,CI,N,0269,0002, tim thy 268,9938.

4,6-Dicloro-N-(p-tolyl)-1,3,5-triazin-2-amin
(1c): Tinh thé trang, hiéu suat 95%, mp 122 -
124°C. IR (vcm™): 3248 (NH), 1392 (C=N), 2981
(ArCH), 805 (C-N, s-triazin), 794 (Ar-Cl). ‘H-NMR
(500 MHz, DMSO-d,, 6 ppm): 11,03 (1H, s, NH);
7,46 (2H,d,J = 8,5 Hz, H-Ar); 7,17 (2H,d, J= 8,5
Hz, H-Ar); 2,27 (3H, s, -CH.). "C-NMR (125 MHz,
DMSO-d,, & ppm): 163,8; 153,8; 135,9; 135,2;
130,4; 128,8; 121,8; 121,6; 20,6. LC-MS (m/z)
[M-H] tinh toan C,,H,CI,N, 253,0053, tim thay
253,00309.

N-(4-Clorophenyl)-4,6-di(piperidin-1-yl)-
1,3,5-triazin-2-amin (2a): Tinh thé tradng, hiéu
suat97%, mp 180-181°C. IR (vem™): 3255 (NH),
1389 (C=N), 2991 (ArCH), 808 (C-N, s-triazin),
797 (Ar-Cl). 'H-NMR (500 MHz, DMSO-d,, &
ppm): 8,96 (1H, s, NH); 7,67-7,72 (2H, m, H-Ar);
7,27 (1H, d, J=8,5 Hz, H-Ar); 7,07 (1H, t,J = 8,5
Hz, H-Ar); 3,69 (8H, t,J=4,5Hz, -CH,-); 1,59 (4H,
t,J=4,5Hz, -CH,-); 1,48 (8H, s, -CH,-). "C-NMR
(125 MHz, DMSO-d,, 6 ppm): 164,39; 164,35;
164,01; 163,99; 157,8; 155,9; 139,6; 136,96;
136,94; 128,0; 124,6; 120,8; 120,7; 120,6;
114,7; 114,5; 43,5; 25,3; 24,3. LC-MS (m/z2)
[M+H] tinh todn CH,.CIN, 373,1902, tim thay
373,1898.

N-(4-Clorophenyl)-4,6-dimorpholino-1,3,5-
triazin-2-amin (2b): Tinh thé trang, hiéu sut
98%, mp 192 - 193°C. IR (v cm™): 3258 (NH),
1389 (C=N), 2994 (ArCH), 802 (C-N, s-triazin),
793 (Ar-Cl). 'H-NMR (500 MHz, DMSO-d,, &
ppm): 8,82 (1H,s,NH); 7,65 (2H,d,J=9,0Hz, H-
Ar); 7,01 (2H,d,J=9,0Hz, H-Ar); 3,70 (8H, t,J =
5,5Hz,-CH,-); 3,63 (8H, t,J=5,0 Hz, -CH,-). °C-
NMR (125 MHz, DMSO-d,, & ppm): 164,7;
163,8; 158,0; 156,1; 136,3; 121,2; 121,1;
114,4; 114,2; 65,6; 43,2. LC-MS (m/z) [M+H]"
tinh todan C,H,,CIN,O, 377,1487, tim thay
377,1477.

N-(4-Methoxyphenyl)-4,6-di(piperidin-1-yl)-
1,3,5-triazin-2-amin (2c): Tinh thé trdng, hiéu
Su&t 98%, mp 185 - 186°C. IR (vcm™): 3249 (NH),
1396 (C=N), 2997 (ArCH), 801 (C-N, s-triazin),
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790 (Ar-Cl). 'H-NMR (500 MHz, DMSO-d,, &
ppm): 8,72 (1H, s, NH); 7,57 (2H, d, J=9,0 Hz, H-
Ar); 6,83 (2H, d, J = 9,0 Hz, H-Ar); 3,70 (3H, s, -
OCH,); 3,68 (8H, t,J=5,0 Hz,-CH,-); 1,59 (4H, t, J
=4,5Hz,-CH,-); 1,48 (8H, d,J=3,5 Hz, -CH,-). °C-
NMR (125 MHz, DMSO-d,, § ppm): 164,5; 164,0;
154,0; 133,8; 120,8; 113,5; 55,1; 43,5; 25,4;
24,4. LC-MS (m/z) [M+H]" tinh todn C,H,,N.O
369,2397, tim thay 369,2299.

N-(4-Methoxyphenyl)-4,6-dimorpholino-
1,3,5-triazin-2-amin (2d): Tinh thé trdng, hiéu
suat98%, mp 191-193°C. IR (vem™): 3252 (NH),
1392 (C=N), 2995 (ArCH), 809 (C-N, s-triazin),
799 (Ar-Cl). 'H-NMR (500 MHz, DMSO-d,, &
ppm): 8,90 (1H, s, NH); 7,55 (2H, d, J=9,0 Hz, H-
Ar); 6,84 (2H, d, J = 9,0 Hz, H-Ar); 3,70 (3H, s, -
OCH,); 3,68 (8H,t,/=5,0Hz,-CH,-); 3,61 (8H, t,J
=4,5Hz, -CH,-). "C-NMR (125 MHz, DMSO-d,, &
ppm): 164,7; 163,9; 154,2; 133,3;121,1; 113,6;
66,3; 66,0; 55,1; 43,3. LC-MS (m/z) [M+H]" tinh
toanC,H,.N.0,373,1983,timthay373,1981.

4,6-Di(piperidin-1-yl)-N-(p-tolyl)-1,3,5-triazin-
2-amin (2e): Tinh thé trang, hiéu suat 97%, mp
179 - 180°C. IR (v cm™): 3258 (NH), 1384 (C=N),
2989 (ArCH), 802 (C-N, s-triazin), 795 (Ar-Cl). *H-
NMR (500 MHz, DMSO-d,, § ppm): 8,48 (1H, s,
NH): 7,55 (2H, d, J = 8,5 Hz, H-Ar); 7,04 (1H, d, J =
8,0 Hz, H-Ar); 3,70 (8H, t,J = 5,5 Hz, -CH,-); 2,24
(3H, s, -CH,); 1,63 (4H, t, J = 5,5 Hz, -CH,-); 1,49-
153 (8H, m, -CH,-). “C-NMR (125 MHz, DMSO-
d., & ppm): 164,4; 163,9; 137,7; 129,6; 128,2;
119,3; 43,3; 24,9; 24,0; 19,8. LC-MS (m/z)
[M+H]" tinh toan C,H,,N, 353,2448, tim thdy
353,2369.

4,6-Dimorpholino-N-(p-tolyl)-1,3,5-triazin-2-
amin (2f): Tinh thé trang, hiéu suat 97%, mp 187
-188°C. IR (vem™): 3256 (NH), 1394 (C=N), 2991
(ArCH), 807 (C-N, s-triazin), 793 (Ar-Cl). ‘H-NMR
(500 MHz, DMSO-d,, 6 ppm): 8,95 (1H, s, NH);
7,53 (2H, d, J = 8,5 Hz, H-Ar); 7,05 (2H, d, J = 8,0
Hz, H-Ar); 3,69 (8H, t,/=5,0 Hz, -CH,-); 3,61 (8H,
t, J = 4,5 Hz, -CH,-); 2,23 (3H, s, -CH,). "C-NMR
(125 MHz, DMSO-d,, & ppm): 164,7; 163,9;

ISSN: 2615 - 9686

137,6; 130,2; 128,7; 119,7; 66,3; 66,0; 43,3;
20,3. LC-MS (m/z) [M+H]" tinh toan C,H,.N,O,
357,2304, timthay 357,2304.

2.3.4. Quy trinh danh gid hoat tinh khang khuén
Dinh tinh: Pha chat th&r véi DMSO dé cé dung
dich v&i néng do 1a 10.24 mg/mL (ki hiéu: dung
dich S). Cay vi khuan, vi ndm thl& nghiém trén
moi trudng thach MHA. DPuc 16 dwong kinh 5
mm trong dfa thach bang dung cu tiét trung.
Dung dich S dwoc cho vao 16 véi thé tich khoang
30 pL. Tién hanh song song véi mot mau doi
chirtng DMSO (khéng c6 chat thir). U hop thach
trong td &m 35 - 37°C trong 24 gi& d6i vdi vi
khuan va 48 gio d6i véivindm. Mau chirng chira
DMSO khéng trc ché sy phat trién cta vi khuan,
vi ndm. Dan xuat cé kha ndng khang khuan,
khang nam khi xung quanh 16 c6 vong khang
khuan, khdngnam.

Dinh lwvong: Mau d6i chirng dwoc chuan bj bang
céach cho 233.3 pL chat thir tir dung dich S vao
2.1 mLméitrudng MHA (phalo3ng 101an) da dé
ngudi & 55°C, lac déu roi dé hon hop vao dia
petri. D& ngudi cho méi trudng ddng lai. Néu cé
vét nuwdc trén bé mat, sdy dia thach & 50 -70°C
trong 10 phut. Vi khuén, vindm duwoc pha lo3ng
véi nuwdc mubi sinh ly dé dat néng do 10°
CFU/mL. M6i chat thir pha lodng 8 Ian (tinh tir
dung dich S) thu dwoc 8 dung dich hoa tan vdi
moi trwong MHA va cho vao 8 dia petri. Cho
huyén dich cé vi khuan, vi ndm vao dia thach d3
pha chat thir & nhitng ndng dé khac nhau. U hép
thach trong ti &m 35 - 37 °C trong 24 gid. Nong
dd nhd nhat ma vi khuan, vi ndAm khéng phat
trién duoc 1a ndng dd rc ché t6i thiéu cla chat
ther (MIC).

2.3.5. Nghién ctru docking phén tir

Pé du dodn tuwong tdc cla cac dan xuat
benzimidazol v&i cac dich tdc dong tiém nang,
nghién ctru docking dugc thyc hién bang phan
mém Autodock Vina trén hé diéu hanh Window
10 clia may tinh Dell Inspiron 14 5000 (RAM 16
GB, card d6 hoa NVIDIA). C4u tric 3D cuta GlcN-
6-P synthase (PDBid: 2vf5), DNAtopoisomerase
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[l (PDB id: 1jij) va DNA gyrase (PDB id: 1kzn)
duwoc tai tr ngdn hang dir liéu protein
(www.rcsb.org). Truwdc khi thuc hién docking,
thu thé protein dugc chuan bj bang cach két
hop tat cd hydrogen khéng phan cuc va loai bd

Bang 1. Théng sé “grid box” cla enzym

nudc két tinh théng qua giao dién d6 hoa
Autodock va Discovery Studio. Théng sé “grid
box” duwoc tuy chinh theo tirng loai enzym sao
cho kich thuéc ludi bao phi hoan toan vi tri tac
dbéngchaenzym (Bang1).

Kich thwérc Trung tam
Enzym
X y z X y 4
GIlcN-6-P 24 24 24 29,084 14,722 -2,804
Topo 16 16 16 -11,423 14,973 85,948
Gyr 30 30 30 19.150 30.393 34.745

GIcN-6-P: Glucosamin-6-phosphat synthase; Topo: DNA topoisomerase Il; Gyr: DNA gyrase

3.KETQUA VABAN LUAN

3.1. K&t qua hoat tinh khang khuan, khang nam
Nghién ctru thir nghiém hoat tinh khang khuén,
khdng ndm trén 5 ching khuan véi thudc doi

chirng duong la ciprofloxacin va 2 ching ndm
v@i thuéc ddi chirng dwong la fluconazol. Két
qud MIC (néng d6 rc ché tdi thiéu) cha 6 dan
xuadtduwoctrinh bay @Bang 2.

Bang 2. Hoat tinh khang khuan, khdng ndm cta benzimidazol (MIC, pg/mL)

Khang khuan Khdng ndm
STT
EC PA SF MSSA MRSA CA AN
1 2a 64 128 64 4 4 16 64
2 2b 128 1024 1024 64 256 - -
3 2c 64 256 128 8 16 64 -
4 2d 1024 128 128 1024 1024 - -
5 2e 128 1024 64 256 256 - -
6 2f 64 256 32 4 8 - -
7 Cipro 16 8 8 8 16 NT NT
8 Flu NT NT NT NT NT 4 256

NT: not tested (khéng tha nghiém); -: MIC > 1024 ug/ml. EC - Escherichia coli ATCC 25922, PA -
Pseudomonas aeruginosa ATCC 27853, SF - Streptococcus faecalis ATCC 29212, MRSA - Methicillin-
resistant strains of Staphylococcus aureus ATCC 43300, MISSA - Methicillin-susceptible strains of
Staphylococcus aureus ATCC 29213, CA - Candida albicans ATCC 10231, AN - Aspergillus niger ATCC
16404. Cipro - Ciprofloxacin, Flu - Fluconazol. MIC (ug/mL) + 0.5 ug/mL.
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Dan xuat benzimidazol 2a-f thé hién hoat tinh
khang khuan trung binh - yéu (MIC 32-1024
pg/mL) trén cac ching khuan Escherichia coli,
Pseudomonas aeruginosa va Streptoccus
faecalis. Dan xuat 2b va 2d-e thé hién hoat tinh
khang khuan yéu (MIC 64-1024 pg/mL) trén cac
ching khudn MSSA, MRSA va khong thé hién
hoat tinh khang ndm (MIC > 1024 pg/mL). Dan
xudt 2a, 2c va 2f thé hién hoat tinh khang khuan
t8t trén chudn MSSA va MRSA (MIC 4 - 16
ug/mL) khiso sdnh véithudc ciprofloxacin (MIC:
MSSA 8 pg/mL, MRSA 16 pg/mL). MIC cla d3n
xuat 2c trén ching MSSA, MRSA lan luot1a 8, 16
pg/mL. MIC clia din xuat 2f trén ching MSSA,
MRSA Ian lwot 13 4, 8 pg/mL. Dic biét, dan xuat
2ac6 MICthap nhattrong cac dan xuat téng hop
va thdp hon ciprofloxacin trén chdng khuéan
MSSA (MIC 4 pg/mL) va MRSA (MIC 4 pg/mL).
Ngoai ra, dan xuat 2a cling thé hién hoat tinh
khdang ndm tét trén chdng Candida albicans
(MIC 16 pg/mL) va Aspergillus niger (MIC 64
ug/mL) khiso sanh véifluconazol (MIC: Candida

GlcN-6-P

albicans 4 ug/mL, Aspergillus niger 256 pug/mL).
Day |a dan xuat rat tiém nang dé t6i wu héa cau
tracvaphéttriénthanhthudckhdngsinh méi.

3.2.Két qua docking phan tir

Sau khidanh gid hoat tinh in vitro, nghién cttu in
silico duwgc thyc hién trén receptor khang
khuan, khdng ndm GIcN-6-P synthase (GlcN-6-
P), DNA topoisomerase Il (Topo) va DNA gyrase
(Gyr) bang phan mém Autodock Vina. K&t qua
pre-docking cla ligand déng két tinh cho thay
phuong phap tuwong thich tét (Hinh 3). Két qua
docking twong tac gilta receptor - ligand thé
hiéntrongbang3vaHinh4.

Dan xuat benzimidazol 2a, 2c va 2f déu ¢é ai lyc
tot (-7.4 dén -9.6 Kcal/mol) va tao duwoc lién két
hydrogen v&i 3 receptor (GIcN-6-P, Topo va Gyr),
trong dé &i luc tdt nhat (-9.1 dén -9.6 Kcal/mol)
thé hién trén receptor Topo (Topoisomerase 1)
vakhanangtaoliénkét hydrogen nhiéu nhatthé
hiéntrénreceptor GIcN-6-P.

Gyr

Topo

Hinh 3. Két qua pre-docking cda ligand
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103

Bang 3. K&t qua nghién ctu in silico clia mdt s& dan xuat benzimidazol

Ai lyc . .
Li ' Loai lia o cta tx
Receptor | Ligand (Keal/mol) oai lién két Vi tri lién két

Lién két hydrogen (2,31 A) O (nitro) - Ser303
Lién két hydrogen (1,87 A) O (nitro) - GIn348

2a -8.1 - -
Lién két hydrogen (2,18 A) O (nitro) - Ser349
Lién két H rt-donor, m-Sulfur (3,98 A) | Benzen (N-benzyl) - Cys300
Lién két hydrogen (2,30 A) N (benzimidazol) - Thr302
Lién két hydrogen (2,99 A) N (benzimidazol) - Thr302

2c -8.1 Lién két hydrogen carbon (3,71 A) C (N-benzyl) - Ala602

GlcN-6-P ’ -

Lién két i-Anion (3,59 A) Benzen - Glu488
Lién két hydrogen m-donor (4,15A) | Benzen (benzimidazol) - Ser401
Lién két hydrogen (2,33 A) N (benzimidazol) - Thr302
Lién két hydrogen (2,99 A) N (benzimidazol) - Thr302

2f -7.4 Lién két hydrogen carbon (3,62 A) C (N-benzyl) - Ala602
Lién két r-Anion (3,62 A) Benzen - Glu488
Lién két hydrogen m-donor (4,15A) | Benzen (benzimidazol) - Ser401
Lién két hydrogen (2,17 A) O (nitro) - Lys84

2a -9.6 Lién két hydrogen (2,06 A) O (nitro) - Arg88
Lién két hydrogen (2,99 A) O (nitro) - Arg88

Topo - -

2c -9.1 Lién két hydrogen r-donor (3,23 A) | Benzen (benzimidazol) - Gly38
Lién két hydrogen (2,30 A) OCHs - Asp40

2f -9.2 -
Lién két r-Anion (4,44 A) Benzen - Asp40
Lién két hydrogen carbon (3,46 A) C (N-benzyl) - Asn46

2a -8.4
Lién két r-Anion (3,64 A) Benzen (N-benzyl) - Glu50
Lién két hydrogen carbon (3,36 A) C (N-benzyl) - Asn46

Gyr 2c -8.4 Lién két r-Anion (3,70 A) Benzen (N-benzyl) - Glu50

Lién két hydrogen r-donor (3,01 A) | Imidazol - Asn46
Lién két hydrogen carbon (3,32 A) C (N-benzyl) - Asn46

2f -7.9
Lién két r-Anion (3,67 A) Benzen (N-benzyl) - Glu50

GIcN-6-P: Glucosamin-6-phosphat synthase; Topo: DNA topoisomerase Il; Gyr: DNA gyrase
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DAan xuét 2a, 2c va 2f cé ai lwc vdi recceptor Topo
lan lwgt 1a-9.6;-9.1 va -9.2 Kcal/mol. Dan xuat 2c
tao dwoc 2 lién két hydrogen manh (2,30-2,99 A)
tai Thr302 vé&i GIcN-6-P, trong khi d6 trén
receptor Topo va Gyr khdng tao duoc lién két
hydrogen manh va chi tao duwogc lién két
hydrogen carbon, r-donor va lién két rt-Anion.
Dan xuat 2f tao duoc 2 lién két hydrogen manh
(2,33 - 2,99 A) tai Thr302 nhung cé ai luc yéu
nhat véi GIcN-6-P (-7.4 Kcal/mol); ddng thoi tao
duoc1liénkét hydrogen manh (2,30 A)tai Asp40
v@i Topo va khong tao dugc lién két hydrogen

manh vé&i Gyr. Dic biét, dan xuat 2a tao duoc 3
lién két hydrogen manh (1,87-2,31 A) tai Ser303,
GIn348, Ser349 vdi GIcN-6-P; déng thoi cling tao
duoc 3 lién két hydrogen manh (2,06 - 2,99 A)
tai Lys84, Arg88 vdi i luc cao nhat trén Topo
(-9.6 Kcal/mol) va khéng tao duogc lién két
hydrogen manh véi Gyr giéng dan xuat 2c va 2f.
Trong 3 dan xuat, 2a thé hién &i lwc va kha ning
tao lién két hydrogen véi 3 receptor t6t nhat. Diéu
nay mot phan cd thé giai thich I do dan xuat 2a ¢
hoat tinh t6t trén ca vi khuan va vinam khiso sanh
v3i thubc d6i chiéu ciprofloxacin va fluconazol.

2a-GlcN-6-P 2c-GlcN-6-P 2f-GIcN-6-P
2a-Topo 2c-Topo 2f-Topo
2a-Gyr 2¢-Gyr 2f-Gyr

Hinh 4. M6 hinh 3D vé su twong tac trén receptor GIcN-6-P synthase (GIcN-6-P), DNA
topoisomerase Il (Topo) va DNA gyrase (Gyr)
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4. KET LUAN

M6t s6 dan xuat N-benzyl 2-arylbenzimidazol d3
dugc danh gid hoat tinh khang khuén, khang
nam trén 5 chdng khuan va 2 ching nadm. Két
qua cho thay cé 3 dan xuat (4-NO,, 3,4-Cl,, 3,4-
(OCH,),) thé hién hoat tinh khudn tiém ndngtrén
MSSA, MRSA va 1 dan xuat (4-NO,) thé hién hoat
tinh khang nam trién vong trén Aspergillus
niger. Nghién ctru docking phan tlr cho thay cac
dan xuat c6 hoat tinh in vitro tot thé hién ai luc
trung binh dén manh vdi receptor GIlcN-6-P

synthase, DNA topoisomerase Il va DNA gyrase
chi yéu théng qua lién két hydrogen manh, lién
két hydrogen carbon, lién két hydrogen rt-donor
va lién két m-Anion. Nhdm chirc 4-nitro (4-NO,),
3,4-dicloro (3,4-Cl,), 3,4-dimethoxy (3,4-
(OCH,),) va gbc N-benzyl (N-CH,C.H.) cho thay
kha nang lam tang dang ké tuong tac vai
receptor théng qua lién két hydrogen manh, -
donor va t-Anion. Diéu nay cé thé gép phan tao
nén hoat tinh khang khuan, khang nadm tét cla
danxuat benzimidazol.
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Evaluation of antibacterial and antifungal activities
and molecular docking studies of some N-benzyl

2-arylbenzimidazol derivatives
Pham Canh Em

ABSTRACT

A novel series of N-benzyl 2-arylbenzimidazole derivatives were synthesized. These compounds
were screened for in vitro antibacterial and antifungal activities by the micro-broth dilution
technique using nutrient broth. Compounds 2c and 2f showed good antibacterial activity against
MSSA and MRSA (MIC range: 4 - 16 ug/mL). Compound 2a showed excellent antifungal activity
against MSSA and MRSA (MIC 4 ug/mLl), and good antifungal activity against Aspergillus niger (MIC
64 ug/mL), which is comparable to the activity of ciprofloxacin and fluconazole. The synthesized
compounds were subjected to molecular docking studies with three proteins, namely glucosamine-
6-phosphate synthase, topoisomerase Il, and DNA gyrase. The molecular docking studies have
supported the explanation of antibacterial and antifungal activities through hydrogen bond
formation and high affinity.

Keywords: Benzimidazole, antibacterial, antifungal, molecular docking
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