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Tong hop va thit hoat tinh ciia mdt s dan chat benzothiazol-2-thiol
hwong tre ché con dwong quorum sensing
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Tém tit:

Quorum sensing (QS) la dinh nghia mo ta mot qua trinh trao ddi thong tin qua lai 13n nhau ciia vi khuan. Bang cach
e ché qua trinh nay, cac chit hoa hoc cé thé cit dit qua trinh trao doi “thong tin” giira cac vi khuén véi nhau.
Tir dé ngan chin cdc phan ng qua mirc caa vi khuén, dac biét la vi Khuén cong sinh trén co thé nguoi, nhuw qua
trinh san sinh cac ddc td, hinh thanh ciu tric biofilm hoic cic co ché gy bénh khac. Trong nghién ciru nay, tic gia
tién hanh tong hop, thir hoat tinh ciia mgt s6 din chit benzothiazol-2-thiol hwéng e ché QS va da tong hop thanh
cong 5 din chit bing phwong phap vi séng. Két qua thir nghiém hoat tinh cho thiy, chit 2 va 5 wc ché trung binh
hoat dong clia QS so véi chit chuin 4-Nitropyridine-1-oxide (4NPO) véi gia trj IC, twong wng la 212,03+2,17 va
198,11+3,48 pg/ml. Két qua ciia nghién ciru mé ra mot khung chit méi cho phat trién thudc trong twong lai.

Tir khoa: benzothiazol-2-thiol, khang khuén, QS, truc khu4n mi xanh, vi song.

Chi s6 phén loai: 3.4

Pat van de

Lam dung khang sinh va sy ra ting ciia vi khuan khang
khang sinh 13 mot van dé nghiém trong trén 1m sang tai Viét
Nam va trén thé gioi. Do d6, nghién ctru tim kiém cac thude
thay thé khang sinh, khong khang chéo véi khang sinh 1a rit
cap bach hién nay [1].

Vi khuén st dung con duong QS dé giao tiép qua lai lan
nhau. Théng qua qua trinh nay, vi khuan san sinh ra cac phan
tir hoa hoc “thong tin” nham truyén dat cho nhau nhing thay
d6i vé méi trudng xung quanh nhu sy c6 mit cta cac chét dinh
dudng, su yéu di cua vat chu, hodc cac tdc nhan gay hai [2].
Ngoai ra, thong qua co ché QS, cic vi khuan c6 thé tap hop
lai v&i nhau hinh thanh cac cau tric biofilm gy khé khan cho
viée diéu trj [2, 3]. Khi hé mién dich cua con nguoi yéu di, cac
vi khuén sdng cong sinh trén co thé trao d6i “thong tin” nay
cho nhau thong qua co ché QS, tir do tang sinh va gy ra qua
trinh nhiém khuan trén nguoi. Cac nghién ctru da chi ra rang,
viéc trc ché con dudng QS sé& cit dut qué trinh lién lac ciia vi
khuén, tir d6 trc ché qua trinh tang sinh ctia vi khuan gay bénh.
Quan trong hon, cac chat trc ché QS khong gdy doc tinh truc
tiép 1én vi khuan (khong khang khudn), do d6 viéc dé khang
cua vi khuan véi cac chat s& kho hon cac khang sinh truyén
thong [4-6].

Hién nay, cac nha khoa hoc trén thé gii dang tap trung
nghién ciru cac h(rp chét méi hudng e ché con duo’ng QS. Tiéu
biéu nhu cac chét co cdu tric twong tu nhu chét dan truyén QS
mang khung lacton [7], Chat o nguon gdc ty nhién nhu acid
fusaric [8], cht c6 nguon gbc 1a thude nhu aspirin [9]. Viéc
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phat hién va sir dung cdc chét tic ché QS nhu mét bién phap
diéu tri doc lap, hodc két hop voi khang sinh dang mo ra mot
con dudng diéu tri méi cho cac bénh nhan da khang thube [10].

Tryc khuan mua xanh (vi khuan gram am Pseudomonas
aeruginosa) 1a mot trong nhimg vi khuin gy bénh phd bién
trén ngudi nhu nhiém khuan dwong ho hip dudi, nhiém khuan
tiét niéu, viém mang ndo, viém mang trong tim. Hién nay, vi
khuén nay c6 kha nang khang khang sinh truyén thong manh va
nam trong danh muyc uu tién nghién ciru phuong phap diéu tri
méi cua T6 chirc Y té thé gioi [11]. Do do, phat trién cac thude
khang khuan méi véi co ché méi trén tryc khuan mi xanh s&
dem lai loi ich cho bénh nhan. Trong nghién ciru nay, chung t6i
bao céo qué trinh tong hop va thir két qua hoat tinh ctia mot sb
dan chat benzothiazol-2-thiol huéng trc ché QS cua vi khuan
gram am P. aeruginosa.

Nguyén liéu va phuong phap nghién ciu
Nguyén li¢u

Hoa chat dwoc mua tir cac nha cung cip bao gom Sigma
Aldrich (Singapore), Alfa Aesar (Han Quéc), dung moi
Deajung Han Quéc voi do tinh khiét trén 98% va dugc sir dung
truc tiép khong tinh ché thém. Phan tng duoc tién hanh trén
thiét bi phan tmg vi song WBFY-205 (Keda Machinery and
Instrument Equipment Co. Ltd.), dugc theo doi bang k¥ thuat
sic ky 16p mong (SKLM) sir dung ban mong Merck Kieselgel
60F,,, (Singapore) va quan sat dudi den UV hodc hién mau
bang k¥ thudt dung dich thudc thr KMNO, (Trung Québc),
ninhydrin (Trung Quéc). Phd cong hudng tu hat nhan dugc
ghi trén méay Bruker Avance 400/500 MHz véi chat chuén noi
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Abstract:

QS is a well-known mechanism of bacteria cell-to-
cell communication. By inhibiting the quorum sensing
pathway, compounds can prevent the aggressive activity
of bacteria, including virulence production, biofilm
formation, and other pathogenesis. Herein, the authors
reported the synthesis and biological evaluation of
several benzothiazole-2-thiols toward quorum sensing
activities. As a result, five compounds are successfully
synthesised using microwave methodology in good
yields. In terms of bioactivity, compounds 2, 5 showed
moderated quorum sensing inhibitory activity with
IC,, of 212.03+2.17 and 198.11+3.48 pg/ml, respectively,
in comparison to that of reference compound 4NPO.
This research provides a novel template for future drug
discovery and development.

Keywords: antibacterial, benzothiazole-2-thiol,
microwave, Pseudomonas aeruginosa, QS.
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TMS. Pho khdi dugc do trén may LC-TOF/MS Agilent theo
phuong phép ion hod phun mu dién tir (ESI), tai Vién Han lam
Khoa hoc va Cong nghé Viét Nam.

Két qué thr hoat tinh dugc tién hanh véi sy hd tro cia Bénh
vién Dai hoc Copenhagen, Pan Mach.

Phwong phap nghién ciru

Téng hop cac chét duge thue hién mot bude béng phan
ung dong vong cua cac dan chat 2-chloro-anilin va muoi kali
O-isopropylxanthic acid theo so d6 ¢ hinh 1.

S
b /k 1, R = 6-CH(CHy),
2 o +K'S)ko . 4\ H 2, R=6-OCH,
| = __owac___, R+ >=S 3, R = 4,6-dimethyl
/= MW (vi séng), 5 phat ENEZ TS 4, R=6-F
R 7 5, R = 6-0CF;

Hinh 1. So d6 tdng ho'p cac dan chéat benzothiazol-2-thiol.

Thir hoat tinh khdng khudn: vi khuan dugc sir dung la
P aeruginosa ATCC27853 dugc mua tu ATCC, Manassas,
Hoa Ky. Gia tri MIC duoc x4c dinh bang phuong phép Broth
microdilution [12]. Cac chat duoc thir ndng do téi 512 pg/ml.
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Hoat tinh irc ché OS: thir nghiém hoat tinh trc ché QS dugc
tién hanh theo phuong phap da dugc cong bd trude day [12,
13]. Doan gen ma hod QS lasB-gfp cua P. aeruginosa dugce st
dung & nghién ctru. Té bao dugc nudi ¢ nhiét do 37°C (toc do
lic 180 rpm) trong 20 gi¢. Sau do, moi truong nudi cay duoc
pha loding t6i diém OD450 13 0,1. Thi nghiém dwoc tién hanh
trén dia 96 giéng. 4NPO dugc sir dung lam chat chimg dwong.
Dung mo6i dimethylsulfoxid (DMSO) dugc sir dung 13 chimg
am. Cac chat tong hop duogc va chat chimg 4NPO duoc dua
vao cac moi trudng ¢6 chira vi khuan trong dia 96 giéng. Gia tri
vé phat trién cta vi khudn va tin hiéu huynh quang cta protein
tin hi¢u duoc ghi lai (GFP - Green fluorescent protein). Thi
nghiém duoc tién hanh & nhiét do 34°C va do mdi 15 phut. Gia
tri do quang dugc tién hanh & budc song 485 va 535 nm.

Phuong phap tong hop chung: cho vao 10 ml binh phan mg
mot hdn hop bao gom dan chat tuong tng ctia 2-chloro-anilin
(100 mg), mudi kali O-isopropylxanthic (PIX) véi ty 16 mol 1:2.
Sau do6, thém vao hon hop 8 ml dung moi dimethylacetamid
(DMAC). Hon hop phan tmg sau d6 dugc dun néng trong 5
phut & 150°C bang thiét bi vi song (750 W, hip thu cao). Tiép
dén 1am lanh hdn hop phan tng téi nhiét do phong va thém
vao 10 ml nuéc cat. Hon hop phan tmg dugc diéu chinh t6i
pH khoang 3-4 bang dung dich acid HCl loang (ndng do 1 M).
Cudi cung, dé yén hon hop trong 30 phut tai nhiét do phong
cho két tia tao thanh. Tua dugc loc va rua lai 3 1an voi nude
cat, lam kho ¢ 60°C trong tii sdy thu dwoc san pham tinh khiét.

Xdc dinh cdu tric

Cac chat dugc xac dinh ciu tric bang cac phuong phap phd
cong hudng tur, pho khoi, két qua cu thé nhu sau:

Chit 1-6-isopropylbenzod]thiazol-2-thiol: dwgc tong hop
theo phuong phép tong hgp chung, tia sau phan tng dugc
két tinh lai trong aceton nong thu dugc bdt tinh khiét ma
khong can tinh ché thém. Hiéu suat 76%. Nhiét do nong chay
256°C. '"H-NMR (400 MHz, DMSO-d,) 6 (ppm): 7,57 (br, 1H,
H-benzothiazol), 7,27 (br, 2H, H- benzothiazol), 2,94 (m, 1H,
CH), 1,23 (dd, J=8,6 Hz, J=1,6 Hz, 6H, CH,). "C-NMR (101
MHz, DMSO-d,) 6 (ppm): 189,6, 145,2, 140,4, 130,2, 126,1,
119,5, 112,8, 33,7 va 24,4. HRMS (ESI) m/z [M+H]" tinh toan:
210,0411, tim thay: 210,0413.

Chat 2- 6-methoxybenzo[d]thiazol-2-thiol: dugc tong hop
theo phuong phap tong hop chung, tia sau phan g dugc két
tinh lai trong aceton nong thu dwoc bot tinh khiét ma khong
can tinh ché thém. Hiéu sudt 82%. Nhiét do nong chay 252°C.
'H-NMR (400 MHz, DMSO-d,) d (ppm): 13,6 (s, 1H, NH),
7,32 (br, 1H, H-benzothiazol), 7,24 (br, 1H, H-benzothiazol),
6,98 (br, 1H, H-benzothiazol), 3,76 (br, 3H, OCH,). BC-NMR
(101 MHz, DMSO-d6) ¢ (ppm): 188,8, 157,1, 135,7, 131,2,
115,2, 113,5, 106,3 va 56,2. HRMS (ESI) m/z [M+H]" tinh
toan: 198,0047, tim thay 198,0048.

Chdt 3-4, 6-dimethylbenzo[d]thiazol-2-thiol: dugc tong
hop theo phuong phap tong hop chung, tua sau phan img dugc
két tinh lai trong aceton nong thu dugc bot tinh khiét ma khong
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can tinh ché thém. Hiéu suat 90%. Nhiét d6 nong chay 259°C.
'H-NMR (400 MHz, DMSO-d,) § (ppm): 13,5 (s, 1H, NH),
7,27 (s, 1H, H-benzothiazol), 6,99 (s, 1H, H-benzothiazol),
2,39 (s, 3H, 4-CH,), 2,29 (s, 3H, 6-CH,). “C-NMR (101 MHz,
DMSO-d6) 6 (ppm): 189,9, 138,6, 134,1, 129,7, 129,6, 122,7,
119,2, 21,0 va 17,9. HRMS (ESI) m/z [M+H]" tinh toan:
196,0253, tim thay: 196,0255.

Chdt 4-6-Fluorobenzo[d]thiazol-2-thiol: dugc tong hop
theo phuong phép tong hop chung, tia sau phan tmg duoc két
tinh lai trong aceton nong thu dwgc bot tinh khiét ma khong
can tinh ché thém. Hiéu sudt 90%. Nhiét d6 nong chay 275°C.
'H-NMR (500 MHz, DMSO-d,) 6 (ppm): 13,8 (s, 1H, NH), 7,61
(dd, J=8,5 Hz, J=2,6 Hz, H-benzothiazol), 7,27 (dd, J=8,9 Hz,
J=4,7 Hz, H-benzothiazol), 7,21-7,24 (td, J=2,6 Hz, J=2,6 Hz,
H-benzothiazol). "C-NMR (151 MHz, DMSO-d,) ¢ (ppm):
190,4, 159.6 (d, J=242,0 Hz), 138.,4, 131,2 (d, J=11,0 Hz), 115,2
(d,J=24,4Hz), 113,8 (d,J=9,0 Hz), 109,3 (d, J=27,4 Hz). HRMS
(ESI) m/z [M+H]" tinh toan: 185,9847, tim thiy: 185,9847.

Chdt  5-6-(trifluoromethoxy)benzo[d]thiazol-2-thiol ~(13):
duoc tong hop theo phuong phap tong hop chung, tiia sau phan
ung dugc két tinh lai trong aceton nong thu dugc bot tinh khiét
ma khong can tinh ché thém. Hiéu sudt 67%. Nhiét do nong
chdy 273°C. 'H-NMR (400 MHz, DMSO-d,) J (ppm): 7,85 (d,
J=2,2 Hz, 1H, H-benzothiazol), 7,39 (q, J=8,9 Hz, J=8,8 Hz,
2H, H-benzothiazol). "C-NMR (101 MHz, DMSO-d,) 6 (ppm):
191,2, 145,2,140,9, 131,3, 121,8, 121,1, 115,6 va 113,8. HRMS
(ESI) m/z [M+H]" tinh toan: 251,9763, tim thiy: 251,9764.

Két qua va ban luan
Két qud

Két qua cac chét thir hoat tinh khang khuan va trc ché QS
duogc trinh bay ¢ bang 1.

Bang 1. Hoat tinh khang khuén va trc ché QS cua cac chat 1-5.

. TR - Hoat tinh khang khuin ~ Hoat tinh irc ché QS
i S
b ong thirc hod hoc MIC (ugm) 1€, (ugm)*
N
1 HchCES*—S 2093 2123142,98 >300
CHg
y
2 —s 1973 >S5 212,0342,17
o s
3 H 1953 >512 300
| > >
S>:S
- H
4 [T =s 1852 146108341 150,0444,79
FNF S
H
N
5 . - »l2 >0 198,11£348
e
#NPOH oy 1o 1820¢1,22

‘o

*: trung binh clia 3 14n th&r p<0,05; **: chét chirtng dwong; ***: khong thir.
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Ban lugn

Céc chit di duoc tong hop thanh cong vé6i hiéu sut tot
st dung hé théng vi song. Trén phd 'H-NMR (dai dién chat
2) cho théy gi4 tri peak don & 13,6 ppm tuong tng v6i nhém
SH (hinh 2). Tuy nhién trén phd *C-NMR (hinh 3), chit 2
cho thdy peak gid tri 189 ppm tuwong (mg voi carbon trong
nhém C=S. Diéu nay cho thay ton tai qua trinh chuyén hoa
qua lai gifra hai dang enol-keton ctia vong benzothiazol &
dang hoa tan (hinh 4).
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Hinh 2. Phd 'H-NMR cia chat 2 véi gia tri SH & 13,6 ppm
(mi tén).
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ppm (mdi tén).
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Hinh 4. Hai dang chuyén hoa qua lai keton-enol ctia san phadm
trong dung dich.

Vé kha nang khang khuan, cac chat 1 va 4 co gia tri
khang khuin yéu véi MIC tuong tng 1a 212,31+2,98 va
146,10+3,41 pg/ml. Trong khi d6 cac chét 2, 3 va 5 khong
cho thiy tac dung khang khuan trong khoang nong do dudi
512 pg/ml. Dé thé hién hoat tinh uc ché QS, cac chat can
khong gy nén su uc ché phat trién cua vi khuan trong
khoang nong d6 thir. Néu chat c6 tac dung “kim khuan”
hodc “diét khuan” déu lam giam s6 luong vi khuén, kéo theo
giam ndng do cua tin hiéu QS dwoc san sinh ra trong moi
truong. Trong trudng hop nay chit c6 kha ning (e ché QS
1a do tac dung diét khudn giy ra va khong ¢ y nghia khoa
hoc [2-6]. Két qua thir hoat tinh trc ché QS cho thay chat 1
va 3 khong thé hién hoat tinh & ndng d dudi 300 pg/ml.
Chét 4 cho gia tri uc ché QS la 150,04+4,79 pg/ml, tuy
nhién gia tri nay tuong dwong véi nong do khang khuan cua
chat 4 (MIC=146,10+3,41 pg/ml), do d6 su giam hoat dong
ctia QS géy ra la do kha ning trc ché phat trién vi khuan cua
chat 4. Toém lai, chat 4 chi thé hién kha ning khang khuan
ma khong thé hién kha ning trc ché QS.

Chét 2 va 5 khong the hién kha ning tic ché sy phat trién
ctia vi khuan va c6 gié tri IC, uc ché hoat dong QS tuong
ung 1a 212,03+2,17 va 198, 11i3 ,48 png/ml. Do do, chat 2va
5 thé hién rd rang kha ning tc ché con dudng giao tiép QS
ctia vi khuin ma khong tac dong truc tiép 1én hoat dong binh
thuong cua ching. Nhin chung, chét 2 va 5 thé hién hoat
tinh yéu hon so véi chat chuén 4NPO (IC,, 1a 18,20+1,22
pg/ml). Tuy nhién vé mit nghién ctru phat trlen thudc moi,
chat 2 va 5 1a hai khung chit tiém nang cho viéc nghién ctru
phat trién cac thudc hudng trc ché QS trong tuong lai. Vé
mat lién quan cAu tric va tac dung sinh hoc, hai chét hoat
tinh 2, 5 c6 nhoém thé dang ethe v6i nguyén tir 6xy gan truc
tiép voi vong benzothiazol. Piéu nay khong c¢6 & cac chat
con lai. Do d6, nguyén tir 6xy c6 thé dong vai tro quan trong
cho hoat tinh ctia vong. Cac nghién ctru chuyén sau phat
trién thubc moi can luu y phat trién theo hudng gitt nguyén
nguyén té 6xy nay.

£ ~
Ket luan

Chungtoida tong hop thanh cong 5 dan chétbenzothiazol-
2-thiol bang phuong phap vi song voi hiéu suat tot. Cac chit
dugc xac dinh ciu trac bang phd cong huong tir. Két qua
cho thdy c6 su chuyén dang enol-keton & dang hoa tan ciia
céc chat. Trude khi tht nghiém hoat tinh tc ché QS, cac
chat dugc tién hanh thir kha nang khang tryc khuin mi xanh
(P. aeruginosa). Két qua cho thay, chat 1 va 4 uc ché hoat
dong cua vi khuan véi MIC twong tng 1a 212,31+2,98 va
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146,10+3,41 pg/ml. Cac chat con lai khong anh hudng toi
su phat trién cta vi khuan. Két qua thir hoat tinh @c ché QS
cho thdy, chat 2 va 5 thé hién rd kha ning (rc ché véi IC,
12212,03+2,17 va 198,11+3,48 pg/ml ma khong anh huong
t61 vi khudn. Mic du két qua e ché QS yéu hon so voi chét
chuén duong 4NPO (IC, 14 18,20+1,22 pg/ml), két qua cia
nghién ctru cho thay vong benzothiazol-2-thiol c6 tiém nang
cho phat trién cac chét rc ché manh hon trong tuong lai.
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