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SUMMARY

As the benzothiazole, 3,4-dihydroxyphenyl, and 1,2,3-triazole moieties are known as three
privileged substructures for many antimicrobial agents, some novel hybrid benzothiazoles bearing
3,4-dihydroxyphenyl and 1,2,3-triazole moieties were designed and synthetized and evaluated for
antifungal activity. Compounds 5a-c were successfully obtained from 4-bromo-2-chloroaniline via
four-step synthetic reactions. By antifungal evaluation, compounds 5a-b proved no growth
inhibitory activity at any tested concentrations. Meanswhile, compoud 5c¢ exhibited the growth
inhibitory effect at the highest tested concentrations of 150 uM and 75 uM. Overall, this report may

provide useful information on the antifungal activity of these novel hybrid scaffolds.
Tirkhod: khdng ndm, benzothiazol, 1,2,3-triazol, 3,4-dihydroxyphenyl.

Dat van deé

Viét Nam la nudc nhiét déi véi nhiéu bénh
truyén nhiém do vi khudn va ndm gay ra. Viéc
stt dung khéng dung cach cac thuéc khang
sinh, khang ndm c6 thé dan t&i nhon thudc,
khang thuo6c [9]. Do d6, bén canh cac
phuang phap phong chéng khang cac thuéc
dang luu hanh, nhu cau nghién ctu va phat
trién cac thuéc khang khuan, khang ndm mai
la rat can thiét.

Khung benzothiazol, 1,2,3-triazol, va 3,4-
dihydroxyphenyl la ba cau trdc xuat hién
nhiéu trong céng thuic cac thudc va chat
khang khuan, khdang nam va duoc goi chung
la cac khung dac quyén khang nam

(privileged antifungal scaffolds) [4,6,7]. M6t s6
chat khdng nam tiéu biéu mang khung
benzothiazol nhu bentaluron, TCMTB (Hinh
1A) [6]; mang khung 1,2,3-triazol nhu cac dan
chat cua fluconazol [7]; hay cac dan chat
mang nhém 3,4-dihydroxy clia acid caffeic [9].
Cau trac cu thé cua cac chat khang nam tiéu
biéu dugc trinh bay trong Hinh 1A dudi day.
Trong nghién cdu nay, chung t6i cé y
tudng két hop cau tric clia ca ba khung dac
quyén khang ndm ké trén hinh thanh mot cau
trac lai hod méi (Hinh 1B). Cac chat téng hop
dugc sé dugc danh gia kha nang khang nam.
Nguyén liéu va phuong phdp nghién cou
Nguyén liéu
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Hinh 1. A) Cdc chdt khdng ndm mang khung
benzothiazol, 1,2,3-triazol, 1,2,4-triazol va 3,4-
dihydroxyphenyl. B) Thiét ké cdc chdt mdi lai
hod ca ba khung

N

Hoa chat dugc mua tir cdc nha cung cap
bao gom Sigma Aldrich, Alfa Aesar véi d6 tinh
khiét trén 98 % va dugc st dung truc tiép
khong tinh ché thém. Dung moéi dugc mua ti
hang Daejung Chemicals Han Quéc. Phan
Ung dugc theo doéi bdi sac ky I6p mong
(SKLM) str dung ban méng Merck Kieselgel
60F2s4 va quan sat dudi dén UV. Phé cong
hudng tu dugc ghi trén may Bruker Avance
400 MHz vdi chat chuan ndi TMS. Phé khéi
dugc do trén may LC-TOF/MS Agilent theo
phuong phép ion héa phun mu dién tur (ESI).

Phuong pheap nghién cou

Téng hop hod hoc

TU chat dau 4-bromo-2-cloroanilin (1), cac
dan chat benzothiazol mang nhom 3,4-
dihydroxyphenyl va 1,2,3-triazol 5a-c dugc
tong hop theo So dé 1 dudi day:

Thir hoat tinh

Cac chat téng hgp dugc (5a-c) dugc thi
nghiém kha nang khang nam trén té bao nam
men. Ching nam dugc st dung la
Saccharomyces cerevisiae RS-72 dugc cung
cap bai Vién cong nghé sinh hoc, Vién han
lam khoa hoc va céng nghé. Méi trudng nudi
cdy la thach galactose dugc b6 sung adenin
40 pg/mL, L-histidin 20 ug/mL, dugc phan tan
trong dung méi la nuéc pH 5,5. Dung dich
dimethyl sulfoxit (DMSO,) dugc st dung lam
ching am. Cac chat dugc pha thanh dung
dich g6éc v3inéng d6 150 uM trong DMSO, va
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DMSO, 110°C
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pha lodng (bac 2 thanh 9 khodng néng d6
khac nhau). Sau d6, thém vao méi giéng chat
thi nghiém cé néng dé khéac nhau va té bao
nam men. Toan b6 giéng sau doé dugc U trong
24h & nhiét d6 37 °C v6i 5 % CO.. Gia tri khai
diém cua su phat trién cla té bao ndm men
dugc xac dinh & ODeoo = 0,01. K&t qua dugc
doc bang phuong phap do quang & ODeoo Vi
mau trang la DMSO. Két qua tinh toan bdéi
phan mém GraphPad Prism [10].

Két qua nghién cuu

Téng hop chdt trung gian 2

Chat dau 4-bromo-2-cloroanilin (2,5 g,
0,012 mol), NaNs (1,57 g, 0,024 mol), Cul (0,23
g, 0,0012 mol, 10 mol%), natri ascorbat
(0,1195 g , 0,0006 mol, 5 mol %), N,N'-
dimethylethylendiamin (0,16 g, 0,0018 mol,
15 mol%) dugc hoa tan vao 30 mL hén hop
ethanol:H-0 (EtOH:H0 = 7:3) trong binh cau
c6 khudy ti. Hon hop phan ing dugc dun
néng lén 100 °C va khuay déu trong 2 gio.
Sau d6 lam lanh binh phan Gng vé nhiét do6
thudng. Hon hop phan tng dugc pha loang
v6i 70 mL nudc va chiét xuat bang ethyl
acetat (3 lan, méi lan 70 mL). Lép hitu co
dugc c6 dac dudi ap suat giam va tinh ché
bang coét silica gel s dung pha dong la
dicloromethan: heptan (ty 1& 1:1) thu dugc
1,43 g, hiéu suat 70 %.

Chat 2 thu dugc dang dau, mau vang nhat.
"H NMR (400 MHz, CDCl3) 6 6,98 (d, J= 2,1 Hz,
1H); 6,73 - 6,83 (m, 2H); 4,01 (s, 2H). *C NMR
(101 MHz, CDCls) 6 140, 131, 120, 119, 118,
117.

Téng hop chdt 3a-c

Chat 3a dugc téng hop theo So dé 1 tu
chat trung gian 2. Chat 2 (168 mg, 1 mmol), 1-
ethynyl-4-fluorobenzen (100 mg, 0,83 mmol),
Cul (15,8 mg, 0,08 mmol, 10 mol%) dugc hoa
tan trong 5 mL DMSO trong binh cau cé
khudy ti. Hon hop dugc dun nong 1én 110 °C
va khudy trong 2 gi@. Sau dé lam lanh binh
phan Ung vé nhiét d6 thudng. H6n hop phan
iing dugc pha loang véi 70 mL nudc va chiét
xuat bang ethyl acetat (3 lan, méi lan 10 mL).
LSp hiru co dugc cod dac dudi ap suat giam va
tinh ché bang cot silica gel st dung pha déng

N

la ethyl acetat: heptan (ty € 1:1) thu dugc 3a,
chat ran mau dé nhat, nhiét d6 néng chay
191-192°C, hiéu suat 60 %. Xac dinh cdu trac
3a: '"HNMR (400 MHz, DMSO-ds) 6 9,10 (s, TH);
8,00-7,89 (m, 2H); 7,78 (d, /= 2,4 Hz, TH); 7,60
(dd, J=8,7,2,5Hz, 1H); 7,33 (t, /= 8,9 Hz, 2H);
6,97 (d, J=8,7 Hz, TH); 5,79 (s, 2H).

Chat 3b va 3¢ dugc téng hop theo phuong
phap tuong tu 3a.

Chat 3b thu dugc & dang dau, mau vang
nhat. Xac dinh cau tric 3b: '"TH NMR (400 MHz,
DMSO-ds) 6 8,95 (d, J=3,2 Hz, 1H); 8,28 - 8,17
(m, 1H); 7,91 (d,J=2,5Hz, 1H); 7,69 (dd, J= 8,7
Hz, 2,5 Hz, 1H); 7,54 - 7,44 (m, 1H); 7,30 (td, J
= 8,4 Hz, 2,2 Hz, 1H); 7,01 (d, J = 8,7 Hz, TH);
5,84 (s, 2H).

Chat 3b thu dugc & dang dau, mau hong
nhat. Xac dinh cau tric 3c: '"H NMR (400 MHz,
DMSO-ds) 6 8,69 (s, 1H); 7,77 (d,J=7,9 Hz, TH);
7,70(d,J=2,5Hz, 1H); 7,69 - 7,65 (m, 2H); 7,58
-7,52(m, 1H); 7,51 (dd, J=8,7 Hz, 2,5 Hz, TH);
6,84 (d, J=8,7 Hz, TH); 5,68 (s, 2H).

Téng hop chdt 4a-c

Chat 4a: chat 3a (75 mg, 0,255 mmol), kali
O-ethyl carbonodithioat (81,7 mg, 0,51 mmol)
dugc hoa tan bang 2 mL dimethylformamid
(DMF) trong binh phdn ung vi séng chuyén
dung. Binh phan ting dugc déng chat ndp va
tién hanh phan ing & 160 °C trong 30 phut.
Sau do lam lanh binh phan ting vé nhiét do
thudng. Ho6n hop phan (ng dugc pha loang
vGi 20 mL nudc, sau dé diéu chinh vé pH =1
st dung acid HCI TN sé xuat hién san pham
két tua. Két tha dugc loc, rira lai véi nudce thu
dugc san pham tinh khiét khong can tinh ché
thém.Thu dudc 77 mg chat 4a dang ran, mau
nau nhat, hiéu suat 82%. Xac dinh cau tric 4a:
nhiét d6 ndng chdy 270,1-273,1 °C. '"H NMR
(400 MHz, DMSO-ds) 6 14,02 (s, TH); 9,26 (s,
1H); 8,33 (d, /= 2,2 Hz, 1H); 8,01 - 7,92 (m, 3H);
7,49 (d, J=8,7 Hz, 1H); 7,35 (t, J = 8,8 Hz, 2H).
3CNMR (101 MHz, DMSO-ds) 6 191, 162 (d, Jc-
F=245,0Hz), 147,142,134,131,128 (d, Jcr =
8,5 Hz), 127 (d, Jcr=3,7 Hz), 120, 120, 116 (d,
Jcr=22,2Hz), 114,113,

Chéat 4b va 4c dugc téng hop theo phuong
phap tuong tu 4a.
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Chat 4b thu dugc 6 dang ran mau nau,
hiéu suat 89 %, nhiét d6 néng chay 230,2-
234,1 °C. Xac dinh cau triac.. "H NMR (400
MHz, DMSO-ds) 6 13,99 (s, TH); 9,01 (d, J=3,0
Hz, 1H); 8,37 (s, TH); 8,20 (q, J = 8,7 Hz, 1H);
8,01(d, J=6,5Hz, 1H); 7,45 (t, J = 9,4 Hz, 2H);
7,26 (t,J=8,5,2,6 Hz, TH). *CNMR (101 MHz,
DMSO-ds) 6 191, 163 (dd, Jcr=247,9 Hz, 12,5
Hz), 159 (dd, Jcr=251,8 Hz, 13,5 Hz), 142, 141
(d,Jcr=4,4Hz),133,131,129(dd, J=10,6 Hz,
5,5Hz),122(d,J=11,3Hz), 120,115 (dd, Jcr=
14,0 Hz, 4,5 Hz), 114,113, 112 (dd, Jcr = 21,9
Hz, 4,3 Hz), 105 (t, Jcr = 26,2 Hz).

Chat 4c thu dugc & dang ran mau do nhat,
hiéu suat 93 %, nhiét d6 ndng chay 265,2-
266,1 °C. Xac dinh cau tric: '"H NMR (400 MHz,
DMSO-ds) 6 14,04 (s, TH); 8,96 (s, 1H); 8,38 (d, J
= 2,2 Hz, 1H); 8,00 (dd, J = 8,7 Hz, 2,2 Hz, 1H);
7,92 (d,J=79Hz 1H); 7,85 -7,80 (m, 2H); 7,74
-7,68 (m, 1H); 7,50 (d, J=8,7 Hz, TH)."*C NMR
(101 MHz, DMSO-ds) 6 191, 145,142,133, 133,
132,131,130,129(d, J=2,3Hz),127 (q,J=30
Hz), 126 (9, /= 5,5 Hz), 124 (g, J = 273,5 Hz),
123 (q,J=3,2Hz), 120,114, 113.

Téng hop chdt 5a-c

Téng hop chat 5a: Chat 4a (50 mg, 0,14
mmol), 2-cloro-1-(3,4-dihydroxyphenyl)
ethan-1-on (31 mg, 0,165 mmol), K.COs (37,8
mg, 0,27 mmol) dugc hoa trong 2 mL
tetrahydrofuran (THF) trong binh phan ung vi
song chuyén dung. Binh phan ung dugc dong
chat nap va tién hanh phan tng & 100 °C
trong 30 phut. Sau dé lam lanh binh phan ting
vé nhiét dé thudng. Hon hgp phan tng duoc
pha loang vai 20 mL nudc, sau do6 diéu chinh
vé pH = 1 s&r dung acid HCI 1N sé xuat hién
san pham két taa. Két tha dugc loc, ria lai voi
nuaGc thu dugc san phdm tinh khiét khéng can
tinh ché thém. Chat 5a thu dugc & dang chat
ran mau nau, hiéu suat 95 % tu 4a, nhiét do
nong chdy 223,1-224,5 °C. Xac dinh cau truc
5a: "H NMR (400 MHz, DMSO-ds) 6 10,07 (s,
1H); 9,49 (s, TH); 9,31 (d, J = 2,1 Hz, 1H); 8,65
(d,J=2,0Hz, 1H); 8,04 - 7,95 (m, 4H); 7,54 (dd,
J=28,3Hz 2,2 Hz, 1H); 7,45 (d, J = 2,2 Hz, TH);
7,36 (t, J= 8,8 Hz, 2H); 6,90 (d, J = 8,3 Hz, TH);
5,11 (s, 2H). "*C NMR (101 MHz, DMSO-ds) 6
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191,169, 162 (d, J = 245,0 Hz), 153, 152, 147,
146,136,133,128(d,/=8,8Hz),127,5,127 (d,
J=3,7Hz),123,122,120,119,117,116, 115,7
(d, J = 5,1 Hz), 114, 41. Khéi phé HRMS (ESI)
m/z [M+H]* tinh cho CasH16FN4O3S2+ 479,0648
tim thay 479,0650.

Téng hap chat 5b: Phuong phéap téng hap
5b dugc tién hanh theo So dd 1, tién hanh
tuong tu chat 5a véi nhém thé R la 2,4-
difluoro. Hiéu suat 89 % tur 4b. Chat 5b thu
dugc & dang chat ran khong mau, nhiét dé
néng chay 224,2-225,4 °C. Xac dinh cau trdc
5b: '"H NMR (400 MHz, DMSO-ds) 6 10,06 (s,
1H); 9,49 (s, TH); 9,09 (d, J = 2,9 Hz, 1H); 8,71
(d, J= 2,3 Hz, 1H); 8,22 (td, J = 8,6 Hz, 6,5 Hz,
1H); 8,07 (dd, J=8,8 Hz, 2,3 Hz, 1H); 7,99 (d, J=
8,7 Hz, 1H); 7,53 (dd, J = 8,3 Hz, 2,2 Hz, TH);
7,51-7,43 (m, 2H); 7,28 (td, J = 8,5 Hz, 2,6 Hz,
1H); 6,89 (d, J= 8,3 Hz, 1H); 5,11 (s, 2H). 3C
NMR (101 MHz, DMSO-ds) 6 191, 169, 163 (dd,
J=247,9 Hz, 12,7 Hz), 159 (dd, J = 250, 12,3
Hz), 153,152,146, 141 (d,J=4,0Hz), 136, 133,
129 (dd, J=5,5Hz 1,6 Hz), 128,123,122, 122,
120,116,116, 115 (dd, J=13,9Hz 4,7 Hz), 115,
113 (dd,J=18,1 Hz, 3,9 Hz), 105 (t,J = 26,2 Hz).
Khdi phé HRMS (ESI) m/z [M+H]* tinh cho
Ca3H1sF2N40sS2+ 497,0554 tim thay 497,0553.

Téng hop chat 5¢: Phuong phap téng hap
5c dugc tién hanh theo So dé 1, tién hanh
tuong tu chat 5a vsi nhom thé R la 2-
trifluoromethyl. Hiéu suat 62 % tir 4c. Chat 5¢
thu dugc 6 dang chat ran khéng mau, nhiét
doé néng chay 150,1-151,2 °C. Xac dinh cau
tric 5¢: "H NMR (400 MHz, DMSO-ds) 6 10,07
(s, TH); 9,49 (s, TH); 9,02 (s, 1H); 8,70 (d, J = 2,2
Hz, 1H); 8,07 - 7,98 (m, 1H); 7,93 (d, J= 7,9 Hz,
1H); 7,83 (d,J=4,4Hz 1H); 7,71 (dg, /= 8,4 Hz,
4,2 Hz, 1H); 7,54 (dd, J = 8,3 Hz, 2,2 Hz, TH),
7,45 (d, J=2,2Hz, 1H); 6,90 (d, J= 8,3 Hz, TH);
5,11 (s, 2H). *C NMR (101 MHz, DMSO-ds) &
191,169, 153, 152, 146, 145, 136, 133 (d, Jcr =
2,6 Hz), 133,130, 129, 128, 127 (q, Jcr = 29,7
Hz), 126 (q, Jor = 6,0 Hz), 124 (q, Jor = 273,2
Hz), 123 (d, Jcr=3,6 Hz), 122,5, 122,120, 115,
115, 114. Khéi phé HRMS (ESI) m/z [M+H]*
tinh cho CasH16F3N4O3S2+ 529,0616 tim thay
529,0618.
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Hinh 2. Két qua thar hoat tinh khdng ndm cua cdc chdt téng hop duoc 5a-c. Mbi néng dé duoc
thi 3 ldn. Hoat tinh khdng su phdt trién ciia ndm tdng lam giam gid tri ODsoo, két qua c6 y nghia
khi so sdnh cdc néng dé khdc nhau trén ciing mét chdt

Két qua hoat tinh

Két qua thir hoat tinh khang nam cua cac
chat téng hgp dugc 5a-c v6i mudi khoang
nong do (pha loang tir dung dich géc 150 uM)
dugc trinh bay trong Hinh 2.

Ban lvan

Chang t6i da thiét ké khung chat mgi
mang dong thai cad ba nhém cau trac cé tiém
nang khang nam la benzothizol, 3,4-
dihydroxyphenyl va 1,2,3-triazol. Cac dan chat
dugc téng hgp theo bén budc xuat phat tir 4-
bromo-2-cloroanilin (1). Phan Ung cta 1 véi
NaNs cho hgp chat trung gian 2 vaéi hiéu suat
kha cao 70 %.Tiép d6, chat trung gian 2 phan
Ung vaGi véi cac dan chat 1-ethynyl-benzen -
thong qua phan ung Click tai 110°C véi xuc
tac 10 % Cul (theo s6 mol) trong dung moi
DMSO thu dugc chat trung gian 3a-c vai hiéu
suat tu 60-70 %. Phan (ng doéng vong
benzothiazol clia chat 3a-c vdi kali O-ethyl
carbonodithioat trong dung méi DMF dugc
tién hanh & 160 °C st dung thiét bi vi song thu
dugc chat trung gian 4a-c. Cuéi cung, phan
Ung cla chat 4a-c véi 2-cloro-1-(3,4-

dihydroxyphenyl) ethan-1-on cho san pham
cudi cung 5a-c tuong ung [1], [2], [3]. Trong
qua trinh téng hop nay, cac phan tng strdung
thiét bi vi song cho phan tng dién ra nhanh
han, hiéu suat cao hon so véi st dung binh
phan Uing c6 khudy tir théng thudng. Diéu
nay c6 thé dugc giai thich béi nhiét dé binh
phan (ing trong thiét bi vi séng la déng déu &
tat ca cac vi tri, trong khi dé nhiét d6 binh
phan ung théng thudng c6 su chénh léch
gitta diém gia nhiét va bé mat trén va xung
quanh cta binh [8].

Xéac dinh cau trdc clia cac san pham théng
qua phd NMR cho thay anh huéng ré rét clia
nhom thé mang fluoro trén vong benzen téi
nguyén td hydro va carbon trong vong da
hinh thanh cac dinh nhé trong phé carbon
(Hinh 3). Cu thé, déi vai chat 5a va 5b mang
nhom fluoro cho thay tuong tac clia nguyén
t fluoro va carbon lién két truc tiép trong
vong tham cho gid tri Jc.r trung binh khoang
245-250 Hz. Doi vGi chat 5¢ mang nhom
trifluoromethyl, gid tri Jcr cla nguyén tu
fluoro va carbon no trong nhém la 273,2 Hz.
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Hinh 3. Hién tuong chia dinh trén ph6 '*C NMR
do tuong tdc ctia Fva C & cdc vitrisé 2, 4 trén
vong thom cua chdt dai dién 5b

Vé hoat tinh, cac chat 5a-c dugc thi
nghiém kha nang khang su phat trién cla
nam men & cac ndng dé dugc pha loang theo
thang bac 2 tir dung dich g6c¢ 150 uM. Két qua
cho thay chat 5a va 5b khéng cho thay tac
dung khang ndm dang ké trong tat ca cac
néng dé thd. Chat 5¢ cho thay kha nang
khang nam & hai nong dé cao nhat la 75 uM
va 150 uM khi so sanh véi cac néng do khac.
Két qua sa bo cho thdy nhom thé -CFs duong
nhu tot hon nhom -F trong hoat tinh khang
nam. Tuy nhién, do sé lugng dan chat tong
hgp dugc chua du 16n, can phai ma réng
ngan hang chat dé danh gia cu thé lién quan
cau trac - tac dung khang nam ctia khung
chat nay.

N

Két lvan

Khung dac quyén khang nam (privileged
antifungal scaffolds) la cac khung chat c6 mat
VGi ty |é cao trong céng thiic cau tao cac chat
c6 tdc dung khang ndm [5]. Trong nghién ctu
nay, ching t6i da thiét ké va téng hgp thanh
c6ng 03 chat méi mang cau tric két hop clia
ba khung dac quyén khang nam la
benzothizol, 3,4-dihydroxyphenyl, va 1,2,3-
triazol. Cac chat cuéi 5a-c¢ dugc téng hop
théng qua bén budc phan ting tur chat dau la
4-bromo-2-cloroanilin. Cac chat cuéi duoc
khang dinh cong thiic thong qua phé NMR va
kh&i phé. Két qua hoat tinh khang ndm cho
thay chat 5a-b khéng thé hién hoat tinh & cac
néng do tur 0,29 uM dén 150 uM. Chat 5¢ cho
thay hoat tinh khang nam & hai néng d6 cao
nhat 1a 75 uM va 150 uM. Do d6, khung chat
5¢ c6 tiém nang phat trién cac dan chat mai
trong cac nghién ctu tiép theo. Nhin chung,
nghién clu nay da cung cap mét hé khung
chat méi dugc thiét ké dac biét véi su két hop
cla ba khung dac quyén khang nam quan
trong, cac chat cho thay tiém nang phat trién
cac chat khang nam trong tuong lai.

L&i cdm on

Nghién ctu nay duogc tai trg béi quy phdt
trién khoa hoc va céng nghé Phenikaa.
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N

doi vai hoat tinh tc ché IDO1 déng thai ddng  cac chat tiém nang trong diéu tri ung thu theo
gop thém cac dan chat méi vao “ngan hang”  hudng Uc ché IDOT1.
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