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SUMMARY

SYNTHESIS AND A-GLUCOSIDASE INHIBITION
OF DICLOROPHENYLINDOL-2-ONE DERIVATIVES

Oxindole (indol-2-one) is a crucial scaffold in medicinal chemistry for very common commercial drugs.
In our work, two oxindole derivatives have been synthesized, and confirmed by *H & 3 C-NMR, IR and
MS data. Compound 2 and 3 showed potent inhibitory activity against a-glucosidase with 1Cs values of
57.5 and 348.7 uM, respectively. Molecular docking has been studied for the binding interactions of
these compounds with the active sites of the enzyme. Moreover, parameters drug-likeness and ADME

properties were calculated.
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1. TONG QUAN

Nhitng nim gan day, indol-2-on ludn la méi
quan tdm Ién cua cac nha khoa hoc trong linh
vuc nghién ctru va phat trién thuéc mai. Khong
chi 12 mé-tip quen thudc trong rat nhidu cac
hop chét thién nhién c6 hoat tinh sinh hoc, cac
dan xuat indol-2-on con dugc chd y téng hop
bang kha nhiéu phuong phap da dang khac
nhau. Dan xuét indol-2-on thé hién wu thé hon
c4c dan xuat khac trong viéc dan xuit hoa
nhom chuc & cac vi tri 3, 4, 5 [5] va tir d6 tao
thanh rat nhiéu cac hop chat méi c6 cac hoat
tinh sinh hoc da dang nhu khang ung thu [10],
khang khuan [15], khang lao [6], tiéu duong
[9]. Mot trong nhitng biét dugc c6 duoc dung
cao dugc thuong mai hdéa nam 2020,
nintendanib, tai thi truong My duoc sir dung
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trong diéu tri cac bénh phéi nhu ung thu phdi
vO can (IPF) hay ung thu 4c tinh. Hi€u qua cua
loai thudc nay dua trén su wc ché enzyme
angiokinase and han ché sy ting truong cia
cac khdi u. Bén canh d6, mot cAu tric thubc
khac ciling c6 nhom indol-2-on, sunitinib dugc
sir dung nhu 1a chat Gic ché enzyme tyrosine
kinase trong diéu tri cac khdi u mo duong tiéu
héa hay u biéu mo té bao than tir nhitng nim
2006, do Co quan quan ly thuc pham va duoc
pham Hoa Ki cap phép. Ngoai ra, cac ciu tric
thuéc voi tén goi: ziprasidone, ropinirole,
semaxanib, adibendan, indolidan déu da duoc
lwu hanh trén thi truong véi cau trdc cia nhom
indol-2-on [7].
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Hinh 1. Cdu truc cia indol va cac dan chat
Dua trén cac nghién ciru da dang vé céc din
Xuit khac nhau cua indol va indol-2-on & cac
vi tri khac nhau, cac méi lién hé twong quan
giir vi tri cua cac nhom thé va dic trung tuong
tac sinh hoc cuia chung ciing da dugc dé xuat.
Vi tri C5 cua indol-2-on xuat hién cac nhém
thé nhu halogen, este, amid cho két qua danh
gia hoat tinh t5t hon [8]. Sayed cling cac cong
su da chiang minh viéc xuit hién nhém thé
halogen, brom & C5 ting cuong hoat tinh
khang khuan va tiép d6 1am wc ché sy tao
thanh biofilm, qua d6 lam mat kha ning giy
bénh cuia vi khuan [12]. Cung véi d6, nhom
sulfonyl tc ché enzym MurD manh hon nhém
carbonyl va cho thiy tiém ning trong khang
khuan [3]. Nhém sulfonyl con 1a nhém chuc
quan trong trong tac dung khéng virus [4]. Vi
vy, v6i y tuong thiét ké phuong phap téng
hop dan xuét oxindole 2 chi cin mot giai doan
di tir nguyén liéu thdng dung, ré tién va cho
hiéu suat cao [13]. Vi goi ¥ nhém thé & C5 va
nhém sulfonyl, nham téng hop ra cac hop chit
méi ¢6 hoat tinh cling voi tao tién dé cho céc
nghién ctru xa hon, ching t6i tién hanh tong
hop cac dan chit cua indol-2-on, khao sét hoat
tinh va md phong docking phan tir. Cac dan
chit nay cho két qua wc ché a-glucosidase
dang ky vong.
2. THUC NGHIEM
2.1. Hoa chat va thiét bi
Diclofenac natri (Trung Qudc, 94%), acid
clorosulfonic  (Trung Qudc, 99%), acid
chlohidric (Trung Quéc, 37%). Hoba chat va
dung mdi str dung khong qua tinh ché. Sic ki
I6p mong dugc thuc hién trén ban mong silica
gel 60F2s4 (Merck) va quan sat dudi dén UV,
buéc séng 254nm. Nhiét d6 ndng chay duoc
do trén may EZ-Melt. Pho hong ngoai (IR)
dugc ghi trén may Shimadzu va phd cong
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huong tor hat nhdn (NMR) trén mady NMR
Bruker 500MHz. Phé khéi lwong (MS) dugc
tién hanh trén may Agilent 701B. Hoat tinh
sinh hoc duoc tién hanh thir tai Phong Hoéa sinh
Ung dung, Vién Hoéa hoc — Vién Han lam
Khoa hoc va Cong nghé Viét Nam.
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So do 1. Quy trinh tong hop chat 2, 3
Quy trinh téng hop chat 2
Cho vao binh cau 50ml dung dich HCI 10%,
dun néng 1én 80-90°C rdi nho tir tir dung dich
chuaa 0,5g diclofenac natri (1) trong nu6c vao
binh phan tng. Sau khi nho hét, tiép tuc duy tri
nhiét do trong 2 gio. Két thic phan ung, dé
ngudi, thém 50ml dichloromethan (DCM) roi
tién hanh chiét long-long. Rua dich DCM thu
duoc véi dung dich KOH 1M (40 ml x 3 lan),
nude (3 1an) roi 1am khan bang Na,S0,. Cat thu
hdi dung mdi dich DCM sau ciing thu dugc (2).
Quy trinh nay duoc cai tién so véi quy trinh cua
Somashekar cling cac cong su. Han ché duoc
viéc sir dung 10 vi séng ton kém, dét tién [13]
Két qua: 1-(2,6-diclorophenyl)indol-2-on (2) 1a
chat bot mau trang, nhiét d6 nong chay 126,1-
127,3°C. Hiéu suat 80%. 'H-NMR (CDCls,
500 MHz): & 7,51 (d, 2 H, 8,2 Hz, Ar-H), 7,39-
7,33 (M, 2 H, Ar-H), 7,21 (t, 1 H, J = 7,7 Hz,
Ar-H), 7,10 (t, 1 H, J = 7,5 Hz, Ar- H), 6,41 (d,
1 H,J =178 Hz Ar-H), 3,78 (s, 2 H, CH>).
BC-NMR (CDCls, 125 MHz): & 173,67
(C=0), 14331, 13553, 130,81, 130,46,
129,05, 127,94, 124,83, 124,31, 123,08, 109,16
(Ar-H), 35,75 (CH,). IR (KBr) cm: 1730,
1608, 1435, 1360, 1301, 781, 746. MS (ESI,
m/z): [M-H] 277.00
Ddi chiéu véi két qua phd da cong bd da ching
minh cdng thirc du doan hoan toan chinh xac [13].
Quy trinh téng hop chat 3
Cho vao binh cau dung tich 50ml dugc siy khd
2ml (30,0 mmol) acid clorosulfonic roi thém tir
tir 2g (7,2 mmol) 1-(2,6-diclorophenyl)indolin-
2-on (2). Qué trinh thém tur tr (2) duoc lam
lanh bang nudc da, khudy trong 4 gio. Két thic
phan @ng, hon hop phan tmg dugc dua vao



nuée da, thu tia bang loc hat chan khéng, ria
sach véi nude thu dugc san pham (3). Kiém tra
do tinh khiét cua san pham bang sic ki 16p
mong.

Két qua: 1-(2,6-diclorophenyl)-2-oxoindolin-5-
sulfonyl clorid (3) 1a chit bot mau hdng, nhiét
d6 néng chay 243,5-245,4°C. Hiéu suit 95%.
'H-NMR (CDCl;, 500 MHz): & 8,02 (s, 1 H,
Ar-H), 7,95 (d, 1 H, J = 8,1 Hz, Ar-H), 7,56 (d,
2 H,J=28,0Hz Ar-H), 746 (t, L H, J = 8.0
Hz), 6,57 (d, 1 H, J = 8,4 Hz, Ar-H), 3,90 (s, 2
H, CH;). BC-NMR (CDCl;, 125 MHz): §
172,55 (C=0), 149,21, 138,80, 135,21, 131,67,
129,29, 129,13, 128,84, 125,53, 123,93, 109,35
(Ar-H), 3513 (CHp). IR (KBr) cm: 1738,
1609, 1435, 1364, 1281, 785. MS (ESI, m/z):
376.90

2.2. Thir hoat tinh sinh hoc

Phuong phap xac dinh hoat tinh tc ché enzyme
a-glucosidase duoc thuc hién trén dia 96 giéng
theo cac tai licu [1]. Mau thtr dugc pha loing
bang DMSO dén ndng d6 cudi cling trong phan
tng 1a 1024, 256; 64; 16; 4; 1 pg/ml. Ly vao
mdi giéng 40 pl dém phosphat 100mM pH 6,8,
25 pl a-glucosidase (EC 3.2.1.20) 0,4 U/ml va
10 pl chét thir. H3n hop dwoc u & 37°C trong
15 phat réi thém 25 ul p-nitrophenyl o-D-
glucopyranosid 2,5mM rdi tiép tuc u & 37°C
trong 30 phat. Ding phan &ng bang Na,COs va
Do hip thy cua phan tng dugce xac dinh trén
may BIOTEK véi budc séng 410 nm (A).
Acarbose dwoc sir dung lam chét tham khao.
Kha ning wc ché enzyme a-glucosidase cua
mau thir duge x4c dinh bang cong thic: Do e
ché (%) = [Awéi ching am) — Amiau tha)] / Adéi ching
am) X 100%.

2.3. Md phéng docking phan tir

M6 phong docking phén tir dugc thuc hién vai
2 hop chit véi a-glucosidase. Qué trinh dugc
thyuc hién trén phan mém Molecular Operation
Environment (MOE 2015.10). Cong thtrc ciu
trac cac ligand dwgc V& tryc tiép trén phan
mém qua cdng cu Builder. Cac céu tric s&
duoc t6i wu nang lugng dén RMS gradient 0,1.
Céu trac tinh thé cua enzyme a-glucosidase
chua c6 nén thuc hién trén ciu trdc tinh thé coa
isomaltase (PDB ID: 3A4A) c6 ciu triic trong
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ddng cao VGi a-glucosidase cua
Saccharomyces cerevisae [16]. Vung hoat tinh
ciia protein dugc xac dinh bang SiteFinder.
Qué trinh docking sir dung ché d¢ (Placement
method) va danh gia diém (Scoring method) la
London dG va GBVI/WSA dG. Két qua
docking thu dugc nang lugng tuong tac, dugc
mo phong tuong tic, sb lugng tuong tic thong
qua phan mém Discovery Studio Visualizer
v21.1.0.

2.4. Nghién ciru dic tinh “gidéng thudc” va
du doan ADMET

Tién hanh du doan cac thong sé ADMET va
dic tinh “gidng thude” biang cach st dung cong
cu du doan pkCSM
(https://biosig.lab.ug.edu.au/pkesm/) [11]. Di
liéu dau vao la cdng thic SMILES cua céc hop
chat. Két qua phan tich cac tiéu chi va du doan
cac théng s6 duoc dong hoc bao gém hap thu,
phan bé, chuyén héa, thai trir va doc tinh.

3. KET QUA VA THAO LUAN

3.1. Téng hep héa hec

Quy trinh tong hop cac dan chét indol-2-on
duoc trinh bay trén So' dd 1. D3 c6 nhidu cong
bé lién quan dén toéng hop dan chat indol-2-on
nhu st dung xGc tac kim loai, nhiéu giai doan
[2] hodc su dung vi song [14]. Cac phuong
phép nay yéu cau cac hda chat, thiét bi tuong
ddi phuc tap. Trong nghién ctu ndy, ching toi
s dung phuong phap hiéu qua, than thién vai
moi truong xuat phat tir diclofenac natri (1) thu
duoc 1-(2,6-diclorophenyl)indol-2-on (2). O
giai doan tiép theo xay ra phan tng thé
electrophile vai tac nhan acid closulfonic. Phan
tng chon loc & vi tri C5 tao thanh dan xut
sulfonyl clorid vai hiéu suat cao va quy trinh
don gian.

Céu tric cua cac hop chat dwoc khing dinh
bang cic phuong phap phd cong huong tir hat
nhan H,13C-NMR, phé hong ngoai (IR) va phd
khéi lugng (MS). Phd 'H-NMR cua hop chét 2
va 3 cho thy peak dic trung ciia CHy (singlet,
~ 3,80-3,90 ppm), dac bict & 3 co H-C4
(singlet, ~ 8,02 ppm). O 3 xuit hién thém
nhom -SO,Cl 1am mat di H-C5 & 2. Ddi véi
phd BC-NMR c6 peak dic trung cia C=0 (~
173 ppm), CH; (~ 35 ppm). Phd IR ciing thé
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hién cac nhém chirc dic trung xuét hién trong

hop chét vsi C=0 (1738 cmt), C-N (~ 1608

cm™), C-Cl (783, 750 cm®). O hop chat 3 ¢6

S=0 (1281 cmY). Béi véi phdé MS cuaa cac hop

chat thi xuit hién cac pic phu hop véi cong

thirc cAu tao du kién.

3.2. Thir hoat tinh sinh hoc

Bang 1. Két qua thit hogt tinh sinh hoc cia hop
chat 2, 3

Phan tir a-glucosidase
Hop chat  khdi "|Cg, (ug/ml) 1Cso (umol/ml)
(MW)

2 278,13 16,0+0,81 0,0575+0,0029

3 376,63 131,32 +5,3 0,3487 +0,0141

Acarbose 645,60 166,40 +4,5 0,2577 +0,0070

Panh gia hoat tinh cho thiy ca hai hop chat
déu cho thay kha ning tc ché a-glucosidase.
Trong d6 hop chat 2 (ICso = 57,5 uM) cho két
qua tét hon so voi chat ddi chiéu 1a Acarbose
(ICso = 257,7 uM) trong khi d6 hop chéat 3
(ICso = 348,7 uM) c6 kha ning tc ché tuong
duong v6i chat chuan. Dé phan tich ki hon vé
hoat tinh tc ché enzym a-glucosidase, mo
phong docking phan tir dugc thyc hién dé tim
hiéu vé kha nang lién két cua hop chat voi
enzym. Bén canh d6, sau khi pha lodng hé chat
3 trong DMSO biang nuéc dung dich hé dém
phosphat 100 mM pH 6,8, c6 két tua cua hop
chat xuat hién khi quan sat dudgi kinh hién vi.
Két tua duoc khang dinh 1a hop chét 3 bing
phd hong ngoai (IR).

3.3. Md phéng docking phan tir

ARG
Ai315

HIS
Ai280

Hinh 2. M6 phang docking phéan tir 2 véi

isomaltase (PDB: 344A4) twong dong Véi a-
glucosidase
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Nhu da @& cap & phan thuc nghiém, cu tric
cua isomaltase c6 ciu tric tuong ddng véi cao
v6i  oa-glucosidase cua  Saccharomyces
cerevisae. Két qua nang luong lién két cua céc
hop chét 2, 3 véi isomaltase twong ung la -4,75
va -5,34 kcal/mol. Céc hop chét 2 va 3 déu c6
twong tac voi cadc amino acid quan trong
(His280, Arg315) cua isomaltase qua lién két
n-m, lién két hydro. Cu thé, & hop chat 2,
Arg315 tao lién két hydro véi C=0 cua khung
indol-2-on va tao lién két Van der Waals voi
vong 2,6-diclophenyl. His280 tao lién két n-n
véi vong benzen khung indol-2-on. Con ¢ hop
chat 3 ¢6 nhém sulfonyl clorid tao lién két z-
anion véi Phe314 va lién két hydro véi
Lys156.

HIS
PHE A:280
Ai314

ARG /7
A315

SN AsP
0 A:307

LYS
A156

Hinh 3. M6 phdng docking phan twr 3 vdi
isomaltase (PDB: 344A) tiwong dong Véi a-
glucosidase
Mic du ¢ hop chit 3 c6 thém tuong tac véi a-
glucosidase qua nhém sulfonyl clorid tuy nhién
két qua danh gia hoat tinh kém hon 6 lan so vai
hop chat 2. Két qua nay c6 thé giai thich do d¢
tan cia hop chit 3 kém hon trong hé
DMSO/H,0 khi danh gia hoat tinh dan dén két
qué wrc ché enzym thip va trai nguoc so véi mod

phong docking phén tir dich.

3.4. Nghién ciru ADMET va dic tinh “giéng
thude”

Thong thuong, trudc khi thu nghiém in vivo
hozc thir nghiém 1am sang, cac hop chit s&
dugc tién hanh phan tich in silico. Tién hanh
danh gi4 quy tic 5 tiéu chi cua Lipinski. Céac
quy tic d6 bao gdm khdi lugng phan tir nho
hon 500 Dalton, gia tri logP nho hon 5, it hon
5 gbc cho lién két hidro, it hon 10 gbc nhan



lien két hidro va sb lién két quay dudi 10. Két
qua phén tich dugc trinh bay trong Bang 2.
Tur bang 2 cho thay, 2 hop chit déu thoa man
5/5 tiéu chi cua Lipinski. Tir d6 cho thay hai
hop chat déu co dic tinh “giéng thude”.

Bang 2. Két qua danh gid quy tdc 5 tiéu chi

cua Lipinski
knéi Nnom - Nhom sé lién
H Lo cho lién nhan lién Kt
Q;p uong s két  LogP o
chat phén c6 thé
. hydrogen hydrogen “oa
(HBD)  (HBA) y
2 278,14 1 2 4,64 1
3 376,65 1 4 4,57 2

Tiép tuc phan tich, danh gia mot s6 théng sb
quan trong dugc dong hoc va doc tinh
(ADMET) nhu Béng 3.
Két qua & Bang 3 cho thiy cac hop chat déu c6
kha nang hip thu & rudt tét, ¢o thanh thai thip
va doc tinh thap.

Bang 3. Dy doan ADMET

Hipthu Phanbé  Thaitrr  Doctinh
Hop Po thanh thai  Doc i
chit Hapthus  VDss N N cap trén
N toan phan (log R
rudt (%) (logL/kg) mLiphiit/kg) chuot
PR (molikg)
2 90,88 0,213 0,498 1,998
3 90,97  -0,008 0,348 2,727
4. KET LUAN

P tong hop dugc hai dan chat 2 va 3 ¢6 cau
tric indol-2-on. Cac hop chat nay dwoc khing
dinh bing cac phuong phap phd cong huong tir
(NMR), phé héng ngoai (IR), phd khdi lugng
(MS). Céc dan chit nay cho thy kha ning wc
ché a-glucosidase voi ICso = 57,5 + 2,9 va
348,7 + 14,1 uM. Khi mé phong docking phan
tr cho thiy tuong tac véi cac amino acid
His280 va Arg315. Bén canh d6, cac hop chat
nay cling dugc nghién cau ADMET va dac
tinh “giéng thudc”. Cac tidu chi cua Lipinski
cling véi cac thong sé duge dong hoc déu cho
thdy tiém ning cuia cac hop chit nay.
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