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Tong hop va danh gia hoat tinh sinh hoc ctia hai dan xuat tuong tu
belinostat chita fluorine & vi tri CAP
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TOM TAT

Hoat dong qua muc clia enzyme histone deacetylase (HDAC) la nguyén nhan dan dén hinh thanh
cackhoiu ac tinh vé huyét hoc (nhu bénh bach cau nguyén bao tly cap tinh, bénh xa tay, u lympho
té bao T & da va ulympho Hodgkin); viéc tc ché HDAC c6 thé dan dén tc ché sy tang sinh té bao va
cadm Ung qua trinh chét theo chuong trinh. Do do, cac chat e ché cac HDAC Ia dbi tuong dé phat
trién cac loai thudc tiém nang diéu tri bénh ung thu. Belinostat la chat Uc ché HDAC, da dugc Cuc
Quan ly Thuc phdm va Dugc phdm Hoa Ky phé duyét vao nam 2014 dé diéu trj ung thu hach té bao
lympho T va diéu tri cac khéi u rdn. Bai bao trinh viéc tdng hop hai dan xuét tuong tu belinostat
(bao gébm mét dan xudt mdi lan dau tién dugc téng hop) bang cach dua cac nguyén tir fluorine
vao nhom CAP cla belinostat, thuc hién docking phan ti va danh gia hoat tinh khang oxi hod,
chéng ung thu clia cac dan xuét bang cac tha nghiém in vitro. Hop chat maéi 8a cho thay hoat
tinh cao d6i véi dong té bao ung thu vi (MCF-7) va dong té bao ung thu gan (Hep-G2) vai gia tri
EC50 1,5-4,0 ug/mL. Hai hgp chét nay clng cho thdy kha nang khang oxi hoa kha tét véi EC50
8,30—13,60 ug/mL. Cac két qua nay cho théy hai dan xuat dugc téng hop co tiém nang chéng ung
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MG PAU

Enzyme histone deacetylase (HDAC) 1a muc tiéu day
htia hen cho cac can thiép tri liéu, do hoat dong bat
thudng clia enzyme HDAC c6 lién quan dén nhiéu
loai bénh ung thu, tiéu dudng va cic bénh khéc &
ngudi 2. Trong co thé con ngudi, sy can bing clia qua
trinh acetyl héa dugc duy tri boi hailoai enzyme 1a hi-
stone acetyltransferase (HAT) va HDAC 3, HDAC xtc
tac cho qua trinh deacetyl hod nhém €-N acetyl lysine
amino acid & phin duo6i cta histone, lam déng xoén
chromatin, do d6 tic ché qua trinh phién ma*. Sy can
béng gifia hoat dong ctia HAT va HDAC la diéu kién
dé cic té bao hoat dong binh thusng*. Trong cac té
bao tién ung thu, sy deacetyl hoa chiém uu thé dan
dén céc thay ddi, biét hoa, tang sinh, chét cta t&€ bao,
hay noéi cach khéc 1a bién ching thanh cic t€ bao ac
tinh. Dong thoi, su gia tang qua trinh deacetyl ciing
dan dén sy di chuyén maét trat ty cta cic té bao va
hinh thanh mach mau, tit d4 din dén sy hinh thanh
va phat trién ctia bénh ung thu*°. Chinh vi vy, cac
hoat chat tic ché HDAC dan trd thanh céc tdc nhan
mo6i trong diéu tri cic bénh ung thu. Belinostat 1a
hop chit tGic ché HDAC phd rong, da dugec FDA Hoa
Ky chdp thuén cho diéu tri u lympho té€ bao T ngoai
vi (mét dang bénh ung thu vé huyét hoc) 6 (Hinh 1).

Ngoai ra, belinostat con ngin chén sy tang sinh cac
t€ bao ung thu bang cach bét hoat con dudng Wnt/-
catenin va thuc ddy qud trinh chét rung théng qua viéc
diéu chinh con dudng PKC trong ung thu vi”.
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Hinh 1: C4u trdc cta hgp chat belinostat (surface
recognition domain-CAP; zinc-binding group -ZBG;
connective unit-CU).

Belinostat con dugc st dung dé diéu tri cho cic bénh
nhu ung thu noi ti€t thin kinh, ung thu t&€ bao noi
tiét & phdi, ung thu t€ bao vay & phdi va ung thu
va...%%. Mang hoat tinh phd rong va da dang trén
nhiéu loai ung thu, nén viéc bao ché, thit nghiém, tim
ra cac dan xudt c6 cdu tric sudn tuong tu belinostat
la viéc cén thiét, gop phin bg sung vao kho dit liéu
va lam phong phu thém hoat tinh sén cé ctia belinos-
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tat. Nhiéu nghién ctiu da tién hanh t6ng hgp cac dan
xudt tuong tu belinostat bing céch bién d6i phan khod
hoat dong '>!1, thay déi phan don vi lién két '2, thay
d6i nhém lién két kim loai '%, két qua cho thiy c6 mot
s6 dan xudt cho hoat tinh vugt troi hon belinostat. Bai
béo trinh bay viéc tong hgp mot s6 dan xudt tuong tu
belinostat bing cach lam thay d6i tai phan khod hoat
dong, tiép theo cac dan xudt dugc dédnh gid hoat tinh
in vitro trén cac dong té bao ung thu, ngoai ra cic dan
xudt cling da dugc nghién cttu tiép can mo hinh gin
két trén enzyme HDACI.

VAT LIEU VA PHUONG PHAP

Vat liéu thi nghiém

Phé NMR dugc do trén mdy cong hudng ti hat
nhén Bruker Avance 500 NMR Spetrometer (d¢ dich
chuyén héa hoc § dugc tinh theo ppm, hang s6 tuong
tac J tinh bidng Hz) tai Vién Héa hoc, Vién Han Lim
Khoa hoc Viét Nam, may cdng hudng tii hat nhan
Bruker 400 NMR tai Han Qudc va Bruker 300 NMR
tai Dai Loan. Phd HR-ESI-MS dugc do trén may
SCIEX X500R-QTOF tai trung tdm Nghién ctu va
Chuyén giao Cong nghé thanh ph6 H6 Chi Minh. Céc
héa chét va dung moi st dung c6 ngudn goc tit Merck,
An Do, Trung Quéc va Viét Nam. Sic ky ban mong st
dung ban nhom silica gel 60 Fys4 trang san do day 0,2
mm (Merck). Sic ky cot stt dung silica gel 60 Merck
(0.040—0.063 mm).

Téng hop (E)-3-nitrocinnamic acid (2)

Cho malonic acid (1,04 g, 10 mmol) vao binh ciu
100 mL, thém vao 3 mL pyridine va lic déu. Sau
d6 thém tiép m-nitrobenzaldehyde (1,51 g, 10 mmol),
dun hoan luu & nhiét d6 110°C, trong vong 2 gid. Sau
khi phan ting két thuc, trung hoa acid du bang NaOH
bao hoa, acid hoa lai bing HCI 1 N, ¢6 két tha tring
min xudt hién. Lam lanh va loc 14y két tua, sau d6 sdy
kho. Thu dugc san phdm 2 dang bot min c6 mau tring
(1,83 g hiéu suit 95,0 %).

Dii liéu phé: 'H-NMR (400 MHz, DMSO-dg, § ppm)
(J, Hz): 12,56 (s, 1IH —-COOH) 8,46 (s, 1H >CH-)
8,19 (d 8,0 1H >CH-) 8,12 (d 7,6 1H >CH-) 7,68 (d
16,4 1H =CH-) 7,66 (¢ 8,0 1H >CH-) 6,69 (d 16,0 1H
=CH-).

Téng hop methyl (E)-3 -nitrocinnamate (3)

San phim 2 (1,93 g, 10 mmol) va 40 mL CH30H
dugc thém vao binh ciu 100 mL, sau d6 thém ba giot
H,S04 ddm dic. Hon hgp dugc dun hoan luu & nhiét
d6 80°C. Sau 4 gi¢ ha nhiét d6 xudng nhiét d6 phong
va déyén phan ting. Sau 24 gio, thu dugc két ta tring,
cd quay dudi bét dung moi, trung hoa bang NaHCO3
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10%. Loc két tha, rtta két taa vdi 100 mL H,O thu
dugc chét ran 3 mau trang (1,86 g hiéu suét 90,0 %).
Dii liéu phé: 'H-NMR (300 MHz, CDCl3, & ppm) (J,
Hz): 8,37 (d 1,8 1H >CH-) ¢ 7,95 1H >CH-) 6,55 (d
15,9 1H =CH-) 3,83 ( 3H -OCH3).

T6ng hop methyl (E)-3 -aminocinnamate (4)
Hoa tan 3 (2,07 g, 10 mmol) va SnCl,.2H,0 (7,9 g,
35 mmol) vao 300 mL EtOH khan trong binh cau 500
mL. Dun héi luu hén hgp & nhiét do 90°C. Sau 3 gio,
theo doi phan ting bang TLC dén khi khong con xuat
hién 3, ngung phén ting, d€ ngudi, trung hoa béing
dung dich Na, CO3 bao hoa, hén hgp dugc chiét véi
EtOAc, c6 dudi dung mdi thu dugc san phim la dang
ddu mau vang, két tinh san phdm trong hé dung méi
Hex:EtOAc = 1:2 (lanh) thu dugc chit rdn mau vang
nhat (1,66 g). Hiéu suét 93,5 %.

Dii liéu ph8: '"H-NMR (300 MHz, CDCl3, § ppm), (J;
Hz): 7,60 (d 15,9 1H =CH-) 7,17 (¢ 7,65 1H >CH-)
692 (d 7,8 1H >CH-) 6,83-6,81 (m 1H >CH-)
6,68-6,72 (m 1H >CH-) 6,37 (d 15,9 1H =CH-) 3,79
(1H —CH3) 3,73 ( 2H -NHj).

Téng hop chat trung gian methyl (E )-3-(3-
chlorosulfonylphenyl)acrylate (6)

Hoa tan 4 (2,55 g, 15 mmol) trong hén hgp 15 mL
HCI dam dic va 3 mL acetic acid, 1am lanh hén hgp
trén. Sau khoang 5 phut thém tu tii 5 mL dung dich
NaNO, 50% giti nhiét do phan ting khong vuot qua
5°C, khudy phan tng trong 45 phut. San phdm thu
dugcla mudi diazonium 5 c6 mau vang niu, san pham
dugc su dung truc tiép cho budc tiép theo. Trong
mot binh cau khéc, 2 mL SOCI, dugc cho vao 0,5 mL
acetic acid trong 10 mL nudc 6 nhiét d6 nho hon 5°C,
khudy trong 10 phidt. Thém tiép (150 mg, 1,5 mmol)
CuCl vao, khudy dén khi dung dich tii mau xanh nhat
chuyén sang mau xanh luc, bt ddu thém tu ti dung
dich mudi diazonium ban d4u vao hon hgp. Sau 2 gio,
thdy c6 két tia vang néu, thu ldy két tha vang sau dé
hoa tan trong EtOAc va chiét v6i nude cit, 16p hitu co
dugc rtia lai nhiéu 14n baing NaHCO3 5% va lam khan
bang Na;SO4. C6 dudi dung méi, thu dugc san phim
& dang ran mau vang niu (6), sin phdm dugc st dung
truc tiép cho budc tiép theo ma khong can tinh ché.
Luu ¥ nén giti nhiét d6 ctia bé ¢ quay khong vugt qud
40 °C va han ché tiép xuc v6i khong khi do san phim
dé phéan huy, héa den ngoai khong khi sau mot thoi
gian.

Téng hop cac sulfonamide-cinnamate ester
(7a-b)

Hop chit ran trung gian vang nau (6) phia trén dugc
hoa tan vao 5 mL 1,4-dioxane va thém tu ti vao
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hén hgp 4-fluoroaniline hoéc 2,4-difluoroaninline (4
mmol) trong 2 mL 1,4-dioxane va 5 mL dung dich
NaHCOj3 béo hoa, phan tng dugc khudy & nhiét do
phong trong 12 gid. Sau khi c6 dudi hét dung moi
thém tiép vao 25 mL nudc khudy trong 1 gis. Chiét
san ph&m véi EtOAc va rda dich chiét nhiéu lan véi
dung dich HCI IN. C6 duéi dung moi, tinh ché san
phdm bang sic ki cot silica gel, hé dung moi hexane
: EtOAc (5:1 dén 2:1). Thu dugc san phdm dang dau.
Hoa tan san phdm trong EtOAc va tién hanh két tinh
lai sén phdm nhiéu lan.

Hop chét 7a: Chét rdn mau tring, 497 mg. Hiéu sudt
9,8 %. Dit liéu phé: 'H-NMR (400 MHz, DMSO-ds,
8 ppm) (J, Hz): 10,22 ( 1H >NH) 7,99 ( 1H >CH-)
7,95 (d 8,0 1H >CH-) 7,70 (d 7,2 1H >CH-) 7,67 (d
15,6 1H=CH-) 7,57 (t 7,8 1H >CH-) 7,08-7,03 (m 4H
>CH-) 6,65 (d 16,0 1H =CH-) 3,72 ( 3H ~CHj).
Hop chét 7b: Chét ran mau tring, 545 mg. Hiéu suit
10,3 %. Dit liéu phd: 'H-NMR (400 MHz, DMSO-
de, 8 ppm) (J, Hz): 10,15 ( 1H >NH) 8,00 (d 7,6 1H
>CH-) 7,97 ( 1H >CH-) 7,69 (d 8,0 1H >CH-) 7,69
(d 16,0 1H=CH-) 7,25-7,19 (m 2H >CH-) 7,02 (¢ 8,6
1H, >CH-) 6,66 (d 16,4 1H =CH-) 3,72 ( 3H -CH3).

Téng hop cac sulfonamide-hydroxamic acid
(8a-b):

Hoa tan (784 mg, 14 mmol) KOH va (973 mg, 14
mmol) NH,OH.HCl trong 4 mL EtOH khan, hén hgp
dugc giti lanh duéi 5°C sau d6 loc phén khong tan.
Hén hgp KOH (135 mg, 2,4 mmol) va sulfonamide
(0,2 mmol) trong EtOH khan, dugc thém vao dich loc
trén, tiép tuc khudy va lam lanh duéi 5°C. Sau 1 gio,
thém vao 25 mL nudc, trung hoa hén hgp bang dung
dich HCI 2N. Tién hanh chiét nhiéu 14n véi EtOAc,
lam khan bing MgSOy, ¢4 dudi dung mdi va tinh ché
san phdm bang sic ky diéu ché silica gel dugc trang
trén thuy tinh (preTLC) v6i hé dung méi giai hdp
Hex:EtOAc = 1:2.

Hop chét 8a: Chét rin mau tring, 49 mg. Hiéu suit
73,8 %. Dii liéu phé: I'H-NMR (500 MHz, DMSO-dg,
8 ppm) (J, Hz): 10,81 ( 1H ~OH) 10,25 ( 1H >NH)
9,12 ( 1H >NH) 7,88 ( 1H >CH-) 7,78 (d 7,5 1H
>CH-) 7,65 (d 7,5 1H >CH-) 7,57 (¢t 7,8 1H, >CH-
) 7,46 (d 16,0 1H =CH-) 7,08 (d 6,5 4H 4 >CH-) 6,50
(d16,0 1H=CH-). '*C-NMR (100 MHZ, DMSO-d

6 ppm): 167,57 160,86 158,47 142,32 141,12 140,45
136,36 134,14 132,50 130,49 127,56 125,19 123,63
123,55 121,84 116,52 116,29 113,20 HR-MS (ESI) m/z
tinh todn cho C;sH3FN2O4S: 336,0580; tim thdy:
336,0582 [M]T.

Hop chat 8b: Chét ran mau tring, 50 mg. Hiéu sudt
72,0 %. Dit liéu phé: 'H-NMR (500 MHz, DMSO-ds,

S ppm) (J, Hz): 10,80 ( 1H -OH) 10,17 ( 1H >NH)
9,10 ( 1H, >NH), 7.85 (, 1H, >CH-), 7.82 (d, 7.5, 1H,
>CH-), 7.64 (d, 8.0, 1H, >CH-), 7.59 (¢, 7,8 1H >CH-
) 7,48 (d 16,0 1H =CH-) 7,25-7,20 (m 2H 2 >CH-)
7,06-7,02 (m 1H >CH-) 6,50 (d 15,5 IH=CH-). '3C-
NMR (100 MHz, DMSO-dg, 6 ppm): 162,54 144,63
141,12 137,03 136,29 132,62 130,43 127,54 124,96
121,75 112,32 105,38 105,14 105,11 104,88 HR-MS
(ESI) m/z [M+H]+ tinh toan cho CisHpFaNyO4S:
354,0486; tim thdy: 354,0488 [M]*.

T6ng hop sulfonamide-cinnamate ester (7)
tu phan ung Heck

Thém tling giot 3-bromobenzenesulfonyl chloride 9
(50 mg, 0,2 mmol) vao dung dich c¢6 chita sén 4-
fluoroaniline hodc 2,4-difluoroaninline (0.44 mmol)
va DMAP (0,5% mmol) trong toluene khan (15 mL)
6 50-60°C trong 5 phut, phan ting dugc theo doi bsi
TLC. Sau khi tac chit ban d4u bién mit (20-24 h), hén
hop dugc lam lanh & 0°C va sau d6 dung dich 20 mL
HCI 2 N dugc thém vao. Hon hgp dugce chiét bing
EtOAc, sau d6 c6 dudi dung moi va két tinh san phdm
trong EtOH lanh, thu dugc san phdm la tinh thé mau
trdng. San phdm dugc stt dung tryc tiép cho qud trinh
tiép theo.

Hén hgp gém 10 (0,2 mmol), tri(o-tolyl)phosphine
(2% mmol), palladium (IT) acetate (1% mmol) va tri-
ethylamine (0.3 mmol) trong toluene khan dugc loai
bo khi oxygen (4 lan bang khi argon hay nitrogen).
Hoén hgp duge dun néng & 45-55°C trong 20 phut.
Xdc tac palladium (0) dugc hinh thanh trong qud
trinh nay. Sau d6, phan tng dugc lam néng dén
80-90°C, ethyl acrylate (0,22 mmol) dugc thém vao
tling giot trong 5 phut. Phan tng dugc theo doi bing
TLC dén khi xudt hién san phdm. Sau d6, nhiét do
dugc ha xudng 45-55°C va khudy qua dém. Sau khi
tac chat ban d4u bién mat, hon hgp duge thém nude
va lam lanh vé& nhiét d¢ phong. Hon hgp dugc chiét
bing EtOAc, 16p hitu co dugce rita bing dung dich
NaCl bao hoa, lam khan bing Na; SOy, ¢6 dudi dung
moi va tinh ché bing sic ky cot, thu dugc san phdm 7.
Hiéu sudt san phdm 7 ti hai qué trinh 14 72,0% (7a) va
67,8% (7b), hé dung moi hexane : EtOAc (5:1-2:1).

M6 hinh docking phan ti

Céc ligand dugc vé bang GaussView va t6i uu hda
nang lugng trong Gaussian bang ham DFT (B3LYP/6-
31g (d, p)) 13, C4u trtic 3D ctia enzyme HDACI (ID:
4BKX) ' dugc tai vé tlt ngan hang co s dit liéu pro-
tein RCSB (https://www.rcsb.org/). Tit ca cic phin
tti nho, nudc va cac phdi ti dong két tinh c6 trong cac
enzyme dugc x6a bing Discovery Studio Visualizer,
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riéng cac phén ti nudc & trong trung tam hoat dong
clia cac enzyme dugc xem xét, phan tich va gii lai.
Quaé trinh docking dugc thyc hién bing phin mém
GOLD 5.3'>16, Viing khéng gian docking dugc chon
§ trong khoang 10 A tinh tli tim clia chét tic ché d6ng
két tinh tai trung tdm hoat dong. St dung thuit todn
di truyén (GA) d€ gan cac phdi ti linh hoat vao céc vi
tri lién két véi protein dugc cai dat véi 100 1an chay
doc lap. Gia tri gi6i han cta khoang cach dugc cai
dat1a 2,5 A cho lién két hydro va 4,0 A cho tuong tac
van der Waals. Ham tinh diém va xép hang st dung
la ChemPLP. Cac tham s6 con lai dugc gitt nguyén
gidng véi cac tham s6 mdc dinh. Céu truc xép hang
cao nht ciia méi phdi tt dugc chon va phan tich bing
Discovery Studio.

Panh gia hoat tinh khang oxi hoa

Khao sit hoat tinh khang oxi hod dugc thuc hién
dya trén kha ning khi géc ty do 2,2-diphenyl-
1-picrylhydrazyl (DPPH). DPPH dugc pha trong
ethanol v6i néng d6 1 mg/mL va dugc bao quan &
nhiét d6 dudi 5°C. Céc hgp chit dugc khao sat kha
ning khi g6c ty do tai day ndéng do tu 1,56-100
ug/mL va dugc G v6i DPPH trong t t6i & nhiét do
phong trong 30 phut trudc khi do do hap thu quang
tai 517 nm. Quercetin dugc st dung lam ddi chiing
duong va ethanol dugc st dung lam déi ching am.
Gia tri ECsg dugc xac dinh thong qua dudng cong phi
tuyén tinh ctia gid tri % hoat dong thu don g6c DPPH*®
béng phan mém GraphPad Prism 8.

Panh gia hoat tinh gay déoc té bao in vitro
Hoat tinh giy doc t€ bao dugc thuc hién dua trén
phuong phdp MTT. Cac dong t€ bao ung thu vu
MCEF-7 (HTB-22TM) va ung thu gan Hep-G2 (HB-
8065TM) c6 ngudn goc tit ATCC. Cac té€ bao dugc
nudi trong cc diéu kién tiéu chudn (5% CO,, do 4m
98%, nhiét dd 37°C, vo trung tuyét d6i) va dugc bd
sung chéit dinh duéng MEME, 7-10% FBS va mot s6
thanh phén thiét yéu khac. Mau tht dugc hoa tan
béng dung mé6i DMSO thanh céc day nong d¢ 14n lugt
1 1; 4; 16; 64 va 256 ug/mL. Chat d6i chiing dugc st
dung la Ellipticine. Kha nang khit MTT (mau vang)
thanh mot phic hgp formazan (mau tim) dugc xac
dinh béng cdch do mat d¢ quang & bubc séng 540
nm. Céc thi nghiém dugc lam ddc lap va lap lai ba
lan. Gid tri ECsy dugc xc dinh théng qua gia tri %
tc ché t€ bao phat trién bang phan mém GraphPad
Prism 9. Gia tri ECsg < 4,0 ug/mL dugc danh gid la
6 hoat tinh gay doc té€ bao.
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KET QUA

Téng hop

Hai dan xudt c6 cdu tric tuong tu belinostat da dugc
téng hop thong qua quy trinh gébm 6 budc véi tac
chét ban dau 14 m-nitrobenzaldehyde (Hinh 2), quy
trinh théng qua phan ting ngung tu Knoevenagel dé
tao phéin ciu n6i >C=C< véi sy chon loc dong phan
trans cao. Hiéu sudt t6ng hop toan phin cta hop
chét 8a 13 5,8% va 8b la 5,92%. Ngoai ra, ca hai hgp
chét cting dugc tdng hgp dé dang thong qua quy trinh
bao gébm 3 budc xuit phat tu tac chit ban dau la 3-
bromobenzenesulfonyl chloride. Quy trinh t6ng hgp
stt dung phan tng Heck d€ tao mach >C=C< dang
trans, hiéu sudt toan phéan tdng hgp cao hon 42,7 %
(8a) va 39,0 % (8b).

Céc hop chit duge xdc dinh ciu truc bang cic phuong
phép phd cong huong ti hat nhin. Két qua cic di
liéu dac trung tit phd proton ctia hai hgp chit 8a va
8b cho thdy c6 sy xuét hién hai peak tin hiéu singlet
tai ving tu trudng thap, lan lugt ¢ 10,80-10,81 ppm
va 9,10-9,12 ppm vdi cudng do tich phan bang 1, dac
trung cho cac tin hiéu ctia proton nhém hydroxamic
acid (-NHOH). Hai tin hiéu doublet v6i cudng d tich
phanbéng 1, c6 hing s6 ghép cap J = 16,0 Hzlan lugt &
7,46-7,48 ppm va 6,50 ppm, dugc quy két cho hai pro-
ton alkene sp? tai viing cdu néi. Do chiu anh huéng
t hai nhom rut dién t0 ké can dan dén mat do dién
tu tai cdc proton nay thdp va gidm chédn nén céc pro-
ton nay dich chuyén vé viing tu trudng thip hon so
VGi cac proton clia cac alkene thong thudng, di liéu
nay cho théy tuong ting véi cdu hinh E trén cdu truc
sudn cta belinostat (Hinh 3). Ngoai ra, két hop véi
cac dit liéu tit phS ' C-NMR va HR-MS cho thdy cdu
tric ctia cic hop chat da téng hop phu hop véi ciu
tric nhu da dinh huéng ban dau (xem dii liéu phd chi
tiét tai phan Vét liéu va Phuong phap).

M6 hinh docking phan t& trén enzyme
HDAC1

Két quéa docking cho thdy hai dan xudt tuong tac véi
nhiéu amino acid quan trong tai trung tim hoat déng
cta enzyme HDACI, nhém hydroxamic acid hinh
thanh chelate véiion Zn2t, ving cdu ndi, nhém khod
hoat dong déu tham gia tuong tdc véi nhiéu amino
acid quan trong khéc tai trung tdm hoat dong HDAC1
bang céc loai tuong tic nhu van der Waals, alkyl, 7-
alkyl, 7-7 (Hinh 4).

Vong phenyl A tai ciu néi cho thdy tuong tic véi
hai amino acid Phel43 va Phel98 & gin miéng tui,
cac nhom phenyl ctia phenylalanine dinh huéng song
song v6i vong phenyl A tao nén cic tuong tic xép
chéng w—m. Nhom hydroxamic acid con tham gia
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Hinh 3: So sanh phé 'H-NMR (500 MHz) ctia hai d&n xuét 8a va 8b va hop chat belinostat
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Phe198

8a: Fluoro
8b: Hydrogen

Arg263

Leu264

Phe143

RS

Asp257
Asp169 e

Hinh 4: Cau dang lién két ctia 8a (xanh), 8b (tim) tai trung tam hoat déng ctia HDAC1

tuong tac véi Tyr296, Glyl142, His171 va Cys144. Hai
phenylalanine (Phe143, Phe198) va tyrosine (Tyr296)
12 ba yéu t6 cin thiét gitp cho su chelate gitia cac
hop chét hydroxamic acid v6i ion kém dugce 6n dinh.
Ngoai ra, vong phenyl B tai phin khoa hoat dong
tuong tac w—alkyl v6i Leu264. Nguyén tu fluorine tai
vi tri para cho thdy hinh thanh tuong tic v6i Arg263,
nhung nguyén tt fluorine tai vi tri ortho (trén din xuét
8b) lai khong cho thy hinh thanh tuong tac véi cac
amino acid xung quanh.

Kha néng khang oxi hoa

Ca hai hgp chit 8a va 8b déu cho thiy kha nang khang
oxi hod khd t6t v6i noéng do gay ra kha nang bat 50%
goc tu do DPPH® duéi 15 ug/mL (Bang 1). Cac hgp
chét dugc khao sit kha nang bat g6c tu do & nong
do 1,56-100 pg/mL, tai nong do dugc khao sat 1a
12,5 ng/mL, hop chét 8a cho thdy kha nang bat goc
DPPH*dat 47,90% va 73,24% d6i v6i hgp chit 8b. Tai
nodng do khao sat 50 pg/mL ca hai hgp chat déu cho
théy kha niang bét géc tu do dat trén 76,0%.

Hoat tinh gay dédc té bao ung thu vi (MCF-7)
va ung thu gan (Hep-G2)

Hai hgp chit 8a-b dugc danh gid doc tinh trén t€ bao
ung thu v va ung thu gan tai cdc day noéng do 1-256
ug/mL béng phuong phap MTT. Hop chit 8a cho théy
hoat tinh t6t trén ca hai dong t€ bao ung thu Hep-G2
va MCEF-7 véi gia tri ECso < 4 ug/mL, hgp chat 8b
thé hién hoat tinh yéu trén dong té€ bao ung thu gan
(Bang 2).
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Trén dong té bao ung thu v MCF-7, hgp chit 8a
cho két qua t6t nhat véi phan tram tc ché l4n lugt
1a 98,0%, 71,0%, 59,0%, 55,0%, 49,0% tai cic noéng do
tuong ting la 256; 64; 16; 4 va 1 ug/mL (Hinh 5). Hop
chit 8b cho thdy hoat tinh yéu hon gin 3,5 1an so véi
8a. Trén dong t&€ bao ung thu gan Hep-G2, hop chat
8a (ECsp = 4,0 ug/mL) cho thdy hoat tinh manh hon
4 1an so v6i 8b (ECsp = 16,0 ug/mL). Tai ndng do 1
ug/mL hgp chit 8a gay ra sy tic ché 42% trong khi do
hop chat 8b 1a 17%.

THAO LUAN

Su hién dién ctia nguyén ti fluorine trong cac phin
tt hiiu co ¢é anh hudng manh dén cic dic tinh héa
ly va sinh hoc!”. Vi véy, bai bdo trinh bay viéc da
téng hop hai dan xudt c6 cdu tric tuong ty belinos-
tat c6 chita cac nguyén tt fluorine trong ciu tric, véi
muc tiéu nhdm tim ra cdc hgp chit tiém nang cho hoat
tinh sinh hoc cao. Pic biét, theo két qua lugc khao tai
liéu, hgp chét 8a la hgp chit méi, l1an dau tién dugc
téng hgp (theo két qua dugc tra ctiu trén hé théng
SciFinder-CAS, Hoa Ky, ngay truy cap 09/09/2022).
Céc dan xudt dugc tong hgp bing cach thay d6i phan
khoda hoat dong (nhém phenyl) ctia c4u tric suon be-
linostat bang mét nhém phenyl khac chia fluorine tai
cdc vi tri khdc nhau. Quy trinh t6ng hgp dé thuc hién
bao gobm 3 dén 6 budc. Trong d6, d€ cac hgp chit téng
hgp dugc c6 phan ciu noéi la dong phan dang E thi
phén ting ngung tu Knoevenagel va Heck da dugc su
dung. Céc dan xudt tuong tu belinostat 14 d6ng phan
Z thuodng cho hoat tinh rit kém hodc khéng mang
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Bang 1: Kha ning khang oxi hoa ctia cac hgp chat

Hop chit
8a
8b

Quercetin

ECso (ug/mL)
13,69+1,77
8,30+0,95

5,55£0,65

Két qua dugc thé hién dudi dang gid tri trung binh =+ SD (d6 1éch chuén)

Bang 2: Két qua gay doc té bao ung thu vii va ung thu gan cia cac hop chat

Hop chit ECsp (ng/mL)
Hep-G2 MCE-7
8a 4,0+0,36 1,5+0,18
8b 16,0+0,82 5,0+0,36
Ellipticine 0,32+0,05 0,4110,05
Két qua dugc thé hién dudi dang gid tri trung binh =+ SD (d6 1éch chuén)
Hep-G2 MCF-7
100 100+
] Em gy 1 W g3
@ |1 =g @ ] =8
[5] o [E) 4
o 4 o ]
E=1 1 =] ]
E 50+ ,E 50+
- -
T 4 ] ]
= 1 e ]
o :I |.| o
oL, - | . - 0-
1 4 16 64 256 1 4 16 64 256
Néng dé pg/mL Noéng dé pg/mL

Hinh 5: Phan tram Uc ché té bao ung thu cta 8a va 8b tai khodng ndng d6 1-256 pg/mL

hoat tinh '8, Nhan thdy enzyme HDACI la nguyén
nhan lién quan d4n dén nhiéu bénh ung thu nhu ung
thu gan'?, ung thu via?°, ung thu tuyén tién liét'?,
ung thu rudt két'?,... nén ¢ mo6 phong dinh huéng
tc ché ctia hai dan xudt tai ving trung tdm hoat dong
cia HDACI. Hai dan xudt da tong hgp dugc cho
théy tuong tdc va 6n dinh tai trung tim hoat dong ctia
HDACI. Két qua docking cho thdy hai dan xuét tham
gia tuong tac v6i tdm amino acid. Cau hinh lién két
dang x€p chong khi hai phenylalanine (Phe143/198)
lién két tai viing ciu ndi cta hai dan xuit, gép phéin
chén 16i vao tui lién két va ngan cac phan ti nude di
vao. Ngoai ra, trong c4u hinh lién két v6i HDAC1, céc
hop chit con thé hién sy tuong tdc véi His171, amino
acid nay dong moét vai tro quan trong, vi phdi tri ctia
Zn** duogc tao béi Asp169, His171 va Asp257. Tt ci
cac phoi ti tuong tac voi Gly142, Cysl144, Arg263 va
Leu264. Mic du chua c6 thong tin vé vai tro ctia bon

amino acid nay, nhung dua trén vi tri ctia chung, c6
thé thdy ching gép phan dinh hinh thanh tai c6 hinh
dang déc thu cho phéi ti tac kich vao. Panh gia vé
tiém nang khang oxi hod ctia hai hgp chit ciing cho
két qué kha tSt, cu thé ca hai hgp chit déu cho thdy
khé ning bit g6c tu do DPPH® trong cic thi nghiém
in vitro v6i EC5o < 15 pg/mL. Két qua danh gid in
vitro trén hai dong t€ bao ung thu vi va ung thu gan
bang phuong phap MTT cho thdy dan xuét 8a mang
mot nguyén ti fluorine tai vi tri para giip mang lai
hoat tinh manh trén dong té bao ung thu va MCF-7
véi gid tri ECsg bing 1,5 ug/mL. O dong té bao ung
thu gan Hep-G2, din xut 8a cho gid tri ECsy béng
4.0 pg/mL. Dan xuét 8b, mang hai nguyén tt fluo-
rine tai vi tri ortho va para cho thiy hoat tinh yéu trén
hai dong t€ bao véi gia tri ECsq 1an lugt la 5,0 va 16,0
ug/mL. Két qua cho thdy tim ning phong phu vé hoat
tinh sinh hoc ctia cac dan xuét tuong tu belinostat, 1a
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tién dé dé phit trién cac hgp chit ¢ hoat tinh cho diéu
tri ung thu sau nay, dic biét 1a thay d6i cdc nhom thé
tai vi tri CAP.

KET LUAN

Bai béo trinh bay viéc tdng hgp cac hgp chit c6 cdu
tric tuong tu belinostat véi sy hién dién ctia nguyén
tt fluorine tai phin khod hoat dong, v6i doi tugng
nghién ctiu ban ddu la belinostat dugc biét dén 1a mot
hop chit dung diéu trj ung thu vé6i co ché nhim muc
tiéu 1a enzyme HDAC. Docking phén ti d€ du doan
co ché tuong téc cta hai din xuét tai trung tm hoat
dong cia HDACI1 da dugc st dung va két qua docking
cho théy hai dan xuft déu tao phéi tri véi ion Zn+ va
tuong tac v6i mot s6 amino acid quan trong. Danh gia
in vitro trén hai dong t€ bao ung thu MCF-7 va Hep-
G2 cho thdy hai dan xudt c6 hoat tinh tuong d6i tot.
Déan xudt 8a cho hoat tinh t6t nhét trén ca hai dong t€
bao ung thu véi cac gia tri ECsg déu dudi 4 pug/mL.
Tuy nhién, cin ¢ thém thuc nghiém so sanh véi biét
dugc gbc la belinostat va tdc dung tic ché trén HDAC.
Két qua nay la co s& cho cac nghién ctiu sdu hon vé
céac chét tc ché HDAC, ho trg cho su phét trién ctia
cac phan ti di€u tri bénh ung thu manh hon sau nay.

LOICAM TA

Céc tac gia xin chan thanh cim on Khoa Khoa hoc
Ty nhién, truong Pai hoc Cin tho d4 hé trg co s vat
chat dé chung toi thuc hién nghién ciiu nay.

DANH MUC CAC TU VIET TAT

I'H-NMR: Phé cong hudng ti hat nhan cta IH.
I3C-NMR: Ph8 céng hudng tii hat nhan ctia 13C.
brs: Mii don bau rong (broad singlet)

CAP: capping group

CU: connective unit

d: Miii doi (doublet)

DPPH: 2,2-diphenyl-1-picrylhydrazyl

EtOAc: Ethyl acetate

FDA: Cuc quan ly thuic phdm va dugc phdm Hoa Ky
GA: Genetic Algorithm

HAT: histone acetyltransferase

HDAC: histone deacetylase

Hep-G2: dong té bao ung thu gan & ngudi
MCEF-7: Dong té bao ung thu vi 6 ngusi

MeOH: Methanol

m: Miii da (multilet)

PKC: Protein kinase C

RCSB: Ngén hang dii liéu Protein

s: Mii don (singlet)

ZBG: zinc-binding group
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XUNG DOT LOI iCH
Céc tac gid dong y, khong cé bat ky xung dot 1¢i ich
nao lién quan dén céc két qua da céng bo.

PONG GOP CUA CACTACGIA

Nguyén Cudng Qudc, Lé bang Quang, Tran Quang
Pé dinh hudng, 1én ké hoach, thuc hién céc thi
nghiém, danh gid, x ly cac di liéu, chinh stra va viét
ban thao.

DPing Huy Phic, La Thi Kim T, Bui Thi Btiu Hué,
Nguyén Trong Tuén, Tran Thanh Mén thyc hién cac
thi nghiém, ho trg xt Iy cac dit liéu.
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Synthesis and evaluation of biological activities of two belinostat
analogs bearing fluorine at the CAP

Nguyen Cuong Quoc’, Le Dang Quang?3, Dang Huy Phuc’, La Thi Kim Tu?, Bui Thi Buu Hue',
Nguyen Trong Tuan', Tran Thanh Men#, Tran Quang De'"*

ABSTRACT

Histone deacetylase enzymes are overexpressed in many types of hematologic malignancies (acute
myelogenous leukemia, myelofibrosis, cutaneous T-cell lymphoma, and Hodgkin lymphoma) and
Use your smartphone to scan this their inhibition of HDACs could result in the inhibition of cell proliferation and induction of apop-
QR code and download this article tosis. Thus, HDAC inhibitors are candidates of anticancer drug development. Belinostat is a histone
deacetylase inhibitor which was approved by the US FDA in 2014 for the treatment of refractory
T-cell lymphoma and solid tumor. This paper reported the synthesis of two belinostat analogues
(including a firstly synthesized compound) by introducing fluorine atoms at the hydrophobic cap-
ping group (CAP) of belinostat. The resulted compounds were then tested by molecular docking
analysis and in vitro evaluation of their antioxidant and anti-cancer activities. The new compound
8adisplayed the highest anti-cancer efficacy against human breast (MCF-7) and liver (Hep-G2) can-
cer cell lines with ECsq values of 1.5-4.0 ug/mL. Two compounds showed the antioxidant activity
with an ECsg value of 8.30—13.60 pg/mL. These results suggested that the synthesized belinostat
analogs might have anti-cancer potential for further investigation.
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