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ABSTRACT

Cancer treatment drugs are currently in the interest of researchers and
the enzyme histone deacetylase (HDAC) is considered a most important
molecular target. In 2014, belinostat (Beleodaq) was approved by the
FDA as a potent inhibitor of HDAC. Belinostat has been proved to be a
cure/treatment for solid tumours and haematological malignancies in
clinical trials. Based on the strong activity of belinostat, two belinostat
analogues were successfully synthesizedthrough a Wittig reaction with the
aim of creating new derivatives that have the potential to selectively
inhibit HDAC to contribute to cancer treatment. By keeping the carbon
bridge part and the hydroxamic function group intact, the phenyl frame
of belinostat is replaced with amine derivatives bearing different R
substituents. The derivatives were considered for HDACS8 inhibition
based on the in silico method.

TOM TAT

Thuéc diéu tri ung thw hién nay dang dwoc sw quan tém ciia cdc nha
nghién ciru khoa hoc va enzyme histone deacetylase (HDAC) dwoc danh
gid la mét dich phén tir quan trong nhdt. Nam 2014, belinostat (Beleodaq)
dwoc FDA phé duyét la mot chat irc ché manh HDAC. Belinostat dd duoc
chitng minh la mét phieong phdp diéu tri cac khoi u rdn va khoi u dc tinh
huyét hoc trong cdc thir nghiém lam sang. Dya trén hoat tinh manh cia
belinostat, hai dan xudt twong tir Belinostat da dueoc tong hop thanh cong
thong qua phan ing Wittig voi muc dich tao ra cac dan xudt méi ¢ tiem
ndng trc ché chon loc HDAC gop phan diéu tri ung thw. Bang cdach gii
nguyén phan cau néi carbon va nhém chirc hydroxamic, thay khung
phenyl ciia belinostat bang cdc dan xudt amine mang cdc nhém thé R khéc
nhau. Cdc dan xudt dugc khao sat kha nang e ché HDACS dua trén
phuong phap in silico.
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1. GIOI THIEU

Enzyme histone deacetylase (HDAC) dong vai
trd quan trong trong viéc can bang noi mdi cua qua
trinh acetyl hoa protein trong histone va céc protein
khac (Chuang et al., 2009). HDAC da duogc chung
minh 14 rat quan trong trong su tién trién cua ung
thu. Trong té bao ung thu ¢ sy huy dong qua muc
cac enzyme HDAC lam giam sy acetyl hoa cua
histone anh huéng dén quy dinh biéu hién gen.
Nhimng thay doi su biéu hién va dot bién cia gen ma
héa HDAC ¢ lién quan dén sy phat trién caa khoi
u vi gy ra sy phién ma sai 1éch cta cic gen quan
trong quy dinh cac chirc ning cua té bao nhu ting
sinh té bao, diéu hoa chu ky té bao va qué trinh chét
cua té bao (Ropero & Esteller, 2007). Do d6, chét trc
ché HDAC dang la dich phat trién cua cac nha
nghién ctiu. Téng cong co 18 loai enzyme HDAC
phan b khip trong co thé con ngudi va duoc phan
thanh bon nhém. Trong d6, HDACS dugc danh gia
1a biéu hién cao va lién quan dén viéc xam 14n tién
trién té bao ung thu va (Park et al., 2011). HDACS
con lién quan dén u nguyén bao than kinh, u lympho
té bao T va bénh bach cau dong tuy cép tinh (Oehme
et al., 2009). Nghién ctru gan day cho thay trc ché
HDACS cling c6 thé 1a mot phuong phap tiém nang
dé diéu tri rdi loan than kinh va bénh ky sinh tring
(Rodrigues et al., 2016). Ngoai ra, dic diém ciu triic
ctia HDACS con cho phép thiét ké cac chit wc ché
mot cach chon loc (Chakrabarti et al., 2015). Trong
nghién ciru nay, hai dan chét tvong tu belinostat da
dugc thiét ké va tdng hop theo hudng e ché chon
loc uu tién chdng lai cac bénh lién quan dén HDACS
(Hinh 1).

N’OH
Vung k_hcé Nhom két
hoat dong Viing cau néi thic gan Zn

g

( Twong tac voi )
Zn?* tai trung
tam hoat déng
chia HDAC

-~

Hinh 1. Céu tric chung ciia cic din xuit twong
tw belinostat wc ché HDAC

Céc chét (ic ché HDAC (HDACI) 1a mot nhom
phan tr da dang vé cau tric c6 thé gdy ra su ngung
phat trién, biét hoa va chét cia té bao ung thu
(Dokmanovic & Marks, 2005). Nim 2014,
belinostat da dwoc FDA (Food and Drug
Administration) phé duyét 1a chat wc ché ung thu
day tiém ning c6 cdu trac thudc loai hydroxamic
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acid. Belinostat da dugc thir nghiém trong cac thir
nghiém 1am sang giai doan I va IT chdng lai cac khéi
u ran, ching han nhu u trong biéu mé mang phdi ac
tinh (Ramalingam et al., 2009), khéi u biéu mo
tuyén tic (Giaccone et al., 2011), t& bao gan khong
thé cit bo (Yeo et al., 2012), budng trieng, 6ng dan
tring hodc ung thu biéu mé phic mac nguyén phat
(Dizon & Blessing et al., 2012; Dizonand Damstrup
et al., 2012), diéu tri bénh nhan bi bénh ngoai vi tai
phat hodc khé chira U lympho té bao T (PTCL)
(Sawas et al., 2015). Ké thira hoat tinh sinh hoc cao
cua belinostat, nghién ciru da tong hop thanh cong
céc dan xuat tuong tu belinostat vi muc dich tao ra
céc dan chit mai co hoat tinh e ché té bao ung thu
mot cach chon loc trén enzyme HDACS. Béng cach
giit nguyén phan cau ndi carbon va nhoém chirc
hydroxamic, thay khung phenyl cua belinostat bing
cac dan Xuat amine mang cac nhoém thé R khac nhau.
Céc dan xuat dugc khao sat va danh gia hoat tinh trc
ché HDACS duya vao su trg gitip cta cac phan mém
trén may tinh hay con goi 1a phuong phap in silico.

2. NGUYEN LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. Nguyén liéu

Phd *H-NMR dugc do trén may cong hudng tir
hat nhan Bruker Avance 500 NMR Spetrometer (d9
dich chuyén héa hoc § duoc tinh theo ppm, hang sb
tuong tac J tinh bang Hz) tai Vién Hoa hoc - Vién
Han Lam Khoa hoc Viét Nam va may cong hudng
tir hat nhan Bruker 300 NMR tai Pai Loan. Phé khéi
luong MS dugc do trén may 1100 series LC/MS/MS
Trap Agilent. Cac hoa chit va dung méi sir dung ¢
ngudn goc tor Merck, An Do, Trung Qudc va Viét
Nam. Sic ky ban mong sir dung ban nhom silica gel
60 Fas4 trang san do day 0,2 mm (Merck). Séc ky cot
str dung silica gel c& hat 0,04-0,06 mm (Merck). Cac
phan mém sir dung Chem3D 16.0, Gaussian 09W,
GaussView 6.0, Open Babel, AutoDock 4.2,
AutoDock Vina, Discovery Studio 2019 Client. C4u
trac tinh thé HDACS8 (1T67) ¢ ngudi duoc tai
xudng tr co s¢ dir liéu protein data bank
(https:/www.rcsh.org/structure/1T67). Protein data
bank (PDB) la ngan hang quoc té chira hon 81000
dir liéu cdu triic protein ba chiéu, phan Ién ching
duoc x4c dinh bang phwong phap tinh thé tia X, con
lai dwoc x4c dinh bang phd cong huong tir NMR.

2.2. Phwong phap nghién ciru

2.2.1. Quy trinh tong hop

Téng hgp 3-nitrobenzaldehyde (2)

Can KNOs (3 g, 30 mmol) cho vao binh cau 100
mL, thém tiép 12 mL dung dich H,SO4 dam dac, hon
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hop duoc khudy trong bé nudc da khoang 5 phut sau
do cho tir tir benzaldehyde (3,18 g, 30 mmol) vao,
sau khoang 2 gio ot hdn hop véao cde nude da, thiy
xuit hién két tura, loc lay tua, ria két taa lan luot voi
nuéc lanh va NaHCO; 5%. Tinh ché han hop tho
bang sic ky cot silica gel véi hé dung moi Hexane-
Ethyl acetate (Hex:EtOAc) = 4:1, Ri= 0,42. Thu
duoc san phim mau vang nhat, 3,19 g. Hiéu suit dat
70%.

Dir liéu phd: H-NMR (300 MHz, CDCls, §
ppm): 10,12 (s, 1H, -CHO), 8,71 (dd, J= 1,8 Hz,
1H, >CH), 8,47-8,71 (m, 1H, >CH-), 8,21-8,25 (m,
1H, >CH-), 7,76 (t, J= 7,95 Hz, 1H, >CH-).

Téng hop chét trung gian ylide (methyl
(triphenylphosphoranylidene)acetate) (3)

Thém tir tir triphenylphosphine (768 mg, 3
mmol) vao ethyl chloroacetate (405 mg, 3,3 mmol)
trong binh ciu 100 mL chira 12 mL H,0. Khudy déu
hdn hop véi toe d6 700 vong/phut & nhiét do 70°C
véi thoi gian 20 gio, thu duge hon hgp mau vang,
lam lanh, thém tir tr dung dich NaOH (264 mg, 6,6
mmol) trong H,0. Khudy déu hdn hop & nhiét do
phong trong 5 phut. Chiét san phiam v&i methylen
chloride (MC), dich chiét rra lai v6i dung dich NaCl
bdo hoa, lam khan bang Na,SO4, ¢ dudi dung moi
thu dugc chit rin mau vang. San phdm duoc sir
dung tryc tiép cho giai doan tiép theo ma khong can
tinh ché.

Tong hop  (E)-3-(3-nitrophenyl)acrylate
(Wo4)

Can hon hop
methyl(triphenylphosphoranylidene)acetate (350

mg, 1 mmol) va 2 (300 mg, 1 mmol) trong binh cau
25 mL chira 5 mL H,0. Khudy déu hdn hop vai te
d6 700 vong/phut ¢ nhiét d 90°C trong thoi gian 1
gio. Hon hop sau phan mg duoc chiét véi EtOAC
nhiéu lan va lam khan bang Na;SOs, c6 duodi dung
mdi thu dugc san phim thé, tién hanh két tinh san
pham thu duoc chat rin mau vang. Tinh ché san
pham bing sic ky cot silica gel (Hex:EtOAc = 5:1,
Re= 0,35). Thu duoc chit rin mau tring, 243 mg.
Hiéu suit: 64,3%.

Dir liéu phd: H-NMR (300 MHz, CDCls, ¢
ppm): 8,37 (d, J= 1,8 Hz, 1H, >CH-), 8,24 (dd, J;=
1,5 Hz, J,= 1,2 Hz, 1H, >CH-), 7,80 (d, J= 7,8 Hz,
1H, >CH-), 7,72 (d, J= 15,9 Hz, 1H, =CH-), 7,58
(t, J= 7,95 Hz, 1H, >CH-), 6,55 (d, J= 15,9 Hz, 1H,
=CH-), 3,83 (s, 3H, —CHy).

Téng hop
aminophenyl)acrylate (5)

methyl (E)-3-(3-
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Hoa tan W04 (2,07 g, 10 mmol) va SnCl,.2H,0
(7,9 g, 35 mmol) vao 300 mL EtOH khan trong binh
ciu 500 mL. Pun héi luu hén hop & nhiét d 90°C.
Sau 3 gio, theo ddi phan ung bang TLC dén khi
khong con xuét hién W04, ngung phan tng, dé
ngudi, trung hoa bang Na,CO3 bdo hoa, hdn hop
dugc chiét véi EtOAc, ¢6 dudi dung méi va tinh ché
san pham bang séc ky cot silica gel véi hé dung moi
Hex:EtOAc = 5:1, R= 0,26. Thu duoc san pham
mau tring vang, 1,58 g. Hiéu suat 89%.

Dit liéu phd: H-NMR (300 MHz, CDCls, §
ppm): 7,60 (d, J= 15,9 Hz, 1H, =CH-), 7,17 (t, J=
7,65 Hz, 1H, >CH-), 6,92 (d, J= 7,8 Hz, 1H, >CH-
) 6,81 (t, J= 1,8 Hz, 1H, >CH-), 6,68-6,72 (m, 1H,
>CH-), 6,37 (d, J= 15,9 Hz, 1H, =CH-), 3,79 (s,
1H, —-CHa), 3,73 (s, 2H, -NHy).

Téng hop chit trung gian methyl (E)-3-(3-
(chlorosulfonyl)phenyl)acrylate (5)

Hoa  tan 1 g  methyl (E)-3-(3-
aminophenyl)acrylate (5) trong hon hop 6 mL HCI
dam dic va 2 mL acetic acid dam dic, lam lanh hdn
hop. Sau 5 phut thém tur tir 3 mL dung dich NaNO;
4M gitr phan ing & nhiét 6 nho hon 5°C, khudy hdn
hop trong 45 phut. Trong mdt binh cau khac khi SO,
duoc suc vao 10 mL acetic acid & nhiét d6 nho hon
5°C dén khi bio hoa. Thém tiép 50 mg CuCl vao,
tiép tuc suc khi SOz cho dén khi dung dich tir mau
xanh lyc chuyén sang mau xanh nhat. Thém tir tir
dung dich mudi diazonium ban dau vao hn hop trén
va tiép tuc khudy ¢ nhiét d6 nho hon 5°C. Sau 2 gio,
chiét hdn hop phan ang véi EtOAc thu Iy 16p hitu
co, 1am khan bang Na,SO,. Tién hanh c6 dudi dung
mdi, thu duoc san pham & dang tia mau vang nau,
san pham duoc st dung truc tiép cho budc tiép theo
ma khong can tinh ché. Luu ¥, nén giit nhiét do cua
bé c6 quay khong vuot qua 40°C do san pham rat d&
bi phan huy & nhiét do cao.

Tong hop cac sulfonamide mang nhém chiic
hydroxamic acid

Hoa tan amine (h hoac v) 0,45 mmol trong 3 mL
1,4-dioxane va 5 mL dung dich NaHCO3; 10% sau
d6 nho tir tir hdn hop dung dich chat trung gian (5')
trong 4 mL 1,4-dioxane vao, phan tng dugc khudy
& nhiét do phong, theo ddi phan ung bang TLC. Sau
12 gio, tién hanh c6 dudi mot phan dung moi, thém
tiép vao 6 mL nudc khudy tiép trong 1 gio. Tién
hanh chiét voi EtOAC, rira dich chiét nhiéu 1an vai
dung dich HCI IN. Thu Iy 16p hitu co, ¢6 dudi dung
mdi, tinh ché san pham bang sic ky cot silica gel véi
hé dung méi Hex:EtOAc = 5:1 thu duoc chit rin
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vang. Két tinh lai san phim, thu duoc chat rin mau
trang.

Sau d6, hoa tan lugng chét rén trén trong EtOH,
cho tir tir hdn hop vao binh cau chira sin 1 g KOH,
1,5 g NH,OH.HClI trong 10 mL EtOH khan, hdn hop
duoc khudy déu, 1am lanh dudi 5°C, theo ddi phan
g bang TLC. Sau 1 gio, trung hoa hdn hop bing
HCI 2N dén khi quy tim hoa hong. Tién hanh chiét
nhiéu 1an véi EtOAc, 1am khan bang Na,SOs, cb
dudi dung moi va tinh ché san pham bang sic ky cot
silica gel voi hé dung méi Hex:EtOAc = 1:1, thu
dugc chat rin mau vang. Két tinh lai san pham.,

(E)-N-Hydroxy-3-(3-(N-(4-
methoxyphenyl)sulfamoyl)phenyl)acrylamide (7h):
chat ran khong mau. Hiéu suat cho ca hai budc 1a
8,76%. R= 0,55 (EtOAC). Dit liéu phd: H-NMR
(500 MHz, DMSO, ¢ ppm): 10,81 (s, 1H, —OH),
9,94 (s, 1H, >NH), 9,10 (s, 1H, >NH), 7,85 (s, 1H,
>CH-), 7,76 (d, J= 7,5 Hz, 1H, >CH-), 7,62 (d, J=
7,5 Hz, 1H, >CH-), 7,56 (t, J= 7,5 Hz, 1H, >CH-),
7,46 (d, J= 16 Hz, 1H, =CH-), 6,97 (d, J= 9 Hz,
2H, 2 >CH-), 6,81-6,79 (m, 2H, 2 >CH-), 6,50 (d,
J=15,5Hz, 1H, =CH-), 3,66 (s, 3H, —-CH3). HRMS
(ES|) m/z [M"‘H]+ tinh toan cho Ci6H17N2OsS:
349,0780; tim thay: 349,0862.

(E)-N-Hydroxy-3-(3-(N-(4-((2)-1-
(hydroxyimino)ethyl)phenyl)sulfamoyl)phenyl)acr
ylamide (7v): chit rin mau trang. Hiéu sut cho ca
hai buéc 1a 4,42%. R¢= 0,45 (EtOAC). Dit liéu phé:
H-NMR (500 MHz, DMSO, & ppm): 11,06 (s, 1H,
—OH), 10,81 (s, 1H, —OH), 10,46 (s, 1H, >NH),
9,11 (s, 1H, >NH), 7,95 (s, 1H, >CH-), 7,78 (d, J=
7,5 Hz, 1H, >CH-), 7,72 (d, J= 7,5 Hz, 1H, >CH-),
7,58 (t, J= 7,75 Hz, 1H, >CH-), 7,52 (d, J= 8 Hz,
2H, 2 >CH-), 7,47 (d, J= 15,5 Hz, 1H, =CH-), 7,11
(d, J= 8 Hz, 2H, 2 >CH-), 6,52 (d, J= 16 Hz, 1H,
=CH-), 2,05 (s, 3H, —CHs). HRMS (ESI) m/z
[M+H]* tinh toan cho Ci17H1sN305S: 376,0889; tim
thiy: 376,0974.

2.2.2. Docking phan tir

Trong nghién ctru nay, phuong phap sang loc 40
dugc sir dung dé danh gia kha nang GcC ché va sy
tuong tac giita cac dan chét tong hop duoc Véi
HDAC. Nghién cttu chon enzyme HDACS 1a dich
phan tir dé tién hanh qué trinh docking. Céu tric cua
enzyme HDACS (ID: 1T67) dwoc lay tir Ngan hang

61

Tdp 57, S6 2A (2021): 58-66

dx lieu protein  (Protein data  bank
www.pdb.org/pdb). Céu trac hoa hoc ban dau coa
cac dan xuat dugc vé trén phan mem Chemdraw
16.0 va chuyén dbi ty dong sang ciu triic 3D bang
phan mém Chem3D 16.0, t6i wu ning luong thap
chét, tiép theo qua trinh t6i wu hoa ciu tric phan tir
dugc thuc hién bang phan mém Gausian 09W Vi
phuong phap ban thyc nghiém (semi-empirical) voi
b6 ham co ban PM6. Tién hanh docking phan tir
giita ligand va enzyme HDACS bang chuong trinh
AutoDockTools phién ban v1.5.6 tich hop
Autodock Vina (docking mu) va Autodock4 (re-
docking). Phan mém Discovery Studio 2019 Client
duoc sir dung dé phén tich két qua cac twong tac 2D,
3D giita c4u tric HDACS phtrc hop véi cac dan xuat
t6ng hop va so sanh vai két qua cua belinostat.
2.2.3. Panh gia doc tinh in silico

Céac tinh toan du doan dugc thuc hién trén cac
phan  mém  Molinspiration,  SwissADMET,
PreADMET, Osiris Property Explorer va Toxtree
3.1.0. Cac phan mém dwoc khoi dong chay truc tiép
trén Window 10 thong qua trinh gia lap nén tang
Java. Céc cAu triic ctia cac dan xuit duoc vé truc tiép
trén phan mém hodc duoc nap truc tiép vao phan
mém dudi dinh dang SMILES, pdb hoic mol2. Két
qua dau ra cua phan mém duoc hién thi bang cac day
mau hoic s6 liéu. Trong d6 c6 ba mau co ban: do
(doc tinh cao nguy hiém), vang (ddc tinh trung binh
¢6 thé sir dung), lam (ddc tinh rat thap hoic khong
¢ doc tinh an toan khi str dung). Két qua hién thi
bang dang s liéu dugc chon loc nam trong khung
quy dinh cta co s& dir liéu chuan di duoc cong bd,
chat niam ngoai quy dinh duoc loai bo va két qua tiép
theo duoc so sanh véi két qua cua belinostat.

3. KET QUA VA THAO LUAN
3.1. Thwc nghiém

Véi quy trinh tong hop tuong dbi don gian,
nguyén liéu ré tién, nude da duoc sir dung nhiéu hon
nén than thién véi moi truong va phu hop véi mb
hinh thi nghiém ¢ Viét Nam. Hai dan xuat 7h va 7v
¢6 khung tuong tu belinostat da duoc téng hop thanh
cong v6i hiéu suat toan phan lan luot 13 3,51% va
2,63% (Hinh 2). Ciu trac cua cac hop cht thu dugc
dd dwoc xac dinh chinh xac va rd rang bang phd
cong huong tir hat nhan *H-NMR va pho khéi lwong
MS d¢ phan giai cao.
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Hinh 2. Quy trinh téng hop cac din xuit twong tw belinostat

Cu thé, dan xuét 7h cho thiy sy xut hién cua 16
tin hiéu proton. O ving tir truong thap, co su xuat
hién cua ba tin hiéu singlet vgi cuong do tich phan
tuong dbi timg tin hidu bang 1 va c6 d6 dich chuyén
hoa hoc lan luot 1a &= 10,81 ppm, &= 9,94 ppm va
o= 9,10 ppm dic trung cho tin hiéu proton nhom
—OH, proton >NH cua nhom chirc hydroxamate va
nhém >NH thudc ving cau ndi. Cac miii 5= 7,46
ppm (J=16) va 6= 6,50 ppm (J = 15,5 Hz) dac trung
cho alkene dang trans. Ngoai ra, tin hiéu singlet co
cuong do manh vai gia tri tich phan bang 3 dich
chuyén viing tir truong thip &= 3,66 ppm dic trung
cho nhom methoxy. Céac tin hiéu con lai ndm trén
hai vong benzene thudc ving cau ndi va ving khoa
hoat dong. Phé HRMS tim thay peak ion gia phan tir

C)L g(3\\<|:-|\N®0H
R b; n‘le R'><H

ketone OH

_>><Q

m/z [M+H]*= 349,0862 phu hop VvGi cong thirc
C1sH16N205S. Amine v 1a mot ketone khi két hop
v6i 5’ dé tao thanh dan xudt 7v do thuc hién trong
moi truong kiém va c6 su hién dién cua
hydroxylamine nén nhém ketone bi bién déi thanh
dang ketoxime (Hinh 3). Vi vdy, thay vi ¢ sy xuét
hién caa 16 tin hiéu proton nhu dit liéu phé 7h thi
7v lai suét hién thém peak tin higu singlet véi cuong
d6 manh & ving tir truong thap &= 11,06 ppm dac
trung cho tin hiéu proton nhém —OH cua ketoxime.
Vi vdy, d6 dich chuyén hoa hoc & vi tri &= 10,46
ppm, peak tin hiéu singlet dugc quy cho proton
nhém >NH thudc ving cau ndi do chiu anh huong
day electron ciia nhom ketoxime.

"0 Ho
O  N-OH N

R'

ketoxime

Hinh 3. Co ché hinh thanh dang ketoxime ciia 7v

Hai tin hiéu singlet v4i cuong do tich phan tuong
dbi bang 1 va c6 d6 dich chuyén hoa hoc lan luot 1a
6=10,81 ppm va 6= 9,11 ppm dac trung cho tin hi¢u
proton nhém —OH, proton >NH cta nhoém chuc
hydroxamate. Cac peak &= 7,47 ppm (J = 15,5) va
6= 6,52 ppm (J = 16 Hz) dic trung cho alkene dang
trans. Tin hiéu singlet c6 cuong d6 manh véi gia tri
tich phan bang 3 dich chuyén ving tir truong thip
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&= 2,05 ppm dac trung cho ba proton cua —CHs
Tam tin hiéu con lai 1a cta hai vong benzene trén
ving cau ndi va ving khéa hoat dong ctia dan xuét
7v. Dit liéu phé HRMS cua 7v tim thay peak ion gia
phan tr m/z [M+H]"= 376,0974 phu hop véi cong
thirc C17H17N30sS. Tur céc dir licu phd trén da cho
thy viéc tong hop hai dan xuat 7h va 7h tuong tu
belinostat dugc thyc hién thanh cong.
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3.2. Panh gia in silico qué trinh docking dugc thuc hién. St dung ludi gian
dd 40x40x40 va khoang cach giira cac diém 1a
0,150A, sir dung vi tri trung tdm ligand lam chuan,
cac tham sb khac duoc cai dat mic dinh gidng tham
s6 cua chwong trinh. Két qua docking Bang 2 duoc
hién thi, sip xép va lya chon theo tiéu chi nang
lwong thap nhat, két hop véi gia tri d6 léch cin quéan
phuong RMSD (root-mean square deviation),
RMSD c¢6 vai trd nhu 13 phép do dac chit luong cac
két qua docking. Gia tri RMSD thép trong qué trinh
md phong, cau triac hop chét va protein khong thay
ddi hoic thay ddi rat it cho thiy tinh 6n dinh cua cac
ligand.

Bang 2. Gia tri RMSD, ning lwong tu do lién két du do4n, gia tri hang sé ic ché Ki cia két qua docking

cac dan xuit twong tw belinostat

Dé xem xét va danh gia kha ning wc ché HDAC
ciia cac dan chat téng hop duoc. Phuong phap
docking phan tir bang chuong trinh AutoDock Tools
phién ban v1.5.6 da dugc st dung dé tao phtrc hop
giita cac phan tir dan xuit voi enzyme HDACS. Viéc
docking c6 vai tro quan trong trong du doan ai luc
va hoat tinh ctia cac duoc chét déi vai protein, tir 46
dur doan kha nang hoat hoa, tim hoat dong va tc ché
dbi véi enzyme. Sau khi docking sang loc dé tim ra
vi tri va tu thé hoat dong tdi wu nhat giira ligand véi
enzyme HDACS bang phan mém AutoDock Vina,

Tén  Gid tri RMSD (A) Ning lrong tw do lién két dy doan Hiing s trc ché Ki

: (kcal/mol) (nM)

7h 1,956 -8,62 481,81

v 1,504 -10,10 39,49
Trung tim hoat dong HDAC goém 2 phan chinh: 10,10 kcal/mol. Dan xuét 7h va 7v tham gia lién két
ion Zn?* 1a coenzyme ctia HDAC va kénh enzyme véi hai amino acid His142 va Aspl78 o sau trong
dang tai hinh ng, ciu trac linh dong c6 thé bién doi tai lién két, ving khoa hoat dong trén ciu triic cia
phii hop véi chiéu dai ligand khac nhau, trén miéng hai dan xuat tham gia lién két v&i Lys33, Tyr100 va
tai ¢6 mot vanh nho dugc tao nén tir Mot vai vong Phel52 trén miéng cua tai. Cu thé, nhom ketoxime
x0an protein, phan vanh nay s& twong tac vi nhom thugc viing khéa hoat dong trén dan xuat 7v cho thay

nhan di¢n bé mat HDAC (Verdin, 2006). Két qua kha nang tham gia lién két véi cac amino acid chat
docking cho thay cac dan chat c6 kha nang lién két ché& hon nhom methoxy cua 7h & miéng ti. Nhém

tot dén trung tAm hoat dong cua enzyme HDAC8,  hydroxamic acid hinh thanh lién két véi Zn?* va lién
gié tri nang luong tyu do lién ket gitra dan xuat 7h va két vai nhiéu amino acid bang cac tuong tac van der
7v vai enzyme thap lan lugt 1a -8,62 kcal/mol va - Waals, alkyl, pi-alkyl,...(Hinh 3 va Hinh 4).

‘GLYZﬁi (g ]
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Hinh 3. Két qua docking cic din xuit twong tw belinostat trén HDACS
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Hinh 4. Trung tim hoat d9ng dang tai hinh 6ng cia HDACS véi cac din xuit

Molinspiration va SwissADMET da duogc st
dung dé danh gia cac dan xuat gidng thudc duya trén
nim quy tac cua Lipinski (Lipinski et al., 1997) va
quy tac cua Veber (Veber et al., 2002). Ca hai dan
xuat déu hap thu tét va duoc xem 1a gidng thudc do
khong quy pham ca nam quy tic. Cu thé, khong
nhiéu hon 5 nhém cho lién két hydro (s6 lwong cac
nhém —-NH va —OH), 7h ¢6 3 nhém va 7v c6 4
nhom. Khong nhiéu hon 10 nhém nhan hydro (bao

gdm ca nguyén tir oxygen va nitrogen), khdi lwong
phan tir ca hai dan xuat déu nho hon 500 dalton, hé
s6 phan chia octanol-nudc (log P) cua ca hai dan
xuit déu khong vuot qua 5, s luong lién két co thé
xoay duoc n rotb (number of rotatable bonds) cua
7h va 7v déu duéi 10; do khac xa mol A (molar
refractivity) déu nam trong gigi han cho phép 40-
130 va gia tri TPSA (topological polar surface area)
cia cac dan xuat déu nho hon 140. Két qua dugc
hién thi trong Bang 2.

Bang 2. Két qua du doan khi ning gidng thudc cia hai din xuit bing Molinspiration va SwissADMET

x £ Khdi hrgng , S0 nhém cho liégn S6 nhém nhan 1 , nrotb?
Din xuat phén ti? LogP két hydro? hydro? AT TPSA
7h 348,38 2,25 3 7 88,68 104,73 6
v 375,41 2,16 4 8 96,37 128,09 6
Belinostat 318,35 2,19 3 6 82,18 9550 5
1Si dung SwissADMET
2Sir dung Molinspiration
Bing 3. Két qua dy do4n kha ning hip thu cia hai din xuit bang PreADMET
x £ Pcaco-2 Do hoa tan trong nwéc Do thim thiu
0 0 i ! 0
Dan xuat - HIA (%) (nm/s) tinh khiet (mg/L) qua da (cm/gio) BBB PPB (%)
7h 90,033 0,712 70,243 -2,680 0,177 88,850
v 84,356 0,383 6,779 -2,535 0,103 92,401
Belinostat 89,937 0,474 103,593 -2,501 0,182 94,264

Bang 3 cho thiy tat ca cac hop chat co gia tri hip
thy qua duong rudt cia con nguoi HIA (human
intestinal absorption) déu thudc pham vi cac hop
chat hap thu tét (HIA: 70-100%), dan xuat 7h cho
két qua tét nhit 90,033%. (Yazdanian et al., 1998).
Két qua du doan cho thay ca hai dan xuat c6 do hap
thu kém & rugt thong qua mo hinh té bao Caco-2.
Céc té bao Caco-2 c6 ngudn gbc tir ung thu biéu md
tuyén ruot két & ngudi va so hiru nhiéu con duong
van chuyén thuéc qua bidu mé rudt. Cac chét dugc
xem 1a c6 tinh hap thu tét thudng co gid tri Pcaco-
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I6n hon 70 nm/s, d hap thu trung trinh tir 4-70 nm/s.
Dy do4n BBB (blood brain barrier) cho thiy cac dan
xuit hap thu trung binh va c6 kha nang di xuyén qua
hang rao mau nio. Trong d6 ca hai dan xuat déu cho
két qua thap hon belinostat, didu nay rat quan trong
trong linh vuc dugc pham vi cac hop chat ¢é hoat
tinh than kinh trung wong phai di qua n6 va céc hop
chat khong co6 hoat dong than kinh thi khong duoc
di qua n6 dé tranh cac tac dung phu lién quan dén
than kinh. Gia tri PPB (plasma protein binding) cho
thiy muc d6 lién két vai protein huyét tuong cua cac
dan xuit 7v tuong ddi tét 92,401%, nguoc lai 7h
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dugc xem la lién két yeu (nho hon 90%), gié tri nay
mot phan quyét dinh dén tac dung cua thudc, vi tri
va hiéu qua cua thuc. Thong sé do tham cua da
duoc sir dung trong nganh dwoc pham dé danh gia
cac san pham hoa chét c6 nguy co trong truong hop
vo tinh tiép xuc v6i da. Cac hop chit duoc du doan
¢6 gia tri tham thau qua da am tinh, két qua kha an
toan.

Tdp 57, S6 2A (2021): 58-66

Két qua du doan doc tinh bang phan mém Osiris
Property Explorer (Bang 4) va Toxtree (Bang 5) cho
thay cac dan xuat déu an toan va tuong dong v6i chat
dbi chiing belinostat. Cu thé, cac dan xuét cho thy
doc tinh rat thip va an toan, khong gay kich ing da
va mit, khong gy dot bién, gay khdi u hay 1a chat
kich thich than kinh, khéng anh huéng dén qué trinh
sinh san sau khi sir dung.

Bang 4. Két qua dyw doan ddc tinh bing mau sic cia hai din xuit bing Osiris Property Explorer

Din xudt Gay dot bién Gay khoi u Kich thich thin kinh __ Anh huéng dén sinh sin
7h Lam Lam Lam Lam
1A% Lam Lam Lam Lam

Belinostat Lam Lam Lam Lam

Dé: dc tinh cao nguy hiém
Vang: déc tinh trung binh cé thé sir dung

Lam: déc tinh rét thdp hodc khong cé doc tinh, an toan

Bang 5. Két qua duw doan ddc tinh cia hai din xuit bang Toxtree

3 . Kich  Kich Am tinh v6i doc to Kha m‘l_ng_gﬁy dot bién  Chat gdy ung
Dan xuat @ngda tng mat duy truyen (dot S.Typhiurium TA100 thw tiém an dwa
bién) giy ung thw dwa trén QSAR trén QSAR
7h - Khong Co Khong Khong
v - Khoéng Co Khoéng Khoéng
Belinostat - Khong Co Khong Khong

(-) Khong xac dinh

Két qua danh gia kha ning gay wc ché trén kénh
hERG (human ether-a-go-go related gene) cua hai
dan xuét bang phan mém preADMET (Bang 6) cho
két qua dan xuat 7v tuong dbi tot hon belinostat va
dan xuét 7h cho két qua kém. Cu thé, mot sb loai
thudc cho két qua tt vé mat 1am sang trén thi truong

nhung ¢6 xu hudng e ché kénh hERG giy loan
nhip tim, kha nang dan dén nhip tim khong déu gay
tir vong (Haverkamp et al., 2000). Chinh vi thé, viéc
xem xét vé kha ning wc ché kénh hERG rat quan
trong can phai tranh trong qua trinh phat trién thuéc
(Sanguinetti et al., 2006; Wang et al., 2012).

Bang 6. Két qua dw doan ddc tinh cia hai din xuit bang preADMET

Kha ning gay dot bién

Danxuat o, chugt céng (Rat)

Kha ning gy dot bién
véi chudt nha (Mouse)

Ut ché kénh hERG & nguoi

7h Am tinh Duong tinh Liéu trung binh
v Am tinh Duong tinh C6 kha nang
Belinostat  Am tinh Duong tinh Liéu thap

Qua két qua mé phong in silico cho thay dan xuat
7V ¢6 tiém nang vé hoat tinh sinh hoc cao, mirc do
doc dbi véi co thé thap, vi vay can duoc danh gia cu
thé hon bang céac thir nghiém sinh hoc in vitro va in
vivo.

4. KET LUAN

MGt quy trinh gdm 6 bude di dugc thyc hién, da
t6ng hop thanh cong 2 dan xuét 7h va 7v ¢6 cau trac
twong tu belinostat vai hiéu suit toan phan lan luot
14 3.51% va 2.63%. Ung dung thanh cong phan ting
Wittig vao quy trinh dé tong hop phan cau néi trong
céu triic ctia cac dan xuat. Docking phan tir thanh
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cong cac dan xuat da téng hop vao enzyme HDACS.
Két qua cho thay cac dan xuét c6 kha ning twong tac
vao ving hoat dong cia HDACS va giy uc ché
enzyme nay. Thyuc hién danh gia kha nang giéng
thudc va doc tinh cua hai dan xuat cho két qua kha
tuong dong véi belinostat, cac dan xuat duoc du
doan khong co ddc tinh vai vat chia khi st dung va
¢6 tiém ning hoat tinh day hwra hen. Két qua nay
dugce xem 1a co s& cho cac nghién ctru danh gia in
silico tiép ndi cac bude phat trién, thiét ké thudc sau
nay. Ngoai ra cin 4p dung cic phuong phéap thu
nghiém sinh hoc in vitro, in vivo dé danh gia dung



Tap chi Khoa hoc Truong Pai hoc Can Tho

kha ning tc ché ciing nhu tiém ning chbng ung thu
cua hai dan xuat nay.

LO1 CAM ON

Chung t6i xin chan thanh cam on sy tai trg quy

bau cua Truong Pai hoc Can Tho danh cho nghién
clru nay (M3 sb: TSV2020-58).
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