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Abstract: Recently, hydroxamic acid has attracted considerable interest because of its ability to
inhibit a variety of metal-containing enzymes such as metalloproteases, lipoxygenases, histone
deacetylases, and cancer cells. For example, the US FDA has approved hydroxamic acid
derivatives (vorinostat, belinostat, givinostat, and panobinostat) for treating various cancers. Based
on the N-hydroxycinnamamide and N-hydroxybenzamide framework, the study described and
synthesized N-hydroxycinnamamide and N-hydroxybenzamide derivatives bearing amide bonds as
histone deacetylases enzyme inhibitors. The structures of the compounds were determined through
modern NMR spectroscopy. The compounds were then molecularly docked to the active site of the
HDACG6 enzyme, and the results showed that the compounds strongly bound to the zinc ion and
key amino acids. These results suggest that the synthesized N-hydroxycinnamamide and N-
hydroxybenzamide derivatives are potential molecular targeted therapies for HDAC-positive
cancer in the future.
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Tém tit: Gan day, hydroxamic acid da thu hut duoc sy quan tdm dang ké vi kha ning wc ché nhiéu
loai enzyme chtra kim loai nhu metalloproteases, lipoxygenase, histone deacetylase va chdng lai cac
loai té bao ung thu. Chang han, nhu vorinostat, belinostat, givinostat, panobinostat 1a cac dan xuit caa
hydroxamic acid di dugc FDA Hoa Ky chap thuan sir dung diéu tri cc bénh ung thu khac nhau. Dya
trén khung suon la N-hydroxycinnamamide va N-hydroxybenzamide, nghién ciu da mé ta qua trinh
tong hop céac dan xuat N-hydroxycinnamamide va N-hydroxybenzamide mang lién két amide, cac hop
chat nay c6 kha ning dinh huéng trc ché enzyme histone deacetylase (HDAC). C4u trlic caa cac hop
chat dugc xé4c dinh thong qua phé nghiém hién dai NMR. Céc hop chit sau d6 dwoc docking phan tu
dinh huéng e ché enzyme HDACS, két qua ban diu cho thiy cac hop chat lién két chat ch& véi ion
k&m va cac amino acid quan trong tai trung tm hoat dong. Nhirng két qua ndy cho thdy cac din xuét
N-hydroxycinnamamide va N-hydroxybenzamide da tong hop la muc tiéu phan tir tiém ning trong
tuong lai cho diéu tri nhiu loai bénh ung thu c6 biéu hién bai cac enzyme HDAC.

Tw khoa: Docking phan tir, histone deacetylase, N-hydroxybenzamide, N-hydroxycinnamamide,

ung thu.

1. Mé dau

Hydroxamic acid 12 mot nhém chac dé
dang tao phuac chelate véi cac ion kim loai
(Hinh 1A), c6 thé dugc sir dung dé thiét ké céac
hop chit wc ché manh mé cac loai
metalloenzyme, g6p phan diéu tri cac loai bénh
khéc nhau [1]. Céc hop chat chira nhém chuc
hydroxamic acid déu cho thay nhiéu tiém ning
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vé hoat tinh sinh hoc, dic biét cac hop chat
mang ciu tric  N-hydroxycinnamamide
(Hinh 1B) va N-hydroxybenzamide (Hinh 1C)
¢6 hiéu qua chéng lai mot sé dong té bao ung
thu va kha ning khang mot sb dong vi khuan
[2-6]. Hién nay, diéu tri ung thu 1a sy phdi hop
boi nhidu phuong phap: phiu thuat, hoa tri, xa
tri, chdm soc giam nhe tri¢u ching, dinh dudng,
tam ly x4 hoi,... Co thé noi, nhitng nam gan day
cac phuong phap diéu tri tan tién, ky thuat va
thudc mdi trong diéu tri ung thu duoc nghién
ctru va tién bd vuot bac. Hoa trj liéu chéng lai
ung thu theo truyén thdng bao gom viéc sir
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dung cac tic nhan giy doc té bao nhu chat
chdng chuyén hoéa hodc thuéc nhim muc tiéu
DNA, tit ca déu bi giét chét mot cach thiéu
chon loc cac té bao binh thuong ciing nhu cac
té bao khdi u. Do d6, nhirng tic nhan nay gay ra
cac tac dung phu nghiém trong nén thuong giai
han vé lidu luong. Hau hét cac loai thudc nhu
vay cling khong hiéu qua hoac hiéu qua kém
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Hinh 1. Hydroxamic acid: (a) Ba dang dong phan cua hydroxamic acid va cau tric phoi tri voi kim loai
cua Z-hydroxamic acid; (b) Cau tric N-hydroxycinnamamide; (c) Cau tric N-hydroxybenzamide; (d) Céc loai
thuoe dugc FDA chap thudn; (e) Dan xuat N-hydroxycinnamamide va N-hydroxybenzamide mang don vi amide.

Histone deacetylase (HDAC) la muc tiéu
day htra hen cho cac can thiép trj liéu, nham sira
ddi cac trang thai biéu sinh bat thuong lién quan
dén ung thu, tiéu duong va cac bénh khéc &
ngudi [7, 8]. Su can bing cua qua trinh acetyl
hoa histone dugc duy tri boi hai loai enzyme,
HAT (histone acetyltransferase) va HDAC [9].
Enzyme HAT xUc tac cho viéc chuyén mot
nhom acetyl tur acetyl-CoA sang nhom e-NH;
cua du luong lysine trong protein [10], trong

khi d6 HDAC c6 tac dung dbi lap véi HAT.
HDAC x{c tac cho qua trinh deacetyl hoa nhom
e-N acetyl lysine amino acid ¢ phan dudi cua
histone, 1am dong xoén chromatin, do d6 tic ché
qué trinh phién ma [11]. Sy can bang gitta hoat
dong cua HAT va HDAC la diéu kién dé cac té
bao hoat dong binh thuong [11]. Cac chit uc
ché HDAC ngan chin sy phét trién cua té bao
va dan dén su biét hoa va qua trinh chét rung
trong té bao khdi u. Thiét ké thude 1a mot trong
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nhitng linh vuc m&i n6i va quan trong dé kham
pha thubc. Cac chat tc ché HDAC c6 thé duoc
chia thanh nhiéu nhém cau tric bao gom
hydroxamic acid, cyclic peptide, aliphatic
carboxylic acid va benzamide. Trong d6, nhom
chat hydroxamic acid dugc nghién ctru va quan
tdm nhiéu nhat. Cho dén nay, c6 nam chat tc
ché HDAC nhém hydroxamic acid tiéu biéu da
dugc cac co quan FDA ¢ mét sé nudc chap thuan
cho diéu tri cac bénh lién quan dén ung thu nhu
vorinostat, belinostat, givinostat, panobinostat va
romidepsine (Hinh 1D) [11-16].

Gan déy, cac nghién ciru vé mdi quan hé
gilia cau trdc - hoat dong cua cac chat uc ché
HDAC cho thay rang cac hop chat hydroxamic
acid cu thé 1a cau trdc N-hydroxycinnamamide
6n dinh hon cac chat tuong ty chudi mach
thang caa hydroxamic acid cho hoat tinh phd
rong hon [17]. Da c6 nhiéu cdng bd vé céc hop
chat c¢6 ciu tric N- -hydroxycinnamamide va
N-hydroxybenzamide cho kha ning tc ché hiéu
qua enzyme HDAC, dic biét 1a kha nang wrc ché
chon loc HDAC. Cu thé, nghién ctru phat trién
cac chat wc ché pan-HDAC dwa trén
N-hydroxycinnamamide chira indole cho thay
tiém ning vuot tréi hon so véi vorinostat trén
cac thtr nghiém in vitro va in vivo [2]. Nghién
ciu cac hop chat N-hydroxybenzamide mang
cac nhom thé ky nudc phan nhanh cho thay
hoat tinh sinh hoc manh d6i voi mot s6 dong té
bao ung thu va hiéu qua wc ché chon loc giita
cac loai HDAC nhom I va Il [3]. Gan day, mot
s6 dan xuat N- -hydroxybenzamide duoc téng
hop biang cach bién d6i tr ciu tric cua
trichostatin A mang lai hiéu qua cao trong viéc
tc ché chon loc kép HDACG6/HDACS [4].
Ngoai ra, mot loat cac hop chit uc ché
chon loc kép HDAC1/HDAC3 c6 ciu tric
N-hydroxycinnamamide ciing da duoc cong b,
hiéu qua day hta hen cua cac hop chét ciing da
dugc ching minh bang thir nghiém khang cac
khdi u trong mé hinh chudt xenograft [5]. Bac
biét gin day, mot loat cac dan xuait cua
N-hydroxycinnamamide dwa trén ciu tric cua
belinostat da dugc chlng tdi tong hop cho thay
hiéu qua manh mg, kha nang hiép dong chong
lai su ting sinh cia dong té bao da u tuy, va ac
ché HDAC manh mé& [18]. Trong mot nghién

ctru khac, chung toi cling da cd gang thiét ké
mot loat cac dan xuat cho kha ning wGc ché
chon loc enzyme HDAC6 st dung
2-mercaptoquinazolinone lam nhém nhan dién
bé mat [19]. Tiép ndi cac két qua nghién ciu
trén, trong nghién ctru lan nay chung t6i da thiét
ké va téng hop mét sé cac hop chat dua trén
N-hydroxycinnamamide va m¢é rong thém mot
vai hop chat N-hydroxybenzamide mang céac
don vi lién két amide (Hinh 1e) nham b sung
vao kho dir liéu cac hop chit cd kha ning tc
ché HDAC tiém ning.

2. Phuwong phap nghién cuu
2.1. Nguyén liéu va thiét b;

Nguyén liéu: Céc hoa chit va dung méi st
dung c6 nguén gdc tir Merck, Nhat Ban, An D9,
Trung Qudc va Viét Nam. Cac dung moi ethyl
acetate (EtOAc), n-hexane (Hex) c6 nguon goc
tir Trung Qudc va Viét Nam duoc tinh ché bang
cach chung ct phan doan tai nhiét do soi cta
ting dung méi trude khi sir dung. Cac hoa chat
co nguén géc tir Merck, Nhat Ban va An Do
duogc st dung tryc tiép.

Séic ky ban mong st dung ban nhom silica
gel 60 Fass trang san do day 0,2 mm (Merck).

Thiét bi: phé NMR duogc do trén may cong
huong tor hat nhan Bruker Avance 400 NMR
Spetrometer (d6 dich chuyén héa hoc J dugc tinh
theo ppm, hang sd twong tac J tinh bang Hz) tai
Han Qudc. Ngoai ra, mot s6 phd NMR duoc do
trén may trén may cong hudng tir hat nhan Bruker
Avance 300 NMR Spetrometer tai Dai Loan.

2.2. Phuong phap nghién ciru

Nghién ctu tién hanh tong hop cac
din  xuit  N-hydroxycinnamamide  va
N-hydroxybenzamide theo hai quy trinh duoc
trinh bay trong Hinh 2 va Hinh 3.

2.2.1. Tong hop (E)-m-nitrocinnamic acid (2)

Cho malonic acid (1,04 g, 10 mmol) vao
binh cau 100 mL, thém vao 3 mL pyridine va
lic déu. Sau d6, thém tiép 3-nitrobenzldehyde
(1,51 g, 10 mmol), dun hoan luu ¢ nhiét do
110 °C, trong vong 2 gio.

Sau khi phan ung két thdc, trung hoa acid
du bang NaOH b&o hoa, acid hoa lai biang HCI
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1N, c6 két taa trang min xuat hién. Lam lanh va
loc lay két tua, sy kho. Thu duoc san pham (2)
dang bot min c6 mau tring (1,83 g, hiéu suat
95,0%). Hop chat duoc st dung truc tiép cho
budc tiép theo ma khong can tinh ché bing
sic ky cot silica gel. Dir liéu pho: 'H-NMR
(400 MHz, DMSO-ds, 6 ppm): 12,56 (s, 1H,
_COOH), 846 (s, 1H, >CH-), 8,19 (d, J = 8,0
Hz, 1H, >CH-), 8,12 (d, J= 7,6 Hz, 1H, >CH-),
7,68 (d, J = 16,4 Hz, 1H, =CH-), 7,66 (t, J = 8,0
Hz, 1H >CH-), 6,69 (d, J = 16,0 Hz, 1H, =CH-).

222. Tong hop methyl  (E)-m-
nitrocinnamate (3)

San pham 2 (10 mmol, 1,93 g) va 40 mL
CH3sOH dugc thém vao binh cau 100 mL, sau
d6 thém ba giot H,SO4 dam dac. Hon hop duoc
dun hoan Iuu & nhiét d6 80 °C. Sau 4 gio ha
nhiét d6 xudng nhiét do phong va dé yén phan
ng. Sau 24 gio, thu duoc két tua trang, cd quay
dudi b6t dung mai, trung hoa bing NaHCO;
10%. Két tua trang xuat hién, tién hanh loc két
tia, rira tha voi 100 mL Hz0O thu dugc chat ran
3 mau tring (1,86 g, hiéu suit 90 ,0%). Hop chat
duoc st dung truc tlep cho busc tiép theo ma
khéng can tinh ché bang sic ky cot silica gel. Dit
licu phd: *H-NMR (300 MHz, CDCls, 6 ppm):
8,37 (d, J = 1,8 Hz, 1H, >CH-), 8,24 (dd, J; = 2,1
Hz, J, = 8,4 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, <OCHs).

223. Tong hop  methyl
aminocinnamate (4)

Hoa tan 3 (2,07 g, 10 mmol) va SnCl,.2H,0
(7,90 g, 35 mmol) vao 300 mL EtOH khan
trong binh cau 500 mL. Pun héi lwu hdn hop &
nhiét d6 90 °C. Sau 3 gio, theo ddi phan tng
bang TLC dén khi khéng con xuit hién 3,
ngung phan tng, dé ngudi, trung hod bing
Na,CO;z bdo hoa, hdn hop duoc chiét voi
EtOAc, c¢6 dudi dung méi thu dugc san pham la
dang dau mau vang, dé yén san pham qua dém
thu duoc chat ran mau vang, két tinh san pham
biang ethanol lanh thu duoc chit rin mau vang
nhat 1,66 g. Hop chit dwoc str dung truc tiép
cho budc tiép theo ma khéng can tinh ché bang
sac ky cot silica gel. Hiéu suat 93,5%. Dir liéu

(E)-m-

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-)
6,83-6,81 (m, 1H, >CH-), 6,68-6,72 (m, 1H,
>CH-), 6.37 (d, J = 15,9 Hz, 1H, =CH-), 3,79
(s, 1H, ~CHz), 3,73 (5, 2H, ~NH,).

2.2.4. Tong hop hop chat co linker la
cinnamoyl (6¢, 6f)

Hop chat 4 (850 mg, 5 mmol) duoc khudy
trong hdn hop 3 mL DMF va K,CO; (1.38 g,
10 mmol), thém tir tir 5 (5 mmol) vao hén hop
trén, phan ung dugc khudy ¢ nhiét do phong
trong 30 phdt. Két thic phan tng, thém nudc,
trung hoa bang HCI IN thu duoc két tua, rira
tua nhiéu lan bang nuéc va dung dich NaHCO3
5% lanh. Hoa tan chat rin trong Ea va tién hanh
két tinh phan doan lai san pham.

Hop chat 6¢: chat rin mau vang, 482 mg.
Hiéu suit 31,1%.

Hop chit 6f: chat rin mau vang, 428 mg.
Hiéu suat 28,0%.

2.2.5. Tong hop hop chat c6 linker 1a
benzoyl (9a-c, 9f)

Hop chét 8 (1,65 mg, 10 mmol) duoc khudy
trong hén hop 5 mL dung dich K,COs b&o hoa,
sau d6 thém tir tir 6 (10 mmol) vao hdn hop
trén, phan ung dugc khudy ¢ nhiét do phong
trong khoang 45 phat. Két thic phan tng, thu
duoc két tua tring, rira tua nhidu lan bang nuéc
lanh. Hoa tan chit ran trong EtOAC va tién hanh
két tinh phan doan lai san pham.

Hop chit 9a: chat rin mau tring, 695 mg.
Hiéu suit 26,0%.

Hop chat 9b: chat rin mau trang, 840 mg.
Hiéu suat 28,1%.

Hop chit 9c: chét rin mau tring, 895 mg.
Hiéu suat 30,0%.

Hop chat 9f: chit ran mau vang nhat, 746
mg. Hiéu suét 25,3%.

2.2.6. Tong hop cac dan xuat hydroxamic
acid 7c, 7f, 10a-c va 10f

Hoa tan (2,0 g, 35 mmol) KOH va (2,4 g,
35 mmol) NH,OH.HCI trong 15 mL EtOH.
Hon hop KOH (337 mg, 6 mmol) va amide
(6 va 9) (0,2 mmol) trong 5 mL EtOH khan,
duoc thém vao tuong tng va khudy & nhiét do
phong. Sau 1 gio, trung hod hdn hop bang dung
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dich HC1 2N. Bé yén hdn hop & nhiét do phong,
sau 24 gio xuat hién két taa, thu 13y két tua. Két
tinh lai san pham trong EtOAC.

Hop chét 7c: (E)-N-(3-(3-(hydroxyamino)-
3-oxoprop-1-en-1-yl)phenyl)-3-
methoxybenzamide: chat rin mau trang, 25 mg.
Hiéu suat: 40.5%. Dir lieu phé: H-NMR
(400 MHz, DMSO-ds, ¢ ppm): 10,79 (s, 1H,
—OH), 10,27 (s, 1H, >NH), 9,03 (s, 1H, >NH),
8,08 (s, 1H, >CH-), 7,71 (d, J = 8,0 Hz, 1H,
>CH-), 7,71 (d, J = 8,0 Hz, 1H, >CH-), 7,54-
7,36 (m, 5H, 5>CH-), 7,27 (d, J = 7,2 Hz, 1H,
>CH-), 7,15 (d, J = 8,0 Hz, 1H, >CH-), 6,45
(d, J = 16,0 Hz, 1H, =CH-), 3,83 (s, 3H,
-OMe). ®C-NMR (100 MHz, DMSO-ds,
6 ppm):. 165,9, 163,1, 159,7, 140,1, 1388,
136,7, 135,7, 130,1, 129,7, 124,1, 122,0, 120,3,
119,7, 118,9, 117,9, 113,4, 55,8. HR-ESI-MS
m/z 282,1005 [M+H]*, tinh toan cho
C16H14N205 12 282,1004.

Hop chat 7f: (E)-3-(3-
cinnamamidophenyl)-N-hydroxyacrylamide.
Chat rdn mau tring, 16 mg. Hiéu suit: 25,6%. Dit
liéu phé: H-NMR (400 MHz, DMSO-ds, & ppm):
10,80 (s, 1H, —OH), 10,32 (s, 1H, >NH), 9,04
(s, 1H, >NH), 7,99 (s, 1H, >CH-), 7,64-7,57
(m, 4H, 4>CH-), 7,46-7,35 (m, 5H, 5>CH-),
7,25 (d, J =7,2 Hz, 1H, >CH, 6,86 (d, J = 15,6
Hz, 1H, =CH-), 6,45 (d, J = 15,6 Hz, 1H, =CH-).
BC-NMR (100 MHz, DMSO, & ppm): 164,2,
140,9, 140,3, 138,8, 138,7, 135,2, 135,2, 130,3,
129,9, 128,2, 122,6, 119,8 [20].

Hop chat  10a:  4-benzamido-N-
hydroxybenzamide. Chat ran mau trang, 20 mg.
Hiéu suat: 40.5%. Dit liéu pho: *H-NMR (400
MHz, DMSO-ds, 6 ppm): 11,10 (s, 1H, —OH),
10,40 (s, 1H, >NH), 8,92 (s, 1H, >NH), 7,94 (d,
J =176 Hz, 2H, 2>CH-), 7,83 (d, J = 8,4 Hz,
2H, 2>CH-), 7,73 (d, J = 8,8 Hz, 2H, >CH-),
7,59 (t, J=7,0Hz, 1H, >CH-), 7,52 (t, J = 7,4
Hz, 2H, 2>CH-). *C-NMR (100 MHz, DMSO-
de, 0 ppm): 166,3, 142,2, 135,2, 132,2, 128,9,
128,2,128,1, 128,0, 120,0 [21].

Hop chat 10b: N-(4-
(hydroxycarbamoyl)phenyl)-2-methoxybenzamide.
Chat ran mau tring, 24 mg. Hiéu suat: 42,3%.

Dit liu phd: *H-NMR (400 MHz, DMSO-ds,
S ppm): 11,10 (s, 1H, —OH), 10,28 (s, 1H,
>NH), 8,92 (s, 1H, >NH), 7,78 (d, J= 8,4 Hz,
2H, 2>CH-), 7,72 (d, J= 8,4 Hz, 2H, 2>CH-),
7,62 (d, J= 7,6 Hz, 1H, >CH-), 7,50 (t, J= 7,8
Hz, 1H, >CH-), 7,17 (d, J= 8,4 Hz, 1H,
>CH-), 7,05 (t, J= 7,4 Hz, 1H, >CH-), 3,88 (s,
3H, —OMe). C-NMR (100 MHz, DMSO-ds,
5 ppm): 1653, 164,4, 1569, 142,0, 1327,
130,1, 128,1, 127,9, 125,2, 120,9, 129,4, 1125,
56,4. HR-ESI-MS m/z 286,0958 [M+H]*, tinh
toan cho C15H14N204 la 286,0954

Hop chat 10c: N-(4-
(hydroxycarbamoyl)phenyl)-3-
methoxybenzamide. Chét ran mau tring, 18 mg.
Hiéu suét: 30,6%. Dit liéu pho: 'H-NMR (400
MHz, DMSO-ds, 6 ppm): 11,11 (s, 1H, —OH),
10,40 (s, 1H, >NH), 10,22 (s, 1H, >NH), 7,83
(d, J = 8,8 Hz, 2H, 2>CH-), 7,74 (d, J = 8,4
Hz, 2H, 2>CH-), 7,53 (d, J = 7,6 Hz, 1H,
>CH-), 7,48 (s, 1H, >CH-), 7,44 (t, J = 7,8 Hz,
1H, >CH-), 7,15 (dd, J: = 2,4 Hz, J,= 8,0 Hz,
1H, >CH-), 3,83 (s, 3H, —-OMe). ¥C-NMR
(100 MHz, DMSO-ds, 6 ppm): 165,9, 159,6,
142,1, 136,5, 130,1, 127,9, 120,4, 120,1, 117,9,
113,4, 55,8. HR-ESI-MS m/z 286,0954
[M+H]*, tinh toan cho CisH14N204 14 286,0954.

Hop chat 10f:  4-cinnamamido-N-
hydroxybenzamide. Chat ran mau vang, 25 mg.
Hiéu suét: 36,0%. Dit liéu pho: 'H-NMR (400
MHz, AcOH, & ppm): 11,10 (s, 1H, —OH),
10,41 (s, 1H, >NH), 8,93 (s, 1H, >NH), 7,77-
7,75 (m, 4H, 4>CH-), 7,64-7,60 (m, 3H,
3>CH-), 7,47-7,39 (m, 3H, 3>CH-), 6,84 (d, J
= 15,6 Hz, 1H, =CH-). C-NMR (100 MHz,
DMSO-ds, & ppm): 164,4, 164,2, 142,2, 1411,
135,1, 130,4, 129,5, 128,3, 127,9, 122,5, 119,0.
HR-ESI-MS m/z 282,1005 [M+H]*, tinh toan
cho C16H14N203 la 282,1004. Nghlén ciu da
tong hop thanh cong séau dan xuét hydroxamic
acid dpya trén nén ciu tric cua
N-hydroxycinnamamide  (Hinh 2) va
N-hydroxybenzamide (Hinh 3). Hai quy trinh
tong hop cac dan xuét lan luot gom 5 budc va 2
budc twong ddi don gian, tac chat khoi dau gan
giii, dé tim, pht hop véi quy md phong thi
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ng’hiém hién dai, Két qua duoc giai doan cho
thay phu hop véi cau triic nhu da dugc du doan

dugc xac dinh biang cac phwong phap phd ban dau.
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Hinh 2. Quy trinh téng hop cac dan xuét dan xuét hydroxamic acid trén nén cdu tric N-hydroxycinnamamide.
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Hinh 3. Quy trinh tng hop dan xuat hydroxamic acid trén nén cau tric N-hydroxybenzamide.

Cu thé dix liéu phd tat ca cac hop chit déu cho
thdy c6 su hién dién caa hai peak tin hiéu singlet
riéng 1é voi cuong do tich phan bang 1 tai ving tir
truong thap véi do dich chuyén hoa hoc tir 10,80-
11,10 ppm (-OH ) va 8,93-10,22 ppm (>NH) dac
trung cho cac proton cta nhoém chac
hydroxamic acid. Ngoai ra, trén dir liéu pho
3C-NMR con cho thdy xuat hién ciia mot peak tin
hiéu tng véi 1C tai ving tir truong thip co do
dich chuyén hoad hoc khoang 164,2-165,5 ppm

dac trung cho C cua nhém carbonyl (C=0) trén
nhom hydroxamic acid. Tir d6 khang dinh tat ca
cac hop chat déu chira mot nhom hydroxamic
acid trong ciu tric. Céc din xuat cd chua lién
két doi cua cinnamoyl trén phé H-NMR déu
cho thiy c6 sy hién dién cua cong hudng tir tai
vi tri khoang 6,45-6,80 ppm Vi gla tri tich
phan bang 1 va hang sé ghép cap bang khoang
16,0 Hz dédc trung cho cac proton dang E trén
lien két doi C=C cua cau trdc cua cinnamoyl.
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Céc dan xuit mang nhém thé methoxy tri tich phan bang 3, tai ving tir truong cao cé
(-OMe) @déu cbd su xuat hién cua cac cong do dich chuyén hoa hoc tir 3,83-3,88 ppm dugc

huong tir trén phd NMR; tin hiéu singlet véi gia quy két cho cac proton trén nhém methoxy
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(ph6 'H-NMR) va trén pho BC-NMR tai viing
tur trueong cao c¢d su hién dién cua tin hiéu cong
hudng tir tai vi tri 55,8-56,4 ppm dugc quy két
cho carbon cua nhom methoxy. Céc tin hiéu
cong hudng trén hai vong phenyl cling duogc
quan séat thay trén phd do c6 do dich chuyén
khoang 7,00 ppm dén khoang 9,00 ppm. Hinh 4
va Hinh 5 md ta céc tin hiéu cong huong tu dac
trung cua hai hop chat dai dién 7c va 10c, cac
hop chit con lai déu c6 dir liéu phd tuwong tu.
Tir d6 gitp khang dinh cac hop chat da duoc
tong hop thanh céng va cac cau tric phu hop
nhu dinh huéng cho cac hop chat hydroxamic
ban dau.

Cac dan xuat dugc docking vao enzyme
HDAC6 (5GOH) (cau tric duoc Iy tir co so dir
liéu Protein data bank https://www.rcsb.org/),
diéu nay gitip dinh hudng sang loc kha ning trc
ché enzyme HDAC cua cac dan xuat. Két qua
cho thiy tat ca cac hop chat déu tham gia tuong
tac v6i mot sb amino acid quan trong va tao
phtrc vé4i ion Zn?* tai tam hoat dong cua enzyme

85

(Bang 1). Céc két qua nay cho thiy c6 su tuong
ddng voi mé hinh docking phan tu trén HDAC6
(5EEN) da dugc chung toi cong b trude day
[18], trong cong bd d6, cac dan xuét twong tu
belinostat d3 dwoc gin vao trung tdm hoat dong
HDAC6 va kha ning tc ché di duoc kiém
chang lai bang cac mé hinh in vitro. Ngoai ra
két qua ciing cho thay c6 sy twong dong véi md
hinh gin két véi HDAC6 (5EEI) khac cua
ching toi vé cac hop chat wc ché chon loc
HDACS, cac két qua da duoc kiém ching théng
qua cac md hinh ly thuyét va thuc nghiém [19].
Pic biét trong nghién ctu nay, dan xuat 7f
duoc du doan 1a c6 tiém ning ic ché HDAC6
tét nhat trong sé cac hop chat tong hop duoc
Vi muac nang lugng dugc du doan thap nhat
(-8,2 kcal/mol) (Hinh 6). Tuy nhién mc chénh
léch nang lugng giira cac dan xuit khong dang
ké vi vay can c6 nhitng danh gia chi tiét hon
bang thuc nghiém trén cac md hinh in vitro va
in vivo trong tuong lai dé danh gia hoat tinh cua
c4c dan xuat mot cach chinh xac hon.

HIS573

PHE583

HIS574

Hinh 6. Dan xuét 7f twong tac véi HDACS tai vi tri hoat dong (ion Zn?* duoc biéu dién bing qua cdu mau xam).
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Bang 1. Két qua docking cac dan xuat tai trung tim hoat dong cia HDAC6

Ligand g)i?lg(:(lzqa:}%]ilir) Cac amino acid twong tac tai trung tm hoat dong
7c -8,12 His573, His614, Phe643, Phe583, Ser531, Leu712, Pro464, Gly582
7f -8,20 His573, His574, Asp612, Phe583, Phe643, Phe614, Pro464, His463
10a 1,72 His573, His574, Asp612, Phe583, Phe642, Leu712, His614
10b -7,49 His574, His614, Tyr745, Phe643, Phe583, Ser531, Pro464, Leu712
10c -7,99 Asp612, Gly582, Phe583, Phe643, His614, Leu712, Phe642
10f -7,78 Leu712, His614, Phe583, Phe643, Asp612, His573
Belinostat -8,75 Tyr745, His574, Phe643, His614, Phe583, Leu712

Ghi chu: cac twong tic c6 amino acid gidng véi su twong tac clia belinostat thi dwoc in dam.

3. Két luan

Nghién cou da tong hop sau dan
Xuat hydroxamic acid dua trén
N-hydroxycinnamamide va N-hydroxybenzamide
vé6i don vi lién két 1a amide, dinh huéng cho Gc
ché HDAC. Trong d6, 4 hop chit (7c, 10b, 10c
va 10f) la cac hop chat mai, lan dau tién duoc
tong hop va céng bd dir lieu. Nghién cau
docking céc dan xuit vao enzyme HDAC6 da
cho thay cac dan xuat déu cé kha ning tuong
tac vao trung tm hoat dong, tuy nhién can phai
danh gia thém cac thr nghiém in vitro va
in vivo dé gop phan bé trg cho két qua dang tin
cay hon.

Loi cam on
Céc tac gia chan thanh cam on Truong Pai

hoc Céan Tho d3 hd tro co s& vat chat cho cac
thi nghiém trong nghién cau nay.
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