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SUMMARY

Five new benzamide derivatives (4a-e), designed based on the structural features of nexturastat A
and belinostat, were synthesized. Biological evaluation showed that these hydroxamic acids were
generally cytotoxic against three human cancer cell lines (SW620, colon; PC-3, prostate; NCI-H23, lung
cancer). Of these, the compound 4b — substituted by a Cl at the ortho-position of benzamid in structure
were the most potent, both in the HDAC inhibition and cytotoxicity, displaying a cytotoxicity up to
3-fold as potent as that of SAHA (suberoylanilide hydroxamic acid, vorinostat). Also, these compounds

comparably inhibited HDACs with IC50 values in sub-micromolar range.
Tor khéa: Uc ché histone deacetylase, HDAC, acid hydroxamic, N-hydroxybenzamide,

N-hydroxycinnamamid

Dat véan deé

Trong qua trinh tim kiém céc chat co tac
dung ngan can su phat trién cda té bao ung thu,
nhém nghién ctiu bo mdén Hoéa Dugc, Truong
Pai hoc Dugc Ha No6i da thiét ké, tong hop dugc
mot s6 dan chat cla acid hydroxamic va
benzamid mang nhan thom khac nhau véi dich
tac dung la HDAC, nhédm enzym xuc tac cho qua
trinh tach nhém acetyl tU cac protein histon [3],
[4]. Phét trién theo hudng nay, ching téi tiép
tuc tong hop dugc mét s dan chat cda
benzamid két hop vai cac nhan thom co6 cau
trac két hgp gilta nexturastat A va belinostat.
No6i dung duéi day cong bo mot phan céac két
qua nghién clu nay.

Nguyén liéu va phuong pheap nghién cov

Dung méi, héa chdt va thiét bi

Cac hoa chat, dung moi dugc nhap tur cong
ty Merck hodc Sigma-Aldrich dugc st dung truc

ti€p khong tinh ché thém. Nhiét dé néng chay
dugc do bang may Gallenkamp Melting Point
Apparatus (Anh). Sac ky I6p mong st dung ban
mong nhéom trang sén silicagel GF-254. Phé
hong ngoai dugc ghi bang may GX-Perkin-
Elmer (My). Phé cdng hudng tir hat nhan dugc
ghi bang may Bruker AV-500 vGi DMSO-d6 lam
dung moi. Phé khéi lugng dugc ghi bang may
do khéi phé PE Biosystems API2000 (Perkin
Elmer, My) va Mariner® (Azco Biotech, My).

Cac enzym HDAC (chiét tir té bao Hela) dugc
mua cla Enzo Life Sciences Inc. (My). Cac dong
té bao th& nghiém dugc mua ti Ngan hang Té
bao Ung thu cta Vién nghién ctiu khoa hoc sinh
hoc va céng nghé Han Quéc (KRIBB). Méi trudng
nudi cdy va cac hoa chat dé thu tac dung sinh
hoc khac dugc mua ctia GIBCO Co. Itd. (My).

Phuong phdp nghién ciru

Téng hop héa hoc
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Cac N-hydroxypropenamid dugc téng hop theo so d6 hinh 1.
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Hinh 1. So dé téng hop cdc dan chdt benzamid (4a-e)

Xdc dinh cdu trac

S dung cac phuong phap phé bao gom:
Phé héng ngoai (IR), phé khéi (MS), phé cong
hudng tur hat nhan ("H-NMR, *C-NMR).

Thar hoat tinh khdng té bao ung thu in vitro

Thi hoat tinh khang té bao ung thu in vitro
dugc thuc hién tai Khoa Dugc, Trudng Pai hoc
Chungbuk, Chonju, Han Quéc trén 3 dong té
bao ung thu ngudi la SW620 (ung thu dai trang),
PC3 (ung thu tuyén tién liét) va NCI-H23 (ung
thu phéi) bang phuong phap do mau cai tién
[5]. ICso dugc tinh theo phuang phap Probits [6]
va lay két qua trung binh ctia 3 1an thuc nghiém
doc [ap (SD < 10 %). LogP dugc xac dinh dua
trén phan mém KowWin 10.0.

Thur tdc dung tc ché enzym HDAC

Thit tdc dung Uc ché enzym HDAC trén hon
hop HDAC téng tach tu té€ bao Hela dugc thuc
hién tai Khoa Dugc, Trudng Dai hoc Chungbulk,
Chonju, Han Quéc va Vién nghién ctu sinh hoc
va cong nghé sinh hoc Han Quéc (KRIBB). Dinh
lugng enzym dugc thuc hién bang phuong
phap huynh quang véi bé Fluorogenic HDAC
Assay Kit (Enzo Life Sciences Inc.) theo hudng
dan cia nha san xuat. Tac dung Uc ché HDAC
cUa cac dan chat dugc tinh bang phan mém
GraphPad Prism (My) [2].

Két qua nghién cou va ban luéan

Téng hop héa hoc

Khudy dung dich 4-aminophenol (1)

(1 mmol) va 5 mL pyridin trong 10 phut r6i thém
mot lugng du benzoyl clorid (2,2 mmol) vao hon
hagp. Gia nhiét va gitthon hop 60 °C cho dén khi
phan Ung xay ra hoan toan (khodng 5 gi0), sau
dé lam lanh réi chuyén vao 10 mL nudc. Diéu
chinh ti t pH dén 11 bang dung dich natri
hydroxyd 50 % va khudy & nhiét d6 phong trong
khoang 30 phdut, sau d6 diéu chinh pH dén 7
bang dung dich acid hydrocloric 5 %. Loc va say
kho tda (dan chat 2a-e tho) roi hoa tan vao 5 mL
dimethylformamid (DMF). Thém 165,5 mg kali
carbonat (1,2 mmol), khudy & 80 °C trong vong 1
gio, sau do6 thém 8,3 mg kali iodid (0,05 mmol),
khudy tiép 15 phat nira réi thém ti tir methyl 4-
bromomethylcinnamat (1 mmol trong 0,5 mL
DMF). Tiép tuc khudy & 80 °C trong 3 gid, sau do
chuyén toan bd hon hgp vao 10 mL nudc da. Tua
tao thanh (chat trung gian tuong Ung 3a-e tho)
duac loc, rifa bang nuéc va say kho roi hoa tan
vao 5 mL hon hgp methanol-tetrahydrofuran
(1:1). Thém 685 mg hydroxylamin hydroclorid (10
mmol), réi tiép tuc thém tu tir dung dich natri
hydroxyd (400 mg trong 1 mL nudc). Khudy hon
hop & nhiét d6 phong cho dén khi phan ting xay
ra hoan toan (khodng 1-2 gid, kiém tra bang sac
ki 16p mong), sau dé chuyén toan bd hén hop
vao khoang 10 mL nuéc d3, diéu chinh dén pH ~
7 bang dung dich acid hydrocloric 5 %. Loc tua
va két tinh lai trong methanol thu duoc san pham
mong muén 4a-e.
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Nhu vay, tuong tu nhu véi cac dan chat
benzamid khac, cac dan chat 4a-e da duoc téng
hop qua 3 budc theo so d6 hinh 1. Budc dau
tién 4-aminophenol (1) phan ting véi mot luong
du cac benzoyl clorid khac nhau trong pyridin,
sau dé thay phan chiic ester dé giai phéng
nhom chiic phenol trong méi trudng kiém dé
thu dugc cac dan chat amidophenol trung gian
2a-e. Budc 2 la phan Ung thé ai nhan gila
amidophenol trung gian 2a-e va methyl 4-
bromomethylcinnamat trong DMF & moi
truong kiém kali carbonat véi xdc tac kali iodid
dé tao cac ester trung gian 3a-e. Budc cudi cling
la phan Ung thé ai nhan cda hydroxylamin
hydroclorid vao ester 3a-e trong mdi trudng
kiém tao cac acid hydroxamic 4a-e mong muén
vGi hiéu suat khong cao l1am (65-73 %).

C4u truc ctia cac chat téng hap dugc 4a-e da
dugc khang dinh trén co s& phan tich cac di
liéu phé IR, MS, 'H va 3C NMR.

(E)-N-(4-((4-(3-(hydroxyamino)-3-oxoprop-
1-en-1yl)benzyl)oxy)phenyl)benzamid (4a)

Chat rdn mau xam; Hiéu suat téng thé: 68 %,
t°nc: 209-210°C, Rr=0,43 (DCM : MeOH : AcOH =
90:5:1); IR (KBr, cm™): 3347 (NH); 3242 (OH);
3048 (CH, aren); 2789 (CH, CH2); 1647 (C=0);
1599, 1512 (C=C); '"H-NMR (500 MHz, DMSO-d6,
ppm): 8 10,15 (1H, s, OH), 7,95 (2H, dd, J = 7,50
Hz, J’=3,00 Hz, H-2, H-6), 7,72-7,67 (3H, m, H-2",
H-6", H-4), 7,61-7,45 (7H, m, H-3", H-3", H-5", H-3],
H-5, H-3,H-5), 7,02 (2H, d, J=9,00 Hz, H-2, H-6"),
6,55 (1H, dd,J= 16,00 Hz, J'= 3,00 Hz, H-2"), 5,13
(2H, s, H-7"a, H-7"b); 3C NMR (125 MHz, DMSO-
de6, ppm): & 168,07, 165,60, 154,94, 154,90,
143,96, 139,89, 139,04, 138,37, 135,49, 134,81,
134,20, 133,01, 131,86, 128,82, 128,76, 128,56,
128,44, 128,26, 128,03, 127,22, 122,43, 119,83,
119,70, 115,25, 69,44, 69,37; ESI-MS m/z: 389,0
[M+H]*

(E)-2-chloro-N-(4-((4-(3-(hydroxyamino)-3-
oxoprop-1-en-1-yl)benzyl)oxy)phenyl)-
benzamid (4b)

Chat rdn mau xam; Hiéu sudt téng thé: 72 %,
tnc: 214-215°C, Rr= 0,46 (DCM : MeOH : AcOH =
90 :5:1); IR (KBr, cm”): 3244 (OH); 3047 (CH,

N

aren); 2857 (CH, CHy); 1655 (C=0); 1695, 1510
(C=C); 'H-NMR (500 MHz, DMSO-d6, ppm): 6
10,37 (1H, s, OH), 7,64 (2H, d, J = 7,50 Hz, H-2",
H6"), 7,56 (3H, d, J=7,00 Hz, H-3) H-5} H-6), 7,52-
7,47 (4H, m, H-3", H-5", H-3, H-4), 7,42-7,34 (2H,
m, H-3", H-5), 7,01 (2H, d, J = 8,00 Hz, H-2, H-6),
6,55 (1H, m, H-2"), 5,12 (2H, s, H-7"a, H-7"b); 13C
NMR (125 MHz, DMSO-d6, ppm): & 164,96,
163,39, 155,00, 138,51, 137,58, 136,71, 135,29,
132,85, 131,44, 130,41, 130,09, 129,38, 128,53,
127,82, 127,70, 121,52, 120,98, 115,43, 69,50;
ESI-MS m/z: 423,0 [M+H]*

(E)-3-chloro-N-(4-((4-(3-(hydroxyamino)-3-
oxoprop-T1-en-1-yl)benzyl)oxy)phenyl)-
benzamid (4c)

Chat ran mau xam; Hiéu suat tong thé: 73 %,
tonc: 214-215°C, Ri= 0,47 (DCM : MeOH : AcOH =
90 :5:1); IR (KBr, cm): 3352 (NH); 3069 (CH,
aren); 2862 (CH, CH); 1649 (C=0); 1599, 1508
(C=C); 'H-NMR (500 MHz, DMSO-d6, ppm): 6
10,25 (1H, s, OH), 8,00 (1H, s, H-2), 7,91 (TH, d,
J=8,00 Hz, H-6), 7,68-7,65 (4H, m, H-2", H-6", H-
3,H-5"),7,59 (1H, d, J=8,50 Hz, H-4), 7,57 (1H, t,
J=28,00Hz, H-5), 7,49 (2H, d, J = 8,00 Hz, H-3", H-
5"),7,47 (1H,d, J=15,50 Hz, H-3"), 7,03 (2H, d, J
=9,00 Hz, H-2; H-6"), 6,48 (1H, d, J= 15,50 Hz, H-
2"),5,13 (2H, s, H-7"a, H-7"b); *CNMR (125 MHz,
DMSO-d6, ppm): &6 164,09, 155,13, 139,00,
138,34, 137,46, 134,82, 133,66, 132,68, 131,71,
130,86, 128,56, 128,44, 128,04, 127,77, 126,85,
122,48, 119,67, 115,29, 69,45; ESI-MS m/z: 423,0
[M+H]*

(E)-4-chloro-N-(4-((4-(3-(hydroxyamino)-3-
oxoprop-1-en-1-yl)benzyl)oxy)phenyl)-
benzamid (4d)

Chat rdn mau xam; Hiéu suat téng thé: 71 %,
tonc: 216-217 °C, Rr= 0,47 (DCM : MeOH : AcOH =
90:5:1); IR (KBr, cm™): 3347 (NH); 3229 (OH);
3019 (CH, aren); 2862 (CH, CH); 1645 (C=0);
1597, 1512 (C=C); '"H-NMR (500 MHz, DMSO-d6,
ppm): 510,21 (1H, s, OH), 7,98 (2H, d, J= 8,50 Hz,
H-2,H-6), 7,67 (2H, d, J=9,00 Hz, H-2", H-6"), 7,61
(2H,d, J=8,00 Hz, H-3, H-5'), 7,59 (2H,d, J=7,00
Hz, H-3, H-5), 7,49 (2H, d, /= 8,00 Hz, H-3", H-5"),
7,43 (1H, d, J= 15,50 Hz, H-3"), 7,02 (2H, d, J =
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9,00 Hz, H-2, H-6'), 6,48 (1H, d, J = 15,50 Hz, H-
2"),5,13 (2H, s, H-7"a, H-7"b); *CNMR (125 MHz,
DMSO-d6, ppm): & 164,48, 163,11, 162,79,
155,06, 139,01, 138,36, 136,69, 134,81, 134,17,
132,77, 130,00, 128,90, 128,56, 128,26, 128,04,
127,22, 122,48, 119,68, 115,27, 69,44; ESI-MS
m/z: 423,0 [M+H]*

(E)-4-methoxy-N-(4-((4-(3-(hydroxyamino)-
3-oxoprop-1-en-1-yl)benzyl)oxy)-
phenyl)benzamid (4e)

Chat rdn mau xam; Hiéu suat téng thé: 65 %,
tonc: 212-213°C, Rr= 0,44 (DCM : MeOH : AcOH =
90 :5:1); IR (KBr, cm): 3343 (NH); 3065 (CH,
aren); 2839 (CH, CH2); 1641 (C=0); 1605, 1510
(C=Q); "H-NMR (500 MHz, DMSO-d6, ppm): 6 9,99
(TH,s,OH), 7,95 (2H, d, J = 8,50 Hz, H-2, H-6), 7,71
(2H,d,J=8,00Hz, H-2",H-6"), 7,67 (2H,d, J=8,50
Hz, H-3, H-5'), 7,58 (1H, d, J = 16,50 Hz, H-3"),
7,49 (2H, d, J = 7,50 Hz, H-3", H-5"), 7,06 (2H, d,
J=28,50 Hz, H-3, H-5), 7,01 (2H, d, J = 9,00 Hz, H-
2,H-6'),6,55(1H, d, J= 16,00 Hz, H-2"), 5,14 (2H,
s, H-7"a, H-7"b), 3,84 (3H, s, 4-OCH3); *C NMR
(125 MHz, DMSO-d6, ppm): & 168,20, 164,99,
162,23, 154,76, 143,57, 139,80, 134,31, 133,18,

N

129,92, 128,94, 128,70, 128,55, 128,44, 128,03,
127,53, 122,39, 115,21, 114,03, 69,44, 69,38,
55,88; ESI-MS m/z: 419,0 [M+H]*

Trén ph6 'H NMR cua tat ca cac chat déu co
2 pic d6i v&i J kha 16n (khoang 16 Hz) & cac vi
tri dich chuyén khoang 7,5 va 6,5 ppm tucng
(ng vai cau hinh trans (E) ctia cdp proton 2 va
3 (hoan toan tuong tu nhu trong cau hinh cla
methyl 4-bromomethylcinnamat). Ca 5 chat
déu c6 1 pic don 2 proton & khoang 5,15 ppm
thé hién su c6 mat clla cac proton metylen
trong cdu trdc. G viing nhan thom tét ca cac
chat (4a-e) déu c6 4 pic do6i 2 proton cla cac
cap proton déi xing 2'-6', 3'-5/, 2"-6" va 3"-5".
Vi tri thé cda Cl va OCHs trén R cling tucong tu
duoc khang dinh dua trén cac pic khac tai
vung nhan thom (2 pic d6i 2 proton ching
thuc vi tri thé para; 1 pic don, 2 pic d6i, 1 pic
da xac nhan vi tri thé meta; 2 pic don, 2 pic da
cho biét vi tri thé ortho). Ngoai ra, cong thiic
phan t& cla cac chat thu dugc cliing dugc
khang dinh dua vao 1 pic phan t c6 s6 khéi
phu hop véi véi khéi lugng phan t ctia chat
du kién.

Bdng 1. Két qua thir tdc dung tric ché HDAC va ddc tinh té bao cta cdc chdt téng hop duoc

. o Doc tinh té bao
c(h?t R i Loge ¢ (?:(:g‘:fm (ICso,? pM)/Dong té bao®
SW620 PG NCI-H23
4a H 388,42 3,19 0,17+0,09 S 5 S
4b 2-( 422,86 3,84 0,50+0,15 0,52+0,08 0,59+0,07 0,37+0,01
4c 3-(l 422,86 3,84 0,63+0,17 o S 5
ad 4-( 422,86 3,84 1,210,59 >10 >10 6,03+0,94
de 4-0CH; 418,44 3,27 1,58+0,73 0,94+0,07 1,4620,14 0,79+0,08
SAHA* 264,32 1,44 0,15+0,04 1,19£0,12 1,0420,05 1,0120,04

'Tinh bdng phdn mém KowWin 10.0; 2Néng d6 (mM) chdt thir gdy giam 50 % hoat tinh enzym hodc su
phadt trién té bdo. S6 liéu la trung binh cta 3 Idn thuc nghiém; 3Dong té bao tha: SW620 (ung thu dai
trang); PC3 (ung thu tién liét tuyén); NCI-H23 (ung thu phéi); *SAHA, suberoylanilide hydroxamic acid,

chdt déi chiing duong tinh; SKhéng xdc dinh
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Két qua thirtdc dung u'c ché enzym HDAC va
déc tinh té bao

Sau khi da khang dinh cau truc, cac chat mai
téng hgp dugc thi tac dung tc ché hoat tinh
ca HDAC chiét tur té bao Hela va tac dung uc
ché su phét trién cta 3 dong té bao ung thu
nguaila SW620, PC3 va NCI-H23 véi chat ching
duong tinh la SAHA. Két qua dugc trinh bay
trong bang 1.

Két qua trén da cho thay cac chat tong hop
dugc déu co tac dung tic ché HDAC véi IC50 tur
0,17 uM dén 1,58 uM, tuy nhién déu yéu hon
SAHA (ICso = 0,15 uM). Ngoai 2 chat (4a, 4c)
khong thé tinh toan dugc doc tinh té bao do
do tan trong dung méi qua thap, doc tinh té
bao clia 2 trong 3 chat con lai déu manh hon
SAHA. Diéu d6 c6 thé mot phan la do kha nang
thdm qua mang cla cac chat nay tét hon, thé
hién & log P cao hon so vgi SAHA. Tuy nhién,
logP khéng phai la yéu t6 quyét dinh. Vi cling
mot gia tri logP tinh toan dugc, dan chat Cl thé
& vi tri ortho (4b) c6 ddc tinh té bao manh haon

N

4d - c6 Cl thé & vi tri para. Ngoai ra, ban chat
clia nhém thé ciing lam thay déi hoat tinh cla
chat. So sanh hoat tinh cla 4d va 4e c6 thé
nhan thay & cing mét vi tri, nhdm thé day dién
ti manh hon (OCH3 so véi Cl) sé cho dbc tinh
manh hon trén té bao ung thu. Day cliing la két
luan rat ra & mét s6 dan chat acid hydroxamic
khac[1].

Két lvan

Trong nghién ctu nay, chung téi da téng hop
dugc 5 dan chat méi ctia N-hydroxypropenamid
(4a-e) va th(r tdc dung Uc ché HDAC ciing nhu
doc tinh té bao trén cac dong té bao ung thu
ngudi SW620, PC-3, va NCI-H23. C3 5 chat méi
téng hop déu thé hién hoat tinh tGc ché HDAC
kém SAHA (suberoylanilide hydroxamic acid,
vorinostat). Tuy nhién, ngoai 2 chat khéng xac
dinh dugc két qua thi 2/3 chat con lai lai c6 déc
tinh cao han SAHA déi véi cac dong té bao thur
nghiém, trong d6 chat 4b vGi nhom thé Cl & vi
tri ortho trén khung benzamid c6 hoat tinh
manh nhat, manh hon SAHA khoang 2-3 lan.
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