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Abstract: Six new combretastatin A-4 derivatives containing a naphtho[2,3-b]thiophene-4,9-dione core
were successfully synthesized via a two-step procedure. This approach involved a multi-component
reaction to generate dihydrofuranonaphthoquinone intermediates, followed by a sulfur-mediated oxidative
transformation of the dihydrofuran scaffold into the corresponding thiophene derivatives. The structures of
all synthesized compounds were characterized using IR, 'H-NMR, and *C-NMR spectroscopy. In vitro
cytotoxicity assays against the A549 lung cancer cell line revealed that five out of the six derivatives
exhibited moderate to strong growth inhibitory activity, with ICso values ranging from 3.40 + 0.24 to 46.46
+ 1.63 uM. The fluorinated derivatives 4b, 4c, and 4e exhibited the strongest cytotoxicity against A549
cells, with 1Csp values of 3.40 £ 0.24, 3.69 + 0.35, and 3.99 + 0.17 uM, respectively, and were evaluated
via molecular docking into the colchicine binding site (CBS) of tubulin. The results demonstrated that all
three compounds formed interactions within the CBS of tubulin, displaying binding energies of —9.2, —9.0,
and —8.7 kcal-mol™, respectively. The molecular docking results correlated well with the experimental
cytotoxic activity. ADMET predictions revealed that 4e possessed a more favorable pharmacokinetic
profile regarding gastrointestinal absorption and acute toxicity, whereas 4c better satisfied drug-likeness
criteria. Overall, these combretastatin A-4 derivatives represent a novel class of bioactive scaffolds with
promising potential for further structural optimization in anticancer drug development.
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Tém tit: Sdu din xuit combretastatin A-4 moi chira hé vong naphtho[2,3-b]thiophene-4,9-dione
da duogc tong hop thanh cong théng qua quy trinh hai budc bao gom phan tng da thanh phan dé
tao ra cac chit trung gian dihydrofuranonaphthoquinone, sau d6 chuyén héa chét trung gian nay
thanh dan chit thiophene tuong (ng bang cach st dung luu huynh nguyén t6. Ciu tric cua tit ca
cac hop chét tdng hop duoc xac dinh bang phé IR, tH-NMR va C-NMR. Két qua danh gia hoat
tinh gy doc té bao trén dong té bao ung thu phdi A549 cho thiy nim trong sau dan xuit 4 thé hién
hoat tinh wc ché ting trudng tir trung binh dén manh, véi gia tri 1Csp dao dong tir 3,40 + 0,24 dén
46,46 + 1,63 UM. Cac din chat chira fluor 4b, 4c va 4e thé hién hoat tinh gay doc té bao manh nhit
trén dong té bao ung thu phdi A549, vai gia tri ICs 1an luot 1a 3,40 + 0,24; 3,69 + 0,35 va 3,99 +
0,17 uM da dugc nghién ciru docking phéan tir voi ving lién két colchicine (CBS) cua tubulin. Két
qué cho thiy ca ba hop chét déu tao lién két véi CBS cuia tubulin, voi ning luong lién két 1an luot
1a -9,2; —9,0 va —8,7 kcal-mol ™. Két qua nghién ctru docking pht hop véi két qua hoat tinh gay
doc té bao thuc nghiém. Du doan ADMET cho th'c‘iy 4e ¢6 hd so duge dong hoc thuén lgi hon vé
kha nang hip thu dudng tiéu hoa va doc tinh cp, trong khi 4c dap tmg t6t hon cac tiéu chi vé tinh
chit giéng thudc. Nhin chung, cdc dan xudt combretastatin A-4 thiét ké trong nghién ctru nay dai
dién cho nhimg bd khung ciu tric méi tiém ning trong dinh hudng tim kiém cac chét ¢ hoat tinh

sinh hoc khang ung thu.

T khg)'a: DAan xuét coml?retastatin A-4; Naphth0[2,3-b]thiophene-4,9-dione; Chién luge cling nhic
hoéa cau tric; Gay ddc t€ bao trén dong A549; Vung lién két colchicine; Molecular docking; Panh

gi4d ADME.
1. Mé dau

Microtubule dugc tao ra thong qua qua trinh
polyme héa cac di nhi hop (heterodimer) cuia
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o,B-tubulin, 14 mt myc tiéu hap dan trong viéc
phat trién cac loai thudc chdng ung thu méi nho
vai tro thiét yéu cua ching trong qua trinh
nguyén phan va phén chia té bao [1]. Hién nay,
mot sd loai thubc chong ung thu nhu
vincristine, colchicine va taxane gy tc ché qua
trinh ting sinh t& bao bang cach uc ché qua
trinh polyme hoéa tubulin va ngan chan su hinh
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thanh microtubule [2]. Combretastatin A-4
(CA-4, 1), mdt phan tir tu nhién voi ciu tric
cis-stilbene (Hinh 1), dd dugc chiing minh s&
hitu kha ning trc ché su polyme héa tubulin va
danh pha hé mach mau nudi khdi u cuc ky
manh mé& [3]. Tuy nhién, rdo can 16n nhit cua
CA-4 chinh 13 sy kém bén vé& mit hoa hoc; lién
két doi cis dé dang chuyén sang dang trans duéi
tac dong cua cac yéu to moi truong (nhu anh
sang, nhiét d9), lam giam dang ké hoat tinh
chong ung thu vén c6 [4]. Bé khic phuc nhugc
diém nay, nhidu nghién ctru tao ra cac dan xuat
bén viing cua CA-4 bang cach thay thé lién két
d6i bang cau ndi carbonyl. Chang han nhu hop
chét 2-(3',4",5'-trimethoxybenzoyl)-5-
aminobenzo[b]thiophene 2, din chit cua
combretastatin  A-4 véi vong thiophene va
nhom carbonyl, 1a mot minh chtng dién hinh vé
viéc dua nhom carbonyl khong chi gitp tang do
bén vé miat hoa hoc, ma con gip ting cudng
kha ning trc ché sy polyme hoa tubulin manh
hon ca combretastatin A-4 va c6 ai luc lién két
manh véi vi tri colchicine. Hop chét 2 ciing thé
hién hoat tinh khang ting sinh dang ké, voi gia
tri ICso dao dong tir 2,6 dén 12 nM trén nhiéu
dong té bao ung thu khac nhau, ciing nhu trc ché
dang ké su phat trién cua khdi u di ghép xuwong
MNNG/HOS ngudi trén chudt nht tran [5].
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Hinh 1. CAu tric din chit combretastatin A-4 va dan
xuat naphthothiophene-4,9-dione.
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Naphthotmofuran -4,9-dione (3

Bén canh do, cac dan Xuét
naphthothiophene-4,9-dione dang dugc nghién
ctru trong héa duoc nhu nhitng san phim tong
hop cé hoat tinh sinh hoc, s¢ hitu cac hoat tinh
chong ung thu [6], khdng dong vat nguyén sinh
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[7, 8] va chéng bénh vay nén [9, 10].
Naphtho[2,3-b]thiophene-4,9-dione vdi khung
quinone dong vai tro nhu mdt tdc nhan ai dién
tr tiém ning. Trong mdi trudng ndi bao, dudi
tac dong cua cac enzyme khir, hé vong nay cod
khi ning chuyén hoa thanh trung gian
O-quinone methide, mdt trung gian héa hoc cyc
ky hoat dong, co kha ning tan cong vao cac
nhém nucleophile trén tubulin dé tao thanh lién
két cong hoéa tri bén ving [11].

Véi muc tiéu nghién ciu cac dan xuat
combretastatin A-4 méi tiém ning khang ung
thu manh va co ché tac dong doc dao, cling nhu
dya trén nghién ciru tong hop thanh céng hop
chat chéng ung thu tiém ning khung
naphtho[2,3-b]Jthiophene-4,9-dione trudc day
cua nhom nghién ctu [12], trong nghién cuu
nay, chung toi da thiét ké hop chat 4 bang cach
thay thé 1an lugt vong B truyén thong va lién
két d6i bang h¢ vong naphtho[2,3-b]thiophene-
4,9-dione va cdu ndi carbonyl. Cac hop chit 4
sau do s& dugc nghién ctu danh gia kha nang
gdy doc té bao in vitro trén té bao ung thu phdi
A549, cung voi nghién cuu docking phan tir
trén protein muc ti€u la tubulin.

2. Phwong phap nghién ciru
2.1. Nguyén liéu va phwong phap chung

Céc hoa chat va dung méi phan tmg mua
ciia hing Merck va Aldrich. Tién trinh phan
tmg dugc theo ddi boi sic ky 16p moéng (TLC)
sit dung ban mong trang san dé nhém pha
thuong silica gel 60 F254 (Merck), hién mau
bang dén tir ngoai budc séng 254 nm hay thude
thir Ce(SOa)2. Sic ky cot st dung Merck silica
gel 60 (240-400 mesh).

Phé IR ctlia cac chat nghién ciru dugc ghi
trén may Spectrum Two hang PerkinElmer, tai
phong Hoéa Dugc, Vién Hoa hoc - Vién Han
Lam Khoa hoc va Coéng nghé Viét Nam, do &
dang ép vién v6i KBr ran. Pho *H-NMR (600
MHz hodc 500 MHz) va BC-NMR (150 MHz
hodc 125 MHz) ciia cic chit nghién ctru duoc
do trén may Bruker XL-500 hoidc Bruker
Avance III véi dung moi CDCls, d6 chuyén
dich hoa hoc (d) tinh bing ppm so vdi chit
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chuan TMS, tai Trung tdm Phé ung dung- Vién
Hoa hoc - Vién Han lam Khoa hoc & Coéng
ngh¢ Viét Nam.

2.2. Quy trinh tong hop

Quy trinh tong hop cdc hop chit trung gian
dihydrofuranonaphthoquinone 8a-f: Mot hon
hop phin Ung gdom  2-hydroxy-1,4-
naphthoquinone (1 mmol), aldehyde thom (1.2
mmol), pyridinium bromide (1.2 mmol) va
ammonium  acetate (0.2 mmol) trong
acetonitrile (2 mL) di dugc dun khudy tir &
nhiét d¢ 80 °C trong 60 phut. Sau khi phan ng
két thiic, hdn hop phan tmg duoc 1am ngudi va
chiét v6i dichloromethane. Phan 16p hitu co
dugc rira voi nude mudi, 1am kho bang MgSO,
khan va loai dung méi bang chan khong. San
phém thdé dugc lam sach b?mg cdt sic ky silica
gel, thu duoc hop chit 8a-f vai hiéu suat 70-79%.

Quy trinh tong hop cdc din xudt
combretastatin A-4 4a-f: Mot hon hop phan ung
gom hop chat 8a-f (1mmol), lvu huynh nguyén
t6 (Ss, 1 mmol) va morpholine (0.2 mmol) trong
DMSO (2 mL) da dugc dun khudy tir & nhiét do
90 °C trong 40 phut. Sau khi phan tmg két thuc,
hdn hop phan tmg duoc 1am ngudi va chiét véi
dichloromethane. Phan 16p hitu co dugc rira voi
nude mudi, 1am kho bang MgSO, khan va loai
dung modi bang chan khong. San pham tho
dugc 1am sach bang cot sic ky silica gel
(n-hexane/EtOAc, 4:1), thu duoc hop chit 4a-f
v6i hiéu suat 84-89%.

Hop chat 2-benzoyl-3-(3,4,5-
trimethoxyphenyl)naphtho[2,3-b]thiophene-4,9-
dione 4a la chét ran mau cam. Hi¢u suat téng hop
tir hop chat 8a 1a 85%, hiéu suat tong qua hai
budc phan tng 63%. Rr (hexane/EtOAc = 0.52),
diém chay 254-255 °C. IR (KBr) vmadcm?
2964, 2937, 1674, 1652, 1582, 1520, 1500,
1448, 1415, 1391, 1331, 1305, 1275, 1258,
1235, 1177, 1120, 1055, 1021, 956, 898, 880,
841, 801, 782, 737, 708, 697. H NMR (500
MHz, CDCls) ¢ 8.27 — 8.25 (m, 1H), 8.19 - 8.16
(m, 1H), 7.80 — 7.77 (m, 2H), 7.57 (d, J = 7.5
Hz, 2H), 7.40 (t, J = 7.5 Hz, 1H), 7.23 (t, J =
7.5 Hz, 2H), 6.48 (s, 2H), 3.73 (s, 9H). C
NMR (125 MHz, CDCls) ¢ 190.3, 178.9, 178.4,
152.4, 148.3, 146.2, 144.7, 138.3, 138.2, 136.4,
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1345, 134.3, 133.7, 133.2, 132.7, 129.2 (2C),
128.2, 128.1 (2C), 127.6, 126.8, 108.2 (2C),
60.6, 56.1 (3C).

Hop chit  2-(4-fluorobenzoyl)-3-(3,4,5-
trimethoxyphenyl)naphtho[2,3-b]thiophene-4,9-
dione 4b 1a chat rin mau cam. Hiéu suat tong hop
tir hop chat 8b 1a 88%, hiéu suét téng qua hai
budc phan tmg 64%. Rs (hexane/EtOAc = 0.56),
diém chay 230-231 °C. IR (KBr) vma/cm?®
2964, 2936, 1674, 1654, 1595, 1501, 1453,
1415, 1332, 1257, 1257, 1239, 1156, 1121,
1054, 1004, 897, 847, 790, 735, 689, 595. H
NMR (500 MHz, CDCls) 6 8.28 — 8.25 (m, 1H),
8.20 - 8.17 (m, 1H), 7.81 — 7.78 (m, 2H), 7.63 —
7.59 (m, 2H), 6.91 (td, J = 8.5, 2.0 Hz, 2H),
6.49 (s, 2H), 3.76 (s, 3H), 3.74 (s, 6H).
3C NMR (150 MHz, CDCls) 6 188.8, 178.9,
178.4, 165.6 (d, J = 243.0 Hz, 1C), 152.5,
148.4, 145.8, 144.6, 138.5, 138.1, 134.5, 134.3,
133.7, 132.6 (2C), 131.9 (d, J = 9.0 Hz, 2C),
128.1, 127.7, 126.8, 115.4 (d, J = 22.5 Hz, 2C),
108.3 (2C), 60.8, 56.2 (3C).

Hop  chit  2-(4-fluorobenzoyl)-3-(3-
hydroxy-4-methoxyphenyl)naphtho[2,3-
b]thiophene-4,9-dione 4c 1a chét rdn mau vang.
Hiéu suat tong hop tir hop chat 8¢ 12 86%, hi¢u
suit tong qua hai budc phan ung 60%, Ry
(hexane/EtOAc = 0.50), diém chay 224-225 °C.
IR (KBr) vm/cm™ 3438, 2926, 2844, 1674,
1653, 1593, 1526, 1504, 1458, 1439, 1407,
1321, 1293, 1261 1241, 1213, 1173, 1147,
1024, 953, 900, 870, 842, 753, 724, 698. 598.
IH NMR (500 MHz, CDCls) 6 8.27 — 8.25 (m,
1H), 8.18 — 8.16 (m, 1H), 7.80 — 7.77 (m, 2H),
7.67 — 7.63 (m, 2H), 6.93 (t, J = 8.5 Hz, 2H),
6.85 (s, 1H), 6.72 (d, J = 8.5 Hz, 1H), 6.66 (d, J
= 8.5 Hz, 1H), 5.51 (s, 1H), 3.83 (s, 3H). 1°C
NMR (125 MHz, CDCls) 6 188.5, 178.9, 178.5,
165.1 (d, J = 2125 Hz, 2C), 160.0, 148.1,
146.8, 145.2, 144.9, 144.7, 138.4, 134.5, 134.3,
133.6, 132.7, 132.3 (d, J = 10.0 Hz, 2C), 127.7,
126.8, 126.1, 122.4, 116.5, 1154 (d, J = 21.3
Hz, 2C), 109.8, 55.8.

Hop chat 2-benzoyl-3-(3-methoxyphenyl)
naphtho[2,3-b]thiophene-4,9-dione 4d la chat
ran mau vang. Hiéu suat tong hop tir hop chat
8d la 89%, hiéu suit tong qua hai budc phan
g 65%. Rt (hexane/EtOAc = 0.58), diém chay
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198-200 °C. IR (KBr) vma/cm™ 3005, 2833,
1670, 1649, 1588, 1510, 1490, 1454, 1382,
1319, 1288, 1259, 1234, 1176, 1074, 1037,
1015, 957, 902, 791, 768, 735, 715, 697. H
NMR (600 MHz, CDCls) ¢ 8.31 - 8.27 (m, 1H),
8.19 - 8.16 (m, 1H), 7.82 - 7.78 (m, 2H), 7.66 -
7.63 (m, 2H), 7.44 (tt, J = 7.8, 1.2 Hz, 1H), 7.30
—7.26 (m, 3H), 7.15 (t, J = 7.8 Hz, 1H), 6.90 -
6.87 (m, 1H), 6.80 (t, J = 2.4 Hz, 1H), 6.78 -
6.75 (m, 1H). *C NMR (150 MHz, CDCls) 6
189.9, 178.8, 178.5, 158.8, 148.0, 145.7, 144.9,
138.5, 136.4, 134.4, 134.3, 134.3, 133.6, 133.3,
132.7, 129.5 (2C), 128.7, 128.1 (2C), 127.7,
126.8,122.5, 115.7, 114.2, 55.2.

Hop chat 2-benzoyl-3-(4- bromophenyl)
naphtho[2,3-b]thiophene-4,9-dione 4e la chét
ran mau vang. Hiéu suat téng hop tir hop chat
8e la 88%, hiéu suét tong qua hai budc phan
g 68%. R¢ (hexane/EtOAc = 0.60), diém chay
197-199 °C. IR (KBr) vma/cm™ 3066, 1656,
1639, 1591, 1518, 1488, 1439, 1407, 1384,
1319, 1260, 1232, 1100, 1072, 1042, 1012, 935,
902, 881, 786, 730, 692, 649, 630, 612, 527. H
NMR (500 MHz, CDCls) ¢ 8.27 - 8.25 (m, 1H),
8.15 - 8.13 (m, 1H), 7.80 — 7.77 (m, 2H), 7.63
(d, J =75 Hz, 2H), 7.48 (t, J = 7.5 Hz, 1H),
7.36 (d, J = 7.5 Hz, 2H), 7.3 (t, J = 7.5 Hz, 2H),
7.14 (d, J = 7.5 Hz, 2H). 3C NMR (125 MHz,
CDCl3) ¢ 189.4, 179.0, 178.4, 148.1, 145.6,
144.0, 138.3, 136.4, 134.5, 134.1, 133.8, 133.6,
132.7, 132, 131.5 (2C), 130.9 (2C), 129.6 (2C),
128.4 (2C), 127.6, 126.9, 122.9.

Hop  chat  2-benzoyl-3-(naphthalen-2-
ylnaphtho[2,3-b]thiophene-4,9-dione 4f 1a chét
ran mau vang. Hiéu suat tong hop tir hop chat 8f
la 84%, hiéu suét tong qua hai budc phan tng
66%. Rr (hexane/EtOAc = 0.62), diém chay 248-
249 °C. IR (KBr) vmad/cm? 3060, 1671, 1652,
1585, 1520, 1500, 1476, 1433, 1400, 1318, 1258,
1226, 1176, 1149, 1105, 1045, 1017, 910, 871,
817, 751, 731, 694, 638. 'H NMR (500 MHz,
CDCls) ¢ 8.27 (d, J = 6.5 Hz, 1H), 8.13 (d, J =
6.5 Hz, 1H), 7.78 — 7.75 (m, 2H), 7.73 (t, J =
7.0 Hz, 2H), 7.64 (d, J = 8.0 Hz, 1H), 7.60 (s, 1H),
7.58 (d, J = 7.5 Hz, 2H), 7.47 — 7.37 (m, 3H),
721 (t, J =75 Hz, 1H), 7.11 (t, J = 7.5 Hz,
2H). BC NMR (150 MHz, CDCls) 5 189.9,
178.9, 178.5, 148.1, 146.0, 145.2, 138.7, 136.4,
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134.4, 134.2, 133.7, 133.1, 132.9, 132.8, 132.6,
130.7, 129.7, 129.3 (2C), 128.0 (2C), 128,
127.7, 127.6, 127.4, 127.1, 126.8, 126.5, 126.1.

2.3. Quy trinh ddnh gid hoat tinh gdy déc té
bao A549

Dong té bao ung thu phdi A549 dugc thu
thap tir bo suu tdp mau vi sinh vat ATCC (Hoa
Ky) va duoc nudi cdy trong mdi truong
DMEM, c6 bo sung 10% huyét thanh bo thai
(FBS), 100 U/mL penicillin va 100 pg/mL
streptomycin trong mdi truong khi am chira 5%
CO2 ¢ 37 °C. 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyl-tetrazolium bromide (MTT) dugc st
dung dé danh gia doc tinh té bao cua cac san
pham 4a-f. Té bao (3 x 10* té bao/mL) dugc xir
ly bang cac dung dich ciia san phdm 4 trong
DMSO va u trong 3 ngay. Sau d6, 10 uL dung
dich MTT 5 mg/mL trong dém natri phosphat
(PBS, 0.1 M, pH 7.4) duoc thém vao mdi giéng
va cac té bao dugce 0 ¢ 37 °C thém 4 gio nira.
Moi truong duge loai bo va DMSO (150 uL)
dugc thém vao mdi giéng dé hoa tan cac tinh
thé formazan thu duoc. PO hép thu quang hoc
dugc do trén may doc dia vi thé Biotek Epoch 2 &
budc song 540 nm, va gia tri ICso dugc xac dinh.

2.4. M6 phong docking phan tir

Docking phan tir dugc thyc hién biang phan
mém MOE 2022.02 (Chemical Computing
Group, Montreal, Canada) [13]. C4u trac tinh
thé cua tubulin dong két tinh véi colchicine
(PDB ID: 402B) dugc tai tir Protein Data Bank.
Protein duoc chudn bj bang mé-dun QuickPrep,
bao gdm loai bd cac phan tir nudc va phdi tir khong
can thiét, bd sung nguyén tir hydro, gan dién tich
timg phan va tdi uu hoa cau tric & pH 7,4.

Quy trinh docking duogc tham dinh b;‘ing
phuong phép redocking phdi tir ddng két tinh
colchicine (LOC) vao hdc gin colchicine cua
tubulin. Gia tri RMSD giita cdu dang du doan
va chu dang tinh thé duoc st dung dé danh gia
do tin cdy cua quy trinh docking.

Cac hop chit 4b, 4c va 4e dugc xay dung
va t6i wu hoa ning lugng bang luc truong
MMFF94x, sau d6 dugc docking vao héc gin
colchicine bang thuat toan Triangle Matcher. Cac
cau dang docking duoc tinh chinh bang phuong
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phép Induced Fit va duoc xép hang theo ham
diém London dG. Céu dang c6 niang luong lién
két thip nhit duoc lya chon dé phan tich cac
twong tac gitra phdi tir va protein. M6 hinh twong
tac hai chiéu va ba chiéu dugc truc quan hoa béng
MOE va Discovery Studio Visualizer.

2.5. Dy doan ddc tinh duoc dong hoc

Cac diac tinh ly hoa, dugc dong hoc
(ADME) va d6 giéng thudce (drug-likeness) cuia
hop chét 4b, 4c va 4e duoc du doan truc tuyén
qua cong cu SwissADME [14]. Cac thong s
khao sat cbt 16 bao gom khdi lwong phan tir, hé
s6 phan b dau-nudc (logP, XLOGP3), dién
tich bé mat phan cuc tépd (TPSA), sb lién két
quay ty do va d¢ tan (ESOL Log S). Kha nang
hép thu qua dudng tiéu hoa (GI absorption), kha
ning thAm qua hang rio mau nio (BBB
permeation), cing muc do dap tng cic quy tic
sang loc kinh dién Lipinski va Veber ciing duoc
ghi nhan nham danh gia so b tiém nang phat
trién thude ctia hop chit & muac do in silico.

2.6. Dy doan doc tinh cép tinh

Poc tinh du doan cta hop chat 4b, 4c va 4e
dugc danh gia truc tuyén bang cong cu ProTox-
3.0 [15]. Céc thong sb ghi nhan cdt 16i bao gdm
gia tri LDso du kién (mg/kg), phan loai nhém
doc tinh cap duong ubng (Toxicity Class) va do
tuong dong ciu tric voi tp dit lidu huan luyén.
Két qua phan tich tir mé hinh sinh hoc 4o nay
dong vai tro dinh huéng ban dau nhiam danh gia
nguy co an toan sinh hoc, tao co s& phdi hop
cung dir liéu docking phan tir va SwisSADME
dé nhan dinh toan dién tiém nang phat trién
dugc phim cua hop chét.

3. Két qua va thao ludn
3.1. Tong hop cdc dan xudt combretastatin A-4

Céc hop chét combretastatin A-4 chita vong
naphthothiophene-4,9-dione  va  ciu  ndi
carbonyl da duoc nghién ctru tong hop thong
qua hai buéc phan tng bao gdm phan ung ba
thanh phin téng hop hop chét trung gian
dihydrofuranonaphthoquinone va phan Ung

chuyén hoéa  dihydrofuranonaphthoquinone
thanh naphthothiophene-4,9-dione. Trong céc
nghién ciru da duge cong bd trude day, cac hop
chat dihydrofuranonaphthoquinone c6 thé duoc
tong hop bang phan ung da thanh phan giita
2-hydroxy-1,4-naphthoquinone, aldehyde thom
va pyridinium bromide trong diéu kién sir dung
xuc tdc bazo nhu triethyl amine (EtsN, 1.2
duong luong) [16,17] hoac ammonium acetate
(NH4OAc, 20 mol%) [12]. So véi EtsN,
NHsOAc véi tinh bazo yéu hon giup kiém soat
pH phan tng, giam thiéu qua trinh tautomer hoa
va oxy hoa khong mong muén, din dén qui
trinh chuyén héa hiéu qua va ning cao do chon
loc dbi v&i cac hop chat trung gian 8a-f mong
mubn. Dudi cing diéu kién dun héi luu, viée sir
dung xtc tic NHsOAc gitp ting hiéu suat va
giam thoi gian phan ung so véi sir dung xuc tac
EtsN [12]. Chinh vi vay, trong nghién ciru nay,
cac hop chat trung gian
dihydrofuranonaphthoquinone 8a-f da dugc
tong hop thanh cong véi hiéu suat 70-79% bang
phan @ng ba thanh phan giita 2-hydroxy-1,4-
naphthoquinone (5) véi aldehyde thom (6) va
pyridinium bromide (7) trong dung moi
acetonitrile véi sy ¢6 mat cia xuc tac NH4OAC,
dun trong 60 pht tai 80 °C (So dd 1).

Ké thira két qua nghién ctru chuyén héa
vong dihydrofuran thanh vong thiophene bing
cach st dung lwu huynh nguyén té [12], tiép
theo, hop chat trung gian
dihydrofuranonaphthoquinone 8 da tham gia
phan ung vo6i 1 duong lugng ctia luu huynh
nguyén to, v6i sy c6 mat 20 mol% cua xuc tac
morpholine trong dung mdi dimethyl sulfoxide
(DMSO) tai 90 °C (So dd 2). Sau khoang thoi
gian 40 phit, hop chat combretastatin A-4 chira
khung naphthothiophene-4,9-dione 4 da duoc
tong hop thanh cong véi hidu sudt cao 84-89%.
Hiéu suit tong tong hop hop chat 4 sau hai
budc phan tng dao dong trong khoang 63-68%
(Bang 1). Tur két qua nhan duogc, c6 thé nhan
thdy, cac nhom thé R va R? trén vong phenyl
va benzoyl khoéng gdy anh hudng rd rét dén
hiéu suat phan umng.
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&Q NH4OAc 20% mol
OH (5 CH3CN O‘

80 °C, 60 phut

8d (73%) 8e (77%) 8f (79%)

So dd 1. Téng hop hop chét trung gian chira khung dihyrofuranonaphthoquinone 8a-f.

Sg, Morpholine 20% mol

DMSO, 90 °C, 40 phut

4a-f

4d (89%) 4 (84%)

So d6 2. Téng hop cac dan xuat combretastatin A-4 4a-f.
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Bang 1. Hiéu sut, hing s6 vat 1y va hoat tinh gay doc té bao trén dong té bao ung thu phdi A549 (ICs)
cua cac dan chat combretastatin A-4

STT | Hep chit gfg“as(‘;/“;‘); Ri® Mausic | Diém chay (°C) 1Cs0 (uM)
1 4a 63 0.52 cam 254-255 46.46 + 1.63
2 4b 64 0.56 cam 230-231 3.40+£0.24
3 4c 60 0.50 vang 224-225 3.69 +0.35
4 4d 65 0.58 vang 198-200 > 75
5 4e 68 0.6 vang 197-199 3.99£0.17
6 4f 66 0.62 vang 248-249 40.04 + 1.55
7 Ellipticine 2.56 £ 0.16

*Hiéu sudt téng tinh théng qua hai budce phan g bao gdm phan tng tao ‘chét trung gian 8 (So dd 1)
va phan tng tong hop combretastatin A-4 4 (So d6 2).
®Gi4 tri Rf duoc xic dinh bing sic ky ban mong str dung hon hop n-Hexane/Ethyl acetate ti 1& 4/1.

Céu trac cua cac hop chit tong hop duoc
ddc trung hoan toan bang IR, 'H NMR va °C
NMR. Trong phin bao cao cau tric, cdu tric
ciia hop chat combretastatin A-4 4a van gii
nguyén vong A 3,4,5-trimethoxyphenyl s& dugc
tap trung phén tich. Trén phd 'H-NMR cua hop
cht 4a xuét hién déy du cac tin hiéu dac trung
cho d6 chuyén dich hoa hoc ciia cac proton ¢
mat trong phan tu. Cac tin hiéu tai oy 8.27 —
8.25 (m, 1H), 8.19 — 8.16 (m, 1H) va 7.80 —
7.77 (m, 2H) dugc gan cho 4 proton thom cua
vong naphthoquinone [18]. Hai tin hi€u proton
thom va 9 tin hi€u proton cua 3 nhém methoxy
cua vong 3,4,5-trimethoxyphenyl dugc quan sat
lan luot tai 5y 6.48 (s, 2H), 3.73 (s, 9H). Céc
proton thom con lai tai on 7.57 (d, J = 7.5 Hz,
2H), 7.40 (t, J=75Hz, 1H)va7.23 (t,J=75
Hz, 2H) dugc gan cho cac proton thom cua
vong phenyl.

Bén canh do, trong phé *C-NMR ctia hop
chit 4a xuét hién ddy du cac tin hiéu cua 28
cacbon. Pic trung nhat 1a nhom ketone lién két
phenyl va vong thiophene va hai nhom ketone ctia
vong naphthoquinone duoc quan sat lan luot & dc
190.3, 178.9 va 178.4. Tir dit liéu phd trén cho
phép khang dinh cu trac ciia hop chat 4a.

3.2. Danh gia hoat tinh gdy doc té bao ung thw

phoi A549 cua cac hop chat tong hop dwoc
Béng cach sir dung phuong phap phén tich

MTT [19], hoat tinh gy ddc t€ bao cta cac hop

chat combretastatin A-4 4a-f di duoc danh gia
trén dong té bao ung thu phdi A549. Nhu chi ra
trong Bang 1, 6 hop chét 4a-f thé hién hoat tinh
gy doc té bao trung binh dén manh trén dong
té bao A549 voéi gia tri ICso dao dong tir 3.40 +
0.24 dén 46.46 = 1.63 uM. Céac hop chit thir
nghiém 4a-f c¢6 sy phan hoa rd rét vé kha ning
gay doc té bao, voi thtr ty hoat tinh giam dan
duogc xac dinh la 4b, 4c, 4e, 4f, 4a va 4d. Trong
d6, ba dan xuat 4b, 4c, va 4e thé hién hoat tinh
{rc ché manh & gié tri ICso thap, tiém ning tiém
can sat voi chat d6i chimg duong ellipticine
(ICso = 256 £ 0.16 uM). Nguoc lai, hai hop
chat 4a va 4f chi cho thdy hoat tinh ¢ mirc trung
binh dén yéu, trong khi din xuét 4d hau nhu
khong thé hién kha ning wc ché trong pham vi
nong do khao sat. Nghién ctru mdi quan h¢ gitra
céu trac va hoat tinh cho thay viéc gin nhom
thé flo trén vong benzoyl giup lam tang hoat
tinh gy doc té bao cua cic hop chat nhu quan
sat thay hoat tinh gy doc té bao té hién manh
nhit & hai hop chit 4b, ¢ c6 vong 4-
fluorophenyl.

3.3. Panh gia di lyc lién {cét va moé hinh twong
tac in silico cua hop chat 4b, 4c va 4e trong
402B

Dua trén két qua thir hoat tinh doc té bao
(Bang 1), hop chét 4b, 4c, 4e dugc lya chon dé
sang loc 4o (docking phan tir) nham lam sang to
co ché tuong tac & cip do phan tu. Vi tri gin
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két colchicine (Colchicine-binding site - CBS)
la mét trong nhirng dich tac dong quan trong
nhit cua tubulin trong nghién ctu phat trién
thudc chéng ung thu; cac chat lién két tai vi tri
nay c6 kha nang tc ché qua trinh trang hop vi
ong, gy r0i loan dong hoc vi 6ng va dan dén trc
ché su phan bao cua té bao ung thu [20, 21].
Gan day 402B 1a md hinh dich dugc 4p dung

(A)

BRI~

Hinh 2. Két qua xéac thuc quy trinh docking bang phuong phap redocking phdi tir dong két tinh colchicine (LOC)
trong tubulin (PDB ID: 402B). (A) Vi tri hdc gin colchicine tai giao dién gilta chudi o (mau tim) va chu61 B
(méau xanh lam) cta tubulin. (B) Su chong khit gitra ciu dang colchicine sau redocking (mau vang) va céu dang
trong tinh thé (mau xanh ngoc), cting cac tuong tac chinh véi cac acid amin tai hoc gin.

Quy trinh docking dwoc thdm dinh bang
phuong phap redocking phdi tir ddng két tinh
colchicine trong cau triic tubulin (PDB ID:
402B). Cau dang c6 ning luong lién két thip
nhit tai 1ap t6t cau dang lién két ctia phdi tir
trong cau trac tinh thé, v6i nang luong lién két
du doan —10,1183 kcal-mol™ va gia tri RMSD
0,2605 A, thap hon dang ké so v6i ngudng chip
nhan 2,0 A (Hinh 2). Két qua nay cho thay quy
trinh docking c6 kha nang tai tao chinh xac tu
thé lién két thuc nghiém va da do tin cay dé ap
dung cho cic hop chat nghién ciru.

Két qua docking cho thay cac hop chat 4b,
4c va 4e déu gin vao hdc colchicine cua tubulin
(Hinh 3). Ning lugng lién két du doan cia ba
hop chit lan lwot 1a —9.2; —9,0 va -8,7
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trong cac nghién cu danh gia cac hop chat
tiém nang tc ché tubulin théng qua dich CBS
[22, 23]. Vi véy, cdu triic tinh thé protein 402B
duoc chon lam mo hinh dich vira dam bao co s&
sinh hoc rd rang, vura tao tinh déng nhét khi
bién giai két qua docking trong cting bdi canh
co ché tac dung hudng dich tubulin.

(B)

Ala22o
Levan

Aladia

[
T

kcal-mol™. Céac hop chat co tu thé gin twong
dbi giéng nhau va cing tuong tac voi nhiéu
acid amin dic trung cua héc colchicine. Didu
nay cho thiy khung cdu tric chung cua loat dan
chat phu hop véi vi tri gan trén tubulin.

Trong ba hop chit, 4b c6 ning lugng lién
két thuan loi nhat. Hop chét nay tao mot lién
két hydro théng thuong voi Vall81, bdn lién
két hydro C-H-O voi Lys352, Asp25l,
Val238 va Ala317, cung nhiéu tuong tac ky
nuée véi cac acid amin xung quanh hdc gin.
Mang ludi tuong tac rong, dac biét la cac tuong
tac alkyl, n—alkyl va m—o, c6 thé giup 4b duoc
giit 6n dinh hon trong héc colchicine.

Hop chét 4c c6 kiéu gan tuong ty 4b, nhung
pham vi tuong tac ky nudc hep hon. Hop chat
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nay hinh thanh céc lién két hydro véi Asnl01,
Asn249, Alal80, Ser178 va Glul83, dong thoi
tao mot twong tac halogen vdi Val238. Mac du
4c ¢6 nhiéu twong tac phan cuc, nang lugng lién
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két cua hop chit van kém thuan loi hon nhe so
v6i 4b. Két qua nay cho thiy cic tuong tac
hydro va halogen riéng 1¢ chwa du dé bu lai sy
giam mure do tiép xtic ky nudc.

ket

Lién két hydro: mét lién két hydro théng
thuong véi VAL181 (2,75 A) va céc lién
két hydro C—H---O véi LYS352 (3,58 A),
ASP251 (3,14 A), VAL238 (3,62 A) va
ALA317 (3,49 A).

Twong tac ky nuwéc: tuong tic m—o véi
LEU248; cac tuong tac alkyl va n—alkyl véi
VAL181, ALA180, ALA250, ALA316,
ALA354, LEU242, LEU248, LEU255,
CYS241, |ILE318, |ILE378, LYS254,
LYS352 va MET259

Lién két hydro: mot lién két hydro théng
thuong véi ASN249 (3,03 A) va cac lién
két hydro C—H---O v6i SER178 (3,22 A)
va GLUI83 (3,52 A). Tuong tic giira
nguyén tir fluor VAL238 (3,02A).
Twong tac ky nuwéc: tuong tic o vdi
LEU248 va cac tuong tac ky nudc Vvéi
VAL181, ALA180, ALA250, ALA316,
LEU248, LEU255, CYS241, LYS254,
LYS352 va MET259.

3D
8180
Val181
2D = 3
. . e >
% =" n i —
T y B #* ; :j = . B
. f » AAs P
1 » / ' Yy /
- Al ' <
r e 9 < e ‘Y“v"" »
. vy » v .
. ‘ ; §
> ‘J‘ fr=4 ¢ ‘,’ w' u ‘__‘.‘
{{ B Y .
oY B >
‘ :,:
f ~
Lién Ning lwgng lién k&t: —9,2 kcal-mol™ Ning lwong lién két: —9,0 kcal-mol™ Ning lwong lién két: —8,7 kcal-mol™

Lién két hydro/twong tic phan cwc:
lién két C—H---Br véi THR314 (2,69
A); twong tac halogen véi ASN350
(3,12 A); tuong tac m-sulfur véi
CYS241 (3,94 A).

Twong tic Ky nwéc: tuong tic
amide-n véi LYS254 va LEU255;
tuong tac alkyl/m—alkyl véi VALI1S8],
ALA180, ALA250, ALA316,
CYS241, LEU248, LEU255, LYS352
va MET259.

Hinh 3. Két qua docking ctia cac hop chét 4b, 4c va 4e tai vi tri gin colchicine cua tubulin (PDB ID: 402B).
(3D) Tu thé gan két 3D cua hop chat 4b, 4c, 4e trong hoc gan colchicine. (2D) So d6 tuong tac 2D cuia hgp chat

Hop chat 4e co kiéu tuong tac khac r& hon.
Hop chit nay khong tao lién két hydro thong
thuong ma duogc on dinh boi mot lién két C—
H---Br v6i Thr314, mot tuong tac halogen voi
Asn350, mot twong tac m—sulfur vdi Cys241,

4b, 4c, 4e.

hai twong tdc amide—m voi Lys254 va Leu255,
cung nhiu twong tac alkyl va m—alkyl. Nhu
vay, su gén két cua 4e chu yéu dua vao cac
tuong tac ky nudc va tuong tac n. Tuy nhién,
mirc d6 6n dinh tong thé van thip hon so véi 4b
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va 4c, phu hgp vdi nang lugng docking kém
thuan loi hon.

Thir ty nang luong lién két dy doan 1a 4b >
4c > 4e, tuong Uung voi tht ty hoat tinh thyc
nghiém. Cu thé, 4b c¢6 hoat tinh manh nhat véi
ICso bang 3,40 + 0,24 pM, tiép theo 1a 4c véi
3,69 = 0,35 uM va 4e véi 3,99 + 0,17 uM. Su
phu hop giita két qua docking va hoat tinh thuc
nghiém cho théy muc do on dinh cua phtrc hop
phéi ti—tubulin c6 thé gop phan giai thich su
khac biét hoat tinh giita ba hop cht.

Tir goc @6 mbi lién hé cau triic — hoat tinh,
két qua cho thiy kha ning gin két khong chi
phu thudc vao ) lugng lién két hydro ma con
phu thudc nhiéu vao mirc do tiép xuc ky nuéc
va su phan bd cua cac twong tic m trong hdc
colchicine. Mang ludi tuong tac rong hon cua
4b c6 thé 1a yéu t6 giup hop chat nay c6 ai luc
lién két va hoat tinh t6t hon. Trong khi d6, mic
du 4e c6 cac twong tac m—sulfur, amide-n va
halogen, sy thiéu ving lién két hydro thong
thuong va mirc do bd sung tong thé thip hon co
thé 1am giam d6 6n dinh cua phirc hop.

Nhin chung, két qua docking goi y rang
viée toi uu dong thoi kha ning lap day hoc gan,
mirc d6 tiép xuc ky nude va huong sap xep cua
cac nhom chirc phan cuc co thé gitp cai thién
hoat tinh cua loat dan chat nay.

3.5. Banh gia so bg dac tinh duoc dong hoc va

doc tinh bang cong cu ProTox va SwissADME
bic tinh 1y hoa, ADME va dgc tinh cta cac

hop chat 4b, 4c va 4e dugc du doan bang
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SwissADME va ProTox-3.0 (Bang 2, Hinh 4).
Nhin chung, ca ba hop chat déu c6 d¢ tan trong
nuée thip, khong duge di doan thdm qua hang
rao mau-ndo, khong phai 1a co chat cua P-
glycoprotein va c¢6 diém kha dung sinh hoc
bang 0,55 [24].

Su khac biét rd nhat dugc ghi nhan & kha
ning hip thu qua dudng tiéu héa. Hop chat 4e
c6 dién tich bé mat phan cuc topd thap nhit
(TPSA = 79,45 A?) va la hop chit duy nhét
dugc du doan c6 kha ning hap thu dudng tiéu
hoa cao. Nguoc lai, 4b va 4c ¢c6 TPSA 16n hon,
lan luot 1a 107,14 va 108,91 A2 nén déu duge
du doan c6 kha niang hip thu duong tiéu hoa
thap. Ké qua nay phu hop voi biéu do
BOILED-Egg (Hinh 4).

V& tinh chat gidng thudc, 4c va 4e khdng vi
pham quy tic Lipinski, trong khi 4b vi pham mot
tiéu chi do khéi luong phén tir vuot nhe ngudng
500 Da [25]. Ca ba hop chét déu khong vi pham
quy tic Veber. Chi s6 kha ning tong hop dao dong
tir 3,47 dén 3,85, cho thdy cac hop chat co mirc do
thuan loi trung binh vé mit tdng hop hoa hoc.

Két qua ProTox-3.0 cho thiy ca ba hop chit
déu thuoc nhom doc tinh cép 4. Gid tri LDso du
doan cua 4b va 4c la 1000 mg/kg, trong khi 4e dat
1200 mg/kg, goi ¥ doc tinh cap dudng ubng cua
4e thap hon nhe. Nhin chung, 4e c6 hé so ADME
du doan thuan loi hon vé kha nang hép thu va doc
tinh cAp, trong khi 4b va 4c van c6 cac dic tinh
giéng thude chép nhan duoc nhung con han ché
vé& d6 tan va hap thu dudng tiéu hoa.

Hinh 4. Biéu d6 BOILED-Egg dy doan kha ndng hap thu qua duong tiéu hoa
va tham qua hang rao mau—néo ctia cac hop chat 4b, 4c va 4e.
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Béng 2. Pic tinh giéng thuéc, ADMET va ddc tinh dy doan ciia cac hop chét 4b, 4c va 4e

Thong s6 du dozn 4b 4c 4e
Tinh chat giéng thudc
Quy tic Lipinski Datp(h\gnpgf T 5k(;](;) 1Dl;r)(; ng DPat Pat
\ , . 1 canh bao 1 canh bao
PAINS 1 canh bao (quinone A) (quinone A) (quinone A)
Diém kha dung sinh hoc 0,55 0,55 0,55
Hap thu
Hap thu duong tiéu hoa Thip Thip Cao
Phan b
Kha ning qua hang rao mau néo Khong Khoéng Khong
bgc tinh
LDso dy doan (mg/kg) 1000 1000 1200
Nhém doc tinh Class 4 Class 4 Class 4

4. Két luan

Sau dan xuit combretastatin A-4 mai chira
mang khung naphthothiophene-4,9-dione 4a-f
da duoc tong hop thanh cong bang quy trinh
phan mg qua hai budc v6i hidu suét tong trung
binh dat 60-68%. Dau tién 1a phan tmg ba
thanh phan giita 2-hydroxy-1,4-
naphthoquinone, cac aldehyde thom va cac
pyridinium bromide dé tao ra hop chit trung
gian  dihydrofurano-naphthoquinone  8a-f,
sau d6 phan Gng v6i luu huynh nguyén t6 dé
tao thanh cic hop chéat 4a-f. Cau tric cia cic
hop chét 4a-f di duoc xac dinh bang phd hong
ngoai (IR), phd cong huong tir hat nhan
'H-NMR va ®C-NMR. Cac hop chét 4a-c.e,f
thé hién hoat tinh gay doc té bao ung thu phoi
A549 tor trung binh dén manh. Trong do,
cac hop chit 4b va 4c chia nhom thé
4-fluorophenyl thé hién hoat tinh giy ddc manh
nhit v6i gia tri ICso 1an luot 14 3,40 + 0,24 va
3,69 + 0,35 uM. Nghién ciru docking phén tir
cho thdy cac hop chat 4b, 4c va 4e déu gin
thuan loi vao hdc colchicine cua tubulin, véi xu
huéng niang luong lién két phi hop véi hoat
tinh thyc nghiém. Phan tich ADME cho thiy 4e
¢6 hod so du doan thuan loi nhat nho kha ning
hép thu qua dudng tiéu hoa cao, trong khi 4c va
4e dap ung diy du quy tic Lipinski. Tuy nhién,
tinh than lipid cao va d¢ tan trong nudc thap
van 1a nhitng han ché chung ciia ca ba hop chat.
Nhirng két qua nay cung cép co s& cho viée tiép

tuc t6i wu hoa ciu trac nham phat trién cac dan
chat combretastatin A-4 mdi nhu cac ing vién
chong ung thu tiém nang.

Loi cam on

Nghién ctru nay dugc tai trg kinh phi boi
Quy Phat trién khoa hoc va cong nghé Quoc gia
NAFOSTED (Ma s0 104.01-2023.19).
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