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MO DAU
1.Tinh cép thiét cia luan an

Ung thu va céc bénh thodi héa than kinh, dién hinh 1a bénh
Alzheimer, hién dang la nhiing thach thirc 16n ddi véi y hoc hién dai do ty 1¢
mic va tlr vong ngay cang gia ting, trong khi cac thudc diéu tri hién hanh
con nhiéu han ché vé hiéu qua, doc tinh va kha ning khang thudc. Do do,
viéc nghién ctru, thiét ké va phat trién cac hop chit méi c6 tiém nang hoat
tinh sinh hoc 13 yéu cau cép thiét, dic biét theo hudng tao ra cac hop chét
khoi dau tiém nang co ciu tric méi, co ché tac dung da dich va hiéu qua sinh
hoc duoc cai thién.

Trong linh vuc hoa dugc, cac hop chét di vong chira hé quinone va
pyrimidine dugc ghi nhan co phé hoat tinh sinh hoc rdng, bao gém hoat tinh
gdy doc té bao ung thu va trc ché enzym lién quan dén cac bénh than kinh.
Tuy nhién, s6 lugng cac nghién ciru tap trung vao viéc tong hop ¢ hé thong
céc dan xuat méi cua cac khung cau triic nay, dong thoi gan két v6i danh gia
hoat tinh sinh hoc va mé phong tinh toan nham 1am rd mdi lién hé ciu trac —
hoat tinh, van con han ché. Bén canh do, cac phuong phap tong hop truyén
thong thuong gom nhiéu budce, hiéu suit chua cao va chua dap ung tot dinh
hudng hoa hoc xanh.

Xuat phat tir nhitng yéu cau thyc tién néu trén, t6i di chon dé tai
“Téng hop cac hop chat di vong moi dya trén phan tmg ngung tu
Knoevenagel cua hé 1,3-diketone va danh gia hoat tinh sinh hoc” 1am dé tai
nghién ctu sinh ciia minh nham tim kiém cac hop chat di vong méi c6 hoat
tinh sinh hoc cao.

2. Muc tiéu nghién ciu caa luan an

- Thiét ké dinh hudng cAu triic cac hop chét di vong méi dya trén phan
mg ngung tu Knoevenagel cua hé 1,3-diketone, bang chién lugc gan céc
nhom thé c6 tiém ning tuong tac sinh hoc manh, phl hop véi dinh huéng
phét trién hop chét khai du tiém ning khang ung thu, Gc ché enzym.



- Panh gia hoat tinh gdy doc mot s6 dong té bao ung thu, e ché enzym
AchE va mé phong docking phan tir cia cac hop chat tong hop duoc.
3. Néi dung nghién ciu caa luan an
- Tong hop cac dan xuét 1-azaanthraquinone chira vong y-butyrolactone.
- Tong hop céc dan xuit chromeno[2,3-d]pyrimidin-4-one chira nguyén
t6 flo.
- Tong hop céc dan xuat pyrano[2,3-d]pyrimidine.
- Tong hop céc dan xuat caa pyranonaphthoquinone chira nguyén té flo.
- Panh gia hoat tinh gay doc té bao ung thu va kha ning @c ché enzym
AchE cua cac chat tong hop dugc.
- Nghién ctu docking phan tir nham xac nhan cac co ché cua dan xuat
t6ng hop duoc di véi cac tac nhan duogc thir nghiém.
CHUONG 1. TONG QUAN
Chuong 1 gdm 18 trang, trinh bay tong quan tai lidu vé cac hop chat
aza-anthraquinone, pyranonaphthoquinone, pyrimidine va cac hop chit chira
nguyén t6 flo cling véi cac hoat tinh sinh hoc cua chiing; Cac phuong phép
t6ng hop hitu co theo dinh hudng “hoda hoc xanh”.
CHUONG 2. PHUONG PHAP NGHIEN CUU VA THUC NGHIEM
Chuong 2 gom 31 trang, trinh bay chi tiét vé cac phuong phép nghién
ctru, quy trinh téng hop, tinh ché, hiéu suit phan ung, cac tinh chat vat ly caa
cac hop chat tong hop duoc nhu hinh thai, mau sic, nhiét do ndng chay, di
liéu chi tiét cac pho IR, 'H-NMR, 3C-NMR, HRMS va c4c phuong phap
danh gia hoat tinh sinh hoc cia cac dan chét thu dugc.
CHUONG 3. KET QUA VA THAO LUAN
3.1. Muc tiéu caa dé tai
Pé tai dat muc tiéu thiét ké, téng hop cac dan xuat 1-
azaanthraquinone, pyranonaphthoquinone, pyrimidine méi bang phan ung
ngung tu Knoevenagel va phan ung domino da thanh phan cua hé 1,3-
diketone (2-hydroxy-1,4-naphthoquinone, 2-amino-1,4-naphthoquinone,
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cyclohexan-1,3-dione) va cac hop chét ketone khéc (aldehyde thom, tetronic
acid, enaminone) trong diéu kién vi séng. Luan an thir nghiém, danh gia hoat
tinh sinh hoc cua cac chét tong hop duoc.

pyrano[2,3-d]pyrimidine

chromeno[2,3-d]pyrimidine

So d@6 3.1. Muc tiéu, chién lroc tong hop ciia dé tai

3.2. Tong hop cac din xuit 1-azaanthraquinone chira vong 7-
butyrolactone
V6i nhitng dic tinh néi bat caa lop chat azaanthraquinone cing vong

y-butyrolactone, luan an tién hanh nghién ctu téng hop cac dan xuit 1-
azaanthraquinone chira vong y-butyrolactone thong qua hai budc: phan tng
ba thanh phan c6 hd tro vi song, sau do 1a qua trinh oxy hoa — thom hoa.
3.2.1. Téng hop cdc din xuit dihydrobenzo[g]furo[3,4-b]quinoline

Dura vao cic cong bd trude diy [29, 94] ludn an di tong hop lai cac
dan xuit dihydrobenzo[g]furo[3,4-b]quinoline 51a-m biang phan tng ba
thanh phan giita 2-amino-1,4-naphthoquinone (50), tetronic acid (47) va

aromatic aldehyde 48.
Q HO gl. AcOH 2 A 0o
0 o
O, O o X, e X
NH, Yo7 O AT H  ww, 110°C N
o] 30 min H
50 47 48a-m 51a-m

Sor do 3.2. Tong hep cac dan xuat dihydrobenzo[g]furo[3,4-b]quinoline



San pham 51a-m ciia cac phan ng nay 1a nguyén lidu dé tong hop
hop chat 1-azaanthraquinone chira vong p-butyrolactone.
3.2.2. Tong hgp cic hop chit Il-azaanthraquinone chira vong y-
butyrolactone va nguyén t6 flo.

Ludn an di nghién ctru téng hop cac din xuat 1-azaanthraquinone
chtra vong y-butyrolactone (106a-m) biang phan tng oxy hoa cac dan xuét
dihydrobenzo[g]furo[3,4-b]quinoline (51a-m) sit dung x1c tac 2,3-Dichloro-
5,6-dicyano-1,4-benzoquinone (DDQ).

(0] Ar
W 2eq. DDQ ©¢\/ﬁ
N Toluene
5 O H 110°C, 2h
So d6 3.3. Tong hop céc hop chat l-azaanthraqumone chita vong y-
butyrolactone
Phan ung dugc thuc hién ¢ cac mic nhiét do tir 90°C dén 120°C
trong khoang 1-3 gio, nham danh gia anh huong cua ting yéu té dén hiéu
Suit va do sach san pham.

Bang 3. 1. Anh hwong cua nhiét dg va thoi gian dén hiéu sudt phan ing
thom héa 51d — 106d (hé DDQ/toluene)

TT | Nhiét d9 (°C) | Thoi gian (gio) | Hiéu suit (%) | Ghi chad
1 90 2 28
2 100 2 39
3 110 2 47
4 110 1 35
5 110 3 42
6 115 2 45
7 120 2 42

Tir cac két qua trén cd thé nhan thiy, hiéu qua phan ung phu thudc
dang ké vao diéu kién nhiét 6 va thoi gian phan ang. O nhiét d6 110°C va
thoi gian phan tng trong 2 gid duoc xac dinh 1a phii hop nhat, gidp phan @ng
din ra hoan toan ma khéng gay phan hiy nén anthraquinone.
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Trén co s& khao st va tdi wu cac diéu kién phan émg, luan an da tong
hop thanh cdng 13 hop chat mai (106a—m) véi hiéu suat dat mac trung binh
dén kha.

Bang 3. 2. Tinh chdt vt Ii va hiéu sudt cia diy chat 106a-m

Hop Mau Nhi’ét do Higzu

TT chat Ar séc néng suat
chiy (°C) | (%)
1 106a | 2-Fluoro-4-methoxyphenyl Nau 210212 43
2 106b | 3-Fluoro-4-methoxyphenyl Néu 252 -254 48
3 106¢ | 2,6-Difluoro-4-methoxyphenyl Néu 190 —192 46
4 106d | 2,5-Difluoro-4-methoxyphenyl Nau 182 - 184 47
5 106e | 4-Methoxy-2-(trifluoromethyl)phenyl Nau 244 — 246 45
6 106f | 2-Fluoro-4-hydroxyphenyl Nau 310-312 48
7 106g | 4-(Trifluoromethoxy)phenyl Nau 185187 48
8 106h | 4-Fluorophenyl Nau 302 —304 49
9 106i | 4-(Trifluoromethyl)phenyl Nau 204 — 206 45
10 | 106j | 2-Fluorophenyl Néu 251-253 43
11 | 106K 2-Methoxy-5-(trifluoromethyl)pyridin-3- Df)— ) 40

yl nau

12 1061 | 4-(4-Fluorophenoxy)phenyl Nau 282 -284 44
13 | 106m | 4-(Difluoromethoxy)-3-hydroxyphenyl Nau 321-323 47

Céu trdc cua cac hop chit thu dugce duoc xac dinh diy du bang cac
phuong phéap phd hién dai nhu IR, '"H-NMR, 3C-NMR va HR-ESI-MS, cho
thy céc tin hiéu phd phi hop véi cau trac dé xuat.

3.3. Tong hop céc din xuét chromeno[2,3-d]pyrimidine-4-one

Nhu da néu ¢ phan tong quan, nguyén td flo c6 d6 4m dién cao, dong
vai tro quan trong trong thiét ké cac hop chét co hoat tinh sinh hoc. Su két
hop cua it nhat mot nguyén tir flo hodc nhom trifluoromethyl vao cac hop
chét c6 hoat tinh sinh hoc c6 thé cai thién tinh én dinh trao ddi chat, tinh
thdm cua mang, kha dung sinh hoc va ai lyc lién Kkét cua hop chét véi protein
muc tiéu, dan dén cac hoat dong duogc ly tiém nang. Vi nhitng déc tinh ndi
bat ctia 16p chét chromene ciing nhu cac hop chat chira flo, luan 4n nghién
ctru tong hop cac din xuit chromeno[2,3-d]pyrimidine chira di t6 flo.

Dau tién, chiing t6i da nghién ciru khao sat diéu kién téi wu cho phan
mg domino bdn thanh phan giita 2-hydroxy-1,4-naphthoquinone (45), 4-
fluorobenzaldehyde (116a), malononitrile (72a) va acetic anhydride (117)



bang phan mg “one-pot” qua hai budc dé téng hop hop chat 5-(4-

fluorophenyl)-2-methyl-3,5-dihydro-4H-benzo[6,7]chromeno[2,3-

d]pyrimidine-4,6,11-trione (125a) (So do 3.4).
F

125a

45
So do 3.4. Tong hop hop chat 5-(4-fluorophenyl)-2-methyl-3,5-dihydro-4H-
benzo[6,7]chromeno[2,3-d]pyrimidine-4,6,11-trione (125a)

Luan 4n tién hanh dénh gia hiéu qua cia mot s6 chat xuc tac, két qua
duoc trinh bay tai Bang 3.3.
Bang 3.3. Téi wu héa xiic tdc va dung méi dé tong hop hop chat 125a

Ham lwgng n .. | Hiéu suét
TT Xic tac xuc tac Dung méi thet a0 theo TLC
(mol%) Q) (%)
1 DABCO 5 CH;CN 82 Vét
2 DABCO 10 CH;CN 82 42
3 DABCO 20 CH:CN 82 80
4 DABCO 30 CH;CN 82 75
5 | NH40Ac 20 CH;CN 82 45
6 Pyridine 20 CH;CN 82 Vét
7 DMAP 20 CH;CN 82 62
8 DBU 20 CH;CN 82 Vét
9 EtN 20 CH;CN 82 Vét
10 | DABCO 20 EtOH 78 75
11 | DABCO 20 +-BuOH 82 71
12 | DABCO 20 i-PrOH 83 72
13 | DABCO 20 Toluene 110 65
14 | DABCO 20 EDC 83 62
15 DABCO 20 Chloroform 61 50




Két qua cho thiy phan tng ba thanh phan giira 1,4-naphthoquinone
(45), 4-fluorobenzaldehyde (116a) va malononitrile (72a) dat hiéu suit cao
nhét 80% khi thuc hién trong dung moi acetonitrile & nhiét do soi hoi luu
trong diéu kién vi song véi sy ¢6 mét cua xuc tac DABCO (20 mol%).

Ap dung quy trinh t6i wu nhu trén, luan an da tong hop duogc 12 hop
chat ctia cac dan xuét chromeno[2,3-d]pyrimidine (125) theo So‘ d5 3. 5

125a,b,e-k

O‘ ) )OL _DABCO O‘ CN . (CH4C0),0 (117)
Ar CH;CN conc.HySO4
OH 0
450 723 82 °C, 20 min ) 118 CH3CN
116 120 °C, 20 min

Acyl-Ar

116¢: Ar = 2-F-4-OHCgH;
116d: Ar = 3-F-4-OHCgH3
1161 : Ar = 4-OCHF,-3-OHCgH3 O 125¢c,d,l

So d6 3.5. Tong hop céc dan xudt chromeno[2,3-d]pyrimidine 125
Bang 3.4. Tinh chat vat 1 va hiéu sudt cia day chat 125a-1

Nhiét "
. i Hiéu
Hop Mau | d¢ nong B
TT Y Ar ! ) suat
chat sac chay
o (%)
(°C)
1 | 125a 4-Fluorophenyl Vang | 294-296 70
2 | 125b 2-Fluorophenyl Nau | 233-238 68
3 | 125¢ 3-Fluoro-4-acetoxyphenyl Vang | 244-246 60
4 | 125d 2-Fluoro-4-acetoxyphenyl Vang | 304-306 65
5 | 125e 2,5-Difluoro-4-methoxyphenyl Vang | 231-233 77
6 | 125f 2,6-Difluoro-4-methoxyphenyl Vang | 299-301 74
7 | 125¢ 3-Fluoro-4-methoxyphenyl Vang | 299-301 80
Nau-
8 | 125h 2-Fluoro-4-methoxyphenyl 4 225-230 76
cn
i 4-Methoxy-2- Vang-
9 125i . . 269-271 72
(trifluoromethyl)phenyl nau
Nau-
10 | 125j 4-(Trifluoromethoxy)phenyl d 229-231 79
(o]




Nhiét i

. h Hig¢u

Hop Mau | do nong p

TT . Ar . suat
chat sac chay

. (%)
°C)

11 | 125k 4-(4-Fluorophenoxy)phenyl Vang | 309-311 77

3-Acetoxy-4- .
12 | 1251 . Vang | 279-281 67
(difluoromethoxy)phenyl

3.4. Tong hop cac hop chit pyrano[2,3-d|pyrimidine-4-one

Trong khudn khd luan an, dé tong hop cac hop chit di vong méi
pyrano[2,3-d]pyrimidine-4-one, chung t6i tién hanh theo phan g domino
da thanh phan hai budc lién tiép trong cting hé phan tmg. Qua trinh tong hop
g0m hai giai doan chinh:

(i) Giai doan 1 — Téng hop hop chat trung gian 2-amino-4H-pyran-
3-carbonitrile

(i) Giai doan 2 — Tir hop chdt trung gian tong hop cac dan xudt
pyrano[2,3-d]pyrimidine-4-one
3.4.1. Téng hop hop chiit trung gian 2-amino-4H-pyran-3-carbonitrile

Chung toi da tién hanh tong hop hop chat 2-amino-4-methoxy-5-
0x0-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (128a) bang phan tng
ba thanh phdn tir cyclohexan-1,3-dione (126), 4-methoxybenzaldehyde
(127a) va malononitrile (72a). Phan ung dugc thuc hién trong dung moi
acetonitrile (CH;CN) trong 20 phut tai nhiét ¢ hdi luu duéi diéu kién MW
& 150W voi cac chat phan tmg 127a, 72a va 126 & cung ty 1é mol.

OMe
o) o)
CN o o CN
O g
MeO C'\;Z CH3CN 07 "NH,
2 126 82°C 128a

127a

So d@6 3.6. Phan ing tong hop hop chat 128a



3.4.2. Téng hop hop chiit di vong pyrano[2,3-d]pyrimidine

Tiép theo, hop chéat pyrano[2,3-d]pyrimidine (142a) dugc tong hop
thong qua phan ung domino hai budc trong cung hé “
vi song, nhu trinh bay trong So' do 3.7. O budc thir nhat, 2 mol% DABCO

dugc st dung lam xuc tac bazo cho phan tmg ba thanh phan giita

one-pot” duédi buc xa

cyclohexane-1,3-dione (1,0 duong lugng), malononitrile (1,0 duong luong)
va aldehyde (1,0 duong luong) trong dung mdi acetonitrile. Hon hop phan
g duogc khudy & 82 °C trong 15 phiit dudi biic xa vi song (MW), tao thanh
cac trung gian 2-amino-4H-pyran-3-carbonitrile (128a) thong qua trinh tu
ngung tu Knoevenagel — cong Michael — dong vong ndi phéan tir.

O giai doan thw hai, trung gian 128a dugc dong vong ngung tu véi 3,0
duong luong acetic anhydride (117), trong acetonitrile, véi H2SO4 ddm déc
(0,4 duong luong) 1am xtc tac Bronsted dé hoat hoa tac nhan acyl hoa; phan
g tién hanh & 120 °C trong 15 phut dudi vi song va tao thanh pyrano[2,3-
d]pyrimidine (142a). Sau khi két thuc phan (mg va tinh ché, san pham 142a

thu duoc v6i hidu suit 78%.

OMe OMe

(o) (0] (0]
N . CN DABCO CN 4 (CH,C0),0 (117
Wt ] —
CN CH4CN H,S0,d,
126 MeO 127a 82°C, 15 min CH3CN,
72a 128a 120°C, 15 min

So d6 3.7. Quy trinh tong hop hop chat 142a

Ap dung quy trinh ti uu nhu trén, ching toi da tong hop duoc 11
hop chét pyrano[2,3-d]pyrimidine 142b-k m&i v6i cac nhoém thé khac nhau.
3.5. Tong hop cac hep chit pyranonaphthoquinone chia di té flo

Dé tong hop cac hop chat pyranonaphthoquinone chira di t6 flo, luan
4n da nghién ctru khao sat diéu kién téi wu cho phan tng ba thanh phan gitta
2-hydroxy-1,4-naphthoquinone (45), 4-(4-fluorophenoxy)benzaldehyde
143a va enaminone (146) (So' do 3.8).
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catalyst

(0] o
F CcHO @)%N/CHS MW
O‘ OH * \©\O/©/ * F CHj solvent
[¢]
45 146

151a

143k

So d6 3.8. Tong hop cdc dan xudt pyranonaphthoquinone 151a

Luén 4n tién hanh khao sat diéu kién phan tng trong cac dung moi
khac nhau (acetonitrile, ethanol, fert-butanol, propan-2-ol va toluene) ¢ nhiét
do 80 dén 120°C khi c6 hoac khong c6 chit xuc tac. Két qua chi tiét duoc

trinh bay trong Bdng 3.5.
Bang 3.5. Anh huéng ciia dung méi, xiic tdc va nhiét dé dén phan g tong

hop hop chdt 151a ]
STT | Dung moi Xic tac Nhiét do Hiéu suat

“C) (%0)

1 CH;CN - 82 -

2 EtOH - 80 -

3 +-BuOH - 83 -

4 i-PrOH - 83 -

5 Toluene - 110 -

6 CH;CN gl. AcOH (20 mol%) 82 15

7 EtOH gl. AcOH (20 mol%) 80 24

8 +-BuOH gl. AcOH (20 mol%) 83 29

9 i-PrOH gl. AcOH (20 mol%) 83 25

10 Toluene gl. AcOH (20 mol%) 110 32

11 gl. AcOH - 120 76

12 | gl. AcOH - 110 77

13 gl. AcOH - 100 61

14 gl. AcOH - 90 56
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Trén co so két qua tong hop dan xuit 151a, ching t6i di tién hanh
tong hop thanh cong cac dan xudt pyranonaphthoquinone 151a-e v4i hiéu

suét 71-79% dugc dwa ra trong Bang 3.6.
Bang 3.6. Tinh chat vt Ii va hiéu sudt cia day chat 151a-e

Hop . Nhiét do Hiéu
TT . R Mau sac .
chat nong chay (°C) | suat (%)
1 151a O(4-FC¢Hy) Mau vang 270 77
2 151b 2-F Mau vang 279 74
3 151¢ 4-CF3 Mau vang 265 73
4 151d 4-Cl Mau vang 275 79
5 151e 3-NO» Mau vang 264 71

3.6. Panh gia hoat tinh sinh hoc ciia cac chat tong hep dwoc

Muc tiéu ctia phan danh gia hoat tinh sinh hoc nham xac dinh tiém
ning gay doc té bao in vitro ciia cac hop chét tong hop dugc, dong thoi budc
dau phan tich mi quan hé ciu tric — tac dung (SAR) dé lam rd vai trd cua
ting khung di vong va vai trd cua cac nhom thé trong viéc 1am thay ddi mirc
d6 hoat tinh sinh hoc cuia hop chat. Viéc lya chon cac dong té bao ung thu
dai dién (KB, HepG2, A549, MCF-7) gitip dinh huéng danh gia phd hoat
tinh tic ché tang sinh té bao ung thu va chon loc mé dich.
3.6.1. Két qua danh gid hoat tinh gdy djc té bao ciia cdc dan xuit 1-aza-
anthraquinone chira vong y-butyrolactone (106a-m)

Trong phan tiép theo ciia nghién ctru nay, cac dong té bao HepG2
(ung thu gan), KB (ung thu biéu md), A549 (ung thu phdi) va MCF7 (ung
thu vi1) da duoc sir dung dé danh gia doc tinh té bao cua cac hop chat y-
butyrolactone lién hgp v&i azaanthraquinone méi (hgp chat 106).

Két qua d4nh gia hoat tinh gdy doc té bao cho thay hau hét cac hop
chat trong diy 106a—m thé hién kha ning trc ché sy ting sinh té bao ung thu

& cac mirc do khac nhau nhu Bang 3.7 . Trong d6, 10/13 hop chét c6 gia tri



12

ICso nam trong khoang 5,77-34,93 uM, cho thy pho tic dung twrong ddi rong

trén ca bon dong té bao thir nghiém (KB, HepG2, A549 va MCF7).
Bang 3.7. Dgc tinh té bao ciia cdc hop chat 106a-m da tong hop doi voi

cdc dong té bao KB, HepG2, MCF7 va A549

T Hq:p Gia trj ICso (uM)
chat KB HepG2 A549 MCF7
1 106a | 31.34+1.05 | 26.53 +£0.80 | 22.58 +1.08 17.13 £1.62
2 106b | >41.10 >41.10 >41.10 34.93 £1.75
3 106¢c | 26.88+1.08 | 22.93+0.56 | 17.53+1.37 14.48 £0.34
4 106d | 24.72+0.69 | 2097+ 1.13 | 5.77+0.17 14.95+1.08
5 106e | 22.42+0.93 | 22.12+091 | 6.58+0.25 17.32£0.59
6 106f | 32.21+1.04 | 28.54+1.01 | 2491+1.47 18.68 £ 0.56
7 106g | 25.86+1.11 | 2038+ 1.11 14.27 £1.39 12.79 £0.19
8 106h | 23.63+1.48 | 28.05+0.89 | 8.96+0.39 19.84 +£2.03
9 106i | 21.91+£1.42 | 18.67+1.25 | 5.81+0.27 15.64 £ 1.66
10 106j | 31.87+0.81 | 31.37+1.42 |9.21+£0.31 16.20 + 1.92
11 106k | >36.34 >36.34 2326 +1.54 2523 +1.43
12 1061 | >35.44 >35.44 >35.44 25.10 £ 0.40
13 | 106m | 25.18+1.20 | 21.66+1.09 | 21.19+ 1.44 1439+ 0.31
14 Ifj:: 1.75 +0.08 1.75 +0.08 1.79 £ 0.08 1.79 £ 0.08

3.6.2. Hoat tinh gdy dpc té bao cha cac ddn xudt chromeno[2,3-
d]pyrimidine chea di té flo

Lu4n 4n da tién hanh khao sat hoat tinh gay doc té bao cua cac hop
chat chromeno[2,3-d]pyrimidinine 125a-I theo phuong phap MTT trén cac
dong té bao ung thu ¢ ngudi (ung thu biéu mé KB, ung thu phoi A549, ung
thu gan HepG2, ung thu vi MCF-7) va trén dong té bao lanh Hek-293.
Ellipticine, mét tac nhan chéng ung thu dang duoc sir dung trong 1am sang,
dugc st dung lam chit tham khao.
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Két qua khao sat duoc trinh bay & Bdng 3. 8, cac hop chat 125b,
125¢, 125d, 125g va 1251 thé hién kha ning (rc ché manh dong té bao ung
thu phoi A549 véi gia tri ICso 1an lugt 14 7.72 + 0.63; 2.02 + 0.17; 8.67 +
0.77; 8.60 + 0.81va 1.76 + 0.23uM. Trong d6, hop chat 125l tic ché té bao
A549 gan tuong duong véi ellipticine (ICso = 1,66 uM). Cac hop chat
125b,¢,g wrc ché té bao ung thu vit MCF7 twong d6i t6t v6i gia tri ICs tuong
mg 12 7.80 + 0.74; 2.69 + 0.26 va 9.52 + 0.84 uM. Ddi v6i cac dong té bao
ung thu Kb va HepG2, cic hop chat 125b,¢,g dat gia tri ICs trong khodng
6,14 dén 9,86 pM. Céc hop chét con lai thé hién hoat dong tic ché ca 4 dong
té bao ung thu khong dang ké (ICso > 9 uM). Bén canh d0, cac hop chit 125a-
1 rc ché yéu hon dong té bao lanh v6i ICso > 22,5 pM. C6 thé thay, hop chét
125¢ va 1251 c¢6 thé xem 12 hai hop chét tiém ning nhét trén cac dong té bao
A549, MCF7 trong sb cac hop chét da thir nghiém.

Bang 3. 8. Két qud hoat tinh gdy djc té bao ciia cdc hop chat 125a-1

- Miu Gia tri ICso, pM

thir KB A549 HepG2 MCF7 Hek-293
1| 1252 | 6121+£4.87 | 20.60+ 1.96 | 61.52+£5.59 | 56.91+5.79 | 73.88 +7.18
2 | 125b | 9.86+0.71 | 7.72+0.63 | 8.96+1.03 | 7.80+0.74 | 32.32+3.22
3| 125¢ | 8354076 | 2.02+0.17 | 6.14+0.52 | 2.69+0.26 | 28.36+2.60
4 | 125d | 42724485 | 8.67+0.77 | 52204626 | 53.76£6.58 | >71.69
5 | 125¢ |5500+4.74 | >7333 >73.33 >73.33 >173.33
6 | 125f | >7333 |5729+527| >7333 >73.33 >173.33
7 | 125g | 9.690+0.71 | 8.60+0.81 | 9.81+£0.98 | 9.52+0.84 | >7649
8 | 125n | >7649 > 76.49 >76.49 >76.49 >76.49
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Miu Gia tri ICso, pM
TT :
thir KB A549 HepG2 MCF7 Hek-293
9 | 125i >6832 | 3745+4.04 | >6832 > 68.32 > 68.32
10 | 125 >70.43 >70.43 >70.43 >70.43 >70.43
11| 125k | 45734456 | 50.33+4.18 | 41.48 +3.31 | 47.00 £4.87 | 47.16+5.14
12| 1251 | 23474258 | 1.76+0.23 | 23.73+2.02 | 24.57 £2.29 | 22.50 +2.25
Ellipti
13| 126+0.12 | 1.66+020 | 1.75+0.16 | 1.46+0.12 | 4.75+0.65
cine

So sdanh voi ellipticine (1 Chiit tham chiéu)

Ellipticine (ICso = 1,3 — 1,8 uM) 13 chat chuan manh, nhung gay doc
té bao lanh kha cao (HEK-293 = 4,75 uM). Trong khi d6, 125¢ va 1251 thé
hién hoat tinh gan twong duong, song c6 d6 an toan cao hon nhiéu lan (HEK-
293 =28.36 + 2.60 pM va 22.50 + 2.25 uM), ching to hudng thiét ké gin
flo va acetyloxy trén khung chromeno|[2,3-d]|pyrimidine 1a hop 1y va c6 gia
tri thuc tién.

3.6.3. Hoat tinh gdy dic té bao ciia cdc din xudt pyrano[2,3-d|pyrimidine

Két qua tai Bang 3.9 cho thdy toan bo cac dan xuat pyrano[2,3-
d]pyrimidine téng hop duoc déu khong thé hién doc tinh dang ké ddi vai cac
dong té bao thir nghiém, véi gia tri ICso > 85 uM trén ca ba dong té bao.
Trong khi dé, ellipticine biéu hién doc tinh manh véi ICso ~ 1,3 — 1,8 pM.
Nhu vay, khung di vong hop nhét pyrano[2,3-d]pyrimidine trong cac hop
chat khao séat khdng gay trc ché tang sinh té bao, chung t6 tinh an toan sinh
hoc cao va khdng c6 kha niang gy doc té bao & nong do thir nghiem.

Bang 3.9. Két qua khao sét hoat tinh gdy doc té bao cua lép chat 142a-k

Hop i B Gia trj ICso (nM)
TT P Nhom the
chat KB HepG2 A549
1 142a 4-CH;0C¢H4 >85 > 85 > 85
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Hop i B Gia tri ICso (uM)
TT P Nhom thé
chat KB HepG2 A549
2 142b 4-CH3CsH4 > 85 > 85 > 85
3 142¢ 4-BrCsHy > 85 > 85 > 85
4 142d 4-CF3C¢Ha4 > 85 > 85 > 85
5 142e 4-ClCsH4 > 85 > 85 > 85
6 142f 3-BrCsHs > 85 > 85 > 85
7 142¢g 2-NO2CsHs > 85 > 85 > 85
8 142h 3-NO,C¢Hs4 > 85 > 85 > 85
9 142i 3-CH30C¢H4 > 85 > 85 > 85
10 142j Benzofuran-3-yl > 85 > 85 > 85
11 142k | Benzo[b]thiophen-3-yl > 85 > 85 > 85
Ellipti
12 i 1.26+£0.12 | 1.75+£0.16 | 1.66+0.20
cine

3.6.4. Hogt tinh #c ché enzym acetylcholinesterase cia cac hgp chit
pyrano[2,3-d]pyrimidine

Kha ning e ché enzym AChE cua pyrano[2,3-d]pyrimidin dugc
danh gia bang phuong phap ctia Ellman da stra doi. Két qua hoat tinh e ché
AChE duoc biéu thi bang ndng d6 trc ché 50% (ICs, pg/mL) va donepezil
dugc sir dung 1am tham chiéu. Két qua thir nghiém chi tiét dugc trinh bay
trong Bang 3.10 cho théy, trong khi cac hop chat 142g va 142k khong thé
hién hoat tinh (rc ché AChE véi ICso > 85 uM, thi cac san phém khac c6 hoat
tinh wrc ché AChE tir trung binh dén tét véi cac gia tri ICso nam trong khoang
tir 6.51 £ 0.50 dén 40.8 + 3.7 uM. Trong d6, san pham 142i thé hién hoat
tinh ¢ ché AChE manh nhat (ICsp = 6.51 + 0.50 pM) nhung kém hon so véi
donepezil (ICso = 0.074 + 0.008 uM).

Danh gia so bd v& mbi quan hé cau tric — hoat tinh cua cac hop chit
dugc tong hop 142a-k cho thiy, nhin chung kha ning wc ché enzym AChE
cuia chung chii yéu bi anh huong boi nhom thé trén vong phenyl gin vai vong
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pyran. C4c san pham c6 nhém thé halogen (nhém bromo, trifluoromethyl,
chloro) trén vong phenyl thé hién sy tc ché tét.
Bang 3.10. Hoat tinh irc ché ciia cac hop chit 142a-k d6i véi enzym AChE

STT | Hop chit Ar ICso (uM, AChE)

1 142a 4-OCH;3CsH4 40.8 £3.7

2 142b 4-CH5CeHa 21.9+2.0

3 142¢ 4-BrCeHs 8.94+0.73
4 142d 4-CF;CeHa 8.13+0.99
5 142e 4-ClC¢Ha4 23.4+2.6

6 142f 3-BrCsH,4 8.32+0.88
7 142¢g 2-NO2CeH4 >85

8 142h 3-NO»CsH4 227+24

9 142i 3-OCH;CsHy 6.51+0.50
10 142j Benzofuran-3-yl 35.6+2.7
11 142k Benzo[b]thiophen-3-yl >85

12 Donepezil 0.074 + 0.008

3.7. Nghién ciru docking phan ti

Trong d6 khuén khd luan an, 16p chat 106a—m dugc lya chon dé
thuc hién md phong docking phan tir chuyén sau, vi ddy 1a nhém thé hién
hoat tinh gay doc té bao noi bat nhat, véi gid tri ICso thap (5-10 pM) trén
nhiéu dong té bao ung thu, ddc biét 1a A549 (ung thu phoi khong té bao nho).

Pé hiéu rd hon vé co ché tac dung & mirc phan tir ciia cac hop chat
106a—m, luin 4n di tién hanh mé phong docking phén tir nhdm khao sat sy
tuong tac cua cac phdi tr ndy v6i protein tubulin — mot dich phan tir quan
trong trong hoéa tri liéu ung thu.

Trong nghién ctru nay, cAu trc tinh thé cta tubulin gan colchicine
dugc lay tir Protein Data Bank (PDB ID: 1SA0). Cac phén tir phdi tir 106a—

m duoc t6i wu hoa hinh hoc, sau d6 dugce docking vao ving hoat dong ciia
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tubulin bang thuat toan Lamarckian Genetic Algorithm tich hop trong
AutoDock 4.2.

Két qua cho thay da s chiém cuing hdc gan véi colchicine, tuy nhién
¢6 su khac biét dang ké vé hudng lién két va kiéu twong tac. Trong khi
colchicine thudng chén siu vao hdc ky nudc cua tiéu don vi B, thi cac dan
xudt tong hop lai c6 xu huéng tuong tac nhidu hon véi tiéu don vi o, dic biét
gan ving gin GTP ndi dimer (N-site). K&t qua nay cho thiy cic hop chat
tong hop c6 thé tic dong dén cau trac lién két gitra hai tiéu don vi /B, tir d6
lam gian doan qué trinh tring hop vi 6ng, phii hop véi co ché duge mo ta
cho cac thude gin colchicine. Cac hop chat 106d, 106e va 106i thé hién ning
lwong lién két 4m manh nhit (AG = —15,39 d&én —16,51 kcal-mol™), cho thiy
ai luc gan két cao hon rd rét so véi cac hop chét khac trong loat nghién ciru.
Nhitng phdi tir nay hinh thanh dong thoi 7-10 tuong tac n—m stacking vai cac
gbc Phe200, Leu255B, Tyr224, cung lién két hidro voi Asn258p va Lys352,
g6p phan 6n dinh cdu trac ligand—protein. Ngoai ra, viéc khir proton nhom —
NH trén khung aza-anthraquinone da tang cuong tinh ky nudc va kha nang
chdng 16p -, tir d6 nang cao d6 6n dinh cia phirc hop.

bé danh gia kha nang tuong tac phéi tri kim loai, ludn an tiép tuc mo
phong docking véi procaspase-6 — mot enzym cystein-protease chira ion Zn?*
trong trung tdm hoat dong.

Két qua cho thdy cac hop chit 106a—m c6 ning luong lién két (AG)
trong khoang —7,85 dén —6,27 kcal-mol™', phan 4nh kha nang hinh thanh
phirc bén & mirc trung binh. Cac hop chit 106d, 106e, 106i va 106j thé hién
ai luc cao nhét, tuong (mg véi kha ning phdi tri hai nguyén tir oxy carbonyl
clia vong y-butyrolactone va nhan naphthoquinone véi ion Zn?*, ddng thoi
tao lién két hidro v6i His121 va Glu200 trong ving hoat dong cta enzym.
Su phdi tri ndy c6 thé trc ché hoat dong ciia procaspase-6, tir d6 thiic day qua

trinh hoat hoa caspase-3/6 va kich thich con dudng apoptosis.
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Tom lai, sy phu hop gitta két qua docking va dit liéu thuc nghiém in
vitro cho phép két luan rang hoat tinh gy doc té bao cta 16p chat 106a—m
cht yéu bat ngudn tir kha ning trc ché tubulin va phdi tri Zn2*, két hop lam
mat on dinh cdu tric té bao ung thu va kich hoat qua trinh apoptosis, dan dén
trc ché ting sinh manh.

3.8. Du doan dic tinh ly — h6a va ADMET

Dé danh gia kha ning tién xa hon trong phat trién tién 1am sang, cac
hop chét khong chi can thé hién hoat tinh sinh hoc manh ma con phai s¢ hiru
dic tinh 1y — hoa va dugc dong hoc pht hop véi yéu cau ciia mot thude tiém
nang. Trén co s d6, ba hop chat dai dién 106d, 106e va 106i da dugc lwa

chon dé tién hanh dy doan dic tinh ADMET va muc do gidng thude.
Bang 3.11. Pdc tinh giong thudc va cdc thong s6 ADMET ciia 106d,e,i

Théng sb dw .
i 106d 106e 106i
doan
Do gidng thudc (Drug likeness)
Chap nhan (0 vi Chap nhan (0 vi Chap nhan (0 vi
Lipinski ap nhan ( ap nhan ( ap nhén (
pham) pham) pham)
Leadlikeness Loai (1 vi pham) Loai (2 vi pham) Loai (2 vi pham)
1 canh bao 1 canh bao (quinone 1 canh bao
PAINS . .
(quinone A) A) (quinone A)
Hap thu (Absorption)
Kha dung sinh
hoc >20% >20% >20%
(Bioavailability)
Hap thu qua
o >30% >30% >30%
duong tiéu hoa
Pgp-substrate Khoéng Khéng Khoéng
LogKp (tham
-6.38 cm s™! -6.09 cm s™ -5.89 cms™
qua da)

Phan bé (Distribution)
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Thong s6 dw )
i 106d 106e 106i
doan
Lién két protein
B 97.8% 98.6% 97.7%
huyét twong
Thé tich phan b 0.27 0.36 0.55
Xuyén hang rao
,y . d Khéng Khoéng Khoéng
mau-nao (BBB)
Chuyén héa (Metabolism)
CYP1A2 tc ché CYP1A2 uc ché
(0.87) (0.82)
CYP2CS8 tc ché CYP2C8 uc ché CYP2C8 tc ché
) (0.98) (0.94) (0.99)
Tuong tac CYP ) B ) B . P
CYP2C9 uc ché CYP2C9 c che CYP2C9 wc ché
(0.75) (0.78) (0.72)
CYP2C19ticché | CYP2C19 tic ché
(0.67) (0.62)
Thai trir (Excretion)
Do thanh thai 3.07mL min' kg™' | 4.21 mL min™" kg™ 3.85 mL min™!
(CL) (thdp) (thp) kg™ (thip)
Thoi gian ban 1.4 gio (trun 1.2 gio (trun
7 g‘or( 9 1.1 gio (trung binh) gfj( g
hty (T1/2) binh) binh)
Pic tinh (Toxicity)
Uc ché kénh Khoéng hoat dong Khong hoat dong | Khdng hoat dong
hERG (0.33) (0.45) (0.38)
Dot bién Ames Khdng (0.48) Khong (0.52) Khong (0.57)
Pac tinh cap

duong udng trén
chuot

Thiap (0.54)

Thap (0.48)

Thap (0.59)

Kich ang mat

Khdng (0.39)

Khong (0.29)

Khong (0.45)

Doc tinh hd hap

Khdng (0.30)

Khong (0.49)

Khong (0.38)

Tinh giéng thudc cua ba hgp chit c6 hoat tinh sinh hoc tiéu biéu

(106d, 106e va 106i) dugc danh gia toan dién thong qua céc thong sd 1y —
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hoa hoc va ADMET dy doan bang SwissADME va ADMETIab 3.0. Két qua
cho thay phan 16n 13 thong s6 1y — hoa hoc ¢dt 18i cia cac hop chat nam
trong viung chép nhén duoc cta cac thude tiém nang, chi ghi nhan mot s sai
léch nhe vé d6 wa lipid va d¢ tan trong nudc. Mac du c6 do uva lipid twong
dbi cao, cac gia tri logP < 5.0 van dap tng quy tic Lipinski cho thudc dung
duong udng; Tuy nhién, cac hop chat van chua dat tiéu chi hop chat khai dau
tiém ning do khdi lugng phén tir va tinh ky nude twong dbi 16n. Ca ba hop
chat déu xuat hién canh bao gay nhidu trong phép thir sinh hoc (PAINS) lién
quan dén khung quinone A.

Vé ADMET, cac hop chit duge du doan c6 kha nang hép thu rudt
cao, khong 1 co chit ctia P-glycoprotein, voi do thdm niém mac rudt trung
binh va ty 1& hap thu dudng udng >30%. Kha ning thim qua da rat thip va
khong vuot qua hang rao mau—ndo, gop phan giam nguy co tac dung khong
mong mudn trén hé than kinh trung uong. Mic du ty 1& gin protein huyét
tuong cao, thé tich phan b vin nam trong gidi han chdp nhan duge. Vé
chuyén héa, 106d va 106e c6 xu hudng tic ché nhidu isoenzym CYP450, can
lru ¥ nguy co twong tac thude. T4t ca cac hop chat déu c6 do thanh thai thap
va thoi gian ban thai trung binh, cho thiy tiém ning phu hop cho phat trién
thudc dung dudng udng.

Tom lai, ca ba hop chat déu dugc du doan khong gay dot bién (thur
nghiém Ames), khong gay doc gan, kich tmg mét hoic doc tinh ho hip (Bdng
3.11). Téng hop céc két qua trén cho thiy 106d, 106e va 106i so hitu dic
tinh gidéng thudc day trién vong ciing bién do an toan chap nhan duoc, cing
¢b tiém ning cua chiing nhu cac hop chét khoi dau tiém ning cho téi wu hoa

thudc chdng ung thu trong tuong lai.
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KET LUAN VA KIEN NGHI
Két luan: o ., ’
. Luan an da de xuat 04 quy trinh tong hop thanh cdng 41 hop chat di vong
mai dya trén phan mg ngung tu Knoevenagel cua hé 1,3-diketone theo
phuong phap phan tng domino da thanh phan, cu thé gom:

- 13 dan xuit 1-azaanthraquinone chira vong y-butyrolactone (106a—m),
hiéu suat; 40+49%.

- 12 dan xuat chromeno[2,3-d]pyrimidin-4-one chua flo (125a-1), hiéu
suat: 60+80%.

- 11 dan xuét pyrano[2,3-d]pyrimidine (142a—K), hiéu suat: 63+81%.

- 05 dan xuit pyranonaphthoquinone chira di té flo (151a—e), hiéu suat:
71+79%.

Céu trdc san pham duoc xac dinh day du bang phd IR, tH-NMR, 3C-
NMR va HRMS.

. Pa danh gia hoat tinh sinh hoc cuia cac chét téng hop duoc:

- Hoat tinh gay doc té bao trén cac dong té bao ung thu ngudi KB, HepG2,
A549, MCF-7 va dong té bao binh thuong HEK-293: ¢ 16/36 hop chat dugc
thir nghiém thé hién kha ning gay doc té bao ung thu. Pang chu y, 05 hop
chat tiéu biéu gém 106d, 106e, 106i, 125¢ va 125l c6 gia tri ICso trong khoang
(1.76+6.58) UM gan twong dwong véi chat tham khao ellipticine (ICso =1.8
uM) trong cung diéu kién thir nghiém.

- Déi véi hoat tinh e ché enzym AChE cua ddy hop chat 142a—k, két qua
cho thdy 10/12 hop chét thé hién hoat tinh wc ché, vai cac gia tri ICso tir
6.51+40.8 uM. Trong d6, hop chat 142i ¢ hoat tinh manh nhat véi ICso =
6.51 + 0.50 UM. , ,

. ba nghién ctiru mé6 phong ADMET, docking phan tr d6i véi 16p chat (106a-
m), qua d6 giup hiéu rd hon co ché tic dong cuia cac hop chat voi enzym
dich, ciing nhu gitip hd trg thiét ké thudc hiéu qua hon. Két qua cho thiy:
L&p chat 106a-m c6 thé tic dong dong thoi 1én hai dich phan tir — tubulin
(gdy ngimg chu ky té bao) va procaspase-6 (hoat hoa apoptosis), Trong do,
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cac hop chét 106d, 106e va 106i duoc xem 1a tmg vién trién vong nhét, c¢6
thé dugc phat trién thanh din xuét da dich trong cac nghién ctru tiép theo.

Trén co s& cac két qua thu dugc, luan an da hoan thanh dﬁy du cac
muc tiéu nghién ctru dé ra theo mot cach tiép can co hé théng. Cac két qua
nay khong chi c¢6 y nghia khoa hoc ma con cung cip co sé thuc nghiém dang
tin cay, lam nén tang cho cac nghién ctru tiép theo vé co ché tac dung, dac
tinh dugc dong hoc va dinh huéng t81 wu hoa cu tric cia cac hop chit nham
phuc vu qua trinh phat trién thudc trong tuong lai.

Kién nghi ’ i )

Trén co s& cac day hop chat da tong hop va cac két qua nghién ctu
thu dugc, luin 4n kién nghi tiép tuc lwa chon va khai thac mot sb khung cAu
tréic tiéu biéu nham nghién ctru sau hon mbi lién hé cAu tric — hoat tinh mot
céch c6 hé thong. Can két hop chit ché giita thuc nghiém tong hop, danh gia
hoat tinh sinh hoc va cac cong cu mé phong phén tir & 1am rd vai trd ctia cac
yéu t6 ciu tric then chdt, qua d6 dinh hudng hop 1y cho viée thiét ké va tdi

uu hda cac dan xuat moi.
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NHUNG PONG GOP MOI CUA LUAN AN

1. Pa dé xuat 04 quy trinh tong hop va lam rd co ché hinh thanh san pham téng
hop cac hop chit di vong mai dya trén phan timg ngung tu Knoevenagel cua
hé 1,3-diketone theo phan tng domino da thanh phan trong diéu kién c6 hd
tro vi song.

2. Lan dau tién tong hop va xac dinh cau tric cua 41 dan xuat di vong méi trén
nén cac khung 1-azaanthraquinone chtra vong y-butyrolactone,
Chromeno[2,3-d]pyrimidin-4-one, Pyrano[2,3-d]pyrimidine va
Pyranonaphthoquinone, gop phan ma rong thu vién cac hop chat di vong co
gid tri trong linh vyc hoa duogc.

3. Luan 4n da danh gia c6 hé théng hoat tinh sinh hoc cia cac hop chit tong
hop dugc, bao gom hoat tinh gy doc té bao trén cac dong té bao ung thu
nguoi KB, HepG2, A549, MCF-7 va dong té bao binh thuong HEK-293,
cling nhu hoat tinh wc ché enzym Acetylcholinesterase. Két qua cho thay
16/36 hop chét thé hién hoat tinh gay doc té bao, trong d6 cac hop chat 106d,
106e, 106i, 125¢ va 125l ¢ gié tri ICso trong khoang 1,76-6,58 UM, xap xi
chat tham chiéu ellipticine; dong thoi, d6i voi diy hop chat Pyrano[2,3-
d]pyrimidine c6 10/12 hop chat ¢ kha ning tc ché AChE véi ICso trong
khoang 6,51+40,8 pM, trong d6 hop chat 142i thé hién hoat tinh manh nhit.

4. Trén co s& m6 phong docking phan tir va du doan ADMET, lun 4n da budc
dau 1am rd kha ning twong tac cua lop hop chat 1-azaanthraquinone chira
vong y-butyrolactone véi cac dich phan tir lién quan, cho thay tiém ning tac
dong dong thoi 1én tubulin va procaspase-6. CAc hop chat 106d, 106e va 106i
dugc xéac dinh 1a nhitng hop chét tiém ning, dinh huéng cho cac nghién ctu
tiép theo.
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