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o GIG1 THIEU LUAN AN
1. it vén dé

Bénh Alzheimer (Alzheimer’s Disease — AD) la can bénh c6 ty Ié
cao & ngudi 16n tudi. AD dang tao mot ganh nang rat 16n vé kinh té -
x4 hoi 1én hé thong y té cua nhiéu nudc, trong do co Viét Nam. Cac
thudc hién dugc sir dung trong diéu tri AD khong chira lanh dugc
bénh. Chinh vi vay, nhu cau tim kiém cac liéu phap mai c6 thé chan
dung hogc dao nghich tién trién cua bénh hién nay la cuc ky 16n.

Vi viéc nhan thay rd bénh Alzheimer 1a can bénh cd nhiéu yéu té
bénh sinh, trong d6 dang chu ¥ nhit I1a su rdi loan dan truyén than
kinh cholinegic va su hinh thanh va két tap cac mang p-amyloid,
dong thoi ciing nhan thay rd cac dan chat flavonoid va curcumin cé
hoat tinh sinh hoc rat da dang, trong d6 c6 cac hoat tinh quan trong
trén sinh bénh hoc Alzheimer, dic biét la nhitng hoat tinh lién quan
dén wc ché acetylcholinesterase (AChE) va p-amyloid (thong qua tc
ché BACE-1), d& tai “Thiét ké, tdng hep va danh gia tic dong ic
ché acetylcholinesterase va p-amyloid ciia mét sé6 dan chat twong
ddng curcumin va flavonoid” duoc thyc hién vai cac muyc tiéu:

1. Thiét ké in silico cac dan chat curcumin va flavonoid dugc du
doan co hoat tinh tic ché trén ca 2 dich tac dong cua AD 1a AChE va
BACE-1: (i) Xay dung thu vién t6 hop 40 cac din chit curcumin va
flavonoid phuc vu cho nghién ctu sang loc dé tim kiém céc dan chat
va céc khung cdu tric c6 tac dong dong thoi trén AChE va BACE-1.
(ii) Xy dung cdc mo hinh pharmacophore d6i vi AChE va BACE-1
va sang loc trén thu vién to hop 4o dé tim kiém céc dan chat va
khung c4u tric c6 tiém ning tc ché manh ddi voi AChE va BACE-1.
(iii) Thiét ké mai cac dan chat tir cac khung ciu trac duoc dy doan co
tiém ning wc ché trén ca 2 enzym. (iv) Xay dung cac md hinh 2D-
QSAR dé dy doan hoat tinh sinh hoc cua cac dan chat sang loc va
dugc thiét ké mai. (v) Xay dyng cac mé hinh docking phan tir dé
danh gia va phan tich kha ning gin két cua cac din chit sang loc va
dugc thiét ké moi. (vi) Bé xuat danh sach cAc chét tiém nang nhat dé



lya chon cho tong hop hda hoc va danh gia hoat tinh sinh hoc in
vitro.

2. Téng hop céc dan chit lya chon tir danh séch céc chét dugc thiét ké.

3. Panh gia hoat tinh sinh hoc in vitro céc dan chat tong hop dugc.
2. Tinh cép thiét caa dé tai

Bénh Alzheimer (AD) la mét trong nhitng thach thiic 16n nhét vé
mat y té ddi voi chiing ta trong Ky nguyén hién tai, trong khi d6 thubc
diéu tri hién c6 lai khéng hiru hiéu, do d6 nhu cau tim kiém thudc
méi ¢6 hiéu qua tét dbi véi bénh 14 rat 16n. Acetylcholinesterase va
BACE-1 1a 2 dich tac dong quan trong trong sinh bénh hoc phuc tap
ciia AD. Ban chit da yéu té gay bénh cua AD doi hoi cac thuéc mudn
c6 hiéu qua diéu tri bénh phai tic dong dong thoi trén nhiéu dich tri
liéu cua bénh. Cac din chat curcumin va flavonoid véi cac tac dung
sinh hoc da dang la nhiing tng vién tiém ning trong nghién cau tim
kiém céc chat méi trong diéu tri AD. Hién trén thé gigi c6 mot sb
nghién ctru duoc thuc hién nham tim kiém cac dan chat curcumin
hodc flavonoid c6 tac dong we ché ddéng thoi AChE va BACE-1, tuy
nhién tai Viét Nam chua c6 nghién ctru ndo nhu vy duoc tién hanh.
3. Nhirng déong gop mai cia luan an

(i) Pa thiét ké moi dugc 72 dan chat curcumin va flavonoid (2
curcumin va 70 flavonoid) cé tac dung tic ché dong thoi trén 2 dich tac
dong cua bénh Alzheimer la enzym acetylcholinesterase va BACE-1 dua
trén (mg dung caa cac md hinh in silico xay dung dwoc bao gom md
hinh pharmacophore, 2D-QSAR va docking phan tu. (i) Da tng hop
duoc 25 dan chat flavonoid trong d6 c6 17 dan chat ¢6 cau trdc hoan
toan méi. (iii) Pa danh gia hoat tinh tc ché in vitro dong thoi trén 2
enzym acetylcholinesterase va BACE-1 ciia céc dan chat flavonoid tong
hop dugc, trong d6 ¢6 2 dan chét tiém ning nhét 1a AC4 va AC12.
4. B6 cuc luan an

Luan an gdm 155 trang: m¢ dau 3 trang, tong quan 37 trang, ddi
tuong va phuong phap nghién ciru 25 trang, két qua nghién ciru 41
trang, ban luan 47 trang; két luan va kién nghi 2 trang. Luén 4n c6 60
hinh, 14 so d6, 42 bang, va 182 tai liéu tham khao.



Chuong 1: TONG QUAN

1.1. Tong quan vé bénh Alzheimer
1.2. Téng quan vé acetylcholinesterase

Vai trd trong bénh Alzheimer, co ché xdc tac, cau tric cua
acetylcholinesterase, phuong phap thir nghiém hoat tinh Gc ché
acetylcholinesterase.
1.3. Tong quan vé p-secretase

Vai trd trong bénh Alzheimer, co ché xlc tac cua BACE-1, ciu
tric cia BACE-1, phuong phap danh gia hoat tinh @rc ché BACE-1.
1.4. Tong quan vé curcumin va dan chat

Ngudn géc va dic tinh héa hoc, tdc dung cia curcumin ddi véi
bénh Alzheimer, phwong phap tong hop curcumin.
1.5. Tong quan vé flavonoid

Ngudn gbc va dic tinh hoa hoc, tac dung cua flavonoid ddi voi
bénh Alzheimer, phuong phap tong hop flavonoid.
1.6. Tong quan vé nghién ciru in silico trong héa duoc

Thiét ké thudc hop 1y va vai tro trong phat minh thude, gidi thiéu
vé thu vién to hop 4o, gidi thiéu vé phuong phap nghién ciru mé hinh
pharmacophore, gidi thiéu vé phuong phap nghién ctru mbi quan hé
dinh luong giira cau triic va tic dung sinh hoc, gi6i thidu vé phuong
phap nghién ctru docking phan tir.
1.7. Céc nghién ciru c6 lién quan dén dé tai

Nghién ciru trén in silico, nghién ctru tong hop hoa hoc va danh
gia hoat tinh sinh hoc

Chuong 2: POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Poi twgng nghién ctru
- Céc dan chét curcumin
- Cac dan chat flavonoid
- Enzym acetylcholinesterase
- Enzym BACE-1



2.2. Phwong phap nghién ciru
2.2.1. Thiét ké cac dén chét in silico
[ Quy trinh thiét ké cac din chat ]

THU VIEN TO HQP AO
(MOE)

Cic khung cdu tric Cac nhom thé

Sang loc ao
Luit 5-Lipinski (MOE)

M hinh pharmacophore doi M hinh pharmacophore dbi
| vési ACKE (MOE) | véi BACE-1(MOE)

CAC CHAT SANG LQC bUQC

Tinh chinh cic thude tinh gibng thude
(SwissAMDE)
Lya chon vi
thiét ké bd sung

CAC CHAT THU DUQC
SAU TINH CHINH

cie md hinh 2D-QSAR (MOE)
Hit
Hinh 2.2. Tém tit quy trinh thiét ké cac dan chét in silico.

2.2.2. Tong hop hoa hoc
2.2.2.1. Tong hop céac phenothiazin chalcon

Ap dung phuong phap ngung tu Claisen—Schmidt dé tong hop cac
dan chat phenothiazin chalcon (AC1-AC13). Nguyén liéu sir dung 1a
acepromazin va cac dan chat benzaldehyd thich hop. Phan tng duoc
tién hanh & nhiét d6 phong trong dung moi 1a ethanol véi xiic tac
natri ethanolat va véi sy hd tro cia siéu am.
2.2.2.2. Téng hop cac dan chit flavon

Tir baicalein, thuc hién cac phan ing ether hoéa (trong dung moi
aceton v6i chit xuc tac 1a K,COs) va phan tng ester hoa (trong dung
moi pyridin) dé thu dwgc cac dan chat B2-B8. Thuc hién phéan Gng
thity phan diosmin dé thu duoc diosmetin. Tir diosmetin tién hanh
cac phan ung ether hoa va ester hoa dé tong hop cac dan chat D2-D7.



2.2.3. Panh gia hoat tinh sinh hoc in vitro
2.2.3.1. Thir nghiém hoat tinh trc ché acetylcholinesterase

Hoat tinh trc ché AChE cua cac dan chét flavonoid duoc xac dinh
bang phuong phap do quang sir dung thude thir Ellman tai budc song
405 nm. Cac mau thir duge pha véi DMSO dé c6 cac nong do cudi
cung trong giéng do 1a 200 uM, 100 uM, 50 uM, 25 uM va 12,5 pM.
Galantamin duogc st dung lam mau so sanh song song v&i cidc mau
flavonoid dem do. Cac nong d6 ctia galantamin dugc pha lodng trong
giéng do 1an luot 13 0,625uM; 1,25uM; 2,5uM; 5uM; 10uM. Phén
tram wc ché enzym duoc tinh theo cong thirc:

% tc ché enzym = (Adggi chicu duong ~ Adéi chiu am) = (Amau th = Amiu tréng) % 100%
) Adsi chicu duong ~ Adsi chicu am
Trong d6: A la d6 hap thu quang.

Xay dung phuong trinh hoi quy tuyén tinh thé hién méi twong
quan giita log ndng do chét thir nghiém (uM) va phan trim hoat tinh
enzym bi tc ché, tir d6 tinh dwoc gié tri ndng d6 miu thir & d6 hoat
tinh cua enzym AChE bi trc ché 50% (1Csy).
2.2.3.2. Thir nghiém hoat tinh trc ché BACE-1

Hoat tinh &c ché BACE-1 duoc xac dinh bang phuong phép
truyén ning luong cong hudng huynh quang & budc song kich thich /
budc song phat xa 1a 320 nm / 405 nm. Cac mau thir dugc pha véi
DMSO dé c6 cac nong do cudi cung trong giéng do 13 200 pM, 100

uM, 50 uM, 25 uM va 12,5 uM. Quercetin dugc sir dung 1am mau so
sanh song song voi cac mau flavonoid dem do. Phan tram wc ché
enzym duoc tinh theo cbng thuc:

% e ché enzym=1- Pt et duong - P X 100%
FU i chiéu duong = FUaéi chiu am
Trong d6, FU 1a don vi huynh quang cua cac mau do tai thoi diém
2 gio sau khi o ¢ 37 °C trir di gia tri do luc bat dau.
Lap do thi twong quan giira % Gc ché enzym theo log nong do
chat thir. ICs, cua chét thir dwoc tinh tir phwong trinh hoi quy, d6 1a
nong do cua chit thir c6 kha nang we ché % hoat tinh caa enzym.




Chuwong 3: KET QUA NGHIEN CU'U

3.1. Két qua nghién ciru thiét ké cac din chat in silico

Bang 3.21. Tém tat cac két qua thu duoc tir nghién ciru thiét ké cac
dan chat in silico.

Stt  Nghién ciru Két qua
1 Xay dyng thu vién t6 hop ao Thu vién té hop 4o chira 3.012.708 chét
(715.040 dan chat curcumin va 2.297.668
din chét flavonoid)
2 Xay dung va phat trién cac m6 02 md hinh pharmacophore trén AChE va
hinh pharmacophore BACE-1 str dung cho sang loc ao
3 Sangloc a0 - 4199 chit (2 curcumin va 4.197
flavonoid véi cac din chat flavon va
phenothiazin chalcon chiém uu thé).
- 47 chét: 2 curcumin va 45 flavonoid
thoa mén cac dic tinh gidng thudc
4 Thit k& cac din chit - 38 din chét phenothiazin chalcon
phenothiazin chalcon va flavon - 40 dén chét caa baicalein
méi - 40 dén chét cua diosmetin
5  Nghién citu xay dung cac m6 02 mo hinh 2D-QSAR déi véi AChE va
hinh 2D-QSAR BACE-1 st dung dé dy doan hoat tinh
sinh hoc cua cac dan chét sang loc duoc
va nhiing dan chét thiét ké moi
6 Du doan hoat tinh sinh hoc cia Cac dan chit dwoc du doan co hoat tinh
céc din chit sang loc dugc va uc ché cao trén ca 2 enzym AChE va
cac dan chat thiét ké méi BACE-1
7 Nghién ciru docking phan tur Céc dan chat c6 két qua docking phan tor
t6t trén ca 2 enzym AChE va BACE-1
8  Kétqua cudi cling cia nghién ciu  Danh sach 72 chit ¢ hoat tinh tc ché

thiét ké thudc tir tong hop két qua
cta dy doan hoat tinh sinh hoc
bang cac md hinh 2D-QSAR va
nghién ctru docking phén tir

tidm ning trén cd 2 enzym AChE va
BACE-1 c6 thé st dung dé lya chon cho
tng hop hoa hoc va danh gia hoat tinh
sinh hoc in vitro.




3.2. Két qua nghién ciru tong hop héa hoc
3.2.1. Tong hop cac dan chét phenothiazin chalcon
(E)-1-(10-(3-(dimethylamino)propyl)-10H-phenothiazin-2-yl)-3-
phenylprop-2-en-1-on (AC1). Hiéu sudt: 68%. T%,: Chat long & nhiét
d6 phong. IR (v em ™, KBr): 2939; 1658; 1599; 1491; 1061. MS: m/z
[M+H]* (C6H2:N,08) tinh toan 415,1844; do dugc 415,1814. 'H-
NMR (500 MHz, MeOD): 7,76 (d, J = 16,0 Hz, 1H); 7,70-7,71 (m,
2H); 7,66 (d, J = 16,0 Hz, 1H); 7,61 (dd, J; = 1,0 Hz, J, = 8,0 Hz,
1H); 7,48 (d, 1H); 7,40-7,42 (m, 3H); 7,16-7,21 (m, 2H); 7,09 (dd,
J1 =1,0 Hz, J, = 7,5 Hz, 1H); 6,92-6,97 (m, 2H); 3,94 (t, J = 7,0 Hz,
2H); 2,51 (t, J = 7,5 Hz, 2H); 2,22 (s, 6H); 1,90-1,96 (m, 2H). **C-
NMR (125 MHz, MeOD): 191,1; 146,7; 146,1; 145,5; 138,4; 136,1;
133,7; 131,8; 130,1 (2xC); 129,7 (2xC); 128,9; 128,3; 128,2; 125,2;
124,3; 124,1; 122,8; 117,2; 115,8; 57,6; 46,1; 45,2 (2xC); 25,2.
(E)-1-(10-(3-(dimethylamino)propyl)-10H-phenothiazin-2-yl)-3-
(3-methoxyphenyl)prop-2-en-1-on (AC2). Hiéu sudt: 43%. T°,: Chit
long & nhiét do phong. IR (v em ™, KBr): 2970; 1658; 1601; 1462;
1245; 1088. MS: m/z [M+H]" (C57H»N,0,S) tinh toan 445,1950; do
dugc 445,1977. 'H-NMR (500 MHz, MeOD): 7,78 (d, J = 16,0 Hz,
1H); 7,72 (d, J = 16,0 Hz, 1H); 7,72 (dd, J; = 1,5 Hz, J, = 8,5 Hz,
1H); 7,58 (d, J = 1,5 Hz, 1H); 7,32-7,38 (m, 3H); 7,29 (d, J = 8,0 Hz,
1H); 7,23-7,25 (m, 1H); 7,15 (dd, J; = 1,5 Hz, J, = 7,5 Hz, 1H); 7,05
(dd, J; = 1,5 Hz, J, = 7,5 Hz, 1H); 7,02-7,04 (m, 1H); 6,98-7,00 (m,
1H); 4,06 (t, J = 7,0 Hz, 2H); 3,88 (s, 3H); 2,56 (t, J = 7,5 Hz, 2H);
2,24 (s, 6H); 1,98-2,04 (m, 2H). *C-NMR (125 MHz, MeOD): 191,5;
146,9; 146,1; 145,8; 138,2; 137,6; 133,9; 131,0 (2xC); 129,0; 128,4;
128,2; 125,4; 124 ,4; 124,1; 123,2; 122,4; 117,7; 117,3; 115,9; 114,6;
57,8; 55,9; 46,2; 45,3 (2xC); 25,4.
(E)-1-(10-(3-(dimethylamino)propyl)-10H-phenothiazin-2-yl)-3-
(4-methoxyphenyl)prop-2-en-1-on (AC3). Hiéu sudt: 41%. T°,: Chat
long & nhiét do phong. IR (v em ™, KBr): 2968; 1655; 1593; 1462;
1254; 1036. MS: m/z [M+H]" (C57H»N,0,S) tinh toan 445,1950; do



dugc 445,1923. 'H-NMR (500 MHz, MeOD): 7,76 (d, J = 15,5 Hz,
1H); 7,68-7,70 (m, 2H); 7,64 (dd, J; = 2,0 Hz, J, = 8,0 Hz, 1H); 7,56
(d, 3 =155 Hz, 1H); 7,52 (d, J = 1,5 Hz, 1H); 7,21-7,24 (m, 2H);
7,13 (dd, J; = 1,5 Hz, J, = 7,5 Hz, 1H); 7,02 (d, J = 7,5 Hz, 1H);
6,96-6,98 (m, 3H); 4,03 (t, J = 7,0 Hz, 2H); 3;85 (s, 3H); 2,70 (t, J =
7,5 Hz, 2H); 2,37 (s, 6H); 2,00-2,06 (m, 2H). BC-NMR (125 MHz,
MeOD): 191,4; 146,7; 146,3; 145,6; 138,9; 133,6; 131,7 (2xC);
129,0; 128,8; 128,4; 128,2; 125,5; 124,3; 124,2; 120,3; 117,4; 117,3;
115,8; 115,5 (2xC); 57,4; 55,9; 45,9; 44,7 (2xC); 24,7.
(E)-1-(10-(3-(dimethylamino)propyl)-10H-phenothiazin-2-yl)-3-
(3,4,5-trimethoxyphenyl)prop-2-en-1-on (AC4). Hiéu sudt: 51%. T
167-168 °C. IR (v cm ™, KBr): 2925; 1657; 1582; 1461; 1280; 1124.
MS: m/z [M+H]" (CyHa3N,0,S) tinh toan 505,2161; do duogc
505,2132. 'H-NMR (500 MHz, MeOD): 7,75 (d, J =15,5 Hz, 1H);
7,74 (dd, J; = 1,5 Hz, J, = 7,5 Hz, 1H); 7,67 (d, J = 15,5 Hz, 1H);
7,58 (d, J = 1,5 Hz, 1H); 7,28 (d, J = 8,0 Hz, 1H); 7,24 (td, J; = 1,5
Hz, J, = 8,0 Hz, 1H); 7,15 (dd, J; = 1,5 Hz, J, = 7,5 Hz, 1H); 7,09 (s,
2H); 7,05 (d, J = 7,5 Hz, 1H); 6,98 (td, J = 1Hz, J = 6,5 Hz, 1H);
4,06 (t, J = 6,5 Hz, 2H); 3,92 (s, 6H); 3,83 (s, 3H); 2,60 (t, J = 7,8
Hz, 2H); 2,28 (s, 6H); 1,99-2,04 (m, 2H). ®*C-NMR (125 MHz,
MeOD): 191,5; 154,9 (2xC); 146,9; 146,4; 145,8; 141,7; 138,7,
133,9; 132,1; 129,0; 128,4; 128,2; 125,4; 124,5; 124,2; 122,3; 117,3;
115,8; 107,4 (2xC); 61,2; 57,7; 56,8 (2xC); 46,1; 45,2 (2xC); 25,2.
(E)-3-(4-chlorophenyl)-1-(10-(3-(dimethylamino)propyl)-10H-

phenothiazin-2-yl)-3-phenylprop-2-en-1-on (AC5). Hiéu sudt: 78%.
T Chat long & nhiét &6 phong. IR (v cm ™, KBr): 2936; 1657; 1590;
1461; 1089; 744. MS: m/z [M+H]" (CzHCIN,OS) tinh toan
449,1454; do dugc 449,1451. *H-NMR (500 MHz, MeOD): 7,67 (d, J
= 16,0 Hz, 1H); 7,56-7,63 (m, 4H); 7,44 (s, 1H); 7,35 (d, J = 7,0 Hz,
2H); 7,18 (t, J = 7,5 Hz, 1H); 7,12 (t, J=7,5Hz, 1H); 7,06 (d, J=7,5
Hz, 1H); 6,91-6,94 (m, 2H); 3,91 (t, J = 5,5 Hz, 2H); 2,48 (t, J = 7,0
Hz, 2H); 2,20 (s, 6H); 1,90-1,93 (m, 2H). ®C-NMR (125 MHz,



MeOD): 190,7; 146,7; 145,5; 144,3; 138,3; 137,4; 134,9; 1337,
131,1 (2xC); 130,2 (2xC); 128,8; 128,3; 128,1; 125,1; 124,3; 124,1;
123,4; 117,2; 115,6; 57,6; 46,1; 45,2 (2xC); 25,2.

(2)-3-(2,4-dichlorophenyl)-1-(10-(3-(dimethylamino)propyl)-10H-
phenothiazin-2-yl)-3-phenylprop-2-en-1-on (AC6). Hiéu sudt: 62%.
T%c: Chét 16ng & nhiét do phong. IR (v em ™", KBr): 2940; 1658; 1584;
1463; 1222. MS: m/z [M+H]" (CxH,sCI,N,0S) tinh toan 483,1065;
do dugc 483,1054. 'H-NMR (500 MHz, DMSO-d,): 8,26 (d, J = 8,5
Hz, 1H); 7,97-7,98 (m, 2H); 7,82 (dd, J; = 1,5 Hz, J, = 8,0 Hz, 1H);
7,78 (d, J = 2,0 Hz, 1H); 7,57 (d, J = 8,0 Hz, 1H); 7,56 (d, J = 8,5 Hz,
1H); 7,35 (d, J = 8,0 Hz, 1H); 7,25 (td, J; = 1,5 Hz, J, = 8,5 Hz, 1H);
7,18 (dd, J =1,5 Hz, J = 6,5 Hz, 1H); 7,08 (d, J = 7,5 Hz, 1H); 6,98
(td, J; =1,0 Hz, J, = 6,5 Hz, 1H); 4,0 (t, J = 7,0 Hz, 2H); 2,35 (t, J =
7,0 Hz, 2H); 2,11 (s, 6H); 1,80-1,86 (m, 2H). *C-NMR (125 MHz,
DMSO-ds): 188,1; 144,9; 143,9; 137,2; 136,5; 135,6; 135,1; 131,3;
131,0; 129,8; 129,5; 128,0; 127,9; 127,2; 127,1; 125,3; 123,4; 122,8;
122,3; 116,2; 114,3; 56,2; 45,2 (2xC); 44,7; 24,1.

(E)-3-(2-chloro-6-fluorophenyl)-1-(10-(3-(dimethylamino)propyl)
-10H-phenothiazin-2-yl)-3-phenylprop-2-en-1-on (AC7). Hiéu sudt:
43%. T 152-155 °C. IR (v cm*, KBr): 2935; 1660; 1596; 1467;
1062. MS: m/z [M+H]" (CH2sCIFN,OS) tinh toan 467,1360; do
duogc 467,1368. 'H-NMR (500 MHz, DMSO-dg): 7,81 (d, J = 16,0 Hz,
1H); 7,74 (d, J = 16,0 Hz, 1H); 7,63 (dd, J; = 1,5 Hz, J, = 8,0 Hz,
1H); 7,47-7,54 (m, 3H); 7,37-7,41 (m, 1H); 7,33 (d, J = 7;5 Hz, 1H);
7,23 (td, J; = 1,5 Hz, J, = 8,5 Hz, 1H); 7,16 (dd, J, = 1,5 Hz, J, = 7,5
Hz, 1H); 7,06 (d, J = 8,0 Hz, 1H); 6,97 (td, J; = 1,0 Hz, J, = 7,5 Hz,
1H); 3,97 (t, J = 7,0 Hz, 2H); 2,34 (t, J = 6,5 Hz, 2H); 2,10 (s, 6H);
1,79-1,84 (m, 2H). *C-NMR (125 MHz, DMSO-ds): 188,4; 144.8;
143,8; 136,4; 135,0; 133,1; 132,1; 130,9; 128,8; 128,0; 127,2; 126,2;
123,0; 122,8; 122,1; 121,4; 121,3; 116,1; 115,6; 115,4; 114,2; 56,2;
45,2 (2xC); 44,7; 24,0.
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(E)-3-(2-chlorophenyl)-1-(10-(3-(dimethylamino)propyl)-10H-
phenothiazin-2-yl)-3-phenylprop-2-en-1-on (AC8). Hiéu sudt: 81%.
T°x: 224-227 °C. IR (v ecm™, KBr): 2957; 1658; 1598; 1468; 1070.
MS: m/z [M+H]" (CxHxCIN,OS) tinh todn 449,1454; do duoc
449,1475. *H-NMR (500 MHz, MeOD): 8,23 (d, J = 15,5 Hz, 1H);
8,03 (dd, J; =1,5Hz, J, =7,0 Hz, 1H); 7,80 (d, J = 1,5 Hz, 1H); 7,78
(d, J = 15,5 Hz, 1H); 7,65 (s, 1H); 7,52 (dd, J; = 1,5 Hz, J, = 7,5 Hz,
1H); 7,40-7,46 (m, 2H); 7,37 (d, J = 8,0 Hz, 1H); 7,30 (t, J = 7,5 Hz,
1H); 7,22 (d, J = 8,0 Hz, 1H); 7,12 (d, J = 8,0 Hz, 1H); 7,04 (t, J =
7,5 Hz, 1H); 4,19 (t, J = 6,5 Hz, 2H); 3,24 (t, J = 8,0 Hz, 2H); 2,81 (s,
6H); 2,22-2,25 (m, 2H). *C-NMR (125 MHz, MeOD): 190,9; 146,8;
145,5; 141,3; 138,5; 136,5; 134,6; 134,2; 132,8; 131,2; 129,3; 129,2;
128,7; 128,6; 128,5; 125,9; 125,4; 124,9; 124,6; 117,5; 115,9; 56,9;
45,2; 43,8 (2xC); 23,4.

(E)-1-(10-(3-(dimethylamino)propyl)-10H-phenothiazin-2-yl)-3-
(4-fluorophenyl)prop-2-en-1-on (AC9). Hiéu sudt: 57%. T°: 138
140 °C. IR (v em™, KBr): 2931; 1656; 1593; 1463; 1061. MS: m/z
[M+H]* (C,6H26FN,0OS) tinh toan 433,1750; do dwoc 433,1754. *H-
NMR (500 MHz, MeOD): 7,77-7,80 (m, 2H); 7,75 (d, J = 15,5 Hz,
1H); 7,68 (d, J = 6,0 Hz, 1H); 7,64 (d, J = 15,5 Hz, 1H); 7,55 (s, 1H);
7,24 (d, J = 8,5 Hz, 1H); 7,22 (d, J = 8,5 Hz, 1H); 7,18 (d, J = 8,0 Hz,
1H); 7,16 (d, J = 8,0 Hz, 1H); 7,14 (d, J = 8,5 Hz, 1H); 7,02-7,06 (m,
1H); 6,96-6,99 (m, 1H); 4,04 (t, J = 6,5 Hz, 2H); 2,73 (t, J = 7,5 Hz,
2H); 2,39 (s, 6H); 2,02-2,06 (m, 2H). *C-NMR (125 MHz, MeOD):
191,1; 146,8; 145,6; 144,8; 138,6; 134,0; 132,7; 132,0; 129,0; 128,4;
128,2; 125,5; 124,4; 124,2; 122,7; 117,3; 117,1; 116,9; 115,8; 115,4;
115,2; 56,4; 45,8; 44,7 (2xC); 24,7.

(E)-3-(3-bromophenyl)-1-(10-(3-(dimethylamino)propyl)-10H-
phenothiazin-2-yl)-3-phenylprop-2-en-1-on (AC10). Hiéu sudt: 51%.
T°c: 178-180 °C. IR (v em™*, KBr): 2932; 1659; 1598; 1462; 1059.
MS: m/z [M+H]" (CH2BrN,OS) tinh todn 493,0949; do dugc
493,0949. *H-NMR (500 MHz, MeOD): 7,94 (s, 1H); 7,67-7,73 (m,
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4H); 7,57-7,58 (m, 1H); 7,55 (d, J = 16,0 Hz, 1H); 7,33-7,36 (m,
1H); 7,21-7,26 (m, 2H); 7,12 (dd, J; = 1,0 Hz, J, = 6,5 Hz, 1H); 7,02
(d, J=8,0 Hz, 1H); 6,97 (t, J = 7,5 Hz, 1H); 4,02 (t, J = 6,0 Hz, 2H);
2,52 (t, J = 7,5 Hz, 2H); 2;22 (s, 6H); 1,97-2,03 (m, 2H). *C-NMR
(125 MHz, MeOD): 190,9; 146,9; 145,7; 144,1; 138,6; 138,3; 134,3;
134,0; 132,2; 131,7; 129,0; 128,6; 128,4; 128,2; 125,3; 124,5; 124 4;
124,1; 124,0; 117,3; 115,8; 57,8; 46,2; 45,3 (2xC); 25,4.
(E)-1-(10-(3-(dimethylamino)propyl)-10H-phenothiazin-2-yl)-3-
(2-trifluoromethyl)phenyl)prop-2-en-1-on (AC11). Hiéu sudt: 58%.
T°c: Chét 16ng ¢ nhiét do phong. IR (v em ™", KBr): 2942; 1662; 1592;
1463; 1123. MS: m/z [M+H]" (C57H»6FsN,0S) tinh todn 483,1718; do
duogc 483,1721. *H-NMR (500 MHz, MeOD): 8,13 (d, J = 15,5 Hz,
1H); 8,07-8,11 (m, 1H); 7,76-7,78 (m, 1H); 7,74 (d, J = 7,0 Hz, 1H);
7,73 (d, J = 15,5 Hz, 1H); 7,65-7,71 (m, 1H); 7,57-7,60 (m, 1H);
7,54 (d, J = 10,0 Hz, 1H); 7,20-7,25 (m, 2H); 7,10-7,12 (m, 1H);
7,01 (t, J = 8,5 Hz, 1H); 6,94-6,98 (m, 1H); 3,97-4,02 (m, 2H);
2,49-2,53 (m, 2H); 2,22 (s, 3H); 2,21 (s, 3H); 1,94-1,98 (m, 2H).
BC-NMR (125 MHz, MeOD): 190,5; 146,9; 145,6; 140,5; 138,1;
134,9; 134,2; 133,7; 131,2; 129,9; 129,5; 129,0; 128,4; 128,2; 127,1,
127,0; 126,7; 125,2; 124,4; 124,1; 117,3; 115,8; 57,7; 46,2; 45,3
(2xC); 25,3.
(E)-3-(4-(dimethylamino)phenyl)-1-(10-(3-(dimethylamino)propyl
)-10H-phenothiazin-2-yl)-3-phenylprop-2-en-1-on  (AC12). Hiéu
sudt: 39%. T°c: Chét 1ong & nhiét 6 phong. IR (v cm ™, KBr): 2936;
1647; 1572; 1459; 1168. MS: m/z [M+H]" (C,sH3,N;0S) tinh toan
458,2266; do dugc 458,2298. 'H-NMR (500 MHz, MeOD): 7,76 (d, J
= 15,5 Hz, 1H); 7,57-7,61 (m, 3H); 7,51 (s, 1H); 7,43 (d, J = 15,5
Hz, 1H); 7,22 (d, J = 8,0 Hz, 1H); 7,20 (d, J = 8,0 Hz, 1H); 7,11 (d, J
=7,0 Hz, 1H); 6,99 (d, J = 8,0 Hz, 1H); 6,95 (t, J = 7,5 Hz, 1H); 6,72
(d, 3 =9,0 Hz, 2H); 3,98 (t, J = 6,5 Hz, 2H); 3,01 (s, 6H); 2,52 (t, J =
7,5 Hz, 2H); 2;22 (s, 6H); 1,94-1,98 (m, 2H). *C-NMR (125 MHz,
MeOD): 191,5; 153,9 (2xC); 147,8; 146,7; 145,8; 139,4; 132,9; 131,9
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(2xC); 128,9; 128,4; 128,1; 125,4; 124,1; 123,7; 117,3; 117,0; 115,8;
113,0 (2xC); 57,7; 46,1; 45,3 (2xC); 40,2 (2xC); 25,3.

(E)-3-(4-(benzyloxy)phenyl)-1-(10-(3-(dimethylamino)propyl)-
10H-phenothiazin-2-yl)-3-phenylprop-2-en-1-on (AC13). Hiéu sudt:
40%. T°,: 183-185 °C. IR (v cm ', KBr): 2936; 1655; 1592; 1459;
1247; 1060. MS: m/z [M+H]" (C33H33N,0,S) tinh toan 521,2263; do
duge 521,2243. *H-NMR (500 MHz, MeOD+DMSO-dg): 7,80 (d, J =
15,5 Hz, 1H); 7,78-7,80 (m, 2H); 7,74 (dd, J; = 1,5 Hz, J, = 8,0 Hz,
1H); 7,67 (d, J = 15,5 Hz, 1H); 7,62 (d, J = 1,5 Hz, 1H); 7,51 (d, J =
7,0 Hz, 2H); 7,43-7,46 (m, 2H); 7,37-7,40 (m, 1H); 7,33 (d, J=7,5
Hz, 1H); 7,28 (td, J, = 1,5 Hz, J, = 8,5 Hz, 1H); 7,20 (dd, J = 2,0 Hz,
J =175 Hz, 1H); 7,12-7,14 (m, 2H); 7;10 (d, J = 8,0 Hz, 1H); 7;00
(td, J; = 1,5 Hz, J, = 8,0 Hz, 1H); 5,22 (s, 2H); 4,10 (t, J = 7,0 Hz,
2H); 2,55 (t, J = 7,0 Hz, 2H); 2,24 (s, 6H); 1,98-2,05 (m, 2H). **C-
NMR (125 MHz, MeOD+DMSO-dg): 190,8; 162,4; 146,8; 145,9;
145,8; 138,9; 138,3; 133,1 (3xC); 131,9 (2xC); 129,2; 129,1; 128,8
(3xC); 128,4; 128,2; 125,1; 124,3; 124,2; 120,7; 117,4; 116,6 (2xC);
115,9; 71,1; 57,8; 46,2; 45,6 (2xC); 25,5.
3.2.2. Tong hop cac dan chét flavon

5-Hydroxy-6,7-dimethoxyflavon (B2). Hiéu sudt: 65%. T°: 160—
161 °C. IR (v em ™, KBr): 3453; 3064; 2941; 1662; 1616; 1456; 1128.
MS: m/z [M+H]" (C17H1505) tinh toan 299,0919; do duoc 299,0917.
'H-NMR (500 MHz, DMSO-ds): 12,76 (s, 1H); 8,09 (dd, J; = 1,5 Hz,
J, = 8,0 Hz, 2H); 7,57-7,63 (m, 3H); 7,02 (s, 1H); 6,97 (s, 1H); 3,94
(s, 3H); 3,75 (s, 3H). *C-NMR (125 MHz, DMSO-dg): 182,3; 163,4;
158,8; 152,7; 151,0; 132,1; 132,0; 130,6; 129,1 (2xC); 126,3 (2xC);
105,3; 104,9; 91,7; 60,0; 56,4.

6,7-Diethoxy-5-hydroxyflavon (B3). Hiéu sudt: 50%. T°: 140
141 °C. IR (v em?, KBr): 3447; 3071; 2982; 1661; 1614; 1454; 1125.
MS: m/z [M+H]" (CygH140s) tinh toan 327,1232; do duoc 327,1230.
'H-NMR (500 MHz, DMSO-ds): 12,72 (s, 1H); 8,09 (dd, J; = 1,5 Hz,
J, = 8,0 Hz, 2H); 7,56-7,64 (m, 3H); 7,00 (s, 1H); 6,94 (s, 1H); 4,19
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(9,3 =7,0Hz, 2H); 3,99 (g, J = 7,0 Hz, 2H); 1,40 (t, J = 7,0 Hz, 3H);
1,26 (t, J = 7,0 Hz, 3H). ®*C-NMR (125 MHz, DMSO-dq): 182,3;
163,3; 158,3; 152,6; 152,2; 132,0; 130,9; 130,6; 129,0 (2xC); 126,3
(2xC); 105,2; 104,9; 92,1, 67,8; 64,6; 15,3; 14,3.
6,7-Diallyloxy-5-hydroxyflavon (B4). Hiéu sudt: 69%. T°: 132—
133°C. IR (v em’ Y, KBr): 3449; 3071; 2922; 1661; 1612; 1456; 1132.
MS: m/z [M+H]" (CyH140s) tinh toan 351,1233; do duoc 351,1224.
'H-NMR (500 MHz, DMSO-dg): 12,79 (s, 1H); 8,09 (dd, J; = 1,5 Hz,
J, =8,5Hz, 2H); 7,57-7,63 (m, 3H); 7,03 (s, 1H); 6,98 (s, 1H); 6,01—
6,13 (m, 2H); 5,48 (dd, J; = 1,5 Hz, J, = 17,5 Hz, 1H); 5,33 (dd, J; =
1,5 Hz, J, = 17,0 Hz, 1H); 5,33 (dd, J; = 1,5 Hz, J, = 10,5 Hz, 1H);
5,18 (dd, J; = 1,5 Hz, J, = 10,5 Hz, 1H); 4,75 (d, J = 5,0 Hz, 2H);
451 (d, J = 5,5 Hz, 2H). ®*C-NMR (125 MHz, DMSO-d¢): 182,3;
163,4; 157,8; 152,6; 152,3; 134,4; 132,7; 132,0; 130,6; 130,5; 129,1
(2xC); 126,3 (2xC); 117,8; 117,5; 105,3; 104,9; 92,5; 73,0; 69,2.
5,6,7-Triallyloxyflavon (B5). Hiéu sudt: 48%. T°: 117-118 °C.
IR (v em™, KBr): 3053; 2978; 1638; 1603; 1453; 1117. MS: m/z
[M+H]" (C,4H305) tinh toan 391,1546; do duge 391,1549. 'H-NMR
(500 MHz, DMSO-ds): 8,05 (dd, J; = 2,0 Hz, J, = 8,0 Hz, 2H); 7,55~
7,59 (m, 3H); 7,23 (s, 1H); 6,79 (s, 1H); 6,02-6,17 (m, 3H); 5,49 (dd,
J; = 1,5 Hz, J, = 17,0 Hz, 1H); 5,37 (dd, J; = 1,5 Hz, J, = 17,0 Hz,
1H); 5,36 (dd, J; = 1,5 Hz, J, = 17,0 Hz, 1H); 5,34 (dd, J; = 1,5 Hz,
J, =10,5 Hz, 1H); 5,20 (dd, J; = 1,5 Hz, J, = 10,5 Hz, 2H); 4,76 (d, J
=5,0 Hz, 2H); 4,54 (d, J = 5,5 Hz, 2H); 4,50 (d, J = 5,5 Hz, 2H). **C-
NMR (125 MHz, DMSO-dg): 175,7; 160,1; 156,4; 153,8; 150,4;
138,8; 134,6; 134,2; 132,6; 131,4; 130,9; 129,0 (2xC); 125,9 (2xC);
117,8; 117,4; 117,2; 112,4; 107,5; 98,2; 75,0; 73,8; 69,2.
5,6,7-Tribenzyloxyflavon (B6). Hiéu sudt: 79%. T°: 126127 °C.
IR (v em™, KBr): 3032; 2940; 1643; 1601; 1450; 1117. MS: m/z
[M+H]" (C35H290s) tinh toan 541,2015; do duoc 541,2011. 'H-NMR
(500 MHz, DMSO-ds): 8,08 (dd, J; = 2,0 Hz, J, = 8,0 Hz, 2H); 7,45
7,61 (m, 8H); 7,43 (s, 1H); 7,26-7,41 (m, 10H); 6,85 (s, 1H); 5,33 (s,
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2H); 5,03 (s, 2H); 4,97 (s, 2H). *C-NMR (125 MHz, DMSO-d;):
175,8; 160,2; 156,7; 154,0; 150,6; 139,2; 137,3; 137,1; 135,9; 131,5;
130,9; 129,0 (2xC); 128,5 (6xC); 128,2; 128,0 (2xC); 127,9 (4xC);
127,8 (2xC); 126,0 (2xC); 112,6; 107,6; 98,6; 75,6; 74,9; 70,6.

5,6,7-Triacetoxyflavon (B7). Hiéu sudt: 58%. T°.: 196-197 °C.
IR (v em™, KBr): 3065; 2936; 1784; 1645; 1452; 1175. MS: m/z
[M+H]* (C»H1;0s) tinh toan 397,0923; do duoc 397,0916. "H-NMR
(500 MHz, DMSO-dg): 8,08 (dd, J; = 1,5 Hz, J, = 8,5 Hz, 2H); 7,83
(s, 1H); 7,57-7,62 (m, 3H); 6,94 (s, 1H); 2,37 (s, 3H); 2,37 (s, 3H);
2,3 (s, 3H). B®C-NMR (125 MHz, DMSO-dq): 175,3; 167,8; 167,5;
167,4; 162,0; 153,6; 146,7; 141,2; 132,6; 132,0; 130,4; 129,1 (2xC);
126,4 (2xC); 115,1; 111,1; 107,5; 20,4; 20,3; 19,7.

5,6,7-Tripropionoxyflavon (B8). Hiéu sudt: 75%. T: 167—168
°C. IR (v em™, KBr): 3063; 2984; 2943; 1782; 1643; 1454; 1111.
MS: m/z [M+H]" (Cz4H,305) tinh toan 439,1393; do duoc 439,1384.
'H-NMR (500 MHz, DMSO-dg): 8,08 (dd, J; = 1,5 Hz, J, = 8,5 Hz,
2H); 7,83 (s, 1H); 7,57-7,62 (m, 3H); 6,93 (s, 1H); 2,68 (9, J =75
Hz, 2H); 2,67 (g, J = 7,5 Hz, 2H); 2,66 (q, J = 7,5 Hz, 2H); 1,18 (t, J
=75 Hz, 3H); 1,16 (t, J = 7,5 Hz, 3H); 1,16 (t, J = 7,5 Hz, 3H). *C-
NMR (125 MHz, DMSO-dg): 175,3; 171,0; 170,8; 170,7; 162,0;
153,6; 146,8; 141,2; 132,5; 132,0; 130,4; 129,1 (2xC); 126,3 (2xC);
115,1; 111,0; 107,5; 26,7; 26,6; 26,2; 9,0; 8,7; 8,6.

5,7,3 -Trihydroxy-4 -methoxyflavon (D1). Hiéu sudt: 85%. T :
277-278 °C. IR (v em ™, KBr): 3387; 3089; 2940; 2844; 1652; 1610;
1507; 1166. MS: m/z [M+H]" (CysH1306) tinh toan 301,0712; do
duge 301,0709. *H-NMR (500 MHz, DMSO-dg): 12,92 (s, 1H); 10,82
(s, 1H): 9,43 (s, 1H); 7,52 (dd, J; = 8,5 Hz, J, = 2,5 Hz, 1H); 7,42 (d,
J =25 Hz, 1H); 7,07 (d, J = 8,5 Hz, 1H); 6,73 (s, 1H); 6,46 (d, J =
2,0 Hz, 1H); 6,19 (d, J = 2,0 Hz, 1H); 3,86 (s, 3H). *C-NMR (125
MHz, DMSO-d¢): 181,6; 164,1; 163,5; 161,4; 157,3; 151,1; 146,7,
123,0; 118,6; 112,9; 112,1; 103,7; 103,5; 98,8; 93,8; 55,7.
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5-Hydroxy-3’,4’, 7-trimethoxyflavon (D2). Hiéu sudt: 56%. T°y:
200-201 °C. IR (v cm*, KBr): 3444; 3001; 2951; 2835; 1662; 1589;
1502; 1168. MS: m/z [M+H]" (Cy;gH1;Og) tinh todn 329,1025; do
duge 329,1015. *H-NMR (500 MHz, DMSO-dg): 12,92 (s, 1H); 7,72
(dd, J; =8,5Hz, J, = 2,0 Hz, 1H); 7,60 (d, J = 2,0 Hz, 1H); 7,14 (d, J
= 8,5 Hz, 1H); 7,00 (s, 1H); 6,82 (d, J = 2,0 Hz, 1H); 6,45 (d, J = 2,0
Hz, 1H); 3,89 (s, 3H); 3,88 (s, 3H); 3,86 (s, 3H). *C-NMR (125 MHz,
DMSO-ds): 182,0; 165,2; 163,6; 161,1; 157,3; 152,2; 149,0; 122,7;
120,1; 111,7; 109,5; 104,7; 104,0; 98,0; 92,7; 56,0; 55,9; 55,7.

3’ 7-Diethoxy-5-hydroxy-4 -methoxyflavon (D3). Hiéu sudt: 57%.
T 173-174 °C. IR (v em™, KBr): 3452; 3057; 2920; 2835; 1654;
1622; 1510; 1168. MS: m/z [M+H]" (CxH210s) tinh toan 357,1338;
do dugc 357,1327. *H-NMR (500 MHz, DMSO-dg): 12,90 (s, 1H);
7,70 (dd, J; = 8,5 Hz, J, = 2,5 Hz, 1H); 7,58 (d, J = 2,5 Hz, 1H); 7,13
(d, J = 8,5 Hz, 1H); 7,00 (s, 1H); 6,69 (d, J = 2,5 Hz, 1H); 6,45 (d, J
= 2,5 Hz, 1H); 4,16 (q, J = 7,0 Hz, 2H); 4,15 (q, J = 7,0 Hz, 2H);
3,86 (s, 3H); 1,37 (t, J = 7,0 Hz, 3H); 1,36 (t, J = 7,0 Hz, 3H). **C-
NMR (125 MHz, DMSO-dg): 181,9; 164,4; 163,6; 161,1; 157,3;
152,4; 148,2; 122,7; 120,1; 111,8; 110,5; 104,6; 103,9; 98,3; 93,1,
64,2; 64,1; 55,7, 14,6; 14,3.

3’,7-Diallyloxy-5-hydroxy-4 -methoxyflavon (D4). Hiéu sudat:
81%. T°: 126-127 °C. IR (v em?, KBr): 3446; 3082; 2931; 2841,
1662; 1608; 1498; 1168. MS: m/z [M+H]" (C,,HxOs) tinh toan
381,1338; do duogc 381,1333. 'H-NMR (500 MHz, DMSO-dg): 12,90
(s, 1H); 7,71 (dd, J, = 8,5 Hz, J, = 2,0 Hz, 1H); 7,61 (d, J = 2,0 Hz,
1H); 7,15 (d, J = 8,5 Hz, 1H); 6,99 (s, 1H); 6,82 (d, J = 2,0 Hz, 1H);
6,40 (d, J = 2,0 Hz, 1H); 6,04-6,11 (m, 2H); 5,45 (dd, J; = 17,0 Hz,
J, = 1,5 Hz, 1H); 5,44 (dd, J; = 17,0 Hz, J, = 1,5 Hz, 1H); 5,31 (dd,
J; =10,0 Hz, J, = 1,5 Hz, 1H); 5,29 (dd, J; = 10,0 Hz, J, = 1,5 Hz,
1H); 4,69-4,71 (m, 4H); 3,87 (s, 3H). *C-NMR (125 MHz, DMSO-
de): 181,9; 164,0; 163,5; 161,2; 157,2; 152,5; 147,8; 133,6; 132,8;



16

122,7; 120,4; 118,1; 117,9; 112,0; 111,1; 104,8; 104,0; 98,4; 93,4;
69,2; 68,9; 55,8.

3’45, 7-Tetramethoxyflavon (D5). Hiéu sudt: 42%. T 196—
197 °C. IR (v emt KBr): 3001; 2938; 2841; 1605; 1514; 1018. MS:
m/z [M+H]" (C1gH160s) tinh toan 343,1182; do dwoc 343,1179. 'H-
NMR (500 MHz, DMSO-dg): 7,61 (dd, J; = 8,5 Hz, J, = 2,0 Hz, 1H);
7,51 (d, J=2,0 Hz, 1H); 7,08 (d, J = 8,5 Hz, 1H); 6,83 (d, J = 2,0 Hz,
1H); 6,74 (s, 1H); 6,48 (d, J = 2,0 Hz, 1H); 3,90 (s, 3H); 3,88 (s, 3H);
3,84 (s, 3H); 3,82 (s, 3H). *C-NMR (125 MHz, DMSO-dg): 175,6;
163,5; 160,1; 159,5; 159,0; 151,5; 148,9; 123,0; 119,2; 111,5; 109,0;
108,2; 106,9; 96,0; 93,3; 55,9; 55,8; 55,7; 55,6.

3’ 5,7-Triethoxy-4 -methoxyflavon (D6). Hiéu sudt: 35%. TC:
167-168 °C. IR (v cm*, KBr): 3082; 2977; 2929; 1601; 1514; 1115.
MS: m/z [M+H]" (C2H450¢) tinh toan 385,1651; do duoc 385,1645.
'"H-NMR (500 MHz, DMSO-dg): 7,62 (dd, J; = 8,5 Hz, J, = 2,0 Hz,
1H); 7,51 (d, J = 2,0 Hz, 1H); 7,10 (d, J = 8,5 Hz, 1H); 6,82 (d, J =
2,0 Hz, 1H); 6,69 (s, 1H); 6,45 (d, J = 2,0 Hz, 1H); 4,18 (q, J = 7,0
Hz, 2H); 4,14 (g, J = 7,0 Hz, 2H); 4,08 (q, J = 7,0 Hz, 2H); 3,85 (s,
3H); 1,37 (t, J = 7,0 Hz, 9H). *C-NMR (125 MHz, DMSO-de): 175,5;
162,6; 159,4; 159,3; 159,0; 151,6; 148,1; 123,1; 119,1; 111,6; 109,9;
108,3; 106,9; 97,1; 93,6; 64,2; 64,0; 63,9; 55,5; 14,6; 14,3 (2xC).

3°,7-Dibenzoyloxy-5-hydroxy-4 -methoxyflavon (D7). Hiéu sudt:
68%. T°: 227-228 °C. IR (v cm ™, KBr): 3066; 1742; 1608; 1503;
1250; 1054. MS: m/z [M+H]" (C3HxOs) tinh todn 509,1236; do
duge 509,1226. *H-NMR (500 MHz, DMSO-dg): 12,93 (s, 1H); 8,11
8,16 (m, 6H); 7,76-7,79 (m, 2H); 7,61-7,64 (m, 4H); 7,39 (d, J=9,0
Hz, 1H); 7,29 (d, J = 2,0 Hz, 1H); 7,14 (s, 1H); 6,84 (d, J = 2,0 Hz,
1H); 3,89 (s, 3H). *C-NMR (125 MHz, DMSO-dq): 182,4; 163,8;
163,7; 163,2; 160,7; 156,1; 155,8; 154,3; 139,6; 134,3; 134,2; 129,9
(2xC); 129,8 (2xC); 129,0 (2xC); 128,9 (2xC); 128,4; 128,3; 126,2;
122,7; 121,5; 113,3; 108,2; 105,3; 104,6; 101,7; 56,3.
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3.3. Két qua danh gia hoat tinh sinh hoc

mBACE-1 ®mAChE

Quercetin* 5,02

Galantamin* | 5,90
D7 - 5,54
D6 ’ . 5,80
D5 Y 578
D4 5 Y 5,44
D3 : = 5,50
D2 ’ - 5,67
D1 Y 4,36
B8 Y g 465
B7 4}950
B6 4,90
B5 , - 477
B4 4%
B3 z 5,40
B2 Fso
B1 18 43
AC13 T8 550
AC12 "5 6:46
AC11 . 6.40
AC10 e 570
AC9 Too 543
ACS8 = 553
AC7 o 6,35
AC6 00 6.30
AC5 ; 591
AC4 : i 6,81
AC3 = 4535
AC2 . 5,52
AC1 : 5,20

000 100 200 300 400 500 600 700 8,00

PICFU

Hinh 3.18. Két qua pICs clia cac dan chat tong hop trong nghién ciru
d6i voi AChE va BACE-1. *Galantamin va Quercetin tuong ng la
céc chét ddi chiéu trong thir nghiém danh gia hoat tinh trc ché AChE
va BACE-1.
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CHUONG 4: BAN LUAN
4.1. Nghién cieu thiét ké din chat in silico

Viéc xay dung thu vién to hop 4o cac dan chat hoa hoc dé sang
loc hoat tinh sinh hoc nhim tim kiém cé4c chit mégi cd hoat tinh sinh
hoc hodc hoat tinh sinh hoc duogc cai thién I cach tiép can ma nhiéu
nghién ctru da thuc hién. Thu vién té hop ao dugc xay dung trong
nghién ctu nay chta sé luong rat 1on cac hop chat dinh hudng trén
cac khung cau trac flavonoid va curcumin. Hién chua c6 nghién ctu
nao trong nudce ciing nhu trén thé gigi thuc hién xay dyng thu vién to
hop 40 cac dan chat flavonoid va curcumin phuc vu cho cac nghién
ctru sang loc cac chat mai ¢d hoat tinh sinh hoc trén cac dich tri lidu
noi chung va 2 dich trj li¢u lién quan dén AD 13 AChE va BACE-1.

Trong nghién ciru ndy cac md hinh pharmacophore 4 diém dbi véi
AChE va BACE-1 dugc xay dung. Cac md hinh pharmacophore nay
da duoc danh gia thong qua hé s6 1am giau EF va diém sé GH vai gia
tri twong tng 23,65 va 0,62 (AChE), va 29,79 va 0,69 (BACE-1), va
dat cac tiéu chuan danh gia cia mot mo hinh dy doan tét. Mic khac,
cac md hinh dugc xay dung tir cAu tric cua cac phan tir thude da
dugc cap phép sir dung trén 1am sang hoic dang duoc thir nghiém
trén 1am sang. Do do, viéc st dung cac mé hinh nay trong sang loc ao
c6 kha ning sé& thu duoc két qua véi do tin cay cao.

Ap dung cac md hinh du doan dé sang loc thu vién té hop ao. Két
qua cho thiy tir thu vién ban dau gdom trén 3 triéu ciu tric, sau qua
trinh sang loc, s6 dan chat c6 tiém nang @c ché trén ca AChE va
BACE-1 14 47 chét (2 curcumin va 45 flavonoid).

Viéc Iya chon thiét ké méi cac dan chat co6 khung céu tric
phenothiazin chalcon va flavon dya trén co s& cta nghién ctu sang
loc thu vién t6 hop 4o, trong dé két qua cho thiy 2 khung ciu tric
nay chiém uu thé vé sb luong chat dugc sang loc qua cac mo hinh
pharmacophore trén ca 2 enzym. Ngodi ra, cac dan chét phenothiazin
chalcon c6 sy két hop trong cau tric 1a nhan phenothiazin duge ddnh
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gia cd tac dung uc ché AChE va mot nhan chalcon dugc phét hién cé
tac dung wc ché AChE va BACE-1 trong nhiéu nghién ctiru nén viéc
khao sat trén cac dan chat nay s& c6 nhiéu co hoi tim ra duoc cac chat
c6 tac dung trc ché kép trén AChE va BACE-1. Trong nhém cac dan
chat flavon, nghién cau thuc hién thiét ké cac dan chat ether hoa va
ester héa cua baicalein va diosmetin dua trén cac phat hién cia mot
sb tac gia khi nghién cau thay thé cac nhdm —OH trén cac dan chit
flavonoid bang cac nhém ether hoic ester thi thu duoc cac dan chat
c6 hoat tinh sinh hoc cao hon chit me ban dau.

Két qua xay dyung va danh gia cac mod hinh 2D-QSAR cho thay
cac mo hinh nay théa man cac tiéu chi danh gia d6i véi mot mo hinh
c6 kha nang du doan tt. Cac mod hinh nay c6 thé du doan mot céch
turong d6i chinh xéac hoat tinh sinh hoc cua cac phdi tir mai khéng
nam trong tap xay dung ciaa mo hinh. Chét lugng cua cac mo hinh
dugc x@y dung trong nghién cttu ndy so véi cac nghién ctiru da cong
bd, xét trén céc gia tri vé& danh gia ndi va danh gia ngoai, 1a di cao va
phl hop dé du doan hoat tinh sinh hoc cua cac dan chat mai. Dic biét
mé hinh di du doan kha chinh xac hoat tinh sinh hoc cua c4c dan
chat flavonoid tong hop dugc trong nghién ciru.

Cac mo hinh docking phén tir dugc xdy dung va danh gia thoa
man tiéu chi caa mot md hinh dy doan dang tin cdy, voi gia tri
RMSD dugc xéac dinh trong qua trinh docking lai cac phéi tar dong
két tinh vao céc tinh thé tuong tmg déu < 2,00 A. Két qua docking
ctia cac dan chat curcumin va flavonoid sang loc duoc va thiét ké mai
gilp tim ra duoc cac dan chét c6 kha nang tuong tac manh ddi voi ca
2 enzym la AChE va BACE-1.

Két hop gitra két qua du doan hoat tinh sinh hoc bang mé hinh
2D-QSAR va két qua nghién ctu docking phan tir, danh sach cac
chat tc ché tiém ning trén ca 2 enzym di dugc dé xuat gom 72 chat.
Day 1a nhitng chat dugc du doan c6 hoat tinh &c ché cao trén ca 2
enzym va/hoic c6 két qua docking phan tir tot trén ca 2 enzym. Doi
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Vi cac dan chat phenothiazin chalcon va cac dan chit flavon dugc
thiét k& mai, cac chat tiém nang nam trong danh sach nay déu la
nhitng chat c6 gia tri plCs, du doan trung binh trén ca 2 enzym
va/hoic gié tri plCsy du doan trén BACE-1 cao hon so véi cac chit
me (AC1, baicalein, diosmetin). Nhiéu chat thiét ké mai trong danh
sach nay ciing c6 két qua docking phan tir tét hon so vai chat me trén
AChE va’hoic BACE-1.

4.2. Vé tong hop hoa hec

Nghién ctru vu tién lua chon cac dan chit dugc dy doan co hoat
tinh sinh hoc cao, dac biét di véi hoat tinh wc ché BACE-1 (vi hoat
tinh dy doan trén AChE cho két qua gan tuong duong nhau), két hop
véi két qua thu duoc tir docking phan tir. Ngoai ra, nhitng dan chét c6
kha nang d& dang tong hop hon ciing dugc xét dén. Va mot didu quan
trong, viéc lya chon cac dan chit dé tong hop ciing phu thudc rat
nhiéu vao diéu kién nghién ctu hién co.

Nghién ctu lya chon tong hop 13 dan chat phenothiazin chalcon
(trong d6 dan chat khdng c6 nhom thé trén vong benzen dugc tong hop
dé so sanh), 7 dan chat cua baicalein va 6 dan chét cua diosmetin.

Cac dan chét phenothiazin chalcon dugc tong hop bang phan tng
ngung tu Claisen—Schmidt. Aglycon diosmetin dugc thay phén tu
dang glycosid twong tng la diosmin. Nghién ciru da lya chon phuong
phap Williamson dé tong hop cac dan chat ether cua baicalein va
diosmetin. Pay 1a cac phan ung don gian va dé thyc hién trong diéu
kién hién co cta nghién cau.

Cau tric céc dan chat tong hop duoc xac dinh théng qua phan tich
phd IR, MS, 'H-NMR, va **C-NMR. Trén phd IR c6 dai hap thu & sb
s6ng g Vvéi cac dao dong cua cac nhom lign két dic trung. Tir cAc
dit liéu phd khéi MS [M+H]+ cua cac dan chét cho thay trén phé da
Xuat hién cac gia tri cua pic ion phan tir tring khop voi phan tir khdi
du kién. Céc dit liéu phé NMR cua céc dan chat déu thé hién céc tin
hiéu caa cau tric dan chat nhu du kién.



21

4.3. Vé danh gia hoat tinh sinh hoc trén in vitro
4.3.1. Hoat tinh tc ché AChE

C6 8 dan chét phenothiazin chalcon c6 hoat tinh wc ché AChE duoc
cai thién hon so v6i chat me 1a AC1. Biéu nay cho thay cac nhom thé
trong nhan thom trén cac dan chit nay da giup lam ting hoat tinh tc
ché trén AChE. Ddi véi cac dan chat cua baicalein, ¢ 2 chat c6 hoat
tinh sinh hoc duoc cai thién hon so vai chit me, trong d6 dan chat B2
1a chat c6 hoat tinh rc ché AChE cao nhit trong sé c&c dan chét flavon
duogc tong hop. Déi véi cac dan chat cua diosmetin, ¢ 4 chit cd hoat
tinh Gc ché AChE duoc cai thién hon so véi chat me. Két qua tir danh
gid hoat tinh in vitro ciing cho thiy céc dan chat phenothiazin
chalcon c6 kha ning @c ché AChE manh hon so voi cac dan chét
flavon. Ngoai ra, két qua thuc nghiém ciing chi ra raing AC12 c6 hoat
tinh ¢ ché AChE cao nhét va cao hon so véi galantamin. Su khéc
biét vé hoat tinh sinh hoc cua cac dan chat tong hop dwogc trong
nghién ctu c6 thé duoc giai thich mot phan théng qua phan tich
tuong tac gitra cac dan chat nay véi AChE.
4.3.2. Hoat tinh e ché BACE-1

C6 8 dén chat phenothiazin chalcon c6 hoat tinh tc ché BACE-1
duoc cai thién hon so véi chit me 1a AC1 (khong c6 nhdm thé trong
vong B) Nhu viy, ciing c6 thé nhan thiy rang cac nhém thé trong
nhan thom trén cac dan chat nay da giup lam ting hoat tinh wc ché
BACE-1. Béi véi céc din chét flavon, ngoai trir B4, tit ca cac dan
chét con lai déu c6 hoat tinh trén BACE-1 cai thién hon so véi chat
me (1 baicalein va diosmetin). Két qua tir danh gia hoat tinh in vitro
ciing cho thdy cac dan chat phenothiazin chalcon c6 kha ning tc ché
BACE-1 manh hon so véi cac dan chat flavon. Ngoai ra, két qua thuc
nghiém ciing chi ra raing AC4 c6 hoat tinh irc ché BACE-1 cao nhit.
Su khéc biét v& hoat tinh sinh hoc cua cac dan chét tng hop duoc
trong nghién ctru c6 thé dugc giai thich mot phan théng qua phan tich
tuong tac gitta cac dan chat nay voi BACE-1. Két qua phan tich
tuong tac giita cac chat véi cac dich tac dong cho thay 2 dan chat
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AC4 va AC12 1a 2 din chat c6 hoat tinh wc ché manh nhat ddng thoi
trén AChE va BACE-1.

Tir nhitng phan tich & trén ¢ thé rat ra mot sé nhan xét nhu sau:

- Qué trinh thiét ké trén in silico da gitip dinh hudng cho viéc tong
hop nhitng dan chit c6 tac dung wc ché dong thoi trén AChE va
BACE-1. Trong do, (i) cac m6 hinh pharmacophore da gitp xac dinh
dugc 2 khung cau trac phenothiazin chalcon va flavon cé hoat tinh wc
ché tiém nang trén 2 enzym; (ii) c6 mdi twong quan twong ddi cao
giita hoat tinh sinh hoc thuc nghiém va dugc dy doan bang cac md
hinh 2D-QSAR, d6ng thoi su sai khac giira hoat tinh sinh hoc thuc
nghiém va dy doan 1a rat nho; (iii) cac mé hinh docking phan tir dwoc
str dung dé phan tich twong tac phan tir giita cac dan chat vai dich tac
dong, qua d6 du doan dugc chiéu hudng cua hoat tinh sinh hoc.
Trong nghién ctu nay, cac tuong tac voi dich tic dong dé c6 dugc
hoat tinh trc ché manh trén 2 enzym duoc chi ra nhu sau:

« PSi véi AChE: cac tuwong tac voi Asp72, Trp84, Glyl19,
Glul99, Ser200, His440. Trong d6, tuong tac vai Asp72 hoac
Glu199 s& cho hoat tinh wc ché manh nhét.

« Dbi voi BACE-1: cac tuong tac voi Asp93, GIn134, Phel69,
Thr232, Thr293. Trong do, cac tuong tac dong thoi voi Asp93,
Phe169, Thr293 sé& cho hoat tinh wc ché manh nhét.

- Mot s6 mdi lién quan ciu triic — hoat tinh sinh hoc ciing dugc rit
ra tir nghién curu:

« Khung phenothiazin chalcon cho tac dung tc ché dong thoi
AChE va BACE-1 manh hon so vai khung flavon.

« Bi voi khung phenothiazin: (i) cac nhdm thé trén vong B lam
tang hoat tinh (c ché AChE so véi dan chat khdng cd nhém thé
(ngoai trir nhém Cl & vi tri s6 4 va nhoém CF5 & vi tri s6 2); (i)
cac nhom thé trén vong B 1am ting hoat tinh wc ché BACE-1 so
vai dan chat khong cd nhom thé; (iii) nhém —N(CHs), & vi tri sb
4 va nhdm —OCHs nam & ca 3 vi tri 3, 4, 5 trén vong B cho hoat
tinh trc ché manh dong thoi AChE va BACE-1.
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« Bdi véi khung flavon: (i) cac nhdm —OCH; va —OC,Hs ¢6 loi

hon so voi —OH di voi hoat tinh tc ché AChE; (ii) cac nhom

ether va ester déu co loi hon so v&i —OH d6i vé6i hoat tinh tc ché

BACE-1; (ii) nhém —OC,Hs cho hoat tinh ac ché manh dong

thoi trén ca 2 enzym.

KET LUAN
Qua quad trinh thuc hién, nghién ciru da dat duoc cac muc tiéu dit ra
v6i 3 noi dung, bao gom: thiét ké dwoc 72 dan chit curcumin va
flavonoid (2 curcumin va 70 flavonoid) duoc du doan c6 hoat tinh uc
ché trén ca 2 dich tac dong cua bénh Alzheimer 1a AChE va BACE-1
(Noi dung 1), tong hop dugc 25 dan chat lya chon tir danh sach cac
chat duoc thiét ké (Noi dung 2), danh gia hoat tinh sinh hoc in vitro cac
dan chét tong hop duoc (Ndi dung 3). Cu thé nhu sau:
1.Trong thiét ké in silico cac dan chat curcumin va flavonoid: (i)

Pi xay dung dugc mot thu vién t hop 4o céc dan chét flavonoid va
curcumin vai 6 luong cau tric 16n (715.040 curcumin va 2.297.668
flavonoid). (ii) Pa xay dung dugc 2 md hinh pharmacophore di voi
AChE va BACE-1. Cac mé hinh nay duoc sir dung dé sang loc trén
thu vién to hop 40, tir d6 xac dinh duoc 47 dan chat (45 flavonoid va
2 curcumin) va 2 khung c4u tric |a phenothiazin chalcon va flavon
dugc du dodn co tiém ning wc ché trén ca 2 enzym AChE va BACE-
1. (iii) T két qua sang loc 4o, da thiét ké méi dugc 38 dan chit
phenothiazin chalcon va 80 dan chét flavon dan xuét tir baicalein va
diosmetin. (iv) Pi xay dung dugc 2 md hinh 2D-QSAR dé du doan
hoat tinh sinh hoc cua cac dan chit sang loc duoc va duoc thiét ké
mai. (v) Pa xay dung va danh gia dugc cac mé hinh docking phén tu
dé danh gia va phan tich kha ning gin két cua céc dan chét sang loc
va duoc thiét ké méi. (vi) Tir cac két qua dy doan trén cac mo hinh
2D-QSAR va docking phan tu, di d& xuét dugc mot danh sach 72 chét
tiém ning nhat dé lya chon cho tong hop hda hoc va danh gia hoat tinh
sinh hoc in vitro.
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2. Pa tong hop va xac dinh cau tric duoc 25 dan chat flavonoid
dugc lya chon tir danh sach cac din chét tiém ning thu dugc tir quéa
trinh thiét ké in silico. Trong d6 c6 11 dan chat phenothiazin chalcon
va 6 dan chat flavon c6 cau trac hoan toan méi.

3. Pi tién hanh danh gia hoat tinh sinh hoc cua cac dan chat tong
hop duoc va xac dinh duoc nhitng chat c6 tac dung e ché tét trén ca
2 enzym AChE va BACE-1, trong d6 ¢6 2 dan chit tiém niang nhat 1a
AC4 va AC12.

KIEN NGHI

Hai kién nghi 16n dugc rit ra tir nghién cau nay, goi y cho cac
nghién ctu tiép theo nhur sau:

1. Thyc hién danh gia hoat tinh sinh hoc in vivo va danh gia doc
tinh d6i véi 2 dan chét tiém ning nhat thu duoc trong nghién ciu nay
la AC4 va AC12.

2. Nghién ctu xay dung cong thic bao ché déi véi 2 dan chat
tiém ning nay.

Ngoai ra, mot s6 kién nghi khac ciing duoc dé xuat nhu sau:

- V¢ thiét ké thudc: (i) str dung thu vién té hop ao duoc xay dung
trong nghién ctru nay dé sang loc trén cac dich tac dong khac cua AD
cling nhu cac bénh khéc, (ii) si dung cAc mé hinh du doan xay dung
dugc trong nghién ciru ndy, gdbm cac md hinh pharmacophore, 2D-
QSAR va docking dé ap dung trén cac nhém dan chét khac trong tim
kiém céc chat mai c6 tac dung wc ché AChE va BACE-1.

- V& téng hop hoa hoc: thuc hién tong hop tiép cac dan chat tiém
nang trong danh sach dugc d& xuit trong nghién ctru nay dé danh gia
tac dung trc ché AChE va BACE-1.

- V& danh gia hoat tinh sinh hoc: tién hanh thir nghiém hoat tinh
sinh hoc cua c4c dan chit dugc tdng hop trong nghién ctu nay trén
cac dich tac dong khéc.
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